HP-35s Calculator Program

Convert Transverse Mercator
to Latitude and Longitude

Programmer: Dr. Bill Hazelton

™ 2

Co-ordinates (UTM, SPCS,

Date:  April, 2008. Version: 1.0 Mnemonic: Y for TM X & Y to Lat/Long
Line Instruction Display User Instructions

Y001 |LBLY B 1BL Y

Y002 | CLSTK B CLEAR 5

Y003 | FS? 10 (=] 3.0

Y004 | GTO Y008

Y005 |SF 1 (=] 11

Y006 | SF 10 (=] 1.0

Y007 | GTO Y009

Y008 |CF 1 (=] 21

Y009 |TM 2 LATDLONG (Key in using EQN RCL T, RCL M, etc.)

Y010 | PSE PSE

Y01l | CLx B CLEAR 1

Y012 |STO X B sTto x

Y013 |[STO Y B stoy

Y014 6378137 a value for ellipsoid (WGS84)

Y015 |STO A B stoa

Y016 | 0.00669438 € value for ellipsoid (WGS84)

Y017 |STO E = stoE

Y018 0.9996 ko, value for zone (UTM 17)

Y019 | STO K = sto K

Y020 b8l Ao for zone (UTM 17)

Y021 |STO D B stoD

Y022 0 o for zone (UTM 17)

Y023 |STO C B stoc

Y024 500000 E, for zone (UTM 17)

Y025 | STO | = sTo

Y026 0 N, for zone (UTM 17)

Y027 | STO J B sto

Y028 | CHECKDPENTER A (Key in using EQN RCL C, RCL H, etc.)

Y029 | PSE = psE

Y030 | INPUT A (=] A

Y031 | CHECKDENTER E (Key in using EQN RCL C, RCL H, etc.)

Y032 | PSE = psE

Y033 | INPUT E (=] E

Y034 | CHECKPENTER K (Key in using EQN RCL C, RCL H, etc.)

Y035 | PSE = psE

Y036 | INPUT K (=] K

Y037 | CHKDNTR LONG 0 (Key in using EQN RCL C, RCL H, etc.)

Y038 | PSE PSE
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Transverse Mercator Co-ordinates to Latitude/Longitude
Line Instruction Line Instruction

Y039| INPUT D Y080 -RAD

Y040| CHKDNTR LAT 0 Y081 CF 10

Y041| PSE Y082 (LD E O 4D38E"2 0 64D 5E3 0 256)
Y042| INPUT C Y083| x

Y043| CHKDNTR E O Y084| STO V

Y044| PSE Y085| 0.375x (E + E*2 O 4 + 15 E*3 O 128X SIN(2x C)
Y045| INPUT | Y086/ STON V

Y046| CHKDNTR N 0 Y087| 15 O 256¢ (E"2 + 0.75< E~3) x SIN(4x C)
Y047| PSE Y088| STO+ V

Y048| INPUT J Y089| 35x E*3 O 307X SIN(6x C)

Y049| RCL D Y090, STON V

Y050| HMS— Y091 RCL A

Y051| STO D Y092| RCLx V

Y052| RCL C Y093| STO+ M

Y053| HMS— **xx | Compute G and

Y054| STO C Y094| RAD [Key in as MODE 2]
Y055| ENTER EASTING Y095| (1 + 2.25x 02 + 22% 04 O 64X (1 D Ox (1 B 0*2)
Y056| PSE Y096/ RCLx A

Y057| INPUT X Y097| RCL M

Y058| ENTER NORTHING | Y098| x <>y

Y059| PSE Y099| O

Y060| INPUT Y Y100| STO S

Y061| RCL | **% | Computed' (the foot-point latitude)

Y062| STON X Y101 RCL S

Y063| RCL J Y102| STO F

Y064| STON Y Y103| (1.5x O B 25¢ 073 O 32X SIN(2x S)

¥ | Compute b Y104 STO+ F

Y065| 1 Y105| (21x 0"2 0 16 B 556 0" O 32x SIN(4x S)
Y066| RCLN E Y106/ STO+ F

Y067| Ix Y107| 151x 0”3 O 96 SIN(6x S)

Y068| RCLx A Y108| STO+ F

Y069| STO B Y109| 1097x 0”4 O 51X SIN(8x S)

% | Compute n Y110| STO+ F

Y070/ RCL A *+* | Computev', t',p', ¥ and x

Y071| RCLN B Y111 RCL F

Y072| RCL A Y112| TAN

Y073| RCL+ B Y113/ STO T

Y074| O Y114 A O SORT(1 N Ex SIN(F)*2)

Y075/ STO O Y115/ STO N

*+% | Compute "N Y116| A x (L N E) O ((1 N Ex SIN(F)"2)*1.5)
Y076/ RCL Y Y117/ STO R

Y077| RCLO K Y118/ NOR

Y078/ STO M Y119/ STO P

x| Compute rpand m Y120l XONOK

Y079| RCL C Y121| STO U
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Line

Instruction

*kkk

Computep (latitude)

Y122

UxTxXOKORO?2

Y123

STON F

Y124

(12x T2+ 9xPx (AN T2) N4 x P2)x UBxXxTOKORO 24

Y125

STO+ F

Y126

(8x PMx (11D 24 T72) B 1 P"3x (21 D 7k T"2) + 15x PA2x (15 D 9& T2 +

E 15 x T"4) + 180x Px (5x TA2 D 3x T"4) + 360x TM)x X x TO KO R O 720

Y127

RCL U

Y128

5

Y129

X

y

Y130

X

Y131

STON F

Y132

(1385 + 3633 T"2 + 4095 T4 + 1575 T6) x X x T O K O R O 40320U"7

Y133

STO+ F

*kkk

Calculated (longitude)

