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The most dramatic development in navi-
gation is the elimination of the time-con-
suming, error-inviting interpolations,
complicated reference tables, and col-
umns of arithmetic in favor of small,
hand-held calculators of modest price,
great speed, simplicity, and perfect
accuracy.

With a hand-held calculator and the
step-by-step instructions in this book,
even the beginner will find it easy to mas-
ter celestial navigation, coastwise pilot-
ing, bearing averaging, course planning,
calculation of current effect, and the use
of calculators in competitive yachting.

For those who want to know the how
and the whyj, it is all carefully explained
in Mr. Rogoft’s book. For those who want
to know only what to do, there are simple
step-by-step instructions applicable to
programmable hand-held calculators.

This is the major and most up-to-date
book on the subject of calculator navi-
gation. Its routines and programs are
designed to be compatible with even
the most modern calculators, like the
HP-41C.

The author is both a yachtsman and a
computer and calculator expert. He is a
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Addenda

p. 210. Table number should be 3.8.

p. 274. Insert the following at the end of step 5, routine 5.2:

If the displayed latitude and longitude are obviously incorrect, press
[n],[SF], and [0] (for the HP-67) or [f], [STF], and[0] (for the HP-97),
and repeat steps 4 and 5; if subsequent calculations of position, made
before the calculator has been turned off, are incorrect, press [h],
[CF], and [0] (for the HP-67) or [f], [CLF], and [0] (for the HP-97),
and repeat the steps. For the HP-41C, if the displayed results are
incorrect, press the gold key and then and[0], and repeat steps 4
and 5; if subsequent calculations of position are incorrect, whether or
not the calculator has been turned off, press the gold key and then
and [0], and repeat the steps.
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1.1 The Objectives of This Volume

This book was begun in 1974, when it became apparent that there were
hand-held scientific calculators available, at reasonable prices, which could be
used to solve virtually every problem that might arise in navigating at sea.
Particularly suitable was the Hewlett-Packard 65, the first calculator which
was not only programmable but permitted the permanent storage of any
number of programs, on small magnetic cards.

The advent of the external memory in the form of magnetic cards made
possible a breadth of application not obtainable with programmable calcula-
tors lacking the external memory. The latter can be programmed to do many
things, but when the next application comes along and fills the program
memory, the first program is lost. To be used again, the first program must
be re-entered, keystroke by keystroke. By contrast, on a calculator with exter-
nal memory, a program—once stored on a magnetic card—can be used over
and over. When needed, it is simply read into the memory, in a process which
takes one or two steps, and it is as easily replaced when the next program is
to be used.

The capacity of the HP-65’s program and data memories was large enough
so that the calculator could cope with all of the problems in coastwise naviga-
tion, and could provide a useful approach to celestial navigation. The calcula-
tor was powerful enough to make unnecessary the use of the sight-reduction
tables (such as H.O. 214, 229, and 249), thereby removing much of the pain
associated with the conversion of sextant angles to fixes. In particular, it
eliminated the need to interpolate between the values provided by the tables
in order to obtain those required by the observations. To enable the navigator
to take advantage of this new convenience is one of the fundamental purposes
of this book.

Today, external memories take two forms: magnetic cards and solid-state
transistor arrays. The form of external memory introduced in the HP-65,
incorporating a miniature magnetic-card reader/writer, was later utilized in
the Texas Instruments SR-52 and in the next-generation HP-67 and HP-97.
It is provided also in the TI-59, in which, in addition, Texas Instruments has
introduced solid-state memory modules (small, plastic-enclosed units, less
than 1 inch square by 1/8 of an inch thick, which contain the equivalent of
approximately twenty magnetic cards of the Hewlett-Packard type). The
disadvantage of these solid-state memory modules is that they cannot be
reprogrammed. If new programs are written, they must be designed into the
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arrays, at considerable expense. These modules are consequently not suited to
the custom programmer; they must be made and sold in large volume if their
price is to be competitive with that of magnetic cards. Therefore, future
calculators, while doubtless possessing interchangeable solid-state memories
even more compact, and with larger capacities, than those now available, will
also most probably continue to include some form of magnetic memory, such
as cards or cassettes.

When the HP-67 calculator was introduced, along with its integral-printer
counterpart, the HP-97, the increase in its memory capacity over that of the
HP-65—and its ability to store data and programs separately, each on their
own magnetic cards—made possible two important new developments in
methods of calculator navigation: loran navigation, and celestial navigation
without the need for any form of nautical almanac.

The convenience of calculator navigation thus arises from the extensive
memory capacity of the models now available, and from the possibility of using
unlimited numbers of external memory cards or modules. For example, once
the locations of objects to be observed have been prerecorded on the magnetic
cards, it is only necessary, when taking bearings on a light or buoy, to load
the appropriate data card into the calculator and select the object by keying
in a few identifying digits, instead of entering its whole latitude and longitude.
In effect, a magnetic-card “light list” is employed which turns the whole
process into a button-pushing exercise. Similarly, in celestial navigation, once
the requisite data cards have been prerecorded, the user need only enter the
date, Greenwich time, dead-reckoning position, sextant altitude, and height of
eye for a particular observation to obtain the altitude intercept and azimuth
of a celestial line of position. Indeed, if two observations are handled in this
manner, manual plotting becomes unnecessary, since the calculator displays
the actual latitude and longitude of the fix.

The fact that chart plotting can be eliminated—or at least kept to a mini-
mum—is especially helpful on small yachts, where folding and unfolding
charts on the knees of the navigator can be particularly awkward. In coastwise
navigation, this convenience is available even when prerecorded data is not
used. The calculator accepts the appropriate input concerning the bearings to
observed objects, time, current, and vessel course and speed, and then displays
the vessel’s position with respect to one of the objects. The calculated position
can then be spotted on the chart, without the need to lay out lines of position
that radiate from charted objects or positions.

Another significant convenience in coastwise navigation results from the
fact that the calculator programs embody the rules for taking into account the
variation and deviation of the compass. This is important where the magnetic
compass is the principal steering and bearing measuring reference. All the user
need know is the amount and direction of variation and deviation. When these
are entered, the calculator corrects or uncorrects the compass readings as
necessary. One no longer has to remember that “True Virgins Make Dull
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Companions Add Whiskey”* in order to use the compass correctly.

A second objective of this volume is to present methods which result in
improved accuracy. Whenever input data contains random fluctuations—
as in visual bearings taken from‘a hand-bearing compass or sextant readings
made on board a vessel in rough seas—statistical methods can substantially
increase the accuracy of the results. These methods use as the basis for an
answer a series of observations, each consisting of a bearing or a sextant
altitude and the time at which it was taken. Regression, which is more power-
ful and useful than simple averaging, requires numerous, involved manipula-
tions of the values of each of these angle—time pairs—just the sort of mathe-
matical operations that most navigators shun. The hand-held calculator
performs them with ease, usually upon entry of a reading; the navigator is
unaware of the process, which is accomplished in far less time than is required
to take the next reading. These operations make possible the identification of
the smooth, underlying trend of the data, from which can be obtained results’
much more accurate than those based on any single observation made under
difficult conditions. The trend provides, first of all, a best estimate of the actual
bearing or sextant angle being observed, minimizing the effects of an unsteady
hand or rough seas. Second, the trend reflects the vessel’s motion; a value of
bearing or sextant altitude calculated for any time within the interval covered
will incorporate the effect of this motion.

The convenience and accuracy obtainable with the hand-held calculator are
also exemplified by the procedures involving loran. The programs and routines
for the HP-67 and HP-97 enable one to use loran to obtain positions even in
the absence of charts showing the loran lines of position. This material should
be especially helpful during these years of transition from Loran A to Loran
C, when new Loran C transmitter chains are put into operation even before
the appropriate loran charts are available. High accuracy is served by the
programs’ ability to utilize local calibrating data, obtained by the user himself.

Convenience and accuracy, then, are the advantages of calculator naviga-
tion. The caiculators already developed provide these in good measure; future
generations of these electronic tools will surely offer even more.

1.2 The Intended User

This volume will be of service to several different types of readers, among them
the yachtsman-navigator, the commercial mariner, the navigation officer on a
large vessel, and the naval officer.

The yachtsman who is often his own navigator will welcome the conve-
nience of methods that permit position fixing and planning of courses free of

*A typical device for recalling the rules for applying variation and deviation to compass or
chart angles, quoted (along with others) by S. T. Simonsen, Simonsen’s Navigation (Englewood
Cliffs, N.J.: Prentice-Hall, 1973), pp. 24-25.
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cumbersome chart constrictions. The tracking routines, which yield a “plot”
of position, will be especially helpful.

All small-boat navigators, who work on an extremely unstable platform
—the heaving deck—will find that use of the regression routines results in a
substantial increase in accuracy.

The racing sailor should discover that the sailing routines make it easier to
select tack courses and to make tactical decisions. If he is willing to invest the
time required to determine the polar performance curves of his boat, the
calculator can show him when he is sailing the optimum course under any
given conditions.

The commercial boat operator—for example, the fisherman—will find that
the routines make possible better use of his loran: he will be able to convert
his “hang” co-ordinates and fishing locations from Loran A to Loran C
readings; he will be able to steer accurate courses to reach his fishing grounds;
he will have the advantages of loran navigation even in waters for which loran
charts don’t yet exist.

The navigator of a large vessel will make good use of the celestial routines
while sailing the oceans; the improved accuracy obtainable from regression
methods, including the elimination of steaming errors, will enable him to add
a fix based on observations of the noonday sun to the daily routine at sea. When
the vessel reaches a shoreline or enters a harbor, the precision of presurveyed
loran will add to the ease of safely completing a journey.

The naval officer, exposed to a large variety of conditions and locations, can
benefit from all of the foregoing; prerecorded cards of objects likely to be used
for position fixing will yield extremely rapid calculations of his vessel’s track.
Regression methods used during heavy seas will improve accuracy. Planning
of new courses while maneuvering will be facilitated. The programmed calcu-
lator will take its place as a useful tool in the hands of a navy navigator.

Indeed, in view of the advantages of calculator navigation, many individuals
who enjoy programming will doubtless use the material in this volume as a
point of departure for applications of their own.

1.3 Arrangement of the Material

Two types of material are needed for the use of the calculator—programs and
routines. A program consists of the instructions which cause the calculator to
carry out a particular sequence of operations. The programs for the procedures
covered in this volume are presented in the Appendix. The content of these
is fixed, so the user can record on magnetic cards those that will be employed
repeatedly.

A routine consists of the step-by-step instructions for entering data and
obtaining answers to a particular navigation problem once the appropriate
program has been loaded into the calculator. The routines for various types
of applications are presented in the several chapters of the book. The accompa-
nying text explains the principles that are involved in each routine and pro-
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gram. An illustrative example is normally provided. Performing the routine
with the data in the example as input can serve two important purposes. First,
it provides a test of the accuracy with which the program has been copied onto
its magnetic card. It is virtually impossible to obtain correct answers with a
program that has even a single error; therefore, if the answers displayed are
those given in the example, the chances are that the program is correct.
Second, running through the routine in this manner is a way of gaining
familiarity with the sequence in which the data is entered and the resulting
answers are displayed. The program card prepared by the user is labeled to
identify the function of each of the lettered keys. This labeling on the card
serves as a built-in set of abbreviated instructions, which can guide the user
in entering the required data. With practice, he will find it less and less
necessary to refer to a routine while entering data; a glance at the label may
be sufficient. The examples in the text can be employed to speed up this process
of familiarization. '

1.4 The Selection of Navigation Applications

Applications have been selected for this volume first of all on the basis of their
general usefulness in navigation. A special effort has been made to include
those not available—or readily available—elsewhere. Indeed, a number of
completely innovative applications of the calculator to navigation problems are
presented.

For example, in the “Coastwise Navigation” chapter are to be found rou-
tines utilizing the statistical method of linear regression to obtain fixes from
bearings on one or two objects. As was pointed out earlier, under conditions
where any single reading is likely to be unreliable, perhaps because of an
unsteady deck in rough seas, accuracy can be substantially increased by utiliza-
tion of this method. Thus the calculator makes it possible to improve the
over-all result in a way heretofore unavailable to the practising navigator.

A second innovative application of the calculator in coastwise navigation is
exemplified by the tracking routines. The programmable calculator can make
repeated calculations of position, displaying the result at the end of each
sequence. Since time is required for each calculation (twenty-four seconds in
the HP-67, thirteen seconds in the HP-97), the program is arranged so that
the calculator determines the advance in the vessel’s position during the calcu-
lation interval, and displays the updated position at the end of each cycle. The
result is a continuing display of updated position in real time—as if a plot were
being made of the vessel’s movement.

Another group of routines in the chapter on coastwise navigation takes
advantage of the extensive data memory of the calculator by utilizing prere-
corded object co-ordinates. For these routines, the latitude and longitude of
each object likely to be used for visual bearings is recorded on a magnetic card.
This need be done only once, unless the position in question subsequently
changes (as it may, for example, in the case of a buoy), Thereafter, the position
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can be recalled by a simple one- or two-digit keyboard entry. When using these
cards, one can obtain a fix on two objects by entering little more than two
bearings and the identifying digits of the two objects.

The routines in the “Sailing” chapter incorporate a number of procedures
that should make them useful in solving the special problems of the cruising
or racing sailor. For example, it is possible to take into account the combined
effects of wind and current on a sailing vessel, in order to calculate the course
to steer on each tack to reach a predetermined mark.

The chapter also describes a method of calculating optimum courses to
steer, to reach a mark in the minimum time. Use of this method requires prior
determination of the individual vessel’s sailing characteristics: a plotting of the
polar performance curves that define the vessel’s speed through the water in
various relative directions at various wind speeds. Specific instructions are
included for constructing these curves, using data concerning wind and vessel
speed as measured by the vessel’s own instruments. When one of the routines
for optimum course is used, the calculator displays the wind speed, wind
direction, and vessel speed that should be observed on the vessel’s instruments
to indicate that it is optimally trimmed and steering the course for best per-
formance.

The polar performance curves are also used in programming routines which
enable one to determine and compare the speed made good that a vessel would
achieve by sailing directly toward a downwind mark and by tacking toward
that mark, under the same conditions. An explicit calculation of elapsed time
to the mark is made for each method of sailing. The anticipated current is
taken into account, and is shown to be of major significance in selecting the
correct tactic.

The “Celestial Navigation” chapter contains routines utilizing the material
in the Almanac for Computers, published yearly by the Nautical Almanac
Office of the U.S. Naval Observatory. At this writing, there is no other pub-
lished set of calculator programs and routines that utilizes this material. Its
great advantage is that a/l of the celestial bodies, including the moon and the
planets, are covered. The typical calculator procedures, as in the Hewlett-
Packard Navigation Pac 1, and the self-contained, preprogrammed Tamaya
NC-77 calculator, include algorithms for calculating the Greenwich hour
angle and declination of the sun, and the Greenwich hour angle of Aries. Data
on the sidereal hour angles of stars is also stored, so sight reduction of sun and
star data is possible. But if observations of the moon or planets have been
made, the nautical almanac must be used to obtain the Greenwich hour angle
and declination of these bodies. By contrast, the method presented in this
volume makes any reference to the nautical almanac completely unnecessary.
The data covering all bodies for one year, as provided by the 4lmanac for
Computers, is recorded on a set of magnetic data cards. Using the moon is then
no different than using the sun; the extra corrections for moon position re-
quired in manual methods are eliminated. To calculate a line of position from
an observation on the moon—or any other body—little data input beyond
sextant altitude, time, and height of eye is required. The moon is the only body
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other than the sun that is visible to the naked eye during the day, at a time
when the sea horizon can be seen; there are days when the sun and moon can
be observed for a two-body fix. It is to be hoped, therefore, that the ease of
this method will encourage more use of the moon in celestial navigation.

A useful dividend in the sight-reduction routines is provided by the particu-
lar method that is employed to calculate the azimuth and altitude of the
celestial object. The initial data entries include date, time, and dead-reckoning
or estimated position. The azimuth of the body as it would be observed at that
time and place is then displayed. This result can be used to check the errors
of the magnetic compass (the combined effects of variation and deviation) or
gyro error. For example, if a hand-bearing compass is employed, the first step
in this checking process will be to obtain with the compass a reading for the
sun’s azimuth, taken from the exact spot on deck from which bearings are
normally taken. The sun’s azimuth is shown by the place on the compass card
where the shadow of the lubber line falls. The time is then noted, and the result
is compared with the azimuth obtained for this time, date, and position in the
sight-reduction routine. For this purpose, the time entered need be accurate
only to the nearest minute or two, and the dead-reckoning position to within
a few minutes of latitude and longitude.

As in coastwise navigation, regression techniques can increase accuracy, and
they are emphasized in the chapter on celestial navigation. I have tried them
on both small craft and stable platforms; they clearly work, yielding much
more accurate angles than could be obtained from individual readings under
conditions where there are severe fluctuations.

As the sun approaches and crosses the local meridian, the successive read-
ings of its altitude take the form of a parabolic curve. The chapter presents
methods—equivalent to the linear-regression procedures used for coastwise
navigation and for celestial observations at times other than meridian passage
—for calculating the smooth trend underlying fluctuating observations of
these altitudes. In addition, there is a detailed discussion of the effect on these
observations of the vessel’s own motion, which distorts the perception of when
the meridian passage actually occurs. A routine incorporating a correction
factor to compensate for vessel motion in determining the time of local appar-
ent noon is one of the innovative features of this chapter. The results can then
be used for the calculation of latitude and—under certain specified conditions
—longitude as well.

The “Loran” chapter presents completely new material, specifically devel-
oped for this volume. The great value of loran, especially the new Loran C
system, lies in its potential accuracy, stability, and range. The ability to use
a hand-held calculator to determine position in terms of latitude and longitude,
or distance and bearing, with all of the precision inherent in the transmitted
signals, should extend the popularity of this method of electronic navigation.

The chapter includes instructions for making local calibrations, which are
needed for the methods of high-accuracy position fixing which are described.
Using these methods (in surveys in New York Harbor made jointly with the
New York and New Jersey Sandy Hook Pilots’ Association), I have obtained
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repeatable results with an average accuracy of 30 yards. Even better accuracy
can be expected from the 9960 Loran C chain.

The loran calculations can be made in two ways: given time differences, the
corresponding position will be displayed; given latitude and longitude, the time
differences observed at that location will be displayed. The latter procedure
allows the user to predict the loran co-ordinates of a destination or rendezvous.
Also, performed in sequence, these two operations can be used to convert
Loran A time differences to the Loran C values for the same location. The
routine embodying this process will be useful during the present transition
from the old to the new system.

Most important is the fact that the calculator makes it possible to employ
loran without being limited to loran charts, which are at present available only
in relatively small-scale (large-area) versions. Instead, one can use charts of
larger scale (such as 1 to 40,000 or 1 to 20,000), which are particularly
desirable for navigating in confined areas. The loran time differences are
utilized in the calculator routine, and the resulting position—which can be
displayed in terms of the vessel’s distance and bearing to a fixed point or in
terms of latitude and longitude—can then be plotted on any chart of the area.

Also included in the chapter are routines in which successive loran fixes
provide the basis for calculating the “current” (i.e., the actual current along
with such factors as unrecognized leeway and compass or steering errors)
which may be deflecting the vessel. This result is then taken into account in
the subsequent calculation of the course to be steered to reach a destination
or way point.

A number of important topics have not been discussed in this volume.
Among them are the use of the calculator in radar maneuvering problems,
calculations of distance to the horizon, and great-circle calculations. These
subjects have been omitted because they are covered in the navigation program
packages published by Hewlett-Packard and Texas Instruments, which pro-
vide the necessary programs for the HP-67 and HP-97 and the SR-52, respec-
tively. Since most navigators will have access to these programs, repeating
them appeared unnecessary.

1.5 Calculators Chosen for Navigation
Applications

This volume presents programs and routines for the Hewlett-Packard models
67 and 97 and the Texas Instruments SR-52.

The HP-67 (figure 1.1) and HP-97 (figure 1.2) are identical except in two
respects. One of the differences, important to the small-boat navigator, is that
for the model 67, Hewlett-Packard offers a 12-volt recharging power supply
that permits long-term operation on board. (However, it is also possible to
acquire a small solid-state inverter that will convert the vessel’s 12-volt DC
power into 115-volt AC that can drive the model 97, so actually both can be
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not the latest model; that honor belongs to the TI-59. The latter appeared on
the scene too late to be included in this volume. However, there is available
from Texas Instruments a solid-state program module for the TI-59 which
includes virtually all of the navigation programs previously written for the
SR-52. As explained elsewhere, the equations for the coastwise and sailing
programs that appear in the SR-52 navigation package were written by me, and
the resulting programs are included in this volume. Hence, the owner of a
TI-59 who obtains the solid-state navigation module can in fact use many of
the SR-52 programs discussed in the chapters on coastwise navigation and
sailing.

The same cannot be said, however, for the chapters on loran and celestial
navigation. These present material only for the HP-67 and HP-97. The mem-
ory capacity of the SR-52 is too limited for the operations required.

Hewlett-Packard has announced its newest calculator, the model 41C. All .
of the programs for the HP-67 and HP-97 that appear in this volume should
function on the model 41C, provided the following conditions are fulfilled:

e Programs and data should be recorded on magnetic cards by means of the
HP-67 or HP-97.

o The model 41C should be equipped with a card reader (an accessory unit
that attaches to the calculator); this can properly read and use the cards
recorded on the HP-67 and HP-97.

o The model 41C should be equipped with a minimum of one accessory
plug-in (random access) memory module.

o The model 41C data-memory allocation should be set to twenty-six regis-
ters. Instructions for doing this are included in the manual for this calcula-
tor.

o Where program cards are customized (as in the chapter on sailing), or
data cards are recorded (as for the positions of buoys, lighthouses, and the
like in the chapter on coastwise navigation), certain special procedures,
explained in the Appendix, are necessary.

If these requirement are met, all of the HP-67 or HP-97 program and data
cards should function properly on a model 41C. It is probably a wise precau-
tion to test any program to be used in this manner, preferably by comparing
answers obtained on the model 41C to those obtained on the HP-67 or HP-97,
or to those specified in the illustrative examples of this volume.

Notice that the program listings in the Appendix can not be used directly
as programming steps for the model 41C, because its programming rules and
structure differ in certain respects from those of the HP-67 and HP-97. How-
ever, when the preceding conditions have been fulfilled, cards made for the
HP-67 or HP-97 can be used in the model 41C with the card reader.

Recognizing that many readers will want the convenience of prerecorded
and prelabeled program and data cards, I have arranged for the preparation
of such cards by a reputable retailer and mail-order supplier of calculators and
their accessories. Details on price and delivery can be obtained from Barco-
Navigation, 62 West 45th Street, New York, N.Y. 10036; for calls originating
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within the continental United States, the toll-free telephone number is 800—
221-2466. The prerecorded program and data cards that are available apply
to routines for coastwise, sailing, celestial, and loran navigation on the HP-
41C, HP-67, and HP-97. In addition, programs and data cards for loran
navigation using the TI-59 calculator (based upon programs not included in
this volume) are available from Barco-Navigation.

1.6 Using the Calculator in a Marine Environment

As a useful navigational tool, the calculator should be treated with the same
care given to any other valued tool or instrument. The damp, salty marine
environment can be especially harsh on electronic equipment. Keeping the
calculator dry—difficult though that may sometimes be—is really the only
way to insure its continued functioning. It may still work after having been
dunked and dried, but one can’t be certain; in particular, the motorized card-
puller in the calculator is likely to be damaged by a severe wetting.

Belowdecks, keeping a calculator dry should not be much of a problem. But
using it up on deck may sometimes be necessary—as when it is employed to
record a series of bearing—time pairs for one of the regression routines. In these
circumstances, especially in small craft, it may be wetted by seas breaking over
the rail and spraying about. One way to keep the calculator dry in such a
situation is to enclose it in a transparent plastic bag after the necessary mag-
netic cards have been loaded. The keys can be manipulated through the flexible
sides of the bag, and the keys and display can be seen through the transparent
plastic. Sandwich bags and those that seal with a zipperlike arrangement are
available in appropriate sizes.

The calculator must also be protected from damage due to dropping. There-
fore, when not in actual use it should be put out of harm’s way, in a sturdy,
shock-absorbing case if possible. Some cases can be worn on the belt, keeping
the calculator protected and yet immediately available.

