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General
 

CALCULUS Navigare is a program intended for use in na-

vigation training and by practising seamen. In the case of a

few routines, other types of user such as aeronautical naviga-

tors have been taken into account. These are concerned with

determining course and distance from a known end position

or end position from a known course and distance for a con-

stant course (rhumb line passage).

 

Required hardware

CALCULUS Navigare runs on the HP 48SX calculator. The

program card can be put either in port 1 or port 2 ofthe cal-

culator (open the back cover).
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Start-up

Enter the calculator LIBRARY. Press NAV to display the

main menu. You can then either press START to enter the

menu-driven part of the program or else use a numberof ro-

utines directly by putting data onto the stack.

If you, for example, enter the numbers 20 30-10 45 and press

NXT NXT SSkD then the program will calculate the great

circle distance, course and vertex position for start position

20 N 30 E and end position 10 S 45 E.

These user routines are listed alphabetically and described in

greater detail later in this chapter. You can see more such

routines by pressing NXT on the calculator.

 

Signed longitude, latitude and declination values

Western longitudes and southern latitudes are negative. A la-

titude of -10 therefore means 10 S. Southerly declinations are

also negative.
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Abbreviations

The various units used have fixed abbreviations. There fol-

lows a list of these abbreviations.

ea

ob

e s.lat

eo clat

eo v.lat

oD

eo decl.

of

e GMT

ec(se)

e RL

e s.lon

e clon

e v.lon

eo LHA

Earth’sellipse, major axis

Earth’s ellipse, minor axis

Start position latitude

End position latitude

Vertex latitude

distance in nautical miles

Declination (heavenly bodies)

Earth’s flattening (a-b)/a

Greenwich Mean Time

True course (start pos. end pos.)

Rhumbline

Start position longitude

End position longitude

Vertex longitude

Local hour angle
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eo LHAecast Local eastern hour angle

oP Last position

e nmi Nautical mile

oe Oe Observed, corrected elevation

of heavenly body

eo TB True bearing

eo PP Probable position

oe GC Greatcircle

eo GCD Greatcircle distance

e °.m Degrees.minutes

e °.ms Degrees.minutes seconds

® Ac Elevation error (signed)

 

Last position (LP)

Some routines store the last end position as LP. It is format-

ted as a complex number (latitude, longitude). This can be

changed to two numbers (latitude and longitude) using

C-R in the PRG/OBJ menu on the keyboard.
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These routines are:

e 24 hoursailing

e DR dead reckoning

e¢ Rhumb line reckoning

e PFLY(Subroutine)

e PMB (Subroutine)

e PMC (Subroutine)

Some routines require LP to be stored before they are run.

These are:

e DR dead reckoning

e PFLY (Subroutine)

oe PMB (Subroutine)

eo PMC (Subroutine)

LP is stored for the first time by entering latitude and long-

itude, selecting R—C from the PRG/OBJ menu, entering LP

and pressing STO.

 

User routines

Anumber of routines can be used independently of CALCU-

LUS Navigare, either directly or as subroutines called from
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user programs. You then need to know the input data requi-

red by the routine (see manual). Direct use may be conveni-

ent for routines which are frequently used and after you have

become familiar with CALCULUS Navigare (it saves having

to hunt through the menus).

 

Rem. When you use routines directly, decimal

degrees must be used for input. Degrees and

minutes musttherefore be convertedfirst using

  
 

IN-D.

e DR Dead Reckoning

Input: tl t2 ve

t1: start time t2: stop time v: speed c¢: course

LP must have been stored

e D-M Convert decimal to ©.’
Input Decimal number

oe DMS Convert decimal to ©.”
Input Decimal number

e IND Convert °’(°") to decimal
Input Number with decimals as

minutes or minutes and seconds.
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eo kDFLY Rocket/aircraft course/distance

Input: s.lat s.lon e.lat e.lon

Earth’s flattening f must have been stored

Very accurate extended latitude

f is stored by, for example, entering 0.0036 f and

pressing STO

e kDMC Mercator course/distance

Input: s.lat s.lon e.lat e.lon

Earth’s flattening f = 1/(298.26)

eo LBSTK Rhumb line reckoning

Input: s.lat s.lon Total time

{latl lon1 lat2 lon2}

Find course/distance for various rhumb line

passages from known points {lat lon... }.

e MCbm Mercator intermediate point

Input: s.lat s.lon e.lat e.lon i.lat

Find longitude of intermediate point i.lon

e MCIm Mercator intermediate point

Input: s.lat s.lon e.lat e.lon i.lat

Find latitude of intermediate point i.lat

eo PFLY End position, rocket/aircraft

Input: s.lats.lonD ¢

f and LP must have been stored, very accurate

extended latitude.
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e PMB End position, middle latitude

Input: s.ats.lon Dc

Middlelatitude sailing (Rhumb line D approx.

500) LP must have been stored

eo PMC End position, Mercator

Input: slatslonD c

Rhumb line with fixed flattening f = 1/(298.26)

LP must have been stored

e PSS End position greatcircle

Input: s.lat s.lon SD ¢

e SSkDV Great circle SD/c/v.lat/v.lon

Input: s.lat s.lon e.lat e.lon

e SSIm Great circle, intermediate point

Input: s.lat s.lon e.lat e.lon i.lat

Finds the longitude of the intermediate point.

e SSbm Greatcircle, intermediate point

Input: s.lat s.lon e.lat e.lon i.lat

Finds the latitude of the intermediate point.

 

User interface

A menu system is available, which can be called by pressing

START. There are, in addition, the routines which can be cal-

led directly.
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The menu system is easy to use. The dark highlight can be

moved up and down using the arrow keys. Press ENTER to

select the highlighted field.

In the following example, POSITIONING is selected:

 

COURSE PLANNING

DEVIATION
ba   

   
The following submenu is then displayed:

 

 

Observed position

Unknown star

 

   

1. General 12
 



If you now press ENTER, the input form for interval to ap-

parent midday is displayed, which calculates time and current

position at midday.

Interface, interval midday

 

RAD PRG
{HOME}
 

Interval midday

Innput format: °.’
:s.]at s.lon : 49-30

:LHA vc: 30012 40     
 

The input format specifies whether you should use degrees,

minutes and decimal minutes (°.’) or degrees, minutes and

seconds (°."). This can be selected using OMR or —STK at

the bottom of the window (°.’or °.™"). You can see these op-

tions in the currently displayed form, but so long as you are

in the input form (EDITOR) you cannot select them.

