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TERMS OF USE

By using or attempting to use the Software and/or the information provided in the User Guide, you (“User”) agree to the following:

Subject to the terms outlined herein, Author(s) (which includes all persons involved in the development, programming, or translation of the Software and/or the User Guide, together and severally) grants to User (an individual or a legal entity) a non-exclusive license to use the Software and the information provided in the User Guide for private, non-commercial use. There is no charge for this license. This license automatically terminates on Dec. 31st 2005. The license will also terminate immediately without notice from Author(s) if User fails to comply with any provision of this license. Upon termination, user must destroy all copies of the Software and/or User Guide on any and all forms of media.
User agrees that the use of the Software and of the information provided in the User Guide is entirely at User’s own risk. THE SOFTWARE AND/OR USER GUIDE IS PROVIDED ON AN "AS IS" AND "AS AVAILABLE" BASIS ONLY.
The Software and User Guide are for educational use only and are not intended for use in actual navigation of any kind.

User may not decompile, disassemble, or reverse engineer the Software, and may not create derivative works of the Software and/or the User Guide. User is not granted any right, title, or interest in the Software and/or the User Guide except the right of use in accordance with these Terms of Use. The Software, source code and the User Guide are copyrighted.
Redistribution of the Software and/or the User Guide by any means is prohibited, except as specifically permitted in the User Guide.
AUTHOR(S) EXPRESSLY DISCLAIMS ALL WARRANTIES OF ANY KIND, WHETHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT.
User acknowledges that the Software and User Guide are offered without warranty of any kind, including any implied warranty of suitability for use for a particular purpose (including any kind of navigation), and are not guaranteed to be error-free, and that the operation of the Software is not guaranteed to be uninterrupted. User acknowledges that because the Software is offered as freeware, Author(s) has received no consideration from User in exchange for the license to use the Software or the information provided in the User Guide. User acknowledges that as freeware, the Software and User Guide have not undergone the same level of control of development, testing or verification as that associated with a commercial product, and that Author(s) have developed the Software and User Guide as hobbyists, not as professionals. User acknowledges that the Software and/or the User Guide may contain errors, including severe errors and/or errors attributable to the negligence or other fault of Author(s). User agrees to verify the accuracy of the Software output and of the information provided in the User Guide with an independent reliable source before using it in navigation, or before using it in any application where life or property could be placed at risk, or before any other use, and User agrees to place no reliance on the Software output or the information provided in the User Guide until such reliable independent verification is complete in all respects. User warrants that before any such use, that User will engage a competent third party to perform such verification at User’s cost and risk, or that User is able to accurately perform such independent verification and will do so.

User irrevocably and forever releases Author(s) from any liability or claim related to any use, attempted use, or misuse of the Software and/or the information provided in the User Guide. User irrevocably and forever agrees to indemnify and hold harmless Author(s) against any claim of any third party which may arise in connection with any use, attempted use or misuse of the Software and/or the information provided in the User Guide.  User acknowledges that without such release of liability and third party indemnification from User,  that Author(s) is unwilling to provide and indeed would not have provided the Software and/or information provided in the User Guide. User acknowledges that without such release of liability and third party indemnification from User that the license is NOT OFFERED NOR GRANTED. 

IN NO EVENT WILL AUTHOR(S) BE LIABLE FOR ANY LOST REVENUE OR PROFIT, OR FOR DIRECT, SPECIAL, INDIRECT, CONSEQUENTIAL, INCIDENTAL OR PUNITIVE DAMAGES HOWEVER CAUSED AND REGARDLESS OF LEGAL THEORY OF LIABILITY, ARISING OUT OF THE USE OF, MISUSE OF, OR INABILITY TO USE THE SOFTWARE AND/OR USER GUIDE, EVEN IF THE AUTHOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

User agrees that these Terms of Use are to be interpreted under the laws of The Netherlands. Author(s) and User each irrevocably and unconditionally submit to the exclusive jurisdiction and venue of the courts of The Netherlands, and each knowingly waives any objection that the courts therein do not have personal jurisdiction or that the courts are an improper forum, or not a convenient forum. 
The International Sale of Goods Convention shall not apply to these Terms of Use, and is expressly excluded hereunder.

User agrees that the provisions of these Terms of Use constitute the entire agreement between User and Author(s), and that these provisions may not be modified or superceded by any unilateral writing or notification from User under any circumstances.

If any provision of these Terms of Use is or at any time becomes illegal, prohibited, void or unenforceable for any reason, that provision is severed from these Terms of Use and the remaining provisions shall continue to be enforceable and are to be construed with such additions, deletions and modifications as are necessary to give the originally intended effect to the remaining provisions to the extent possible.
Author(s) is subject to all special European and Dutch copyright laws for governmental educational institutions.
Introduction by the programmer/author.
Welcome to Navigate!
You as interested sailors and navigators will agree that there are wonderful programs, equipment and electronic hardware available for your yacht. They have one thing in common: they are awfully expensive! 

I want to break with that rule. Every yachtsman should be able to obtain classical navigation aids for free. This program is freeware. The platform Ti-83 (and Ti-83 Plus and Plus Silver Edition) has been chosen because of the great availability at low prices and the knowledge that a lot of students will have one already. 

I have spent a lot of time (my wife says “too much”) to get the program where it should be. Originally it was completely written in Dutch. John Tiffany found the Dutch program on the internet and offered to translate it into English. He has done a wonderful job on that. 

A lot of discussions with him about what the input should be to get the desired output, pinpointed me as the programmer to think more as a common sailor, and less as a navigator who likes mathematics (or as John might describe me, “a mathematician who likes navigation!”).

At the very early beginning I just made the program as a way to learn programming on a Ti 82. I added the celestial part for teaching myself celestial navigation. I had nearly finished college and was dreaming about getting a sea-going yacht.
Now after I have seen the high seas, I can tell you it’s not really nice to sail on, only the new sailing areas at the destinations are beautiful. Other than that, sailing for days without seeing land with small children is only good for daddy’s ego. But I have found my new happiness just around the corner - The Waddenzee! (The Waddenzee is a national park on the north side of The Netherlands, Germany and Denmark. It’s the last big wilderness in Northwest Europe. The most special feature of this sea is that it dries up every 12 hours. This oasis of silence in crowded NW Europe is a perfect forage and resting place for birds of passage. Of course it is a very vulnerable environment, a special organization for sailors negotiate with governments to keep it open for yachts and informs new sailors on how to sail safely and wisely in this area without damaging it. www.wadvaarders.nl )  …… But I still dream sometimes, to sail the Collin Archer Memorial Race to Larvik (Norway) once more. Genetically, our boys must be interested in that!

This user guide is written for all kind of users; from beginners to those experienced in navigation. But it isn’t a textbook for learning navigation. I just want to show you that navigation can be fun when using a hand compass, a cheap digital watch, and a plastic sextant. Navigators with a metal sextant and a precise clock can make a deviation table for their compass in the middle of the ocean – this is an example of what is possible when experienced users really understand the use of this program.

If you find any errors or bugs, please send an e-mail with a description of the problem. Any suggestions you may have for improvements to the program or the User Guide are also appreciated. Please help make the next release of Navigate! even better by sending your suggestions. 

Have a lot of Navigate!-ing fun!

Ger Paternotte

March 2004

S/Y  Sonate

The Netherlands 

small country, great ideas (
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Starting Navigate!
To run Navigate! you need the following hardware and software:

1. A Ti-83 (or Ti-82, Ti-83+, Ti-83+ SE, Ti-84+ or Ti-84+ SE) graphing calculator by Texas Instruments. 
2. An interface  for  PC (( Ti communication (Black or Gray serial cable, USB cable or homemade)

3. Software to use the interface (Ti-graph link or TI Connect)

If you don’t have No. 2 & 3, another yachtsman who has the program on his Ti can help. Just connect the two Ti’s with the short cable that came with your Ti. The Ti calculators can communicate with each other directly using this cable. You are only allowed to do this if you and your fellow yachtsman have both obtained this User Guide and both accept the Terms of License and Use found in this manual. Be aware that only the same Ti types will give a good, error free result; Uploading from Ti83 to 83+ or 84+ is possible but will not give all advances of these types of calculators.

You can also build the interface yourself. It’s not difficult and very cheap (± $ 5 / € 4). Check this URL for instructions on building an interface: http://www.ticalc.org/basics/linking/index.html If you prefer to spend your time on sailing and navigation you can buy the required serial cable for approximately $35 / € 30 at your local TI retailer. The USB cable is somewhat higher.

The software (Ti-graph link or TI Connect) is freeware downloadable in several languages from http://education.ti.com/us/product/accessory/connectivity/down/downgraph.html, the official Ti site. Be sure you download the right version for your PC operating system, interface type and model of Ti-83 calculator.

If your Ti is turned on and connected properly to the PC, you can load the Navigate! software into your calculator by selecting naXXXeng.83g (for Ti-83) or naXXXeng.8xg (for Ti83-plus and Ti83-plus Silver Edition) and selecting SEND (Note: “XXX” in the above filenames stands for the version number). For more help on this topic look in the user manual that came with your calculator or the help files of the Ti-graph link / Ti-connect program.
Ti, TI, Ti-82, Ti-83, Ti-83+, Ti-83+ Silver Edition, Ti-84+, Ti-84+ Silver Edition Ti-Graph link, and TI Connect are trademarks of Texas Instruments Incorporated.

Navigate! is a trademark of Ger Paternotte and John Tiffany. 
Starting up Navigate!
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Turn on your Ti and press the [PRGM] key. Your screen should look like the leftmost frame above if you have downloaded the Navigate! program correctly (if you have other programs loaded, they may appear also. Generally, this will not cause a problem, although we recommend that Navigate! be the only program on the calculator when it is in use). 

