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©  Astronomical  data  indicating  device. 

©  An  astronomical  data  indicating  device  is  pro- 
vided  with  a  memory  (D,  H)  for  storing  location  data 
representing  a  location  on  the  earth.  In  the  present 
device,  before  calculation  of  astronomical  data  such 
as  hour  angle  data  of  moon  and  moon  phase  data,  in 
steps  (S32,  S33),  a  first  hour  angle  data  and  moon 

phase  data  for  Greenwich  Mean  Time  are  calculated 
regardless  of  the  place  where  the  present  device  is 
used,  and  then  hour  angle  data  and  moon  phase 
data  at  the  place  where  the  present  device  is  used 
are  calculated.  Therefore,  the  calculation  process  is 
performed  in  a  very  simple  manner. 
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Astronomical  data  indicating  device 

The  present  invention  relates  to  an  astronomi- 
cal  data  indicating  device  which  is  capable  of  per- 
forming  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 
affects  an  appetite  of  animals  and  fish.  In  fact,  for 
example,  many  anglers  have  experience  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  pro- 
vided  with  a  moon  phase  indicating  disk  or  a 
moon's  age  indicating  disk  which  makes  one  revo- 
lution  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  de- 
scribed  moon's  age  indicating  disk  could  not  in- 
dicate  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  movement  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. 

The  present  invention  has  been  made  to  im- 
prove  the  above  mentioned  inconvenience  can  has 
an  object  to  provide  an  astronomical  data  indicating 
device  which  is  capable  of  generating  extremely 
precise  astronomical  data  such  as  moon  phase 
data,  moon's  age  data  and  hour  angle  data  of  the 
moon. 

To  achieve  the  above  objects,  according  to  the 
present  invention  there  is  provided  an  astronomical 
data  indicating  device,  which  comprises  location 
data  storing  means  for  storing  location  data  repre- 
senting  a  first  location  on  the  earth; 
first  calculation  means  for  performing  calculation  to 
obtain  astronomical  data  representing  astronomical 
position  corresponding  to  a  second  location  on  the 
earth,  said  second  location  on  the  earth  being 

previously  decided  on  a  place  different  from  the 
first  location  represented  by  the  location  data; 
second  calculation  means  for  performing  calcula- 
tion  on  the  astronomical  data  obtained  by  said  first 

5  operation  means  to  obtain  astronomical  data  cor- 
responding  to  the  first  location  represented  by  the 
location  data  stored  in  said  location  data  storing 
means;  and 
indicating  means  for  indicating  the  astronomical 

w  data  obtained  by  said  second  calculation  means. 
The  device  constructed  as  mentioned  above 

may  generate  not  only  extremely  precise  astro- 
nomical  data,  but  also  the  device,  by  using  these 
precise  data  such  as  the  data  concerning  the 

75  moon,  may  provide  users  of  the  device  with  appro- 
priate  reference  information  for  fishing  or  hunting 
with  simple  manipulation. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 

20  in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  an  external  front  view  of  an  elec- 
tronic  wrist  watch  having  a  moon  data  indicating 
device  which  is  one  of  embodiments  of  the  present 

25  invention; 
Fig.  2  is  a  view  showing  a  display  pattern  on 

a  display  section  of  the  electronic  wrist  watch  of 
Fig.  1; 

Fig.  3  is  a  circuit  diagram  of  the  electronic 
30  wrist  watch  of  Fig.  1  ; 

Fig.  4  is  a  view  showing  a  register  construc- 
tion  of  RAM  16  shown  in  Fig.  3; 

Fig.  5  is  a  flow  chart  of  the  whole  operation 
of  the  above  embodiment; 

35  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  operation  for  obtaining  hour  angle; 

40  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 
elongation  of  the  moon,  moon's  age  and  moon 
phases; 

45  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  pro- 
cesses  of  Fig.  5; 

Fig.  14  is  a  view  showing  transition  of  dis- 
50  plays  in  respective  operation  modes; 

Fig.  15  is  a  flow  chart  showing  detailed  key 
processes; 

Fig.  16  is  a  view  showing  display  states  in  a 
time  difference  setting  mode,  a  longitude  setting 
mode  and  a  latitude  setting  mode; 

3 
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hig.  17  is  a  view  showing  display  states  of 
expected  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  particular  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  op- 
eration  to  obtain  an  expected  fish  catch  of  Fig.  19; 

Fig.  21  is  a  view  expected  fish  catch  data 
obtained  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  elec- 
tronic  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 
portion  and  underneath  the  watch  glass  1a  there  is 
provided  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  display  elements  2a1  to  2a9  at  the  upper 
portion  of  the  display  section  2.  Nine  units  of  the 
liquid  crystal  display  elements  from  the  display 
element  2al  for  a  new  moon  at  the  left  end  side  to 
the  display  element  2a9  for  a  new  moon  at  the  right 
end  side  are  sequentially  turned  on  for  indication  of 
[he  moon  phase  which  changes  as  moon's  age 
lapses  in  accordance  with  the  moon  waxing  and 
waning  motion. 

At  the  side  left  to  the  left  end  display  element 
2a1,  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  ele- 
ments  2h,  as  will  be  described  later,  while  at  the 
side  right  to  the  right  end  display  element  2ag, 
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 
De  also  described  in  detail  later. 

