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FORTRAN AND BASIC PROGRAMS
FOR COMPUTING AND PLOTTING
THE ASTRONOMIC TIDE

Franco Stravisi
University of Trieste,
Department of Theoretical Physics

ABSTRACT. Fortran programs are given for computing the
astronomic tide at Trieste, Outputs are {1i) an Ascii file
containing one year of hourly elevations, (ii) manthly
tablies with hourly elevations and (iii) menthly tables with
high and low waters. A BASIC program is described for
plotting « monthly graph of the astronomical tide.

The harmonic constants, seven tidal components, can be
easily changed inside the program, for use in other
localities. The software usually runs on a PC under M3-DOS.

1. The tidal prediction at Trieste.

The conventional harmonic method has been adopted since
many vears (Polli, 1949) for the computation of the high and
low waters of the astronomic tide ("tidal predigtion”}l at
the Istituto Sperimentale Talasscgrafico (IST) of Trieste.
During the 60's, the use of a Doodson-Lége tide . predicting
machine permitted to speed-up this job. In 1976, a Fortran
IV program (PREMAR) for the harmonic tidal computations,
running on the CDC 6200 computer at the University of
Trieste, was written at IST by Stravisi. This program has
been used since that time for computing and printing tidal
tables for Trieste (Stravisi, Ferraro and Luca, 1976) and
other Rdriatic harbours. PREMAR has been modified in 1980 in
order to run on a Digital Minc-11 PC, wunder RT-11, at IST
{Stravisi, Ferraro and Luca, 1980). In the following years,
sume improvements were introduced in order to compute also
the nodal factors (f} and the arguments (V.+u), (Stravisi,
1983), and for drawing monthly graphs on the IST Tektronix
4662 plotter {Stravisi, Ferraro and Luca, 1983). The 198¢&
revision wf PREMAR (Stravisi, 1986), with some graphic
improvements by Ferraro, is still in use at IST.

The recent diffusion of PC's using MS-DOS and Fortran??
required the conversion of PREMAR 1986, accounting for the
different files management and taking advantage of the
increased memory capabilities. The new software produces, in
addition, an Ascii formatted file containing the hourly
elevations of the astronomic tide. These data can be plotted
on the PC screen by means of a BASIC program; a printed copy
can be then obtained, aveolding the use of a pletter. In this

way, tidal predictions for Trieste have been prepared fii.t
at UNEP-CIMAM, Trieste, using a PC Olivetti M24 (Straviui,
1947, 1988), and then at the Department of Theoretical
Physics of the University of Trieste, in collaboration with
the Climatology Laboratory of the International Centre for
Theoretical Physics, using an Olivetti M38B0/C (Stravisi,
1989) .,

The 198% version of the software for tidal predictions is
described in this report. Different features for output un
printer/files have been included into a single MS-Fortran
program {(TIDTAB); a number of subroutines and functions are
used, taken from Stravisi (1983). The BASIC program PLUMAR
is used for plotting monthly graphs of the astronomic tide.

2. The harmonic methoed.

The astronomical tide, according to the classical
harmonic model, is conventionally computed by adding a
number of tidal components

-‘?l = F,H: cosla,t + (Votu), - g} i

t is the local time, the mean amplitude H and the phase g
are the "harmonic constants" computed from the tidal records
and V.+u represents the equilibrium argument at Greenwich at
t=0. The angular speed o can be considered to be constant
with time. The nodal. factoer £, accounting for wvariations
having a period of 18.61 years, is commonly used to modulate
the tidal component amplituds, so that the model, in spite
of its name, is not strictly harmonic. Tables giving
numerical values of f, V. and u for a number of tidal
components and for different years can be found in the
literature (Schureman, 1958). Formulas (see Tables 1,2) and
codes for their computation are reported by Stravisi (1983)
for the seven tidal components (Ma,Sa,Ne K::K:,0:,P.) that
are required at Trieste, and almost everywhere, in order to
represent the real tide with. a good accuracy. The
corresponding values for some shalleow-water components of
common use can be computed on the basis of the corresponding
values of the principal constituent tides {(Schureman, 1958).

3. Program TIDTAB and related routines.

The software for tidal predictions described in this
section is normally used on PC's like Olivetti M24 and M380
with MS-D0OS and Microsoft Fortran.

The main PROGRAM TIDTAEB is listed on pages 10-23. The
only inputs, from the keyboerd, are the prediction vear and
a code (1/273) for different outputs. The harmonic constants
for Trieste are defined in the subroutine ARCOTS; all the
parameters required by the harmonic model are computed Ly
appropriate subroutines. The printer control sequences
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corvespond to the IBM Proprinter; B0 columns are used on
UNI-Ré sheets, Run TIDTAB, enter vyear and code., Nodal
factors and equilibrium arguments are displayed. Code = 1:
the= hourly elevations of the astronomical tide for the whole
year are computed and stored in an BAscii formatted file; the
file name 1s supplied from the keyboard. Data are in
centimeters with one decimal digit; the reference level 1isa
zevo, Code = 2: input the month number (1-12, 0 to stop).
Mcunthly tables are printed, with the hourly values of the
astronomical tide. Code = 3: input the month numbexr (1-12, 0
te stop). The series of consecutive high and low water
instants and elevations are computed by subroutine HIGLOW;
monthly tables are printed. For output formats, see Stravisi
(19Rr9). Explanation comments are inserted within the program
li=st.. Headings can be changed in formats (1}, 20,26,31,50,
Names of the months are defined in DATA MESE,; days of the
week in DATA GN.

FUNCTION TIDE. Computegs the astronomical tide at time T
{in hours; T=0¢ is 0 h, 1 January!, by means of seven tidal
constituents. Bmplitudes, angular speeds and phases are
given in COMMON /FTIDE/.

FUNCTION D, DD. Compute the first and the second time
derivatives of the harmonic tide, to be used for finding
high and low waters.

SUBRQUTINE . BRCGTS. Defines the angular speeds of
M.,5: Ne Ki: , K1 ,0: , P4 and the corresponding harmontc

constants H,g for Trieste {Trotti, 1969}. Calls for the
computation of £ and V.+u foxr the current year, displays a
sunmary table and puts suitable parameters in COMMON
/FTTILE/. Harmonic constants for other harbours can be
detined in DATA H,G.

SUBRQUTINE HSPLON. Computes the mean longitudes DL of the
sun, of the moon and of the lunar perigee (h, = and p in
Table 1d)} at a given time Y in vyears AC. Output values are
in degrees/radians if IRD=0/1.

SUBRQUTEINE NLONG. <Computes the 1longitude of the lunar
node (N in Table 14) at given time Y in years AC. Output in
deprees/radians according to IRD.

SUBROUTINE INUXI. Computes five elements DX of the lunar
orbit (Table le) at given time Y (years AC): the obliquity I
of the lunar orbit with respect to earth's equator, the
Tight ascension of the lunar intersection ¥ , the auxiliary
terms ' and 2vY for the tidal constituents K. and K= and
the iongitude § , in moon's orbit, of the lunar
intersection. Qutput in degrees/radians (IRD=0/1).