To start Navigate!, highlight or press the number next to “ALLNAVIG” (if you have no other programs loaded, it will be No. 1 as shown). Press [ENTER] to select the program and [ENTER] again to execute it.
You should now see the startup screen (center frame, above). This screen shows the version number, here 04.26. If you want to know if an update is available, check this site: 

http://www.ticalc.org/archives/files/authors/74/7404.html
After another [ENTER] you will be taken to the main menu (Navigate! Main) after you have agreed with the terms of use. (the rightmost frame, above).
Navigate! Main is divided into 4 parts. You can enter your selection in two ways; choosing the number on the key pad of the Ti or use the up [↑] / down [↓] cursor buttons to highlight your choice and then pressing the [ENTER] key. The first and second menu items are quite clear – the celestial and coastal navigation programs. Menu item number three is a stand-alone program that will calculate simple through-the-water velocity predictions for yachts of various parameters. The fourth section gives some brief information about the program. Always keep a copy of the User Guide on hand when using the program. If you have an inkjet printer, it’s wise to photocopy the User Guide before taking it on board (or test the ink-jet printout beforehand to make sure it will not smear if it gets wet). 

Originally the program was written for use with the metric system, and because of the need to keep 4 versions interchangeable, it still is. There is one exception to this rule. (see notes on NAVVAR01 variable file and the instructions on Tide Calculation (TIDE CALC menu selection)).

A caution that will be repeated several times in this user guide:

West longitude and south latitude must be entered as negative numbers,
e.g., 45°12’13’’ south latitude is to be entered as:  – 45 degrees    –12.8 minutes. 

Be aware that you must use the negation key [(-)] (to the left of the [ENTER] key) and not the subtraction key [–]  (above the addition key [+]) for this purpose on Ti-83 calculators!
SPECIAL NOTE ON GETTING AN ERROR MESSAGE DURING PROGRAM OPERATION:

 If you forget and accidentally enter a number using the subtraction key[–], instead of the negation key [(-)], you will get an error message, and you must select either GOTO or QUIT. If you select GOTO, you can usually correct your entry using the [(] arrow key and proceed with program operation. If you select QUIT, then you must restart Navigate! from the beginning by pressing the [PRGM] key and selecting and executing ALLNAVIG.

The next part is for users of some beta versions only (till version ‘04.23; versions after are protected from this);

HOWEVER, if you receive an error message at any other time during program operation (this is generally due to the entry of data that produces an impossible or unexpected result), always select QUIT, and restart the program from the beginning by pressing the [PRGM] key and selecting and executing ALLNAVIG. If you select GOTO instead of QUIT, most likely you will be placed into the program EDIT mode and taken to the place in the program code where the error occurred. IF THIS HAPPENS, DO NOT PRESS CLEAR, or that line of program code will be erased from memory, and the only way to get it back will be to download the program to the calculator again (or to reenter the missing code by hand from the detailed program listing using the EDIT function of the [PRGM] key). If you accidentally press GOTO and are taken into the program code, you must press [2nd] then [QUIT] immediately to exit the program without changing it. Do not press any other keys or you will change the program! Pressing [2nd] then [QUIT] after pressing any other keys will save these intervening keystrokes as program changes and adversely affect the correct operation of the program. If the program continues to generate an error message after you have confirmed that your data entry is correct, please contact the program author with a description of the problem. 
Celestial Navigation programs, a short introduction.

This part will be too short for people who expect a full introduction to celestial navigation. Even a rudimentary introduction to this subject is beyond the scope of this User Guide. Therefore, this section of the Guide is only intended to give some information about special features of the program to users who already have some mastery of the basics.

For those who haven’t learned celestial yet, I offer the following: I wrote this program for the reason that a lot of sailors see classical celestial navigation only as an emergency system. They think it’s very difficult due to all of the mathematical formulas and terms that are used. But everybody who has read a book or has completed a course on this subject will agree with me that it is not difficult. You are not a nerd just because you can read this: 2+3.5-12+0.4=?;  and if you can calculate this you can learn celestial! Ok, there are some new words to learn, and you must learn about reading some special tables and put them in the right sequence (don’t worry –  worksheets guide you through the sequence). And you need to learn to use a plotting sheet to plot LOPs (Lines of Position) to find your position fix. If you can already do that, this program should hold no surprises for you, and will make the whole process easier!

Many good books have been written about this topic, and in all languages. For Dutch readers I can recommend Handboek astro navigatie written for yachtsmen by H.Bezemer. (ISBN 90 730 13 011  including a workbook and tables)(edit; sold out, available on 2nd hand market); readers of English may try Bowditch’s The American Practical Navigator or ask at their yacht club for some advice. If there are other members who want to learn celestial, you have the makings of a nice winter activity at the yacht club.

For those who want to do it on their own, I advise you to buy a plastic sextant to start with. They are generally best suited to doing sun sights, but you can do a lot with it for coastal navigation for terrestrial angle measurement also. And for real emergency cases you’ll be glad you have one! I bought a second hand Davis 15 sextant for € 40 , I still haven’t gotten a metal sextant because they are so expensive. (Hey, maybe I should charge for this program so I can buy one! If every user pays one euro or dollar, it would be enough. My bank account is  … ok, I’m just kidding). On the other hand, yacht designer and long distance sailing guru Dick Koopmans Sr. found a plastic sextant easier to use on small boats due to its light weight. Because of that ease of use, if daily calibration procedures used with plastic sextants, in the hands of most of us they are more accurate than their metal cousins when used on small boats on the high seas. With a plastic sextant, a mechanical stopwatch and a good watch I’ve been able to handle all common situations. And it’s a lot of fun to do as well as getting the satisfaction that you can do it without a GPS. But be aware of the fact that a Ti (or any electrically powered device, such as GPS) can let you down when it runs out of power, or when your boat is hit by lightning and the induction current destroys the microelectronics! So you should consider printed tables as backup to the Ti.

About differences between table calculations with supplemental charts and Ti calculations:

If you calculate an example out of a classic navigation book using standard tables you may find a small difference from the answer on your Ti (and other computer systems). There are two reasons for this. The first is that when you use tables you must realize that the numbers shown have been rounded off. The Ti’s have also, but the Ti uses at least 16 digits following the decimal for the intermediate calculations!  The second reason is that if you use the standard sight reduction method, you calculate from an ASSUMED POSITION (AP) – a position that is near, but not the same as, your Estimated Position (EP) – the place you think the boat actually is. The AP is determined as the nearest whole degree of latitude and the nearest exact number of full degrees of longitude from the GP (geographic position) of the celestial body to a point nearest your EP, thus many hundreds of possible EP’s are replaced by one AP. The AP is a compromise – a small degree of accuracy is given up in order to streamline the tables. By using AP’s, the number of possible positions on the earth is limited to a number that can be pre-printed on a few hundred pages of tables. A good many pleasure yachts would sink under the weight of the tables that would be required to accommodate every possible EP on earth! Yet since we have a microprocessor working on our side, the Ti can easily handle the calculation of an intercept and azimuth directly from your EP without substituting an AP. Since the intercept and azimuth are based on a slightly different position (EP versus AP), these values (particularly the intercept) may differ from the AP based method. The resulting LOP will be essentially the same, however. But be aware that a drawing is never as precise as a good calculation!

Plotting your LOP (and new fix, if you have more than one LOP) is much easier with a Ti. Just plot the azimuth as a straight line from your EP at the angle given. Be sure to pay attention to the sign on the intercept value; a negative intercept value means to draw your azimuth line from your EP toward the direction of the azimuth, and a positive intercept means to draw the azimuth line from your EP 180 degrees away from the direction of the azimuth. The LOP itself is then plotted as a line perpendicular to the azimuth line, crossing the azimuth line at the intercept distance in nautical miles from your EP. Voila … a new LOP is on the chart! 

Celestial Navigation programs, comments about special features.

#1. About the GMT date & height of eye 

When you start the celestial navigation program from the Navigate! MAIN menu, you’ll be first asked to enter the GMT date (day, month, and year) and height of eye in meters above the sea. This provides this data for a lot of standard routines (and saves a memory position) in the program. This GMT date will remain active for that session of the celestial navigation menu selection. If you use this program for working problems with different GMT dates, or if the GMT date has changed since you entered it, be aware you MUST re-enter a new GMT date by returning to the  Navigate! MAIN menu and selecting CELESTIAL NAV again. The same is true if you wish to change the height of eye.

In the SUNRISE/SUNSET/MP program, there might be times that one of these events falls on the prior or following GMT day for your location. In such cases, prior-day times are indicated by a negative number (e.g. –3.26 means three hours and twenty-six minutes before midnight GMT or 20:34 GMT the prior day), and following-day times are indicated by counting beyond 24 hours (e.g. 26:21 means two hours and twenty-one minutes past midnight GMT or 2:21 GMT the next day). The height of the eye is used for calculating dip, refraction and parallax. Some (on-line) computer programs do not use HE (height of eye) to calculate this info. So their answers can be a little bit different.

#2. About time references:

You will find references to GMT (Greenwich Mean Time, also known as UT1) everywhere in the program. Official nautical almanacs and online computer programs use UT1. UTC (= coordinated universal time) is the recent scientific name for standard time, and for most purposes has replaced GMT. UT0, UT1 and UT2 represent various other definitions of universal time that have been developed as the science of timekeeping has been refined.  On 1 January 00 hours 1958, IAT, international atomic time, was started. This time has a maximum error of less than one second in 300,000 years. This precise clock (actually the average of several atomic clocks) is the basis for UTC. All radio time broadcasts of standard time (W W V, etc.) use UTC. UTC is based not on the position of the mean sun, but on the vibration frequency of the cesium atom. GMT/UT1 on the other hand, is the true mean solar time at Greenwich. Since the atomic clocks are more accurate timekeepers than the earth itself, there is a difference. The difference between UTC and GMT/UT1 is never more than about 0.7 seconds, and is kept within this tolerance by inserting “leap seconds” to adjust UTC to GMT/UT1 (you can’t adjust the mean sun!). If your watch is set to W W V or equivalent, there is no problem. Just fill in UTC time for GMT. The difference is small enough to ignore for our purposes.

In Europe most people still use the term GMT although they mean UTC! It’s technically wrong (well, at least not encouraged), but that’s the reason why we use the term GMT. Just keep in the back of your mind that good old GMT = UT1 (mean solar time at the Greenwich meridian) and that UTC approximates that extremely closely. 

