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I INTRODUCTION

This technical memorandum presents a program for an HP-25 or HP-25C hand
calculator that will calculate accurate LORAN-C time differences. The program is
most useful when checking the accuracy of a LORAN-C receiver at a known latitude
and longitude without the aid of an expensive computer. It can thus be used to compute
time differences for known landmarks or waypoints to predict in advance the approximate
readings during a navigation mission,

The Fischer spheroid is the earth model used in the program. This is the
same system the U.S. Coast Guard and the U, S. Defense Mapping Agency 01 yse to
calculate transmitter baseline lengths and LORAN-C navigation charts and tables.

It is assumed that the program operator is chil{oi with the general operation
i bilities of the HP-25 calculator 12
and programming capabilities of the HP calculator

i, PROGRAM DESCRIPTION AND ACCURACY

The forty ~three step pregram has a running time of approximateiy ten seconds
and is relatively simple to operate. It operates in the decimal degree mode, Latitudes
and longitudes must be stored as decimal degrees (dec.deg.). For each receiver position
the program is run once to solve for Tp,, Figure 1, and again to solve for T}, Formula
I, Figure 1, will solve for Ty, the time delay for the first master-slave pair. Run the
program again to solve for slave Tyy and again use formula | to solve for Ty, the time
delay for the second master-slave pair, etc... Storage register seven (7) is left open
to hold whatever number or time delay is " ired.

The indicated formulas in Figure 1 are omitted in this program due to a lack
of program memory. However, this has only a minor effect onaccuracy. The comparison
with the computer values, Table 1, shows that the hand calculator is usually
within £5ps, Although the program has not been tested over a large geographic area,
it has always been within £ 10 ps of computer results compared so far.

i, COMPUTING TIME DIFFERENCES

By following the HP-25 program forms, Appendix A, time differences con be
easily calculated, An example problem is shown on page 3 using Athens, Ohio coordinates
in the supporting data, Table 1, and also using the U.S. East Coast Chain with the rate
of 9930(SS7). The instruction steps in the example correspond to the instruction steps
in Appendix A, Data for other LORAN chains is found in Appendix B 3,
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v, FUTURE PROGRAM CONSIDERATIONS

Similar programs for other makes of hand calculators, such as the TI-58, would
be useful. Card reading calculators should hold the entire sequence of formulas, in-
cluding those left out of this program, Card reading calculators should also be able to
change time differences to Ioﬁfucie and longitude coordinates by using one of the
methods described in Navigation “*/. It is possible that the HP-25 can perform one of
these simple methods, but the accuracy and utility has yet to bz determined.

V. SUMMARY

Although card reading calculators should give best results, the HP-25 LORAN
Time Difference Program has proven itself to be reliable over the coordinates that it
has been tested. Changing time differences into position on a low~cost hand calculator

is a future area of pursuit,

Vi, ACKNOWLEDGEMENTS

This effort was suggested by R. W, Burhans as part of the research on developing
LORAN-C navigation methods for general aviation, supported by NASA LRC Grant
NGR 36-009-017. Assistance in geodetic formulation, problem solving information,
and programming suggestions were given by Joseph Fischer and James Nickum,

VIl,  REFERENCES

Nl "Method for Computing LORAN Hyperbolic Lattice", (Informal Report February 9,
1977), U.S. Defense Mapping Agency, Hydrographic Center, Washington, D.C.

(2] HP-25 Applications Program, Hewlett-Packard Company, 1975,

[3] "LORAN Chain Data", WGC Radionavigation Journal 1976, page 48-
52, Wild Goosc Association, Inc., 4 Townsend Road, Acton, MA
01720.

[4]  Friediand B. and Hutton, M.F., "New Algorithms for Converting LORAN
Time Differences to Position, Navigation, J. Inst. of Nav., Vol. 20, No, 2,
Summer 1973.