SUBRQUTINE VZEROU. Computes the principal portion of the
alpument Vit) at t=0 (t=180°), and the argument u at the
middle of the time interval, according to formulas of Table
2. Output wvalues are V.t+tu, seven tidal components, in
degrees or radians (IRD=0/1). Input times, for one vear of
tidal predictions, are 0 h, 1 January, given vear (e.g.
Y-1290.0) and the middle of the vyvear (e.g. YH=1990.5).

Values of £ and V.+u for the years 1981-2020 are reported
in Table 3; the corresponding values for Se are 1 and 0.

SUBROUTINE NODFAC. Computes the nodal factors F (Table 2}
at the middle of the prediction periocd (e.g. Y=1990.5).

SUDBROUTINE TIMCOEF. Computes the auxiliary ceoetficients h,
B (Table 1c) for the vear Y, using constants and parametors
of Table 1la,b.

SUBRQUTINE HIGLOW. Computes the instants HP(I), with an
accuracy better than 0.5 min, and the corresponding
elevations LP(I) in centimeters, rounded to integers, of the
consecutive high and low waters TI=1,NHL. for the given
calendar year NY. Times of occurrence of the relative
extremes are found by means of the Newton-Fourier iteration,
using the first and the second time derivatives of the
astronomic tide, applied to consecutive time intervrvals
[La,tu=tat5). The method iz described by Stravisi (19683} .and
the corresponding flowchart is reported in Fig. 1.
Convergence usually occurs within three iterations.

4. BASIC program PLOMAR.

This program displays on the PC sareen a monthly graph of

the astronomical tide; the phases of the moon are shown at
the corresponding days.

Input (i} year, (ii) name of the Ascii file created by
TIDTAB (code 1), containing the hourly elevations of the
astronomical tide, (iii) name of file containing the phases
of the moon, and (iv) month (1-12). After the first plot,

select another month by typing GOTO 290 to skip data input.
Undesired characters on the screen can be cancelled;
press the (PRINT SCREEN> key to obtain a printed copy of tle

graph.
The PC screen is defined on line 380; SCREEN 3 defines
the 0livetti high resolution (640x400 pixels)., On line 1620

the cursor is cancelled; this statement can be illepal in
some new versions of GW-BASIC. Lunar phases are plotted on
lines 1050-1120Q; symbols are c¢entered at 18 h of the
corresponding day, at a mean height between tidal curves.
Mocn's phase data are stored in an Ascii [ile with the
following format:

1990 50

01 04 11.41
01 11 05.58
01 18 22.18
01 26 20.21
02 02 19,33

(example of file with moon's phases)

b = F W B

The first row indicates the year and the corvesponding total
mumber of lunar phases. The following rows report month,
day, time in hours and phase t,2,3.4, corresponding to new

moon, first quarter, full moan and last gquarter
respectively.
PLOJAAR can be changed for use in other localities, hy

defining new headings, or for plotting sea level records,
The vertical scale 1is however suitable for elevations
hetween + 80 cm.
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) Conptants
¢ =384403 X100 m
o, = 149504201 X 10! m
S/, = 332 488 t 43
M/E = 12289 + 4 X 1075 =1/8137
S/M = 2.705 455 X 107
§ = (o/c, )} /M = 0.459 875 64
¢ =0 obasouse
i = 5 145 376 28’

mean exrth-moon distance
mesn carth-sun distance
sun/enrth mem retic
moon/enrth mas ratio
un/mucn masa Tetio

volar

fuctor

sccentricity of moon's orbit
inclination of moon's orbit to plane of ecliptic

) Tum dependent parumeters

=, - 0016751 04 ~ uaoxm’n—lzoxm‘“n’
w = 23452 294 — 1301 11* X 1074

time

alter 1900, in years

eccentricily of earth's orbil
obliquity of the ecliptic

} Time dependent suxiliary cocificicnis
A =S (+32)/(1+326%)

Numerical value, 1985

Increment, per year

A = comiconw 0.913 771 493 + 0,000 G0 400
A; = sinisnw 0.035 676 679 = 0.000 000 187
Ay meonk 3 =i}/ con ; i, 1018 819 128 — 0.000 0 108
A, = ain (w—l)lam;(w+i) 0.643 957 699 - 9.000 001 671
= Ann2w 0.334 316 893 — §.000 001 429
Ay =Aur’w 0,072 478 792 - 0.000 000 761
By = lcos ‘é—‘ coe ; ¢ 1.092 333 626 — 0.000 001 U2y
By =~ [Ag+(1-32 .u. i) ain 2 w)™2 0.897 663 509 + 0.000 007 647
By Ab + (1 - 3/2 oin® ) sin? w2 19.098 898 614 + 0,000 400 3563
B, = lsinw coc’ Y coat ; 11 2.632 568 903 + 0.000 012 547
By m2A58, 0.600 208 150 + 0,000 002 544
B, =2A,B 2.768 530 194 + 0,000 028 978
By = {1 +(1—3/2 un? i} /A]72 = By A3 = By A} 0.100 329 862 - 0.000 000 003
} Longitude of lunar and solar elements (3}
T time in Julian centuries m?bSﬂSd&moned[mm“ ich mean noon, D¢ ber 31, 1899
h =~ 279.696 676°+ 36 000.768 925° T + 3. mean longitude of sun

s = 270.437 422° + 481 267 892 000" T + 2.525* x10“’14+1a9-x10‘°
= 334328019+ 4 069.032 206° T — 1,034 4° X 1073 T2 — ) 25+ 1073
R - 250082533 - 1934.142 397 T+ 2.106* XIO"1¢+222‘X10 63

mean longitude of moon
longitude of lunur pengee
longitude of moon's nude

) Time dependent llgmanll al Ih: lunar orbit {3)
= arc coa [A)

ubliquity of lunar ot with respect Lo earth’s equator

[

€  =wcun A,unﬁuza

v = { — arc lan | night of luoar §

v = arcian un2| unv)l( +un-3,| J lunlurylltmlur K.

2v* = arcisn un [sin2v)/(Ag+ lTeoad2w) suxili

§ -N+v—12 ﬂiﬂmluﬁldluwmmum
A Eph is and Nauticat Al

%) Smithsonian Physical Tablos
3} Sehreman (1958)

Tab. 1. Astronomical parameters of use in tidal
computations (from Stravisi, 1983}.
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M, H\w#; 2r=-2s+2h 2¢-2v 28984 104 214 — 10:14 X 107" T = 28.984 104 205
S, L er 0 KU

N, B cont ] Zr-3at2h+p 2-2v 2H 439 729 516 — 28.16 X 107% T = 28,439 72¢ 492
K;  iBysin* 1+ B einlicos2v+ 812 21 +2h -2 30082 137 278 + 1.38 107 ¥ T = 30082 137 279
Ki (B sin? 214 B sin2Tconv + B2 ¢ + h-oor - 15041 068 639 + 0.69 X 1072 T= 15.041 (68 640
0, mnnumlf t—2s+ h+00° 2i- v 13.943 035 575 - 10.84 X 1077 T = 13.943 035 560
P 1 T = htar 0 14958 031 361 — 0.69 % 10" % T= 14958 431 30

(1} £ = 15° ¢ + IR0 58 the hour m of the mean sun; 1 in Greenwich ime in hours.
(2) Angulur speed in “/h; terms in T*. compuied for T = 1, are enclosed.