Another hazard is the loss of the magnetic program cards and data cards,
which are so small that they may easily slip into unreachable crannies. This
problem can be minimized by use of the small carrying cases supplied by
Hewlett-Packard and Texas Instruments. In addition, cards should be made
in duplicate, just to avoid the problem of loss. And spare blank magnetic cards
should be carried on board, so that programs and data can be re-recorded if
necessary.
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ABBREVIATIONS Used in the Routines of Chapter 2

Be
Be1

Bc2

Bc3
Belo1
Bc1o2
Bc2o1
Bc202

Bcom1

Bcom2

Bmid1
Bmid2
B

~

Bt1
Bt2
Btdest
BtEP
Bto2

Btobj
Btp

(o]

Ce
Cm
CMG
Ct

D

D1
D2

DD.d, DDD.d
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Ddest
DD.MMSS
De

DMG

Dn

Dio1
D102
D201
D202

Dobj

compass bearing from vessel to
object

first compass bearing from vessel
to object, or compass bearing
from vessel to first object
second compass bearing from
vessel to object, or compass bear-
ing from vessel to second object
third compass bearing from ves-
sel to object

first compass bearing from vessel
to first object

first compass bearing from vessel
to second object

second compass bearing from
vessel to first object

second compass bearing from
vessel to second object

bearing from vessel to first object
corresponding to common time
bearing from vessel to second ob-
ject corresponding to common
time

bearing corresponding to mid-
time of first bearing sequence
bearing corresponding to mid-
time of second bearing sequence
true bearing from vessel to desti-
nation

true bearing from vessel to first
object

true bearing from vessel to sec-
ond object

true bearing from start to destina-
tion, or from object to destination
true bearing from start to es-
timated position

true bearing from second object
to vessel

true bearing between objects
true bearing from vessel to object
at time selected

course

compass course

magnetic course

true course made good

true course

distance from vessel to destina-
tion

distance off first object

distance off second object
degrees and tenths of a degree
distance from start to destination,
or from object to destination
degrees, minutes, and seconds
deviation

distance made good

distance of nearest approach
distance off first object at time of
first set of bearings

distance off second object at time
of first set of bearings

distance off first object at time of
second set of bearings

distance off second object at time
of second set of bearings
distance between objects

Dp

Dr

E

EP
H.hh
H.MS
L
Ldest
Lend
LEP
Lfix

Im

Lo
Lobj
Lodest
Loend
LoEP
Lofix
Lo-obj
Lostart
Lstart
N
naut. mi.
o1
02

S
SMG
St

AT

T1

T2

T3
Tcom
Tend
Tmid1

Tmid2

Tn
ATn

distance off object at time se-
lected

drift of current

east

estimated position

hours and tenths of an hour
hour(s), minute(s), and second(s)
latitude

latitude of destination

latitude at end of run or leg
latitude of estimated position
latitude of fix

chart factor

longitude

latitude of object

longitude of destination
longitude at end of run or leg
longitude of estimated position
longitude of fix

longitude of object

longitude of sta

latitude of start

north

nautical miles

first object

second object

vessel speed; south

speed made good

set of current

time required to reach destina-
tion

time of first bearing

time of second bearing

time of third bearing

common time

time of end of run or leg
mid-time of first bearing se-
quence

mid-time of second bearing se-
quence

time of nearest approach
interval between time selected
and time of nearest approach
time selected—time for which a
fix is required

time of start of run or leg

time at which calculator is
stopped

variation

west

following a data-entry item indi-
cates that its entry initiates (with-
out further keyboard activity) the
calculation and display of one or
more results.

indicates that the item (e.g., east
variation or north latitude) is en-
tered simply by pressing the ap-
propriate numerical keys, on both
the HP-67/97 and the SR-52.
indicates that the item is entered
on the HP-67/97 by pressing the
appropriate numerical keys fol-
lowed by [CHS), and on the
SR-52 by pressing the appropri-
ate numerical keys followed by




2.1 Introduction

Coastwise navigation is navigation within sight of land—usually in restricted
waters, where the possibility of going aground or of colliding with another
vessel is ever-present. For the safety of the vessel and its occupants, knowledge
of its position—actual and anticipated—is essential. In the past, the precise
computation of position has been unattractively laborious, but now, with the
calculator, it is readily performed. This chapter discusses the input data re--
quired and the methods used, and gives the specific calculator routines.

Certain assumptions, methods of measurement, potential sources of error,
and the like are common to virtually all navigation work. These matters are
examined in section 2.2, and some of the ways in which their handling is
facilitated by use of the calculator are indicated.

The largest part of the chapter—sections 2.3 and 2.4—is devoted to step-by-
step instructions for using representative calculators in various navigation
applications. These sections by no means cover all the ways in which calcula-
tors can be used for navigation. However, the routines specified do cover most
typical problems, and they are sufficiently representative to indicate the capa-
bility of the method. The following applications are included:

Planning Determining the course to steer and the speed made good between
two points when the bearing and the distance between them are known, in the
presence of current.

Determining the course to steer and the speed made good between two
points of known latitude and longitude, in the presence of current.

Position Fixing Finding the distance off two objects or off one of the two
objects when the bearing and the distance between them are known.
Making a fix on two objects whose latitude and longitude are known.
Finding the distance off one object.
Running fixes on one or two objects whose positions are known, in the
presence of current.

Determining Estimated Position Obtaining estimated position from knowl-
edge of starting position, vessel course and speed, current set and drift, and
elapsed time.

Current Determination Determining the set and drift of current by compar-
ing a position fix to a dead-reckoning position.

Position Tracking Displaying continuously an updated estimated position, in
terms of distance and bearing to a selected object.
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2.1.1 Latituge and Longitude Versus Distance and Bearing The meth-
ods of coastwise navigation by calculation fall into two principal classes: those
which involve latitude and longitude co-ordinates, and those which are based
upon the bearing and distance between objects. Any scientific calculator with
trigonometric functions can handle latitude and longitude, but the use of this
data becomes truly convenient only with a programmable calculator having
external storage, such as the HP-67, HP-97, and SR-52.

With a simple, nonprogrammable calculator, a separate keystroke is re-
quired for each digit of the latitude and longitude of the objects observed, for
each digit of the figures for bearing, deviation, set and drift of current, and
other input data, and for each step in the calculations. For example, in a case
involving the latitude and longitude of two buoys, the compass variation and
deviation, and a chart factor, forty-three keystrokes for input data are neces-
sary. With programmable calculators having external storage, this data can be
prerecorded on the magnetic cards, as can many of the instructions. Position
fixes can then be calculated in a few seconds, with only seven or eight key-
strokes.

Computation involving latitude and longitude is discussed in section 2.4;
computation in terms of distance and bearing is discussed in section 2.3.

2.2 General Considerations

Before the actual procedures for employing calculators in navigation are con-
sidered systematically, a number of elements common to most of the applica-
tions will be examined. These include the plane-earth assumption, the role of
smoothed or averaged bearings as input data, the methods of accounting for
the effects of current and of compass variation and deviation, and two espe-
cially tricky matters—the methods of correcting for leeway, and of obtaining
accuracy in “simultaneous” bearings taken from a moving vessel.

2.2.1 The Plane-Earth Assumption Consider a course or bearing ex-
tended over 10 nautical miles. In this situation, the bearing error—the differ-
ence between the angle calculated when the earth’s surface is regarded as a
plane and the one obtained when the earth is assumed to be a sphere—
will be approximately 0.02 of a degree; the corresponding error in a calculation
of the distance involved will amount to 0.02 of a nautical mile. Clearly, these
are negligible errors, which can be tolerated. In coastwise navigation, where
position is defined through sightings of visible objects, distances rarely exceed
10 miles, and most often are limited to a mile or less. Accordingly, in all the
calculator routines in this book rot involving latitude or longitude, the earth
is assumed to be flat; when distances are this short, the errors resulting from
this assumption are slight, and can be ignored.

As the distances in question increase, the possibility of error increases as
well. For example, at 120 nautical miles, the difference between the results of
plane-earth and of spherical-earth calculations increases to 0.5 of a degree and
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0.7 of a nautical mile. While the course error is still relatively small, the
distance error is approaching a level that might cause difficulty in achieving
a safe passage. Plane-earth calculations should therefore be employed only
when the distances are relatively short.

In the routines in this book involving latitude and longitude, the earth is
assumed to be a sphere. There are many different methods available for making
calculations of course and distance on a spherical earth; among them are
great-circle sailing, Mercator sailing, and mid-latitude sailing. In the first
method, spherical trigonometry is employed. In the other two, a conversion
is made from a sphere to a plane surface, with certain distortions in appearance
accepted for the sake of accuracy and relative ease of calculation. For example,
the familiar Mercator projection widens areas near the poles, but is neverthe-
less extremely useful, since a straight line on its surface—a rhumb line—
is a line of constant course. ,

The mid-latitude approximation of a sphere on a plane surface is important
because it is simple, permits introduction of latitude and longitude co-ordi-
nates into the calculation process, and is quite accurate over extended dis-
tances. Representative errors in mid-latitude calculations—which can be com-
pared with those resulting from the plane-earth assumption, cited previously
—are 0.08 of a degree and 0.003 of a nautical mile for a distance of 10 nautical
miles, and 0.5 of a degree and 0.006 of a nautical mile for a distance of 120
nautical miles. Even at 120 miles, the error in distance is negligible, while the
course error (compared to the initial great-circle course) remains reasonably
small.

In computing the actual mid-latitude, half the difference between the start
and the destination latitudes is employed. A variation of the mid-latitude
method is to be found in many of the routines in this volume. Instead of the
cosine of the mid-latitude, which often plays a role in mid-latitude calculations,
a similar factor obtained from a nautical chart for the region in question is
used. This “chart factor” (/m) is the ratio of the length (in nautical miles) of
a stated interval of longitude—say 5 minutes—to the length of the same
interval of latitude. At a latitude of 40°, these are 3.78 nautical miles and 5.0
nautical miles, respectively, yielding a ratio of 0.756. The cosine of the mid-
latitude in this case would be 0.766; the difference between the two arises
because the earth is not a perfect sphere, and the chart is distorted by this
amount in order to correct for the earth’s lack of sphericity. If the course in
question has a large north-south component, the measurement of the mapping
or chart factor directly from the chart should be limited to rather short
distances (say, up to 10 nautical miles). For greater distances, normal mid-
latitude calculations should be made.

2.2.2 Bearing Averaging and Regression A major cause of inaccuracy in
navigation is error in the initial observations. Particularly aboard small craft,
unless the seas are calm, the unsteady platform of the vessel causes the bearings
read from any type of magnetic compass to be fluctuating rather than constant.
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In these circumstances, position finding is significantly more accurate wh.cn it
is based on the averaging of a series of bearings rather than on a single
observation. The calculator is particularly well suited to handling the sequence
of figures, especially when the statistical method employed is linear regression,
which not only smooths the data, but takes into account the actual change in
the position of the vessel as well.

Trend Line
Extended

/ Trend Line

Bearing
Angle

Trend Line
o “,,,—Common Time of Observation

|
Time

2.1. Bearing Regression

Linear regression produces a smoothed trend line from a group of fluctuat-
ing bearing observations. In general, the greater the number of observations,
the more reliable and precise will be the trend that is established. Bearings
taken from swinging compass references tend to have a high probability of
error: each reading is made when the card has reached the end of its swing,
which is generally when it is farthest from the true value. Because the card
swings on both sides of the true value, errors will be reduced if a number of
observations are made, so that values both above and below the correct one
are accumulated. The linear-regression method results in a single, straight line
which makes the best possible fit to all points in the data, lying above some
of the points and below others, as illustrated in figure 2.1. Here, two series of
observations are shown on the same graph. On the left is the set of bearings
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taken earlier—on a nearby object, as evidenced by the sizable variation of
bearing with time. The solid line is the calculated regression line which makes
the best fit (on a least-squared-error basis) to the observed data. On the right
is the regression line calculated from the second set of observations, taken a
little later. These bearings exhibit a smaller average change with respect to time
because the second object is farther away from the vessel. The geographical
situation that gives rise to these bearing variations is shown in figure 2.2.

Second Object

Successive Bearing Lines

First Object

2.2. Bearings on Two Objects

The regression lines that are constructed from the observed data include the
effects of the movement of the vessel during the time period in which the
bearings were taken. As long as some precautions (to be specified shortly) are
maintained with respect to vessel speed, nearness of the objects, and timing of
the observations, the regression method eliminates the need to make a running-
fix calculation when the bearings on two different objects are observed at
different times. Two series of bearings are taken, the first on one object, and
the second on the other; the trend line for each series is calculated, and the
lines are then extended to a common time. This extrapolation process is
illustrated in figure 2.1, where the first line has been extended forward in time
and the second line backward. The bearings on the extensions at the common
time become the input for the calculation for a fix on two objects.

Another attribute of the regression technique is that the observations need
not be made at equal time intervals, clearly an advantage under the difficult
conditions that prevail at sea.

A caveat: linear regression rests on the assumption that the motion is indeed
linear—in other words, that bearing changes, if accurately plotted, would fall
on a straight line. This assumption is valid if the vessel is not too close to the
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object being observed, if it is not moving too fast, and if the total elapsed time,
and the intervals between successive readings, are not too long.

In practical terms, these conditions will be satisfied in a boat going not faster
than 8 knots, with the closest object not less than one-quarter mile away, and
with about six to eight observations taken at intervals of approximately 30
seconds. Under these circumstances, the error in a position fix obtained by the
linear-regression method will be under 50 yards. If the vessel speed is 18 to
20 knots, the minimum distance to the object should be increased to one-half
mile. Conversely, for a vessel making 3 to 6 knots, the minimum distance to
the object can be reduced to one-tenth mile, the number of observations
increased, and the intervals between them lengthened.

There are two ways in which regression techniques can be used for position
finding in coastwise navigation. The first of these, illustrated in figures 2.1 and
2.2, has already been discussed. A succession of bearing—time pairs is treated
as numerical data, with the calculator analyzing the sequence for its underly-
ing trend. This analysis gives rise to the regression line—always straight—
which can be evaluated to yield a value of bearing for any time within the
period in question.

2.3. Regression Running Fix
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In the second method, the values for bearing at successive times are just part
of the data input, and the problem takes the form of making a running fix on
one object. Figure 2.3 illustrates this case, in which bearings on a single object
are taken from a moving vessel. In this instance, the calculation takes into
account the actual geometry of the situation, and the regression equation
which results involves not only the bearing—time pairs but also values for
course and speed made good. For this method, unlike the first one, no assump-
tion is required that the bearing—time relationship be expressible as a straight
line. The calculated regression equation will produce exact values for position
regardless of how close the vessel is to the object, and regardless of what speed
it is making. These results are obtainable because values can be assumed for
course and speed made good, based on the available figures for the vessel’s
speed and course, and for the set and drift of any currents that may be affecting
its motion over the bottom. Consequently, obtaining accurate results with this
regression technique—or indeed with any method of making a running fix
—requires correct input data for vessel course and speed and the set and drift
of the current.

In addition, there is a restriction attached to the use of the regression
running fix which derives from the way it behaves in the presence of fluctuating
data. One of the reasons for using the regression method is that it can smooth
data, thereby improving the accuracy of position fixing when fluctuating bear-
ings are utilized. If a regression running fix is to be made, data should be taken
only when the object under observation lies within the interval of 45 to 135
degrees or of 225 to 315 degrees of relative bearing. Unless this precaution is
taken, the answers obtained are likely to have a high level of error. This
deterioration results because the regression equation includes a term involving
the cotangent of the relative bearing to the object; a small change in this angle
when the object observed is close to the bow or stern of the vessel is therefore
magnified, and the answer is distorted accordingly. As long as this precaution
is taken, the method will perform well.

A special difficulty in utilizing a calculator for regression problems may arise
when the bearings in question range a few degrees to either side of 360, so that
a sequence of data may contain something like the following: 353, 359, 004,
002, 357, . . . However, the programs provided in this chapter are written in
such a manner that these values are properly interpreted.

Specific calculator routines that incorporate regression methods are pre-
sented in sections 2.3.5-2.3.7.

2.2.3 The Effects of Current The motion of vessels in coastal waters is
almost invariably affected by current; consequently, virtually every example
given in this chapter either takes into account the set and drift of a known
current, or involves calculation of the set and drift of an unknown, or imper-

fectly known, current.
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In both cases, a vector problem is solved: the known values of vessel speed
and direction are combined with those of the set and drift of the current, to
yield the vessel’s net motion; or they are combined with the known values of
speed and course made good, to yield the set and drift of the current. This
vector manipulation actually constitutes a subproblem in many navigation
calculations. For example, problems involving a running fix require calculation
of the motion of the vessel during the run, which in turn is affected by the
current.

The routines that follow include the solution of the appropriate current
subproblems wherever necessary.

2.2.4 Compass Variation and Deviation For the sake of the small-boat
navigator, who in most cases has no directional reference except a magnetic
compass, virtually all of the routines presented in this chapter use as input
compass bearings and compass-course readings—taken at the vessel’s perma-
nently mounted or hand-bearing compass, or found by combining relative
bearings with compass course. Corrections to account for variation and devia-
tion must be made before this data can be utilized in the calculations.*

Fortunately, with the calculator it is unnecessary to remember the rules for
applying variation and deviation, since the programs for the routines incorpo-
rate the corrections. In using models like the HP-67, HP-97, and SR-52, the
data for courses or bearings can be entered directly as read from the compass,
and once the values for variation and deviation have been introduced, the
necessary adjustments are made automatically. On the HP-67 and HP-97,
when latitude and longitude are prerecorded, it is possible to prerecord varia-
tion as well, thus further reducing the number of steps needed for entering data
in the routines.

225 Leeway The motion of a sailing vessel to leeward of its heading is
the result of a balancing of the forces on the hull (particularly the keel) and
the forces on the sails; this motion, called /eeway, is expressed as the angular
difference between the heading of the vessel and the direction it actually travels
through the water. The amount of leeway varies with the force of the wind,
the heading of the vessel relative to the wind, the type of vessel, and other
factors.

A concept useful in dealing with leeway is that of “wake course” —the
course actually made good, as evidenced by the line of wake that is visible in
relatively calm water.} Figure 2.4 shows the downwind drift of a vessel, its net
motion seen in the line of its wake, while its bow points in an offset direction.
It is evident that a statement of navigation information given in terms of a

*If a gyrocompass is }xse_d, corrections, if any, can be entered as deviations, and the variation
set equal to zero. In this instance, all directions, both in the input data and in the results, will
be true. '

tThe concept of wake course is clearly discussed and illustrated in Thomas John Williams,

C20astal Navigation, Reed’s Yachtsmaster Series (London, Thomas Reed Publications, 1970), pp. 90-
92.
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Leeway Angle

2.4. Wake Course, with Leeway

compass course or a relative bearing as measured from the direction of the
bow, must be adjusted to compensate for the effect of the leeway angle (4).

The navigational aspects of leeway can be summarized as follows:

1. The speed of the vessel through the water can be measured accurately,
even though many degrees of leeway may be present, because speed meters are
relatively insensitive to ‘“crab angle” (sideways movement).

2. The actual track made through the water—the wake course—differs from
the vessel’s heading by the amount of the leeway angle. Though it is difficult
to measure, the leeway angle can be estimated with fair accuracy.

Since the leeway angle is likely to be as large as 4 to 6 degrees, it should be
taken into account when a highly accurate position fix must be obtained, and
when one is steering a planned course. The leeway angles actually encountered
on a particular vessel can be determined by taking many observations for a
variety of wind velocities and relative directions. Once obtained, this informa-
tion should be organized into a table of leeway angles for the vessel, to be used
in a manner similar to that of a compass-deviation table.

The concept of correcting or uncorrecting for leeway effects has been bor-
rowed from the handling of magnetic-compass deviation and variation. Con-
verting a ship’s heading to a wake course is defined as correction; converting a
wake course to a course to be steered is defined as uncorrection. Table 2.1 lists
the principal types of routine employed in coastwise navigation, indicates those
in which the leeway angle should be taken into account, and specifies whether
the course should be corrected or uncorrected.

Table 2.1 Application of Leeway

Type of Routine Action Required
Planning Uncorrect
Fix on two objects None
Running fix Correct
Estimated position Correct
Set and drift Correct
Course and speed

made good None
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Table 2.2 Correction and Uncorrection for Leeway

Correct Uncorrect

(From Heading (From Wake Course
Wind on: to Wake Courss) to Headling)
Port ADD SUBTRACT
Starboard SUBTRACT ADD

Table 2.2 indicates the wind conditions which determine whether the leeway
value should be added or subtracted in making these conversions. This table
assumes that all bearings and courses are measured clockwise through 360
degrees, with 000 degrees at the bow. Figure 2.5 illustrates this relationship

between vessel heading, wake course, and wind direction.

V

2.5. Course Shifts Due to Leeway

Since deviation tables are constructed to yield corrections based on the
reading of the compass card, leeway changes should be made only after a ship’s
course has been corrected for deviation. Premature addition or subtraction of
the leeway angle may result in an erroneous deviation value.

None of the calculator routines in this volume has labeled keys or numbered
steps that call for the leeway angle as an input quantity. If leeway must be
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taken into account, this fact is indicated in the routine by an asterisk (*) where
correction is required, or a double asterisk (**) where un correction is required.
The recommended practice is to add or subtract the leeway angle (mentally
or manually) just after the amount of deviation has been determined; a com-
bined value—‘“‘deviation 4 leeway” —can be used. It is also possible to wait
until the routine has been completed, and then make the necessary change in
the answer that has been calculated.

2.2.6 Bearings from a Moving Vessel Fixing a vessel’s position by taking
a single bearing on each of two objects is a basic procedure in coastwise
navigation. However, even if the bearings themselves are correct, the results
may be inaccurate if the vessel is in motion while the observations are being
made, since the position is then no longer defined simply by the intersection
of the two bearing lines. This problem is illustrated in the two parts of figure
2.6. In part A, the vessel is stationary, and the intersection of the two lines of
position determines an accurate fix. However, if—as shown in part B—
the vessel is in motion, along the line F—F’, and successive bearings are taken
at times 7/ and 72, the intersection of the two bearing lines will locate the
fix improperly. The error in distance is the length of the line segment e in the
figure.

02

S

Fix Fix at T2

2.6. Problem of the Fix on Two Objects

Typical values of this error can amount to as much as 520 yards—for a
10-knot vessel when the two bearings are taken a minute apart, the first object
is abeam, and the bearing difference between the two objects is 40 degrees. On
the other hand, if the first object is dead ahead, the vessel motion between
bearings results in no error at all.

Accordingly, there are several methods of minimizing the error. The naviga-
tor must exercise judgment in choosing the most suitable one. If the vessel is
moving slowly, the discrepancy is likely to be so slight that it can safely be
ignored. If the vessel is moving fast, the resulting error can be eliminated or
reduced to reasonable proportions by the adoption of a course directly toward
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or away from one of the objects. Another way to reduce the error is to keep
the relative bearing of the first object observed as small as possible; this can
usually be accomplished by viewing the objects in the proper order.

If none of these solutions is practical, the calculation should be changed to
a running fix on two objects. In the running fix, the fact that the vessel is
moving and the second bearing is taken from a different place than the first
is accounted for in the calculation. Even assuming some uncertainty about the
precise amount of motion—due, say, to an imperfect knowledge of the cur-
rents that are acting on the vessel—the result is usually substantially more
accurate than it would be if the motion were ignored.

For example, at 15 knots, a vessel will move 500 yards in one minute; if
errors in speed or course made good amount to 10 percent of this distance, the
expected error in the final position of the running fix will be 50 yards. On the
other hand, if the motion of this vessel between bearings is ignored, with the
first bearing abeam and a bearing difference between objects of 40 degrees, an
error of 765 yards will result.

2.3 Coastwise Navigation Using Distances and
Bearings

The calculator instructions in the following sections have been arranged as a
series of specific cases; each case includes the appropriate routines for the
several calculators and an illustration of an application which can be worked
out on any one of the calculators. The HP-67 and HP-97 are suitable for all
of the cases, while the SR-52, has slightly more limited capabilities.*

In the routines which follow in this section, the only co-ordinates are dis-
tances and bearings; latitude and longitude are not introduced, and the calcuia-
tions are based upon the plane-earth assumption. Therefore, as indicated
earlier, these routines should be utilized only when the distances involved are
relatively short; if they are under 50 nautical miles, the errors arising from the
plane-earth assumption will probably not cause difficulty in ordinary naviga-
tion.

2.3.1 Fixing, Planning, and Estimated Position on the HP-67 and
HP-97 It has been possible to write for the HP-67 and HP-97 a single routine
—routine 2.1—which makes these calculators simple to utilize in solving
virtually all of the problems in coastwise navigation. Figures 2.7-2.16 illus-
trate the use of this routine.

*Some of the equations and programs for the SR-52 developed by the author and presented
in this chapter are utilized in two publications issued by Texas Instruments: the Navigation Library
(Program Manual NG1) for the SR-52 and the manual on Marine Navigation for the TI-58 and
TI-59.
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Routine 2.1 (HP-67/97)

. _ puiu Clear EP
Btobj Dobj De Var C SMG AT Initialize D Bt R/S Dr
Cc S StDr Tstart Tend Bc1 Bc2 D2

FIXING, PLANNING, ESTIMATED POSITION, SET AND DRIFT
(DISTANCE AND BEARING)

Output

Input
Step Procedure Data/Units Keys Data/Units
1 Load program—both sides
Fixing—Fix on Two Objects
2 After completion of step 1, clear fd
3 Initialize fd
4 Enter true bearing between objects, in
either direction DDD.d fa
5 Enter distance between objects naut. mi. fa
6 Enter deviation (+E,—W), even if 0 DD.d fb
7 Enter variation (+E,—W), even if 0 DD.d fb
8 Enter compass bearing to first object DDD.d Cc
9 Enter compass bearing to second object DDD.d D
10 Calculate and display distance off second
object E naut. mi.
Fixing—Running Fix on One Object
11 After completion of step 1, clear fd
12 Initialize fd
13 Enter deviation at time of first bearing
(+E,—W), even if 0 DD.d fb
14 Enter variation (+E,—W), even if 0 DD.d fb
15 Enter compass course during run or leg* DDD.d A
16 Enter vessel speed during run or leg knots A
17 Enter set of current, even if 0 DDD.d A
18 Enter drift of current, even if 0 knots A
19 Enter time of start of run or leg H.MS B
20 Enter time of end of run or leg H.MS B
21 Enter compass bearing to object at start
of run DDD.d (o]
*Correct for leeway; see table 2.2. (coNTINUED)
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Step

Input Output
Procedure Data/Units Keys Data/Units

22

23

24
25
26

27
28

29
30
31
32
33
34
35
36

37

38

39

40

For multiple courses or speeds, or changes in set or drift between bearings,
repeat as necessary steps 13-14 and 15-18; deviation and variation are har_1d|ed
as a pair—if even one of them changes, both must be re-entered; similarly, if
course, speed, set, or drift changes, a// four must be re-entered. Steps 19-20 are
then repeated for each new leg.

