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Description

The present invention relates to an astronomical
data indicating device which is capable of performing
operation to obtain astronomical data such as moon’s
age data, moon phase data and/or hour angle data of
the moon and so on, and is also capable of obtaining
and indicating a good time for hunting or fishing by
performing operation of the above various data.

It is well known that movement of the moon af-
fects an appetite of animals and fish. In fact, for ex-
ample, many anglers have experienced that they
could successfully catch much fish on the day of a full
moon or on the day of a new moon.

As described in U.S. Patent Nos. 4,548,512,
4,684,260 and 4,692,031, as a device for indicating
movement of the moon, a wrist watch is known, which
has the hour and minute hands and is provided with
a moon phase indicating disk or a moon’s age indicat-
ing disk which makes one revolution during a period
of about 29 days and half, thereby displaying figures
of the moon.

In this type of analog watch having the moon’s
age indicating disk, not only its gear train becomes
complex, but also it has a defect that precise moon
phases can not be indicated. In particular, the actual
revolution period of the moon, i.e. the period of the
periodical change in figure of the moon varies in a
range between about 29.2 days and about 29.8 days.
This means that the above described moon’s age in-
dicating disk could not indicate such a precise moon
phase. Even though a user of such analog watch
should know that how many fish he can expect or an
appetite of animals is greatly influenced by the move-
ment of the moon, the user could not held deciding by
himself depending on the moon phase, for example,
how many fish can be expected, because the above
moon’s age indicating disk of the analog watch merely
displays a moon phase.

A further prior art device for calculating astro-
nomical data is known from EP-A-0 042 360. A wrist-
watch is described, which can calculate and display a
number of solar functions such as hour deviation, sun
elevation, sun azimuth, sun position at sunrise, at
noon and at sunset.

From JP-A-60 164 290 a device is known for cal-
culating the time of sunrise and sunset based on lat-
itude and longitude coordinates.

GB-A-2 183 869 describes an apparatus for dis-
playing astronomical information which is used for
fortune telling. This apparatus has a moon dial which
shows the moon’s phase (moon’s age).

FR-A-2 500 181 discloses a device for displaying
various astronomical data such as time of sunrise and
sunset, time of daylight, position of the sun or moon
with respect to a particular sign of the zodiac, time of
moon rise and moonset, hightide and lowtide.

The present invention has been made to improve
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the above mentioned inconvenience and is intended
to provide an astronomical data indicating device
which is capable of displaying an expected catch vol-
ume of certain animals at a given time.

This is achieved by the features of claim 1.

The device constructed as mentioned above may
generate not only extremely precise astronomical
data, but also the device, by using these precise data
such as the data concerning the moon, may provide
users of the device with appropriate reference infor-
mation for fishing or hunting with simple manipula-
tion.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is an external front view of an electronic

wrist watch having a moon data indicating device

which is one of embodiments of the present in-
vention;

Fig. 2 is a view showing a display pattern on a dis-

play section of the electronic wrist watch of Fig.

1;

Fig. 3 is a circuit diagram of the electronic wrist

watch of Fig. 1;

Fig. 4 is a view showing a register construction of

RAM 16 shown in Fig. 3;

Fig. 5 is a flow chart of the whole operation of the

above embodiment;

Fig. 6 is a flow chart showing a detailed operation

process to obtain hour angle of the moon shown

in Fig. 5;

Figs. 7 to 9 are views showing one example of op-

eration for obtaining hour angle;

Fig. 10 is a flow chart showing operation of in Fig.

5 for obtaining moon’s age;

Fig. 11 is a view showing the relation among elon-

gation of the moon, moon’s age and moon phas-

es;

Fig. 12 is a flow chart showing operation of Fig.

5 to obtain sunrise and sunset times;

Fig. 13 is a flow chart showing display processes

of Fig. 5;

Fig. 14 is a view showing transition of displays in

respective operation modes;

Fig. 15 is a flow chart showing detailed key proc-

esses;

Fig. 16 is a view showing display states in a time

difference setting mode, a longitude setting

mode and a latitude setting mode;

Fig. 17 is a view showing display states of expect-

ed catch data obtained from moon phases and

hour angle of the moon;

Fig. 18 is a view showing a transition of display

states of time information corresponding to a par-

ticular hour angle of the moon;

Fig. 19 is a flow chart showing operation of other

embodiment of the present invention;

Fig. 20 is a flow chart showing detailed operation
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to obtain an expected fish catch of Fig. 19;

Fig. 21 is a view expected fish catch data ob-
tained from moon phases and hour angle of the
moon; and

Fig. 22 is a view showing a display state on the
display section of the electronic wrist watch.

Detailed Description of the Preferred embodiments

An embodiment of the present invention will be
described hereafter which is applied to an electronic
wrist watch.

Fig. 1 is an external front view of the electronic
wrist watch according to the present embodiment. In
Fig. 1, the watch casing body 1 is provided with a
watch glass 1a approximately at its front center por-
tion and underneath the watch glass 1a there is pro-
vided a display section 2 comprising a liquid crystal
display device.

Fig. 2 is a view showing a construction of display
elements (display electrodes) of the display section
2. There are provided nine units of moon phase dis-
play elements 2,, to 2,9 at the upper portion of the dis-
play section 2. Nine units of the liquid crystal display
elements from the display element 2, for a new moon
atthe left end side to the display element 2,4 for a new
moon at the right end side are sequentially turned on
for indication of the moon phase which changes as
moon’s age lapses in accordance with the moon wax-
ing and waning motion.

At the side left to the left end display element 2,4,
there is provided a sun display element 2b, which is
turned on to indicate the sunrise, while a sunrise time
is indicated on segment display elements 2h, as will
be described later, while at the side right to the right
end display element 2,4, there is also provided a sun
display element 2b, which is turned on to indicate the
sunset while a sunset time is indicated on segments
2i, which will be also described in detail later.

At the lower side to the above sun display ele-
ments 2b for indicating the sunrise and sunset and
the moon phase display elements 2, to 2,4, there are
provided 25 units of hour angle display elements 2c¢.
One of the hour angle display elements 2¢, which cor-
responds to an hour angle of the moon for each time
obtained by hour angle operation, is turned on to in-
dicate an hour angle of the moon, as will be described
in detail later.

At the lower side to the hour angle display ele-
ments 2¢, there are printed white colored numerals on
a black background, which numerals indicate hour an-
gles of the moon such as 0 hour, 6 hours, 12 hours
and 18 hours. A user of the wrist watch can seen from
these numerals which are turned on what time the
hour angle display element 2¢ is indicating. At the up-
per portions to the numerals indicating 0, 6, 12 and 18
hours and the hour angle indicating elements corre-
sponding to these numerals, indicating elements 2e
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of a bar type are printed for indicating good times for
fishing or good times for hunting when the hour an-
gles of the moon take these values 0, 6, 12, 18.

Four fish shaped indicating elements 2f printed
on the upper side to the hour angle indicating ele-
ments 2c serve to indicate in accordance with the
moon phase and the hour angle of the moon whether
or not it is good time for fishing or hunting. The user
of the wrist watch can get knowledge from the number
of the fish shaped indication elements 2f which are
turned on, if the good time for fishing or hunting is
reached. For example, since the time is best for fish-
ing when the moon is new moon and the hour angle
of the moon is 0 hour or 12 hours, all of the fish shap-
ed indication elements 2f are turned on to advise the
user of the best time for fishing.

Dotted matrix indicating elements 2g appearing
at the left intermediate portion of the display section
2 are capable of indicating three characters and serve
to indicate other information such as day of the week
and moon’s age. Segment indicating elements 2h and
2i consisting of a plurality of digits serve to indicate
date and time, respectively.

Referring to Fig. 1, the watch casing body 1 is pro-
vided with push button switches K1 and K2 at its low-
er portion to the display section 2. Push button
switches K3 and K4 are provided on the right side wall
of the casing body 1 and further push button switches
K5 and K6 are provided on the left side wall. Opera-
tion of these push button switches will be described
later.