Conatant spreds reler to T = (.85, year 1985,

Tab. 2. Nodal factors, arguments and speeds of the seven
principal 1idal constituents (from Stravisi, 1983).

Aty 7t}

T-0

l-lw tﬂ

ty= 1,

+ 8

Fig. 1. Computation of the high and low water instants,

Newton-Fourier

method

S$=1 h, o-5/5, €=0.5 min

{(Subroutine HIGLOW) .
(from Stravisi, 1981).

Year Me N Ke Ka [e1}
1981 1.021 1.021 0.864 0.948 0.915 1.000
117.90 287.43 185.58 2.49 119.42 349.43
1982 1.009 1.009 0.949 0.987 0.979 1.000
218.36 299.18 183.03 1.45 221.06 349.67
1983 0.996 0.996 1.046 1.026 1.042 1.000
319.06 311.15 182.62 1.46 321.41 349 .91
1984 0.984 ~.0.984 1.142 1.960 1.096 1.000
60.00 323.37 184.16 2.36 60.81 350.1%
19B5 0.974 0.974 1.226 1.087 1.140 1.000
136.78 298.36 189.25 4.91 134,20 349,40
1986 0.967 0.967 1.28B6 1.104 1.168 1.000
238.11 310.96 193.46 6.93 232.56 349.64
1987 0.963 0.963 1.315 1.112 1.182 1.000
339.56 323.70 198.30 9,21 330.72 349.88
1988 0.964 0.964 1.310 1.111 1.180 1.000
81.04 336.45 203,30 11.55 69.82 350.12
1989 0.969 0.969 1.271 1.100 1.161 1.000
158.08 311.71 209.99 14.76 141.65 349.37
1990 0.977 0.977 1.203 1.080 1.128 1.000
259.37 324.27 213.92 16.67 240.11 349.61
1991 0.988 0.988 1.115 1.051 1.081 1.000
0.47 336.65 216.61 18.06 339.03 349.85
1992 1.000 1.000 1.017 1.015 1.024 1.000
101.34 348.80 217.61 18.71 78.68 350.09
1993 1.013 1.013 0.922 0.975 0.960 1,000
177.58 323.25% 218.55 19.42 154.00 349.34
1994 1.024 1.024 Q.842 0.937 0.8%7 1.001)
277.98 334.93 215.38 18.05 256,07 349,58
1995 1.032 1.032 0.785 0.905 0.BLk 1.000
18.20 346.43 210.34% 15.59 359.72 349.82
1996 1.037 1.437 0.753 0.885 0.812 1.000
118.38%  357.80 204.05 12.25 104,76 350.006
1997 1.038 1.078 0.749 0.883 0.807 1.000
193.96 331.67 199.21 9.48 185.15 349.31
1998 1.034 1.034 0.772 0.897 0.831 1.000¢
294.03 343.02 192.67 5.95 290.52 349.55
1999 1.027 1.027 0.821 0.926 0.879 1.000
34.20 354.47 187.16 3.18 L. 65 349,70
2000 1.016 1.016 0.895 0.963 0,939 1,000
134.546 6.09 183,35 1.45 137.22 350.021
Tab. 3. HNodal factora f in the middle, and arguments



Year Me N.» Ko K, [0 Pa
2001 1.004 1.004 0.986 1.003 1.004& 1.600
210.71 340.47 183.59 1.82 212.95 349.28
2002 0.992 .992 1.084 1.040 1.064 1.000
311.50 352.54 183.97 2.20 312.89 349.52
2003 0.980 0.980 1.177 1.071 1.115 1.000
52.53 4.85 186.17 3.38 92.01 3u9.76
20014 0.971 0.971 1.252 1.094 1.152 1.000
153.76 17.36 189.76 5.14 150.59 350.00
2005 0.965 0.365 1.301 1.108 1.176 1.000
230.77 352.58 196.26 8.28 223.48 349.25
2006 0.963 0.963 1.317 1.113 1.183 1.000
332,24 5.32 201.21 10,60 321.60 349.49
2007 0.965 0.965 1.299 1.108 1.174% 1.000

73.70 18.06 206.16 12.92 59.72 349.73

2004 0.972 0.972 1,248 1.093 1.150 1.G00
175.08 30,72 210.62 15.04 158.00 349.9%97

2009 0.981 0.981 1.171 1.069 1.112 1.000
251.92 5.78 216.11 17.77  231.24& 349.22

2010 0.992 0.992 1.077 1.038 1.060 1.000
352.94 18.07 218.20 18.89 330.41 34&%.46

2011 1.005 1.005 0.979 1.000 0.999 1.000
93.71 30,12 218,44 19.21 70.42 349.70

2012 1.017 1.017 0.889 0.960 0.935 1.000
194.25 41.93 216.57 18.52 171.61 349.93

2013 1.027 1.027 0.817 0.923 0.875 1.000
270.19 16.09 214.59 17.70  248.92 349.19

2014 1.034 1.034 0.769 0.895 0.829 1.000
10.35 27.53 208.98 14.86 353.15 349.43

2015 1.038 1.038 0.748 0,882 0.807 1.000
110.42 38.87 202.40 11.30 98.58 34%9.67

2016 1.037 1.037 0.755 0.886 0.813 1.000
210,46 50.19 195.61 7.56 204.31 349.90

2017 1,032 1.032 0.788 0,907 0.847 1.000
286.18 26.12 191.34% §.25 283.92 349.16

2018 1.023 1.023 0.847 0.939 0.901 1.000
Zb. bkl 35.63 186.42 2.86 27.46 349,40

2019 1.012 1.012 0.928 0.978 0.964 1.000
126.83 47.32 183.39 1.57 129.42 349.63

2020 0.999 0.999 1.023 1.018 1.028 1.000
227 .47 59.24 182.50 1.36 230.03 349.87

V..+u (in degrees) at the beginning of vears 1981-2020.
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TIDAL TABLES.

Computes and prints one year of astronomical tide

for TRIESTE.

Harmonic method with 7 components (M2,82,N2,K2,K1,01,P1).

Raferences:

Stravisi F. (1983): "The IT methed for the harmonic tidal
prediction®, Boll. Oceanol. Teor. Appl., 1/3, 193-204.

Stravisi F. {1986): "B Fortran program for the harmonic
tidal prediction”, CNR Ist. Talassografico Trieste,

RF 14.

-- SUBROUTINES required:
TIMCOF computes astronomical parameters;
HSPLON computes moon and sun longitudes;
NLONG computes longitude of moon's node;
INUXI computes astronomical parameters;

NODFAC computes the nodal factors;
VZEROU computes Vo (1 Jan, Oh} and u (1 Jul);
ARCOTS puts in COMMON the set of 7 harmonic
constants, nodal factors and phases;
HIGLOW computes high/low waters;
FUNCTIONS required:

TIBE computes the harmonic tide, 7 components;

D computes the first time derivative of TIDL;
DD computes the second time derivative of TILE.
INPUT : (from keyboard) year, code (1/2/3).