HP-25 Program Form

Title_ Example Problem _ Page_ 1 _of_ 1
Programmer _ Find LORAN Tlme Differences for Athens at ra.te 9930(8s7). =% b
STEP INSTRUCTIONS Baraais KEYS D,ﬂ‘gﬁ:{,g
| 1 | Key in program_ 25 ) ﬂ[ " ” ]r ]_ e
A TN T T R R
c 0. Q966t+767 g0 e .l il J
3 |tatitwe, ¢ 39190 J&_ J[ow s 1[5 39.3250 |
| |Lomgitude, 3. | 82,0615 ﬂ[g BIETEHIE T Jﬁz_icﬁz___
b_Lt_rLa.tltu—c.lelfﬁpm_ | 34034604 | [[-8 |lsto ||t || 34.0628 e
Longitude, A, 7754676 e {28 J[so [z || 77.9130
5 Compute';i* S e erem |[r/s [ || 2317.8
L i e [ s e
n | Lat;;d;azﬁ.r e 01-5—819—§ o8 |[so ||1 || 27.0329
Tonettias, Ayt 80.065352 | E -8 J{so |2 J:sc 093_1~—_
& {hetam to t;p—c;m—emo_r‘yh— 7 N | ek
9 Joommuter, | s LI Jsoe0
| 10 |compute T -7, | 4602.0  [R/S || Il | —
11 |Compute T 11000 [+ [ Il Il 11 13283.4
L e D . alifian | | kL0
.127 Eompute ano_th;—; [P [ ” lr J[ ] -
secondary, go to step 7 [ " IL JL J
7 |Latitude, ¢@- w.u63218 g |[2n J[smo [t Jlu6.7756
Longitude, A, | 53.102816 [&  J[=8 5™ [z ||s3.1745 |
~~8 Return to top of memory rf JrPRGM ][ lr I_— ’
9 |compute T e [7/s ]| I | ||8281.3
0 fomue t_-7 (oo w8 L LI w5
11 ‘,Compute T 28000 T S 1 I 1i33963.5
B e 4_8—359—55“[ + L L Juesssaa
12 [Compute another: | ] |
a2 s;;;nd_ary,fgro“to_;t;ﬁ 7;—————~-———[ Jr ]f —“ I-——‘ﬁ
T3 RPN R G Sl A el B
-4 rece;lver p-;;;lgr;,_ g_() A _—-I J[ —“ JI j - -
S s ST SAY et | A TS |
|l s oo | ol J -
i | I |




The LORAN reading or time difference (T) is defined by the formula below and
portrayed by Figure 1.

* Indicated formulas are omitted. A =21282.33935 psec. (Equatorial radius)
(Minor geodetic corrections) B =21210.99393 psec. (Polar radius)
Formula(l) T=p+ 4 + L Tm G = b/A »0.90604787
Master Slave
Station e ﬁ Station
© ,A) ©, 2)
Transmitter Transmitter
Position Position

A =coding delay

Receiver
Position ‘" P(®, A)

Br= fan-] [ C tan (®7)]
B = tan i lcranCDR |
X cos lsm(ﬁ )sm(B )"cos(ﬁ )cos(B )cos( R-)\T)]
P = (A-B)[ X-sm(X)]/(4 0)(1. O‘*COS(X)]
A = [sin(B )+ sm(l3 )]
Q (A-B)lXﬁm(X)] / 4,0)[1.0-cos(X)]
Bo el ¥ 'H(BR)'Sln(ﬁT)l
d = AX-A P-B Q= AX
o o
d=T if (d> A )=(<D A ),Master
= |f m AT) ‘(CD }\), Slave
T=p+A+ T -
s m

Figure 1. Method for Computing LORAN Hyperbolic Lattice.