Fig. 3 is a view showing a circuit construction of
the above mentioned electronic wrist watch. An oscil-
lator 10 generates a clock signal having a constant
frequency such as 32,768 HZ and supplies the same
signal to a frequency division circuit 11 and a timing
signal generating circuit 12. The frequency division
circuit 11 divides the above clock signal to generate
a time counting signal as a base reference signal for
time counting operation of a control section (CPU) 13.
The timing signal generating circuit 12 generates va-
rious timing signals for operations performed by va-
rious circuits (not shown) involved in the control sec-
tion 13.

A key switch input section 14 comprises the
above mentioned switches K1 to K6 and outputs key
operation signals of these switches to the control sec-
tion 13.

The control section 13 is a central processing
unit, which performs operations to obtain the present
time and hour angles of the moon under control of
programs prepared for performance of operations in
accordance with flow charts described later. The pro-
grams comprise a time counting program, a key pro-
gram, a display program, a calculating program for
calculating moon data such as hour angle and moon
phase of the moon, a fishing program, all of which are
stored in a program ROM 15. The control section 13
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serves to store calculation data obtained by various
calculations in RAM 16 as described later and sup-
plies display data stored in RAM 16 to a decoder driv-
ercircuit 17. The display data fed to the decoder driver
circuit 17 is converted into display signals and then is
supplied to the display section 2 to be displayed as
times, moon data such as moon phases and hour an-
gles of the moon and so on.

Data ROM 18 is a read only memory for con-
stants required for various calculations in the control
sections 13.

Fig. 4 is a view showing a construction of a reg-
ister involved in RAM 16.

A register A in RAM 16 is a display register for
storing display data, which is to be supplied to the
above mentioned decoder driver circuit 17. A register
M is a mode register, which is a register for storing nu-
merical data corresponding to operation modes. The
mode register M stores M = 0 when the indicating de-
vice is in a present time display mode, stores M = 1
when the device is in a fishing mode and stores M =
2 when the device is in a sunrise and/or sunset time
display mode. A present time register C serves to
store present time data comprising time counted data
such as year data, date data, day of the week data,
hour data, minute data and second data.

A register B serves to store data of time differ-
ence between the time stored in the register C and
Greenwich Time as alocation data. Aregister D stores
longitude data which is input as a location data and a
register H stores latitude data which is also input as
a location data.

A register E temporarily stores present time data
stored in the register C. Registers TO to T3 serve to
store fishing time date obtained by a calculation de-
scribed later.

A register N is used for selecting an operation
form display operation for the present time (N ="0"),
a modification operation for the present time (N =
"1"), a modification operation for time difference, lat-
itude and longitude (N = "2") and a display operation
for the sunrise time and the sunset time (N = "3"),
when the wrist watch is in a present time display
mode, i.e., when a register M takes a value "0".

Aflag FO is set (to FO = "1") at time when a time
carry of every one hour is generated while the register
C is effecting time-counting of the present time.
When this flag FO is set, an hour angle calculation is
performed as will be described later. In the same may,
a flag F1 is set (to F1 = "1") by a day carry of every
one day. When this flag F1 is set, a moon’s age cal-
culation is performed. A flag F2 is set to a value "1",
when the wrist watch is in a fishing mode i.e., when
the register M takes a value "1" to display a best time
data for fishing, while the flag F2 is set to a value "1",
when the wrist watch is in a sunrise and sunset time
display mode, i.e., when the register M takes value "2"
to display sunrise time or sunset time.
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Registers J and K store a sunrise time data and
a sunset time data. A register R stores moon’s age
data of the day obtained from a day carry of every one
day stored in the register C, while a register S stores
hour angle data obtained from hour carry of every
one hour stored in the register C.

Aregister L stores numerical data which sequen-
tially designate time difference, latitude and longi-
tude which are to be sequentially modified, when the
time difference, latitude and longitude are displayed
or modified. A register P serves to sequentially des-
ignate and display times stored in the registers TO to
T3, when four times best for fishing in one day, which
are stored in the registers TO to T3, are selected and
displayed.

Aregister U stores a moon’s age data for the date
set by switch input and a register W stores hour angle
data of the moon for the time set by switch input. A
register X stores sunrise time on the day set by switch
input, while a register Y stores sunset time on the day
set by switch input.

Registers Q0 to Q3 store data concerning how
much fish is expected at the best times for fishing
stored in the registers TO to T3. In other words, the
registers Q0 to Q3 store data for instructing how
many fish-mark indicating elements 2f of Fig. 2
should be turned on.

Registers t0 and t1 store variables used in a time
calculation for obtaining moon’s age, hour angle of
the moon, sunrise time and sunset times as will be
described later. Aregister comprising registers Z0, Z1
through Zn is a work register for performing calcula-
tion or for temporarily storing operation results.

Fig. 5 is a whole flow chart illustrating operation
of the circuit construction system of Fig. 3. The sys-
tem at all times stays in a halt state at Step S1 of Fig.
5 and at time-count timing of, for example, every 16
Hz, the system executes a time-counting process in
unit of less than hour unit. The system counts time in
units of 1/16 seconds, second and minute in the time-
counting process in unit of less than hour unit and out-
puts an hour carry signal, when data in minute unit
reaches 60 minutes. At Step S3, the system judges if
an hour carry signal has been generated. When the
hour carry signal has been generated, a value "1" is
set to a flag FO at Step S4. Setting a value "1" to the
flag FO allows an hour angle operation to be per-
formed in hour unit.

Thereafter, a time-counting process in hour unit
is executed at Step S5. In the time-counting process
in hour unit, it an hour carry signal has been generat-
ed as a result of the above mentioned time-counting
process in unit of less than hour unit, data in hour unit
is added with a value "1". When data in hour unit ex-
ceeds 24 hours, then a day carry signal is output.

At Step S6, the system judges if a day carry sig-
nal has been generated. When a day carry signal has
been generated, a value "1" is set to a flag F1 at Step
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S7. Setting a value "1" allows a moon’s age operation
to be performed in day unit.

At step S8, a time-counting process is executed
for day, month, day of the week and year. In this time-
counting process, if a day carry signal has been gen-
erated, the day of the week is changed and data in day
unit is added with a value "1". If a month carry signal
or an year carry signal has been generated as aresult
of the above addition, time data in month unit or in
year unit is revised and the revised time data is trans-
ferred to the time register C in RAM 16.

When the time counting process has been finish-
ed in a manner described above, the process advanc-
es to Step S9, where it is judged if a flag FO is set. If
FO = 0 is true, i.e., if no hour carry signal has been
generated, the process advances to a display process
of Step S15 as will be described below. At Step S15,
various data are displayed on the display section in
accordance with values stored in the registers M and
N.

In the meantime, if FO = 1 is true at Step S9, itis
judged that an operation timing has been reached for
calculating hour angle of the moon of every hour, and
at the following Step S10, an operation process is
executed for calculating hour angles of the moon.

The operation for calculating hour angles of the
moon at Step S10 will be described in detail later with
reference to the flow chart of Fig. 6.

When the operation for calculating hour angles of
the moon at Step S10 has been finished, the flag FO
is reset to "0" at Step S11 of Fig. 5. A next Step S12,
it is judged if F1 = 0 is true.

When F1 = 0 is true, the process advances to a
display process of Step S15 but when F1 = 1, i.e,,
when 24 hours have passed and date has been
changed, the process goes to Step S13, where a
moon’s age calculation is executed.

The moon’s age calculation at Step 13 will be de-
scribed in detail later with reference to Fig. 10.

After execution of the moon’s age calculation at
Step S13, the flag F1 is reset to "0" at Step S14 and
then at Step S16 a sunrise and sunset time operation
is performed for calculating a sunrise time and sunset
time on that day. At Step S15, a display operation is
executed in accordance with a mood described later.

Fig. 6 is aflow chartillustrating details of the hour
angle operation at Step S10 of Fig. 5.

At Step S21 of Fig. 6, the present time counted
in the time counting process and stored in the register
C is converted into Greenwich means time on the ba-
sis of time difference data stored in the register B and
the converted Greenwich mean time is stored in a
register Z0 of RAM 16.

At Step S22, a variable t is calculated for obtain-
ing Greenwich sidereal time and right ascension of
the moon and is stored in the register t0 in RAM 16.