At  the  lower  side  to  the  above  sun  display 
3lements  2b  for  indicating  the  sunrise  and  sunset 
and  the  moon  phase  display  elements  2a1  to  2a9, 
ihere  are  provided  25  units  of  hour  angle  display 
3lements  2c.  One  of  the  hour  angle  display  ele- 
nents  2c,  which  corresponds  to  an  hour  angle  of 
tie  moon  for  each  time  obtained  by  hour  angle 

operation,  is  turned  on  to  indicate  an  hour  angle  of 
the  moon,  as  will  be  described  in  detail  later. 

At  the  lower  side  to  the  hour  angle  display 
elements  2c,  there  are  printed  white  colored  nu- 

5  merals  on  a  black  background,  which  numerals 
indicate  hour  angles  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 

m  2c  is  indicating.  At  the  upper  portions  to  the  nu- 
merals  indicating  0,  6,  12  and  18  hours  and  the 
hour  angle  indicating  elements  corresponding  to 
these  numerals,  indicating  elements  2e  of  a  bar 
type  are  printed  for  indicating  good  times  for  fish- 

75  ing  or  good  times  for  hunting  when  the  hour  angles 
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 
elements  2c  serve  to  indicate  in  accordance  with 

20  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  ele- 
ments  2f  which  are  turned  on,  if  the  good  time  for 

25  fishing  or  hunting  is  reached.  For  example,  since 
the  time  is  best  for  fishing  when  the  moon  is  new 
moon  and  the  hour  angle  of  the  moon  is  0  hour  or 
12  hours,  all  of  the  fish  shaped  indication  elements 
2f  are  turned  on  to  advise  the  user  of  the  best  time 

so  for  fishing. 
Dotted  matrix  indicating  elements  2g  appearing 

at  the  left  intermediate  portion  of  the  display  sec- 
tion  2  are  capable  of  indicating  three  characters 
and  serve  to  indicate  other  information  such  as  day 

35  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 
provided  with  push  button  switches  K1  and  K2  at 

40  its  lower  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.  Operation  of  these  push  button 

is  switches  will  be  described  later. 
Fig.  3  is  a  view  showing  a  circuit  construction 

of  the  above  mentioned  electronic  wrist  watch.  An 
oscillator  10  generates  a  clock  signal  having  a 
constant  frequency  such  as  32,768  HZ  and  sup- 

50  plies  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 

35  a  control  section  (CPU)  13.  The  timing  signal  gen- 
erating  circuit  12  generates  various  timing  signals 
for  operations  performed  by  various  circuits  (not 
shown)  involved  in  the  control  section  1  3. 
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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  section  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  de- 
scribed  later.  The  programs  comprise  a  time  count- 
ing  program,  a  key  program,  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  pro- 
gram  ROM  15.  The  control  section  13  serves  to 
store  calculation  data  obtained  by  various  calcula- 
tions  in  RAM  16  as  described  later  and  supplies 
display  data  stored  in  RAM  16  to  a  decoder  driver 
circuit  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  angles  of  the  moon  and  so  on. 

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

Fig.  4  is  a  view  showing  a  construction  of  a 
register  involved  in  RAM  1  6. 

A  register  A  in  RAM  1  6  is  a  display  register  for 
storing  display  data,  which  is  to  be  supplied  to  the 
above  mentioned  decoder  driver  circuit  17.  A  regis- 
ter  M  is  a  mode  register,  which  is  a  register  for 
storing  numerical  data  corresponding  to  operation 
modes.  The  mode  register  M  stores  M  =  0  when 
the  indicating  device  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  dif- 
ference  between  the  time  stored  in  the  register  C 
and  Greenwich  Time  as  a  location  data.  A  register 
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  described  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  dif- 
ference,  latitude  and  longitude  (N  =  "2")  and  a 
display  operation  for  the  sunrise  time  and  the  sun- 

set  time  (N  =  "3"),  when  the  wrist  watch  is  in  a 
present  time  display  mode,  i.e.,  when  a  register  M 
takes  a  value  "0". 

A  flag  F0  is  set  (to  F0  =  "1  ")  at  time  when  a 
5  time  carry  of  every  one  hour  is  generated  while  the 

register  C  is  effecting  time-counting  of  the  present 
time.  When  this  flag  F0  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 

io  a  day  carry  of  every  one  day.  When  this  flag  F1  is 
set,  a  moon's  age  calculation  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, 

75  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. 

Registers  J  and  K  store  a  sunrise  time  data 
20  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 

25  C. 
A  register  L  stores  numerical  data  which  se- 

quentially  designate  time  difference,  latitude  and 
longitude  which  are  to  be  sequentially  modified, 
when  the  time  difference,  latitude  and  longitude  are 

30  displayed  or  modified.  A  register  P  serves  to  se- 
quentially  designate  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. 

35  A  register  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 

40  stores  sunset  time  on  the  day  set  by  switch  input. 
Registers  QO  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  QO  to  Q3  store  data  for  instructing  how 

45  many  fish-mark  indicating  elements  2f  of  Fig.  2 
should  be  turned  on. 

Registers  tO  and  t1  store  variables  used  in  a 
time  calculation  for  obtaining  moon's  age,  hour 
angle  of  the  moon,  sunrise  time  and  sunset  times 

so  as  will  be  described  later.  A  register  comprising 
registers  ZO,  Z1  through  Zn  is  a  work  register  for 
performing  calculation  or  for  temporarily  storing 
operation  results. 