Version for IBM Proprinter.
QOUTPUT : nodal factors and phases;
code = 1 ASCII file with hourly wvalues
code = 2 prints monthly tables, hourly values
cods = 3 prints monthly tab., high/low waters
NOTE - changes for other localities:
1) define 7 harmonic constants H,G in sub. ARCOTS;
2) change tables headings in TIDTAB formats (1), 20, st
and in ARCOTS format 1;
1) change names of months MESE and days GN

in TIDTAB DATA;

3) check local time headings in TIDTAB formats 26, 50.

Check control characters for printer:

IBM Proprinter II (80 col.) is here used as LPTI1.
DIMENSICN AT(24,31,12),IAT(24),HP(1500),LP(1500},
LIH(31,12,6),IM{31,12,6),IR(31,12,6},05(31,12),
.NG(12),NO(13)

CHARACTER*9 MESE(12)

CHARACTER*1 GN(7),DY(31,12}

CHARACTER*30 FOUT

DATA AT/8928%0.0/

DATR IM/2232%100/
-- NG : monthly no. of days

DATA NG/31,28,31,30,31,30,31,31,30,31,30,31/
-~ MESE : names of months; GN : days of the week.

DATA MESE/'GENNAIO ','FEBBRAIO ', 'MARZIO '

s WL
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"APRILE ', 'MAGGIO ', 'GIUGNO ',
'LUGLIC ', TAGOSTO ', 'SETTEMBRE" ,
‘OTTOBRE ', 'NOVEMBRE ','DICEMBRE '/

DATA GN/'L','M','M','G','V','S','D'/

Input prediction year (NYERR) and printing code (NCCD)

1

WRITE(*,1)

FORMAT( /

. ' University of Trieste, Italy'/

.' Department of Theoretical Physiecs'/

.' Program TIDTAB (Franco Stravisi 1983,1986,1989):'/
.'" harmonic tidal computations for TRIESTE'//

.Y Year ? ',\)

READ(*,2) NYEAR

NY=NYEAR-1900

IF({NYERR.GE. 2000) NY=NYEAR- 2000

FORMAT(IS)

WRITE(*,3)

FORMAT(/' Code (1/2/3):'/

A | fills a new Ascii file with hourly tide,'/
. prints monthly tables with hourly tide,'/
.3 prints monthly tables with high/low waters;'/
TN

KERD(*,2) NCOD

IF(NCOD.EQ.1) GOTCQ 5000

WRITE(*,4)

FORMAT (

.'" 1 LPT1 control ccdes are for IBM Proprinter.'/

w o
Wnon

.' Print: default (1) or max qual. Letter II (2) 7 '\)

REARD(*,2) NST

Define harmonic parameters
5000 CALL ARCOTS (NYEAR)

Modify number of days for leap vears

NG(2)=28

IF(MOD{NYEAR,4).EQ.0) NG(2)=29
TF(NCOD.EQ.1) GOTO 1000
LF(NCOD.EQ.2) GOTO 500

Define days of the week DY (from 1 Jan 1976)

NZ =t

NDF=NYERR-1976
NZ=NZ+NDF*365+ (NDF+3})/4-2
DO 100 M=1,12

DG 100 K=1,NG(M}

NZ=NZ+1

100 DY(K,M)=GN(MOD(NZ,7)+1}
500 OPEN(1,FILE='LPT1")

C- -

c- -

Set IBM Proprinter to Letter II, max quality

JF(NST.EQ. 2}

LWRITE(1,5) CHAR{27),CHAR{73),CHAR(3),CHAR(27)},CHAR(71)

5 FORMAT(1X,5R1,\)

IF{NCOD.EQ.3) GOQTO 3000

ompute hourly elevations AT (1=1,24 means h = 0,23)
1000) CONTINUE

T=-1.

DC 110 M=1,12

DO 110 K=1,NG(M}
DO 110 I=1,24

T=T+1.
110 ATII,K,M)=TIDE(T)
IF(NCCD.EQ.2) GOTO 2000
C-- {(tide at December 31, h=24)
ATF=TIDE(T+1.)
C-- Input NEW ASCII file name for output hourly tide
WRITE(*,6)
6 FORMAT(/' New Ascii fila name for hourly tide ?
READ(*,7) FOUT
7 FORMAT{(R3D}
C-- Fill FOUT
OPEN{(2,FILE=FOUT,STATUS="NEW')
DO 120 M=1,12
Do 120 K=1,31
IGG=K+M*100+NY*10000
WRITE(2,10) IGG,(AT{(I ,K,M),I=1,12})
10 FORMAT(I6,12F6.1)
WRITE(2,11) (AT(I,K,M),I=13,24)
11 FORMAT{6X,12FK6.1)
120 CONTINUE
IGG=101+(NY+1)*10000
WRITE(2,12) 1GG,ATF
12 FORMAT(16,F6.1)
CLOSE(2)
STOP
- - Print monthly tables with hourly elevations
2000 CONTINUE
WRITE(¥*,15}

"\

15 FORMAT{/' Prints monthly tables with hourly tide.'/

.' IBM Proprinter II: insert sheet with 2 LF.'/)
2010 WRITE(*,16}
16 FORMAT(' MONTH (1-12; 0=STOP) 7 '\}
READ(*,2} M
TF(M.EQ.0) GOTO 2100
WRITE(1,20) CHRR(27),CHRR(69} ,MESE(M) NYERR,
. CHRR(27),CHBR(70)
20 FORMAT(14(/),14X,
'Universita degli Studi 4i Trieste' /14X,

. 'Dipartimente di Fisica Teorica'//1X,2R1//14XK,

.'TRIESTE - Marea astronomica fcm',9X,R%,16,2A1)
WRITE(1,21) CHAR(15)
21 FORMAT(1X,R1\)
WRITE(1,22) (I,1=0,23)
22 FORMAT(/21K," '.96(':').'ﬂ'/21X.'|',2QI&,'|',/
.18X,° TL960="),"'4")
Do 200 J3=1,13
JA=(J-1)¥10+1
JB=JA+9
IF(J.EQ.3) JB=NG(M)
Do 201 K=JA,JB
DO 202 I=1,24&4
202 TAT(I)=NINT(AT(I,K,M}}
WRITE(1,23) K,IAT
23 FORMAT(IBX,'I',IE.‘|',2&I&.‘|')
201 CONTINUE
IF{J.LT.3) WRITE(1,24)



24 FORMAT(1BX,'| |'.96(' "),'|")
200 CONTINUGE
IFIJB.EQ.31) GOTO 203
DO 204 K=JB+1,31
204 WRITE(1,24)
203 CONTINUE

WRITE({1,25)

25 FORMAT (18X, " ke ', 96('="),'d ")
WRITE(1,21} CHAR{18)
WRITE(1,26)

26 FORMAT(/14X,'Tempo Medio Eurvpa Centrale (GMT + 1h}.'/
14X, 'Altezze riferite al livello medio del mars.')
GOTO 2010
2100 STOP
C Compute high and low waters:
] HP instants /h, trom 0Oh 1 Jan, local time,
cC LP elevations /cm
3000 CALL HIGLOW{(NYEAR,HP,LP,JX)
NO(1)=0
DO 250 M=1,12
250 NO(M+1)=NOG(M)+NG(M)
C-- Translate HP inte meonth, day, hour and minutes;
C-- define J3 daily times IH/h, IM/min and elevations IA/cm
DO 300 I=1,JX
LH=HP(I)
XH=LH
¥M=(HP{I)-XH)*60.
IF(XM.LE.59.5) GOTO 301
¥M=0,
LH=LH+1

