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ABSTRACT

An  aldgorithm for eredicting the Maximum Usable Frecuency
between two roints on the surface of the earth for High
Frecquency communications is imrlemented om 8 TI-59 hand-held

rrodrammable calculator.
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1. INTRODUCTION

Ar algorithm for sredicting  the Maximum Usable
Frequericy (MUF) im the High Frecuencs radio band has been
develored at the Naval Ocean Sustems Cerntery San Diedor
Califormiar bw R.B. Rose and J.N. Martin C11, and has been
imelemented in both FORTRAN IV and BASIC comruter landuades
under the name MINIMUF-3.5. The aldgorithm has been
incorrorated inmto the CLASSIC FROFHET rroradation analusis
systems ard has been demonstrated to srovide 3
field-derlowairle carability for comruting HF srosadation
#aths with micro-comruter resources.

-

2. ORJECTIVE

The essential rortions of MINIMUF-3.5 are conmtained in
arrroximatelyw 80 RASIC landuase statementsy rerroduced in
arrendix Ar which suddests a rotential for beind encoded in
hand-held rrodrammable calculators. H.F. Hite of Hudhes
Aircraft Comrany adarted a restricted version of MINIMUF-3.0
for the HF-67 calculator that comeutes MUFs for 1-hos
F-laver rroradation and is thus limited +to station
serarations of 4000 kilometers or less., A comelete
imrlementation of MINIMUF» carable of 2-hor rath srediction:

was desired.




3. FROGRAM DEVELOFMENT

A TI-39 calculator rFrodram was adarted directly from
the Rose amd Martin BASIC srodram listing with some lodgic
chandges recuired to accomodate the memory constraints of the
calculator. The rFrodgram listingr summare of lodic chansiesy
orerating instructions, and test case are contsined in
arrendices By Cy» DIy and Ey resrectively. The srodgram listing
is annotated with cross-referernces to statemernts in the
BASIC listing for assistance in tracing lodic flow. The bulk
of the develorment task was to minimize srodram and dats
storade recuirements. Several iterations finally sroduced
the current version which reeuires 800 rrogram stess and 20
data registersr the full caracity of the normalluy-accessible

calculator attributes.

4. FERFORMANCE

The TI-59 rrodgram was ortimized for storade, that being
the overriding constraint. Execution time for single-hosr
rredictions is arrroximately 50 seconds. Were the srodram
ortimized for sreedy diven a8 larder storade casacityy
execution time could conceivably arsroach 40 seconds. The
test case contained in arrendix E is the identical test case
rromildated with the Rose amd Martinm rerort, and gields the
same results on the TI-59. Noticer howevery that the MUF

limit of 32 MHz has been raised to 90 MHzy therebw eroviding



‘ for HF rath serediction during reriods of hidh solar flux
wher customary band limitations are exceeded. The test case
should be executed after initizslly srodramming the TI-59 by
keustroke to ernsure correct srodram entrg. A cory of the
#rodram 1is available on madnetic cards by sending two blank
cards to the authors, howevers the user is cautioned that
magnetic cards are not duaranteed to be transrortable among

all TI-39 calculators,
5. CONCLUSIONS ANDI RECOMMENDATIONS

A carability for rredicting Maximum Usable Frecuencies

in the HF radio band (::ar:u bhe realized with bhand-held

. ccalculatorss and therefore can be widelw derloged in  the
field. An  even larder carability can be realized by
utilizing custom made modules for the TI-59. Each module

#rovides for 5000 rrodram sters in addition to the normal

260 maximum ster caracity of the calculatorsy and could

#rovide for additiormnal rortions of the CLASSIC FROFHET

Sustem to be included in calculator imelementationss such as

the D-redion absorrtion model. Arrerndix F lists several

rersons to contact in redard to having custom modules

manufactured for the TI-59.
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AFFENDIX A

EASIC MINIMUF-3,5 PROGRAM LLISTING

The BASIC landuade listindg of MINIMUF-3.5 is rerrinted here
with the rermission of R.B. Roser and serves as 3 duide for

the TI-59 keystroke listind.