Fig.  5  is  a  whole  flow  chart  illustrating  opera- 
55  tion  of  the  circuit  construction  system  of  Fig.  3. 

The  system  at  all  times  stays  in  a  halt  state  at  Step 
S1  of  Fig.  5  and  at  time-count  timing  of,  for  exam- 
ple,  every  16  Hz,  the  system  executes  a  time- 

5 
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counting  process  in  unit  of  less  than  hour  unit.  The 
system  counts  time  in  units  of  1/16  seconds,  sec- 
ond  and  minute  in  the  time-counting  process  in  unit 
of  less  than  hour  unit  and  outputs  an  hour  carry 
signal,  when  data  in  minute  unit  reaches  60  min- 
utes.  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  pro- 
cess  in  hour  unit,  it  an  hour  carry  signal  has  been 
generated  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  exceeds  24  hours,  then  a  day  carry 
signal  is  output. 

At  Step  S6,  the  system  judges  if  a  day  carry 
signal  has  been  generated.  When  a  day  carry 
signal  has  been  generated,  a  value  "1"  is  set  to  a 
flag  F1  at  Step  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  ex- 
ecuted  for  day,  month,  day  of  the  week  and  year. 
In  this  time-counting  process,  if  a  day  carry  signal 
has  been  generated,  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  a  result  of  the  above  addi- 
tion,  time  data  in  month  unit  or  in  year  unit  is 
revised  and  the  revised  time  data  is  transferred  to 
the  time  register  C  in  RAM  16. 

When  the  time  counting  process  has  been  fin- 
ished  in  a  manner  described  above,  the  process 
advances  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,  it 
is  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 
5  described  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 

70  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  a  flow  chart  illustrating  details  of  the 
hour  angle  operation  at  Step  S10  of  Fig.  5. 

75  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  basis  of  time  difference  data  stored  in  the 
register  B  and  the  converted  Greenwich  mean  time 

20  is  stored  in  a  register  ZO  of  RAM  16. 
At  Step  S22,  a  variable  t  is  calculated  for 

obtaining  Greenwich  sidereal  time  and  right  ascen- 
sion  of  the  moon  and  is  stored  in  the  register  to  in 
RAM  16. 

25  A  variable  t  shall  be  obtained  by  dividing  num- 
ber  of  days  which  lapses  from  a  predetermined 
day  such  as  the  noon  of  January  1,  2000 
(Greenwich  Mean  Time:  GMT  =  Universal  Time) 
by  Eurus  century  (36525  days).  Let  year  be  YE, 

30  month  be  MN,  day  be  DA  and  hour  be  HO.  Then, 
the  variable  t  can  be  expressed  by  the  following 
equation: 
t  =  (Z  -  36556.5)/36525 
where  W  =  (YE  -  1900)/4 

35  F  =  FRAC(W) 
A  =  INT(1  461  x  W) 
B  =  INT[(MN  +  7)/10] 
C  =  INT(1  -  F) 
D  =  INT[0.44  .  (MN  +  4.4)]  and 

40  Z  =  A  +  31  x  MN  +  DA  +  (B  -  1)  x  C  -  B  x  D 
+  HO/24 

The  variable  t  is  calculated  from  the  above 
equation  and  the  result  thereof  is  stored  in  a  regis- 
ter  tO  of  RAM  16. 

45  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) 

so  where  Y  =  Z  -  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 
55  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) 

3 
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where  =  32084.52539  x  T  +  14.55441  +  0.41925 
x  COS(4771  98.868  x  T  +  44.963)  +  0.16358 
x  COS(962535.762  x  T  +  166.633)  +  0.08494 
x  C0S(41  3335.350  x  T  +  10.740)  +  0.07104 
x  COS(1  934.1  40  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  cal- 
culated  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 
ascension  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  -  a(m)  <  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  angle  of  the  moon  on  the  follow- 
ing  day. 

At  Step  S26,  date  data  of  the  time  stored  in  the 
register  ZO  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  register  t1  of  RAM  16  in  the  same 
manner  as  in  the  process  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  results  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  follow- 
ing  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  following  day  at  Greenwich  has  been  cal- 
culated  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  Oh  (0  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  1NR  can  be  expressed 
by  the  following  equations: 
LNR  =  576/DJK  (DJK  >  0) 
LNR  =  576/(DJK  +  24)  (DJK  <  0) 

s  where  UK  =  (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 

w  a  register  Z8  of  RAM  16. 
Fig.  7  is  a  chart  illustrating,  for  easy  under- 

standing,  an  example  of  the  calculation  to  obtain  a 
lunar  day  period. 

For  example,  we  obtain 
75  DJK  =  3.1  h  -  3.8h  =  -0.7h 

where  an  hour  angle  of  the  moon  at  UT  =  0  at 
Greenwich  is  3.8h  and  an  hour  angle  of  the  moon 
at  UT  =  0  on  the  following  day  is  3.1  h. 

Then,  a  lunar  day  period  LNR  is  given  by  the 
20  following  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  Oh 
is  calculated  at  Step  S31  . 