You can now enter the numbers, typing a space between

numbers entered on the same line. When you have entered

all the numbers, press ENTER.
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Note: Remember to put a space (SPC) be-

tween numbers/objects entered on the same

line.    

You have now calculated the interval to the meridian from

start position 49 N 30 W with a solar hour angle of 300°, a

speed of 12 knots and course of 40°.

 

Note: In ordertosee the resultyou have to look

on the stack. To do this, press -STK at the

bottom of the window. To continue, press

CONT.    
 

EDITOR (input form)

You can use the input form to enter data and to change data

which was incorrectly entered.

If you enter the wrong number, for example, you can move

the cursor to the number you want to change. Backspace (the
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arrow key next to CLR) can be used to delete backwards. The

DEL key deletes in the current position (under the cursor).

If a number is incorrectly entered according to the syntax re-

quired by the calculator, then you will not be able to proce-

ed until this is corrected (syntax error).

The cursoris initially positioned immediately after

: slat s.lon : and you enter 49 here, which meansstartlatitu-

de 49 N. If you realize you have made a mistake, and that you

should have entered 48°50’ N, you can change this by using

the Backspace key to delete the 9 and enter 8.50 so that 48.50

is now displayed. If you had already moved further down the

form, you could have moved back using the arrow keys.

 

Note: Minutes are entered after thepoint, and

this must not be confused with a normal deci-

mal number. On conversion from decimalto

  degrees/minutes, the unit is specified.
 

If you enter data which cannot be used in the calculation but

which is syntactically correct, a message is displayed indica-

ting an errorin the calculation, and you can select again.
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Recalling data from the stack

You may sometimes wish to import data from the stack to

EDITOR. Ifyou have made a calculation and wantto use the

result in subsequent calculations, you can press

EDIT/-STK/ECHO/ENTER and the number will then ap-

pear in the EDITOR for use in a further calculation.

 

Moving around in the menus

When you are in a submenu, you can move up in the menu

system using UPDIR at the bottom of the menu. You can

move to the bottom of a menu by pressing shift right (blue)

down arrow and move to the top of a menu by pressing shift

right up arrow.

 

Displaying output

Output data can be displayed either as single figures or in a

list. Some routines automatically output data to the matrix

editor (MATRIX WRITER). In this case a fixed formatis
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used: the first column contains course, the second distance,

the third current latitude and the fourth current longitude.

The last row of output data has a special format. This row

contains first accumulated distance, then the total distance

along a perfect great circle followed by total distance on a

rhumbline and finally deviation from the perfect greatcircle.

Table:

 

92 -34 18

 

 

Note: There are a few variations from this in

the cases of observed position and deviation

table. For observed position, elevation error

replacesperfectgreatcircle distance and bea-

ring replaces course in the last row. See also   deviation table in Chapter 4.
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The matrix editor is useful for looking at multiple results.

You can move around in it using the arrow keys and go to the

bottom using shift right (blue key), arrow down. If you want

to put a single figure on the stack, you can use NXT —STK.

You can go to the stack by selecting ATTN (ON key) and then

—STKfrom the Navigare menu. As you can see, you get back

to the Navigare menu system by pressing ATTN. For further

information, see the calculator manual.

 

Other routines

In the menu field at the bottom of the window is the option

OMR.This option gives you access to a range of conversion

routines.

° Degrees.minutes format

°°" Degrees.minutes.seconds

format

oD? From decimalto

degrees.minutes

oe D-°" From decimalto

degrees.minutes.seconds

eo5D From degrees.minutes

to decimal
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0 .

oe '-D From degrees.minutes.seconds

to decimal

 

Note: In order to simplify the conversion of

output data, some of these routines are avai-

lable via -STK    
 

Degrees, minutes and seconds

Input data can be entered in degrees, minutes and decimal

minutes or in degrees, minutes and seconds. Only decimal

degrees are used in the calculations. Minutes and seconds

are entered after the decimal point. You can select the mode

you want to use. 34.234 can either mean 34°23.4’ or 34°23°40"

depending upon which mode you have selected.

 

Note: You must ensure that times are entered

in the correct mode. If minutes and seconds

are to be entered then minutes and seconds

mode must have been selected. Otherwise, the

time must be entered using tenths ofminutes.    
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Ending Navigare

To end Navigare, press EXIT on the far right. Your original

flags and CST menu set-up will then be restored.
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Great circle sailing

Greatcircle sailing allows you to plan great circle passages

by selecting various methods and conditions. In this way you

can select the best route for a particular passage. There are

also some independent routines for distance, course, vertex

and intermediate points.

In many cases a direct great circle route will pass over land

or through frozen sea, and for such cases composite routes or

interruptions to the great circle route at specified latitudes

are possible.

For great circle sailing, the Earth is assumed to be complete-

ly spherical.
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Course, distance, vertex

This option calculates course, distance and vertex for a given

start position and end position. Vertex pointis output as a so-

uthern latitude in cases where the start position is entered as

a southern latitude.

Interface:

 

PRGRAD
{HOME }

Great circle course/dist.

Input format: °.’

sat son: -35.05 20.01

:e.lat elon: 31.57 -80.41

 

  

 

The above example calculates distance, start course, end co-

urse and vertex point for the great circle route from 35.05 S

20.01 E (Cape Agulhas) to 31.57 N 80.41 W (Savannah) using

degrees and minutes input format. The answers are gathered
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in a list and can be separated using PRG/OBJ- DROP on

the calculator keyboard.

 

24 hoursailing ac=1°

This routine uses chord sailing (see later) with 1° course

changes. The alternativeis to use tangential sailing with the

formula for 1° course changes, but thisis less accurate. The

deviation from an exact great circle route will be negligible

as long as the passage does not pass near the equator or fol-

low a direct northerly or southerly course.

The distance sailed is the distance for 24 hours at a given spe-

ed in knots.

Interface:

 

RAD PRG
{HOME }
 

24 hoursailing

Input format: °.’
:s.lat s.lon: -35.05 20.01

:e.Jatelonv:31.57 -80.41 16
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The above example calculates course, distance and end posi-

tion for every one degree change of course at a speed of 16

knots along the greatcircle from Cape Agulhas to Savannah.

The 24 hour passage starts in Cape Agulhas. For further pas-

sages the last end position can be used as the start position

for the next 24 hours.