Enter compass bearing to object at end

of run, or end of last leg DDD.d D

Calculate and display distance off object E naut. mi.
Fixing—Running Fix on Two Objects

After completion of step 1, clear fd

Initialize fd

Enter true bearing from first object to

second object DDD.d fa

Enter distance between objects naut. mi. fa

Enter deviation at time of first bearing

(+E,—W), even if 0 DD.d fb

Enter variation (+E,—W), even if 0 DD.d fb

Enter compass course during run or leg* DDD.d A

Enter vessel speed during run or leg knots A

Enter set of current, even if O DDD.d A

Enter drift of current, even if 0 knots A

Enter time of start of run or leg H.MS B

Enter time of end of run or leg H.MS B

Enter compass bearing to first object at

start of run DDD.d C

For multiple courses or speeds, or changes in set or drift between bearings,
repeat as necessary steps 28-29 and 30-33; deviation and variation are handled
as a pair—if even one of them changes, both must be re-entered; similarly, if
course, speed, set, or drift changes, a// four must be re-entered. Steps 34-35 are
then repeated for each leg.

Enter compass bearing to second object

at end of run, or end of last leg DDD.d D

Calculate and display distance off second

object E naut. mi.
Planning

After completion of step 1, enter true

bearing from start to destination DDD.d fa

Enter distance between start and

destination naut. mi. fa

The preceding two steps can be omitted if a fix to the destination has just
previously been calculated (as at step 10, 23, or 38).

*Correct for leeway; see table 2.2.
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Input Output

Step Procedure Data/Units Keys Data/Units
41 Enter deviation as 0! 0 fb
42 Enter variation (+E,—W), even if 0 DD.d fb
43 Enter any value of compass course DDD.d A
44 Enter expected vessel speed knots A
45 Enter expected set of current, even if 0 DDD.d A
46 Enter expected drift of current, even if 0  knots A

47

48

49

50
51

52

53
54
55
56
57
58

59
60

61

Calculate and display magnetic course to
steer (ignore display of SMG and elapsed

time) fe DDD.d

Enter deviation for course displayed,

even if 0, and repeat step 42 DD.d fb

Calculate and display compass course to

steer,** fc DDD.d

Speed made good, knots

Time required to reach destination H.MS
Estimated Position

After completion of step 1, clear fd

Enter true bearing from start to

destination DDD.d fa

Enter distance from start to destination  naut. mi. fa

The preceding two steps can be omitted if the position is to be obtained relative
to an object for which a fix has just previously been calculated (as at step 10, 23,
or 38). For an estimated position relative to the sfarting position, enter bearing
and distance as 0 in the preceding two steps.

Enter deviation (+E,—W), even if 0 DD.d fb
Enter variation (+E,—W), even if 0 DD.d fb
Enter compass course* DDD.d A
Enter vessel speed knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if O knots A

Steps 51-58 can be omitted if the planning part of this routine has just been
completed.

Enter time of start of run H.MS B

Enter time at end of leg, or at which

estimated position is required H.MS B

Calculate and display distance to .
destination, fe naut. mi.
True bearing to destination DDD.d

1For an alternative method of estimating deviation in planning, see p. 38.
**Uncorrect for leeway; see table 2.2.
*Correct for leeway; see table 2.2.

(conTiNuED)
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Input Output
Step Procedure Data/Units Keys Data/Units

For multiple courses or speeds, or changes in set or drift, repeat as necessary
steps 53-54 and 55-58; deviation and variation are handled as a pair—if even
one of them changes, both must be re-entered; similarly, if course, speed, set, or
drift changes, a// four must be re-entered (a method of recalling course, speed,
set, and drift from the calculator's memory, to be used if any of these are to be
re-entered, is presented on p. 43). Steps 59-61 are then repeated for each leg.

Set and Dirift

62 After completion of step 1, clear fd
63 Enter true course made good (available

from routine 2.12) DDD.d fa
64 Enter distance made good (available from

routine 2.12) naut. mi. fa
65 Enter deviation (+E,—W), even if 0 DD.d fb
66 Enter variation (+E,—W), even if 0 DD.d fb
67 Enter compass course during run* DDD.d A
68 Enter vessel speed during run knots A
69 Enter time of start of run H.MS B
70 Enter time of end of run H.MS B
71 Calculate estimated position, disregard

display of first result (distance), fe

+ Display set of current DDD.d

72 Display drift of current R/S knots

*Correct for leeway;, see table 2.2.

The instructions of routine 2.1 fall into three main categories: fixing, plan-
ning, and finding estimated position. A brief additional segment, for calculat-
ing current, permits use of the estimated-position procedures for this purpose.
A single magnetic card (identical for the HP-67 and the HP-97) stores the
program for all of these operations. However, an additional magnetic card is
required for routine 2.1A, which is useful under many circumstances for
combining fixing and planning.

The fixing parts of the routine cover a fix on two objects, a running fix on
one object, and a running fix on two objects. Figure 2.7 shows the case in which
the bearing observations on two objects are assumed to be simultaneous—
having been made from a stationary vessel, for example. Under these circum-
stances, all of the input values that relate to the motion of the vessel can be
either unentered or set at zero. These values are vessel compass course (Cc),
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O1

Fix

DATA

Btobj 145°

Dobj 0.67nm

De 0 02
Var —14°(W)

Be1 37°

Bc2 115°

CALcuLATED RESULT

D2 0.58nm

2.7. Fix on Two Objects (Distance and Bearing)

vessel speed (S), set of current (S?), drift of current (Dr), and time of start
(Tstart) and time of end (Tend) of the run. The true bearing between two
objects (Btobj) can be entered in either sense—from the first object to the
second, or from the second to the first. The input bearings (Bc/ and Bc2) can
be obtained from single observations taken simultaneously, or nearly so, or
they can be calculated from routine 2.6, providing data from regression analy-
sis. The answer is given as distance off the object on which the second observa-
tion was made (D2).

Figure 2.8 illustrates the running fix on one object. Here, the input data
includes values for course, speed, current, and elapsed time, describing the
motion of the vessel during the run between observations. As before, the
routine accepts compass bearings and converts them to true bearings, since
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Start
/~ 0800

N
15°
DATtA
De 0
Var —15°(W)
Cc 225°
S 15.0kts
St 250°
Dr 2.0kts
Tstart 0800
Tend 0803
Bc1 270°
Bc2 5°
CaLcuLaTeD REsuLT
D2 0.54nm
S ‘7«
0803 ©
Fix

2.8. Running Fix on One Object (Distance and Bearing)

deviation and variation have been entered into the calculator memory. No data
entry is made for the bearing or distance between objects, because only one
object is involved.

Since the over-all accuracy of the result depends upon correct values for the
course and speed made good during the run between bearings, it is important
to know the set and drift of the current acting on the vessel during the run.
The values for set and drift are entered at the appropriate steps even if they
are equal to zero.

The vessel speed used in calculating the running fix should be the average
speed during the run between bearings. This can be ascertained by subtracting
a log reading noted at the time of the first bearing from a reading noted at the
time of the second bearing (to obtain the distance traveled) and dividing this
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figure by the time interval between the readings. Even if many bearings are
taken—for use in a regression, for example—only two log readings, one early
in the run, and another at the end, are necessary for determining average speed.
Also, in this situation the time interval over which the speed is derived need
not be precisely the same as the interval over which the bearings are measured.
These intervals need only be approximately the same, provided the speed is
relatively uniform throughout.

The accuracy of the calculated result will also depend upon the crossing
angle of the two lines of position. If possible, the run should be long enough
so that the difference between the two bearings is close to 90 degrees.

Figure 2.9 illustrates the case of a vessel that makes a change in its motion

0830

St 000
Dr 1.0kt

oks
b="cc0e0 5%
Start
0800
DATa
During During
Port Starboard
Tack Tack
De +2° (E) —3° (W)
Var —12° (W) —12° (W)
Cc 90° 5°
S 5.0kts 5.0kts
St 0 20°
Dr 1.0kt 0.7kt
Tstart 0800 0830
Tend 0830 0900
Bc1 355°
Bc2 270°

CaLcuLaTED RESULT
D2 3.04nm

2.9. Running Fix on One Object, Multiple Legs (Distance and Bearing)
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o1

-—

Cc 280 S 4.0kts gyap
0800

Btobj  220° (from
1stto2ndobject)

Dobj 0.6nm

De 0

Var —10° (W)
oz Cc 280°

] 4.0kts

St 335°

Dr 2.0kts

Tstart 0800

Tend 0803

Bc1 340°

Bc2 250°

CALCULATED RESULT

D2 0.4nm

2.10. Running Fix on Two Objects (Distance and Bearing)

during the period between the first bearing observation and the second.
Changes of this sort are accounted for in the calculations as long as the data
is properly entered.

A course change may result in alterations in deviation, variation, course,
speed, set, drift, time of start, and time of end. In this situation, data is first
entered for the initial leg, and the first bearing is included as part of that
sequence. Successive legs are treated in turn, with entries being made for all
of the changes appropriate for the portion of the run in question. When there
is a change in any one of the values entered at [A]—course, speed, set, and
drift—all four must be re-entered. Similarly, if there is a change in either
variation or deviation, both must be re-entered. For each of the intermediate
legs, the last items to be entered are the time of start and time of end of the
leg. However, the first bearing to the object is entered when the firsz value of
deviation is still present in the calculator; the second bearing to the object is
entered when the /ast value of deviation is in the calculator. If this sequence
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is maintained, the fixing information—distance off the object at the time of the
second observation—is displayed after the second bearing is entered and
[E]is pressed.

Figure 2.10 illustrates the running fix on two objects. This problem is
encountered when, for example, there is a significant difference between the
time of the bearing on the first object and the time of the bearing on the second.
The run made between the two bearings is accounted for in the calculation,
to preserve the accuracy of the fix.

The bearing between the two objects (Bfobj) must be entered in the proper
sense: it is measured from the first object observed 7o the second object. This
is the only case where this order is significant.

The distance between the objects, deviation, variation, course, speed, set,
drift, time of start and end of run, and bearings from the vessel to the objects
are entered as before. If the vessel’s motion changes during the run between
bearings, appropriate data entries are made for each new leg. The procedures
previously described for entering data changes during a running fix on one
object are applicable here as well.

Figure 2.11 illustrates planning. In this instance, the input values are the
bearing and distance between the start and destination of a planned run, the
expected speed of the vessel, and the expected set and drift of the current
during the run or leg of the journey.

Destination (02)

DatA

Btobj 30°

Dobj 10.0nm

Var —10° (W)

S 5.0kts

St 330°

Dr 2.0kts

Cm 60.27° [calculated]
De 0

CALcULATED RESsuLTS

Cc 60.27°
SMG 5.69kts
AT 1hr 45min 26sec

Start (O1)

2.11. Planning (Distance and Bearing)

37



In the planning part of the routine, even though the compass course is to
be obtained as an answer, an entry for this item is necessary to make possible
the acceptance of the values for speed, set, and drift that follow. An arbitrary
value for course may be used, or the entry may be made by simply pressing
[A], without first entering a particular value.

Deviation and variation should be entered at some point in the sequence
before [f) are pressed, since they are required as part of the calculation
for a compass course to steer. But though variation is independent of the
calculated course, deviation is not, since it depends on the compass heading
of the vessel. Therefore, the preferred method is to make the calculation first
with deviation set at zero; this provides the magnetic course to steer as the
answer. Then, any required correction for deviation at this magnetic heading
can be obtained from the deviation card, and the planning calculation can be
performed a second time—with the appropriate deviation for that magnetic
course—to provide the compass course to steer.

A less time-consuming approach is to examine the planned course, estimate
the effect of current on the final result, and assume a value for deviation. If
—according to the deviation card—the resulting calculated compass course
would require a deviation correction of the amount initially assumed, then no
further calculation of the compass course to steer is necessary. If the result is
a compass course whose accompanying deviation is different by a degree or
more from that used to obtain the answer, then the calculation should be
repeated, with the proper value for deviation.

The answer obtained from the planning part of the routine should be further
modified by the adjustment for leeway (if appropriate, as in the case of a sailing
vessel). Reference to table 2.1 shows that for planning, an uncorrection will be
required. This means that if the wind is on the starboard side of the vessel, the
leeway figure is added to the course to obtain the correct vessel heading.

The length of the run used in planning should be limited to the interval over
which the expected values for the effects of current are reasonably accurate.
When tidal currents with continuously changing set and drift are involved, the
values used in this calculation are, at best, approximate. Similarly, if the
vessel’s passage through a current will itself cause changes in the current, then
any single set of values for set and drift will be approximate. The remedy is
to break down the planned journey into short sections over which the current
can be assumed to be constant. The length of the interval will depend, of
course, upon the rate of change of the current as experienced by the moving
vessel. The more rapid this rate, the shorter the chosen interval. As before,
when new values for set and drift are entered, the other items associated with
[A]—course (entered as an arbitrary value or simply by pressing [A]) and
speed—must be re-entered as well, before [f] are pressed to obtain the
course to steer.

In addition to compass course, the planning part of the routine supplies
speed made good and time required to reach the destination. The latter, given
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Destination

Plan to
o1 Fix Second  Separate
Object Destination

Btobj 40°
Dobj 3.0nm
Btdest 80°
Ddest 1.6nm
De 0 0 0
Var —15° (W) —15° (W)
Cc 75°
S 6.0kts 10.0kts 6.0kts
St 330° 300° 000
Dr 1.0kt 1.5kts 1.0kt
Tstart 1000
Tend 1010
Be1 272°
Bc2  345°
CALCULATED RESULTS
D2 1.42nm
Cm 349.3° 49.8°
Cc 349.3° 49.8°
SMG 11.27kts 6.85kts
AT 7min32sec 15min 13sec
CMG 30°
DMG 1.74nm

2.12. Running Fix on Two Objects, with Plan to Second Object and Plan to Separate Destina-
tion (Distance and Bearing)

39



in hours, minutes, and seconds, should be added to the time of start to obtain
the time at the end of the planning interval.

Figure 2.12 shows the use of the routine to both fix position and plan. After
a run that begins at 1000, the position fix is completed at 1010, and the distance
off the second object, which bears 345°C, turns out to be 1.42 nautical miles.
Next, use of the planning portion of the routine yields the course to steer, speed
made good, and the time required to reach O2. In this case, the answer
obtained from the fix calculation—distance off 02— and the bearing Bc2, are
retained in the calculator’s memory as the distance and course to the planned
destination, and serve as the basis for obtaining the course to steer. No separate
entry of these data items is required.

Figure 2.12 also illustrates a method of combining fixing with planning when
the destination is not identical with any of the objects used in obtaining a fix,
but rather is a completely different place. In this particular example, the
destination bears 80°T from the second object, at a distance of 1.6 nautical
miles. New values for current are assumed, with set now equal to 000° and drift
to 1.0 knot. Variation (15°W), deviation (0), and vessel speed (6.0 knots)
remain the same as during the run between bearing observations.

This planning problem is solved by means of routine 2.1A, which is em-
ployed after the fix has been provided by the appropriate portion of routine
2.1. The vessel’s position need not be re-entered, since the calculator retains
in its memory the bearing and distance to the second object (in this instance
345°C and 1.42 nautical miles); also, variation need not be re-entered if it is
unchanged. Entries are required for bearing and distance from the object to
the selected destination, and for the expected values of vessel speed, current,
and deviation. The calculator then displays the compass course to the destina-
tion (49.8°), along with the time required (15 minutes, 13 seconds) and the
course made good (30°T), distance made good (1.74 nautical miles), and speed
made good (6.85 knots) to be obtained by following the plan.

Use of the “Clear” keys ([f] [d]) permits solving additional planning
problems, for other destinations, starting from the same fix; the calculator
retains the values for distance and bearing to the object even after these keys
have been pressed.
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Routine 2.1A (HP-67/97)

Clear

CMG DMG SMG

Btdest Ddest Var S St Dr—Cm

De—Cc

AT

Step

PLANNING TO A SEPARATE DESTINATION (DISTANCE AND BEARING)

Input
Procedure Data/Units

Output

Keys Data/Units

10

11

After obtaining a fix by means of routine
2.1, steps 2-10, 11-23, or 24-38, load
program—both sides

Enter true bearing from second object (if
two objects were used for the fix) or from
object to new destination DDD.d

Enter distance from object to new
destination naut. mi

Enter variation (+E,—W) if it is to be
different than for the fix just obtained DD.d

Enter expected vessel speed knots
Enter expected set of current, even if 0 DDD.d
Enter expected drift of current, even if 0, knots

Calculate and display magnetic course to
steer to new destination

Enter deviation for course displayed,
even if 0, DD.d

Calculate and display compass course to
steer to new destination**

Calculate and display time required to
reach new destination

Calculate and display true course made
good from fix to new destination,

Distance from fix to new destination,

Speed made good between fix and new
destination

Clear before calculating a plan to reach a
different destination, starting from the fix
obtained by routine 2.1

**Uncorrect for leeway; see table 2.2.

>

OO0 0w

fe

fd

DDD.d

DDD.d

H.MS

DDD.d
naut. mi.

knots
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Figures 2.13 and 2.14 illustrate the use of routine 2.1 for calculating es-
timated position. By definition, an estimated position is one which is found by
combining data on the vessel’s motion through the water with data on the
motion of the water itself, to determine the geographic position of the vessel
at the end of a specified time interval. Thus, the problem is one of summing
two vectors—the vessel’s motion (course and speed) and the water’s motion
(set and drift)—to obtain the vessel’s net motion (course and speed made
good). Once the speed made good has been calculated, it is multiplied by the
elapsed time to obtain the distance traveled.

In the case shown in figure 2.13, the answers are given as distance and
bearing to a designated starting point. As in previous calculations, it is impor-

Start

10°

DATA

Btobj 0

Dobj 0

De 0

Var —10° (W)
Cc 170°

S 5.0kts

St 70°

Dr 1.0kt
Tstart 0800
Tend 0930

CALCULATED RESULTS

D to Start  7.65nm
Btto Start 328.69°

2.13. Estimated Position, Distance and Bearing to Start
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tant to choose a time interval over which speed through the water and set and
drift of current are reasonably constant, and this may require breaking a
projected journey into a series of shorter legs.

“Clear” ([f] [d]) must be pressed at the start of a series of estimated-
position calculations. However, these keys should not be pressed after a series
of estimated-position calculations has been begun, since doing so would erase
the stored figures for distances traveled on earlier legs of the journey.

Whenever a change is necessary in any one of the four values associated with
[A}—course, speed, set, and drift—al/ four must be re-entered. It is possi-
ble to recall these from the calculator’s memory. This should be done in the
sequence given on the label for [A]—Cc, S, St, Dr—so that the data as it
appears in the display can be re-entered by pressing [A]. When course has
to be recalled from the memory, it should be done as follows:

[f][p—s][RCL][4][f][p—s][RCL][C][=][RCL][E][—]

The previous compass course will then be displayed. (If the result is negative,
or greater than 360°, one simply adds or subtracts 360° to place it in the proper
range.) Now, if is pressed, this quantity is properly converted into a true
course. This procedure is necessary because course is stored as “true,” and if
recalled and re-entered by the method used for the other items, it would be
“corrected” twice, and hence be incorrectly stored. The method of recalling
speed, set, and drift from memory is as follows:

To Enter,
Item Press Press
Speed [f[p—=s][RCL][5][fl[p—s]
Set [fl[p=s][RCL][6][f][pes]

Drift [fl[p=s][RCL][7][fl[p=s]

If any one of these has changed since its previous entry, the recall sequence
is not used when it is to be re-entered; instead, the new value is inserted by
means of the number keys, and then is pressed.

Figure 2.14 illustrates the use of the estimated-position part of the routine
when the distance and bearing calculations are made with respect to a selected
destination. The data-entry sequence starts at [T| [a], with entry of bearing
and distance to the object. Answers are displayed as bearing and distance to
the selected destination at the time specified.

Once the data has been entered, and the first answers have been calculated
and displayed, positions at successive times can be obtained by simply keying
in, at [B], the start and end times of the succeeding legs of the journey. If no
changes in vessel speed, course, or current are anticipated during these suc-
ceeding legs, no other data need be re-entered.
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Destination (02)

20
4

Bt 006.34 —

0845

35°
St 020 Dobj 20.5nm
De 0
Dr 1.5kts Var 120 (W)
Cc 84°
S 14.0kts
St 20°
< Dr 1.5kts
Start (O1) Tstart 0800
0800 Tend 0845
CatcuLaTeD REesuLTs
D 12.57nm
Bt 6.34°

2.14. Estimated Position (Distance and Bearing)

Figure 2.15 illustrates the use of routine 2.1 in all three of its modes. In this
case, a running fix is made on one object; the run starts at 0900, when the object
bears 341°C; at 1020, the object bears 267°C. The fix is calculated, placing the
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vessel at 9.71 nautical miles off the object. At that time, it is desired to change
course in order to reach the object. Since a current is running, the plann.ing
part of the routine is used to obtain a compass course to steer; this calculation
yields an answer of 251.64° for an assumed speed of 8 knots on this leg. Speed
made good and elapsed time to reach the object are also displayed.

The estimated-position part of the routine is then used to show the an-
ticipated progress along the planned route. The “Clear” keys ( [f] [d]) are
pressed once, and the first interval of time (1020 to 1100) is then entered. The
display, obtained by pressing [f] [e], provides the distance and true bearing
to the object at 1100. Entering the interval 1100 to 1130 at [B]and pressing
[f] [e] yields the distance and true bearing to the object at 1130.

End
N 1050
CMG 070T
DMG 8.25nm

G
W 12°

St 330.62
Dr 1.57kts

DATA
Cc 100 S 5.0kts

Start CMG =Btobj 70°

0900 DMG=Dobj 8.25nm
De 0
Var —12° (W)
Cc 100°
S 5.0kts
Tstart 0900
Tend 1050
CALCULATED RESULTS
St 330.62°
Dr 1.57kts

2.16. Set and Drift (Distance and Bearing)

Figure 2.16 illustrates an additional use of routine 2.1. A vector-subtraction
operation built into the estimated-position portion of the routine can be em-
ployed to calculate the set and drift of a current that has been acting on a
vessel.

If the calculator has been in use and has not since been turned off, the
“Clear” keys should first be pressed.

For this calculation, the course and the distance made good for one leg of
a journey, obtainable from two successive fixes on two objects, are entered as
Btobj and Dobj, at [f] [a]; compass course steered and average speed made
good during the run are entered at [A]; but no entry is made for set or drift
of current.

Next, the times of start and end of the run are entered at [B], and [f]
[e]are pressed. The first quantity displayed is ignored; the second is the set of
the current. By then pressing [R/S], the drift of the current is obtained.
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2.3.2 Fixing and Planning on the SR-52 Routine 2.2 provides the key-
stroke instructions for fixing on the SR-52, and like the preceding routine,
includes instructions for all three of the fixing applications. An illustration of
the use of this routine to obtain a running fix on two objects when vessel course
and speed change between bearings is provided in figure 2.17.

M N
c\10°
02
20
End
0821
Fix
-~
&
Start Cc 13 St 030
0800 S 8.0k Dr 1.1kts
cM 100N Data
First Second
5° Leg Leg
Var —10° (W) —10° (W)
De —5° (W) —2° (W)
St 30° 330°
Dr 1.1kts 0.9kt
Cc 115° 50°
S 8.0kts 7.5kts
Bc1 45°
Tstart 0800
Tend 0812 0821
Bc2 335°
Btobj 50°
Dobj 1.8nm
CALCULATED RESULTS
Bto2 143°
D2 1.0076nm

2.17. Running Fix on Two Objects, Multiple Legs (Distance and Bearing)
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Routine 2.2 (SR-52)

Var De St Dr CecS Initialize

Time Be1 Be2 Btobj Bobj Bto2 D2

FIXING (DISTANCE AND BEARING)

Input Oucout'
Step Procedure Data/Units Keys Data/Units

Before beginning, make sure D/R switch is set to D.
Load program—both sides
2 Initialize 2nd E’
Fix on Two Objects
3 After completion of steps 1-2, enter

variation (+E,—W), even if 0 DD.d 2nd A’
4 Enter deviation (+E,—W), even if 0 DD.d 2nd A’
5 Enter true bearing between objects, in
either direction DDD.d C
6 Enter distance between objects naut. mi. C
7 Enter compass bearing to first object DDD.d B
8 Enter compass bearing to second object DDD.d B
9 Calculate and display true bearing from
second object to vessel D DDD.d
10 Calculate and display distance off second
object E naut. mi.

Running Fix on One Object
11 After completion of steps 1-2, enter

variation (+E,—W), even if 0 DD.d 2nd A’
12 Enter deviation (+E,—W), even if 0 DD.d 2nd A’
13 Enter set of current, even if 0 DDD.d 2nd B’
14 Enter drift of current, even if 0 knots 2nd B’
15 Enter compass course during run or leg* DDD.d 2nd C'
16 Enter vessel speed during run or leg knots 2nd C’
17 Enter compass bearing to object at start

of run DDD.d B
18 Enter time of first bearing H.MS A

*Correct for leeway; see table 2.2.
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Step

Input
Procedure Data/Units

Output
Keys Data/Units

19

20

21
22

23
24
25

26

27

28
29
30
31
32
33

34

35

36

37
38

For multiple courses or speeds, or changes in set or drift between bearings,

proceed as follows (steps 19-20):

Enter time of end of preceding leg—i.e.,
time of change(s) H.MS

Clear display, then repeat steps 11-12,
even if variation and deviation are
unchanged, and repeat as necessary
steps 13-14 and 15-16; set and drift,
and course and speed, are to be handled
as pairs—if even one member of the pair
changes, both must be re-entered

Enter time of end of run H.MS
Enter compass bearing to object at end

of run DDDd
Enter O for bearing between objects 0
Enter 0 for distance between objects 0

Calculate and display true bearing from
object to vessel

Calculate and display distance off object
Running Fix on Two Objects
After completion of steps 1-2, enter

variation (+E,—W), even if 0 DD.d
Enter deviation (+E,—W), even if 0 DD.d
Enter set of current, even if 0 DDD.d
Enter drift of current, even if 0 knots
Enter compass course during run or leg* DDD.d
Enter vessel speed during run or leg knots
Enter compass bearing to first object at

start of run DDD.d
Enter time of first bearing H.MS

CLR

(¢}

O

DDD.d
naut. mi.

m

2nd A’
2nd A’
2nd B’
2nd B’
2nd C'
2nd C'

B
A

For multiple courses or speeds, or changes in set or drift between bearings,

proceed as follows (steps 35-36):

Enter time of end of preceding leg—i.e.,
time of change(s) H.MS

Clear display, then repeat steps 27-28
even if variation and deviation are
unchanged, and repeat as necessary
steps 29-30 and 31-32; set and drift,
and course and speed, are handled as
pairs—if even one member of the pair
changes, both must be re-entered

Enter time of end of run H.MS
Enter compass bearing to second object
at end of run DDD.d

*Correct for leeway; see table 2.2.