25  The  time  when  the  hour  angle  of  the  moon 
reaches  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) 

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

Fig.  8  is  a  chart  illustrating,  for  easy  under- 
35  standing,  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 

40  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 
45  angle  of  the  moon  reaches  Oh  at  a  designated 

location  or  at  a  location  where  time  counting  is 
executed  is  calculated  from  the  time,  calculated  in 
the  above  operation,  when  the  hour  angle  of  the 
moon  reaches  Oh  at  Greenwich.  A  time  TH  when 

so  the  hour  angle  of  the  moon  reaches  Oh  at  a  given 
location  may  be  calculated  from  the  following  equa- 
tion: 
TH  =  (time  at  hour  angle  =  Oh  at  Greenwich) 
+  (time  difference  from  Universal  Time) 

55  -  (lunar  day  period/24)  +  (longitude/1  5) 
The  time  TH  when  the  hour  angle  of  the  moon 

reaches  Oh  at  the  time  counting  location  is  cal- 
culated  by  substituting  the  longitude  of  the  time 

7 
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(juuiiung  location  ana  ine  time  amerence  Trom 
Greenwich  Mean  Time  in  the  above  equation  and 
the  result  is  stored  in  a  register  Z10  of  RAM  16. 

For  example,  the  time  TH  when  the  hour  angle 
of  the  moon  reaches  Oh  at  Tokyo  locating  at  139.75 
degrees  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  Green- 
wich  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  count- 
ing  operation  at  Step  S33,  i.e.,  an  hour  angle  of  the 
moon  at  the  time  stored  in  the  register  C  is  cal- 
culated  and  stored  in  a  register  S  of  RAM  16. 

Fig.  9  is  a  chart  illustrating  an  example  of 
Dalcuiation  to  obtain  an  hour  angle  of  the  moon  :  35 
minutes  past  1  1  o'clock,  at  Tokyo. 

An  hour  angle  difference  of  the  moon  is  ob- 
tained  by  a  proportion  calculation  using  the  lunar 
jay  period  =  24.7  hours,  the  time  =  12  minutes 
after  20  o'clock  when  the  hour  angle  of  the  moon 
eaches  Oh  at  Tokyo  and  a  time  difference  from  the 
Dresent  time  to  be  obtained,  35  minutes  after  11 
3'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  minutes  after  11 
/clock  can  be  obtained. 

In  other  words,  a  precise  hour  angle  of  the 
noon  at  a  given  time  at  a  given  location  can  be 
Jasily  obtained  by  the  above  operation  using  the 
ongitude  of  the  given  location  and  a  time  dif- 
erence  from  Greenwich  Mean  Time. 

Fig.  10  is  a  flow  chart  illustrating  details  of  a 
noon's  age  calculation  at  Step  S13  of  Fig.  5.  At 
Step  S41,  the  time  stored  in  the  present  time 
egister  C  is  converted  into  Greenwich  Mean  Time 
>n  the  basis  of  the  time  difference  from  Greenwich 
i/lean  Time  stored  in  the  register  B.  Then,  the 
ibove  described  variable  t  is  calculated  from  the 
Sreenwich  Mean  Time  at  Step  S42. 

Now,  at  Step  S43  the  celestial  longitude  of  the 
noon  is  calculated  from  the  following  equation 
ising  the  variable  t  obtained  at  Step  S42: 
Celestial  longitude  of  the  moon  =  481267.9  x  t  + 
!18.3  +  6.3  x  COS(45  +  4572000  x  t)  +  1.3  x 
X)S(11  +  413300  x  t) 

In  the  same  way,  at  Step  S44  the  celestial 
Dngitude  of  the  sun  is  calculated  from  the  following 
quation: 
Celestial  longitude  of  the  sun  =  36000.8  =  t  + 
S0.5  +  1  .9  x  COS(268  +  360000  x  t) 

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

5  Elongation  of  the  moon  means  an  angle  be- 
tween  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 

70  example,  when  the  elongation  of  the  moon  is  0 
degree,  the  moon  is  a  new  moon.  When  the  elon- 
gation  of  the  moon  is  180  degrees,  the  moon  is  a 
full  moon  and  when  the  elongation  of  the  moon  is 
270  degrees,  the  moon  is  a  waning  moon. 

75  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  a  register  R. 

In  the  present  embodiment,  assuming  that  an 
20  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. 

?5  Then,  the  moon's  age  at  the  corresponding  location 
is  calculated  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: 

)0  Moon's  age  =  29.53  x  (elongation/360)  -  (time 
difference/24)  -  0.5 

Fig.  11  is  a  table  which  lists  relations  among 
elongation  of  the  moon,  moon's  ages  and  phases 
of  the  moon. 

is  If  a  difference  (elongation  of  the  moon)  be- 
tween  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 

'0  takes  a  value  in  the  range  of  0.0  to  1.8  days  in 
accordance  with  the  elongation  of  the  moon.  The 
calculated  moon's  age  data  is  written  into  the  regis- 
ter  R  of  RAM  16.  The  moon's  age  of  0.1  to  1.8 
days  corresponds  to  a  new  moon.  In  the  similar 

5  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 

o  to  a  full  moon.  When  the  elongation  of  the  moon  is 
in  the  other  angle  range,  the  relation  among  the 
elongation,  moon's  age  and  phase  of  the  moon  are 
also  illustrated  in  the  table  of  Fig.  11.  Fig.  12  is  a 
flow  chart  illustrating  in  detail  a  sunrise  and  sunset 