The output data is presented in the matrix editor as follows:

292 92 -34 18
384 384 384 0.01

The first row in the table (matrix) shows course, distance and

end position. The second row shows total distance, the exact

greatcircle equivalent, the rhumb line equivalent and the dif-

ference between exact greatcircle and actual route. End po-

sition after 24 hours is stored as LP in the format

(1atitude,longitude), a single complex number (see General).

 

Chord sailing AD =x_nmi

Chord sailing involves following rhumb lines from one point

on a great circle to another, as opposed to tangential sailing

where you are outside the greatcircle all the time.
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The route followed is A-B-C..., thatis, always to intermedia-

te points on the greatcircle. The formulae are approximate

but give very good results.

In this chapter, a constant distance between the points on the

greatcircle is selected, and the course changes will therefo-

re vary from point to point. Near the equator, the change of

course at each point will be small.

Interface:

 

PRGRAD
{HOME}

Chord sailing AD =x_nmi

Input format: °.’
:s.Jat s.lon: 51.50 -55.18

:e.lat elon AD: 58.4 -14 120

 

 

   
The above example calculates chord sailing with course, dis-

tance and intermediate points from 51.5 N 55.18 W (Belle
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Isle) to 58.4 N 14.0 W (Rock All) with a constant sailing dis-

tance of 120 nmi per course. The deviation from the ideal

great circle is about 9 nmi, which is less than 1%.

The output data is presented in the same way as for 24 hour

sailing.

 

Chord sailing ak =x°

Instead of constant distance per course, we are now using

constant course changes (x°) and variable distance per cour-

se. This routine often gives better results than constant dis-

tance, but cannot be used near the equator or for direct

northerly or southerly passages (meridian passages).

Interface:

 

RAD PRG
{HOME}
 

Chordsailing Ak =x°
Input format: °.’
:s.lat s.lon: 51.50 -55.18

.e.lat e.lon AD: 58.4 -14 2
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The above example calculates chord sailing from Belle Isle

to Rock All using 2° course changes. The deviation from the

ideal greatcircle route is less than 0.1% (approximately 1 nmi

in a total of 1445 nmi).

For direct northerly or southerly passages, constant distance

sailing should be used, and near the equator arhumb line sho-

uld be inserted (combined sailing).

The output data is presented in the same way as for 24 hour

sailing.

 

Intermediate position, i.lon given

This routine calculates the latitude of an intermediate posi-

tion when i.lon (longitude intermediate position) is given.

Interface:

 

RAD PRG
{HOME}

Intermediate i.lon given

Input format: °.’
:s.lat s.lon: 51.50 -55.18

:e.lat e.lonilon: 58.4 -14 -23

 

anaes un
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The above example calculates the latitude of the intermedia-

te position with the longitude -23 (23 W) on a passage from

Bell Isle to Rock All

 

Intermediate position, i.lat given

This routine calculates the longitude ofan intermediate point

when the latitude is given. If the passage passes the vertex

then there can be two answers. The answer which is nearest

to the start position is chosen.

Interface:

 

PRGRAD
{HOME}

Intermediate i.lat given

Input format: °.’
:s.Jats.lon: 51.50 -55.18

-e.lat elon i.lat: 58.4 -14 55

 

 

   
The example calculates the longitude of the intermediate

point on the passage from Bell Isle to Rockall when the lati-

tude is 55 N.
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The passage from Belle Isle to Rockall is a little unusual be-

cause it ends near to the vertex. This means that there are

large changesin longitude for small changes in latitude clo-

se to Rock All.

 

Intermediate position, GCD given

This routine calculates the intermediate position at a known

distance along the greatcircle. The greatcircle is defined in

the usual way with two known positions.

Interface:

 

RAD PRG
{HOME}

Intermediate GCD given

Input format: °.’
:s.Jats.lon: 51.50 -55.18

 

:e.Jat elon GCD: 58.4 -14 800  

 

The example calculates the intermediate position at a distan-

ce of 800 nmi from Belle Isle along the greatcircle to Rock

All
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Distance ak=1°

With tangential 24 hoursailing, a constant distance is sailed

for every degree change of course. This routine calculates

this distance. This type of sailing is usually not as accurate as

chord sailing between points on the great circle. The advan-

tage is that both the changes of course and the distances sai-

led are constant, apart from the last part of the day’s sailing,

where the distance must be adjusted to fit the total distance

for 24 hours.

 

Interfacd pap PRG
{HOME}
 

Distance per. °
Input format:°.’
:s.lat : 51.50

VC: 2057.3

    
 

This example calculates distance per degree change of cour-

se for a passage from 51.5 N at a speed of 20 knots and a co-

urse of 57.3° (Belle Isle/ Rock All).
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Composite sailing

In cases where the direct great circle route passes over land

or through frozen seas, composite sailing or interrupted gre-

at circle sailing can be used. It is a prerequisite, however, that

the route passes the vertex.

This involves choosing a maximum latitude (between the

start position latitude and the vertex latitude), and the pro-

gram allows you to simulate different routes with different

maximum latitude choices. The route follows a great circle

as far as the maximum latitude and then follows the parallel

until the longitude where it meets the end position’s great

circle (this longitude is calculated by Calculus Navigare).

The objective of composite sailing is to achieve a shorter dis-

tance than with pure rhumbline sailing and lower latitudes

than with pure great circle sailing.

 

—
—
—
p
=
-

/

| |

2
{)

Lt yi
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Interface:

 

RAD PRG
{HOME }
 

Composite sailing

Input format: °.’
:s.lat s.lon: 41.52 143.15

:e.lat elon m.lat: 34.24 -120.45 44

  

 

 

The example shows composite sailing from Korea to Los

Angeles with 44 N as the maximum latitude. The output data

shows course, distance and end position for the first great

circle (GC 1), the parallel at 44 N and the second greatcircle

(GC 2). The last row in the table shows the total distance,

the direct great circle distance, the rhumb line distance and

the deviation in distance from the direct great circle route.
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Rhumb line sailing

Rhumb line sailing means following a fixed course all the

time. This will always involve sailing a greater distance be-

tween two points than following a greatcircle, but is easier.

It is usual to follow a rhumbline out of and into port, and a

combination of great circle and rhumb line sailing is very

common: combined sailing (not to be confused with compo-

site sailing).