1060
1018
1829
1839

1040
10350
10680
18678
1880
1896
1100
1110
1129
1138
1148
1150
1168
1178
1180
115
1200
1210
12298
1238
1248
1258
1268
1276
1288
1298
13088
1318
1320
1338
1340
1338
1366
1376
1380

MINIMUE-3.53 PROGRAM

REM
K7=SINCL1>SSINCL2)+COSC(L1>XCOS(L2)XCOSCH2~H1)
Gi=RCS(K? MAX -1+1.8E-3 MIN 1-1.0E-8)
K6=1.393G1

K6=K6 MAX 1{

K3=1/K6

J9=1006

FOR Ki=1/(23K6> TO 1-1/(2%K6> STEP 8.9999-1/K6
IF K3=1 THEN 1100

K3=8.3

P=SIN(L2)

@=C0S(L2)
A=(SINCL1)>-PXCOS(G1)>)/(QXSINCG1>)
B=G1xK1

C=PXCOS(B>+Q3SIN(B)>3%A
D=(C0OS(B)>-CxP)>/(Q3SQR(1-C2xC))>
D=ACS<(D MAX -1+1.8E~3 MIN 1-1.8E-8)
HB=H2+SGN(SIN(H1-KH2>)>%D

IF W8=>8 THEN 1200 '

HO=HO+P1

IF WO<P1 THEN 1220

HO=WO~-P1

LO=PB-RACS(C MAX -1+1.8E-3 MIN 1-1.0E-8)

Y1=8.08172%3(10+(MO-1>%30.44D6)-

Y2=8,4093C0S(Y1)

K8=3.823WH8+12+0. 13X(SINCY1)>+1.2%SINC2%Y1))
K8=K8-12%(1+SGN(K8~24) >XSGN(ABS(K8-24))>

IF COS(LO+Y2)>-8.26 THEN 1338

K9=8

G8=8

M9=2,353G13K3

M9=M9 MIN PO

MO=SIN(MI)

M9=1+2. SXMIISQAR (M)

GO TO 1390
K9=(-8.26+SIN(Y2)3SIN(LB) )/ (COS(Y2)XCOS(LB)>+1.8E~-3)
K9=12-ATN(KS/SQR(ABS(1-K9%XK9)>))>%7.639437
T=K8~-K9/2+12%(1-SGN(KB8-K93/2) >XSGN(ABS(K8-K9-2))

T4=K8+K9/2-123(1+SGN(KB+K9S72~-24))>XSGN(ABS(K8+K9/2-24))

L% ]




1398 CB8=ABS(COS(LB+Y2)>)

1480 T79=9.73C019.6

1418 IF T79>8.1 THEN 1438

1420 T79=0.1

1438 M9=2.3%G1%xKS

1440 M9=M9 MIN PO

1458 M9=SIN(M9)

1460 M9=1+2.35KMIXSQR(M9)

1478 IF T4<T THEN 13560

1480 IF (TS-T)>3(T4-T35)>>8 THEN 1510

1498 GO TO 1640

1588 IF (T3-T4)3(T-T3)>>0 THEN 1648

15318 T6=T3+12%C(1+SGN(T-TS)>)>ISGNC(ABS(T-T3)>)
1528 G9=PIX(T6-T) K9

1538 G8=PIZTI/K9

15408 U=(T-T6>/T9

1558 GB=COX(SIN(GI)+GB8X(EXP(U>-COS(GI))>/(1+:8XG8)
1568 G7=CO3X(GB8X(EXP(~-K9/T9)+1))>XEXP((KS-24)/2)/(1+G8%XG8)
1578 IF GO=>G? THEN 1398

13588 GB8=G7

1590 G2=(1+S9/2358)XMIXSQAR(6+38XSQAR(GA))

1608 G2=G2%(1-8.13EXP((K93~-24)>/3))

1618 G2=G2%(1+(1~-SGNCL1)>XSGN(L2)>>%8.1>

1628 G2=G2%3(1-0.13(1+SGNC(ABS(SINCLA))>-COSCLB))>))
1638 GO TO 1708

1640 T6=T3+12%(1+SGN(T4-T3)>ESGN(ABS(T4-T3))
1656 G8=PIXT9/K9

1668 U=(T4-76)-/2

1678 U1=-K9/T9

1680 GB=COX(GB8IXC(EXP(UL>+1)>XEXP(U)/(1+G8BXG8)
1698 GO TO 1398

1788 IF G2>J3 THEN 1728

1718 J9=G2

1728 NEXT K1

1738 J9=J9 MAX 2 MIN 32

1748 RETURN



AFFENDIX R

TI-59 FROGRAM LISTING

The keustroke listind of the TI-S59 srodram imelementation of
MINIMUF-3.5 follows. Sedments of TI-59 code are

cross—-referenced to the BASIC rrodram listinmg.
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AFFENDIX C

FROGRAM LOGIC MOLOIFICATIONS

The following s=rodram lodic charndges were made to the BASIC
version of MINIMUF-3.5 to mirmimize Frogram storade

recuirements:

(1) The comrutation of M9 a3t lines 1300-1330 and 1430-1440
is inderendent of the main loor and was moved to ‘the
bhedinning of the rrodgramrs  immediatelwy following the

calculatiorn of G1 and KS.