CLR

(conTINuED)
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Input Output

Step Procedure Data/Units Keys Data/Units

39 Enter true bearing from first object to
second object DDD.d C

40 Enter distance between objects naut. mi. (o}

41 Calculate and display true bearing from
second object to vessel D DDD.d

42 Calculate and display distance off second )
object E naut. mi.

Although separate routines for fixing and planning are required with the
SR-52, some integration between the two is possible. When a position fix has
been calculated by means of routine 2.2, the calculated distance off the object
and the bearing from the object to the vessel are left in the calculator’s
memory, so this data can be used in routine 2.3—the Planning routine—
without being re-entered. Additional inputs for this part of routine 2.3 include
distance and bearing from the object to the destination. The result is given as
a course to steer and elapsed time for the run. If the fix has been obtained from
two objects, the calculator stores the distance and bearing from the second
object, and the additional data input required in planning is the distance and
bearing from the second object to the destination.
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Routine 2.3 (SR-52)

CMG DMG Cm De—Cc

AT

Var St Dr Btdest Ddest

Step

PLANNING (DISTANCE AND BEARING)

Input
Procedure Data/Units

Keys

Outout
Data/Units

O b W N =

10

1

Before beginning, make sure D/R switch is set to D.
Load program—both sides

Enter variation (4E,—W), even if 0 DD.d
Enter expected set of current, even if 0 DDD.d
Enter expected drift of current, even if 0  knots

Enter true bearing from start to
destination DDD.d

Enter distance between start and
destination naut. mi.

Enter expected vessel speed knots

Calculate and display true course made
good

Calculate and display distance made
good

Calculate and display magnetic course to
steer

Enter compass deviation (+E,—W), even
if 0, DD.d

+ Calculate and display compass course to

12

13

14

steer**

Calculate and display time required to
reach destination

Planning Integrated with Fixing

After completion of routine 2.2, which
leaves true bearing and distance from
object to vessel in calculator memory,
load planning program—both sides

Enter variation (+E,—W), even if 0 DD.d

**Uncorrect for leeway; see table 2.2.

@

2nd A’

2nd B’

2nd C'

2nd D’

2nd E'

DDD.d
naut. mi.

DDD.d

DDD.d

H.MS

(CONTINUED)
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Input Output
Step Procedure Data/Units Keys Data/Units

If expected current is not exactly as last entered in routine 2.2, proceed as follows
(steps 15-16):

15 Enter expected set of current, even if 0 DDD.d B

16 Enter expected drift of current, even if 0  knots B

17 Enter true bearing from object (if fix was
on one object) or from second object (if

fix was on two objects) to destination - DDD.d C
18 Enter distance from object to destination naut. mi. C
19 Enter expected vessel speed knots E
20 Calculate and display true course made
good 2nd A DDD.d
21 Calculate and display distance made
good 2nd B' naut. mi.
22 Calculate and display magnetic course to
steer 2nd C' DDD.d
23 Enter compass deviation (+E,—W), even
if 0, DD.d 2nd D’
+ Calculate and display compass course to
steer** DDD.d
24 Calculate and display time required to
reach destination 2nd E' H.MS
25 Clear, to start a new problem, or 2nd
CMs
0STO9
8 STO
99

To make certain all registers are cleared, turn off the calculator.
**Uncorrect for leeway; see table 2.2.

The combined use of the two routines on the SR-52 is shown in figure 2.18,
which illustrates the commonly encountered situation in which a running fix
has been made on one object, and a course to steer to a destination other than
that object is required. Routine 2.2 is used for the fix, and routine 2.3 (steps
13-24) is used for the plan. The bearing and the distance from the object to
the vessel are stored in the calculator at the end of routine 2.2, and need not
be re-entered.

The use of routine 2.3 for planning a journey from start to destination
without a position fix is shown in steps 1-12.
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Destination

08 59 01
MC N
15°
G M e N ¥
50
5&3"%\‘\5
ot A
] at
CC “qe
\ 5 40
«<—Bc2 289° }) 0840
D 1.706nm Fix
@ DATA
o
)y Fix Plan
o
Var —15° (W) —15°(W)
De —5°(W)  +3°(E)
St 0 320°
Dr 2.0kts 1.5kts
Cc 90°
S 3.0kts 4.0kts
Bci 25°
Tstart 0800
Tend 0840
Bc2 289°
(o] ,3_0\65 Bto (to
Start S dest) 30°
0800 D (to
dest) 1.8nm

CALCULATED RESULTS

Bto (to

vessel) 89°
D 1.706nm
CMG 332.22° T
DMG 1.728nm
Cm 351.77°
Cc 348.77°
AT 19min 1sec

2.18. Running Fix on One Object and Plan to Destination (Distance and Bearing)

2.3.3 Estimated Position on the SR-52 Routine 2.4 is used for calculating
estimated position on the SR-52. This routine yields the same results as the
estimated-position portion of routine 2.1 for the HP-67 and HP-97.
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Routine 2.4 (SR-52)

Tstart Tend Btdest Ddest D Bt

Var De St Dr Cc S

Step

ESTIMATED POSITION (DISTANCE AND BEARING)

Input Output_
Procedure Data/Units Keys Data/Units

© 0 N O O A~ WN =

-
o

pury
-

12

13

Before beginning, make sure D/R switch is set to D.
Load program—both sides

Enter variation (+E,—W), even if 0 DD.d A
Enter deviation (+E,—W), even if 0 DD.d B
Enter set of current, even if 0 DDD.d C
Enter drift of current, even if 0 knots o]
Enter compass course* DDD.d D
Enter vessel speed knots E
Enter time of start of run or leg H.MS 2nd A’
Enter time of end of run or leg H.MS 2nd B’
Enter true bearing from start to

destination DDD.d 2nd C'
Enter distance from start to destination  naut. mi. 2nd C’

For estimated position relative to the starting position, enter bearing and distance
as 0 in the preceding two steps.

Calculate and display distance to

destination at end of leg or run 2nd D' naut. mi.
Calculate and display true bearing to
destination at end of leg or run 2nd E' DDD.d

For multiple courses or speeds, or changes in set or drift, repeat as necessary
steps 2-7; set and drift (steps 4-5) are handled as a pair—if even one member
of the pair changes, both must be re-entered. Steps 8-9 and 12-13 are then
repeated for each new leg.

*Correct for leeway; see table 2.2.

Figure 2.19 provides an example of the calculation of estimated positions.

In all cases of this sort, an estimate of current is included in the input data

>

and variation and deviation are automatically taken into account.
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30

Destination

0936
N
N
(<]
10 C N
M0
20
St 050
Dr 1.0kt
Cc 036
S 5.5kts
0856
DATA ®
Start
Cc 278
First Second Sc5.0kts 0800
Leg Leg
Var —10° (W) —10° (W)
De +2° (E) —3° (W)
St 30° 50°
Dr 1.5kts 1.0kt
Cc 278° 36°
S 5.0kts 5.5kts
Tstart 0800 0856
Tend 0856 0936
Btdest' 338°
Ddest 5.4nm

CALCULATED RESULTS

D 4.26nm
Bt 27.13°

0.01nm
177.47°

'For EP relative to starting position:

Btdest 0
Ddest 0
D (to

start) 4.15nm
Bt (to

start) 107°

0
0

5.41nm

158.03°

2.19. Estimated Position, Multiple Legs (Distance and Bearing)
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This routine is able to accommodate multiple changes in such items as
course, speed, and set and drift. A series of estimated positions can be cal-
culated, showing the movement of the vessel relative to the initial destination.
Thus, the bearing and distance to the destination displayed for the successive
legs of the journey constitute a “plot” of the progress of the vessel toward, or
in the vicinity of, the selected point.

If the estimated position is to be found relative to the starting point, the
bearing and distance to the destination are set equal to zero. The destination
then coincides with the starting point,. and the results are calculated with
reference to that point.

2.3.4 Estimated Position—Tracking The HP-67 and HP-97 can be pro-
grammed to repeat a calculation endlessly, and can therefore be used not just
to calculate estimated position at selected times, but to display a vessel’s
position continuously. As soon as an estimated position has been calculated
and displayed, the calculation is repeated, with an automatic change in input
equivalent to the vessel’s motion during the time required to complete the
calculation. The calculating cycle pauses periodically for the few seconds it
takes to read from the display the bearing and distance to a preselected
destination. The HP-67 and HP-97 also display the time of each calculated
position, making possible a simple check on the accuracy of the calculator’s
internal timing.

The HP-97, with its integral printer, produces a written version of the
continuing readout. In many respects, it is the equivalent of the dead-reckon-
ing tracers that are used to plot a line on a Mercator plotting chart, portraying
the vessel’s position as it moves.

The routine for tracking estimated position on the HP-67 and HP-97 has
been prepared in two versions: one—described just below—uses distance and
bearing as input data; the other—presented in a later section of this chapter
—is based upon latitude and longitude.

The program includes a provision for stopping the tracking action to permit
a change in any of the quantities that determine the displayed position—
vessel course and speed, variation and deviation of the compass, and set and
drift of current. Since the HP-67 and HP-97 can be stopped and restarted
without losing tracking accuracy or falling behind the actual position, changes
in these input quantities can be made at leisure.
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Routine 2.5 (HP-67/97)

St Dr Btdest Ddest Tstart Tstop Clear

Cc Var De S Start Stop Position

ESTIMATED POSITION—TRACKING (DISTANCE AND BEARING)

Input Output
Procedure Data/Units Keys Data/Units

11

12

13

*Correct for leeway; see table 2.2.

Load program—both sides

Enter compass course* DDD.d A
Enter variation (+E,—W), even if 0 DD.d A
Enter deviation (+E,—W), even if 0 DD.d A
Enter set of current, even if 0 DDD.d fa
Enter drift of current, even if 0 knots fa

Enter true bearing from start to
destination DDD.d fb

Enter distance from start to destination naut. mi. fb

For estimated position relative to the starting position, enter bearing and distance
as 0 in the preceding two steps.

Enter vessel speed knots B

Enter time of start (at least 30 seconds
later than present time) H.MS fc

When selected time is reached, start
calculation, and repeatedly display C

Distance to destination, naut. mi.
True bearing to destination, DDD.d
Time of displayed position H.MS

To eliminate timing errors, proceed as follows (steps 12-16):

Allow tracking to proceed for 3-5

minutes; then, if time displayed is in error

by more than a few seconds, stop

calculator, during a pause for display of

time on the HP-67, or while time is being

printed on the HP-97 D

Enter watch time at which calculator was
stopped; this entry automatically corrects
timing error H.MS fd

(conTINuED)
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Input Output
Step Procedure Data/Units Keys Data/Units
14 |f required, calculate and display distance )
to destination, E naut. mi.
* True bearing to destination, DDD.d
+ Time of stop H.MS
15 Select time of restart (at least 30
seconds later) H.MS fc
16 When selected time is reached, restart
calculation C

17

For multiple courses or speeds, or changes in set or drift, stop calculator, as
described in steps 12-13. To enter changes, repeat steps 2-6 and 9. Then

restart calculation, as described in steps 15-16.

Clear, either to eliminate errors in data
entry (and to restart the procedure) or to
start a new problem

fe
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2.20. Estimated Position—Tracking (Distance and Bearing)
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Routine 2.5 has been prepared for the HP-67 and HP-97, and figure 2.20
illustrates it. The instructions in steps 12—16 of this routine list the procedures
necessary to obtain timing accuracy and then resume tracking. The timing of
the programming “loop” is adjusted (by the program) to conform to the actual
time intervals of the repeating display, once the necessary information has been
supplied. This is accomplished by setting and starting the calculator at a
particular watch time. After about five minutes have elapsed, the watch time
is noted and compared with the displayed time. In the HP-67, the latter is
shown just before the display blanks out. If there is a discrepancy of more than
a few seconds, the calculator is stopped during a subsequent display of time.
The actual watch time is then entered, and the calculator measures its own
timing error, resets its timing, and corrects any component of error in its
calculated position due to the timing error. Next, a starting time at least thirty
or more seconds in the future is keyed into the calculator (a procedure which
resets the estimated position to that of the new starting time), and the “Start”
key ([C]) is pressed when the designated time has been reached. Thus, the
stopping and starting can be done at leisure, without fear of losing track of
position during the halt in calculation.

It is also possible to make a permanent change in the recorded value of loop
time. This procedure is desirable because the exact value of calculation time
varies with the particular calculator (even within a single model). Once the
user has determined the loop time for his own calculator, by means of steps
12-13, he can insert the appropriate constants into his program for this
routine, as described in the discussion of customized programs in the Appen-
dix. Making this change assures that the loop time will henceforth be very
nearly correct. Nevertheless, it should be checked each time the routine is used,
since it is affected somewhat by variations in temperature, battery voltage, and
even the data itself.

In the example of figure 2.20, the calculator has been stopped once, at
approximately 08 05 00, to be reset for accurate timing. At 08 29 34, when the
course is changed, the calculator is stopped, the time of stopping is entered,
and then the new values for compass course, variation, deviation, set, and drift
are entered. Next, a new starting time is keyed in, and the calculator is
restarted when that time has been reached. For any subsequent changes in
data, the procedure can be repeated as necessary.

The calculator will display bearing and distance from the starting point if
bearing and distance to the destination are set equal to zero.
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2.3.5 Bearing Regression In section 2.2.2, we discussed the method of
linear regression in terms of the increased accuracy it offers in the calculation
of position fixes. In this section, and the sections that follow, a number of
examples of the use of regression are presented.

Two different forms of regression analysis are useful in coastwise navigation.
The first, illustrated by figures 2.21 and 2.22, establishes a smooth regression
line among the bearing numbers. This form of regression can be used for fixes
on two objects, running fixes on one object, and course made good from three
bearings. Examples of all three are given. The second form, which can be used
only for a running fix on one object, is discussed in a later section.

Second
Object

Track of Vessel

Calculated Position

0103 49
Error
(().024cr’1m
50 yds)
\\\\
@~ First

2.21. Observations on Two Objects from a Moving Vessel

In figure 2.21, a vessel is shown on a course made good of 55°, with a speed
made good of 6.0 knots. Observations are made successively on two objects,
the first with a true bearing of approximately 100°, and the second with a true
bearing of approximately 320°. The bearings are taken in succession; in this
case, seven observations are made on each of the objects. Figure 2.21 illustrates
the effect of fluctuating bearings; the bearing lines of position are shown as
radiating from the vessel’s successive actual positions. Because of the swinging
compass, not a single one of the observed bearing lines passes through the first
object. The data is tabulated in figure 2.22; in some instances the bearing error
(the difference between the observed value and the actual bearing at the time
specified) is quite large, reaching as much as 8 degrees.
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The first step in establishing a fix with the aid of regression methods is to
utilize a specially prepared regression routine, with the sequence of bearing—
time pairs for each of the objects as the input data. No concern is given to
variation or deviation at this point, since the regression process is used only
to smooth the data, and to obtain the single values for bearing and time which
will serve as input quantities in a fixing routine. Variation and deviation are
accommodated when the actual fixing is performed.

In figure 2.22, the observed bearings entered in the regression routine are
shown graphically; each is represented by a solid black dot. The actual bear-
ings for the time intervals in question fall on the slightly curved lines; the
calculated regressions are represented by the straight lines, on the left for the
series of bearings observed at successive times on the first object and on the
right for the series of bearing observations on the second object. In each case
the fluctuations are smoothed so that the regression line makes a “best fit”
approximation to the observed data. Any value of bearing and time picked off
the regression line is valid for the observed set of data.

At this point, a choice can be made between two possible approaches: the
first is to ascertain for each sequence the bearing value for a time close to the
center of the interval, and to use the two bearings as input for a running fix
on two objects; the second is to extend the trend lines respectively forward and
backward to a common time and use as inputs the indicated values of the
bearings to the two objects at that single time. This data can then be used for
a fix on two objects.

The latter method is probably more convenient, since it does not require
values for vessel speed, course, and set and drift of current, all necessary in
a running fix. Moreover, when the regression lines are extended to a common
time, they include the effects of the vessel’s motion, and the bearings take on
very nearly the values that would have been obtained if they had indeed been
simultaneously observed. To be sure, as the gaps between the regression lines
and the curves of the actual bearings indicate, the presence of substantial
fluctuations in the bearings will shift the regression lines; therefore, the values
read on their extensions to a common time will not exactly coincide with those
obtained through accurate simultaneous observation of the two objects. How-
ever, when the data is fluctuating, the results yielded by the method of smooth-
ing and extrapolation are much better than those obtained from a single set
of observations on each object. The additional convenience of not having to
calculate a running fix makes the method even more attractive.

It should also be noted that the accuracy of this application of linear regres-
sion is limited by the fact that it results in a straight-line approximation of a
bearing—time relationship more precisely represented as a curve (exemplified
in the curve of the actual bearings to the first object in the left-hand section
of figure 2.22). The departure from the straight line is greatest for observations
of an object close at hand; however, this tendency is offset by the fact that when
the object is nearby, the inaccuracy in position fixing due to bearing errors is
actually reduced. A bearing error of 2 degrees to one of two objects which are
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0.35 of a nautical mile away and 0.5 of a mile apart can result in a position
error of 0.012 of a mile. If the objects are 1.4 miles away and 2.0 miles apart,
a 2-degree bearing error to one of them will result in a position error of 0.05
of a mile—four times as much. Thus, the nearer the objects being observed,
the less damaging are the bearing errors.

When values obtained by extending regression lines to a common time are
to be used, the time interval between the last observation on the first object
and the first observation on the second should be kept to a minimum. As
examination of the left-hand section of figure 2.22 makes evident, if the cal-
culated regression line is extended much beyond the common time used here,
it will diverge considerably from the curve of the actual bearings. If the
common time in this example were to be placed another minute beyond the
time of the last observation in the sequence, the error in calculated bearing to
the first object would be as great as 3 degrees.

Routine 2.6 provides the keystroke instructions for the Bearing Regression
routine on the HP-67 and HP-97. Two sequences of bearing and time can be
accommodated. After the first has been entered, pressing results in display
of the time of the middle of the bearing sequence, and then of the value of
bearing corresponding to that time. These results are useful as smoothed input
for any fixing routine, and for the routine for course made good from three
bearings (to be discussed shortly).

After the second sequence has been entered, pressing [D] results in display
of the mid-time and mid-bearing of the second set of bearing—time pairs.
Pressing [E]then extends the two lines of regression to a common time; this
common time is displayed first, followed by the bearing to the first object at
the common time, and then by the bearing to the second object at that time.
Utilizing this data, a fix on two objects can be calculated, as shown in the final
steps of the routine.

When the mid-bearings for the data shown in figure 2.22 are calculated by
means of this routine, Bmid1 turns out to be 99.88° at 01 01 53, and Bmid?2
is 310.72° at 01 05 45. At the common time of 01 03 49, the bearings are 107.54°
and 328.30".

A fix has been calculated using the latter two values, and the resulting
position—0.56 nautical miles off the second object, on a bearing of 328.30°
—is approximately 50 yards in error, as shown in figure 2.21, primarily be-
cause of the fluctuations in the original bearing observations.
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Routine 2.6 (HP-67/97)

Clear Var De Btobj Dobj D1 Bt1 D2 Bt2
‘ Tcom
Bearings Times Tmid1 Bmid1 Tmid2 Bmid2 Bcom1 Becom2

BEARING REGRESSION AND REGRESSION FIX ON TWO OBJECTS

Input Output
Step Procedure Data/Units Keys Data/Units
1 Load program—both sides
2 Enter sequence of bearing-time pairs
obtained with respect to first object; for
each pair, enter bearing, followed by DDD.d A
3 Time of bearing H.MS B

If an error is_noted in the entry of bearing or time data before the corresponding
letter key ([A]or [B]) is pressed, eliminate the incorrect data by pressing ,
if the error_is noted after the letter key has been pressed, clear the calculator by
pressing , and re-enter all data, starting at step 2.

Calculate and display mid-time of first
bearing sequence,

Bearing corresponding to this mid-time
Enter sequence of bearing-time pairs

obtained with respect to second object;
for each pair, enter bearing, followed by DDD.d A

H.MS B

9] H.MS
DDD.d

Time of bearing

Calculate and display mid-time of second
bearing sequence,

Bearing corresponding to this mid-time
Calculate and display the common time

(mid-point of time interval between end of
first sequence and start of second

D H.MS
DDD.d

sequence), E H.MS
Bearing to first object corresponding to
the common time, DDD.d
Bearing to second object corresponding
to the common time DDD.d
Unless a regression fix on two objects is
to be calculated, clear, to start a new
problem fa

(CONTINUED)
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Input 0utput_
Step Procedure Data/Units Keys Data/Units

Regression Fix on Two Objects
10 After completion of step 8, enter variation

(+E,—W), even if 0 DDd fb
11 Enter deviation (+E,—W), even if 0 DD.d fb
12 Enter true bearing between objects, in
either direction DDD.d fec
13 Enter distance between objects naut. mi. fc
14 Calculate and display distance off first )
object at the common time, fd naut. mi.
* True bearing from vessel to first object at
the common time DDD.d
15 Calculate and display distance off second )
object at the common time, fe naut. mi.
+ True bearing from vessel to second
object at the common time DDD.d

If only one object can be viewed, a running fix on that object can be
calculated from the sequences of bearing—time pairs. This process is illustrated
in figure 2.23. When the first set of bearings, taken between 01 04 10 and 01
07 20, is used in a regression calculation, a mid-bearing of 125.52° at 01 05 45
results. The second set, beginning at 01 11 00 and ending at 01 14 25, yields
a mid-bearing of 179.09°. These two bearings can then be used as input for the
running-fix portion of routine 2.1, which establishes the vessel’s position at 01
12 43 as 0.82 nautical miles from the object, on a bearing of 179.09°. This
answer is in error by 0.10 miles, or 200 yards, with respect to the vessel’s actual
position at that time.

The value of the regression method is apparent if we compare with this result
a position calculated from one pair of the originally observed bearings. A
particularly bad pair yields a position that is 0.32 miles in error, as shown in
figure 2.23. Other pairs will yield other positions and errors, and it is evident
that if just two bearings are taken for a running fix, the probable error will be

greater than it is when, for the regression method, many observations are
taken.
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Routine 2.7 (SR-52)

First Other REGRESSION
Time Bearing Bearings Time Bearing

Step

BEARING REGRESSION

Input Output
Procedure Data/Units Keys Data/Units

N Hh W N =

Before beginning, make sure D/R switch is set to D.
Load program—first side
Load program—second side

Enter time of first bearing of sequence H.MS A
Enter first bearing of sequence DDD.d B
For each subsequent time-bearing pair,

enter time, followed by H.MS A
Corresponding bearing DDD.d C

If an error is noted in the entry of bearing or time data before the corresponding
letter key ([A], [B], or [C]) is pressed, eliminate the incorrect data by pressing
[CLR]; if the error is noted after the letter key has been pressed, clear the
calculator by pressing CMs]| [CLR], and re-enter all data, starting at step
3.

Enter time for which regression bearing is
required H.MS D

Calculate and display bearing
corresponding to time entered in
preceding step E DDD.d

9 If bearing displayed is greater than 360",
but less than 720°, reduce answer - 360
= DDD.d
10 If bearing displayed is 720° or greater,
reduce answer —-720
= DDD.d
11 If required, calculate 7mean RCLO7
+ RCL
06 =
INV 2nd
D.MS
2nd fix 4 H.MS
12 Enter Tmean D
13 Calculate and display bearing
corresponding to 7mean E DDD.d
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Routine 2.7 is the Bearing Regression routine for the SR-52. Because of the
memory and program limitations in this calculator, the routine can handle
only one sequence of bearing—time pairs, rather than the two included in the
routine for the HP-67 and HP-97.

When the SR-52 is employed for a fix on two objects, a common time lying
in the interval between the two sets of observations is selected, and the regres-
sion routine is carried out twice—once to calculate the regression bearing for
the first set of observations at the common time, and a second time to obtain
the second bearing. In the example shown in figure 2.22, the time is 01 03 49.

If a running fix on one object is to be obtained, the first sequence of bearing
—time pairs is entered, and then a quantity Tmean is calculated manually, as
shown in step 11 of routine 2.7. Tmean, which is not to be confused with the
common time, is the average of the times of the successive bearing observa-
tions. It is essentially equivalent to the mid-time calculated on the HP-67 and
HP-97. The two may not be exactly equal, but both represent values of time
approximately centered within the overall interval, for use in calculating the
bearing required in a running fix. With Tmean still in the display, pressing
[D]followed by results in calculation and display of the regression bearing
corresponding to Tmean. For the sequence in figure 2.23 starting at 01 04 10
and ending at 01 07 20, a regression bearing of 126.02° for a Tmean of 01 05 48
is obtained. Since the Tmean calculated on the SR-52 differs somewhat from
the mid-time of 01 05 45 calculated on the HP-67 and HP-97, there is a shift
(of 0.5 of a degree) in the regression bearing, corresponding to the vessel’s
motion during the interval between the two times specified. Both values are
valid, since both are obtained from the same regression equation; they just
represent bearings at slightly differing times.