301 ID=LH/24+1
MC=0

302 MO=MO+1
K=1D-NO(MO}

IFIK.LE.0) GOTO 303
GOTO 302
303 K=K+NO({MC)
M=MO-1
K=K-NO(M)
J=0 '

304 J=J+1 -
IF{IM(K,M,J}.LT.100.AND.J.LT.6} GOTO 304
JS(K,M}=J
TH(K,M,J)=LH-{NO(M}+K-1)%24
IM(K,M,J)=NINT(XM)

IR(K,M,J)=LPII)
300 CONTINUE
C-- Print monthly tables with high/low waters
WRITE(*,30)
30 FORMAT(/
.' Prints monthly tables with high/low waters,'
.' IBM Proprinter II: insert sheet with 2 LF.'/
3010 WRITE(*,16)
RERD(*,2) M
IFIM.EQ.D} GOTO 3100
WRITE(1,31) CHRR(27),CHAR(69},MESE(M) NYERR.

/
)

aooooaaooaoaaon

CHAR{27},CHAR(70}

31 FGRMAT(I&(/) 15X, ‘Unlverslta degli Studi di Trieste'/s
15X, Dlpartlmento di Fisica Teorica'//1X,2A1
.//15X.'TRIESTE - Alte e basse maree',B8X,A9,16,2R1//
V19K, "L k60="), g/

.19x.'r',' ora cam',

3! ora cm'), /14X, F====+ LJae('="1,'4")
DO 310 K=1,NG(M) I 1
JSF=J5(K,M)
JB=MINO{4,JSF)
IF(JB.EQ.1) WRITE{1,41} K,DY{(K,M},
. IH(K,M,1),IM(K,M,1) ,IA(K,M,1)

i1 FORMAT(th.'|',12.1X.h1.'['.13.2,':',IZ.Z.IA.BGX.'|'J

IF(JB.EQ.2) WRITE(1,42) K,DY(K,M),

. (IH(K,M,J),IM(K,M,J),IA(K,M,J},J=1,JB)

FORMAT( 14X, '|' I12,1X Al,'|' I13.2,':",12.2,1I4,

. I15.2, ':',IZ.Z.I&,Z#X.‘|')

IF(JB.EQ.3) WRITE{1,43) K,DY(K, M).

. (IH(K,M,J),IM(K,M,J), IA(K,M,J).J=1,JBJ

43 FORMAT({ 14X, |' I2, 1x Al.'|' 13.2,':4,12.2,14,

. 2{15.2, :'.IZ.Z,IUJ.lZX,'|')
IF(JB.EQ.4) WRITE(1,44) K,DY(K,M),
. (IH(K,M, J).IM(K M,J}, IA(K M,J),J=1,JB}

Gl FORMBT(lhK,'l' I2,1X,A1, '| .I3 2,%':',12.2,14,

. 3(15.2,':',12.2,14),
IF(JSF.EQ.5) WRITE(1,45) IH(K,M,5), IM(K M,5), IA K, M.5)
45 FORMAT(14X.,'|',4X,'|"', 13.2.':',12.2.14 .36X.'|')
IF(JSF.EQ.6) WRITE(1,46)

=
o

. (IH{K,M,J),IM(K,M,J),IA(K,M,J),J=5,J58F)
46 FORMAT(l&X.'|'.GX.'!'.IS.Z.':'.12.2.16.15.2.':'
. 15,2,':',12.2,14,24K,' | ")
310 CONTINUE
WRITE(1,50)
50 FORMAT{ 14X, "' bk’ 6{'="'),'d"
. /715X, 'Tempo Medio Europa Centrale (GMT + 1h).'/
.15X, 'Altezze riferite al livello medic del mare.')
GOTO 3010
3100 STOP
END

FUNCTION TIDE(T)
------------------------ Franco Stravisil 1983,1986,198Y9 ---
Computes the astronomical tide by adding
7 harmonic components:
1 2 3 & 5 6 7
M2 52 N2 K2 K1l 01 Pl

S angular speed in rad/h ;

FH nodal factor times harmonic amplitude in cm ;
wViG phase Vo +u - g ;

Fiis FH times S8 (to be used by D) ;

FHSS FH times 8 x 5 (to be used by DD) ;

T local solar mean time in hours from 0 h, 1 Jan.

COMMON /FTIDE/S(7),FH(7),VUG(7),FHS{7),FH3S(7)

s
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K=0.
Do 10 K=1,7
10 X=X+FH(K)*COS(S(K)*T+VUG(K})
TIDE = X
RETURN
END

FUNCTION D{(T}
ffffffffffffffffffff Franco Stravisi 1983,1986,1989 ---
First time derivative of TIDE

COMMON /FTIDE/S(7),FH(7),VUG(7),FHS(7),FHS5(7)

X=0.

DO 10 K=1,7
10 X=X-FHS{K)*SIN(S{K)*T+VUG(K})

nD =X

RETURN

END

FUNCTION DD(T)

e il Franco Stravisi 1983,1986,198% ---

Second time derivative of TIDE

COMMON /FTIDE/S(7),FH(7),VUG(7),FHS(7),FHSS{T)
X=0.
DO 10 K=1,7
10 X=X-FHSS(K)*COS{S(K)*T+VUG(K)}
DDh=X
RETURN
END

SUBROUTINE ARCOTS(NYEAR)

------ --===---------~---- Franceo Stravisi 1983,1986,1989 ---

lefines harmonic constants for Trieste (7 components!:
5 angular speeds in rad/h;
MA symbols of 7 constituent tides;
F nodal factors;
H he amplitudes in cm;
Vv Vo + u  in rad;
G he phases in rad.
COMMON /FTIDE/S(7),FH(7),VUUG{7),FH3(7),FHS3(7)
DIMENSION F(7),H(7),VU{7),G(7)
CHARACTER*2 MR(7)
DATA MR/'M2','S2','N2','K2','K1','01",'P1'/
DATA H/26.7,16.0,4.5,4.3,18.2,5.4,6.0/
DATR G/4.843,4.993,4.798,4.993,1.241,1.066,1.281/
S5(1)=0.50586805
S(2)=0.52359878
S{(3)=0.49636692

Qoo oan

.52503234

L26251617
S(6)=0.24335188
5171=0.26108261
¥Y=NYEAR
YH=Y+0.5
CALL NODFAC(YH,F!
CALL VZEROU(Y,YH,VU,1)
npo 10 L=1,7
FH(L)=F(L}¥H(L)
FHS(L)=FH(L}*S(L)
FHSS(L)=FHS(L)*S{L)
VUISIL)=VU(L)-G(L)

10 CONTINUE
WRITE(*,1) NYEARR
DO 20 I=1,7

20 WRITE(*,2) MA(IL),F(I),H(T)},S(I),VU(I),GI(I)
RETURN

1 FORMAT(//' {Subroutine ARRCOTS})'//

. ' ASTRONCMIC TIDE - TRIESTE',I11
.//1X,'h = f.H.cos(S.ttVotu-g)' 7/
.10X,1HE, 7X, 1HH, 9X, 1HS, 9X,5HVo+u ,5X,1Hg/15X, "(cm) ',
LBX, "(rad/ora) ', 2X, 203K, " (rad) ")/}

2 FORMAT{(1X,n2,F10.3,F6.1,F14.8,1X,F9.5,F8.3)
END

SUBROUTINE HSPLON(Y,DL,IRD)
S e m e — s s mm o Franco Stravisi 1983,1986,1989
Computes lunisolar longitudes as a function of time.