Place
Latitude Rate N W M-X M-Y M-Z
Longitude
Athens, OH. 9930 | 15971.836 | 42354,859 | 53738.113 | 67801,313
39°19* 30" 15979.0 42353.1 53734.8 67797 .9
82° 046 15" 9960 | 16591.,750 | 28539.574 | 42594,543 | 56775.641
16593.2 28538.3 42596.5 56774.1
Lamar, PA. 9930 |16355.363 | 40578.895 | 52022.266 | 68816.563
41° 07' 00" 16362.0 40574.4 52016.7 68811.3
77° 28 00" 9960 | 16488.363 | 28448,.500 | 44219,320 | 59415,660
16489.6 28447.4 44223.8 59414.8
Corning, N.Y. | 9930 ]16361.043 | 39928.367 | 51536.559 | 68586.563
42° 10" 00" 16367.4 39923.0 51530.4 68580.9
77° 06* 00" 9960 |16559.109 | 28759.621 | 45016.137 | 59982.484
16560.5 28759.4 45022.0 59982.6
Logan, OH. 9930 |15952.5 42286.7 53690.5 67605.6
39° 31' 30" 15958.2 42281,2 53686.4 67602.6
82° 22* 55" 9960 |16594.6 28585.9 42688.4 56673.8
16594.4 28583.3 42690.5 56671.9

Note: The computer results are obtained by using the complete algorithm of
Figure 1.

Table 1. Supporting Data. HP-25 program results are listed below

each computer result.
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A. P d | i
rogrem end e’ TW¥o_25 Program Form

Title. L-(\P\AN 1 !N\f: DIFFL RENCL. Page_ ! _of 2

Switch to PRGN made, press [t erc | | then key in the program.

e Tl Caet e T ——
DISPLAY | [ [ ; ,

—em———f  KEY X Y ' 7 : T COMMENTS REGISTERS
ll'itrr()ﬂt §r— gr. 1

L

Jadl R o ‘ t — — e fo

o ! “’-'l 4‘1“. H\‘L ..f { | . ——e s

02 gl fiC Lol @y Coempatmg Pe 31
I Ceaclint Lol} Ga ¢ i mp g ¢

03 | 4ot fan! tandr C PR - Ry Pr

03 | X € candit - Q((c.i‘.e}.)

05 1500 Y tan' i g, A f .- i ]

06 2qycRCL 6| C (ol L e A [+ o N e

07 'AWCZLRL‘L 7 1da R o [ Campating Aa || (des. dey)l

08 | 40¢|f tan |Tan %. .
09 CILX ‘tands A . f I PR T ST d i
10 J§C" 9 tCU{' Lé. f‘:?: Ccmoufmrj X (&;g,dg_g,)
n | _gyesif ccs [Ceph Bulioss i deyeees. L r
CYEE T AT 7L ERR PR NER—— Ty ¢ S
| g7illastX|gx  ge  Jeosm | L | (decdeg)]
14 Cc4lf Sin [Sné 1B fesse | L .
s ,_EZ,'_ iilﬁﬁ_ Clsinde ks | [Maoipulating the |lng2iesa.
6 | j4c4lf san_[sinpy 1Sy fCespk | ~_Istackh  maintams || 33935
v | g 73llast Xlee . omg: Ismée oA lan cpen eegusTee (L
8 | rq4cs|f ces Kesa  (singr pPwmse  esea L | IRgOLITEEY
19 22|R ¢ fsmar  bLinde  fCCspw  JCUWE | ]| —zez ]
20| €Il x s (esby Ko o S=50T7 SN Ly L
EN R 7R TN TS | SN Nsn— | | NS
0 T D 7N 2 A O O I | R —
28| X2 Yoo  fessgloslS § S -
1,24. i -J?,-QLR 4+ OB (09 |S {1 T _Kdsbr i ae fur A.__1

25 | 2404|RCL 4|Ar jOD3 O]
26 | 2qc2|RCL2f{Ar  |As
a7 4l As-Ar  [CSERCOY:
| 28 | I405|fcos |Cos(aa-Aq|Cesironi
29| ellx JR | -
30 50|t - f)((«»‘} 2
N | 1505]19 ces e
a2 | ol X .
s | ogle 8 X
34 oolo _ |i1sc_ |X
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.
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=
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HP-25 Program Form