#3 Sun sights:

The sun sight program assumes that you are shooting the sun’s lower limb. If, due to clouds, you are in a position to have only an upper limb sight of the sun, subtract 32.2 minutes from your Hs (sext altitude) when you enter the data in the Ti (this is two semi-diameters - 16.1 minutes from LL to the sun’s center, and another 16.1 minutes to the UL.  The semi-diameter of the sun actually changes a small amount during the year due to the eccentricity of earth’s orbit, but 16.1 arcminutes is an average that should be close enough year round).

Some users may be surprised that we haven’t included the all-time classic “noon shot” of the sun as a menu choice. The “noon shot” dates from the days when mariners didn’t have chronometers and used the sun’s maximum altitude at the meridian passage (local solar noon) to find their latitude – without timing the sight. A timed sight of the sun at local solar noon will also give you your latitude – except that it will be expressed as a number of nautical miles north or south of the latitude component of the Estimated Position you use for the sight. Because the azimuth will be 0 or 180 at local solar noon, the intercept distance can be directly converted from nautical miles to degrees of latitude (60 nm = 1 degree of latitude; 1nm = 1 second of latitude). So for example if you did your sight using an E.P. of 15 deg. 29 min north latitude and the azimuth and intercept result of your timed sight is Azimuth: 180 deg. and Intercept: -6 nm (negative number means toward the GP), then you would convert the intercept to –6 minutes of latitude (again, minus meaning toward the GP) and your actual latitude is calculated to be 15 deg. 23 min. north latitude (Note: if the azimuth was zero rather than 180, it means the GP of the sun is north of you, then you would ADD a negative intercept if you are in the northern hemisphere, and subtract it if you are in the southern hemisphere. In the southern hemisphere you would add a negative if the azimuth=180 and subtract it if azimuth=0. Be careful if the intercept crosses the equator!). If you really want to do a “noon shot”, you can do it the old-fashioned way by watching the sun climb in the sextant without worrying about the time – just tell the program that the time of your observation was the time of the MP your Estimated Position; this will force the program to use the sun’s maximum altitude (you can find the predicted GMT time of the Meridian Passage at your EP using the Sunrise/sunset/MP program under the CELESTIAL NAV menu). Even if your EP longitude is off considerably, it won’t matter (this is why the technique worked in the days before marine chronometers!). The best reason to do a “noon shot” is to have had the experience (and so that you can claim to have done it!). In reality, it’s time consuming (compared to a timed sight) because you must start observing early so as not to miss the MP, and inconvenient since you have to do it at that exact time of day, whereas a timed sight can be done anytime the sun is up (and at high enough an altitude above the horizon to ignore refraction extremes). So go ahead and do a noon sight and get the experience under your belt (or out of your system!). But remember that timed sights are quicker and let you focus your efforts on other mundane matters such as SAILING THE BOAT! 
#4 Star numbers:
The star numbers used are from the standard list of the 57 navigational stars. People who aren’t familiar with the star list can use the last page of the User’s Guide to find the star numbers. How Polaris escaped being put on the standard list of navigational stars is a bit of a mystery!! Certainly this omission is related to its status as a de facto navigational standard in its own right for the determination of latitude. We have made Polaris available for selection as navigational star number 0.

#5 GHA and Declination always given as outputs:
The purpose of this is educational, for those who are just getting started with celestial navigation, and a reference to use as an easy check of other sources against the program.
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#6 The program “RUNNING FIX BY TWO LOPS”:

Be aware that the second sight has as its estimated position (EP) a DR calculation from the first sight. The running fix is calculated as in the illustration left. 
#7 The program “LOP BY ALMANAC”:

This program has only corrections for small objects like planets and stars. It will give a wrong answer for the sun (due to no correction for semi-diameter) or the moon (no correction for semi-diameter, parallax, etc.). 

#8 Updates:
Be sure you’ve got the latest version of Navigate!  Check  
http://www.ticalc.org/archives/files/authors/74/7404.html
Variables in Navigate!

NAVVAR01

Function: Automatic input of the draft of the yacht.

Used in: Tidal calculations

Unit: Standard Units (English version) Centimetres (Dutch version)

Standard programmed: 046

Comments

1. If you are the lucky owner of a Cornish Shrimper and you want to calculate in centimetres, you don’t have to do anything.

2. If you prefer to use inches, you can replace 046 by 18.11 in this case.

3. If you use inches in Navvar01, you have to fill in inches in all tidal programs. If you use centimetres you have to use centimetres in each tidal program. 

4. When you own any other yacht, you have to replace 046. My Ovni has a draft of 49 cm, if it is empty. With filled tanks, holiday supplies it will be at least 55 cm. I always want to have at least 10% more depth than the draft, so I have filled in 061 (61 cm). Long ago, when there were no kids around and we sailed the Shrimper, I never entered a safety factor below the keel.  If we hit the bottom of the sea (always sand or mud in our area), I jumped over board and the board lady would sit down on the bow. After putting my shoulder under the stern, the bottom of the keel would rise 15 cm and we were able to reach “De Cocksdorp at Texel” by falling water. Before a start real Pavlovving ….

5. Use the next keys to enter your draft. [prgm] [(], you are in the program edit mode now. With the [↓] key you can choose the program you want to edit. If you run the final Navigate! Program and you haven’t installed other programs, only NAVVAR01 is visible. Just press the [enter] key.  Be careful now, only replace 046 by your draft, just by entering the digits. If you corrupt other things in the program it can stop or give a wrong answer. You can check the original program source code in the file listing part of this user guide.  E.g., 046 replaced by 18.1 needs an extra digit. You can arrange that by using the keys [2nd] [ins]. So it will be [1] [8] [.] [2nd] [ins] [1]. When you are ready press [2nd] [quit]. The draft entered will be shown in the tidal programs.

NAVVAR02

Function: Automatic input of the perihelion.

Used in: Celestial Sun calculations

Unit: degrees

Standard programmed: see listings

Comments:

1. The way I calculate sun sights is the “easy way”. It’s a common way of computing for small vessels. The accuracy should be better then 0.3’.

2. This way of calculating does not use dT (delta T), which is important to calculations over a long period, (decades), but not required for us since this program will use new data for every year (annual updates).

3. If you are an astronomer, and you find a mistake or know a more precise definition of the perihelion, please inform us.  navigate@zeepost.nl 
4. Notice that “the speed” of the sun is 0.25’ per second. The accuracy of a plastic sextant is about 0.2’ if correctly used. If you took a perfect sun sight and your watch runs exactly at UTC (≠ UT1) your average error on the intercept will be between +0.5 nm and –0.5 nm. If you are 3 seconds off UTC it can be more than one mile!  
NAVVAR03

Function: Automatic input of the equinox 
Used in: Celestial Sun calculations

Unit: degrees

Standard programmed: see listings

Comments:

1. The way I calculate sun sights is the “easy way”. It’s a common way of computing for small vessels. The accuracy should be better then 0,3’.

2. The formula can be used for several decades .
3. If you are an astronomer, and you find a mistake or know a more precise definition of the equinox, please inform us.  navigate@zeepost.nl
NAVVAR04

Function: Automatic input GHA and Declination of the stars.

Used in: Celestial Star calculations

Unit: degrees

Standard programmed: 

Principal list of stars plus Polaris at No. 0 at 00:00:00 GMT/UT1 date 1 July 

Comments:

1. The used system will give a maximum error of 0.1’ in most cases. 

2. Polaris is added to the system because of it’s importance to sailors

3. People who are more familiar with the “selected star” list, like in the Reeds almanac, can refer to the  Principal versus Selected star list at the end of the User Guide
4. Polaris is not corrected for GHA like the other Stars, due to it’s high latitude the difference in intercept will remain below 0.15 nm

5. Aldebaran has the correction on GHA but gives a maximum difference of 0.57nm. Be aware of this uncertainty when you use this star with this program. If you are an astronomer and now a more precise way of re-calculating GHA without using extra memory positions, please inform us.

6. If you have no possibility to download an update of this program for use in 2005, you can fill in the data from a nautical almanac yourself. Be secure on not corrupting anything. (unlock navvar04 in this case before you load it to your Ti calculator, a special patch file for this issue will be available for Ti 83+, Ti 83 Se and Ti 84 within a week after the Ti 84 is available in the Netherlands)

7. Like in comment 6, it can be wise to download these data before you start on a trip from this URL; http://aa.usno.navy.mil/data/docs/celnavtable.html .  

Coastal Navigation Menu - COASTNAV

Introduction

In this section of the User Guide we will take a look at the tools for Coastal Navigation, under which title we include several topics that would also be useful in the open ocean out of sight of land (Course to steer, DR and EP position calculation, etc.). In contrast to celestial navigation where spherical trigonometry dominates, the world of coastal navigation takes the assumption of a flat earth (with the exception of great circle sailing, which we will discuss shortly). 
The following is not intended to be a course in coastal navigation, but is to be used to supplement your learning from a coastal navigation course. You may wish to refer to your course materials and coastal navigation resources from the internet or your local library as you review this section.