Rhumb line sailing over distances of less than 500 nmi is

middle latitude sailing where no accountis taken of increa-

sed latitude. Over greater distances, rhumbline sailing is eit-

her increasing sailing (assumes the world is a sphere) or

Mercator sailing which takes account of the Earth’s flatte-

ning.

For marine navigation a fixed value is used for the Earth’s

flattening, f= 1/(298.26), but for high-speed navigation (ae-

roplanes, rockets) a user-defined value for f can be entered

3. Rhumb line sailing 33



using ’f’ STO. In this case a number of corrections which are

otherwise omitted are applied.

 

Dead Reckoning (DR)

This routine is used for sailing distancesof less than 500 nmi

with a known last position (LP), course, speed and elapsed

time. Itis used in particular when updating the current posi-

tion using sun and star observations (observed position).

LP must have been stored in the calculator. A number of

CALCULUS Navigare routines store the last position aut-

omatically, but if LP is not stored then you must enter a va-

lue manually using "LP’ STO. LP is entered as a complex

number (s.lat s.lon).

Interface:

 

RAD PRG
{HOME }
 

Dead reckoning

Input format: °.’
ve 20 125

itl t2: 8.15 12.30
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This example calculates distance and end position for a spe-

ed of 20 knots, a course of 125°, a start time of 81° and a stop

time of 12°°, The position is stored as LP.

 

Rhumb Line Reckoning

Thisis a variant of DR, but distance is given instead of time

and speed. The routine is used for a series of rhumb line pas-

sages with different courses and distances, and the end posi-

tion is calculated each time. The average speed is calculated

and the total elapsed time given.

Interface:

 

RAD PRG
{HOME }
 

Input format: °.’
:s.Jat s.lon: 34 -16

‘Time tot: 5.35

:{c D}: {125 20 20035}   

 

 

This example shows two rhumbline passages from start po-

sition 34 N 16 W. Thefirst passage is 20 nmi on a course of

125° followed by a passage of35 nmi on a course of 200°. The
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total time is 5S hours and 35 minutes. The output data is writ-

ten to a table showing the current position at the end of each

course and the total distance and average speed in the last

TOW.

 

Combined sailing

Combined sailing means a combination of rhumb line and

great circle sailing. A typical passage will follow a rhumb line

leaving the start position and arriving at the destination, with

a greatcircle route in between. Where great circles cross the

equator, small changes of course will produce large distan-

ces, so it is common to follow a rhumb line when crossing the

equator. Rhumb line input data (L) is distinguished from gre-

at circle (C) input data.

Interface:

 

RAD PRG
{HOME }
 

Type Lor C

Input format: °.’
:s.lat s.lon: 34 -16

latlon}: {L2312C 1240
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In this example a rhumb line is followed from 34 N 16 W to

23 N 12 E followed by a greatcircle route to 12 N 40 E. The

output data is presented in a table and different passages are

separated by 00 0 0.

 

Mercatorsailing

Mercator sailing covers sailing which takes account of exten-

ded latitude, that is, passages over longer distances (more

than 500 nmi). For educational purposes, increasing sailing

is also included. Increasing sailing assumes that the Earth is

spherical, whereas Mercator sailing takes into account the

Earth’s flattening.

Mercator sailing

This routine calculates extended latitude with a flattening of

1/(298.26).

Interface:

 

RAD PRG
{HOME }
 

Mercator sailing

Input format: °.’
:s.]at s.lon: 34 -16

: {elate.lon}: {2312 1240}   
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This example uses Mercatorsailing to calculate two different

courses and distances. First from34 N 16 Wto23 N 12E and

then on to 12 N 40 E. Course and distance for each passage

is given in the output data.

MC intermediate position, i.lat given

This routine calculates an intermediate position on a Merca-

tor route where the position’s latitude is known. The input

data is the same as for a great circle intermediate point.

MC intermediate position, i.lon given

This routine calculates an intermediate position on a Merca-

tor route where the position’s longitude is known. The input

data is the same as for a great circle intermediate point.

Increasing sailing

This routine is identical to Mercator sailing except that the

Earth is seen as an unflattened sphere.

IN intermediate position, i.lat given

This routine calculates an intermediate position on an inc-

reasing sailing route where the position’s latitude is known.

The input data is the same as for a great circle intermediate

point.
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IN intermediate position, i.lon given

This routine calculates an intermediate position on an inc-

reasing sailing route where the position’s longitude is known.

The input data is the same as for a great circle intermediate

point.
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Deviation
 

Deviation means the error shown by a compass due to local

magnetism (not to be confused with variation). Archibald

Smith’s deviation formula is used, with eight coefficients

which are measured deviations for the eight points of the

compass. In practice, residual deviation is calculated after

various corrections have been applied.

The routine does not store coefficients, but calculates a table

which shows the deviation for each 10. Deviation for other

courses can be calculated using linear interpolation (for

example d015 = (d010 + d020)/2.
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Interface:

 

RAD PRG
{HOME }
 

Deviation table

Dev. 8 points of compass

given as d000 d045....

: d000 d045...

  

   
The output datais a table showing the deviation for each 10°
course.
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Positioning

These routines determine probable position and observed

position from sun and star observations. Interval to appa-

rent midday for the sun is also included,as is the identifica-

tion of unknown stars.

For determining observed position, intervening runs be-

tween two or more observations are used, even if the run only

takes a few minutes ("simultaneous" observations).

 

Interval to local apparent midday

Interval to midday calculates current position at midday on a

known course with known speed and gives the time interval.

The local hour angle (LHA) is found using an almanac. The

program converts this to LHA east.
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Interface:

 

RAD PRG
{HOME }
 

Interval midday

Input format: °.’

:s.]at s.lon: 49 -30

:LHA vc: 300°12 40

 

   
The example calculates the interval to midday in time and the

current position sailing from 49 N 30 W on a course of 40 at

a speed of 12 knots. The local hour angle is obtained from

an almanac and is 300° in this case.

The output data shows the time interval in decimal form and

the current position. The current position is stored as LP.

 

Most probable position

This routine calculates probable position from both sun and

star observations. The estimated position is corrected by me-

ans of an elevation correction to the observation’s bearing.

The elevation correction is the difference between the obser-

ved, corrected elevation and the calculated elevation. It is
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applied towards the estimated position for positive values

and away from the observed position for negative values.

The directly observed elevation is adjusted using an almanac,

which takes account of the height of the bridge above sea le-

vel, refraction etc.