A variable t shall be obtained by dividing number
of days which lapses from a predetermined day such
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as the noon of January 1, 2000 (Greenwich Mean
Time: GMT = Universal Time) by Eurus century
(36525 days). Let year be YE, month be MN, day be
DA and hour be HO. Then, the variable t can be ex-
pressed by the following equation:

t = (Z - 36556.5)/36525
where

W = (YE - 1900)/4

F = FRAC(W)

A=INT(1461 x W)

B = INT[(MN + 7)/10]

C =INT(1-F)

D = INT[0.44 . x (MN + 4.4)] and

Z=A+31xMN+DA+(B-1)xC-BxD+
HO/24

The variable t is calculated from the above equa-
tion and the result thereof is stored in a register t0 of
RAM 16.

Then, at Step S23, Greenwich Sidereal Time is
calculated at UT = 0.

Greenwich Sidereal Time K can be expressed by
the following equation:

K = 24 x FRAC(0.0027379 x Y)
where

Y =2-25012

Greenwich Sidereal Time is calculated from the
above equation and the result of the calculation is
stored in a register Z1 of RAM 16.

The right ascension of the moon is calculated at
UT =0 at Step S24.

The right ascension a(m) of the moon is given by
the following equation:

a{m) = 24 x FRAC(a/24)
where

= 32084.52539 x T + 14.55441 + 0.41925

x COS(477198.868 x T + 44.963) + 0.16358

x COS(962535.762 x T + 166.633) + 0.08494

x COS(413335.350 x T + 10.740) + 0.07104

x COS(1934.140 x T + 324.960) + 0.07048

x COS(964469.900 x T + 41.590) + 0.04389

x COS(890534.220 x T + 145.700)

The right ascension a(m) of the moon is calculat-
ed at UT = 0 from the above equation and the result
of the calculation is stored in a register Z2 of RAM 16.

From Greenwich Sidereal Time and the right as-
cension of the moon, obtained as mentioned above,
an hour angle of the moon at UT = 0 at Greenwich is
calculated at Step S25. The hour angle JK of the
moon may be calculated from the following equation;

JK = K - a(m) (K - a(m) > 0)

JK = K- a(m) + 24:(K - afm) <0)
where K is Greenwich Sidereal Time and a(m) is the
right ascension of the moon.

The hour angle of the moon obtained from the
above equation is stored in a register Z3 of RAM 16.

Since the hour angle of the moon at UT =0 on that
day at Greenwich has been obtained as mentioned
above, an operation is performed to calculate an hour
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angle of the moon on the following day.

At Step S26, date data of the time stored in the
register Z0 is added with "1" and stored in the register
Z4, and at the same time a variable t for the following
day which is defined by adding "1" to the date data as
described above is calculated and stored in the reg-
ister t1 of RAM 16 in the same manner as in the proc-
ess of Step S22.

At Steps S27 and S28, Greenwich Sidereal Time
and the right ascension of the moon at UT =0 on the
following day are calculated, respectively and the re-
sults are stored in the registers Z5 and Z6 in the same
manner as in the process of Steps S23 and S24.

At the following Step S29, an hour angle of the
moon at UT = 0 on the following day at Greenwich is
calculated from the above Greenwich Sidereal Time
and right ascension of the moon of the following day
and the result is stored in the register Z7 of RAM 16.

Since the hour angle of the moon at UT = 0 on that
day at Greenwich as well as that at UT = 0 on the fol-
lowing day at Greenwich has been calculated in the
above operation, a lunar day period is calculated at
Step S30.

The lunar day period is defined as a time duration
from a time when an hour angle of the moon reaches
0h (O hour) to a time when the hour angle of the moon
reaches Oh (0 hour) for the second time. The lunar day
period is a period of the diurnal motion of the moon.

The lunar day period LNR can be expressed by
the following equations:

LNR = 576/DJK (DJK > 0)
LNR = 576/(DJK + 24) (DJK < 0)
where LJK = (hour angle of the moon at UT =0 on the
following day) - (hour angle of the moon at UT =0 on
that day).

The lunar day period is calculated from the above
equations and the result thereof is stored in a register
Z8 of RAM 186.

Fig. 7 is a chart illustrating, for easy understand-
ing, an example of the calculation to obtain a lunar day
period.

For example, we obtain

DJK = 3.1h - 3.8h = -0.7h
where an hour angle of the moon at UT = 0 at Green-
wich is 3.8h and an hour angle of the moon at UT =0
on the following day is 3.1h.

Then, a lunar day period LNR is given by the fol-
lowing equation:

LNR = 576/(- 0.7 + 24) = 24.7 = 24.7h

Referring to Fig. 6 again, a time (Universal Time)
when an hour angle of the moon reaches 0Oh is calcu-
lated at Step S31.

The time when the hour angle of the moon reach-
es Oh can be expressed by the following equation:

UT = (hour angle of the moon at UT = 0 on that
day) x (lunar day period/24)

The time when an hour angle of the moon reach-
es Oh at Greenwich is calculated from the above
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equation and the result is stored in a register Z9 of
RAM 16.

Fig. 8 is a chart illustrating, for easy understand-
ing, calculation for obtaining a time (Universal Time)
when an hour angle of the moon reaches Oh.

For example, let an hour angle of the moon at UT
=0 be 3.8h. Then, the time when an hour angle of the
moon is equal to Oh may be obtained from the lunar
day period, 24.7 h given in Fig. 7 as follows:

(24 - 3.8) x (24.7/24) = 20.79 (47 minutes past
20 o’clock)

At Step S32 in Fig. 6 a time when an hour angle
of the moon reaches Oh at a designated location or at
a location where time counting is executed is calcu-
lated from the time, calculated in the above opera-
tion, when the hour angle of the moon reaches Oh at
Greenwich. A time TH when the hour angle of the
moon reaches Oh at a given location may be calculat-
ed from the following equation:

TH = (time at hour angle = Oh at Greenwich)
+ (time difference from Universal Time)
- (lunar day period/24) + (longitude/15)

The time TH when the hour angle of the moon
reaches Oh at the time counting location is calculated
by substituting the longitude of the time counting lo-
cation and the time difference from Greenwich Mean
Time in the above equation and the result is stored in
aregister Z10 of RAM 16.

For example, the time TH when the hour angle of
the moon reaches Oh at Tokyo locating at 139.75 de-
grees of the east longitude is given by the following
equation:

TH = 20.79 hours + 9 hours - (24.7 hours/24h)
x (139.75/15) - 20.20 hours
= 12 minutes past 20 o’clock
where time difference between Tokyo and Greenwich
is +9 hours, the lunar day period obtained as shown
in Figs. 7 and 8 is 24.7 hours and Universal Time at
hour angle = 0 is 20.79 hours.

After the time when the hour angle of the moon
reaches Oh at a given location is obtained in the above
operation, a present time under time counting opera-
tion at Step S33, i.e., an hour angle of the moon at the
time stored in the register C is calculated and stored
in a register S of RAM 16.

Fig. 9 is a chart illustrating an example of calcu-
lation to obtain an hour angle of the moon : 35 minutes
past 11 o’clock, at Tokyo.

An hour angle difference of the moon is obtained
by a proportion calculation using the lunar day period
= 24.7 hours, the time = 12 minutes after 20 o’clock
when the hour angle of the moon reaches Oh at Tokyo
and a time difference from the present time to be ob-
tained, 35 minutes after 11 o’clock. We obtain, an
hour angle difference = 24 x 8.62 / 24.7 = 8.38h. By
subtracting the hour angle difference: 8.38h from Oh
(= 24h), the hour angle 15.62h of the moon at 35 min-
utes after 11 o’clock can be obtained.
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In other words, a precise hour angle of the moon
at a given time at a given location can be easily ob-
tained by the above operation using the longitude of
the given location and a time difference from Green-
wich Mean Time.

Fig. 10 is a flow chart illustrating details of a
moon’s age calculation at Step S13 of Fig. 5. At Step
S41, the time stored in the present time register C is
converted into Greenwich Mean Time on the basis of
the time difference from Greenwich Mean Time stor-
ed in the register B. Then, the above described vari-
able tis calculated from the Greenwich Mean Time at
Step S42.