Part 1. Course Setting

A. The Loxodrome
Developments in the science of cartography have resulted in various modern projections that do a wonderful job of showing the round earth on a flat sheet of paper while preserving some sense of its roundness. These are very different than the traditional Mercator map of the world that hung in your grammar school classroom. Yet virtually every nautical chart you will ever see uses the Mercator projection - yes, the same Mercator projection that your schoolteacher ridiculed as being a poor excuse for a map because of it's extreme distortions of scale (incidentally, the Mercator “projection” is not really a projection, but a mathematical model. Although descriptions of it as being a projection of the Earth’s surface onto the inside of a cylinder are technically not quite accurate, the term “Mercator projection” is here to stay).  So why does the Mercator projection endure? It endures for the same reason that it revolutionized navigation when it was introduced by Mercator in 1569 - because all straight lines drawn on a Mercator map are lines of constant azimuth. And what this means is that if you draw a straight line to your destination, you can then sail that course and you will actually arrive there. Such a line is called a Loxodrome (also called a rhumb line). It may not be the shortest path, and measurement of the distance represented by it is tricky, but the bearing to true north will be correct, and that bearing will be the same for the entire course. Let’s try it out:

Program Operation: Select the COASTAL NAV menu, then select COURSE SETTING, then LOXODROME.
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Enter the latitude and longitude of the origin and destination according to the prompts. Note that west longitude or south latitude must be input as a negative number using the negation key [(-)] which is to the left of the ENTER key; not the subtraction key [-] which is above the plus sign. Use the negation key for both the degrees and minutes. For example: 27d33m S latitude would be -27 for degrees and -33 for minutes. The program will respond with the constant-heading course to the destination and the distance in nautical miles.
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B. Great Circles
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If you have seen a route map for an international airline, you have probably noticed that for long-distance east-west routes, the courses are not straight lines, but tend to curve toward the poles at mid-course. The reason for this is that the air routes shown are “Great Circle routes”, so called because the shortest distance between two points on a sphere is along a "great circle". A great circle is any circle around a sphere in which the center of the circle is also the center of the sphere itself. The lines of longitude are all great circles. The lines of latitude are small circles (except for the equator, which is a great circle) because the center of the latitude circles do not coincide with the earth's center. North-south routes (such as London to Capetown, or Tokyo to Sydney) roughly follow the longitude lines and look pretty normal to us, but east-west routes (such as San Francisco to Osaka, or Sydney to Buenos Aires) do not follow the latitude lines, but instead seem to swing wildly to the north or south. Of course the geometry is the same whether the route is east-west or north-south (except for some minor flattening of the earth from a true sphere), but our perception is distorted by the difference in the way we measure latitude compared to longitude and also by the map projection. The great circle route of any course that is not a true north-south course will be plotted as a curve on a Mercator chart (unless of course the origin and destination are both on the equator!). This indicates that such a great circle course will not be of constant azimuth, and in fact the course bearing changes constantly along a GC route that is not at a constant longitude (true north-south). We should note that for short distances, or when the course is largely north-south, or is east-west but near the equator, the distance that can be saved by using a great circle may be negligible, and in fact the loxodrome and GC (great circle) courses may be nearly indistinguishable.  For example, look at the illustration below of the route from Lisbon, Portugal to the Island of Madeira. The course by loxodrome is 227 degrees, distance 518.0 nm. By Great Circle route, the initial course is 229 degrees and the distance is 517.9 nm.  So we only save 0.1 nautical mile with the GC route! Why? Because the distance is not too great, and the course contains a large north-south component. So Great Circles are most beneficial for long-distance east-west sailing, when you are some distance north or south of equator. We'll mention here that on a Gnomonic projection chart, great circles plot as straight lines and loxodromes are curved - it's all in the map projection!
Program Operation: Choose GREAT CIRCLE from the COURSE SETTING menu. Enter the coordinates for the origin and destination according to the prompts (we will use an origin of Capetown SA and a destination of Wellington NZ in this example). 
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The program will respond with the INITIAL COURSE (remember – the heading will start changing as soon as you start moving along the course) and the GC distance in nautical miles. When [ENTER] is pressed, the geographic position of the vertex of the GC is given. When [ENTER] is pressed again, the menu "COMPLETE THE GC" is displayed.
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Completing the Great Circle course:

In order to sail a great circle, we will need to know what course bearings to use along the way. Recall from the above explanation that the course bearing will constantly change along the route. The GREAT CIRCLE program gave us the INITIAL COURSE, but how will we know when to change it and by how much? The menu choices FIND WP BY LON and FIND WP BY LAT will allow us to find the waypoints at any longitude or latitude along the GC course. Since our GC course may cross the same latitude more than once, the FIND WP BY LON will be our primary tool for this. Finding the waypoints at each 5 or so degrees of longitude will enable us to divide the GC into a series of rhumblines, or legs, the constant-bearing course for each of which we can determine with the LOXODROME program. The result is an approximate GC course of several legs, which is practical to sail. The shorter each of these rhumblines is, the closer to a true great circle our course will become (to achieve this we might want to set the waypoints every 2 degrees of longitude rather than every 5). After selecting “FIND WP BY LON”, let’s find our waypoint when our longitude is 23 degrees:
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We can now calculate a rhumbline course from the origin to this waypoint using the LOXODROME program. By repeating this process every few degrees of longitude all the way up to the destination, we can create a series of rhumblines that would let us track along the length of the GC.

Composite sailing:
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When a sailing vessel tries to follow a great circle to extreme latitudes, some differences become apparent between it and the modern passenger jet flying the great circle route in our airline route map. Let's take the case of the illustration above - our GC course from Capetown S.A. to Wellington N.Z. The airliner can handle this with ease. There are no icebergs at 40,000 ft. The climate-controlled cabin will keep the occupants from freezing to death. And the jet will have no problem handling the portion of the route that passes over Antarctica, while ramming your new cruiser into the pack ice will, if nothing else, certainly void the warranty! Therefore we can see that, when sailing, the need can arise for modification of the GC course to avoid venturing into extreme latitudes. This is done by determining a limiting latitude (the latitude we do not wish to exceed) and making a composite of the GC course and a loxodrome along the chosen latitude which is substituted for the part of the GC course that would go too far north or south. In the simplest implementation of this, the original GC course is followed to the limiting latitude. The boat is then turned onto the loxodrome course following the chosen latitude until the GC course crosses the latitude again. The boat is then turned from the latitude-following course onto the GC course again for the rest of the trip. This is this is illustrated below as a course following the black GC from point A to point B, then turning and following the green limiting latitude from point B to point C, than again turning and following the black GC course from point C to point D, the destination. Even though the GC is not followed throughout the course, the distance is greatly reduced (imagine this course on a globe – the small circle of the limiting latitude is much shorter than that of the loxodrome, shown in red). This is the simplest type of composite sailing, but it is obvious that the two turning points (onto the chosen latitude, and again back onto the GC course) result in a slightly longer course than necessary. As anyone who has walked around the block knows, anytime a corner is turned, there is an opportunity for a shortcut across that corner. Therefore, what the Navigate! COMPOSITE TRACK program actually does is to determine two new vertices exactly on the limiting latitude for two new great circle courses - one to get us from the origin to the limiting latitude, and another off of the limiting latitude to the destination – again, see the illustration below. This advanced composite track follows the pink line from point A to point B’, then along the pink latitude line to point C’, then along a second pink line from C’ to D. This optimizes the distance for the chosen latitude limit, and eliminates the sharp turns in the course. Note that the INITIAL COURSE for the GC turning off the chosen latitude will be either 90d or 270d - since this course doesn’t sharply turn away from the limiting latitude - it has no corners to cut. Don't worry, you won't continue down the chosen latitude until you drop off the earth! After sailing a foot or two past point C’, the course gradually starts to turn toward the latitude of the destination.
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Program Operation:
Choose COMPOSITE TRAC from the COMPLETE THE GC menu. The program will ask for the limiting latitude. Enter the latitude that you have determined that you do not want to exceed (remember to enter southern latitudes as a negative number). The program responds with the waypoint for leg 1 (to the latitude limit). Press [ENTER] again to see the initial course and distance in nm.
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As you continue to push [ENTER] the program will display the information for leg 2, the route along the chosen latitude. Finally, the information for route 3 and the total distance will be displayed.

[image: image21.png]WP _FOR _LEG 2
LATITUDE

{-55 @3
LOMGITUDE

{122 393




 [image: image22.png]FOUTE TO WP 2
COURSE

S8
DISTAMCE I H.HM.
1457.9




 [image: image23.png]LEG_Z TO DEST.
INITIAL COURSE
DISTAMCE Ig

H.

12

TOTAL DISTAHC
BdE

L
=





Summary of Great Circle sailing:

The above illustration combines the loxodrome course (A-D), the Great Circle course (A-B-Vertex-C-D), the simplified composite sailing using the latitude limit (A-B-along latitude limit-C-D, and the more advanced Composite Track using the latitude limit (A-B’-C’-D).

Here are the distances that each of the above would be for sailing from Capetown SA to Wellington NZ.

Loxodrome



7432.7 nm

Simplified Composite


6919.7 nm
Advanced Composite


6461.5 nm

Great Circle



6101.8 nm

As you can see, the GC is shortest, but the advanced composite track still saves about 1000 nm compared to the loxodrome. 

C. Course to Steer (COURSE 2 STEER)

With apologies for using the number “2” as an abbreviation for “to” (it was the only way it would fit on the menu!) we now move to a discussion of the calculation of “Course to Steer”. This program allows us to find an appropriate correction angle  (or “crab angle”) to apply to our heading in order to keep us on our desired course despite the effect of current and/or leeway. There are several kinds of currents; those caused by the tides (which we refer to as tidal currents), those caused by rivers, as well as offshore currents such as the Gulf Stream and the California Current. Any lateral movement of the water we sail in is a current, regardless of the cause (the boat certainly doesn’t know the difference!). So how do we correct for this lateral movement? For those who have had experience with the mathematical concept of vectors, this will be familiar ground. A vector consists of two components – 1) a direction, and 2) a magnitude. We sail a boat at a given course (direction) and speed (magnitude), so the course and speed of the boat is a vector. Current also has a direction (called the “set”) and a magnitude (the current speed, called the “drift”). The addition of these two vectors (boat and current) allows us to calculate their combined effect. Once this is known we can apply a correction to the course (known as a “correction angle”) that gives us a heading that will allow us to stay on our desired course despite the effect of the current (unless of course the current is against you and the drift exceeds the speed of the boat!).
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Suppose we desire to sail a course of 340 degrees. With the available wind, we estimate that we will be able to sail at a speed through the water of 5 knots. A current is present which we estimate has a set of 50 degrees (flowing to the NE) and a drift (speed) of 1.5 kts. What correction angle is required to offset the effect of this current and sail our desired course? What heading should we use? This problem is represented in the illustration at left. The red line shows our desired course and distance covered over ground in a given period (assuming no current). The blue line shows the effect of the current over the same period. If we steered our desired course without correction, our resulting course over the ground (COG) would be the black dotted line. Applying an appropriate correction angle to our heading gives us the course to steer (pink line) and causes the boat to track along the desired course. The speed over the ground is the result of the combination of the new vector (we changed the heading, so the vector changed as well) of the boat’s course to steer and the current vector, and is given as one of the program outputs (Note: the calculation assumes that the boat will still be able to make 5 kts through the water on the new heading).
Program Operation:

Select “COURSE 2 STEER” from the COURSE SETTING menu. Enter the desired course, boat speed and current set and drift in response to the prompts.  The course and current set can be either true or magnetic directions, but they must be the same. The correction angle, course to steer, and speed over the ground are the outputs. The correction angle is negative in this example, since the correction is in the counter-clockwise direction and must be subtracted from the desired course. The course to steer will be magnetic or true, depending on which the inputs were.
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Note 1: Sailboats also make leeway, which is the tendency to track slightly off the heading due to the sideways force of the wind. A boat’s leeway angle varies with wind strength and point of sail, and leeway also varies between boats. Leeway is generally absent when running before the wind and greatest when sailing upwind, when it can be 8 to 10 degrees or even more. Leeway is not a true vector; it has direction but does not have it’s own magnitude (dependent on boat speed). The usual correction procedure is to simply add or subtract the “leeway angle” (number of degrees of leeway the boat is expected to make with the existing wind and point of sail) as an adjustment to the course to steer. A good way to start developing an understanding of how much leeway your boat makes is to observe your wake under different points of sail and wind conditions. Imagine the centerline of your boat extending aft. Now visualize the angle that your wake makes with that line– this is your leeway angle for the present wind and point of sail. If your wake is too indistinct to observe clearly, try dropping a slice or two of white bread, a few crackers or a few large white marshmallows off the stern. They will be visible and won’t pollute the water (some lucky fish may get them – after you confirm your leeway angle, we hope!). There are a couple of methods to actually measure the leeway angle: 1) if you have a course plotter, hold it in front of you facing the stern and align the center part with the centerline of the boat and the plotter arm with your wake – read the angle off the plotter, or 2) at the stern, take a bearing on your wake with a handbearing compass and compare it to the reciprocal of the heading (corrected for deviation) shown by the steering compass – the difference is leeway. Be sure to correct the steering compass reading for deviation, if present. Also, make sure the handbearing compass is not affected by any ferrous metal on the boat (outboard motor, etc.) where you are taking the reading. The course plotter method will likely give a more accurate reading (you could also use a protractor)– the compass method makes sense “on paper”, but is a little harder to carry out under sail.

Note 2: To avoid confusion, we use the word “current” to describe lateral movement of the water, including lateral movement that is caused by the rise and fall of the tides (which we would call a “tidal current”). We use the word “tide” to refer to the vertical rise and fall of the seas caused by the gravitational effect of the moon and sun. A primary reason for the use of nautical language by those who sail is accurate communication. For example, we use “port” and “starboard” rather than “left” and “right” because the meaning is clear no matter which direction the listener is facing. The above-described usage of the words “current” and “tide” clarifies their meaning. We encourage this usage of the words “current” and “tide”.  

Part 2 Tide Calculation (TIDE CALC)

The tides of the earth are in constant motion and are an important factor in our sailing plans. The programs in this section are designed to help us judge the depth of the water at different times in the tidal cycle so we can avoid grounding or stranding the boat (as mentioned previously, we use the word "tide" strictly to mean the vertical change in the water level. To be sure, the gravitational forces of the moon and sun cause a horizontal or lateral movement of water as well; we refer to this movement as "tidal current", and address it with the current related programs) (Note: in the UK, “tidal current” is generally known as “tidal stream”, and “current” as “flow”, or so I am told). Since clearance of the boat's draft is the primary concern here, BE SURE YOU HAVE SET THE DRAFT OF YOUR BOAT IN NAVVAR01 before you start. You may set the draft using whatever units you choose - cm, feet, etc. Just be sure that you enter all data in the same units. In this sense the units that you use for your boat draft in NAVVAR01 become the STANDARD UNIT for all your tide calculations. The way the chart is marked should be your guide - if your chart is marked in feet, it will be easiest if you use feet for your draft as well. 

While tidal patterns vary in different parts of the world (diurnal, semi-diurnal, and mixed tides which can be dominantly one or the other of these two types), the semi-diurnal (two highs and two lows per day) is the type that this program expects. An option to calculate diurnal (one high and one low per day) tides may be considered for addition to the program in the future. 

The Dutch heritage of Navigate! becomes most apparent in this section. Ger Paternotte (the author/programmer) sails in the Waddenzee, a sea that dries every 12 hours as a result of tidal action. Because of this, and the following that the program enjoys in the Netherlands, the first menu item is NEW AMST DATUM (New Amsterdam datum) which does tidal calculation based on NAP, the primary datum for inshore nautical charts in the Netherlands, and which is based on the water level in the canals of Amsterdam. Because of the traffic between inshore and coastal waters in the Netherlands, NAP is used along with LLWS, although insiders expect that the Dutch Admiralty will switch to LAT within a couple of years as the British Admiralty did a few years ago. The second menu choice is for the tide tables found in Reed's Nautical Almanac (also works for HP-33, the tide book for Dutch waters. Similar tidal data books are available for most European countries and all work in the same way as the tide tables in Reed’s), and the third menu item is for when you only have a nautical chart (and no tide tables). The illustration below shows the difference between the different tidal heights used.
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The drawing at left shows how the program works. The variables shown are the same as in the source code. Be aware that the variables used here, like everywhere in the program, are related to Dutch words.

The program calculates only on the actual tide. For this sinus line it needs to know what the actual tide range is, V = “Verval werkelijk” . It also needs the chart depth, K = “Kaart diepte” and the draft of the yacht, J = “diepgang Jacht”. 
There are several ways of calculating the actual tide range. The first (NAP) is a typical (old fashioned!) Dutch way. The second, for the Reed’s system, is the most common. In this system you fill in from the tide table the high and low that the water will reach during the time you will pass through the area. The range is just H-L (H minus L). The third menu choice is for cases when you don’t have any tide tables of the area, just the nautical chart itself. This method is not as precise as the other two, but works ok as long as you have included a margin of safety in your draft in navvar01. The reason for this is that it uses the assumption that tidal range differences for a lunar phase change (for example, from new moon to first quarter, or first quarter moon to full moon ) is a perfect sinus curve also. But night and day tides are never equal, and this last method can not  calculate the difference with this information!

A warning: Tidal ranges are not always perfect sinus curves. This affects the lateral tidal current as well as the vertical range. Sometimes water comes in faster than it goes out! Particularly when you enter a river from the sea, always pay attention to any local advisories to mariners - the tidal stream can affect river flow patterns significantly; the river flow can be completely offset by the flood tide and accelerated by the ebb tide (John Tiffany, the English language translator for this program, takes advantage of this when sailing up the Tamagawa River, which empties into Tokyo Bay. During flood tide, the Tamagawa stops flowing and it is like sailing on a long lake). 
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The vertical datum used in your chart will depend on the particular hydrographic office that made your chart - you should become familiar with the datum used in your chart. Common datums are LAT (Lowest Astronomical Tide), MLLW (Mean Lower Low Water – this is the average of all the lower low tides. "Lower low" refers to the lower of the two low tides of a dinural tide) or LLWS (Lower Low Water Springs). The user should have a good understanding of spring and neap tides before attempting to use the "NAUTICAL CHART" menu choice. Also the user must be aware that it is impossible to accurately predict the depth of the water at a given time without certified hydrographic data, which Navigate! does not contain (how much data does it take? Well, NOAA collects tidal data over a 19-year period called the National Tidal Datum Epoch – this is considered one set of data! They repeat this every 20 years). It is prudent to add a safety margin to your boat's draft because of this. Also, the user should be aware that the soundings (depths) shown on the chart are not absolute - especially if they are old. There could be measurement errors, high spots between the soundings, or actual changes in the seabed since the soundings were taken. Side-scan sonar and other modern depth sensing equipment should reduce these errors in the future, but it may be a long time before such newly field-checked charts are issued. Don’t expect your chart to be 100% accurate.

The tide programs NEW AMST DATUM, REEDS/HP-33, and NAUTICAL CHART operate similarly. The major difference is that in the case of the NEW AMST DATUM and REEDS/HP-33, you have a tide table that tells you the expected height of the next high or low tide. The NAUTICAL CHART program assumes you have no such table, and therefore attempts to calculate where you are in the tidal cycle by counting the number of days until the next neap tide (should be 1-2 days after the quarter moon, depending on location), and estimates the tide height on that basis. This program also requires that you know the height of MHWS/MLWS/MHWN/MHWN (mean high and low water for both spring and neap tides). Since these values are "mean" (the average of all highs or lows), the results will also be a mean value, and can vary from the actual depth at a given time. For all programs, CHART DEPTH means the shallowest depth over which you intend to sail. CHART DEPTH is presumed to always be lower than the datum, so enter all chart depths as a positive number (conversely, if you are trying to see whether you can sail  -at high tide - over an object that uncovers at low tide, enter the uncovering height as a negative number). Enter all tide heights as positive numbers unless they will actually be below the datum. For example, if the chart datum is Mean Low Water (average of low water neap and low water spring) and you are entering the height of Mean Low Water Springs, it should be negative. If the datum is LAT (Lowest Astronomical Tide) then all tide heights will be positive or at least zero. 
Basically three results are possible:

1) The depth entered is not navigable at high tide (i.e. it is never navigable for your boat’s draft)

2) The depth entered is navigable for a certain period before and after “peak” high water.

3) The depth entered is navigable at low tide (i.e. if you can sail it at low tide, it’s always deep enough for your boat). 

SPECIAL NOTE: Tide prediction using the methods available to us in a handheld calculator is approximate at best. The eccentricity of the moon’s orbit and the changing declination of the sun combined with local seabed topography can cause significant variations between tidal cycles. When the moon reaches maximum declination, greatest diurnal inequality occurs, or the tendency for morning and evening tides to differ in their highs and lows. Conversely, when the moon is over the equator, this inequality is minimized. The coincidence of lunar perigee with syzygy (the new or full lunar phases) is another source of greater than average tides. The importance of experience and local knowledge cannot be overstated, but with the astronomical factors mentioned above, even local knowledge is not always enough. The averaged tide data printed on your nautical chart may not be fully representative of the particular day you are sailing. Using a reliable tide prediction source that incorporates certified hydrographic data and always leaving plenty of margin for error is strongly recommended if accuracy is required!