5  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  re- 
sult  is  stored-  in  the  register  Z  in  the  similar  manner 
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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  +  31  x  MN  +  DA  +  (B  -  1)  x  C  -  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  +  31  + ( B - 1 ) x C - 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  (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  zO. 
Similarly  to  Step  S42,  the  variable  t  is  obtained 

at  Step  S53.  A  mean  time  difference  KJS  is  ob- 
tained  from  the  variable  t3  and  the  result  is  stored 
at  Step  S54.  The  mean  time  difference  KJS  can  be 
calculated  from  the  following  equation: 
KJS  =  C  +  D  (seconds) 
where  A  =  (t3  -  80.5)  x  360/360.25 
B  =  (t3  -  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  cal- 
culated  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(1  08002  x  t  +  211)  +  0.01 
x  COS(73003  x  t  +  34)  +  0.01  x  COS(1  44001  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 
follows: 
A  =  TAN(0)  =  TAN(1) 
B  =  -0.017/COS(0)  x  COS(1) 
SSTN  =  [arcCOS(B  -  A)]  /15  degrees 
where  latitude  is  0  and  declination  is  1  . 

At  the  last  Step  S58,  sunrise  and  sunset  times 
are  calculated  and  the  results  are  stored  in  regis- 
ters  J  and  K  of  RAM  16,  respectively.  The  sunrise 
time  and  sunset  time  are  calculated  from  the  fol- 

5  lowing  equations: 
Sunrise  time  =  median  time  -  SSTN 
sunset  time  =  median  time  +  SSTN 

Fig.  13  is  a  flow  chart  illustrating  in  detail  the 
display  process  at  Step  S15  of  Fig.  5,  and  Fig.  14 

w  illustrates  transition  of  display  states  on  the  display 
section  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  advances  to  Step  S61  ,  where  it  is  judged  if 

75  a  value  of  the  register  N  is  "0".  When  N  =  "0", 
hour  angle  data,  present  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 

20  register  A  are  transferred  to  the  recorder  driver 
circuit  17  of  Fig.  3  and  are  displayed  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  minutes  50 

25  seconds  after  10  o'clock  P.M.,  June  26,  Monday  is 
displayed  on  the  display  section  2  and  the  moon 
phase  on  the  day  is  displayed  by  a  display  ele- 
ment  2a7,  as  shown  at  A  in  Fig.  14,  whereby  a  user 
of  the  wrist  watch  can  get  knowledge  that  the  moon 

30  is  a  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, 
respectively  in  the  display  stage  at  A  in  Fig.  14, 

35  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 

40  S17.  Fig.  15  illustrates  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 

45  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 

so  Step  S104,  where  it  is  judged  if  M  =  "1"  is  true. 
When  M  =  "1"  is  true,  "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 

55  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  pro- 
cess  of  Fig.  13,  when  M  =  "1",  the  process 

9 
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advances  from  Step  S60  to  Step  S66,  where  it  is 
judged  if  M  =  "1"  is  true.  When  the  result  is 
"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  A  and  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  depending  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  at  J  is 
displayed,  and  when  F2  is  "1",  sunrise  and  sunset 
times  are  displayed  as  described  later. 

In  Fig.  15,  when  the  switch  K2  is  operated,  the 
operation  of  the  switch  K2  is  detected  at  Step  S107 
and  it  is  judged  if  M  =  "0"  is  true  at  the  following 
Step  S108. 

When  M  =  "0",  it  is  judged  that  the  switch  K2 
has  been  operated  in  the  present  time  display 
mode  and  then  a  value  of  the  register  N  is  discrimi- 
nated  respectively  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  set  to  the  register  N 
and  digits  for  representing  "second"  are  desig- 
nated  to  be  corrected.  When  a  value  of  the  register 
N  is  "1  ",  the  process  advances  from  Step  S1  1  1  to 
Step  S112,  where  a  value  "0"  is  set  to  the  register 
L  while  a  value  "2"  is  set  to  the  register  N.  When  a 
value  of  the  register  N  is  "2",  the  process  ad- 
vances  from  Step  S113  to  Step  S114,  where  oper- 
ations  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 
operated  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  fol- 
lows.  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  a  value  of  the 
register  N  is  "3".  At  Step  S71,  it  is  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  cor- 
rected  are  subject  to  a  flashing  process.  Accord- 
ingly,  when  N  =  "1",  the  wrist  watch  is  brought  to 
a  time  correction  mode,  where  the  present  time 

5  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 
difference/longitude/latitude  setting  mode.  The  pro- 

10  cess  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  register  L  is  "0",  the  process  advances 
from  Step  S74  to  Step  S76,  where  character  data 

75  of  GMT,  time  difference  data  of  the  register  B  and 
time/minute/second  data  of  the  register  C  are  trans- 
ferred  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 

20  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  operation  of  the 
switch  K5.  When  L  =  "1  ",  LO  character  represent- 
ing  longitude,  longitude  data  of  the  register  D, 

25  latitude  data  of  the  register  H  and  n-character  data 
and  w-characater  data  are  transferred  to  the  regis- 
ter  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, 

30  data  of  the  registers  D  and  H,  character  data  n  and 
w  are  transferred  to  the  register  A  at  Step  S79  and 
the  process  advances  to  the  following  Step  S77. 
When  a  value  of  the  register  L  is  "1  "  or  "2"  at  N  = 
"2",  display  on  the  display  section  is  as  shown  at 

35  H  and  I  in  Fig.  16.  Data  which  are  turned  on  in  a 
flashing  fashion  on  the  display  shown  at  G,  H  and  I 
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  present 

40  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 

45  data  and  latitude  data,  all  of  which  have  been 
corrected.  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  at  N  =  "0". 

so  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  S1  17  if  N  =  "0"  is 

55  true  and  it  is  also  judged  at  Step  S118  if  N  =  "3" 
is  true.  When  N  =  "0"  is  true,  a  value  "3"  is  set  to 
the  register  N  at  Step  S119.  When  N  =  "3"  is  true, 
a  value  "0"  is  set  to  the  register  N  at  Step  S120. 