The process of obtaining a regression bearing—time pair is repeated for the
second sequence of observed bearings, and the running fix is calculated in the
usual way.

Answers obtained with the SR-52 may exceed 360 degrees, so instructions
for manually reducing them are included in routine 2.7.

2.3.6 Regression Running Fix The second method of regression calcula-
tion can be used only for a running fix on one object. Its particular virtue is
that no limitations need to be observed concerning closeness to the object, the
time between bearings, or the speed of the vessel. In the method previously
described, regression was used to determine the trend of bearing variation
—the manner in which a sequence of bearings changed—with time. In the
present method, the regression calculation establishes the trend of the vessel’s
position as it passes an object. It supplies not only bearing (as did the method
previously described), but also distance to the object.

Since this regression method is used for a running fix, it is necessary to know
the vessel’s course and speed, and the set and drift of any currents. In the
routine for the HP-67 and HP-97, these values are included in the input data.
The corresponding routine for the SR-52 calls for inputs of course and speed
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made good, to be found by a routine requiring the values for the motion of the
vessel and the current. Any inaccuracy in these values results in an error in
the calculation for the vessel’s track, which is in addition to the error resulting
from fluctuations in the bearings being observed.

The calculated regression track is always parallel to the vessel’s course made
good. Therefore, when error in the data concerning the vessel’s path over the
bottom causes a shift in the course made good, the calculated track shifts in
the same direction by an equal amount. If the calculated speed made good is
less than the actual speed made good, the calculated regression track will be
closer to the object than it otherwise would have been; a faster speed made
good will shift the calculated track away from the object.

An example of a regression running fix is shown in figure 2.24. The bearing
—time pairs used here are the same as those in the preceding figure, for the
running fix using bearing regression. The scattering of the bearing lines of
position, few of which pass through the object, indicates the extent of the
fluctuation in the individual observations. Yet the final result is a track that
is displaced by only 148 yards, demonstrating the value of the method.

The plots of bearing against time that correspond to the input observations
(black dots), the actual bearings, and the calculated values for this example are
shown in figure 2.25. Here, in contrast to figure 2.22, the calculated regression
line is a curve, rather than a straight line. This difference arises because the
regression running fix provides an exact statement of the vessel’s position (if
the data for bearing and course and speed made good is correct), while the
bearing regression gives a close, straight-line approximation.

The data tabulated in figure 2.24 can be used by the reader who wishes to
try out routine 2.8 or 2.9, checking his calculations against the results shown.
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Routine 2.8 (HP-67/97)

Clear De Var Tn Dn Tp

Cc S St Dr Bc Time Dp Btp

REGRESSION RUNNING FIX

Input Output
Step Procedure Data/Units Keys Data/Units
This routine cannot be used when the vessel is proceeding directly toward or
away from the object being observed. Also, it should not be used when the
relative bearing to the object is much less than 445 degrees off the bow or stern,
especially when there are bearing fluctuations of 2 degrees or more.

1 Load program—both sides

2 Enter deviation (+E,—W), even if 0 DD.d fb

3 Enter variation (+E,—W), even if 0 DD.d fb

4 Enter compass course* DDD.d A

5 Enter vessel speed knots A

6 Enter set of current, even if 0 DDD.d B

7 Enter drift of current, even if 0 knots B

8 Enter bearing-time pairs; for each pair,
enter compass bearing, followed by DDD.d C

9 Time of bearing H.MS D
If an error is noted in the entry of bearing or time data before the corresponding
letter key ([C]or [D]) is pressed, eliminate the incorrect data by pressing ;
if the error is noted after the letter key has been pressed, clear the calculator by
pressing [f] [a], and re-enter all data, starting at step 2.

10 Enter watch time for which running fix is
required H.MS fe
11 Calculate and display distance off object
at time selected, E naut. mi.

- True bearing to object at time selected DDD.d
The preceding step is an absolute prerequisite to the calculation of time and
distance of nearest approach in steps 12-13, following.

Display of ERROR after execution of the preceding step indicates that the routine
will not function because the vessel is on a constant course made good to or
from the object.
12 Calculate and display watch time of
nearest approach to object fd H.MS
13 Calculate and display distance off object ‘
at time of nearest approach fd naut. mi.
14 Clear, to start a new problem fa

*Correct for leeway; see table 2.2.
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Routine 2.9 (SR-52)

Tp—Dp Btp Tn ATn Initialize

Var De CMG SMG Bc Time

Step

REGRESSION RUNNING FIX

Input Output
Procedure Data/Units Keys Data/Units

® N OO A WN =

10

This routine cannot be used when the vessel is proceeding directly toward or
away from the object being observed. Also, it should not be used when the
relative bearing to the object is much less than 45 degrees off the bow or stern,
especially when there are bearing fluctuations of 2 degrees or more.

Before beginning, make sure D/R switch is set to D.
Load program—first side
Load program—second side

Initialize 2nd E’
Enter variation (+E,—W), even if 0 DD.d A
Enter deviation (+E,—W), even if 0 DD.d A
Enter true course made good DDD.d B
Enter speed made good knots B
Enter bearing-time pairs; for each pair,

enter compass bearing, followed by DDD.d C
Time of bearing H.MS D

If an error is noted in the entry of bearing or time data before the corresponding
letter key ([C]or [D]) is pressed, eliminate the incorrect data by pressing [CLR];
if the error is noted after the letter key has been pressed, clear the calculator by
pressing [CLR], and re-enter all data, starting at step 4.

Enter watch time for which running fix is

required, H.MS 2nd A’

* Calculate and display distance off object

11

12

74

at time selected naut. mi.

The preceding step is an absolute prerequisite to the calculation of time and
distance of nearest approach in steps 12-13, following.

Calculate and display true bearing to

object at time selected 2nd B DDD.d
Calculate and display time of nearest
approach to object 2nd C' H.MS



Input Output
Step Procedure Data/Units Keys Data/Units

13 Calculate and display distance of nearest
approach to object (the time of nearest
approach obtained in step 12 is left in the
display) 2nd A’  naut. mi.

14 Calculate and display time interval
between time selected in step 10 and

time of nearest approach 2nd D' H.MS
15 Initialize, either to restart the procedure
or to start a new problem 2nd E’

In these procedures, variation and deviation need to be entered, since the
input quantities include compass course (in routine 2.8) and compass bearings
(in both routines), while the results are given in terms of distance and true
bearing to the object.

Two reservations accompany the instructions. The first specifies that these
routines cannot be used when the vessel is proceeding directly toward or away
from the object being observed. The reason is that there is no way to calculate
distance toward or away from the object when the bearings are aligned with
the vessel’s track. Headings resulting in a course made good that is within less
than a degree of the bearings to the object are not acceptable. Since currents
may cause a net motion in line with an object even though the vessel is not
headed directly toward or away from it, the vessel’s course made good rather
than its heading is relevant here.

The second reservation involves the fact that these routines tend to exagger-
ate the effect of bearing fluctuations when the relative bearing to the object is
much less than 45 degrees off the bow or stern on either side of the vessel.
Consequently, bearings within these ranges should not be used as input data
at times when bearing fluctuations are substantial—swings of 2 degrees or
more.

Since the regression running fix establishes the vessel’s track, it can be
employed to calculate the time and distance of the nearest approach to the
object. In routine 2.8, this is done after the data has been entered in steps
1-9, and steps 10—11 have been executed at least once. Pressing [f] [d] once
for time of nearest approach and once for distance of nearest approach will
provide the desired results.

In routine 2.9, for the SR-52, the time of nearest approach is calculated by
pressing after the sequence of bearing—time pairs has been entered
(steps 8-9) and the bearing and distance for a selected time have been cal-
culated (steps 10-11). The distance of nearest approach is then obtained by
pressing [A7].

On the HP-67 and HP-97, pressing [f] [a]enables one to clear and initialize
the calculator for a new problem, or to restart the calculation. The same result
is obtained on the SR-52 by pressing [E7].
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237 Course Made Good from Three Bearings Another example of the
use of regression in coastwise navigation is its role in the preparation of data
for routines 2.10 and 2.11, for finding course made good from three bearings.
This procedure is valuable because the determination of course made good can
be made without any knowledge of current. However, it must be used properly:
unless widely spaced bearings are selected, very large errors may result, as
figure 2.26 shows. In this case, the vessel is proceeding due west, and a number
of observations are made on a single object. When the successive bearing
observations supplying the basis for calculating the course made good are
spaced at intervals of only 10 degrees, an error in the first and third bearings
of 1 degree (too low) causes an error of almost 30 degrees in the calculated
course. However, when the intervals between the observations are 40 degrees
and 25 degrees, 1-degree errors in the first and third bearings result in an error
in the calculated course of just over 3 degrees. (In each of these cases, the
calculated answer is actually the reciprocal of the CMG, because of a 180-
degree ambiguity.)

<
<
V
Daerg Object
WITHOUT BEARING ERROR WITH BEARING ERROR
True True
Bearing Time Bearing Time
Narrowly 160° 0106 29 159° 0106 29
Spac.ed 150 010903 150 010903
Bearings 140 011211 139 0112 11
CMG! 89.42° + 180°, or 269.42° T CMG'59.12° +180°, or 239.12° T
Widely 190° 01 00 00 189° 01 0000
Spac.ed 150 010903 150 010903
Bearings 125 011915 124 011915
CMG' 89.94° + 180°, or 269.94° T CMG?' 86.83° + 180°, or 266.83° T

'Since the calculated result is the reciprocal of the actual value, 180° is added.

2.26. Course Made Good from Three Bearings (Sensitivity to Error)
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Routine 2.10 (HP-67/97)

T T2 T3 Var De

Bet Bc2 Bc3 CMG

COURSE MADE GOOD FROM THREE BEARINGS

Input Output
Step Procedure Data/Units Keys Data/Units
1 Load program
2 Enter variation (+E,—W), even if 0 DD.d fe
3 Enter deviation (+E,—W), even if 0 DD.d fe
4 Enter first compass bearing to object DDD.d A
5 Enter time of first bearing H.MS fa
6 Enter second compass bearing to object DDD.d B
7 Enter time of second bearing H.MS fb
8 Enter third compass bearing to object DDD.d C
9 Enter time of third bearing H.MS fc
10 Calculate and display true course made

good (the result contains a 180-degree

ambiguity that must be resolved by the

user) D DDD.d

Errors in the calculated result can also be minimized by the use of bearing
regression. Three different sequences of bearing observations are taken, sepa-
rated by enough time to allow substantial movement of the vessel between
sequences. Next, a regression value of bearing is obtained for the mid-time of
each sequence (from routine 2.6, for the HP-67 and HP-97) or the Tmean of
each sequence (from routine 2.7, for the SR-52). These routines are discussed
in section 2.3.5. When routine 2.6 is used, step 8 can be omitted, since no
bearing extension to a common time is needed. The resulting values of time
and bearing for each of the three groups of observations then serve as input
for routines 2.10 and 2.11.

Routine 2.10 has been prepared for the HP-67 and HP-97. The calculated
result contains a 180-degree ambiguity, inherent in the equations used to solve
the problem, but the navigator should be able to resolve this without any
difficulty. The data presented in figure 2.27, which shows both the original
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observations and the answers obtained from the HP-67 and HP-97, can be used
to test the program.

As this data indicates, when regression methods are used and widely spaced
bearings are chosen, even fluctuating observations can yield quite acceptable
results. In this instance, though some of the original bearings are many degrees
away from the correct values, they yield a course made good which is in error
by only 0.7 of a degree. Since, in addition, course made good is determined
without any knowledge of current, the effort of employing the regression
method is probably well worth while.

Bmid 215.43
012710

Bearings Calculated
by Linear Regression

Actual Track
CMG 055.0T

Calculated Track
CMG 054.3T

Bmid 179.09
011243

Bmid 099.88
010153

Var 0

De 0
True True True
Bearing Time Bearing Time Bearing Time
96° 010000 169° 011100 222° 012500
93 010030 174 011130 211 012540
90 010110 171 011215 212 01 26 20
99 010140 176 011255 212 012655
108 010230 191 011320 216 012800
108 010300 186 011355 222 0128 40
103 0103 45 189 011425 213 0129 20
Bmid 99.88° 179.09° 215.43°
Tmid 010153 0112 43 012710

Calculated CMG 54.3° T

2.27. Course Made Good from Three Bearings Using Bearing Regression
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Routine 2.11 (SR-52)

No. of Bearings Var De Be Time CMG

COURSE MADE GOOD FROM THREE, SIX, OR NINE BEARINGS

Input Output
Step Procedure Data/Units Keys Data/Units

Before beginning, make sure D/R switch is set to D.

1 Load program—first side
2 Load program—second side
3 Enter number of bearings 3,6,0r9 A
4 Enter variation (+E,—W), even if 0 DD.d B
5 Enter deviation (+E,—W), even if 0 DD.d B
6 Enter bearing-time pairs; for each pair,

enter compass bearing, followed by DDD.d C
7 Time of bearing H.MS D

8 Calculate and display true course made
good (the result contains a 180-degree
ambiguity that must be resolved by the
user) E DDD.d

A similar procedure—routine 2.11—has been prepared for the SR-52. This
routine can accept as input three, six, or nine bearings. When regression is used
as a preliminary step, three bearing—time pairs are obtained, so the entry of
the number of bearings, in step 3, should be made accordingly.

Figure 2.28 presents a set of data and the calculated answers obtained
through routine 2.11 without any preliminary calculation of Tmean. The
routine was used three times—once with three bearings (widely spaced, for
best results), once with three pairs of bearings, and once with all nine bearings.
The most accurate answer is the last: the error of 0.83 of a degree compares
quite favorably with the result, shown in figure 2.27, obtained from the same
data when bearing regression is used.
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True Var 0

Bearing Time De 0
>» 96° 01 00 00
—>» 99 0101 40
103 0103 45
169 0111 00
>» 176 011255
—> 189 011425
222 01 25 00
L3 212 01 26 55
2> 213 0129 20
6 bearings
3 bearings Calculated CMG Actual CMG
3 Bearings 52.37° T 55.0°T
6 Bearings 51.64°T 55.0° T
9 Bearings 54.17° T 55.0° T

2.28. Course Made Good from Three, Six, or Nine Bearings

2.3.8 Course and Speed Made Good from Two Fixes A set of routines
has been prepared which will be useful in coastal and tidal waters, where
currents may set a vessel to one side or the other, or ahead of or behind an
expected track. These are based on the fact that if two successive fixes can be
obtained, the course and speed made good over the bottom during the time
interval between the two fixes can be determined. Since the course being steered
and the vessel’s speed during the interval are known, a further calculation will
yield the set and drift of the current acting on the vessel during this time.

The position fixes in this instance should be calculated from successive
bearings on two charted objects, since pairs of observations made in this
manner will accommodate the vessel’s motion without requiring a knowledge
of the current. Running fixes, which do require knowledge of the current, are
not acceptable. When—on either the first or the second round of bearings
—considerable time intervenes between the observation of the first and of the
second object, the technique of bearing regression (employing a common time)
should be used.

If, as is often the case, at the time of either the first or the second set of
observations the vessel is at a known location (such as a buoy, pier, or mooring)
which serves as one of the objects, the calculator routines will still provide
correct answers; the calculated distance off this object will be zero, and course
and speed made good will be properly shown.
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Routine 2.12 (HP-67/97)

Var De CecS D1o1 D102 T1 D201 D202 T2 Clear

Btobj Dobj Bc1o1 Be1o2 T1 | Bc2o1 Bc2o2 T2 SMG CMG Dr St

COURSE MADE GOOD AND SPEED MADE GOOD FROM TWO FIXES, SET AND
DRIFT (DISTANCE AND BEARING)

Input Output
Step Procedure Data/Units Keys Data/Units
1 Load program—both sides
2 Enter variation (+E,—W), even if 0 DD.d fa
3 Enter deviation (+E,—W), even if 0 DD.d fa
4 Enter true bearing between objects, in
either direction DDD.d A
5 Enter distance between objects naut. mi. A
6 Enter first compass bearing to first object DDD.d B
7 Enter first compass bearing to second
object DDD.d B
8 Enter time of first set of bearings H.MS B
9 Enter second compass bearing to first
object DDD.d C
10 Enter second compass bearing to second
object DDD.d C
11 Enter time of second set of bearings H.MS ]

If the vessel is alongside either object at time of first or second set of bearings,
enter an arbitrary bearing (not 0) at the appropriate step (6, 7, 9, or 10). The
result will be a display of 0 for distance off that object (in step 12 or 13), and all
other distances will be correct.

12 Calculate and display distance off first

object at time of first set of bearings, fc naut. mi.
Distance off second object at time of first
set of bearings, naut. mi.
Display time of first set of bearings H.MS

13 Calculate and display distance off first ‘
object at time of second set of bearings, fd naut. mi.
Distance off second object at time of )
second set of bearings, naut. mi.
Display time of second set of bearings H.MS

(CONTINUED)
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Input Outout
Step Procedure Data/Units Keys Data/Units
14 Calculate and display speed made good
between two sets of bearings, D knots
* True course made good between two
sets of bearings DDD.d
15 Enter compass course of vessel between
two sets of bearings* DDD.d tb
16 Enter speed of vessel between two sets
of bearings knots fb
17 Calculate and display drift of current, E knots
*+ Set of current DDD.d
18 Clear, either to eliminate errors in data
entry (and to restart the procedure) or to
start a new problem fe

*Correct for leeway; see table 2.2.
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Routine 2.13 (SR-52)

Bc2o1 Bc202 T2 D201 D202 CMG SMG

Var De Btobj Dobj Bc1o1 Be1o2 T Dio1 D102

COURSE MADE GOOD AND SPEED MADE GOOD FROM TWO FIXES (DISTANCE

AND BEARING)

Input ' Output
Step Procedure Data/Units Keys  Data/Units
Before beginning, make sure D/R switch is set to D.
1 Load program—first side
2 Load program—second side
3 Initialize 2nd
CMs
2nd rset
CLR
4 Enter variation (+E,—W), even if 0 DD.d A
5 Enter deviation (+E,—W), even if 0 DD.d A
6 Enter true bearing between objects, in
either direction DDD.d B
7 Enter distance between objects naut. mi. B
8 Enter first compass bearing to first object DDD.d o]
9 Enter first compass bearing to second
object DDD.d C
If the vessel is alongside either object at time of first set of bearings, enter an
arbitrary bearing (not 0) at the appropriate step (8 or 9). The result will be a
display of 0 for distance off that object in step 11 or 12, and the other distance
will be correct.
10 Enter time of first set of bearings H.MS D
11 Calculate and display distance off first
object at time of first set of bearings E naut. mi.
12 Calculate and display distance off second
object at time of first set of bearings E naut. mi.
13 Enter second compass bearing to first
object DDD.d 2nd A’
14 Enter second compass bearing to second
object DDD.d 2nd A’

(coNTINUED)
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Input Output
Step Procedure Data/Units Keys Data/Units

If the vessel is alongside either object at time of second set of bearings, enter an
arbitrary bearing (not 0) at the appropriate step (13 or 14). The result will be a
display of 0 for distance off that object in step 16 or 17, and the other distance will

be correct.
15 Enter time of second set of bearings H.MS 2nd B’
16 Calculate and display distance off first

object at time of second set of bearings 2nd C'  naut. mi.
17 Calculate and display distance off second

object at time of second set of bearings 2nd C'  naut. mi.
18 Calculate and display true course made

good between two sets of bearings 2nd D' DDD.d
19 Calculate and display speed made good

between two sets of bearings 2nd E'  knots

20 Clear, either to eliminate errors in data
entry (and to restart the procedure) or to
start a new problem 2nd
CMs
2nd
rset?
CLR

1This step is essential in order to clear flags set by the running program.
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Routine 2.14 (SR-52)

Dr or SMG

SMG

Dr

Var De

Cc

St or CMG

CMG

COURSE MADE GOOD AND SPEED MADE GOOD, SET AND DRIFT

Input Output
Step Procedure Data/Units Keys Data/Units
Before beginning, make sure D/R switch is set to D.
1 Load program
2 Enter variation (+E,—W), even if 0 DD.d A
3 Enter deviation (+E,—W), even if 0 DD.d A
4 Enter compass course* DDD.d B
5 Enter vessel speed knots 2nd B’
Course Made Good and Speed Made
Good
6 After completion of steps 1-5, enter set
of current, even if 0 DDD.d C
7 Enter drift of current, even if 0 knots 2nd C'
8 Calculate and display true course made
good D DDD.d
9 Calculate and display speed made good 2nd D' knots
Set and Drift
10 After completion of steps 1-5, enter true
course made good (available from routine
2.13 or routine 2.28) DDD.d o]
11 Enter speed made good (available from
routine 2.13 or routine 2.28) knots 2nd C’
12 Calculate and display set of current E DDD.d
13 Calculate and display drift of current 2nd E'  knots

*Correct for leeway; see table 2.2.
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On the HP-67 and HP-97 a single routine—routine 2.12—can be used both
for finding course and speed and for calculating set and drift of current. On
the SR-52, two separate routines are required for these operations. These are

presented as routines 2.13 and 2.14.
Figure 2.29 illustrates the situation in which these calculator routines are

employed. The accompanying data can be used to verify the accuracy of the
procedures described.

DaTa
SMG, Set and
CMG Drift
Var —15° (W)
De +3° (E)
Btobj 143°
Dobj 5.0nm
Bc1o1 122°
Bc1o2 12°
T 0800
Bc2o1 209°
Bc2o02 282°
T2 0905
Cc 77°
S 6.0kts
CALcuLATED RESULTS
D1o1 3.2nm
D102 2.9nm
D201 4.18nm
D202 4.23nm
SMG 4.73kts
CMG 55.58° T
Dr 1.5kts
St 275.19°
N 02 <— Bc202 282
0905
M 15° D202 4.23nm Fox
30

D102 2.9nm

2.29. Course Made Good and Speed Made Good from Two Fixes (Distance and Bearing)
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2.4 Coastwise Navigation Using Latitude and
Longitude Co-ordinates

In the calculator routines discussed so far, positions have been defined in terms
of distances and bearings to and from vessels and objects. The remainder of
this chapter covers the cases in which objects, obstacles, and vessel positions
are located in terms of latitude and longitude.

As was pointed out in section 2.2.1, the use of latitude and longitude is
accompanied by the assumption of a non-planar earth; this must be taken into
account in the calculations, and either the Mercator chart-factor method of
calculation or the mid-latitude method may therefore be employed. The chart
factor (/m) is the ratio of the actual length in nautical miles of a given interval
of longitude (in minutes and seconds) to the same interval of latitude, at the
latitude in question, and reflects the actual shape of the aspheric earth. The
mid-latitude method, which assumes a perfectly spherical earth, involves com-
puting the average latitude (the mid-latitude) of the area in question, and
determining the equivalent of the chart factor by taking the cosine of the
mid-latitude.

In most cases, the difference in position as calculated by the two methods
is small enough to be ignored. However, in some situations, especially those
in which position is calculated from a running fix on two objects, errors can
reach as much as a quarter of a nautical mile, depending on the orientation
of objects and course made good during the run. Hence, in the fixing routines,
the chart-factor method is preferable when maximum accuracy is required.
This method is particularly suitable for position fixing because the distances
involved are relatively short, especially if bearings are being taken on visual
objects. Hence, a single chart factor applies to the whole area involved. This
can be obtained by taking from the chart the length of the interval of longitude
and dividing it by the length of the corresponding interval of latitude, or the
task of making the measurements may be avoided by using table 2.3, which
provides the same information in convenient form. The distances are specified
for the nearest degree of latitude, which is probably quite adequate for compu-
tational purposes. Fixing routines based on mid-latitude calculations are also
provided, for those cases where they are more convenient, or where the chart
factor is not readily available.

For planning, estimating position, and tracking, it is often easier and equally
accurate to use the mid-latitude method. This is true for a journey in excess
of 10 nautical miles, especially if considerable north—south movement is in-
volved, since it is difficult to define chart factor accurately for a wide latitude
interval.