Program operation: 

The next examples use the default draft in navvar01: In the examples, we are sailing a Cornish Shrimper and doing all calculations in centimeters. The draft is 46 cm (18.1 inch). We sail on July 15 2004 from Lauwersoog to the island Schiermonnikoog in the Netherlands. We plan to take the short cut over the high sandbanks (so we won’t follow the buoys that mark the channel) and let the Shrimper dry up (strand) next to the harbor of Schiermonnikoog. Tidal data from the internet gives us data for all harbors but we have shown only the tides at the islands and the important harbor of Harlingen. In this case Harlingen is important because the time differences at High and Low are given at the current /set charts. 

The Schiermonnikoog data are Hw at 9:54, 267 cm, Lw at 16:16, 52cm. Next to the harbor the chart shows 16, that means 160 cm above LLWS, the chart datum. Of course we have printed out Hw and Lw with regard to LLWS because that’s our chart datum. 

Lauwersoog is a harbor for fishermen. The chart gave us this info on tides:

MHWS 280 cm MLWS 20 cm, MHWN 250 cm, MLWN 60 CM.

Time difference compared to Harlingen: Hw +40 minutes, Lw – 1h13m .

Harlingen Hw at 9:16 and Lw at 16:36

17 July is the date of the new moon. 31 July is the full moon. And we know that the highest drying point of the sandbanks near Lauwersoog that we have to pass is 8  (80cm above chart datum).

We are starting from Lauwersoog. The first question is: When can we pass over the sandbanks?

The program will need the number of days to neap tide to calculate this. We know that 17 July is the date of the new moon, which would put the first quarter moon on 17+7= 24 July. In this area, neap tide comes two days after the quarter moon, so neap will occur on 26 July. Today (15 July) is 11 days before that. Now to the program for the answer: 
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So we can pass as early as 9:16 + 0:40 – 3:36 = 6:20 local time or as late as: 9:16 + 0:40 + 3:36 = 13:22 local time.

For Schiermonnikoog we not only want to know until what time we can arrive (recall this area is 160 cm above LLWS)  but also what time we approximately can go ashore (i.e. when this area will dry). 
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So we can arrive from 
9:54 - 2:14 = 7:40 

Until:


9:54 + 2:14 = 12:08

So now what we need to know is: When can we go ashore without getting our feet wet? 

[image: image36.png]


 [image: image37.png]DRYIHG TIME
Ed4 AMO_AFTER
LW WATER
{HOURS MIMUTES:
{37




 [image: image38.png]DEFTH EMTERED IS
AWASH AT

3T
FCT 0OF
TIDAL RAMGE




 

[image: image39.png]


 [image: image40.png]HIGHHATER:

oRRFT

TONHATER  [-10BT.0RITS





Dries from: 16:16 – 3:07 = 13:09

And the water will be back at approximately: 16:16 + 3:07 = 19:13. So we’ll have about six hours to see the local sights on foot before we have to be back to the boat for the return.  

Be aware that these outputs presume no strong winds for the previous few days (therefore no wind surge), a barometer at 1013 mm Hg and a perfect sinus tide at Schiermonnikoog, but it never quite works out that way. With short pants and no shoes, you can run out to your boat after having a perfect dinner at the Hotel van der Werff. We should note, if it isn’t already obvious, that some boats that sail on the Waddenzee have retractable centerboards, most of the boats that sail the way like in the example belong to the group of traditional ships with lee boards! Don’t try this in a keelboat!

The data in this example come out of a chart dated 1998, Reed’s Almanac 1992 and www.getij.nl .

If you have never sailed on the Waddenzee before, 

or you sail in a keel boat; 

follow the buoys!  Don’t take this shortcut!!!!
Part 3  Wind calculations

This program is written for sailors who have only apparent wind speed meters on board.

Some modern wind speedometers can be plugged to a log and / or a digital compass. (or even GPS if the meter has a NMEA interface). Sailors who have such equipment on board can skip to the next chapter because the output on their windmeters is the same as this program calculates.

This program has a very uncomplicated input. The output is a little more than you would expect. 

The reason for this is that the program needs to be useful to regatta sailors also. These sailors like to sail against the wind. One of the outputs is the so-called VMG, velocity made good. VMG in the regatta world is mostly used as the boat speed towards the goal. Everyone knows that you can’t sail directly against the wind. But you can calculate how fast you are going towards your goal, that’s the VMG. Regatta sailors, especially on multihulls, also know that the VMG at downwind legs will increase if you don’t sail with the wind from exactly behind you. This program will give a fast answer on how fast you are sailing to your goal in combination with the real wind speeds and directions.

The next example will make it clear:

You sail upwind, your goal is at bearing 125 degrees. You sail 130 degrees because you can’t sail higher. The wind comes in from port side, 28 degrees off the bow and at a speed of 18 knots. Your speed is 6.5 knots

Input screens:
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Output screens:
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True wind from 88 means that it comes from the east and goes to the west. In the weather forecast this is called an east wind of 4 Beaufort. 

(18 knots is 5 Bf, 13 knots is 4 Bf)

What if you bring your boat on a course of 132 degrees. Your boat speed increases to 6.9 knots. The wind is 30 degrees from the bow and 19 knots. Was this a smart move?

The answer is YES!. In this particular case the VMG is the important output. VMG ‘In the wind’ is nearly the same; 4.89 knots.  But VMG towards goal increases with 0.37 knots to 6.85 knots. This is a big increase for regatta and long distance sailors.  You are speeding up by 5.7%. The average sail time in the Ostar , from England to Newport USA, for 35 footers, would decrease 82 hours if sailed with knowledge like this.

Part 4: LOP and DR calculations

Horizontal Sextant Angle
Required: Sextant, Bearing compass and chart with plotter.
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Useable situations:

Visual contact with 2 known landmarks which may lay close to each other.  If you haven’t a sextant you can calculate the sextant angle by subtraction with two compass bearings. You may do this only in emergency situations if you have no other possibility to get a fix. Compass bearings have a relatively large error compared with a sextant. If the bearings are about 90 degrees apart, you can perhaps live with it. In all other cases the area of uncertainty area is unacceptably big.
The yellow area is the area of uncertainty. The area will be smaller if the intersection of the blue lines approaches 90 degrees.
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There is a chance that you make a mistake and reverse points A and B, that’s the weak point of this program. 

Point B has to be further away from the ship than point A. To make it even more difficult; the angle North-A-B has point A as the middle.

The blue lines in the drawings left give the right sequences of North-A-B.  The black line is the bearing with the bearing compass, yellow one is one of the outputs. The angle between yellow and black is the measured sextant angle. In these cases the angles are  ± 130, 200, 300 and 200 degrees. All red versions are wrong – points A and B are reversed. Your ship is at the intersection of the yellow and black lines. 

The big advantage of this method is that it’s fast; There is no delay in time because all information can be taken at once. It’s also safe; if all electricity on board is down you can still get a fix without using log or logbook! And finally, it can be used with a sextant as soon as two landmarks are seen, while still far out at sea before you reach a dangerous coast.    

The example looks like the drawing left /above: (after you start coastal / lop& dr calc / horz sext angle)
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Vertical Sextant Angle (VERT SEXT ANGLE)
Introduction

The vertical angle of an object of known height can be used to calculate the distance from that object. In typical coastal navigation situations, we obtain this height data from the nautical chart, which means we know the position of the object as well as its height. To illustrate the application of the Vertical Sextant Angle (VSA) technique, we present a typical coastal navigation situation were we combine two techniques (back bearing and VSA) to give us a position fix based on a single identified object of known height and position. To make the actual observation of the object, we'll need a hand bearing compass and a sextant or, alternatively, a pair of marine binoculars with a built-in compass and a rangefinding reticle. The example is presented twice to show the use of both kinds of equipment.
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The first of the two techniques we will employ is that of using a back bearing to establish a Line of Position (LOP). To mark the LOP on your chart, take a bearing to the object, then transfer it to the chart so that the line of bearing passes directly through the object. For this example, suppose we have sighted Graves Light, which lies outside Boston Harbor on a small group of rocky islets. First, we need to be sure this is Graves Light, first by checking our DR Position – does it make sense that we are near Graves Light? Second, check the light with your watch – Graves flashes twice every 12 seconds. Satisfied that we have correctly identified the landmark, we use the handbearing compass and find the light at a magnetic bearing of 150 degrees. To record this on the chart, we align the edge of our parallel rules or roller plotter with the center mark and the 150 degree mark of the magnetic compass rose. We then move this line with our plotter so that it passes through Graves Light, and draw a line from Graves Light in the opposite direction (150 + 180 = 330 degrees). This is known as a reciprocal or “back” bearing (e.g. an observer at Graves Light would see our boat at this bearing). Our position lies somewhere along this line (LOP A in the illustration).
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The remaining question is where on the line do we lie? This question we can answer with the sextant. From the chart we find the height of the light to be 98 ft, and that the reference is to Mean High Water (MHW). (Note: the chart is marked with the height of the light, not the top of the structure, which is 113ft.). We check our sextant and find it to have an index error (IE) of 2 minutes "off the arc". We take the sextant altitude of Graves Light, measuring from water level (or best estimate, if the base is obscured by the rocks) to the center of the light and find the angle to be 43 arcminutes (NOTE: if the base is obscured by the Horizon, we will get an inaccurate result-distance will be overstated).  Now we turn to the calculator. The program requires meters, so we can either convert 98ft. to meters (29.9m) or just enter 98*.305. The “base” of Graves Light is MHW according to the chart, so we should allow for the difference between that and the tide level (which is what we actually measured) as part of “elevation”, especially if we require precision. In this example,  we will make the assumption that the tide happens to be at MHW (or that it is close enough),  so Elevation=0 (when structures sit atop hills or cliffs, this elevation must also be added – in such cases, the adjustment for tidal level generally decreases in importance, as it becomes a small fraction of the total height to be measured). After inputting our sextant and elevation information, the program tells us that we are 2506 meters or approx. 1.4 nm off from Graves Light. Of course the sextant reading is only telling us distance – theoretically, we could be anywhere on a circle with radius 1.4nm and centered on Graves light (black circle). Since we know we are somewhere along the previously plotted LOP A (the reciprocal magnetic bearing line) our position is where the circle intersects that line (red arc). While it is actually a short arc, we plot LOP B as a line on the chart by using the chart scale to measure 1.4nm with a pair of dividers, and mark off this distance from Graves Light along LOP A. At this point we draw LOP B as a short line cutting LOP A perpendicularly. This is our position fix.
IMPORTANT NOTE: In this technique, you are relying on a single landmark. Make sure you have positively identified it, especially if it is a smokestack, tower, etc. where there could be more than one in the area. Always check your result against your DR or EP position and make sure they reconcile. And compare any additional navigational information as a check (if you plot this example on a real Boston-area chart, you will see that the position fix is approximately 0.5NM ENE of a channel buoy. In actual practice, you should look for this buoy, confirm it by it’s color/flash pattern etc., take a bearing on it, and use the back bearing technique to confirm your position).
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(The first 2 screens overlap)