Now, at Step S43 the celestial longitude of the
moon is calculated from the following equation using
the variable t obtained at Step S42:

Celestial longitude of the moon
= 481267.9 x t + 218.3
+ 6.3 x COS(45 + 4572000 x t)
+ 1.3 x COS(11 + 413300 x t)

In the same way, at Step S44 the celestial longi-
tude of the sun is calculated from the following equa-
tion:

Celestial longitude of the sun
= 36000.8 x t + 280.5
+ 1.9 x COS(268 + 360000 x t)

At Step S45 an elongation of the moon is ob-
tained from a difference between the celestial longi-
tude of the moon and the celestial longitude of the
sun obtained as mentioned above.

Elongation of the moon means an angle between
an imaginary straight line from the earth to the sun
and another imaginary straight line from the earth to
the moon. The moon phase changes with variations
of the elongation of the moon. For example, when the
elongation of the moon is 0 degree, the moon is a new
moon. When the elongation of the moon is 180 de-
grees, the moon is a full moon and when the elonga-
tion of the moon is 270 degrees, the moon is a waning
moon.

At step S46, moon’s age data is calculated from
the above elongation of the moon and the waxing and
waning period of the moon and the result is stored in
aregister R.

In the present embodiment, assuming that an
average waxing and waning period of the moon is
29.53 days, moon’s age at Greenwich Mean Time is
calculated from a proportion-calculation using the
above waxing and waning period of the moon and the
elongation of the moon calculated every day. Then,
the moon’s age at the corresponding location is cal-
culated using a time difference between Greenwich
Mean Time and the local time at the location. The
moon’s age at a given location may be expressed by
the following equation:

Moon’s age = 29.53 x (elongation/360)
- (time difference/24) - 0.5
Fig. 11 is a table which lists relations among elon-
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gation of the moon, moon’s ages and phases of the
moon.

If a difference (elongation of the moon) between
the celestial longitude of the moon and the celestial
longitude of the sun, both of which are calculated in
the above operation, is in the range, for example of 0
to 22.5 degrees, the moon’s age takes a value in the
range of 0.0 to 1.8 days in accordance with the elon-
gation of the moon. The calculated moon’s age data
is written into the register R of RAM 16. The moon’s
age of 0.1 to 1.8 days corresponds to a new moon. In
the similar manner, if the moon’s age is in the range
of 157.5 to 202.5 degrees, moon’s age data takes a
value in the range of 13.0 to 16.6 days. The moon’s
age data obtained thus is written into the register R.
The moon’s age of 13.0 to 16.6 days corresponds to
afull moon. When the elongation of the moonis in the
other angle range, the relation among the elongation,
moon’s age and phase of the moon are also illustrat-
ed in the table of Fig. 11. Fig. 12 is a flow chart illus-
trating in detail a sunrise and sunset time calculation
at Step S16 in Fig. 5.

In the process at Step S51, the present time is
converted into Greenwich Mean Time and the result
is stored in the register Z in the similar manner to that
at Step S41 of Fig. 10.

At Step S52, a variable t3 of number of days
lapsed from January 1 of the year is obtained.

Let year be YE, month be MN and day be DA.
Then, we obtain

Y=A+3 xMN+DA+B-1xC-B
x D
where
W = (YE - 1900)/4
F = FRAC(W)
A=INT(1461 x W)
B = INT[(MN + 7)/10]
C =INT(1-F)
D =INT[0.44 x (MN + 4.4)]
Further, we obtain
YY=A+3+B-1)xC-BxD
where
W = (YE - 1900)/4
F = FRAC(W)
A=INT(1461 x W)
B = INT[(MN + 7)/10]
C =INT(1-F)
D =INT[0.44 x (MIN + 4.4)]

Then, the variable t3 may be obtained from the

following equation:
t3 =Y -YY

The variable t3 is stored in the register z0.

Similarly to Step S42, the variable t is obtained
at Step S53. Amean time difference KJS is obtained
from the variable t3 and the result is stored at Step
S54. The mean time difference KJS can be calculat-
ed from the following equation:

KJS = C + D (seconds)
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where
A = (t3 - 80.5) x 360/360.25
B = (13 - 4.5) x 360/360.25
C =-460.64 x SIN(B) - 4.82 x SIN (2 x B)
D =592,32 x SUB(2 x A) - 12.76 x SIN(4 x A)

At Step S55 a median time is obtained from the
following equation:

Median time = 12 - longitude/15 degrees

+ GMT time difference
- mean time difference/3600
where data in the register D is used for the above
longitude, data in the register B is used for GMT time
difference and data obtained at Step S54 is used for
the mean time difference.

At Step S56, declination of the sun is calculated

from the following equation:
Declination = 23.26 x COS(36001 x T + 190)
+ 0.39 x COS(2 x t + 13)
+ 0.39 x COS(72000 x t + 188)
+ 0.16 x COS(108002 x t + 211)
+ 0.01 x COS(72003 x t + 34)
+ 0.01 x COS(144001 x t + 209)
where t is a variable.

At Step S57, sunrise and sunset time numeral is
calculated. The sunrise and sunset time numeral
(hereafter referred to as SSTN) is expressed as fol-
lows:

A = TAN(0) x TAN(1)

B =-0.017/COS(0) x COS(1)

SSTN = [arcCOS(B - A)] /15 degrees
where latitude is 0 and declination is 1.

Atthe last Step S58, sunrise and sunset times are
calculated and the results are stored in registers J and
K of RAM 186, respectively. The sunrise time and sun-
set time are calculated from the following equations:

Sunrise time = median time - SSTN
sunset time = median time + SSTN

Fig. 13 is a flow chart illustrating in detail the dis-
play process at Step S15 of Fig. 5, and Fig. 14 illus-
trates transition of display states on the display sec-
tion 2.

At Step S60 of Fig. 13, it is judged if a value of the
mode register M is "0". When M = "0", the process ad-
vances to Step S61, where itis judged if a value of the
register N is "0". When N = "0", hour angle data, pres-
ent time data and moon’s age data of respective
months are transferred to the display register A of
RAM 16 at Steps 62, 63 and 64, respectively. At Step
65, the data stored in the register A are transferred to
the recorder driver circuit 17 of Fig. 3 and are dis-
played on the display section 2. Accordingly, when in
the present time display mode, i.e., the register M =
"0", and the register N = "0", the present time, 58 min-
utes 50 seconds after 10 o’clock P.M., June 26, Mon-
day is displayed on the display section 2 and the
moon phase on the day is displayed by a display ele-
ment 2,7, as shown at Ain Fig. 14, whereby a user of
the wrist watch can get knowledge that the moon is a
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waning moon and that the hour angle is 15h, i.e., the
moon is in the direction of 15h by a turned-on display
element 2c¢.

When switches K1, K2 and K3 are operated, re-
spectively in the display stage at A in Fig. 14, display
on the display section is changed as shown at B, C
and D in Fig. 14. More specifically, when any one of
switches K1 through K6 is operated at Step S1 of Fig.
5, it is judged that a key signal has been input, and a
key process is executed at Step S17. Fig. 15 illus-
trates details of the key process of Step 17. At Step
S100, it is judged if the key K1 is operated. When the
result is "YES", the process advances to Step S101,
where it is judged if the register M is "0". When the
register M is "0", the process advances to Step S102,
where "1" is set to the register "M". At Step S103, the
present time stored in the register C is transferred to
the register E and is stored therein. When it is judged
at Step S101 that M ="0" is not true, the process goes
to Step S104, where it is judged if M = "1" is true.
When M="1"istrue, "2" is set to the register M at Step
105. When M ="1" is not true, it is judged that M = "2"
is true and the process advanced to Step S106 where
"0" is set to the register M. In other words, the register
M sequentially takes one of values "0", "1", "2", "1"
and so on every time the key switch K1 is operated.
In the display process of Fig. 13, when M = "1", the
process advances from Step S60 to Step S66, where
itis judged if M ="1"is true. When the resultis "YES",
then the process advances to Step S67, where it is
judged if the flag F2 is "0". When the flag F2 ="0" is
true, contents of the register E are transferred to the
register A. More specifically, month data, date data,
day of the week data and year data involved in the
present time data which have been transferred to the
register E at Step S103 of Fig. 15, when the switch K1
is operated at M ="0", are transferred to the register
Aand are displayed at the following Step S65. Hence,
when M = "1", the display on the display section is
shown at B in Fig. 14. When it is judged at Step 66 of
Fig. 13 that M = "1" is not true, i.e., when M ="2" is
true, the process advances to Step S69, where data
to be displayed is transferred to the register depend-
ing on that the flag F2 is "1" or "0" (not shown), and
the data is displayed at Step S65. For example, when
F2="0", the present date shown at E or updated date
as shown atJ is displayed, and when F2 is "1", sunrise
and sunset times are displayed as described later.