INPUT Y time: year.(fraction of year)

QUTPUT: DL{1) mean longitude of sun, h REAL*B
DL(2) mean longitude of moon, s "
DL(3) longitude of lunar perigee, p "

Parameter: IRD = ¢ output in degrees

1 output in rad

DOUBLE PRECISION T,T2,T3,DL{3)
YO=Y-1900.
TR=FLOAT( (INT{(Y0)-1)/4}+0.5
Time in Julian centuries
T=(3.65D2*Y0+TR)/3.652504
T2=T*%2
T3=T**3
DL{1)=2.79696678D2+3.6000768925D4*T+3.025D-4%T2
DL(2)=2.70637422D2+4.81267B9200005*T+2.525D-3+T2
+1,89D-6%T3
DL(3)=3.34328019D2+4 .069032206D3*T-1,0344D-2*T2
. -1.25D-5%T3
Reduce to (0,360}
po 10 I1=1.3
10 DL(I)=DMOD(DL(I),3.60D2)
IF{IRD.EQ.0) RETURN
Degrees to rad
Do 20 1-1,3
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20 DL(T) DL(I)%3.14159265359D0/1.80D2
RETURN
END

SUBROUTINE NLONG(Y,DN,IRD)

----------------------- Franco Stravisi 1983,1986,1989% ---

Computes longitude of moon's node.

INPUT : Y time: vyear.{fraction of vyear}
CUTPUT: DN longitude of moon's node, N REAL*8
Parameter: IRD = {0 output in degrees

1 output in rad

DOUBLE PRECISION T,T2,T3,DN

Y0=¥-1900,

TR=FLOAT({{INT(YDO)-1)/4)+0.5
Time in Julian centuries

T=(3.65D2%¥Y0+TR}/3.6525D4

T2=T*%2

T3=T**3

DN=2.59182533D2-1.934142397D3%T+2.106D-3%T2+2.22D-6*T3

1 DN=DN+3.60D2

IF(DN.LT.0.Dd} GOTO 1

IF(IRD.EQ.0} RETURN

DN=DN*3.14159265359D0/1.80D2

RETURN

END

SUBROUTINE INUXI(Y,DX,IRD)

----------------------- Franco Stravisi 1983,1986,1989 -~

Computes time dependent parameters.
INPUT : Y time: vear.{fraction of vyear)
QUTPUT: DX(1} obliquity of moon's orbit, I
DX{2) right ascension of lupnar intersection, nu
DK{3) auxiliary term for K1, nu'
DX(&4) auxiliary term for K2, 2 nu"
DX(5) long. in moon's orbit of lunar
intersection, xi
DX are DOUBLE PRECISION
Parameter: IRD = 0 output in degrees
= 1 output in rad

DOUBLE PRECISION BA{6),B(7),DX(5),C(6),DN,RR
CALL TIMCOF(Y,A,B)

CALL NLONG(Y,DN,1)
C{1)=DN/s/2.DO
C(2)=DSIN(C({11}1)/DCOS(CI(1))
C(3}=DATAN(R(3}*C(2))
AR=A(1)-A(2)*¥DCOS(DN}
DX{1)=DACOS(AR)
Cl4a)=DSIN(2.DO*DX{1))
C(51=DSIN(DX(1))**2
DX(2)=C(3}-DATAN{A(4L)*C(2))

aOocoOoQoaaoaaoQl

Cle)=2.DO*DX(2)
DX{3)=DATAN({C(4)*DSIN(DX(2))/(R(5}+C{4)*DCOSI(DX(2))))
DX(4)=DATAN(C(5)*DSIN(C(6)}/(A(6)+C(5}*DCOS(C(6]))))
DX(5)=DN+DX{2)-2.D0*C(3)
pc 10 I-1,5
IF(DX(I).LT.0.D0) DX(I)=DK(I)+2.D0%*3.14159265353D0
10 CONTINUE
IF(IRD.EQ.1}) RETURN
Do 20 I=1,5
20 DX(I1)=DX{I}*1.80D2/3.14159265353D0
RETURN
END

SUBROUTINE VZEROU(Y,YH,VOU, IRD)

----------------------- Franco Stravisi 1983,1986,1989 ---

Computes the equilibrium phase at Greenwich at time t=0
for 7 harmoniec tidal components.
INPUT : b 4 vear. (fraction of year) at time t=0;
YH vyear.{(fraction of year) at the middle of
the time interval, when u are evaluated.
OUTPUT : vou(1),..vou{7) for the harmonic tides:
1 2 3 4 5 6 7
M2 S2 N2 K2 Kl ©O1 P1
respectively.
Parameter: IRD = 0 output in degrees
1 ocutput in rad

DOUBLE PRECISION DV(7),DL(3),DX{5),DR,AF,A4 ,A3%
DIMENSION VQU(7)
AF=360.D0
R4=90.D0
A34=270.D0
IF(IRD.EQ.0.) GOTO 1
DR=3.14159265359D0/180.D0
ARF=RF*DR
A4=A4L*¥DR
BI4=RA34&*DR

1 CALL HSPLON(Y,DL,IRD)
CALL INUXI{(YH,DX,IRD)
DV{(1)=2.DO*(DL{1)-DL{2)+DX(5)-DX(2})
DV(3}=2.D0%(DL{1)+DX(5)-DX(2))-3.DO*DL(2)+DL{3}
DV(4)=2.DO*DL(1)-DX{4)
DV{5)=DL(1}+AR&-DX{3}
V(6)=DL({1)-2.DO*DL{2}+A34+2 DO¥DX{5)-DX(2)
DV(7)=R34&-DL{1)
D3 10 I=1,7
IF(I.EQ.2) GOTO 10.

2 DVII)=DV{I}+AF
IF(DV(I}.LT.0.DO} GOTO 2
VOU(I)=DMOD(DV(I),AF)

1¢ CONTINUE
Vou(2)=0.
RETURN
END

g

e



qUBROUTINE NODFAC(Y,F)
-------------------- Franco Stravisi 19B83,1986,198% -- -
Cmmrures nodal factors for 7 harmonic tides.

INPUT @ Y vear.{fraction of vear) ; usually defined
at middle of the time interval.
OUTPUT: F(1},..F(7) nodal factors for the harmonic tides

1 2 3 4 5 6 7

M2 52 N2 Kz Kl 01 P1
respectively.