VSA Example #2

Using “Vertical Sextant Angle” with Marine Binoculars (using a rangefinding reticle marked in mils)
So far, you may have gotten the best use from your marine binoculars from the built-in compass – but here we will attempt to help you understand how to use – and perhaps more importantly how not to use – that MIL rangefinder reticle in your marine binoculars (see the information box after the example to learn more about mils –  but be warned – it may be more than you want to know!).
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Example using marine binoculars 

Assume again that we have Graves Light in view and we want to use it make a position fix. After verifying that the object really is Graves Light, we take a bearing (this time using the compass in the binoculars) and find the light lies at 150 degrees, which we note. We now align the base of the binocular reticle with the base of the tower, and note the number of mils between this and the light. (Illustration gives an example of the commonly used 7x50 binoculars.  The Lighthouse is at the same distance as in example 1)

Information Box

What are MILS? And when is a MIL…NOT a MIL?

Marine binoculars typically contain a rangefinding reticle in one tube (usually the left) which is marked in mils (generally the reticle markings are at 5 mil increments-check the specifications for your own binoculars). The mil is a measurement of angle, much the same as is the degree; it simply uses a different scale. The word “MIL” comes from “Miliradian” – meaning one-thousanth of a radian (it does NOT come from military, as some believe, even though mils are commonly used in military gunsights and compasses). A radian is the angle formed by an arc of a circle which has the same length as the radius of that circle (distance-to-size ratio is 1) – approx. 57.3 degrees.(The famous transcendent figure π is related to this) A miliradian (or mil) is one-thousanth of this – it is the angle of the arc subtended at a distance-to-size ratio of 1000 – this means an object of size X at a distance of 1000X. Imagine a one-meter tall object at a distance of 1000 meters. This angle forms the basis for the mil. We can calculate this angle either by dividing the radian by 1000 (1 radian= 360dgr/ 2π = 57.3 deg.=3,438 arcminutes – divide by 1000 gives 1 mil=3.44 arcminutes) or by using trigonometry, we can calculate the arc subtended by a one meter object at a distance of 1000 meters using the INV TANGENT function as follows: INV TAN (Size/Distance) = angle in degrees; INV TAN (1/1000) = .057296 degrees or approx. 3.44 arcminutes. So one mil equals 3.44 arcminutes, right? The surprising answer is…maybe not! It depends on who you ask. How can this be if we just did the math? Well, the math was just fine until someone decided to try to measure azimuth (horizontal angles) using mils. At .057296 degrees per mil, a full circle of 360 degrees is equal to 6283.2 mils (2000π). But the number 6283.2 is not an easy number to work with. So the mil was re-defined - reduced just slightly - such that a full circle is equal to exactly 6400 mils (many military compasses are marked this way, and most marine binocular reticles have horizontal as well as vertical scales, and can be expected to follow this standard). So the mil in “common use” is equal to 1/6400th of a circle or approx 3.38 arcminutes (360/6400*60). The difference between the “true” mil and the “common use” mil of .06 arcminutes (3.6 arcseconds) is fortunately small enough that we can ignore it (the inherent error in the binoculars is much greater-see below). The way the mil is defined – based on the relationship of distance-to-size, leads us to the following formula for determining the distance when the height (size) of the object is known: (Object Size in meters (or feet) ÷ scale reading in mils) X 1000 = Distance in meters (or feet). You can do this in your head, but of course it is much easier to do it using Vertical Sextant Angle in Navigate! – first you input the height in meters (or feet * 0.305) then the instrument (sextant or binoculars) so the program will know whether to expect input in mils or degrees/minutes. After inputting the angle, the program displays the distance in meters and nautical miles.
Summary:

1 radian = 360 degrees / 2π = 57.2957 degrees

1 true mil = 360 degrees / 2000π = 0.05729578 degrees = 3.437 arc minutes (Navigate! uses this definition)

1 common mil = 360 degrees / 6400 = 3.375 arc minutes

(Height / mils ) X 1000  =  Height / tan (sext angle)  =  distance


Some important notes about binocular accuracy compared to Sextant accuracy:

1) Binoculars versus Sextant: There is a significant difference in the accuracy of angles measured by marine binoculars and by sextant-particularly at small angles. The sextant is more accurate because of its construction/scale accuracy and also because of it’s “sight picture”. Regarding construction, the sextant typically has a micrometer drum which can be read down to 30 seconds of arc (10 seconds for some models), whereas the marine binocular is marked in 5-mil increments (approx. 17 arcminutes). Certainly it is possible to interpolate the binocular readings, but it still will not match the scale accuracy of a sextant. As to the issue of sight picture: with binoculars, the user must align the “zero” mark on the reticle with the base of the object, and at the same time observe the alignment of the top of the object with one of the 5-mil tick marks (or between tick marks). This means aligning/observing four things at once. Moreover, the reticle appears to move in relation to the image of the object with every tiny shake of the binoculars, which makes observation more difficult on a rolling deck. In the sextant, there is no reticle, therefore small movements in the sextant are not as disturbing. Furthermore, in the sextant, the top and bottom of the object are aligned to each other (not to a reticle), and the two are viewed together as a single object (usually the edge of the object’s base is aligned with the edge of the object’s top, forming a straight horizontal line). The ability of the human eye to finely distinguish between a straight line and a line with even a small break in it gives the sextant great accuracy (this principle has been used in manually focused cameras for many years: called split-image rangefinder focusing. There is obviously some dependence on the shape/appearance of the object chosen). Because of these factors, at smaller and smaller angles, the expected accuracy of the distances calculated using binoculars declines rapidly. When an object is observed at angles of less than 10 mils, Navigate! will warn you to switch to your sextant. Depending upon your conditions and how much error you can tolerate in the distance measurements (how close you can afford to be to that underwater ledge, etc.), you may want to switch to your sextant at even larger angles than 10 mils.

2) When you have a choice of objects, try to use the one with the largest apparent size in the binocular (larger reading in mils). This will increase your accuracy (of course, you should choose an object with the most direct relevance to your position. If the rocks you are trying to avoid are marked by a lighthouse, use the lighthouse, not the taller building which is two miles inland).

3) Vertical references are better than horizontal ones!: Even though the program name is “Vertical Sextant Angle”, you can use it horizontally as well. But beware! The apparent size of a vertical object (lighthouse, tower, smokestack etc.) generally doesn’t change depending on your bearing from it, but horizontal objects (dock, breakwater, pier, etc.) often do, because they can be seen at oblique angles. The binoculars have a horizontal scale which may tempt you to measure such objects, such as when you know a certain dock is 400 meters long. Unless your line of sight intersects the dock at 90 degrees, you could greatly overestimate your distance from it. One notable exception to this are large, round, cylindrical fuel tanks which are often seen in harbors – since they are round, oblique views are not a problem, and since the tanks are often wider than they are tall, the horizontal reading may actually be more accurate. But often the diameters and exact positions of such tanks are unknown, and when there are several of them that look similar, you could measure the wrong one. Finally, don’t confuse the “horizontal” use of the Navigate’s Vertical Sextant Angle with the completely different technique of Navigate’s Horizontal Sextant Angle, which uses two widely separated objects.

Dead Reckoning Position Calc (DR POS CALC)

Dead Reckoning (actually “Ded. Reckoning“, from “deduced reckoning”) is the most basic form of navigation used when identifiable landmarks cannot be relied on. It is the simple application of direction and distance to estimate your present position, based on a prior, known position. The philosophy of dead reckoning is to use only the information that is known with certainty to calculate the new position.  Now, on a sailboat, what do we know for certain about our direction and distance sailed when no landmarks are available? We only know what we can verify by our instruments (assume no GPS!). We know our true heading from the compass reading, as adjusted with the deviation card and for variation. And we know our log reading, adjusted for any known calibration error (or we know the time sailed by our watch and speed by a chip log, etc.). Now, is our compass heading the actual direction we were moving? Is our logged distance exactly equal to the distance we traveled over the ground? In both cases, the answer is “not necessarily” (due to current or leeway). The point of DR is not about what you ignore but about what you CANNOT IGNORE. As a navigator, you CANNOT IGNORE the facts that your boat was (for example) pointed due west and sailed for an hour at 7 knots! The value of your DR is often not in telling you where you are, but in telling you where you are not.  Comparison of the DR with any new navigational data helps you to verify the accuracy of the new data.  If something doesn’t fit, there is a reason for it. As a navigator, you should never rely solely on one source of data. You should work several sources together to make up a navigational picture – the parts support and confirm each other. Updating your DR gives you one of these sources for use to compare new data. One important feature about a DR position is that it is based on where you knew you were at some recent point.