 

 

Interface:

RAD PRG
{HOME }

Probable position

Input format: °.’
lat lon: 49 -30

:Oe decl LHA: 32.215.3 300

 

    
 

This example calculates probable position from an estimated

position of 49 N 30 W, an observed, corrected elevation of

32.2°a declination of 15.3 N and LHA of 300°. A southerly

declination is negative.

The output data consists of true bearing, elevation error and

probable position.
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Observed position

Observed position is the intersection of the position lines

through the probable positions for two observations. The po-

sition line forthe first observation is shifted parallel along the

course to the position of the second observation (sun-run-

  

   

sun).

Shifted
position

PP1

TB1
Observed
position
 

In the illustration PP stands for probable position, TB for true

bearing.
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Interface:

 

RAD PRG
{HOME}
 

Observed position

Input format: °.’

: lat lon: 50.42 -26.19

307 360      
 

RAD PRG
{HOME}
 

:Oel Oe2: 31.12 50.25

:decl dec2: 10.48 10.45

V C: 18 251

 

   
This example calculates observed position for two observa-

tions made at 10.15 GMT and 13.54 GMT. The estimated

position is 50.42 N 26.19 W, and declination, corrected ele-

vations and hour angles are given.

Output data is a table where the first row is bearing, eleva-

tion error and PP for first obervation, next course and dis-
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tance to shifted position and finaly bearing and elevation er-

ror for last PP and the observed position.

 

Unknown star

Identification of an unknown star is performed using calcu-

lated declination which is compared with the declination in

the almanac.

Interface:

 

RAD PRG
{HOME }
 

Unknown star

Input format: °.’
: lat: 25

:Oe B: 51.1 156  

 

 

This example calculates the declination of a star with a cor-

rected elevation of 51.1° and a gyro bearing of 156°. The la-
titude is 25 N. The output is negative, which indicates a

southerly declination.
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Spherical trigonometry

The spherical trigonometry routines calculate the sides and

angles of spherical triangles. They require the user to simply

enter the known sides/angles and specify the ones to be fo-

und. The program will then automatically select the correct

calculation.

A standard notation for sides and angles must be followed:

A, B and C for the angles and a, b and c for their opposing si-

des.

 

Fig.6.1
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If the triangle is impossible, the message "Impossible" is out-

put.

 

Note: In some cases two solutions are possi-

ble, byt only one is given.   

 

Two angles given

Forthis routine you must specify which unknown side or ang-

le is to be found and which side and which two angles are

known. You must use the symbols A, B and C for angles and

a, b and c forsides.

Interface:

 

RAD PRG
{HOME}
 

Input format: °.’
Unknown: A

Side: ’a=80.12’

: Angles:     
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This example calculates angle A for a spherical triangle with

known side a = 80.12 (80°12’) and known angles B =28° and

C=157°

 

Two sides given

For this routine you must specify which unknown side or ang-

le is to be found and which angle and which two sides are

known. You must use the symbols A, B and C for angles and

a, b and c for sides.

Interface:

 

RAD PRG
HOME}
 

Input format: °.’
: Unknown: B

Angle: ‘A=3241

  

 

 

This example calculates angle B when angle A is 32°41’, side

a = 80°12’ and side c = 135%45".
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Note:In this case there can be two solutions.

This happens when a side’s opposing angle is

known and this side is the smallest known side.

This is not implemented in Navigare.  
 

 

Three sides given

This routine calculates the specified angle when 3 sides are

known.

Interface:

 

RAD PRG
{HOME}
 

Input format: °.’

:Unknown: B

: Sides: ’a=80’b=61""c=135’

 

 

 
 

This example calculates angle B when side a=80° side

b=61° and side c= 135°.
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Three angles given

Interface:

 

RAD PRG
{HOME }
 

Input format: °.’

:Unknown: C

: Angles: ’A=32"B=28’'C=157

  

 

 

This example calculates side ¢ when angle A=32°, angle

B =28° and angle C= 157°.

 

Mathematical rules in spherical geometry

The spherical geometry programs use several formulae. The

symbols shown in Fig. 6.1 are used.

Sine rule:

Sin(a)/Sin(A) = Sin(b)/Sin(B)

6. Spherical trigonometry 52



Cosine rule:

Cos(a) = Cos(b)*Cos(c) + Sin(b)*Sin(c)*Cos(A)

Cos(A) =-Cos(B)*Cos(C) + Sin(B)*Sin(C)*Cos(a)

Cotangentrule:

Cot(a)*Sin(b)-Sin(C)*Cot(A) = Cos(C)*Cos(b)

Nepers formula:

tan(A + B) = Cot(C/2)*(Cos((a-b)/2)/Cos((a + b)/2))
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Changes in version 3.0

Version 3.0 has got the possibility to use a GPS receiver and

a change is made in the output of positions. The format is the

same as the input data i.e usualy in degrees, minutes and parts

of minutes.



   
  

 

ieee eee een es 

_ Extension of Navigare

The extension includes almanac, altitude corrections and

identification ofunknown star (a staris proposed). The alma-

nac contents the sun and 38 stars.

 

Almanac

This may be found in the user menu and the accuracy is abo-

ut 0.5’.

Sun

The LHA and declination for given date and time are calcu-

lated.

7. Extension of Navigare 1

  





REGULUS,RIGEL, RIGIL KENT, SCHEDAR,SIRIUS,

SPICA, SUHAIL, VEGA.

 

Extension of POSITIONING (Navigare)

Unknown star

The inputis as before but a proposal of which star is added.

This is a proposal because the calculated declination will not

match exactly with tabulated values.

Altitude correction SUN

Sextant altitude corrected for index error is put in together

with the height of the eye i metres.

 

 

Interface:

RAD PRG
{HOME }

SUN HE eye height h

obs height UpLimb U

:Limb h: X 51.264
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Here observed corrected altitude is calculated for sextant al-

titude adjusted for index 51°26.4°, height of eye 11.6 metres
and month june (6).

 

Rem. Upper limb sun is U, lower limb is Xor

whatever   
 

Altitude correction star

Sextant altitude corrected for index is put in.

Interface:

 

RAD PRG
THOME }
 

Star HE eye height h

obs height

:h HE: 27.55 13.7

Ct111
  

Observed corrected altitude is calculated for sextant altitude

27°55’ and height of eye 13.7 metres.
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GPS

Navigare may be connected to GPS receivers and position,

speed, course, distance and UTC (GMT) may be calculated.