Title___LORAN Time Difference S Page_2__of_2
Programmer __ iy SR _ g e R N .
STEP INSTRUCTIONS - g KEYS DAY A OMES
1 Key in program ] L | ] Jl ] ]
+2 ‘Store constants -— _jL Jr ]L " j i o i
A 2282 lsto Js_ L] =
| lec  loswss [sodle JC_JC_J] |
BESRre The 1 salver i Il | e e S ==
___coordinates L ML | Il I |__ =
|| latitude, PR | @R, D. MLLg_‘_IE;tL_ILsm_JLa_I PR, dec.de
|| loogitude, g | ApDMs [ J[=H [STO ][4 ] Mpedec.deg
4 §§‘fo[e_the primary __*_-_41 Ir J[ J' ]
| trinsmitter C_og_rdlanei»_ e tmans L | I Il |
| | Letitie, o7 | o,D.Mg Lg |[[=H _J[sto j[0 ]| o1,dec.deg
|| Longitude, AT M,D.Msg _[_L |[=H_J(sTO J[2 || A dec.deg
5 Compste Ty Bl I f JLpreM [ R/s || j
6 | Store Tp L G J J
7 Store the secondary EVEr T - l 1 I l —]_ |
| | transmitter ccordinatef I If L Il —l S
™ _;_Lﬂ’ie'_‘bT LY Q:I:?_Midl__g ” - H “ STO ]L] ] ®1,dec.deg
Longi tude, )‘T D MS [9 |[_"H ]l STO “ Z I )‘T,dec.deg
8 Return t to—top of mer;o&- 4: [f J[PrRGM]] | | |
| 9 | Compute T e S j R/S Il -1 B e
10 | Compute T-T, RA | T Tmebsee
_ll__l Compute Ib_L 1A ‘_[ + | B 1 Jﬁl!se;
SR _adding the codmg § A [+ [ | Il T, psec
| deloy (&) Baseline | Ll i e, I e
| lengthp for the secondary _—[ J( |l j[ JF_ _mj
12 | Tocompute Tforcnothet |l ERED e - _:
_secondary, go tostepV; | | I i
_chain, go tostep 4; | | 1L | | S
receiver position, fo | 4| L il IL j» - A
Yo step 3; efc... > [ Il I IL j# _ __ﬁ
[ | | I
g e | ||

-



For Jupiter, Florida
Coding delay A = 11000 ps

B. LORAN Chain Data. Oz,
@
% "
Co
Yl i
%
U.S. East Coast Chain - Rate 9930 (SS7)
Station Coordinates Station Coding Radiated
Latitude & Function DelaY & Peak
Longituds Baseline Power
v Length
Carolina 34-03-46.04N | Master .- 700 kW
Beach, NC 77-54-46.76W
Jupiter, 27-01-58.49N W 11.000us | 300 kW
Florida 80-06-53.52W | Secondary|2695.57us
Cape Race, 46-46-32.18N X 28,000us | 1.8MwW
Newfoundiznd | 53-10-28.16W | Secondary | 8389.55us Baseline
Nantucket, 41-15-11.93N Y 49,000us | 300 kW
Massachusetts | 69-58-39.09W | Secondary|3541.27us
Dana, 39:51-07.54N z 65,000us | 400 kW
Indiana 87-29-12.14W | Secondary|3560.68u<
Northeast U.S.A. Chain (reconfigured 7/78) - Rats 9960 (SS4)
Station Approximate | Station | Coding Radiated
Latitude & Function | Delay & Peak
Longitude Baseline Power
Length
Seneca, 42-42-50,6q Master | --- 1.0 MW
New York 76-459-33 .Pé
Caribou, 46-48-27.20N W |11,000us | 350 KW
Maine 67:55-32.71W | Sccondary| 2797.20
No. tucket, 41-15-11,93N X 25,000us | 300 KW
Massachusetts | 63-58-39.09W | Secondary|1969.93
Carolina Beach| 34-03-46.04N Y 39,000us | 700 KW
N. Carolina 77-54-46.76W | Secondary|3221.65
Duna, Indiana | 39-51-07.54N 2 54000
' 87-29-12,14W | Secondary [3162,06 | 400 KW

B =2695,57 ps
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