To calculate the DR we need to know the direction and distance for each leg traveled. Each time you change course constitutes one “leg”. Each leg (direction and distance - or direction plus speed and time) should be recorded in your logbook. To run up a new DR position, you enter the legs from the logbook into your Ti. Whether you actually record a DR for every leg is up to you, but you should at least make a log entry for the DR of the final leg whenever you do make the calculation. Note: the logbook is the source for the DR, not the calculator! The program does not permanently store your position in the Ti, nor do we want it to. The logbook is essential – always make sure your logbook has the information, leg by leg, that will allow you to run up a new DR from your last known position fix.
Example: From your last position fix at 34d 48m N 139d 21m E (north end of Ohshima Island in Sagami Bay, Japan), you depart towards Ito City sailing a heading (true) of 310T for 2.7nm, the wind shifts and you sail a heading of 350T for 2.1nm, the wind shifts again and you sail 300T for 1.8nm. It’s now 1pm and time to run up a new DR. You enter each of these legs (shown in red in the illustration) from your logbook into the Ti. The program gives your new DR as 34d 52.7m N, 139d 16.1m E. The program also tells you that this is the same as having sailed on a course of 320T for a distance of 6.2nm,  (use this to plot the new DR on your chart - blue line). 
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Dead Reckoning Position and Estimated Position (DR AND EST POS)

This routine combines the logic of the DR calculation with the additional factors of current set and drift along with leeway to produce both a DR position (identical to the one given by DR POS CALC) and an Estimated Position (DR position modified for current and leeway). This program requires an entry for each leg sailed, just as DR POS CALC does. The format is similar. Since there are two factors modifying the DR to arrive at the EP, let’s take each separately:

Current:

The effect of current can be expressed as two factors, set (direction) and drift (speed); together these form a vector. By mathematically combining this with the DR vector, the DR position can be adjusted for the effect of current. One feature of currents is that in many cases they can be predicted with some degree of accuracy. Tidal current tables are published for many areas. Data is also available for offshore currents. This means when planning a passage, the current to be encountered can be estimated in advance - not only to determine the course to steer before departure (see section on COURSE 2 STEER), but as an input to the EP while underway as well. 

Leeway:

While opinions differ as to the best procedure to allow for leeway, one thing is sure – the wind direction and strength are not known in advance with any high degree of certainty. Since leeway varies with wind strength and point of sail, it is best to estimate and record the leeway angle in the logbook as each leg is sailed. Of course you can make up an estimate of leeway when using the program to predict a future position. Suppose that in the example from DR POS CALC that we now add the factors of current and leeway. For current, we will estimate that the effect of the Japan Current combined with the tidal current has resulted in a current with a set of 30T and a drift of 3 kts. Suppose also that we were on port tack on all three legs and that our estimation of our leeway (to starboard) is 5 degrees. Remember these are estimates – we’re not certain of them.

Here is our Logbook:

Heading
Speed

Time

Distance¹*
Seas

Weather

Notes

310T

6kts

27min

2.7nm

Set 030T 3kts
Clear


leeway 5

350T

5kts

25min

2.1nm

Set 030T 3kts
Clear - Wind varying 
leeway 5
300T

6kts

18min

1.8nm

Set 030T 3kts 
Clear 


leeway 5
¹* Note that in this version the distance as is written down in the logbook won’t be an input to this program. The program will calculate the distance with speed and time.

The screens in this example:
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Our new EP is 34d 56.1m N 139d 22.2m E. The calculator shows that while the COG of our DR is 320T 6.2nm, the COG for our EP is 353T 8.2nm. Lets put this on the chart for comparison.

Of course, it’s rare to have such a strong current, but this example shows how great the combined effect of current and leeway can be when their direction coincides.
Landmark Pass Running Fix 
Requires: Plotter, handbearing compass, log and bloc note.

Useful situation: Known landmark that can be observed for a long period of time.

The greatest treat of this method is having plenty of time to execute it! 

If you want to use this method, your course should be steady for a long
period. Sometimes that’s impossible; you can be forced to change
course because of other traffic or obstructions or wind changes. Your log 
has to be precise (calibrate it!). The program doesn’t allow for current drift 
or set. If there is a current present, use ‘course 2 steer’ to calculate the course over ground

and the distance over ground to use as the inputs to this routine.
This calculation be seen as one of 

the most basic in coastal 

navigation. If you own a 

mechanical Walker log, this 

calculation can be done

without a battery.

If you use a bloc note, you

can do several sights. 

This will give you an 

opportunity to check

 your bearings.

The picture above shows an example. The program operation on the Ti should be clear:
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Note: As in the Vertical Sextant Angle method, you are depending on a single landmark. Make sure you have identified it correctly! Check your result against your DR position to make sure it makes sense.

Distance Abeam
Required: Hand-bearing compass, ship’s log (distance log)

Somtimes you may face a situation such at that pictured – you must pass by some underwater hazard (submerged rocks in this instance) which is a known distance (from your chart) off the shoreline or a known distance from a landmark. The illustration shows a common situation since lighthouses are often present at such shoal or hazard areas. The goal of the program is to predict whether the ship will pass the hazard with a sufficient margin of safety.
The handbearing compass is used to take a bearing on the landmark. This is designated as Point A. The log distance is noted.  After some distance is covered, the bearing is taken again, and the log noted. The difference between the log readings is the distance A-B. The program uses this and the difference between the two bearings to calculate the distance from the landmark when the ship passes directly abeam. 

In using this program, it is important to realize that the program will calculate the distance abeam when the boat has the landmark directly perpendicular to the course. This might not be the same as directly “abeam” if the steering angle of the boat is not the same as the course. Keep in mind that the COG (course over ground) is what matters here – not the course through the water. If the course is affected by current drift or leeway, these must be allowed for in plotting the COG. With drift and leeway present, you could be swept closer to the hazard that the program will indicate. As a safety precaution, you may want to repeat this procedure two or three times at different distances as you approach the hazard. If your result grows closer to the hazard each time, you may have drift or leeway that is unaccounted for – beware! 
In the next example there won’t be any current drift. If there was you could use “course 2 steer” as described on page 14 to allow for it.  Normally you have used that program in advance. The output ‘correction angle’ from that program can be used as input in this program. It will recalculate the distance through the water back to distance over ground. As mentioned before; you have to calculate with the COG, course over ground in this program. After correcting the compass for deviation, variation, current and leeway, the COG in this example is 180 degrees. The dangerous area is 0.75 mile from the lighthouse.  Your first bearing towards the lighthouse is 216 degrees; your log shows 12.4 nm. Sometime later you find the lighthouse bears 228 degrees while your log shows 13.0 nm. 
Like anywhere in Navigate!,you have to use the negation key [(-)] if you fill in a bearing angle from port side. Be aware that angle A is always smaller than angle B. (if B<A, you can be in a dangerous position!!!)

The ultimate question is this: Will we enter the dangerous area in this case? 

A = 216-180 = 36  /  B = 228-180 = 48  /  log distance A to B  =  13,0-12,4 = 0,6 nm  /  correction angle = 0
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We stay 1.3 nm away from the lighthouse. We have to sail another 1.1 nm (red line) to reach that point (C). 

If you want to plot this output on your chart, the 1.3 nm line from the lighthouse must be shown with a 90 degree angle to your course line.

Star list

Principal (Pr) stars numbers are used in this program, the values of the principal list including Polaris are active; no. 21 and no. 34 of the Selected star list (S) are not in use.

S   = No. Selected Star list

Pr = No. Principal Star list, used in this program

S         Pr  Name           Mag.

1.       1   Alpheratz         2.2  

2.       2   Ankaa              2.4   

3.       3   Schedar           2.5  

4.       4   Diphda             2.2   

5.       5   Achernar          0.6   

6.       0   Polaris             2.1

7.       6   Hamal              2.2 

8.       7   Acamar            3.1  

9.       8   Menkar            2.8   

10.       9   Mirfac              1.9 

11.     10   Aldebaran        1.1 

12.     11   Rigel                0.3 

13.     12   Capella            0.2 

14.     13   Bellatrix            1.7 

15.     14   Elnath              1.8 

16.     15   Alnilam            1.8

17.     16   Betelgeuse      var    

18.     17   Canopus         -0.9     

19.     18   Sirius              -1.6  

20.     19   Adhara             1.6        

21.            Casstor            1.6

22.     20   Procyon            0.5     

23.     21   Pollux               1.2     

24.     22   Avior                 1.7     

25.     23   Suhail               2.2     

26.     24   Miaplacidus      1.8     

27.     25   Alphard             2.2     

28.     26   Regulus            1.3     

29.     27   Dubhe               2.0     

30.     28   Denebola          2.2  

S          Pr  Name               Mag.
31.       29   Gienah              2.8

32.       30   Acrux                1.1 

33.       31   Gacrux              1.6

34.              Mimosa             1.5

35.       32   Alioth                 1.7

36.       33   Spica                1.2

37.       34   Alkaid               1.9

38.       35   Hadar               0.9

39.       36   Menkent           2.3

40.       37   Arcturus             0.2

41.       38   Rigel Kent          0.1 

42.       39   Zuben’ubi           2.9 

43.       40   Kochab               2.2

44.       41   Alpheca              2.3

45.       42   Antares              1.2 

46.       43   Atria                   1.9 

47.       44   Sabic                 2.6   

48.       45   Shaula               1.7    

49.       46   Rasalhague       2.1    

50.       47   Eltanin               2.4    

51.       48   Kaus Australis   2.0    

52.       49   Vega                  0.1

53.       50   Nunki                 2.1 

54.       51   Altair                  0.9

55.       52   Peacock            2.1   

56.       53   Deneb               1.3

57.       54   Enif                    2.5    

58.       55   Al Na'ir               2.2    

59.       56   Fomalhaut         1.3    

60.       57   Markab              2.6    

NAVVAR04.83p (or .8xp) has to be updated before the 1st of January each year. The GHA and the declination of each star has to be filled in at 1 July 00:00:00 GMT.  This is why a new version of the program is created for each year. If you need to do this yourself, this data can be found on the internet. 

http://aa.usno.navy.mil
Choose data services and celestial navigation. You can download a black and white star chart with the Pr-numbers also.

You can also download this update for the new year from the programmer’s site. The version for the next year will be available around Christmastime as long as the program remains freeware. This can be a new navvar04 or a complete update to Navigate! ’06.xx

If you wish notification of updates, send an email to the programmer. You’ll receive 2 or 3 emails each year with news about Navigate! (We’ll send these e-mails only under bcc code, so other people can’t see your email address. Your e-mail address won’t be given away or sold to other parties) .

You can also check the programmer’s site for info. http://www.ticalc.org/archives/files/authors/74/7404.html
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