Operations involving latitude and longitude are facilitated in the HP-67,
HP-97, and SR-52, by the external magnetic memories, which make possible
the prerecording of the latitude and longitude of places and objects. Each
location, defined by a co-ordinate system of many numerical units (say, a
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Degree of latitude Degree of longitude
Lat. Lat.
Nautical Statute Feet Meters Nautical Statute Feet Meters
miles: miles miles miles

0 59.701 | 68.703 | 362 753 | 110 567 | 60.109 | 69.172 | 365 226 | 111 321 0
1 . 702 . 704 756 568 | 60.099 | 69.161 | 365 171 | 111 304 1
2 . 702 . 704 759 569 | 60.072 | 69.129 | 365 003 | 111 253 2
3 . 703 . 705 762 570 | 60.026 | 69.077 | 364 728 | 111 169 3
4 . 705 . 707 772 573 | 59.963 | 69.004 | 364 341 | 111 051 4
5 50. 706 | 68.709 | 362 782 | 110 576 | 59.881 | 68.910 | 363 845 | 110 900 5
6 . 708 .71 795 580 | 59.781 | 68.795 | 363 238 | 110 715 6
7 . 711 . 714 808 584 | 59.664 | 68. 660 | 362 523 | 110 497 7
8 .713 .17 825 580 | 59.528 | 68 503 | 361 696 | 110 245 8
9 717 .721 844 595 | 59.373 | 68.325 | 360 758 | 109 959 9
10 50. 720 | 68.724 | 362 864 | 110 601 | 59.201 | 68.128 | 359 715 | 109 641 10
11 724 . 729 887 608 | 59.011 | 67.909 | 358 560 | 109 289 | 11
12 . 728 . 734 913 616 | 58.803 | 67.670 | 357 297 | 108 904 | 12
13 . 732 .739 940 624 | 58 578 | 67.410 | 355 925 | 108 486 | 13
14 . 737 . 744 969 633 | 58 335 | 67.130 | 354 449 | 108 036 | 14
15 50. 742 | 68.750 | 363 002 | 110 643 | 58.074 | 66.830 | 352 864 | 107 553 | 15
16 . 748 . 757 035 653 | 57.795 | 66.509 | 351 168 | 107 036 | 16
17 . 753 . 763 068 663 | 57.408 | 66.168 | 349 367 | 106 487 | 17
18 . 760 .770 107 675 | 57.185 | 65.807 | 347 461 | 105 906 | 18
19 . 766 LT77 143 686 | 56.854 | 65. 427 | 345 453 | 105 294 | 19
20 50.773 | 68.785 | 363 186 | 110 699 | 56.506 | 65. 026 | 343 337 | 104 649 | 20
21 . 780 . 793 228 712 | 56.140 | 64. 605 | 341 115 | 103 972 | 21
22 . 787 . 801 271 725 | 55758 | 64.165 | 338 793 | 103 264 | 22
23 . 794 . 810 317 739 | 55.359 | 63.705 | 336 365 | 102 524 | 23
24 . 802 . 819 363 753 | 54.943 | 63.227 | 333 839 | 101 754 | 24
25 50. 810 | 68.828 | 363 412 | 110 768 | 54. 510 | 62. 729 | 331 207 | 100 952 | 25
26 . 818 . 837 461 783 | 54.060 | 62.211 | 328 474 | 100 119 | 26
27 . 827 . 847 514 799 | 53.504 | 61.675 | 325 646 | 99 257 | 27
28 . 835 . 857 566 815 | 53.112 | 61.121 | 322 717 | 98 364 | 28
29 . 844 . 868 622 832 | 52.614 | 60.547 | 319 688 | 97 441 | 29
30 59. 853 | 68. 878 | 363 675 | 110 848 | 52.099 | 59. 955 | 316 562 | 96 488 | 30
31 . 863 . 889 734 866 | 51.569 | 59.345 | 313 340 | 95 506 | 31
32 . 872 . 900 789 883 | 51.023 | 58.716 | 310 023 | 94 495 | 32
33 . 882 . 911 848 901 | 50.462 | 58.070 | 306 611 | 93 455 | 33
34 . 891 . 922 907 019 | 49.885 | 57.407 | 303 107 | 92 387 | 34
35 59.902 | 68.934 | 363 970 | 110 938 | 49.293 | 56.725 | 299 508 | 91 290 | 35
gg .911 . 945 | 364 029 056 | 48.686 | 56.027 | 295 820 | 90 166 | 36
44 . 922 . 957 091 975 | 48.064 | 55.311 | 292 041 | 89 014 | 37
38 . 932 . 968 154 994 | 47.427 | 54.578 | 288 173 | 87 835 | 38
. 942 . 980 216 | 111 013 | 46.776 | 53.829 | 284 216 | 86 629 | 39

40 59.953 | 68.993 | 364 281 | 111 033 | 46.110 | 53.063 | 280 171 | 85 396 | 40
ﬂ -333 69. 005 344 052 | 45.430 | 52.280 | 276 040 | 84 137 | 41
42 .982 . 017 409 072 | 44.737 | 51.482 | 271 827 | 82 853 | 42
- o8 . 029 472 091 | 44.030 | 50.668 | 267 530 | 81 543 | 43
b 60, 005 . 041 537 111 | 43.309 | 49.839 | 263 150 | 80 208 | 44
. 006 | 69.054 | 364 603 | 111 131 | 42 575 | 48.994 | 258 691 | 78 849 | 45
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Lat.

Degree of latitude

Degree of longitude

Lat.

Nautical Statute Feet Meters Nautical Statute Feet Meters
miles miles miles miles
45 60. 006 | 69. 054 | 364 603 | 111 131 42. 575 | 48.994 | 258 691 78 849 45
46 . 017 . 066 669 151 41. 828 | 48. 135 | 254 154 77 466 46
47 . 027 . 078 731 170 41. 068 | 47.260 | 249 534 76 058 47
48 . 038 . 090 797 190 40. 296 | 46. 372 | 244 843 74 628 48
49 . 049 . 103 862 210 39. 511 | 45. 468 | 240 072 73 174 49
50 60. 059 | 69. 114 | 364 925 | 111 229 38.714 | 44, 551 | 235 230 71 698 50
51 . 070 . 127 990 249 37.905 | 43.620 | 230 315 70 200 51
52 . 080 . 139 | 365 052 268 37.084 | 42.676 | 225 328 68 680 52
53 . 090 . 151 115 287 36. 253 | 41. 719 | 220 276 67 140 53
54 . 100 . 162 177 306 35. 409 | 40.748 | 215 151 65 578 54
55 60. 111 | 69. 174 | 365 240 | 111 325 34. 555 | 39. 765 | 209 961 63 996 55
56 . 120 . 185 299 343 33.691 | 38.770 | 204 708 62 395 56
57 130 . 197 358 361 32.815 | 37.763 | 199 390 60 774 57
58 140 . 208 417 379 31. 930 | 36.745 | 194 012 59 135 58
59 . 150 . 219 476 397 31.036 | 35.715 | 188 576 57 478 59
60 60. 159 | 69.229 | 365 531 | 111 414 30. 131 | 34. 674 | 183 077 55 802 60
61 168 . 241 591 432 29, 217 | 33.622 | 177 526 54 110 61
62 177 . 251 643 448 28.294 | 32 560 | 171 916 52 400 62
63 . 186 . 261 696 464 27.362 | 31.488 | 166 257 50 675 63
64 . 194 . 270 748 480 26. 422 | 30. 406 | 160 545 48 934 64
65 60. 203 | 69.280 | 365 801 | 111 496 25.474 | 29.314 | 154 780 47 177 65
66 . 211 . 290 850 511 24, 518 | 28.215 | 148 973 45 407 66
67 . 219 . 298 896 525 23. 5564 | 27.105 | 143 117 43 622 67
68 . 226 . 307 942 539 22. 583 | 25.988 | 137 215 41 823 68
69 . 234 . 316 988 553 21. 605 | 24. 862 | 131 273 40 012 69
70 60. 241 | 69. 324 | 366 030 | 111 566 20. 620 | 23. 729 | 125 289 38 188 70
71 . 247 . 331 070 578 19. 629 | 22 589 | 119 268 36 353 71
72 . 254 . 339 109 590 18. 632 | 21. 441 | 113 209 34 506 72
73 . 260 . 346 148 602 17. 629 | 20. 287 | 107 113 32 648 73
74 . 266 . 353 184 613 16. 620 | 19.126 | 100 988 | 30 781 74
75 60. 272 | 69. 359 | 366 217 | 111 623 15. 606 | 17. 959 94 826 28 903 75
76 . 276 . 365 247 632 14. 588 | 16. 788 88 638 27 017 76
77 . 282 . 371 280 642 13. 565 | 15. 611 82 425 25 123 77
78 . 286 . 376 306 650 12. 538 | 14. 428 76 181 23 220 78
79 . 290 . 381 332 658 11. 507 | 13. 242 69 918 21 311 79
80 60.294 | 69.385 | 366 355 | 111 665 10. 472 | 12. 051 63 629 19 394 80
81 . 298 . 389 375 671 9. 434 | 10. 857 57 323 17 472 81
82 . 301 . 393 394 677 8. 394 9. 659 51 001 15 545 82
83 . 303 . 396 411 682 7. 350 8.458 | 44 659 13 612 83
84 306 . 399 427 687 6. 304 7. 255 38 304 11 675 84
85 60. 308 | 69. 402 | 366 440 | 111 691 5. 256 6. 049 31 939 9 735 85
86 310 . 403 450 694 4. 207 4, 842 25 564 7 792 86
87 311 . 405 457 696 3. 157 3. 633 19 180 5 846 87
88 312 . 406 463 698 2. 105 2. 422 12 789 3 898 88
89 . 313 . 407 467 699 1. 052 1. 211 6 394 1 949 89
90 60. 313 | 69. 407 | 366 467 | 111 699 0. 000 0. 000 0 o} 90
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latitude of 41°17'23”N and a longitude of 68°14'32" W) is assigned an identifi-
cation number in the HP-67 and HP-97, and an identification letter in the
SR-52.

In addition, in the HP-67 and HP-97, the magnetic compass variation and
the Mercator chart factor for the section of the chart being used can be stored
on the card, and are then automatically extracted by the routine that uses the
prerecorded data. In the SR-52, the chart factor can be stored, but the varia-
tion must be keyed in manually, where needed. Once prerecording has been
completed, utilization of the data as paft of the input for a routine requires
just keying in the identification number or letter, and then (in the HP-67 and
HP-97) pressing the appropriate keys to load the data. These simple proce-
dures may replace as many as seventeen individual keystrokes. The co-ordi-
nates are entered quickly and accurately.

Simplicity in performing calculations is gained in another way as well. In
the preceding routines for coastwise fixing and planning, when the distance
and bearing between charted objects were required as input data, the informa-
tion had to be obtained by measurement on the chart. However, if the latitude
and longitude have been prerecorded, once the numbers or letters designating
the two positions have been keyed in, the calculator will automatically deter-
mine the values of distance and bearing between the objects, for use in the
remainder of the calculation.

The answers yielded by calculations made with latitude and longitude are
convenient and flexible. The planning routines provide course to steer, time of
arrival (on the HP-67 and HP-97 or elapsed time (on the SR-52), and course
and distance made good. The position fix is displayed in the form of latitude
and longitude, but on the HP-67 and HP-97, the distance off one of the objects
observed is also provided; the user can choose the terms most convenient for
his purposes.

2.4.1 Prerecorded Lists of Objects All of the routines developed for lati-
tude and longitude can accept prerecorded data from one or more cards, and
also data inserted manually, at the keyboard, so they can be used even when
there has been no opportunity to prerecord the co-ordinates of a particular
place. However, it is most convenient to employ prerecorded data.

The best sources of co-ordinates for prerecording are nautical charts with
a scale of 1 to 20,000 or 1 to 40,000; these can be read with sufficient accuracy
to provide degrees, minutes, and seconds of latitude and longitude. Taking
data from light lists, such as those published by the U.S. Coast Guard, appears
to be somewhat risky, since positions shown in those publications are occasion-
ally different—and less accurate—than the ones on a nautical chart.

A further caution should also be observed. The position of floating aids to
navigation, such as buoys, is constantly subject to change as a result of heavy
weather, collisions, and the like. The U.S. government publishes notices to
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mariners describing shifts, removals, and new locations of buoys and other
floating aids. Hence, the data on the prerecorded cards must be updated from
time to time in exactly the same manner as the data on nautical charts.

In the prerecording of latitude and longitude, it is customary to employ
degrees, minutes, and seconds (DD. MMSS), rather than degrees, minutes, and
tenths of minutes, since conversion to decimal degrees can be accomplished by
the calculator automatically. (Tenths of minutes are employed for celestial
navigation, because sextant scales are normally calibrated in tenths of minutes
of arc.)

Once the co-ordinates have been recorded and checked for accuracy, care
should be taken to protect the data cards from inadvertent erasure in the
calculator. On the HP-67 and HP-97, this is done by clipping the corners of
the cards; on the SR-52, the cards are protected against inadvertent erasure
by the fact that they cannot be re-used unless small, black adhesive tabs are
properly attached. When any positions need to be changed completely, new
cards should be prepared; attempting to alter the old ones is likely to result
in the accidental deletion of data that is supposed to be retained. Also, since
the small data cards—and program cards—can easily become lost or wedged
into inaccessible places, duplicates should be made. Otherwise, the labor of
remeasuring positions may become necessary.

Data cards should be prepared, as convenient, for all the areas the navigator
expects to enter. In this way, a library of positions can be accumulated.

2.4.2 Prerecorded Magnetic Cards for the HP-67 and HP-97 Routine
2.15 is the set of instructions for preparing a prerecorded latitude and longi-
tude data card for the HP-67 and HP-97. A single card can store latitude and
longitude for eleven different objects, along with the magnetic compass varia-
tion and the Mercator chart factor (/m) for the section of the chart being used.
When constructing this card, it is important to note step 11 of the routine, in
which storage is shifted from the primary to the secondary register. If this is
not done, beginning with the sixth object, the recording of additional co-
ordinates will result in the successive erasure of the positions of the first five
objects.
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Routine 2.15 (HP-67/97)

Latitude and Longitude Data Card, No. N

LATITUDE AND LONGITUDE DATA CARD

Input Output'
Step Procedure Data/Units Keys Data/Units
1 Enter 1st latitude (+N,—S) DD.MMSS STO O
2 Enter 1st longitude (+W,—E) DD.MMSS STO 1

In entering latitude and longitude, signs should be employed throughout as
indicated in steps 1 and 2.

3 Enter 2nd latitude DD.MMSS STO 2
4 Enter 2nd longitude DD.MMSS STO 3
5 Enter 3rd latitude DD.MMSS STO 4
6 Enter 3rd longitude DD.MMSS STO 5
7 Enter 4th latitude DD.MMSS STO 6
8 Enter 4th longitude DD.MMSS STO 7
9 Enter 5th latitude DD.MMSS STO 8
10 Enter 5th longitude DD.MMSS STO 9
11 Shift to secondary storage fp—s
12 Enter 6th latitude DD.MMSS STO 0
13 Enter 6th longitude DD.MMSS STO 1
14 Enter 7th latitude DD.MMSS STO 2
15 Enter 7th longitude DD.MMSS STO 3
16 Enter 8th latitude DD.MMSS STO 4
17 Enter 8th longitude DD.MMSS STO 5
18 Enter 9th latitude DD.MMSS STO 6
19 Enter 9th longitude DD.MMSS STO 7
20 Enter 10th latitude DD.MMSS STO 8
21 Enter 10th longitude DD.MMSS STO 9
22 Enter 11th latitude DD.MMSS STO A
23 Enter 11th longitude DD.MMSS STO B
24 Enter chart factor? 0.nnnn STO D

'Chart factor is calculated by dividing the length in nautical miles of an interval of longitude
(say five minutes) at the location in question by the length in nautical miles of an equa/ interval
of latitude at that location. The quotient—the chart factor—should be brought to four decimal
places. The necessary figures can be obtained either from direct measurement on a chart or
from table 2.3.
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Input Output

Step Procedure Data/Units Keys Data/Units
25 Enter variation of compass (+E,—W),
even if 0 DD.d STOE
26 Prepare to record data card f W/DATA CRD
27 Record data card—both sides CRD

When the co-ordinates of two objects are used in a problem, it is not
necessary that the data for both objects be contained on one card. However,
if two cards are required, it should be remembered that the calculator will
retain the values for variation and chart factor supplied by the second card
inserted. If this presents a problem, the user can override these manually, at
the keyboard, and substitute any desired values.

2.4.3 Prerecorded Magnetic Cards for the SR-52 Routine 2.16 is the set
of instructions for preparing a prerecorded data card for the SR-52. When both
sides of the card are used, a chart factor and nine latitude and longitude pairs
can be stored; because of space limitations, variation is not included, and must
be entered manually, as needed. The program memory is employed for record-
ing the co-ordinates, so steps to transfer information from the program mem-
ory to the data memory are built into the routine.

Where a routine includes an instruction to “Clear” or ‘“Initialize,” this
should be carried out with the calculation program in place, and before any
prerecorded data is entered, since co-ordinates which have been loaded previ-
ously will be erased by this operation. After initialization, the data can be
entered, and the program is then reinserted for completion of the routine.

2.4.4 The Application of Leeway In all of the planning routines, care
should be taken to correct for leeway whenever necessary (most often, that is,
in the case of sailing vessels). The specific instructions concerning leeway are
in section 2.2.5.
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Routine 2.16 (SR-52)

LATITUDE AND LONGITUDE DATA CARD

Input Outpu('
Step Procedure Data/Units Keys Data/Units

1 Latitudes, longitudes, and chart factor are
recorded in the program memory. Hence,
entries are made by shifting the
calculator into LRN mode. 2nd rset
LRN 000 00

2 Enter subroutine 2nd LBL
2nd E’
2nd
D.MS
2nd
EXC 0
5 2nd
EXC
0 6 2nd
EXC 0
7 2nd
EXC 0
8.n
nnm
STO 1
1 2nd
rtn 025 00

Nine latitude and longitude pairs can be entered on the two sides of one card.
They should be close enough to each other to require the same chart factor, as
entered in step 2. Recording of co-ordinates starts at program step 25. Each pair
of co-ordinates is separated by a lettered label—A-E and (2nd) A'-D'. The
symbols DD.MMSS represent the individual digits of degrees, minutes, and
seconds, and the decimal-point key is pressed to separate degrees from minutes.
The sample entry steps shown are for co-ordinates of up to 99°59'59”, but the
memory can accommodate nine sets of co-ordinates all 100° or larger.

'Each n stands for one digit of the chart factor. For the method of calculating this four-place
decimal, see footnote 1 to routine 2.15.
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Step

Input
Procedure Data/Units

Keys

Output
Data/Units

19

20

21

22

Enter 1st latitude (+N,--S)

Enter 1st longitude (+W,—E)

Enter 2nd latitude (+N,—S)

Enter 2nd longitude (+W, —E)

Enter 9th latitude (+N,—S)

Enter 9th longitude (+W,—E)

Record data card—first side

Record data card—second side

n
3

-
@
-

InzO GI>
yss:
m®-

RO hxoOw

IWn
N
3

2nd LBL
2nd D’
DD.
MMS
S 2nd E

DD.
MMS
S2nd E
HLT

LRN
CLR
INV
2nd
read

INV 2nd
read
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96

Dest @ 41°05'00” N

72°14' 45" W

Data

Start Card 3, Object 8
Dest 41°05'00"N

72°14' 45" W
Var —13.5° (W)
Im 0.7567
S 5kts
St 0
Dr 0

Tstart 08 00 00
Cm 2.43° [calculated]
De 0

CALCULATED RESULTS

Cc 2.43°
Tend 0823 38
DMG 1.97nm
CMG 348.93°T

Start

2.30. Planning (Chart Factor)

Dest @ 41°05'00” N
72°14' 45" W

z0

13.5°

Data
Start

Dest

Var

S

St

Dr
Tstart
Cm

De

z0

N
13.5°

Card 3, Object 8
41°03' 04” N
72°14' 15" W

Card 3,
Object 8

41° 05 00" N

72° 14’ 45" W

—13.5° (W)

Skts

0

0

08 00 00

2.47°

[calculated]

0

CaLc

Cc

Tend
DMG
CMG

Card 3, Object 8

41°03' 04" N

72°14' 15" W

2.31. Planning (Mid-latitude)

ULATED RESULTS

2.47°

08 23 38
1.97nm
348.97° T




2.4.5 Planning on the HP-67 and HP-97 The Planning routines for the
HP-67 and HP-97—routine 2.17, using chart factor, and routine 2.18, using
mid-latitude calculations—are part of an integrated set which also includes
calculating and tracking estimated position (routines 2.20 and 2.21) and fixing
(routines 2.24 and 2.25). Once the co-ordinates have been entered for the first
and second object (in fixing) or the necessary data has been obtained (in
planning), the information can be used as well for the later calculation or
tracking of estimated position. Re-entry of this data is then unnecessary. This
design was adopted in part because of certain memory limitations in the
calculator, but is also convenient because it is often necessary to move from
planning to tracking. The fact that the Planning routines also provide data-
input steps for the routines involving estimated position is another reason for
their being given in both chart-factor and mid-latitude versions; the latter
routines exist in both forms.

Figure 2.30 (for chart factor) and figure 2.31 (for mid-latitude) illustrate the
use of routine 2.17 and routine 2.18, respectively, in planning. In this instance,
the starting position is object 8 on data card 3. Pressing [f] [a]results in
entry of the object’s co-ordinates (latitude of 41°03'04”N and longitude of
72°14’15"W) and also, automatically, of the variation (13.5 degrees W) and the
chart factor (0.7567). If the necessary data has not been stored on a magnetic
card, it is entered manually, as specified in steps 8-23 (for chart factor) or steps
8-22 (for mid-latitude).

Since a vessel’s deviation depends on the heading, it cannot be determined
until the planned course has been calculated. Therefore, it is added when the
magnetic course to steer has been displayed and the vessel’s expected heading
is known (i.e., after step 29 of routine 2.17 or step 28 of routine 2.18). Even
if the value for deviation at this heading is zero, it should be keyed into the
calculator. The resulting display is the compass course to steer.

The complete answer to this problem includes the course to steer, the
expected time of arrival, the distance made good, and the course made good
(this may be different from the course steered if current data has been inserted).

2.4.6 Planning (Mid-latitude) on the SR-52 Routine 2.19 is the Planning
routine for the SR-52, employing the mid-latitude method of calculation. Any
combination of prerecorded and manually entered data may be used. As in the
routines previously described, deviation is added after a magnetic course has
been displayed (i.e., after step 35); the result is conversion of any negative
magnetic course to a compass course within the range of 0-360° degrees.
The data supplied in figure 2.31 can be used to test the method on the SR-52.
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Routine 2.17 (HP-67/97)

Step

Select Select
Start Dest Load Var Im
S St Dr Tstart Cm De—Cc Tend DMG CMG
PLANNING (CHART FACTOR)
Input Output
Procedure Data/Units Keys Data/Units

10
11

12

98

Load program—both sides

If both start and destination co-ordinates are on data cards, proceed as follows

(steps 2-7):

Load data card containing start
co-ordinates

Enter identification number corresponding
to start co-ordinates (an even number
from 0 to 20) 0-20 fa

If destination co-ordinates are on same data card,

Enter identification number corresponding

to destination co-ordinates (an even

number from 0 to 20), and continue at

step 7 0-20 fb

if destination co-ordinates are on a different data card,

Load second data card

Enter identification number corresponding
to destination co-ordinates (an even

number from 0 to 20) 0-20 fb
Load start and destination co-ordinates
into memory, and continue at step 23 fc

If only start co-ordinates are on a data card, proceed as follows (steps 8-12):
8 Load data card

Enter identification number corresponding
to start co-ordinates (an even number
from 0 to 20) 0-20 fa

Enter destination latitude (+N,—S) DD.MMSS ENTER

Enter destination longitude (+W,—E), but

do not press | ENTER DD.MMSS

Load start and destination co-ordinates

into memory, and continue at step 23 fc



Step

Input Output
Procedure Data/Units Keys Data/Units

13
14
15
16

17

18
19
20
21

22

23

24

25
26
27
28
29

30

31

32

33

If <;nly destination co-ordinates are on a data card, proceed as follows (steps 13-
17).

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (+W, —E) DD.MMSS ENTER
Load data card

Enter identification number corresponding
to destination co-ordinates (an even

number from 0 to 20 0-20 fb
Load start and destination co-ordinates
into memory, and continue at step 23 fc

It neither start nor destination co-ordinates are on data cards, proceed as follows
(steps 18-33): i

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (+W,—E) DD.MMSS ENTER
Enter destination latitude (4N, —S) DD.MMSS ENTER

Enter destination longitude (+W,—E), but

do not press | ENTER DD.MMSS

Load start and destination co-ordinates

into memory fec

Enter variation (+E,—W), even if 0, if no

data card has been used, if variation is to

be different from value on last data card

used, or if chart factor is to be entered in

the following step DD.d fe

Enter chart factor if no data card has
been used, or if chart factor is to be
different from value on last data card

used 0.nnnn fe
Enter expected vessel speed knots A
Enter expected set of current, even if 0 DDD.d A
Enter expected drift of current, even if 0  knots A
Enter time of start of run H.MS B
Calculate and display magnetic course to
steer o] DDD.d
Enter deviation for planned magnetic
course (+E,—W), even if 0, DD.d C

* Calculate and display compass course to
steer** DDD.d
Calculate and display time destination will
be reached D H.MS
Calculate and display distance made )
good E naut. mi.
Calculate and display true course made
good E DDD.d

**Uncorrect for leeway; see table 2.2.
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Routine 2.18 (HP-67/97)

Step

Select Select
Start Dest Load Var
S St Dr Tstart Cm De—Cc Tend DMG CMG
PLANNING (MID-LATITUDE)
Output
Procedure Data/Units Keys Data/Units

10
1

12

100

Load program—both sides

If both start and destination co-ordinates are on data cards, proceed as follows

(steps 2-7):

Load data card containing start

co-ordinates

Enter identification number corresponding
to start co-ordinates (an even number

from 0 to 20)

If destination co-ordinates are on same data card,

0-20

Enter identification number corresponding
to destination co-ordinates (an even
number from 0 to 20), and continue at

step 7

0-20

If destination co-ordinates are on a different data card,

Load second data card

Enter identification number corresponding
to destination co-ordinates (an even
number from 0 to 20)

Load start and destination co-ordinates
into memory, and continue at step 23

0-20

fa

fb

fb

fe

If only start co-ordinates are on a data card, proceed as follows (steps 8-12):
8 Load data card

Enter identification number corresponding
to start co-ordinates (an even number

from 0 to 20)

0-20

Enter destination latitude (+N,—S)
Enter destination longitude (+W,—E), but

do not press |[ENTER

DD.MMSS

DD.MMSS

Load start and destination co-ordinates
into memory, and continue at step 23

fa
ENTER

fc



Step

Input Output
Procedure Data/Units Keys Data/Units

13
14
15
16

17

18
19
20
21

22

23

24
25
26
27
28

29

30

31

32

If only destination co-ordinates are on a data card, proceed as follows (steps 13-
17):

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (+W,—E) DD.MMSS ENTER
Load data card

Enter identification number corresponding
to destination co-ordinates (an even

number from 0 to 20) 0-20 fb
Load start and destination co-ordinates
into memory, and continue at step 23 fc

If neither start nor destination co-ordinates are on data cards, proceed as follows
(steps 18-32): )

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (+-W,—E) DD.MMSS ENTER
Enter destination latitude (+N,—S) DD.MMSS ENTER

Enter destination longitude (+W,—E), but

do not press |ENTER DD.MMSS

Load start and destination co-ordinates

into memory fc

Enter variation (4 E,—W), even if 0, if no
data card has been used, or if variation is
to be different from value on last data

card used DD.d fe

Enter expected vessel speed knots A

Enter expected set of current, even if 0 DDD.d A

Enter expected drift of current, even if 0  knots A

Enter time of start of run H.MS B

Calculate and display magnetic course to

steer o] DDD.d
Enter deviation for planned magnetic

course (+E,—W), even if 0, DD.d C

Calculate and display compass course to

steer** DDD.d
Calculate and display time destination will

be reached D H.MS
Calculate and display distance made

good E naut. mi.
Calculate and display true course made

good E DDD.d

**Uncorrect for leeway; see table 2.2.
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Routine 2.19 (SR-52)

Ct Var—Cm De—Cc AT CMG DMG

St Dr S Lstart Lostart Ldest Lodest

PLANNING (MID-LATITUDE)

Input Output
Step Procedure Data/Units Keys Data/Units

Before beginning, make sure D/R switch is set to D.