10 
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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  registers 
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  element  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  in- 
dicated,  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  A  in  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/latitude  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  latitude 
data  designated  by  the  register  L  are  sequentially 
corrected  or  set. 

When  it  is  judged  at  Step  S116  in  Fig.  15  that 
M  =  "0"  is  not  true,  it  is  judged  that  the  register  M 
has  been  set  to  "1"  or  "2"  and  the  process  ad- 
vances  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  register  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  I  in  Fig.  14  is  shown  an 
example  that  date  data,  June  26,  1989  involved  in 
the  present  time  data  stored  in  the  register  E 

5  shown  at  B  in  Fig.  14  is  advanced  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 

70  when  M  =  "2"  and  at  Step  S69  when  M  =  "2".  A 
process  for  calculating  a  best  time  for  fishing, 
sunrise  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 

75  described  in  detail  hereafter. 
An  operation  of  the  switch  K4  is  detected  at 

Step  S124  of  Fig.  15  and  it  is  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  I 

20  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  opera- 
tion  for  obtaining  hour  angle  of  the  moon  are  per- 
formed,  respectively.  The  operation  for  obtaining 

25  the  moon's  age  at  Step  S127  is  almost  similar  to 
the  operation  of  Step  S13  in  Fig.  5,  i.e.,  the  opera- 
tion  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 

30  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 
register  E,  i.e.,  on  the  basis  of  the  present  time 
data  or  time  data  arbitrarily  set  by  operation  of  the 

35  switch  K3  and  in  that  moon'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 

40  performed  at  Steps  S21  through  S32  but  is  dif- 
ferent  in  that  the  operation  at  Step  S128  is  per- 
formed  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 

45  register  W.  In  the  same  manner,  times  when  hour 
angle  reaches  6h,  12h  and  18h  are  calculated  at 
Step  S129.  The  time  data  obtained  at  Steps  S128 
and  S129  are  stored  in  the  registers  TO  through  T3, 
respectively.  At  Step  S131,  fish  catch  forecasting 

so  data  is  calculated  form  the  moon's  age  data  ob- 
tained  at  Step  S127  and  hour  angle  data  of  0,  6,  12 
and  18  hours  and  the  calculated  fish  catch  fore- 
casting  data  corresponding  to  hour  angles  of  0,  6, 
1  2  and  1  8  hours  are  stored  in  registers  Q0  through 

55  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 

11 
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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  to 
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  Q0  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  QO 
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  Q0 
through  Q3,  respectively.  After  completion  of  the 
process  of  Step  S131  in  Fig.  15,  the  process 
advances  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  I  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  2c  which  cor- 
responds  to  the  hour  angle,  Oh,  out  of  25  units  of 
hour  angle  indicating  elements  2c  is  transferred  to 
the  register  A  at  Step  S83.  At  Step  S84,  the  fish 
catch  forecasting  data  at  the  hour  angle,  Oh,  cal- 
culated  at  Step  S131  in  Fig.  15  and  stored  in  the 
register  Q0  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 
585.  Data  is  transferred  to  the  register  A  at  Step 
586,  which  data  decides  which  one  of  the  moon 
phase  indicating  elements  2a1  to  2a9  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 
display  states  in  the  fishing  best  time  indicating 
mode  at  M  =  "1"  and  F2  =  "1".  The  register  P 
takes  one  of  values  "0",  "1",  "2"  and  "3"  in 
accordance  with  the  operation  of  the  switch  K5. 
When  P  =  "0",  it  is  indicated  as  shown  at  B  in  Fig. 
18  that  the  time  when  the  hour  angle  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  second  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 
5  Step  S81  to  Steps  S87,  S88  and  S89,  succes- 

sively.  At  Step  S78,  data  to  be  displayed  when  the 
hour  angle  is  6h  is  transferred  to  the  register  A. 
When  P  =  "2",  the  process  advances  from  Step 
S82  to  Steps  S90,  S91  and  S92,  successively.  At 

10  Step  S90,  data  to  be  displayed  when  the  hour 
angle  is  12h  is  transferred  to  the  register  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 

15  to  the  register  A.  More  specifically,  data  for  dis- 
playing  the  corresponding  hour  angle  indicating 
elements  2c  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 

20  S94,  respectively.  Moon's  age  data,  date  data,  time 
data  corresponding  to  respective  hour  angles  and 
numeral  data  representing  the  order  of  display  on 
the  display  section  2  are  transferred  to  the  register 
A  at  Steps  S89,  S92  and  S95.  As  a  result,  various 