InFig. 15, when the switch K2 is operated, the op-
eration of the switch K2 is detected at Step S107 and
itis judged if M ="0"is true at the following Step S108.

When M ="0", itis judged that the switch K2 has
been operated in the present time display mode and
then a value of the register N is discriminated respec-
tively at Steps S109, S111 and S113. When a value
of the register N is "0", it is judged that the switch K2
has been operated in a state of A of Fig. 14 and the
process advances to Step S110, where a value "1" is
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set to the register N and digits for representing "sec-
ond" are designated to be corrected. When a value of
the register N is "1", the process advances from Step
S111 to Step S112, where a value "0" is set to the reg-
ister L while a value "2" is set to the register N. When
a value of the register N is "2", the process advances
from Step S113 to Step S114, where operations for
obtaining hour angle of the moon, moon’s age and
sunrise and sunset times are executed in the same
manner as in the process of Steps S10, S13 and S16
in Fig. 5 and at the same time a value "0" is set to the
register N.

As described above, when the switch K2 is oper-
ated at M ="0"and a value of the register N is changed
from "0" to "1" or from "0" to "2", display on the display
section is switched as follows. In the display process
of Fig. 13, when M = "0", the processed advances
from Step S60 to S61 and it is judged at Step S71 if
avalue of the register N is "3". At Step S71, itis judged
if a value of the register N is "1". When N = "1", the
process advances to Step S72, where the present
time data in the register C is transferred to the display
register A. At Step S73, digits to be corrected are sub-
ject to a flashing process. Accordingly, when N ="1",
the wrist watch is brought to a time correction mode,
where the present time may be corrected as shown
at C in Fig. 14. When the switch K2 is operated at N
="1" and the value of the register N is changed to "2"
at Step S112, the wrist watch is brought to a time dif-
ference/longitude/latitude setting mode. The proc-
ess in the display process of Fig. 13 advances from
Step S71 to Steps S74 and S75, where a value of the
register L is discriminated. When a value of the reg-
ister L is "0", the process advances from Step S74 to
Step S76, where character data of GMT, time differ-
ence data of the register B and time/minute/second
data of the register C are transferred to the register
A. At Step S77, digits to be corrected, for example
character data of MGT and time difference data at L
="1", are subject to the flashing process. Accordingly,
the display on the display section is as shown at G in
Fig. 16. A value of the register L is changed by oper-
ation of the switch K5. When L="1", LO character rep-
resenting longitude, longitude data of the register D,
latitude data of the register H and n-character data
and w-characater data are transferred to the register
A at Step S78, and LO character and longitude data
which are to be corrected are subject to the flashing
process. When L ="2", LA characters, data of the reg-
isters D and H, character data n and w are transferred
to the register A at Step S79 and the process advanc-
es to the following Step S77. When a value of the reg-
ister L is "1" or "2" at N = "2", display on the display
section is as shown at H and | in Fig. 16. Data which
are turned on in a flashing fashion on the display
shown at G, H and | are corrected by operation of the
switch K3 as described later. When the switch K2 is
operated at N = "2", the wrist watch returns to the
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present time display mode at N = "0" shown at A in
Figs. 14 and 16. More specifically, in the present time
display mode, hour angle of the moon, moon’s age,
sunrise time and sunset time are calculated on the
basis of the present time, time difference, longitude
data and latitude data, all of which have been correct-
ed. Therefore, the hour angle of the moon and the
moon phase obtained on the basis of the corrected
data are displayed in the present time display mode
atN="0".

An operation of the switch K3 is detected at Step
S115 in Fig. 15 and the process advances to Step
S116, where it is judged if M ="0" is true. When M =
"0", or when the present time display mode is set, it
is judged at Step S117 if N = "0" is true and it is also
judged at Step S118 if N = "3" is true. When N = "0"
is true, a value "3" is setto the register N at Step S119.
When N ="3"is true, a value "0" is set to the register
N at Step S120. When N = "3", it is judged that N =
"3" is true at Step S70 in the display process of Fig.
13 and data for displaying the sunrise mark indicating
element 2b and the sunset mark indicating element
2b of Fig. 2 is set to the register A at Step S78A, and
the sunrise time, sunset time and the moon’s age
data of the day which have been stored in the regis-
ters J, K and R, respectively are transferred to the
register A at Step S79A.

When the switch K3 is operated in the display
state at M ="0" and N = "0" as shown at A in Fig. 14,
a value "3" is set to the register N at Step S119 of Fig.
15. When N = "3", an operation is executed at Steps
S78 and S79 in Fig. 13 for displaying the sunrise mark
indicating element 2b, sunset mark indicating ele-
ment 2b sunrise time, sunset time and moon’s age
data. Therefore, as shown at D in Fig. 14, the sunrise
time of the day, 25 minutes after 5 o’clock and the
sunset time, 35 minutes after 8 o’clock are indicated
on the display section together with the sunrise and
sunset mark indicating elements 2b and 2b, and the
moon’s age data are 22.4 days and the moon phase
are indicated, too. When the switch K3 is operated in
the display state shown at D of Fig. 14, a value "0" is
set to the register N at step S120 in Fig. 15 and the
wrist watch returns to the present time display mode
shown at Ain Fig. 14.

When it is judged at Step S118 in Fig. 15 that N
= "3" is not true, it is judged that the register N has
been set to "1" or "2", and more specifically, it is
judged that the present time correction mode shown
at C in Fig. 14 or the time difference/longitude/lati-
tude setting mode shown at F in Fig. 14 has been set.
At Step S121, when the present time correction mode
is set, digits to be corrected are corrected, and when
the time difference/longitude/latitude setting mode
is set, time difference data, longitude data and lati-
tude data designated by the register L are sequential-
ly corrected or set.

When it is judged at Step S116 in Fig. 15 that M
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= "0" is not true, it is judged that the register M has
been set to "1" or "2" and the process advances to
Step S122, where it is judged if F2 ="0" is true. When
F2 ="0" is true, a process is executed to increment
the data involved in the present time data of the reg-
ister C, which data is transferred to the register E at
Step S123. More specifically, when the wrist watch is
set to the mode of M ="1", a best time for catching fish
on the present date transferred to the register E or on
the desired date obtained by correcting the above
date is displayed in a best time for fishing display
mode (F2 = "1"). When the wrist watch is set to the
sunrise/sunset time display mode of M ="2", a sunrise
time and sunset time on the present date or on the set
desired-date are displayed. At Step S123 in Fig. 15,
date of the register E is renewed to obtain a desired
date. At | in Fig. 14 is shown an example that date
data, June 26, 1989 involved in the present time data
stored in the register E shown at B in Fig. 14 is ad-
vanced to June 30, 1989 by operation of the switch
K3. Another example is shown at J in Fig. 14 that the
date is advanced from June 26, 1989 to July 1, 1989.
These display processes are executed at Step S68 of
Fig. 13 when M = "2" and at Step S69 when M ="2".
A process for calculating a best time for fishing, sun-
rise time and sunset time is executed on the basis of
date data stored in the register E by operation of the
switch K4, which process will be described in detail
hereafter.