GPS-NMEA-0183-GGA protocol

The most frequently used protocol for GPS receiversis the

NMEA-(0183. Standard parameters are:

Baud rate: 4800 bits/sek

Data bits: 8(d7=0)

Parity: 0

Stop bits: En ellerflere

Navigare may be connected to all GPS receivers using this

protocol and a RS232 serialinterface.

The GPS menu may be found ir: the lower part of the screen

and you will get into a submenu with the folowing possibili-

ties:

SAIL

This routine is used in connection with practical sailing from

one Way-point to another. Way-points are given in the

format (lat, long) and you have to use degrees. minutes/1/100
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minutes. Navigare will then calculate speed, true course,

correct course, distance and total distance.

The speed is given in knots. Total distance (Tot.dist) is the

distance left to the final Way-point. Distance is distance to

the next Way-point, true course is the course you are current-

ly sailing and correct course is the course that leads directly

to the next Way-point.

During the sailing you have to adjust the course so that true

course and correct course will be the same. The Way-points

are put in a list {WP1 WP2...}. A distance in metres indica-

ting the arrival to a Way-point has to be given in (TOL). If

this is set to 100 metres, it means that you have arrived when

you have come inside a circel around the point with radius

100 metres.

GPS receivers are not very accurate in non-differential mode

and an accuracy of 100 metres (0.06 minutes) is normal. The

first line in the output form indicates the next Way-point.
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Interface (directly on the stack):

 

RAD PRG
{HOME }
 

2: 100

1: {(59.3456, 10.4523) }

  

 

 

In the example TOL is the distance around the Way-point

indicating the arrival (100 m) and the sailing goes to the Way-

point 59.3456 N 10.4528 E. If several points are used they are

put into a list in the same way {(59.2345,10.2567)

(59.5648,10.3789)}.

POS

Here your current position and the time (UTC) are found.

SATL

GPS receivers may in a given moment "find" a specified num-

ber of satelites. This routine will show the number of

satelites being found at a given moment. This number should

not be less than 4. Before using the GPS to navigate you

should be sure of that the numberis 4 or greater.
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Index
 

24 hours sailing 2-23

Last position 1-7

A

Abbreviations 1-6

B

Bearing

See True bearing

C

Chord sailing 2-23

Constant distance 2-24

Constant course 2-26

Combined sailing 3-36

Composite sailing

2-21, 2-31

Conversion (OMR) 1-13

Conversion routines 1-19

Course

See True course

Course/Dist. Aeropl.

Subroutine 1-9

Course/Distance Mercator

Subroutine 1-10

D

Dead reckoning 3-35

Last position 1-8

Subroutine 19

Declination 5-44, 5-46

Abbreviation 1-6

Decimal/Deg.Minutes

Subroutine 19

Decimal/Deg.MinutesSec.

Subroutine 19

Degrees.minutes

Abbreviation 1-7

Degrees.minutes seconds

Abbreviation 1-7

Deg.Minutes/Decimal

Subroutine 19

Deviation 4-40 - 4-41

Distance

Abbreviation 1-6

Distance/° 2-30
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E

Elevation error 5-43 - 5-44

Abbreviation 1-7

Ending Navigare 1-20

End pos. latitude

Abbreviation 1-6

End pos. aeroplane (PFLY)
Last position 1-8

Subroutine 1-10

End pos. Mercator (PMC)
Last position 1-8

Subroutine 1-10

End position middle latitude

(PMB)

Last position 1-8

Subroutine 1-10

End position Great circle

(PSS)

Subroutine 1-11

F

Flattening (earth) 3-33

Abbreviation 1-6

Store 1-9, 3-33

G

GMT 1-6

Great circle 1-16, 2-21

Distance 2-21

Abbreviation 1-7

Intermed.pos. 2-27 - 2-28

Vertex 2-21

Great circle distance

Calculate 2-21

Abbreviation 1-7

Great circle intermed. pos.

Subroutine 1-11

H

Hardware

|

Increasing sailing

3-33, 3-38

Intermediate position

Mercator 3-38

Great circle 2-27 - 2-28

Increasing sailing 3-38 3-39

Intermediate pos. Mercator

Subroutine 1-10

Interrupted Great Circle

2-31

Interval apparent midday

1-13, 5-42

SS



L

Last position 1-7

Dead reckoning 3-34

Abbreviation 1-7

Rhumb line reck. 3-34

24 hours sailing 2-21

Local hour angle

Abbreviation 1-6

M

Major axes 1-6

Maximum latitude 2-31

Mercator sailing 3-33, 3-37

Meridional parts

(extended latitude) 3-37

Middle latitude sailing 3-32

Minor axes 1-6

Minutes 1-13, 1-15, 1-19

Most probable pos. 5-43

Abbreviation 1-7

N

Nautical mile

Abbreviation 1-7

Oo

Observed elevation 5-45

Abbreviation 1-7

Observed position 5-45

Output 1-16

P

Position line 5-44

Positioning

1-12, 5-42 - 5-46

Observed position 5-45

Most prob. position 5-43

R

Rhumb line 1-4, 1-16, 2-24

2-31, 3-33 - 3-39

Abbreviation 1-6

Rhumb line reckoning 3-35

Subroutine 1-10

Last position 1-8

S

Seconds 1-13, 1-19

Simultanous observations

5-42

Spherical trigonometry

6-45 - 6-50

Start position latitude

Abbreviation

Start position longitude

1-6
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Abbreviation

Starting up

Subroutine

T

True bearing

Abbreviation

True course

Abbreviation

Great circle

Tangent sailing

U

Unknown star

UserInterface

EDITOR

Ending

Direct routines

Moving in menus

1-6
1-5

5-44
1-7

1-6
2-20
2-22

5-47
1-11
1-14

1-20

1-11

1-16

Recalling from stack 1-16

START

User routines

D—-M

DR

IN-D

kDFLY

kDMC

LBSTK

MCbm/MCim

PFLY

1-11

1-5 1-8

1-9
1-9
1-9

1-10
1-10
1-10
1-10
1-10

PMB

PMC

PSS

SSbm

SSkDV

SSIm

Vv

Vertex

Abbreviation

Longitude

Latitude

1-10

1-10

1-11

1-11

1-11

1-11

16
2-21
2-21
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In general

The load/unload program is written as an addition to CAL-

CULUS Navigare and some of the general qualities of the

program are described in Navigare.