DIMENSION F(7)

DOUBLE PRECISION A(6),B(7),DK(5),Cl4)

CALL INUXI(Y,DX,1)

CALL TIMCOF(Y,A,B)

C(1)=DSIN(DX{1))

C(2)=C{1)%¥%2

C(3)=DSIN(2.DO*DX(1))

C{4)Y=DCOSI(DX(1)/2.D0O)*%*2

Fi1)=B(1)*C(4)**2

F(2)=1.
Ft3)=F(1)
F(4)=DSORT(B(3)*C(2}**2+B(6)*C(2)*DCOS(2.DO*DX(2))

. +B(7))
F(5)=DSORT{B(2)*C(3)%*x2+B(5)*C(3}*DCOS(DX{2))+B(7))
F(6)=B(4)*C(1)*C(&4)

F(7)=1.
RETURN
END

SUBROUTINE TIMCOF(Y,A,B)
s T oo oo m o m Franco Stravisi 1983 1986 ,1989 ---
Computes auxiliary coefficients slowly varlable with time
{see Stravisi 1983, Tab. Ic).

INPUT Y time: vyear.(fraction of year)
QUTPUT : A(l)....h(é) DOUBLE PRECISION
B(1},...B(7} DOUBLE FRECISION

[OUBLE PRECISION A{6),B(7),C(16},P

g
C(1)=6.5987564D-1 -
e
(2)=5.490056D-2
isdeg
C({3)=5.14537628D0
Ci{4)=Y-1900.
el

CUR1=1.675104D-2-4,180D-7%C{41-1.26D-11*C(4)**2
ecliptic obl./deg

C{6)=2.3452294D1-1,30111D-4*C{4)
pi

P=3.14159265355D0

P=1.B0OD2/P

C(7)=P

Ci8)=DSIN(C(3)/P}

Ci{9)=DSIN{C(6)/P)

Cr10)={C(6)-C(3)})/2.D0
C(11)=(CL{é6)+CL31)/2.D0
C{12)=DSIN(C(6)%2.D0/P)
C(13})=DCOS(C(6)*0.5D0/P)
C{14)=DCOS(C(3)*0.5D0/P}
C(15)=1.D0-1.5D0*C(B)**2
A(1)=DPCOS(C{3)/PI*DCOSI(C(6}/P)
R(2)=C{8)*C(9)

A(3)= DCOS(C(10)/P)/DCOS(C(11)/P)
A(4)=DSIN(C(10)/P)/DSINIC(11)}/P)
C(16)=C(1)*(1.D0+1,5DO*C(5}**2)/(1.DO+1.5D0O*C{2)%*2}
B{5)1=C(16)*C{12)
Al6)=C(16)*C(T)**2
B(1L)=(C(131*C(1G})**{-4)
B(2)=(R{5)+C(15)%C{12) }¥*{-2)
B{3)=(A(6)+CILG¥C(O)**2}%*(-2)
Bl4)=C{13)%*(-2)*C(14)**(-4)/C(9)
B'5)=2.*R{5)%B(2)
B(6)=2.*A(6)*B(3)
B(7)=B({Z)¥R(5)%*2

RETURN

END

SUBROUTINE HIGLOW(NY,HP,LP,NHL)

Crmm i m e Franco Stravisi 1983,1986,1989 ---

C Computes high/low water instants and elevations by means

C of the Newton-Fourier iteration.

¢ INPUT : NY calendar year.

C OUTPUT: HP vactor filled with the high/low water
instants in hours, accuracy EP < 0.5 min;

LP integer vector filled with the high/low
water elevations in cm, rounded to 1 cm;

NHL total no. of high/low waters in the vyear.

C This subroutine requires:

¢ FUNCTION TIDE(T) computes the astronomical tide in cm,

C FUNCTION D(T) computes the first time derivative,

oo a

C  FUNCTION DDI(T) compuites the second time derivative

C of the predicted astronomical tide

C as a function of time T in hours.

CA,.- e i e o - e e  am e s me e o = o T e = e — w4 m L e m m wn om = wm wm = —

DIMENSION HP(1500),LP(1500)
ND=365
C Leap years
IF({NY/4)*4 . FQ.NY) ND=366
C Time resolution in hours between high/low waters
3=1.
¢ Time accuracy epsilon < 0.5 min
EP=0.0083
C Sigma
SI=5/5.
HY=ND*24
LX=HY/5+2.
J=1
HP{J)=0
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140
TRI
150
160
170
180
190
200
210

Bz=D(0.)

DO 100 I=1,LX

L=J-1

TA=FLOAT{I-1)*3

D1=D2

D2=-D{TR+S)

DD1=D14D2

IF{DbDL) 116,110,100
3u TAU=TAU+3I

T=TA+TRU

IF(TAU-5) 120,120,100
1t T=TA
24 TO=T

CLo=DDITO}
IF(DDO.EQG.O.) DDO=DDO+1.E-10
Newton-Fourier formula
T=TO0-D(T0)/DD0
AB=RBS(T-TO0)
IF(AB.GT.51) T=T0+51
IF(ARB.GE.EF) GOTO 120
IF((T+EP}.LE.TA) GOTO 130
HP(J)=T
IF(L.EG.0) GOTO 150
IF(ABS(T-HP{L)}.LE.EP) GOTO 100
50 LP{J)=NINT(TIDE(HP{J}})
NHL=J
J=TJ+1
00 TAU=0.
RETURN
END

REM - PROGRAM "PLOMAR": MONTHLY PLOT OF ASTRONOMICAL TIDE
REM - INPUT DATA: HOURLY TIDE FROM ASCII FILE CREATED BY
REM - FORTRAN PROGRAM "TIDTAB" (FRANCO STRAVISI 1987).
DIM L{745),C(6),M$(12) ,FL(31,12},AT(24,31,12},NG(12)
NG(1})=31:NG(2)=28:NG{31=31:NG(4) =30:NG(5) =31:NG(6) =30
NG(7)=31:NG(8)=31:NG(9}=30:NG(10)=31:NG(11}=30:NG{12)=31
FOR M= 1 TO 12: FOR I=1 TO 31: FL{I,M}=0: NEXT I: NEXT M

M$%(1)="GENNAIG ": M$(7)="LUGLIO "
M$(2)="FEBBRAIG ": M$(B)="AGGSTO "

M$(3)="MARZIO ": M$(9)="SETTEMBRE"
M${4)="APRILE ": M$(10)="OTTOBRE "
M$(5)="MAGGIO ": M$(11)="NOVEMBRE "

M3 {6) ="GIUGNC ": M${12)="DICEMBRE "

PRINT " MONTHLY PLOT OF THE ASTRONOMICAL TIDE FOR

ESTE"

PRINT ' TC CHANGE MONTH, RESTART BY TYPING <GOTO 290>"
INPUT "™ YEAR "; IR
INPUT " ASCII FILE WITH HOURLY TIDE "; NF$

INPUT " RSCII FILE WITH LUNAR PHASES"; NFM$
IF INT{IA/&)*4=IA THEN NG{2)=29

OPEN "I", #2, NFM$

INPUT #2, I[AN,NPH

220 IF 1AN<>IA THEN PRINT “"ERROR IN ";NFM$

430
440
450
460
470
480
490
500
510

520
530
540
550
560
570
580
590
600
610
620
630
040
650
660
670
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FOR I=1 TO NPH: INPUT #2, MM,DD,HH,IPH:FL(DD,MM)=IPH