An operation of the switch K4 is detected at Step
S124 of Fig. 15 and itis judged if M ="1" is true. When
M ="1", it is judged at Step S126 if F2 = "0" is true,
i.e., if the display state of B or | of Fig. 14 is set. When
F2 = "0", the process advances to Steps S127 and
S128, where the operation for obtaining moon’s age
and the operation for obtaining hour angle of the
moon are performed, respectively. The operation for
obtaining the moon’s age at Step S127 is almost sim-
ilar to the operation of Step S13 in Fig. 5, i.e., the op-
eration shown in Fig. 10. The operation in Fig. 10 is
performed to obtain the moon’s age based on the
present time of the register C but the operation at
Step S127 is different from the operation shown in
Fig. 10 merely in that the operation at Step S127 is
performed on the basis of time data stored in the reg-
ister E, i.e., on the basis of the present time data or
time data arbitrarily set by operation of the switch K3
and in thatmoon’s age data obtained by the operation
at Step S46 of Fig. 10 is stored not in the register R
but in the register U. The operation at Step S128 for
obtaining hour angle of the moon is performed in a
similar manner to the operation performed at Steps
S21 through S32 but is different in that the operation
at Step S128 is performed on the basis of the time
data in the register E. At Step S32, a time when the
hour angle reaches Oh (hour) is obtained and stored
in a register W. In the same manner, times when hour
angle reaches 6h, 12h and 18h are calculated at Step
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S129. The time data obtained at Steps S128 and
S129 are stored in the registers TO through T3, re-
spectively. At Step S131, fish catch forecasting data
is calculated form the moon’s age data obtained at
Step S127 and hour angle data of 0, 6, 12 and 18
hours and the calculated fish catch forecasting data
corresponding to hour angles of 0, 6, 12 and 18 hours
are stored in registers QO through Q3, respectively.

Fig. 17 is a view illustrating an operation per-
formed at Step S131 for deciding number of fish
marks to be turned on or displayed. When hour angle
of the moon is Oh or 12h, and the moon’s age data is
within the range 0.0 to 1.8 or 27.7 to0 29.5 (new moon)
or within the range of 13.0 to 16.0 (full moon) as
shown in Fig. 11, data for displaying all of the four fish
mark indicating elements 2f are stored in the registers
QO and Q2 to indicate a best time for fishing. When
the hour angle of the moon is data indicating waning
moon or waxing moon, data for displaying three of the
four fish mark indicating elements 2f is stored in the
registers Q0 and Q2 to indicate a second best time for
fishing. In the same way, data for display process,
each corresponding to an hour angle of the moon and
moon’s age data, are stored in the registers QO
through Q3, respectively. After completion of the
process of Step S131 in Fig. 15, the process advanc-
es to Step S132, where a value "1" is set to the flag
F2. When a value "1" has been set to the flag F2 at
Step S132, the display on the display section 2 is
changed from B or | in Fig. 14 to the fishing best time
indicating mode shown at G in Fig. 4.

More specifically, when M ="1"and F2 ="1", the
display process of Fig. 13 advances from Steps S66
and S67 to Steps S80, S81 and S82, where a value
of the register P is discriminated. When P ="0", data
for turning on or displaying the hour angle indicating
element 2¢ which corresponds to the hour angle, Oh,
out of 25 units of hour angle indicating elements 2¢
is transferred to the register A at Step S83. At Step
S84, the fish catch forecasting data at the hour angle,
Oh, calculated at Step S131 in Fig. 15 and stored in
the register QO is transferred to the register A. The
moon’s age data stored in the register U, date data
stored in the register E, time data at the hour angle,
Oh, stored in the register TO and numeral data "2" are
transferred to the register A at Step S85. Data is
transferred to the register A at Step S86, which data
decides which one of the moon phase indicating ele-
ments 2,, to 2, among the moon’s age data stored
in the register U should be turned on or displayed.
The data transferred to the register A are displayed on
the display section 2 at Step S65.

Fig. 18 is a view illustrating transition of the dis-
play states in the fishing best time indicating mode at
M ="1"and F2 ="1". The register P takes one of val-
ues "0", "1", "2" and "3" in accordance with the oper-
ation of the switch K5. When P ="0", it is indicated as
shown at B in Fig. 18 that the time when the hour an-
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gle reaches Oh on June 26 is 55 minutes past 6h the
moon’s age is 22.4, the moon is a waning moon and
the fishing catch forecasting data indicates the sec-
ond best time for fishing (when all of the four fish mark
indicating elements 2f are turned on, the best time for
fishing is indicated and meanwhile since three fish
mark indicating elements are turned on in the above
case, the second best time for fishing is indicated).

When P ="1", the process advances from Step
S81 to Steps S87, S88 and S89, successively. At Step
S78, data to be displayed when the hour angle is 6h
is transferred to the register A. When P ="2", the proc-
ess advances from Step S82 to Steps S90, S91 and
S92, successively. At Step S90, data to be displayed
when the hour angle is 12h is transferred to the reg-
ister A. When P ="3", the process advances to Steps
S93, S94 and S95, successively. At Step S93, data to
be displayed when the hour angle is 18h is transferred
to the register A. More specifically, data for displaying
the corresponding hour angle indicating elements 2¢
are set at Steps S87, S90 and S93, respectively. Fish
catch forecasting data at the above hour angles are
set at Steps S88, S91 and S94, respectively. Moon’s
age data, date data, time data corresponding to re-
spective hour angles and numeral data representing
the order of display on the display section 2 are trans-
ferred to the register A at Steps S89, S92 and S95. As
a result, various data at hour angles, 6h, 13h and 18h
are displayed as shown at C, D and Ain Fig. 18.

In Fig. 15, when it is judged at Step S125 that M
="1"is not true, the process advances to Step S133,
where it is judged if M ="2" is true. When M ="2" is
true, itis judged at Step S134 if F2="0"is true. When
F2 ="0"is true, the process advances to Steps S135
and S136, where the operation for a obtaining moon’s
age and the operation for obtaining sunrise and sun-
set times are performed. The operation for obtaining
moon’s age is performed in the same way as shown
in Figs. 10 and 12. But the operation is different from
those shown in Figs. 10 and 12 in that the operation
is performed on the basis of the data stored in the reg-
ister E (the present data or data set by operation of the
switch K3) and in that the obtained data are stored in
the registers U, X and Y, respectively. At Step S132,
F2is setto "1" and then it is judged at Step S69 in the
display process of Fig. 13 if F2 is set to "1". When F2
="1"is true, the data stored in the registers U, X and
Y are displayed. Accordingly, sunrise and sunset
times and moon’s age data on the day stored in the
register E, date, moon phase and sunrise/sunset
mark indicating elements 2b and 2b are displayed as
shown at E in Fig. 14. The display state in this case
is the same as that shown at D in Fig. 14.

When it is judged at Steps S126 and S134 in Fig.
15 that F2 = "0" is not true, or when it is judged that
F2 ="1"is true, the process advances to Step S137,
where a value "0" is set to the flag F2, and thereby the
display states G and H on the display section 2 return
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to the display states B and E.

When the operation of the switch K2 is detected
at Step S138in Fig. 15, the process advances to Step
S139, where it is judged if M = "0" is true, and further
to Step S140, where it is judged if N = "1" is true.
When M ="0"and N = "1" are true, a process is exe-
cuted at Step S141 for selecting digits to be correct-
ed. More specifically, when the switch K5 is operated
in the time correction mode shown at C in Fig. 14, dig-
its involved in the present time data to be corrected
are selected successively in order of second, minute
and hour. When it is judged at Step S140 that N ="1"
is not true, it is judged at Step S142 if N ="2" is true.
When N ="2" is true, a process is executed at Step
S143 to increment a value of the register L, succes-
sively. When the switch K5 is operated in the time dif-
ference/longitude/latitude setting mode shown atF in
Fig. 16, data to be set is selected successively in or-
der of time difference, longitude and latitude. Fur-
ther, when it is judged at Step S139 in Fig. 15 that M
="0"is not true, the process advances to Step S144,
where it is judged if M = "1"is true, and to Step S145,
where it is judged if F2 ="1" is true. More specifically,
it is judged if the fishing best time indicating mode is
set and when M ="1"and F = "1" are true, a value of
the register P is incremented successively at Step
S146. Therefore, when the switch K5 is operated in
the fishing best time indicating mode, various data at
hour angles, 18h, Oh, 6h and 12h are displayed suc-
cessively, as shown at A, B, C and D in Fig. 18.

Note that when a switch other than the above de-
scribed switches, for example, a switch K6 is operat-
ed, the process advances to Step S147, where other
function is effected (not shown).