25  data  at  hour  angles,  6h,  13h  and  I8h  are  displayed 
as  shown  at  C,  D  and  A  in  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 

30  M  =  "2"  is  true,  it  is  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  op- 
eration  for  obtaining  sunrise  and  sunset  times  are 

35  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 

40  register  E  (the  present  data  or  data  set  by  opera- 
tion  of  the  switch  K3)  and  in  that  the  obtained  data 
are  stored  in  the  registers  U,  X  and  Y,  respectively. 
At  Step  S132,  F2  is  set  to  "1  "  and  then  it  is  judged 
at  Step  S69  in  the  display  process  of  Fig.  13  if  F2 

45  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 

so  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 

55  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  to  the  display  states  B  and 

12 
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E. 
When  the  operation  of  the  switch  K2  is  de- 

tected  at  Step  S138  in  Fig.  15,  the  process  ad- 
vances  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  executed  at  Step  S141  for 
selecting  digits  to  be  corrected.  More  specifically, 
when  the  switch  K5  is  operated  in  the  time  correc- 
tion  mode  shown  at  C  in  Fig.  14,  digits  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, 
successively.  When  the  switch  K5  is  operated  in 
the  time  difference/iongitude/latitude  setting  mode 
shown  at  F  in  Fig.  16,  data  to  be  set  is  selected 
successively  in  order  of  time  difference,  longitude 
and  latitude.  Further,  when  it  is  judged  at  Step 
S139  in  Fig.  15  that  M  =  "0"  is  not  true,  the 
process  advances  to  Step  S1  44,  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  successively,  as  shown  at  A,  B,  C 
and  D  in  Fig.  18. 

Note  that  when  a  switch  other  than  the  above 
described  switches,  for  example,  a  switch  K6  is 
operated,  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  A  in  Fig.  14  and  the  results  are  displayed 
with  the  indicating  elements  2c.  Further,  the  opera- 
tion  for  obtaining  moon's  age  and  sunrise/sunset 
times  is  performed  every  time  when  date  is 
changed  at  Steps  S6,  S7,  S12,  S13  and  S16  of  Fig. 
5,  and  the  moon's  age  data  is  converted  into  moon 
phase  data,  which  is  displayed  with  the  indicating 
elements  2a1  through  2a9.  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  embodiment  has  the 
following  features,  that  is,  the  data  obtained  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 

location  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  difference/iongitude/latitude  setting  mode 

5  shown  at  F  in  Fig.  14  and  in  addition  only  algorithm 
with  respect  to  GMT  (Greenwich  Mean  Time)  is 
required  for  operations  performed  in  the  embodi- 
ment,  because  the  above  operation  is  performed 
with  respect  to  the  present  time  at  the  location 

io  where  the  wrist  watch  is  used,  which  present  time 
has  been  converted  into  GMT  by  setting  a  time 
difference  from  GMT.  Therefore,  the  process  ex- 
ecuted  in  very  simple  way  in  the  embodiment. 

Further  in  the  above  embodiment,  when  the 
75  switch  K1  is  operated  in  the  present  time  display 

mode  shown  at  A  in  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 

20  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  indicat- 
ing  elements  2f,  number  of  which  represents  ex- 
pected  fish  catch  are  displayed  on  the  display 

25  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  I  in  Fig.  14,  when  the  switch  K4  is 
30  operated  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 
after  a  desired  date  has  been  set  by  operation  of 

35  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  displayed. 

The  present  invention  has  been  described  with 
40  reference  to  the  embodiment  which  is  applied  to  a 

wrist  watch.  The  present  invention  should  not  be 
limited  to  the  above  embodiment  and  it  may  be 
installed  in  a  small-sized  electronic  calculator,  a 
data  bank  machine,  a  scheduler  and  an  IC  card, 

45  and  further  it  may  be  installed  in  a  particular  device 
for  fishing  or  for  hunting. 

In  addition,  the  present  invention  may  be  in- 
stalled  in  a  device  for  indicating  hour  angles  of  the 
moon,  moon's  age,  moon  phases  and  so  on.  An- 

50  other  embodiment  of  the  invention  may  be  con- 
structed  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  input- 
ting  location  on  the  earth  and  various  operations 

55  are  performed  in  terms  of  the  input  data  as  de- 
scribed  with  reference  to  the  above  embodiment. 

In  the  embodiment  described  above,  various 
operations-  in  a  normal  time  indicating  mode  for 

13 
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obtaining  moon  s  age,  hour  angle  of  the  moon  and 
so  on  are  performed  once  in  a  day  or  once  in  one 
hour  but  another  embodiment  may  be  constructed 
such  that  such  various  operations  may  be  per- 
formed  at  an  interval  of  less  than  one  hour  and,  for 
example,  an  operation  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  calculated  moon  data  are  successively  dis- 
played  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  indicat- 
ing  elements  may  be  increased  for  more  precise 
indication  or  digital  indicating  means  may  be  em- 
ployed  to  indicate  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 
previously  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  successively  displayed  as  time  lapses. 
Therefore,  the  process  of  Fig.  19  includes  an  addi- 
tional  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  opera- 
tion  of  Step  T1,  number  of  fish  mark  indicating 
elements  to  be  turned  on  is  calculated  at  Step  T2 
from  present  hour  angle  of  the  moon  and  moon 
phase  or  moon's  age,  and  the  result  is  stored  in  a 
register  Z.  At  Step  T3  the  data  stored  in  the 
register  Z  is  transferred  to  a  register  QO.  In  the 
display  process  at  Step  S15  in  Fig.  19,  the  fish 
mark  indicating  elements  stored  in  the  register  QO 
are  displayed  in  the  present  time  indicating  mode. 