:NEXT I

OPEN "I", #1, NF$

FOR MM=1 TO 12:FOR K=1 TO 31: INPUT #1,GG :FOR I-1 TO .4
INPUT #1, AT(I,K,MM)

NEXT 1: NEXT K: NEXT MM

INPUT #1, GG,ATF

INPUT " MONTH "; M

NM=NG(M)*24+1: J=0

FOR K=1 TO NG{M): FOR I=1 TO 24: J=J+1
L{J)=AT{I,K,M): NEXT I: NEXT K

IF M<»>12 THEN L(NM)=sAT(1,1,M+1)

IF M=12 THEN L(NM}=ATF

FOR I=1 TO 63 C(I)=680-120%(I-1}: NEXT I

DEF FNX{(X)=4*X+63

DEF FNY(Y)=Y/2+2

CLS: SCREEN 3: KEY OFF

WINDOW (1,1)-(640,400)

HA=0: HB=144: XA=FNK(HA}: XB=FNX(HB)

LA=0: LB=760: YR=FNY(LA): YB=FNY(LB)
LINE(XA,YA)-(XB,YA): LINE-{(XB,YB}): LINE-(XA,YB}

:LINE- (XA,YR)

LOCATE 3,14 :PRINT"1";:LOCATE 3,26:PRINT"2";:LOCATE 3,38

:PRINT"3";

LOCATE 3,50: PRINT"4";: LOCATE 3.62: PRINT"5";

:LOCATE 3,74: PRINT"6";

LOCATE 6,14: PRINT"?";:LOCATE 6,26:PRINT"8";:LOCATE 6,38

:PRINT"9";

LOCATE 6,49%9:PRINT"10"; :LOCATE 6,61 :PRINT"11";

:LOCATE 6,73 :PRINT"12";

LOCATE 10,13:PRINT"13";:LOCATE 10,25:PRINT"14";

:LOCRTE 10,37 :PRINT"15";

LOCATE 10,49:PRINT"16";:LOCATE 10,61:PRINT"17";

:LOCATE 10,73 :PRINT"18";

LOCATE 14,13:PRINT"19";:LOCATE 14,25:PRINT"20";

:LOCATE 14,37 :PRINT"21";

LOCARTE 14,49:PRINT"22";:LOCATE 14,61:PRINT"23";

:LOCATE 14,73 ;PRINT"24";

LOCATE 18,13:PRINT"25";:LOCATE 18, 25:PRINT"26";

:LOCRTE 18,37 :PRINT"27";

LOCATE 18,4%:PRINT"28";

IF NG{M)=28 THEN GOTO 590

LOCATE 18,61:PRINT"29";

IF NG{M)=29 THEN GOTO 590

LOCATE 18,73:PRINT"30";

IF NG{M)=30 THEN GOTO 590

LOCATE 22,13:PRINT"31";

FOR D=1 TO NG(M)

IF FL(D,M}<>0 THEN GOSUB 1050

NEXT D

FOR I=1 TO 5: YI=FNY(C(I})): LINE(XA,¥YI)-(XB,YI}): NEXT I
LINE{XA,FNY(C{6)})-(FRX{24) ,FNY(C(6)))
LINE{(FNX(31.5},YA)-(FNX(31.5),FNY{(120))
LINE(FNX(31.5)+1,YA)-(FNX(31.5)+1,FNY(120})
LINE(FNX(31.5),FNY(120))-(XB,FNY(120))
LINE(FNX(31.5),FNY(120}-1)-{(XB,FNY{120)-1)

s



680 LINE(FNX(24),YB)-(FNX(24),YR!}

90 LINE(FNX(31.5),YA+1)-(XB,YR+1)
:LINE{XB-1,YA)-(XB-1,FNY(1201-1)

700 FOR I=1 TO &: XI=FNX(({I+1)*24}
(LINE(XT,YBY-{(XI,FNY{120)}: NEXT I

710G JM=6: TF NG{M}<{31 THEN JM=%

720 H2=1 : FOR J=1 TG 6: H1=H2: HL=144&

730 TF J=5 AND NG(M)<30 THEN HL=(NG(M)-24}*24

740 1¥ J=6 THEN HL=2&4

750 H2=H1+HL

760 DL=0

770 JF J3>IM THEN GOTO B20

780 X=XA: Y=FNY(L(H1)+C(J)+DL): PSET(X,Y) : CIRCLE(X,Y),1

790 FOR H=H1+1 TO H2

HOO X=X+4:Y=FNY(L(H)+C(J)+DL):LINE-(X,Y}:CIRCLE(X,Y),1

A10 NEXT H

A20 HD=H2-6: IF J=6 THEN HD=18

430 FOR H=6 TO HD STEP 6: YU=FNY(C(J)+4&)}: YD=FNY(C(J)-4&)
sFH=FNX(H)

840 LINE(FH,YU)-{FH,YD): NEXT H

B50 HD=144: IF J=6 THEN HD=24

#60 FOR H=0 TO HD STEP 24: XS=FNK(H-.5): XD=FNX(H+.5)

870 IF H=0 THEN XS=FNX(0)

H80 TF H=HD AND J<6 THEN XD=FNX(H)

490 FOR 1S=-40 TO 40 STEP 40: YS=FNY(IS+C(J))
:LINE(X5,Y3)-(XD,YS): NEXT IS5

900 NEXT H :

910 NEXT J

920 X=163: Y=22

330 LINE(K+1,Y)-(X+4,Y)

940 LINE(X+10,Y-3)-(X+10,Y+3}: LINE-{X+6,Y-1)
;LINE-(X+11,Y-1)

950 Y=62

960 LINE(X+10,Y-3)-(¥+10,Y+3): LINE-(X+6,Y-1)
sLINE-(X+11,Y-1)

970 FOR Y=22 TO 62 STEP 20: CIRCLE(X+17,Y¥),3,,,,1.5: NEXT Y

980 LOCATE 23,26

390 PRINT "Universita di Trieste, Dipartimento di Fisica

Teorica"; '

1600 LOCATE 24,26: PRINT "TRIESTE - .Marea astronomica
/em™;
1010 LOCATE 24,64: PRINT USING "\ \"; M$(M);: PRINT

USTNG"#E##4%"; IA;

1020 LOCATE 1,1: FOR I=1 TO 15: LOCATE,,,50+I,0: NEXT I
1030 GOTO 1140

1040 REM - PLOT LUNAR PHASES

1050 J=INT{(D-1}/61+1: H={D-1)*24-(J-1)*¥144+18: X=FNX{H)
1060 HL=(D-1}*24+18: YL=60

1070 TF D > 6 THEN YL=(L(HL+1)+L{(HL-143)+120)/2

1080 Y=FNY(C{J)+YL): CIRCLE(X,Y),?

1090 IF FL{(D,M}=1 THEN PAINT{X,Y)

1100 IF FL(D,M)<>3 THEN LINE(X,Y-5)-(X,Y45)

1110 1F FL{D,M)=2 THEN PAINT{X-2,Y)

1120 TF FL{D,M)=4 THEN PRINT(X+2,Y)

1130 RETURN

1140 END
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