In the above described embodiment, the opera-
tion for obtaining hour angles of the moon is per-
formed every one hour at Steps S3, S4, S9 and S10
of Fig. 10 in the present time display mode shown at
Ain Fig. 14 and the results are displayed with the in-
dicating elements 2¢. Further, the operation for ob-
taining moon’s age and sunrise/sunset times is per-
formed every time when date is changed at Steps S6,
S7, 812, S13 and S16 of Fig. 5, and the moon’s age
data is converted into moon phase data, which is dis-
played with the indicating elements 2,, through 2.
Furthermore, when the switch K3 is operated, the
sunrise time as well as the sunset time on that day are
displayed together with the moon’s age and moon
phase as shown at D in Fig. 14. The present embodi-
ment has the following features, that is, the data ob-
tained in the embodiment, such as the hour angle of
the moon, moon’s age, sunrise time and sunset time
are extremely precise, because the operation for ob-
taining these data is performed on the basis of the lo-
cation data specifying a location on the earth where
the present wrist watch is used, such as the longitude
and latitude which have been set in the time differ-
ence/longitude/latitude setting mode shown at F in
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Fig. 14 and in addition only algorithm with respect to
GMT (Greenwich Mean Time) is required for opera-
tions performed in the embodiment, because the
above operation is performed with respect to the
present time at the location where the wrist watch is
used, which present time has been converted into
GMT by setting a time difference from GMT. There-
fore, the process executed in very simple way in the
embodiment.

Further in the above embodiment, when the
switch K1 is operated in the present time display
mode shown at Aiin Fig. 14, the present date is shown
on the display section 2 as shown at B in Fig. 14.
When the switch K4 is operated while the present
date is on display, the best time for fishing on that day
is indicated as shown at G in Fig. 14. In the fishing
best time indicating mode at G in Fig. 14, the best
time for fishing and fish mark indicating elements 2f,
number of which represents expected fish catch are
displayed on the display section 2 every time the
switch K5 is operated as shown in Fig. 18. The user
of the wrist watch can conveniently use it, when he
plans to go fishing at a best time for fishing.

As shown at | in Fig. 14, when the switch K4 is op-
erated after a desired date has been set by operation
of the switch K3, a good time for fishing and expected
fish catch are displayed.

Furthermore, when the switch K4 is operated af-
ter a desired date has been set by operation of the
switch K3 in the state displaying the present date as
shown at E in Fig. 14, the sunrise time, the sunset
time, moon’s age and moon phase on that day are dis-
played.

The present invention has been described with
reference to the embodiment which is applied to a
wrist watch. The present invention should not be lim-
ited to the above embodiment and it may be installed
in a small-sized electronic calculator, a data bank ma-
chine, a scheduler and an IC card, and further it may
be installed in a particular device for fishing or for
hunting.

In addition, the present invention may be installed
in a device for indicating hour angles of the moon,
moon’s age, moon phases and so on. Another em-
bodiment of the invention may be constructed such
that time data and location data are inputted through
a keyboard which is provided with a date input key,
time input key and key for inputting location on the
earth and various operations are performed in terms
of the input data as described with reference to the
above embodiment.

In the embodiment described above, various op-
erations in a normal time indicating mode for obtain-
ing moon’s age, hour angle of the moon and so on are
performed once in a day or once in one hour but an-
other embodiment may be constructed such that
such various operations may be performed at an in-
terval of less than one hour and, for example, an op-

10

15

20

25

30

35

40

45

50

55

12

eration for obtaining hour angle of the moon may be
performed every minute.

Still another embodiment may be constructed
such that moon data for one month or for one week
are calculated at the beginning of month or week and
the results are stored in memories, and then the cal-
culated moon data are successively displayed as time
lapses.

In the first embodiment described above, the fish
catch forecasting is indicated with the four fish mark
indicating elements but number of the indicating ele-
ments may be increased for more precise indication
or digital indicating means may be employed to indi-
cate times for fishing in percent, such that the best
time for fishing is expressed with "100%".

Figs. 19 to 22 are views illustrating yet another
embodiment of the present invention. This embodi-
ment will be described hereafter with reference to
only its portions different from the above described
first embodiment shown in Figs. 1 through 18.

In the embodiment shown in Figs. 1 through 18,
the best time for fishing on that day or on the previ-
ously determined day is displayed but in the present
embodiment of Figs. 19 through 22, an expected fish
catch volume at the present time on that day is suc-
cessively displayed as time lapses. Therefore, the
process of Fig. 19 includes an additional operation of
Step T1 for obtaining data to indicate an expected fish
catch volume after Step S10 in the whole processes
of Fig. 5. In the operation of Step T1, number of fish
mark indicating elements to be turned on is calculat-
ed at Step T2 from present hour angle of the moon
and moon phase or moon’s age, and the result is stor-
ed in aregister Z. At Step T3 the data stored in the reg-
ister Z is transferred to a register QO. In the display
process at Step S15 in Fig. 19, the fish mark indicat-
ing elements stored in the register Q0 are displayed
in the present time indicating mode.

The operation at Step T2 in Fig. 20 for obtaining
number of the fish mark indicating elements is as
shown in Fig. 21 and different numbers of fish mark
indicating elements are obtained by combining moon
phases and hour angles of the moon other than those
at Oh, 6h, 12h and 18h in addition to the table shown
in Fig. 17.

Accordingly, in the present time indicating mode
shown in Fig. 22, only one fish mark indicating ele-
ment 2f is displayed at 58 minutes 50 seconds past 10
o’clock on June 26, and at the same time an expected
fish catch volume is also indicated.

The embodiment which is capable of indicating
expected fish catch volume together with the present
time may be provided with a feature which functions
to generate an alarm when the best time for fishing
is reached or when all of the fish mark indicating ele-
ments 2f are turned on. Further, the embodiment may
be provided with a feature which functions to gener-
ate different alarm sounds each time when the ex-
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pected fish catch volume is changed.

In the above embodiments, time difference from
GMT, longitude and latitude are set, but a world watch
is well known which is capable of indicating cities
around the world as well as the times at these cities
and the present invention may be applied to this type
of watch, thereby indicating moon data for these cites.
For example, New York is at 74 degrees of longitude
and 41 degrees of latitude and the time difference
from GMT is minus 5 hours. Therefore, still another
embodiment may be constructed such that longitude
data, latitude data and time difference from GMT for
various cities are stored, for example, in ROM, and
when, for example, New York is designated on the
world watch and time at New York is indicated, hour
angle of the moon, moon phase, sunrise time and
sunset time are calculated from the data stored in
ROM and the present time at New York, and these
data thus calculated are displayed.

In further another embodiment, a world watch
may be constructed such that longitude data and lat-
itude data for various cities are displayed, and these
data are changed, and thereby moon data for an area
in the vicinity of these cities are obtained.

As having been described above, the present in-
vention is not limited to the above embodiments but
may be used in various manners, and may be also
used to obtain locations of various planets other than
the moon or locations of fixed stars.

Claims

1. Astronomical data indicating device comprising:

location data means (16,D,H in Fig. 4))for
providing location data representing a specified
location on the earth;

time data means (16,52-S8,C in Fig 4) for
providing time data including time of day data and
date data at said specified location;

hour angle data calculation means
(13,15,16,S,Win Fig. 4) for calculating hour angle
data of the moon at the specified location based
on said location data and said time data; and

moon data means (16,8S13,R,U in Fig.
4) Yfor providing moon data based on said time
data;

characterized by

means (T1 in Fig. 19,Fig. 20)) for convert-
ing said hour angle data and said moon data to an
output signal corresponding to an expected catch
volume of a certain animal at a given time; and

display means (2,2F) for displaying a vis-
ual indication of the expected catch volume re-
sponsive to said output signal of the converting
means.

2. Anastronomical data indicating device according
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to claim 1, characterized in that said display
means display a visual indication (2i) of said time
data simultaneously with its corresponding ex-
pected catch volume.

3. Anastronomical data indicating device according

to claim 1, characterized in that said display
means display a visual indication (2i,2a1-2a9) of
said expected catch volume simultaneously with
its corresponding time data and moon data.

4. Anastronomical data indicating device according

to claim 1, characterized in that said display
means display a visual indication (2i,2a1-2a9,2¢)
of said expected catch volume simultaneously
with its corresponding time data, moon data and
hour angle data.

5. An astronomical data indicating device according
to claim 1, characterized in that said location
means comprises longitude data storing means
(16) for storing longitude data and latitude storing
means (16) for storing latitude data.