(2) The loor index comeutation at line 1070 was serarated
into & comrputation of 3 rnew variabhley KHOFy which is either
1l or 2y and 38 follow-on comrutation of K1 from KHOF &8s the

first item within the loor.

(3) The comrutation of G8 at lines 1530 and 1650 is common
to both leds of the rreceeding test for (TS-T4)X(T-TS)y and

has been moved ahead of that test.

(4) The test at lime 1470 serves to reverse the sense of the
following tests a8t lines 1480 and 1500. This logic has been
combimed into 8 single test onm (TS5-T4)X(T-T5) with 3
weidghting factor of 1 or -1 to reverse the sense of that

test.

18



(35) The comrutation a3t line 1360 was simelified +to the

arcsine by waw of tridgornometric identitw.

(&) The MUF limit established at linme 1730 was chanded to 50

vice 32 to accomodate high solar flux dernsities.

(7) Throughout the rrodramy exrlicit calculation and storade
of variables that are used only ornce inm feollowing statements
has tbeen eliminated to conserve on data redister

requirements.

19




AFFENDIX D
FROGRAM OFPERATING INSTRUCTIONS

The followindg instructiorns must be followed to orerste the

TI-59 version of MINIMUF-3.5:¢

(1) Rerartition the calculator for 800 rrodram sters asnd 20

datas redisters by rressing 2/0F/17.

(2) Load the 4 memory bhanks from rrodram cards (2) or by

entering rerodram keystrokes with the cslculator in the LRN

mode .

(3) Enter inrut data as follows?

(3) Transmitter North Latitude in decimal dedrees in

R12 (rande -90 dedrees to 90 dedrees)

(h) Tramsmitter West Longtitude irm decimal desirees in

R13 (range 0 to 360 dedrees)

(c) Receiver North lstitude in decimal dedrees in R14

(rande -90 to 90 dedrees)

(d) Receiver West Londgtitude in decimal dedrees inm R13

(rande 0 to 360 dedrees)



(e) Monmnth in R16 (rande 1 to 12)

() law inm R17 (range 1 to 31)

(g) Sunseot Number inm R19 (rande - rositive number)

(4) Enter Time in X-redister (rande 0 to 24 decimal hours)

(3) Fress A

(&) If 3 rrinter is attachedy the inrut time 1s echoeds
followed by the answer (MUF) after 30 secords for sindle-hos

and 100 seconds for two-hos rredictions.

(7) The 3answer 1s disrlawed 1in the X-redister when the

rrodgram halts.,

(8) All inrut cuantities remain undisturbed inm R12 thruy R19
(time 1s stored by the srodram in R18). Arnother MUF for a
different time can be comruted directly hy rereating sters

(4) and (3).




AFFENDIX E

TEST CASE

The test case that follows was rrovided in the NOSC rerort
orn MINIMUF-3.5, The actual rrinter listing of inerut and

rrodram outrut is included.

r
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AFFENDIX F
TI-59 CUSTOM MODULES

The followindg roints of contact are rrovided for the desidn
and manufacture of TI-59 custom modules. Both Texas
Instruments and Horizons Technolodgy (contracting with TID
#rovide softwares emulators and consulting surrort for the
design amnd rroduction of custom modules. Costs auoted at
this time are arrroximatelws $12,000 for 3 minimum order of
250 modules. This includes emulator susrrort and manufactures
but does not include software consulting. Cost reduction

throudh euantits is available.

Fred Wilke

TI-59 Custom Module Division
Texas Instruments

Lubbocks TX

(806) 741-3240

Robtert Kruder

Horizons Technolodwssy Inc.

7830 Clairemont Mesa Boulevard
San Diedos CA 922111

(714) 292~-8331
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