 

Abbreviations

e KG Distance from centre of mass to

the keel.

eo KY Moment arm keel/line of

buoyancy

0 Heeling angle

oe GZ Arm of heeling

eo DP Tonnage

e KGL Distance from center of mass

to midships (L/2)
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eo lp Effect of free surface in tanks

 

oe VM Vertical moment

oe TM Moment of trim

o A?? Change in ??, positiv for

increase

e DWT Deadweight

®p Density

e BM Distance from centre of

buoyancy to metacentre

oe GM Distance from centre of mass to

metacentre

oW Width (of ship)

ow weight

User menu

At the bottom ofthe screen there are two user menus. Thee-

se are BRGN and OMR. BRGN gives access to some often

used routines and OMR is conversion between units

(MASS,LENG (length) and VOL (volume)).
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BRGN menu

Accessible routines are listed:

oe C-DV Calculation of volume-

displacement with known block-coefficient,

(Cb), Length (L) Width (W), draught (d)

oe DV-C Calculation of block-coefficient

with known volume displacement (DV), L, W

and d.

e¢ DV-D Calculation of mass

displacement (tonnage) (DP) with known DV.

e DP-D Calculation of DV with known

DP

oe CW-A Calculation of Cw coefficient

with known area of water line, L and W.

e AREA Calculation of area with known

ordinates and interval of abscissa (Simpsons

rule)

oe DWT Calculation of dead weight for

known DP,

eo KGKY Calculation of KG for given KY

and © (heeling angle) for wanted DZ.

e BM Calculation of BM
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e GMK

experiment

oe GMR

Calculation of GM,inclining

Calculation of GM with known

period of rolling.

e KG

OMR menu

o-LB

eo -TON

eo —»SHT

oe LB—

e TON-

e SHTN

LENG(TH):

eo M=IN

oe M—FT

oe M-YD

e M-N

eo IN-M

oe FT-M

Look at current KG value

Kg to Pound (Ib)

Kg to UK ton

Kg to US short ton

Pound to Kg

UK ton to Kg

US short ton to Kg

Metre to inch (in)

Metre to feet (ft)

Metre to yard (yd)

Metre to nautic mile

Inch to metre

Feet to metre
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oe YD-M Yard to metre

oe NM- Nautic mile to metre

VOL(ume):

o —IN3 M3 to in’

o IN3- In’ to m>

o ~FT3 M3 to ft>

o FT3- ft> to m>

e »YD3 M3 to yd?

* YD3- yd’ tom’

e -UKG M?> to UK gallon

eo UKG- UK gallon to m’

e ~USG M?> to US gallon

oe USG— US gallon to m>
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Table of moments
 

In connection with loading and unloading of ship, some con-

ditions will be unchanged. This includes volume and other

characteristics of tanks and rooms (holds), and some of the

load may be unchanged from time to time.It is therefore im-

portant that only changes are put into the program from time

to time and not all of the information every time.

The routine for table of moments calculates vertical mo-

ments and trim moments for a given loading situation. The

use of the table is divided into two parts: Define the table and

the use of the table for calculating changes.

 

Define ship

Data that remain unchanged for a given ship are stored once

for all. This includes volumes, center of mass, vertical (KG)
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and horizontal (KGL) for rooms and tanks, moment of iner-

tia (free surface tanks) and informations for empty ship.

Initial values for displacement, deck cargo, load in tanks and

rooms (holds) etc. have to be put into the table.

The table forthis specific ship will then be constructed and

stored under the name ofthe ship. The data to be unchang-

ed are store under the name 'NameD’. Another ship will have

another table (different number of tanks etc.) stored under

another name.

Interface:

 

RAD PRG
{HOME}
 

Define ship

: Name: CALCULUS

: {{R1..}}:{{3607 7.13 19.2}{3603...}]

: {{T1..}}:{{382 0.76 -16.5 1094 }{...}
 

   

  

 

 

Next picture is the matrix writer where the table will be con-

structed. The data given so far is the name of the ship, data

for rooms (R) and tanks (T) in double lists {{}}. For rooms

the volume, KG and KGL are put into the list. For new ro-
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oms the corresponding data are put into a new list {}. For

tanks the same data are given in addition to moment of iner-

tia for calculating the effect of free surface. For two rooms

and two tanks the double lists may look like this:

Rooms: {{3607 7.13 19.2}{3603 7.13 -15.9}}

Tanks: {{382 0.76 -16.5 1094}{349 0.76 -33.9 785} }

Further:{{DP KG KGL}} ( empty ship)
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Rem. In theprogram the symbols are not used

(numeric matrix writer) and the second row is

filled with zeroes. DK stands for deck cargo,

Othrstandsforotherkinds ofload (stores etc)   
 

Values for KGL for tanks and rooms are put in by the pro-

gram (based on stored data).

The first row deals with displacement (tonnage) DP. Here

data for empty ship may be put in or another known "loadsi-

tuation". KG is the "total" KG and KGL "total" KGL (2Mo-

ments/DP)

Next row is the symbols for the columns (zeroes in the pro-

gram). Am is change in mass (weight), m for mass (weight) af-

ter the loading/unloading, p for density of the cargo/load, Ip

the effect offree surface in tanks, AVM change in vertical mo-

ment and ATM change in trim moment.

The third row is deck cargo and the weight, KG and KGL

must be put in. R1 R2 is room1 and room2, further T1 T2 is

tank1 and tank2.

Othr may be stores, the bag netfor fishing boats or whatever.
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The table may then look like this beforeits stored:

 

x am m pp KG KGL Ip AVM ATM

DK 0 0 0 0 0 0 0 0

. RI 0 400 06 0 192 0 0 0

R2 0 30008 0 -1590 0 0

TT 0 0 0 0 -1650 0 0

_ T2 0 145 0950 3390 0 0

Or 0 0 0 0 0 0 0 0

sum 0 0 0 0 0 0 0 0

Before the final storage the KG for tanks and roomsare cal-

culated and the eventual effect of free surface in tanks.
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After the table is stored it looks like this:

Oo 0 0 0 ©0 0 0 0

0 400 06 132192 0 0 O

0 300 08 074 -159 0 0 0

OO 0 0 0 -165x 0 O

0 145 0.95 0.34 -339 745.0 O

Oo 0 0 0 O 0 0 0

oOo 0 0 0 oO 0 0 0 
Compared to what was given in we see that VM and TM for

the ship are calculated (first row) and KG for rooms and tanks

and Ip for tanks are also calculated before stored.
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Table of moments

Changesin a stored table are put in here and the table is put

into the matrix writer by writing the name ofthe ship.