6. An astronomical data indicating device according
to claim 5, characterized by further comprising in-
put means (K3,K5) for entering longitude data
into said longitude data storing means (16) and
latitude data into said latitude data storing means
(186).

7. An astronomical data indicating device according
to claim 1 characterized in that said location data
means comprises longitude/latitude storing
means (16) for storing longitude and latitude and
time difference storing means (16) for storing
time difference between said first location repre-
sented by said location data and said second lo-
cation previously decided on the earth.

8. An astronomical data indicating device according
to claim 1 characterized by further comprising
program storing means (15) storing an operation
program for performing an operation to obtain as-
tronomical data representing astronomical posi-
tion corresponding to a position on the earth, said
operation program including hour angle calculat-
ing program for calculating astronomical hour an-
gle data.

Patentanspriiche

1. Vorrichtung zur Anzeige von astronomischen Da-
ten mit:
einer Ortsdateneinrichtung (16, D, H in Fig. 4)
zum Bereitstellen von Ortsdaten, die einen be-
stimmten Ort auf der Erde reprasentieren;
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einer Zeitdateneinrichtung (16, S2-S8, C in Fig.
4) zum Bereitstellen von Zeitdaten einschlieflich
Tageszeitdaten und Datumsdaten an dem be-
stimmten Ort;

einer Stundenwinkeldatenberechnungseinrich-
tung (13, 15, 16, S, W in Fig. 4) zum Berechnen
von Stundenwinkeldaten des Monds an dem be-
stimmten Ort auf der Grundlage der Ortsdaten
und der Zeitdaten; und

einer Monddateneinrichtung (16, S13, R, Uin Fig.
4) zum Bereitstellen von Monddaten auf der
Grundlage der Zeitdaten, gekennzeichnet
durch

eine Einrichtung (T1 in Fig. 19, Fig. 20) zum Um-
wandeln der Stundenwinkeldaten und der Mond-
daten in ein Ausgabesignal entsprechend einem
erwarteten Fangvolumen eines bestimmten Tie-
res zu einer gegebenen Zeit; und

eine Anzeigeeinrichtung (2, 2F) zum Anzeigen ei-
ner visuellen Darstellung des erwarteten Fang-
volumens in Antwort auf das Ausgabesignal der
Umwandlungseinrichtung.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Anzeigeeinrichtung eine visu-
elle Darstellung (2i) der Zeitdaten gleichzeitig mit
dem entsprechenden erwarteten Fangvolumen
anzeigt.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Anzeigeeinrichtung eine visu-
elle Darstellung (2i, 2a1 bis 2a9) des erwarteten
Fangvolumens gleichzeitig mit den entsprechen-
den Zeitdaten und Monddaten anzeigt.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Anzeigeeinrichtung eine visu-
elle Darstellung (2i, 2a1 bis 2a9, 2c¢) des erwar-
teten Fangvolumens gleichzeitig mit den entspre-
chend Zeitdaten, Monddaten und Stundenwin-
keldaten anzeigt.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, dal die Ortseinrichtung eine Langen-
datenspeichereinrichtung (16) zum Speichern
von Langendaten und eine Breitenspeicherein-
richtung (16) zum Speichern von Breitendaten
umfaft.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 5, dadurch gekenn-
zeichnet, dal® weiterhin eine Eingabeeinrichtung
(K3, K5) zum Eingeben von Langendaten in die
Langendatenspeichereinrichtung (16) und von
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Breitendaten in die Breitendatenspeichereinrich-
tung (16) vorgesehen sind.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, daR die Ortsdateneinrichtung umfalit:
eine L&ngen/Breitenspeichereinrichtung (16)
zum Speichern der Lénge und der Breite und
eine Zeitdifferenzspeichereinrichtung (16) zum
Speichern einer Zeitdifferenz zwischen dem er-
sten Ort, der durch die Ortsdaten reprasentiert
wird, und dem zweiten Ort, der vorher auf der Er-
de festgelegt worden ist.

Eine Vorrichtung zur Anzeige von astronomi-
schen Daten nach Anspruch 1, dadurch gekenn-
zeichnet, dal® weiterhin eine Programmspei-
chereinrichtung (15) vorgesehen ist, die ein Be-
triebsprogramm speichert zum Ausfiihren einer
Operation, um astronomische Daten zu erhalten,
die einen astronomischen Ort reprisentieren
entsprechend einem Ort auf der Erde, wobei das
Betriebsprogramm ein Stundenwinkelberech-
nungsprogramm zum Berechnen von astronomi-
schen Stundenwinkeldaten enthélt.

Revendications

Dispositif indicateur de données astronomiques
comprenant :

un moyen de données d’emplacement (16,
D, H surlafigure 4) servant a fournir des données
d’emplacement représentant un emplacement
spécifié sur la Terre ;

un moyen de données temporelles (16,
S2-88, C sur la figure 4) servant a fournir des
données temporelles qui comportent des don-
nées d’heure du jour et des données de date audit
emplacement spécifié ;

un moyen (13, 15, 16, S, W sur la figure 4)
de calcul de données d’angle horaire servant a
calculer des données d’angle horaire de la lune &
I'emplacement spécifié, en fonction desdites
données d’emplacement et desdites données
temporelles ; et

un moyen de données lunaires (16, S13,
R, U surlafigure 4) servant a fournir des données
sur la lune en fonction desdites données tempo-
relles ;
caractérisé par :

un moyen (T1 sur la figure 19, la figure 20)
servant a convertir lesdites données d’angle ho-
raire et lesdites données lunaires en un signal de
sortie correspondant a un volume attendu de pri-
se d’un certain animal & un moment donné ; et

un moyen d’affichage (2, 2F) servant a af-
ficher une indication visuelle du volume attendu
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de prise en fonction dudit signal de sortie du
moyen de conversion.

Dispositif indicateur de données astronomiques
selon larevendication 1, caractérisé en ce que le-
dit moyen d’affichage affiche une indication vi-
suelle (2i) desdites données temporelles en
méme temps que le volume attendu de prise qui
leur correspond.

Dispositif indicateur de données astronomiques
selon larevendication 1, caractérisé en ce que le-
dit moyen d’affichage affiche une indication vi-
suelle (2i, 2a1-2a9) dudit volume attendu de prise
en méme temps que les données temporelles et
les données lunaires qui lui correspondent.

Dispositif indicateur de données astronomiques
selon larevendication 1, caractérisé en ce que le-
dit moyen d’affichage affiche une indication vi-
suelle (2i, 2a1-2a9, 2¢) dudit volume attendu de
prise en méme temps que les données temporel-
les, les données lunaires et les données d’angle
horaire qui lui correspondent.

Dispositif indicateur de données astronomiques
selon larevendication 1, caractérisé en ce que le-
dit moyen de données d’emplacement comprend
un moyen de mémorisation de données de longi-
tude (16) servant & mémoriser des données de
longitude, et un moyen de mémorisation de don-
nées de latitude (16) servant a mémoriser des
données de latitude.

Dispositif indicateur de données astronomiques
selon la revendication 5, caractérisé en ce qu’il
comprend en outre un moyen d’entrée (K3, K5)
servant a introduire des données de longitude
dans ledit moyen (16) de mémorisation de don-
nées de longitude et des données de latitude
dans ledit moyen (16) de mémorisation de don-
nées de latitude.

Dispositif indicateur de données astronomiques
selon larevendication 1, caractérisé en ce que le-
dit moyen de données d’emplacement comprend
un moyen de mémorisation de longitude/latitude
(16) servant 8 mémoriser des données de longi-
tude et de latitude et un moyen de mémorisation
de différence de temps (16) servant 8 mémoriser
la différence de temps entre ledit premier empla-
cement représenté par lesdites données d’em-
placement et ledit deuxiéme emplacement anté-
rieurement décidé sur la Terre.

Dispositif indicateur de données astronomiques
selon la revendication 1, caractérisé en ce qu’il
comprend en outre un moyen de mémorisation
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de programme (15) qui mémorise un programme
de fonctionnement servant a effectuer I'opéra-
tion permettant d’obtenir des données astrono-
miques représentant la position astronomique
qui correspond a une position sur la Terre, ledit
programme de fonctionnement comportant un
programme de calcul d’angle horaire servant a
calculer des données d’angle horaire astronomi-
que.
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