The  operation  at  Step  T2  in  Fig.  20  for  obtain- 
ng  number  of  the  fish  mark  indicating  elements  is 
as  shown  in  Fig.  21  and  different  numbers  of  fish 
nark  indicating  elements  are  obtained  by  combin- 
ng  moon  phases  and  hour  angles  of  the  moon 
Dther  than  those  at  Oh,  6h,  12h  and  18h  in  addition 
to  the  table  shown  in  Fig.  1  7. 

Accordingly,  in  the  present  time  indicating 
node  shown  in  Fig.  22,  only  one  fish  mark  indicat- 
ng  element  2f  is  displayed  at  58  minutes  50  sec- 
Dnds  past  10  o'clock  on  June  26,  and  at  the  same 
:ime  an  expected  fish  catch  volume  is  also  in- 
dicated. 

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 

5  for  fishing  is  reached  or  when  all  of  the  fish  mark 
indicating  elements  2f  are  turned  on.  Further,  the 
embodiment  may  be  provided  with  a  feature  which 
functions  to  generate  different  alarm  sounds  each 
time  when  the  expected  fish  catch  volume  is 

70  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 

75  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 

20  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 

25  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. 

30  In  further  another  embodiment,  a  world  watch 
may  be  constructed  such  that  longitude  data  and 
latitude  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. 

35  As  having  been  described  above,  the  present 
invention  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. 

40 

Claims 

1.  An  astronomical  data  indicating  device  for 
45  indicting  astronomical  data,  characterized  by  com- 

prising:  location  data  storing  means  (D,  H)  for  stor- 
ing  location  data  representing  a  first  location  (area) 
on  the  earth;  program  storing  means  for  storing  a 
first  operation  program  (S21  to  S31)  and  a  second 

so  operation  program  (S32,  S33),  said  first  operation 
program  (S21  to  S31)  prepared  for  performing  op- 
eration  to  obtain  astronomical  data  representing 
astronomical  position  corresponding  to  a  second 
location  on  the  earth,  said  second  location  being 

55  previously  decided  on  a  place  on  the  earth  different 
from  the  first  location  represented  by  the  location 
data  stored  in  said  location  on  data  storing  means, 
and  said  second  operation  program  (S32,  S33) 

14 
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prepared  for  performing  operation  on  the  astro- 
nomical  data  obtained  under  control  of  said  first 
operation  program  to  obtain  astronomical  data  cor- 
responding  to  the  first  location  represented  by  the 
location  data  stored  in  said  location  data  storing  5 
means;  and 
indicating  means  (2)  for  indicating  the  astronomical 
data  obtained  by  performing  said  second  operation 
program. 

2.  An  indicating  device  according  to  claim  1,  ro 
characterized  in  that  said  location  data  storing 
means  (D,  H)  comprises  longitude  data  storing 
means  (D)  for  storing  longitude  data  and  latitude 
storing  means  (H)  for  storing  latitude  data. 

3.  An  indicating  device  according  to  claim  2,  75 
characterized  by  further  comprising  input  means 
(K3,  K5)  for  entering  longitude  data  into  said  lon- 
gitude  data  storing  means  and  latitude  data  into 
said  latitude  data  storing  means. 

4.  An  indicating  device  according  to  claim  1,  20 
characterized  in  that  said  location  data  storing 
means  (D,  H)  comprises  longitude/latitude  storing 
means  (D,  H)  for  storing  longitude  and  latitude  and 
time  difference  storing  means  (M)  for  storing  time 
difference  between  said  first  location  represented  25 
by  said  location  data  and  said  second  location 
previously  decided  on  the  earth. 

5.  An  indicating  device  according  to  any  one  of 
claims  1  to  4,  characterized  in  that  said  first  opera- 
tion  program  comprises  hour  angle  operation  30 
means  for  calculating  astronomical  hour  angle  data. 

6.  An  indicating  device  according  to  any  one  of 
claims  1  to  5,  characterized  in  that  said  first  opera- 
tion  program  comprises  sun  data  operation  means 
for  performing  operation  to  obtain  location  data  35 
concerning  the  sun  as  astronomical  data. 

7.  An  indicating  device  according  to  claim  6, 
characterized  in  that  said  sun  data  operation  means 
comprises  time  operation  means  (S58)  for  calculat- 
ing  a  sunrise  time  and  a  sunset  time.  40 

8.  An  indicating  device  according  to  any  one  of 
claims  1  to  7,  characterized  in  that  said  indicating 
means  comprises  hour  angle  indicating  means  (2c) 
for  indicating  an  astronomical  location  in  terms  of 
hour  angle.  45 

9.  An  indicating  device  according  to  claim  8, 
characterized  in  that  said  hour  angle  indicating 
means  comprises  at  least  24  units  (2c)  of  hour 
angle  indicating  elements. 

10.  An  indicating  device  according  to  any  one  50 
of  preceding  claims,  characterized  in  that  said  pro- 
gram  storing  means  comprises  ROM. 

55 
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