If both start and destination co-ordinates are on data cards, proceed as follows
(steps 1-9):

1 Load data card containing start
co-ordinates

2 Enter identification letter corresponding to
start co-ordinates A-2nd D’
If destination co-ordinates are on same data card,

3 Enter identification letter corresponding to
destination co-ordinates, and continue at
step 6 A-2nd D’

It destination co-ordinates are on a different data card,

4 Load second data card
5 Enter identification letter corresponding to
destination co-ordinates A-2nd D'
6 Load program—both sides
7 Enter expected set of current, even if 0 DDD.d A
8 Enter expected drift of current, even if 0  knots A
9 Enter expected vessel speed, and
continue at step 34 knots B

If only start co-ordinates are on a data card, proceed as follows (steps 10-17):
10 Load data card
11 Enter identification letter corresponding to

start co-ordinates A-2nd D’
12 Load program—both sides
13 Enter expected set of current, even if 0 DDD.d A
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Input Output
Step Procedure Data/Units Keys Data/Units
14 Enter expected drift of current, even if 0  knots A
15 Enter expected vessel speed knots B
16 Enter destination latitude (+N,—S) DD.MMSS D
17 Enter destination longitude (+W,—E),
and continue at step 34 DD.MMSS D

18
19
20
21
22
23
24
25

26

27
28
29
30
31
32
33
34
35

36

37

38

39

If only destination co-ordinates are on a data card, proceed as follows (steps 18-

26):

Load program—both sides

Enter expected set of current, even if 0 DDD.d
Enter expected drift of current, even if 0  knots

Enter expected vessel speed knots
Enter start latitude (+N,—S) DD.MMSS
Enter start longitude (+W,—E) DD.MMSS

Load data card

Enter identification letter corresponding to
destination co-ordinates

Load program—both sides—and
continue at step 34

OO0 > >

A-2nd D’

If neither start nor destination co-ordinates are on data cards, proceed as follows

(steps 27-39):
Enter expected set of current, even if 0 DDD.d
Enter expected drift of current, even if 0  knots

Enter expected vessel speed knots

Enter start latitude (4+N,—S) DD.MMSS
Enter start longitude (+W,—E) DD.MMSS
Enter destination latitude (+N,—S) DD.MMSS

Enter destination longitude (+W,—E) DD.MMSS
Calculate and display true course to steer

Enter variation (+E,—W), even if 0, DD.d
Display magnetic course to steer
Enter deviation (+E,—W), even if O, DD.d

Display compass course to steer**

Calculate and display time required to
reach destination

Calculate and display true course made
good

Calculate and display distance made
good

**Uncorrect for leeway; see table 2.2.

A
A
B
o]
C
D
D
2nd A DDD.d
2nd B’

DDD.d
2nd B’

DDD.d
2nd C' H.MS
2nd D' DDD.d

2nd E'  naut. mi.
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2.4.7 Estimated Position and Tracking Routine 2.20 (for chart factor)
and routine 2.21 (for mid-latitude) can be used to calculate a single estimated
position for a preselected time, and also to provide continuous real-time track-
ing of estimated position. On the HP-67, an updated display of position, in the
form of distance and bearing to the destination, appears at intervals of about
twenty-four seconds. On the HP-97, a printout at approximately thirteen-
second intervals provides the same information. This real-time position display
is not available in the SR-52; however, a series of estimated positions can be
calculated by means of routine 2.23.

2.4.8. Calculating a Single Estimated Position on the HP-67 and
HP-97 When routine 2.20 is to be used, the necessary data may be retained
after the completion of routine 2.17, or the co-ordinates may be entered by
means of the Fixing routine (2.24), with the ‘“first object” serving as the
equivalent of the starting position and the “second object” as the equivalent
of the destination. If the co-ordinates are entered manually, variation and chart
factor must also be entered, as shown in this routine. When routine 2.21
(mid-latitude) is to be used for calculating an estimated position, the necessary
data may be retained after the completion of routine 2.18, or the co-ordinates
may be entered by means of routine 2.25. Destination co-ordinates are required
because the estimated position may be expressed not only in terms of the
latitude and longitude which will be reached at the time selected, but also in
terms of the distance and bearing to the destination at that time. The more
conventional way of describing the result of an estimated-position calculation
is in the form of latitude and longitude, but in some instances, the result in
the form of distance and bearing may be more convenient, so both are pro-
vided. It is also possible to calculate estimated distance and bearing to the
starting position. To obtain this result, one need only re-enter the start co-
ordinates in the steps calling for the destination co-ordinates.

The “EP” key ([B] in these routines) disables the continuous real-time
tracking mechanism when a single estimated position is desired. Thus, step 7
in routine 2.20 or routine 2.21 is performed when no tracking is needed, and
steps 8—12 then provide the desired result.
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Routine 2.20 (HP-67/97)

Tend or
Tstart Tstop
Cc S StDr EP Start Stop DBtL Lo

TRACKING AND ESTIMATED POSITION (CHART FACTOR)

Input Output
Step Procedure Data/Units Keys Data/Units

If this routine is to be used directly following completion of routine 2.17, steps 1-
31 or 1-33, load program (step 2, below) and continue at step 7 or step 13. If
data has not been retained from routine 2.17, proceed as follows:

1 Enter co-ordinates, deviation, variation,
and chart factor by means of routine
2.24, steps 1-25; for calculation of
distance and bearing to starting position
(first object), re-enter co-ordinates of start
in the steps calling for co-ordinates of
destination (second object)

Load program—both sides

Enter compass course* DDD.d
Enter vessel speed knots
Enter set of current, even if 0 DDD.d
Enter drift of current, even if 0 knots

D O WWN
> > > >

Estimated Position

7 After completion of steps 1-6, as
appropriate, set EP B

8 Enter time of start of run H.MS fc
9 Enter time of end of run H.MS fd

10 Calculate and display distance to '
destination at end of run, E naut. mi.

True bearing to destination at end of run DDD.d

11 If required, calculate and display latitude
at end of run E +DD.MMSS

12 Calculate and display longitude at end of
run E +DD.MMSS

Tracking

13 After completion of steps 1-6, as
appropriate, enter time of start (at least
30 seconds later than present time) H.MS fc

(coNTINuED)
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Input Output
Step Procedure Data/Units Keys Data/Units
14 When selected time is reached, start
calculation, and repeatedly display )
distance to destination, C naut. mi.
* True bearing to destination, DDD.d
- Time of displayed position H.MS

15

16

17

18

19

20

21
22
23
24

25

26

To eliminate timing errors, proceed as follows (steps 15-18):

Allow tracking to continue for 3-5

minutes; then, if time displayed is in error

by more than a few seconds, stop

calculator, during a pause for display of

time on the HP-67, or while time is being

printed on the HP-97 D

Enter watch time at which calculator was

stopped; this entry automatically corrects

timing error H.MS fd
Select time of restart (at least 30

seconds later) H.MS fc
When selected time is reached, restart

calculation (o}

For multiple courses or speeds, or changes in set or drift, stop calculator, as

described in steps 15-186, and proceed as follows (steps 19-26):

If variation has changed, enter variation

(+E, —W) DD.d STOE
If deviation has changed, enter deviation

(+E —W) DD.d STOC
Enter compass course* DDD.d A
Enter speed knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if 0 knots A

When any one of the values listed in the preceding four steps has changed, a//

four must be re-entered.

Select time of restart (at least 30

seconds later) H.MS fc
When selected time is reached, restart

calculation (o}

For use of the tracking program in the calculation of set and drift, see routine

2.24, steps 64-81.

If destination is to be changed, stop calculator, as described in steps 15-16, and

proceed as follows (steps 27-31):

*Correct for leeway; see table 2.2.
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Input Output

Step Procedure Data/Units Keys Data/Units
27 Calculate and display distance to original
destination, E naut. mi.
+ True bearing to original destination DDD.d
28 Calculate and display latitude of present
position E +DD.MMSS
29 Calculate and display longitude of
present position E +DD.MMSS

These co-ordinates are automatically stored, for use in planning.

30 Load planning program, as used in
routine 2.17, and perform steps 1-31 of
routine 2.17, as necessary, to enter new
destination and complete new plan

31 Reload tracking program, and resume
tracking at step 13
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Routine 2.21 (HP-67/97)

Tend or
Tstart Tstop
Cc S St Dr EP Start Stop DBtL Lo

Step

TRACKING AND ESTIMATED POSITION (MID-LATITUDE)

Input Output
Procedure Data/Units Keys Data/Units

D O~ WN

11

12

13

If this routine is to be used directly following completion of routine 2.18, steps 1-
30 or 1-32, load program (step 2, below) and continue at step 7 or step 13. If
data has not been retained from routine 2.18, proceed as follows:

Enter co-ordinates, deviation, and
variation by means of routine 2.25, steps
1-24; for calculation of distance and
bearing to starting position (first object),
re-enter co-ordinates of start in the steps
calling for destination (second object)

Load program—both sides

Enter compass course* DDD.d A
Enter vessel speed knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if 0 knots A
Estimated Position
After completion of steps 1-6, as
appropriate, set EP B
Enter time of start of run H.MS fc
Enter time of end of run H.MS fd
Calculate and display distance to
destination at end of run, E naut. mi.
* True bearing to destination at end of run DDD.d
If required, calculate and display latitude
at end of run E +DD.MMSS
Calculate and display longitude at end of
run E +DD.MMSS
Tracking
After completion of steps 1-6, as
appropriate, enter time of start (at least
30 seconds later than present time) H.MS fc

*Correct for leeway; see table 2.2.
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Step

Input Output
Procedure Data/Units Keys Data/Units

14

15

16

17

18

19

20

21
22
23
24

25

26

27

When selected time is reached, start
calculation, and repeatedly display

distance to destination, C naut. mi.
True bearing to destination, DDD.d
Time of displayed position H.MS

To eliminate timing errors, proceed as follows (steps 15-18):

Allow tracking to continue for 3-5

minutes; then, if time displayed is in error

by more than a few seconds, stop

calculator, during a pause for display of

time on the HP-67, or while time is being

printed on the HP-97 D

Enter watch time at which calculator was
stopped; this entry automatically corrects

timing error H.MS fd
Select time of restart (at least 30

seconds later) H.MS fc
When selected time is reached, restart

calculation C

For multiple courses or speeds, or changes in set or drift, stop calculator, as
described in steps 15-16, and proceed as follows (steps 19-26):

If variation has changed, enter variation

(+E,—W) DD.d STOE
If deviation has changed, enter deviation

(+E,—W) DDd STOC
Enter compass course* DDD.d A
Enter speed knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if 0 knots A

When any one of the values listed in the preceding four steps has changed, a/
four must be re-entered.

Select time of restart (at least 30

seconds later) H.MS fc
When selected time is reached, restart
calculation C

For the use of the tracking program in the calculation of set and drift, see routine
2.25, steps 62-81.

If destination is to be changed, stop calculator, as described in steps 15-16, and
proceed as follows (steps 27-31):

Calculate and display distance to original

destination, E naut. mi.
True bearing to original destination DDD.d
(conTINuED)

*Correct for leeway; see table 2.2.
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Input Output

Step Procedure Data/Units Keys Data/Units
28 Calculate and display latitude of present
position E +DD.MMSS
29 Calculate and display longitude of
present position E +DD.MMSS

These co-ordinates are automatically stored for use in planning.

30 Load planning program, as used in
routine 2.18, and perform steps 1-30, as
necessary, to enter new destination and
complete new plan

31 Reload tracking program, and resume
tracking at step 13

DATA
Start  41°04'00" N
72° 14 00" W
Dest  41°05' 00" N
72° 14’ 45" W
EP @ 08 31 01 De 0
41°05' 00" N c Var —13.5° (W)
72°14'45" W m N Im 0.7567
135 Cc 326.2°
s 5kts
st 97°
Dr 1.9kts

Tstart 0812 00
Tend 08 31 01

CALCULATED RESULTS

D o

Bt 204.5°

EP 41°05'00" N
72°14'45" W

'The calculated distance
08 1200 is actually 1.436 X
41°04' 00" N 10°nm.
72°14' 00" W

2.32. Estimated Position (Latitude and Longitude)

Figure 2.32 illustrates the use of the HP-67 and HP-97 for the calculation
of estimated position. This example should be worked out by the reader to test
whether he has properly recorded the program for this operation.

A routine for the convenient calculation of a series of estimated positions
on a longer journey with several legs is discussed in section 2.4.13.
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2.4.9 Calculating Current on the HP-67 and HP-97 When the starting
position of a run is known, and a position fix is obtained at some time after
the start, it is possible to calculate current by comparing the actual course
made good and speed made good with the vessel’s heading and speed through
the water. The necessary vector subtraction is done by the calculator, and the
answer is displayed as set and drift.

The procedure followed is another example of the integration among pro-
grams that is possible with the HP-67 and HP-97. For chart-factor calcula-
tions, the sequence begins with the use of routine 2.24 to obtain a fix on two
objects. The resulting position is left in the calculator, and after the entry of
start co-ordinates, the tracking and estimated-position program of routine 2.20
is loaded, and steps 72-77 of routine 2.24 are performed, with set and drift
automatically set to zero, and with 7start and Tstop representing the start of
the run and the time of the fix. Completion of steps 78—80 then results in
display of the set and drift of the current acting on the vessel during the run.
The illustration of current calculation given in figure 2.38 (in connection with
routine 2.24) can be used for testing these operations.

An almost identical procedure is possible when the mid-latitude method of
calculation is employed. The fix on two objects is obtained by means of routine
2.25, and after the entry of start co-ordinates, the program of routine 2.21 is
loaded. The procedure does differ in one respect from the chart-factor version
previously described. Set and drift are not automatically set to zero when vessel
speed is entered; instead, this is done in steps 72-73 of routine 2.25. Steps
74-77 are then performed, and completion of steps 78—80 once again results
in display of the set and drift of the current.

2.4.10 Tracking (Chart Factor) on the HP-67 and HP-97 Routine 2.20
can be used to calculate and display estimated position repeatedly, taking into
account the influence of any known current, and thereby tracking the position
of the vessel as it moves through the water.

Each time the calculation of estimated position is performed, the result is
displayed or printed, and the calculation is then repeated from the updated
position. The time interval required to complete one cycle of calculation is
approximately twenty-four seconds in the HP-67, and thirteen seconds in the
HP-97.

Clearly, correct timing is needed for position tracking. Unfortunately, how-
ever, timing precision of a high order is not a prerequisite for accurate perform-
ance in a calculator, so adjustments may be required when tracking is begun.

The method for making these adjustments, shown in routine 2.20, is the
equivalent of the method previously described in routine 2.5. At step 13, the
time of start—perhaps thirty seconds ahead of the present time—is entered,
and [f] are pressed. Once the display has stopped fluctuating, Tistart is
visible. When watch time is the same as Tszart, is pressed (step 14), and
the tracking calculation begins. After about eight to twelve cycles of calcula-
tion, the displayed time is compared to watch time. If—as is likely—these are
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substantially different, calculation is stopped by pressing [D] while time is
being displayed; next, the watch time at which that key was pressed is entered,
as Tistop, and [f] [d] are pressed.

With completion of this sequence, the timing of the calculator is changed,
so that it will be more nearly correct when the routine is resumed, and the
position error due to incorrect timing is eliminated.

Restarting the tracking routine essentially requires repetition of steps 13 and
14, with a time in the near future entered, and pressed when that time has
been reached to restart calculation. After a few cycles, displayed time and
watch time should be compared; they should now correspond closely. It should
be understood that if the calculator’s timing is still not absolutely precise, the
position displayed will be correct for the time displayed, rather than for the
actual time at that moment.

Dest
41°05' 00" N
72°14' 45" W c
MmN
135
Cc 326.2
Start © 08 12 00
41° 04’ 00" N
72° 14' 00" W
Data DisPLAY
Start 41° 04' 00" N True -
72°14' 00" W Distance Bearing Time
Dest 41°05' 00" N
20500 1.1nm 330.4° 081316
Do 32 1445 W 11 3304 081328 ) 125econds
vy —135° (W) 1.0 330.4 08 1509
r : 0.9 330.4 081612
Im 0.7567 Timing reset
Cc 326.2° 08 9 5304 081713
S 5.0kts . .
St 97° 0.8 330.4 08 17 26 } 13 seconds
Dr 1.9kts 0.7 330.4 081935
Tstart 08 12 00 0.4 330.3 082510
0.2 330.1 08 27 45
0.1 329.8 08 29 28
0 326.0 08 30 46
0.1 151.4 083216

2.33. Tracking (Latitude and Longitude)
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The accuracy of the displayed position also depends, of course, on the
correctness of the input data concerning course, speed, and set and drift of
current. What is calculated is the best estimate of position, based upon the
navigator’s knowledge of these factors.

As in routine 2.5, a permanent change in the recorded value of loop time
can be made, by the method shown in the section on customized programs in
the Appendix. Even when this has been done, however, the correctness of the
loop time should be checked whenever the routine is used.

Figure 2.33 illustrates the operation of the tracking routine. After the calcu-
lator had run for several minutes, it was stopped and reset for proper timing,
and the assumed length of the interval between successive displays changed
from twelve seconds to thirteen seconds. The latter figure was nearly correct
for that particular calculator; after it had run for the next fifteen minutes, the
apparent timing error was only six seconds.

In this illustration, the value for distance appears to remain constant for
several successive displays; this is the result of setting the decimal point to only
one place, for tenth-of-a-mile increments. Since at the speed made good in-
volved in the example (less than 4 knots), it takes approximately one minute
and thirty seconds to move one-tenth of a mile, the display necessarily shows
no change during some of the shorter intervals listed. This effect could be
eliminated by programming the display to show distance to two decimal
places.

The bearing shows virtually no change because the course being steered
(326.2°) has been correctly chosen for reaching the destination in the existing
current. A small error in heading becomes apparent when the destination has
nearly been reached; there the bearing begins to shift. When the track is
continued beyond the destination, the bearings in the display shift by 180
degrees, and the distance begins to increase, as shown in the final row of data
in figure 2.33.

Routine 2.20 includes the means to change the values for any of the factors
that affect estimated position. It is only necessary that tracking be stopped (by
pressing [D]) while time is being displayed, and that the watch time at that
moment be inserted at once as 7stop— that is, the time is entered, and [f]
[d] are pressed. New values for variation and deviation, and for vessel course,
vessel speed, and set and drift of current can then be entered as necessary. (If
any one of these last four is changed, all of them must be re-entered.) The
calculator is then restarted exactly as previously described, and the display
incorporates the effects of the new motion.

If the destination is to be changed, the calculator is stopped, as previously
described, and after the entry of Tistop, is pressed three times. Pressing this
key the first time results in display of the distance and bearing to the original
destination; pressing it a second time displays the latitude of the present
position; and pressing it a third time, the longitude. This operation also posi-
tions these co-ordinates in the calculator’s storage, for use in calculating a plan
to reach the new destination. Next, the planning program card is inserted, and
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EP 08 23 40 First Dest

e 41°05'00” N
41°04' 51" N ' it
799 11" 43" W 72°11'30" W
%N
13.5°
Card 3, Object 0
41°03' 21" N
72°14' 01" W
Card 3, Object 2
41°02' 39" N
72°11' 21" W O Second Dest
PLANNING
DATA CALCULATED RESULTS
Start Card 3, Object 0 Cc 56.7°
First Dest 41°05'00" N Tend 082555
72°11' 30" W DMG 2.52nm
Var —13.5° (W) CMG 49.09°T
Im 0.7567
S 5.0kts
St 80°
Dr 1.0kt
Tstart 08 00 00
Cm 56.7° [calculated]
De 0
TRACKING AND ESTIMATED POSITION

Distance True Bearing Time Latitude Longitude

2.3nm 49.1° 08 02 02

13 49.1 0812 39

0.3 49.1 08 22 26

0.2 49.0 082340 41°04'51"N  72°11'43" W

PLANNING

DaTa CALcuLATED RESULTS
Second Dest Card 3, Object 2 Cc 197.3°
S 5.0kts Tend 084918
St 100° DMG 2.22nm
Dr 1.0kt CMG 172.8°T
Tstart 08 23 40
Cm 197.3°
De 0

2.34. Tracking Combined with Planning (Latitude and Longitude)
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in accordance with steps 1-31 (as necessary) of routine 2.17, the new destina-
tion co-ordinates and other required data are entered, and a plan for reaching
the new destination is obtained. Then the tracking program card is inserted
once again, and tracking is resumed, as specified in the instructions of routine
2.20.

The combination of planning and tracking is illustrated in Figure 2.34. In
this case, the vessel’s starting point is at a latitude of 41°03'21”"N and a
longitude of 72°14'01" W; these co-ordinates have been prerecorded as object
0 on card 3. Once the planning program card and data card 3 have been
inserted, simply pressing [O] enters the starting co-ordinates. The destination
co-ordinates and other necessary data are entered manually, according to the
instructions in routine 2.17. Next, with the planning program still in place,
entry of vessel speed, set and drift of current, and starting time (08 00 00)
results in the display of a compass course of 56.7° and a time of arrival of 08
25 55.

Now the tracking program is entered; the values for compass course, speed,
and set and drift are retained from the preceding operations, and need not be
re-entered. The starting time is entered at [f][c], and when that time is
reached, is pressed, and tracking commences. A few representative values
of distance, bearing, and time are shown in the figure, typical of the displays
on the calculator during the tracking of estimated position.

When 08 23 40 is reached, the tracking is stopped, and by means of steps
27-29, the vessel’s location at that time (41°04'51"N, 72°11'43" W) is displayed
and positioned in the calculator for use in the planning for the new destination
(41°02'39”N, 72°11'21"W, which in this instance is object 2 on card 3). The
new compass course turns out to be 197.3°, and the expected time of arrival
is 08 49 18.

Some time will of course be lost during the calculation of the new plan and
the maneuvering onto the new course, and this lost time can be taken into
account in routine 2.20. For this purpose, the estimated-position portion of the
routine (steps 7—12) is used to determine the position of the vessel on the old
heading at a time a few minutes in the future. The plan is then calculated from
that future position.

If the example in figure 2.34 is altered by assuming that because of the time
required to calculate the new plan, the actual change to the new course will
occur at 08 25 00, the estimated position at that time turns out to be 41°04’
56”N, 72°11'35"W. This is obtained by pressing (step 7) and setting Tstart
at 08 23 40 and T5stop at 08 25 00. Then, pressing three times results in
calculation of the anticipated position and placement of its latitude and longi-
tude in the calculator’s memory, for use in planning, in routine 2.17. The new
course to steer, starting from the vessel’s position at 08 25 00, turns out to be
200.1°, and the predicted arrival time is 08 51 45.
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2.4.11 Tracking (Mid-latitude) on the HP-67 and HP-97 Routine 2.21,
for mid-latitude tracking and estimated position, has been written for use on
long-distance journeys, when chart-factor calculations are not appropriate.
The starting and destination co-ordinates may be obtained from the mid-
latitude Fixing routine (2.25), or all of the initial data, including course, speed,
set, and drift, may be retained from steps 1-30 of the Planning routine (2.18).

The instructions for using this routine for tracking are virtually identical
with those for routine 2.20. The method of making a permanent change in the
recorded loop time is shown in the Appendix.

Use of the mid-latitude routines with the data supplied in figure 2.33 will
yield answers slightly different from those listed in the figure. However, these
discrepancies have no practical significance.

2.4.12 Nonprint Tracking on the HP-97 To conserve paper and extend
battery life on a long journey, the programs for chart-factor and mid-latitude
tracking on the HP-97 can be modified to eliminate the printing of every
calculated distance, bearing, and time. This is accomplished, once the pro-
grams have been loaded, by replacing the “Print” instructions with “Pause”
instructions, and changing the “Stop” key, as shown in the section on nonprint
operation in the Appendix.

2.4.13 Estimated Position (Mid-latitude) on the HP-67 and HP-97 An
additional estimated-position program for the HP-67 and HP-97 permits easy
and rapid calculation of successive estimated positions for a run or journey that
has a number of changes in course, speed, set, or drift. Values for course made
good and speed made good, which are required in the Sight Reduction routines
in chapter 4, can also be displayed. Routine 2.22 (for mid-latitude calculations
only) provides the instructions for this program, and figure 2.35 illustrates its
use.

If the distances and bearings obtained as answers in this routine are to be
displayed relative to the starting position of the vessel, the latitude and longi-
tude of the destination should be set equal to those of the start.