 

 

Interface:

RAD PRG
{HOME }

Load/unload table

Data of ship, stored

:Ship: CALCULUS
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The changes put in are 1000 ton deck cargo, KG = 14 metres

and KGL= 1.1 metres and unloading of room 2. This gives

new displacement 9700 ton, new KG = 6.88 metres and new

KGL =-0.88 metres (astern trim). Sums ofchanges in weight,

vertical moment, trim moment and Ip are calculated and gi-

ven in row 9. Below changes in KG and KGL are given.
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Push ENTER to reset columns 2, 8 and 9 and to store the new

table.

 

Look ship

Here some data stored for a specific ship may be looked at.

Interface:

 

RAD PRG
{HOME}
 

Survey ofship

Data of ship, stored
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GZ curve
 

GZ curvesgive the "heeling arm" GZ as function of the hee-

ling angle ©. The curves are based on crosscurves (KY cur-

ves) or a given GZ curve for a given KG. Standard values for

e are ©=0, 7.5%, 15°, 30°, 45°, 60° and 75°.

By using an interpolating routine (cubic spline) values for

every 2.5%, 0-60° may be calculated. © for max GZ are also

calculated and put in the last row of the GZ table (Statistic

matrix 3DAT).

 

GZ-KY table

The equation for GZ and KYis:

GZ =KY-KG+*Sine

KY at angles [0 7.5 15 30 45 60 75] are put into the program.
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Interface:

 

 

RAD PRG
{HOME}

GZ-KY table 6 =

[07.5 153045 60 75]

: KG: 7.6

[KY]: [01.12.24.463 7.47.75]

 

 

  
Here the GZ table (GZ curve) for KG =7.6 metres and KY

valuesas given is calculated. The table is calculated in the in-

terval [0 75],for every 2.5° between 0 and 60°. The last row

gives the maxGZwith corresponding angle. The value ofKG

is stored for future reference (KG option in user menu).

 

Define GZ table

Known values for GZ and the corresponding KG are put di-

rectly into the input form and the whole table is calculated

using interpolation. GZ is put in like a vector [0 0.11...]. Sto-

red as SDAT and the KG value as KG for future reference.
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GZ Plot

Here the GZ table is plotted using SCATTER PLOT in the

HP 48SX. The table is stored in DAT and no further input

is necessary.

The coordinates of a point on the curve may be found by mo-

ving the cursor with the arrow keys and then push COORD.

To se the axes you may move the cursorslightly downwards

and push CENT. Push the minus key to see. ATTN (ON) will

get you back to the main menu.
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GZ-AKG table

By changes in KG a new curve is calculated. The new value

of KG is calculated and stored.

Interface:

 

RAD PRG
{HOME}

GZ-AKG New GZ table

3SDAT is stored

AKG: 0.3

 

  

 

 

 

Look GZ table

The GZ table is put into the matrix writer.
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Stability

In this chapter some calculations about stability are done.

This includes dynamic stability (control against norwegian

claims), moving weights and heavy lifts (mast boom).

 

Dynamic stability

The calculations are entirely based on the GZ curve (DAT

table). The result is put on the stack and can be seen by pus-

hing —STK. OK means that the claims are fulfilled and actu-

al values are: {GZ at 30°, © for max GZ, area 0-30°, area

30-40°, area 0-40°}.
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Moving weights

Move AKG?

Here the change in KG is calculated for a given weight.

Interface:

 

RAD PRG
{HOME}
 

AKG for given a and w

DP depl. a dist. to G

ww: 500

:DP a: 12000 3.5   
 

The routine calculates AKG by moving a weight of 500 tons

a distance of 3.5 metres.

 

  
Rem. Negativ a is used by moving downwards
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Move AKG?

The change in KG for a certain change in GZ for given ang-

le is calculated.

Interface:

 

PRG

AKG for given GZ and ©

RAD
{HOME }
 

:AGZ e: 0.13 30

——_

Here the change in KG if the change in GZ for 30° is 0.13

metres is calculated. The problem might be to calculate the

weight to be moved when the GZ at given angle is given.

  

 

Rem. Ifthe GZis increasingthe centre ofmass

has to be lowered and AKG is negativ.  
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Move w?

The weight to be moved for a given change in KG is calcula-

ted.

Interface:

 

RAD
{HOME }

PRG

 

AKG:

:DP a: 

w for given a and AKG

DP depl. a dist. to G

0.45

12000 2  

 

Here the weight to be moved 2.3 metres to heighten the KG

with 0.45 metresis calculated. Displacement 15000 tons.

Load AKG?

Loading a weight means to take on board a weight and not

only move it. The change in KG is calculated.
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Interface;

 

RAD PRG
{HOME }
 

AKG for given a and w

DP depl. a dist. to G

ww: 500

‘DP a: 12000 3.5

     
The example calculates the change in KG by loading a weight

of500 tons and placing it 3.5 metres above the centre of mass.

Load w?

This routine calculates the weight to be loaded to change the

KG by given amount.

Interface:

 

RAD PRG
{HOME }
 

w for given a and AKG

DP depl. a dist. to G

:AKG: 0.35

:DP a: 12000 3.5       
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The example calculates the weight that heightens the KG by

0.35 metres, placed 3.5 metres above G.

Unload AKG?

Same procedure as loading, but here the weightis unloaded.

Change in KG is calculated by unloading a given weight.

Unload w?

Same procedure as loading. The weight to be unloaded is cal-

culated.

 

Heavy lift

Heavy lift is heaving with a boom. The resulting GZ is calcu-

lated together with the corresponding change in KG. There

is a possibility to use ballast tanks.
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Interface:

 

RAD PRG
{HOME }
 

Heavy lift , weight

See figure, manual

:SBaw:12.2 15 200

:DP mT IT: 15000331 6

    
 

The example calculates the change in KG and GZ arm when

the distance to the top of the boom from the centre of mass

is 12.2 metres. The distance from the mast to the top of the

boom is 15 metres and the weight is 200 tons. Displacment

15000 tons and ballast 331 tons with centre of mass 6 metres

form the centre line. New GZ curve may be calculated (with

new KG) and the heeling angle may be found for the calcu-

lated GZ arm.
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