2.35. Estimated Position, Multiple Legs (Latitude and Longitude)

START OF LEG
Latitude Longitude De Var Cc S St Dr T
41° 05’ 71°52° +2°(E) —13.75° (W) 61° 6.0kts 250° 1.0kt 08¢
00" N 00" W
(41° 06’ 71°650° —3°(W) —13.75° (W) 26° 6.0 250° 1.1 08
29" N 00" W)!
(41° 07’ 71°50 —2°(W) —13.75° (W) 285° 6.0 (250° 1.1)! 08«

58" N 02" w)!
! Because they are unchanged, these values need not be re-entered.
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Routine 2.22 provides no continuous tracking and display of estimated
position.

2.4.14 Estimated Position on the SR-52 Routine 2.23 is used for the
calculation of estimated position on the SR-52. The calculated true bearing and
distance from the starting position to the estimated position of the vessel are
also displayed.

A prerecorded data card, prepared in accordance with the instructions of
routine 2.16, may supply the starting latitude and longitude. And in this
routine, as in those for the HP-67 and HP-97, the calculated estimated position
at the end of one leg can serve without re-entry as the starting point of the next.

The example given in figure 2.35 can be used to test the program,; calculated
answers should fall within one second of arc of latitude and longitude.

EP 0841
EP 0901 41°07' 58" N
41°07' 49" N 71° 50’ 02" W
71°53' 08" W

EP 0825
41°06' 29" N
71°50' 00" W

L

41°05'00" N
71°52' 00" W

END OF LEG
Bt (EP D (to Bt(Start
Latitude Longitude to Start) EP) to EP)
41°06' 71°50 225.25° 2.12nm  45.25°
29" N 00" W
0841 41°07° 71°50° 206.56° 3.32 26.56°
58" N 02" W
0901 41° 07 71°53 163.01° 2.95 343.01°
49" N 08" W
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Routine 2.22 (HP-67/97)

Select Select o] 81
Start Dest Load LEP LOEP DMG CMG SMG
De Var CeS St Or . Tstart Tend
ESTIMATED POSITION (MID-LATITUDE)
Inout Qugput
Step Procecure Data Urnvts Keys Data Unes

10
1
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Load program—both sides

For calculation of distance and bearing to starting posmon re-anter start
co-ordinates in the steps calling for destination co-ordinates.

If both start and destination co-ordinates are on data cards, proceed as follows

(steps 2-7):

Load data card containing start
co-ordinates

Enter identification number comesponding
to start co-ordinates (an even number
from 0 to 20) 0-20 fa

If destination co-ordinates are on same data card,
Enter identification number comesponding
to destination co-ordinates (an even
number from 0 to 20), and continue at
step 7 0-20 tb
If destination co-ordinates are on a different data card,

Load second data card

Enter identification number cormesponding

to destination co-ordinates (an even

number from 0 to 20) 0-20 fb
Load start and destinaton co-ordinates
into memory. and continue at step 23 fc

If only start co-ordinates are on a data card, proceed as follows (steps 8-12):

Load data card

Enter identification number cormesponding
to start co-ordinates (an even number
from 0 to 0)

Enter destination latitude (- N.—S)

Enter destination longitude (~W. — E), &u?
do not press | ENTER

0-20 fa
DD.MMSS ENTER

DD.MMSS



Step

Input Output
Procedure Data/Units Keys Data/Units

12

13
14
15
16

17

18
19
20
21

22

23
24

25
26
27

28

29
30
31

32

33

34

*Correct for leeway; see table 2.2.

Load start and destination co-ordinates
into memory, and continue at step 23 fc

If only destination co-ordinates are on a data card, proceed as follows (steps 13-
17):

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (+W,—E) DD.MMSS ENTER
Load data card

Enter identification number corresponding
to destination co-ordinates (an even

number from O to 20) 0-20 fb
Load start and destination co-ordinates
into memory, and continue at step 23 fc

If neither start nor destination co-ordinates are on data cards, proceed as follows
(steps 18-34):

Enter start latitude (+N,—S) DD.MMSS ENTER
Enter start longitude (4+W,—E) DD.MMSS ENTER
Enter destination latitude (+N,—S) DDMMSS ENTER
Enter destination longitude (+W,—E), but

do not press |ENTER DD.MMSS

Load start and destination co-ordinates

into memory fc
Enter deviation (+E,—W), even if 0 DD.d A

Enter variation (+E,—W), even if 0, if no
data card has been used, or if variation is
to be different from value on last data

card used DD.d A

Enter compass course during run or leg* DDD.d B

Enter vessel speed during run or leg knots B

Enter set of current during run or leg,

even if 0 DDD.d o]

Enter drift of current during run or leg,

even if O knots C

Enter time of start of run or leg H.MS D

Enter time of end of run or leg H.MS E

Calculate and display latitude of

estimated position at end of run or leg fd +DD.MMSS
Calculate and display longitude of

estimated position at end of run or leg fd +DD.MMSS
Calculate and display distance to

destination at end of run or leg fe naut. mi.
Calculate and display true bearing to

destination at end of run or leg fe DDD.d

(CONTINUED)
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Input Output

Step Procedure Data/Units Keys Data/Units
35 Calculate and display distance made
good at end of run or leg, fe naut. mi.
+ Course made good at end of run or leg, DDD.d
+ Speed made good at end of run or leg knots

For multiple courses or speeds, or changes in set or drift between estimated
positions, steps 23-24, 25-26, and 27-28 are repeated as necessary; deviation
and variation, course and speed, and set and drift are handled as pairs—if even
one member of the pair changes, both must be re-entered. Steps 29-34 are then
repeated for each leg.
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Routine 2.23 (SR-52)

BtEP Distance LEP LoEP Initialize

Time Var De St Dr CecS Lstart Lostart

ESTIMATED POSITION (MID-LATITUDE)

Input Output
Step Procedure Data/Units Keys Data/Units

Before beginning, make sure D/R switch is set to D.
If start co-ordinates are on a data card, proceed as follows (steps 1-2):
Load data card

2 Enter identification letter corresponding to
start co-ordinates, and continue at step
3, omitting steps 11-12 A-2nd D’

If start co-ordinates are not on a data card, begin at step 3.

3 Load program—both sides
4 Enter time of start of run or leg H.MS A
5 Enter variation (+E,—W), even if 0 DD.d B
6 Enter deviation (+E,—W), even if 0 DD.d B
7 Enter set of current, even if 0 DDD.d C
8 Enter drift of current, even if 0 knots C
9 Enter compass course”* DDD.d D
10 Enter vessel speed during run or leg knots D
11 Enter latitude of start (+N,—S), if not on
a data card DD.MMSS E
12 Enter longitude of start (+W,—E), if not
on a data card DD.MMSS E
13 Enter time of end of run or leg H.MS A
14 Calculate and display true bearing from
start to estimated position 2nd A’ DDDJd
15 Calculate and display distance from start
to estimated position 2nd B’ naut. mi.
16 Calculate and display latitude of
estimated position 2nd C' +DD.MMSS

(conTINuED)

121

*Correct for leeway;, see table 2.2.



Input Output
Step Procedure Data/Units Keys Data/Units

17 Calculate and display longitude of )
estimated position 2nd D' +DD.MMSS

For multiple courses or speeds, or changes in set or drift between estimated
positions, do not initialize between successive legs. Steps 1-4 and 11-12 need
not be repeated; the time of end of the preceding leg, already entered at step 13,
automatically becomes the time of start of the new leg. Steps 5-6, 7-8, and 9-10
are repeated as necessary; variation and deviation, set and drift, and course and
speed are handled as pairs—if even one member of the pair changes, both must
be re-entered. Steps 13-17 are then repeated for each leg.

18 Initialize only for an entirely new
calculation 2nd E’

2.4.15 Fixing on the HP-67 and HP-97 Routine 2.24 (for chart factor)
provides instructions for obtaining three different forms of position fix with the
HP-67 and HP-97: the fix on two objects, the running fix on one object, and
the running fix on two objects. Routine 2.25 provides an almost identical set
of instructions for calculating positions fixes by the mid-latitude method.

Where possible, prerecorded data cards should be used for entering the
positions of the observed objects. The elimination of the need to enter all the
digits of latitude and longitude for two positions reduces the chances for
inaccuracy and increases convenience. Instructions for preparation of the
cards are given in routine 2.15.

As was noted earlier, the Fixing routine for the HP-67 and HP-97 is inte-
grated with both the Planning and the Tracking routines (2.17 and 2.20 for
chart factor, 2.18 and 2.21 for mid-latitude). Positions calculated by means of
the Fixing routine may become input data for the other two, with re-entry of
calculated results kept to a minimum. Thus, a calculated fix can be the starting
point for a new plan—obtained by means of routine 2.17 or 2.18, as appropri-
ate—either to complete a journey, or to determine the course to a changed
destination. Or the fix can be the basis for calculating the current (or current

plus leeway) acting on the vessel, by means of the program for the tracking
routine.
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Routine 2.24 (HP-67/97)

Select Select Load Select
o1 02 01 & 02 Start De Var Im
Cc S St Dr Tstart Tend Bet Bc2 Lfix Lofix D2
FIXING, SET AND DRIFT (CHART FACTOR)
Input Output
Step Procedure Data/Units Keys Data/Units

Load program—both sides
Fix on Two Objects

After completion of step 1, enter co-ordinates—

If co-ordinates of both objects are on data cards, proceed as follows (steps 2-7):
Load data card containing co-ordinates of
first object

Enter identification number corresponding
to co-ordinates of first object (an even
number from 0 to 20) 0-20 fa

If co-ordinates of second object are on same data card,

Enter identification number corresponding
to co-ordinates of second object (an
even number from 0 to 20), and continue

at step 7 0-20 fb

If co-ordinates of second object are on a different card,
Load second data card

Enter identification number corresponding
to co-ordinates of second object (an

even number from O to 20) 0-20 fb
7 Load co-ordinates of first and second

objects into memory, and continue at

step 23 fc

10

If only co-ordinates of first object are on a data card, proceed as follows (steps
8-12):
Load data card

Enter identification number corresponding
to co-ordinates of first object (an even
number from 0 to 20)

Enter latitude of second object (+N,—S) DD.MMSS

0-20 fa
ENTER

(conTiNuED)
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Step

Input Outpu!‘
Proceadure Data/Units Keys Data/Units

1

12

13
14
15
16

17

18
19
20
21

22

23
24

25

26
27
28
29
30
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Enter longitude of second object (+W,
—E), but do not press |[ENTER DD.MMSS
Load co-ordinates of first and second

objects into memory, and continue at
step 23 fc

If only co-ordinates of second object are on a data card, proceed as follows
(steps 13-17):

Enter latitude of first object (+N,—S) DD.MMSS ENTER

Enter longitude of first object (+W,—E) DD.MMSS ENTER

Load data card

Enter identification number corresponding
to second object (an even number from 0
to 20) 0-20 fb

Load co-ordinates of first and second
objects into memory, and continue at
step 23 fc

If co-ordinates of neither first nor second object are on data cards, proceed as
follows (steps 18-30):

Enter latitude of first object (+N,—S) DD.MMSS ENTER
Enter longitude of first object (+W,—E) DD.MMSS ENTER
Enter latitude of second object (+N,—S) DD.MMSS ENTER

Enter longitude of second object (+W,

—E), but do not press | ENTER DD.MMSS

Load co-ordinates of first and second

objects into memory fc

Enter deviation (+E,—W), even if 0 DD.d fe

Enter variation (+E,—W), even if 0, if no

data card has been used, if variation is to

be different from value on last data card

used, or if chart factor is to be entered in

the following step DD.d fe

Enter chart factor if no data card has

been used or if chart factor is to be

different from value on last data card

used 0.nnnn

Enter compass bearing to first object DDD.d
Enter compass bearing to second object DDD.d
Calculate and display latitude of fix

Calculate and display longitude of fix

Unless fix is to be used in calculation of

current in steps 64-80, or in planning

(routine 2.17), calculate and display

distance from fix to second object E naut. mi.

iy
[}

+DD.MMSS
+DD.MMSS
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Step

Input Output
Procedure Data/Units Keys Data/Units

31
32

33

34
35
36
37

38
39
40

41

42
43
44
45
46
47
48

49

50

Running Fix on One Object

After completion of step 1, enter co-ordinates—

If co-ordinates of object are on a data card, proceed as follows (steps 31-33):
Load data card

Enter identification number corresponding
to object (an even number from 0 to 20) 0-20 fa

Re-enter identification number
corresponding to object, and continue at

step 38 0-20 fb

If co-ordinates of object are not on a data card, proceed as follows (steps 34-52):
Enter latitude of object (+N,—S) DD.MMSS ENTER ’
Enter longitude of object (+W,—E) DD.MMSS ENTER

Re-enter latitude of object (+N,—S) DD.MMSS ENTER

Re-enter longitude of object (+W,—E),

but do not press | ENTER DD.MMSS

Load co-ordinates of object into memory fc

Enter deviation (+E,—W), even if 0 DD.d fe

Enter variation (+E,—W), even if 0, if no

data card has been used, if variation is to

be different from value on data card, or if

chart factor is to be entered in the

following step DD.d fe

Enter chart factor if no data card has
been used or if chart factor is to be

different from value on data card 0.nnnn fe
Enter compass course during run or leg* DDD.d A
Enter vessel speed during run or leg knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if O knots A
Enter time of start of run or leg H.MS B
Enter time of end of run or leg H.MS B
Enter compass bearing to object at start

of run DDD.d C

For multiple courses or speeds, or changes in set or drift between bearings,
repeat steps 39-47.

Enter compass bearing to object at time
of end of run, or at end of last leg DDD.d D

Calculate and display latitude of fix E +DD.MMSS

*Correct for leeway; see table 2.2.

(conTinuED)
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Input Output

Step Procedure Data/Units Keys Data/Units
51 Calculate and display longitude of fix E +DD.MMSS
52 Calculate and display distance from fix to )

object E naut. mi.

Running Fix on Two Objects

53 After completion of steps 1-25, as

appropriate, enter compass course during

run or leg* DDD.d A
54 Enter vessel speed during run or leg knots A
55 Enter set of current, even if 0 DDD.d A
56 Enter drift of current, even if 0 knots A
57 Enter time of start of run or leg H.MS B
58 Enter time of end of run or leg H.MS B
59 Enter compass bearing to first object at

start of run DDD.d o]

60

61
62
63

64
65

66

67
68
69
70

For multiple courses or speeds, or changes in set or drift between bearings,
repeat steps 23-24, and 53-58.

Enter compass bearing to second object
at end of run, or at end of last leg DDD.d D

Calculate and display latitude of fix E +DD.MMSS
Calculate and display longitude of fix E +DD.MMSS
Calculate and display distance from fix to

second object E naut. mi.

Set and Drift

This procedure can be used only after completion of a fix on two objects, by
means of steps 1-29.

If start co-ordinates are on a data card, proceed as follows (steps 64-66):
Load data card

Enter identification number corresponding
to start co-ordinates (an even number

from 0 to 20) 0-20 fd
Load start co-ordinates into memory, and
continue at step 71 fec

If start co-ordinates are not on a data card, proceed as follows (steps 67-81):

Enter latitude of start (+N,—S) DD.MMSS ENTER
Enter longitude of start (+W,—E) DD.MMSS Ri Rl
Load start co-ordinates into memory fc
Initialize of
p—sS
STO
9f
p—s

*Correct for leeway; see table 2.2.
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Input Output
Step Procedure Data/Units Keys  Data/Units

71 Load tracking program (as used in

routine 2.20)
72 Enter compass course during run* DDD.d A
73 Enter vessel speed during run (this step

results in set and drift being automatically

set to zero) knots A
74 Set EP B
75 Enter time of start of run H.MS fe
76 Enter time of fix H.MS fd
77 Calculate and display drift distance, E naut. mi.

Set of current DDD.d
78 Display drift distance RCL 7  naut. mi.
79 Display time interval RCLI H.hh
80 Calculate and display drift = knots
81 |If desired, relocate present position in the

memory, for use in the Planning routine

(2.17) RCL 2

RCL 3

*Correct for leeway; see table 2.2.
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Routine 2.25 (HP-67/97)

Step

Load Select
Select O1 Select 02 01 & 02 Start De Var
Cc S St Dr T start Tend Bc1 Bc2 Lfix Lofix D2
FIXING, SET AND DRIFT (MID-LATITUDE)
Input Output
Procedure Data/Units Keys Data/Units

10

128

Load program—both sides
Fix on Two Objects

After completion of step 1, enter co-ordinates—

If co-ordinates of both objects are on data cards, proceed as follows (steps 2-7):

Load data card containing co-ordinates of
first object

Enter identification number corresponding
to co-ordinates of first object (an even
number from 0 to 20) 0-20 fa

If co-ordinates of second object are on same data card,

Enter identification number corresponding
to co-ordinates of second object (an

even number from 0 to 20), and continue
at step 7 0-20 fb

If co-ordinates of second object are on a different card,
Load second data card

Enter identification number corresponding
to co-ordinates of second object (an

even number from 0 to 20) 0-20 fb
Load co-ordinates of first and second
objects into memory, and continue at
step 23 fc

If only co-ordinates of first object are on a data card, proceed as follows (steps 8
-12):

Load data card

Enter identification number corresponding
to co-ordinates of first object (an even
number from 0 to 20) 0-20 fa

Enter latitude of second object (+N,—S) DD.MMSS ENTER



Step

Input Output
Procedure Data/Units Keys Data/Units

1

12

13
14
15
16

17

18
19
20
21

22

23
24

25
26
27
28
29

30

Enter longitude of second object (+W,
—E), but do not press |ENTER DD.MMSS
Load co-ordinates of first and second

objects into memory, and continue at
step 23 fc

If only co-ordinates of second object are on a data card, proceed as follows
(steps 13-17):

Enter latitude of first object (+N,—S) DD.MMSS ENTER

Enter longitude of first object (+W,—E) DD.MMSS ENTER

Load data card

Enter identification number corresponding
to second object (an even number from 0
to 20) 0-20 fb

Load co-ordinates of first and second
objects into memory, and continue at
step 23 fc

If co-ordinates of neither first nor second object are on data cards, proceed as
follows (steps 18-29):

Enter latitude of first object (+N,—S) DD.MMSS ENTER

Enter longitude of first object (+W,—E) DD.MMSS ENTER

Enter latitude of second object (+N,—S) DD.MMSS ENTER

B bt 10 ot press [ENTER] " DDMMSS

Load co-ordinates of first and second

objects into memory fc

Enter deviation (+E,—W), even if 0 DD.d fe

Enter variation (+E,—W), even if 0, if no

data card has been used, or if variation is

to be different from value on last data

card used DD.d

Enter compass bearing to first object DDD.d
Enter compass bearing to second object DDD.d
Calculate and display latitude of fix

Calculate and display longitude of fix

Unless fix is to be used in calculation of

current in steps 62-80, or in planning

(routine 2.18), calculate and display

distance from fix to second object E naut. mi.

-
(]

+DD.MMSS
+DD.MMSS

mm oo

Running Fix on One Object
After completion of step 1, enter co-ordinates—

If co-ordinates of object are on a data card, proceed as follows (steps 30-32):

Load data card
(conTINUED)
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Step

Input Output
Procedure Data/Units Keys Data/Units

k)

32

33
34
35
36

37
38
39

40
41
42
43
44
45
46

47

48
49
50

51

Enter identification number corresponding
to object (an even number from 0 to 20) 0-20 fa

Re-enter identification number
corresponding to object, and continue at

step 37 0-20 tb

If co-ordinates of object are not on a data card, proceed as follows (steps 33-50):
Enter latitude of object (+N,—S) DD.MMSS ENTER

Enter longitude of object (+W,—E) DD.MMSS ENTER

Re-enter latitude of object (+N,—S) DD.MMSS ENTER

Re-enter longitude of object (+W,—E),

but do not press |ENTER DD.MMSS

Load co-ordinates of object into memory fc

Enter deviation (+E,—W), even if 0 DD.d fe

Enter variation (4+E,—W), even if 0, if no

data card has been been used, or if
variation is to be different from value on

data card DD.d fe
Enter compass course during run or leg* DDD.d A
Enter vessel speed during run or leg knots A
Enter set of current, even if 0 DDD.d A
Enter drift of current, even if 0 knots A
Enter time of start of run or leg H.MS B
Enter time of end of run or leg H.MS B
Enter compass bearing to object at start

of run DDD.d C

For multiple courses or speeds, or changes in set or drift between bearings,
repeat steps 38-45.

Enter compass bearing to object at time
of end of run, or at end of last leg DDD.d D

Calculate and display latitude of fix

Calculate and display longitude of fix

Calculate and display distance from fix to

object E naut. mi.
Running Fix on Two Objects

After completion of steps 1-24, as
appropriate, enter compass course during
run or leg* DDD.d A

m

+DD.MMSS
+DD.MMSS

m

*Correct for leeway; see table 2.2.
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Input Output
Step Procedure Data/Units Keys Data/Units

52 Enter vessel speed during run or leg knots A
53 Enter set of current, even if 0 DDD.d A
54 Enter drift of current, even if 0 knots A
55 Enter time of start of run or leg H.MS B
56 Enter time of end of run or leg H.MS B
57 Enter compass bearing to first object at

start of run DDD.d C

58

59
60
61

62
63

65
66
67
68

69

70

For multiple courses or speeds, or change in set or drift between bearings, repeat

steps 23-24 and 51-56.

Enter compass bearing to second object
at end of run, or at end of last leg DDD.d

Calculate and display latitude of fix
Calculate and display longitude of fix

Calculate and display distance from fix to
second object

Set and Drift

m m

+DD.MMSS
+DD.MMSS

naut. mi.

This procedure can be used only after completion of a fix on two objects, by

means of steps 1-28.

If start co-ordinates are on a data card, proceed as follows (steps 62-64):

Load data card

Enter identification number corresponding
to start co-ordinates (an even number
from 0 to 20) 0-20

Load start co-ordinates into memory, and
continue at step 69

fd

fe

If start co-ordinates are not on a data card, proceed as follows (steps 65-81):

Enter latitude of start (+N,—S) DD.MMSS
Enter longitude of start (+W,—E) DD.MMSS
Load start co-ordinates into memory

Initialize

Load tracking program (as used in
routine 2.21)

Enter compass course during run* DDD.d

*Correct for leeway; see table 2.2.

ENTER
Ry Rl

fc

0f
p—s
STO
91
p—S

(CONTINUED)
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Input Output
Step Procedure Data/Units Keys Data/Units
71 Enter vessel speed during run knots A
72 Enter set of current as 0 0 A
73 Enter drift of current as 0 0 A
74 Set EP B
75 Enter time of start of run H.MS fc
76 Enter time of fix H.MS fd
77 Calculate and display drift distance, E naut. mi.
+ Set of current DDD.d
78 Display drift distance RCL 7 naut. mi.
79 Display time interval RCLI H.hh
80 Calculate and display drift + knots
81 |If desired, relocate present position in the
memory, for use in the Planning routine
(2.18) RCL 2
RCL 3
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Figure 2.36 shows the use of the Fixing routine when two objects can be
observed simultaneously, or nearly so. If desired, the simultaneous values for
two observed bearings can be obtained by means of routine 2.6, for the bearing
regression.

In the situation illustrated in the figure, the bearings on two objects of
known position are taken at 0812, and the vessel’s position is determined by
the calculator routine to be 41°04'00”N, 72°14'00"W.

Once a fix has been obtained, the result can be used in planning the course
to a new destination.

The co-ordinates of the fix remain in the calculator while the planning
program (for routine 2.17 or 2.18) is loaded—but only if one has not pressed
[E] for a third time (step 30 of routine 2.24, or step 29 of routine 2.25) to
obtain distance off the second object at the fix. Doing so would remove the fix
co-ordinates from the memory, making subsequent integration with the Plan--
ning routine impossible.

Under the conditions specified, the co-ordinates of the fix become the start
co-ordinates for the Planning routine. The destination co-ordinates are then
entered either by use of a prerecorded data card or manually, as in steps
16—17 or 20-22 of routines 2.17 and 2.18. Variation, if not changed, does not
have to be re-entered. Vessel speed and set and drift are entered, along with
the time of the fix (now serving as Tstart). The remaining steps of the Planning
routine are then followed.

02 Fix
- 41°04' 00" N
Bc2288.3 72° 14’ 00" W

Card 4, Object 20

41°04' 11N
72° 16' 52" W
Data
First Card 3,

Object Object 16
Second Card 4,

Object Object 20 o N
De 0 M
Var —13.5° (W) 13.5°
Im 0.7567
Bc1 233.4°
Bc2 288.3°
CALCULATED RESULT
Fix 41° 04' 00" N
72° 14' 00"W
o1

Card 3, Object 16

41°02' 25" N

72°15' 45" W

2.36. Fix on Two Objects (Latitude and Longitude) 133



Fix
0812 (Tstart for Planning)

02 41°04' 00" N
c <—Bc2 288.3 72°14' 00" W
™ ja.g0| Card4, Object 20 D222nm
: 41°04' 11" N
72°16' 52" W
Start 0800
Card 3, Object 8
Card 3, Object 16 41°03' 04" N
41°02' 25" N 72°14' 158" W
72°15' 45" W
DATA
Fix Plan
First Card 3, Dest Card3,
Object Object 16 Object 2
Second Card 4 S 6.0kts . -
L Final Dest
Object _Object 20 St 96.98° Card 3 Object 3
De 0 Dr 1.93kts 41° 02,’ 39" N
Var —13.5° (W) Tstart 0812 72°11' 21" W
Im 0.7567 Cm 145.88°
Bc1 233.4° [calculated]
Bc2 288.3° De 0
CALCULATED RESULTS
Fix 41°04' 00" N Cc 145.88°
72°14' 00" W Tend 083057
DMG 2.42nm
CMG 123.98°T

2.37. Fix on Two Objects and Plan to New Destination (Latitude and Longitude)

Figure 2.37 illustrates the combined use of the Fixing and Planning routines.
The fix on two objects is as shown in the preceding figure.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>