Y134

1

Y135

STO W

Y136

(P+2xT"2)xU206

Y137

STON W

Y138

(24X TM + 72X PX TA2 + PA2X (9 D 68 T/2) D 4X PA3x (1 D 6x T72))x UM O 120

Y139

STO+ W

Y140

(61 + 662x T2 + 1320x T4 + 720x T°6) x U6 © 5040

Y141

STON W

Y142

RCL U

Y143

STOxX W

Y144

RCL T

Y145

ATAN

Y146

COS

Y147

STOO W

*kkk

Calculatey (grid convergence)

Y148

N1

Y149

STO G

Y150

(T"2 + 3x P D < P"2)x U2 O 3

Y151

STO+ G

Y152

(PA4X (11 D 24K TA2) B 3¢ PA3X (8 D 23X T/2) + 5X P/2x (3 D 14< T"2) + 30X P

E x T2 +3x T"4)x UM O 15

Y153

STON G

Y154

(17 + 77X T"2 + 105x T4 + 45x T"6) x U8 O 315

Y155

STO+ G

Y156

RCL T

Y157

RCLx U

Y158

STOX G

*kkk

Calculate k (point scale factor)

Y159

RCL X

Y160

STOx U
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Line Instruction

Y161 | RCL K

Y162 | STOO U

Y163 | RCL R

Y164 | STOO U

Y165 | (AXPX(1DXT2)DXUDIXT2)D2&XT20PKUN2024+U02+1+

E U3 0 720)x K

Y166 | STO S

Line Instruction Line Instruction
Fkkk Prepare results Y192 VIEW G

Y167 | DEG [Key in as MODE 1] Y193 PT SCALE FACT
Y168 | SF 10 Y194 PSE

Y169 |RCL F Y195 VIEW S

Y170 | -DEG Y196 0

Y171 | -HMS Y197 STO Q

Y172 | STO F Y198 NEXT PT [ON1]
Y173 |RCL W Y199 PSE

Y174 | -DEG Y200 INPUT Q

Y175 | RCL+ D Y201 RCL Q

Y176 | -HMS Y202 x =07

Y177 | STO L Y203 GTO Y213

Y178 | RCL G Y204 NEW ZONE [0N1]
Y179 | -DEG Y205 PSE

Y180 | -HMS Y206 0

Y181 | STO G Y207 STO Q

Fokkok Show results Y208 INPUT Q

Y182 | RESULTS Y209 RCL Q

Y183 | PSE Y210 |x=07

Y184 | LATITUDE Y211 GTO Y055

Y185 | PSE Y212 GTO Y028

Y186 | VIEW F Y213 PROGRAM END
Y187 | LONGITUDE Y214 PSE

Y188 | PSE Y215 FS? 1

Y189 | VIEW L Y216 CF 10

Y190 | GRID CONV Y217 RTN

Y191 | PSE
Notes

() The program should be run in RPN mode, as results in ALG mode are unknown.

(2) Latitudesand longitudesshouldbe enteredin HP notation,i.e., DDD.MMSS. The grid
convergence is displayed in HP notation.
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Transverse
(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Mercator Co-ordinates to Latitude/Longitude

The programmay be usedfor any TransverseMercator projection, if the appropriate
parameterareknown. Similarly, any ellipsoid may be used,if its aandé parametersire
known.Parameterfor a wide rangeof ellipsoids,all UTM zonesandall SPCSTM zones
are included at the end of this document.

Latitudesin the souttern hemisphereare negative.Longitudeswest of Greenwichare
negative,.e., all longitudesin North America.lt is critical to enterthe correctsignin the
calculator when entering values.

Lineswith **** arecommentsonly, and shouldnot be enteredinto the calculator.They
are there to make program entry a little easier.

This programis long and often appeardo be a streamof meaninglessommandsThis
meansthat it may be more proneto errorswhenbeing entered.It is suggestedhat the
programbe enteredusing the given constantstested(and the checksumchecked),and
whenit is satisfactory the constantsat the startof the programcanbe changedo those
most suitable for the bulk of the expected work.

In orderto reducethe apparet length of the program(which otherwisewould havebeen
well over 600 lines), equationswere usedfor the bulk of the computations.Some
equationsaretoo long to fit on a singleline in the abovelisting, so are continuedto the
line below (Y126, Y152, Y165. In this case the line numberis replacedoy a anda E
appearsat the startof the continuingline. Neitherthe northe E shouldbe enterednto
the calculator.

The use of equations ratherthan direct instruction code, doesslow the computatio
process a little, but makes the program a bit shorter and so possibly easier to enter.

The program allows the user to run additional points after eachis completed,by

prompting.If anotherpointis to be processedthe useralsohasthe optionto moveto a

new zoneand ellipsoid, otherwisethe previousellipsoid and projection parametersre

used.Respond for ONO@nd 1 for OYES@t the Q? prompt.|If the userchoosedo enter
anotherpoint, the previousdataenteredis displayedat the prompts,but angulardataare

storedin decimaldegreesThis shouldbe re-enteredn HP notation(or quickly converted
with the BB > HMS key sequence)evenif the samedatais being used,becausehe

programwill convertthe valuesto decimal degreesagain, and so produceerroneous
results.

There are two lines where the calculatorOsnode is changedfrom DEGREESto
RADIANS, andvice versa Theinstructionsfor theselines (Y094 andY167) arekeyedin
usingthe MODE button.A noteaboutthis is includedon therelevantline of the code,in
red, to avoid confusionwith the =RAD and—DEG function, which areusedelsewhere
in the program.

The programappeargo work correctly, astested.However,the grid convergenceesult
hasthe oppositesign to that producedby the NGS on-line Lat/Longto SPCSconversion
packageat http://www.ngs.noaa.gov/cgi-bin/spc_getpc.prl The formulaearecorrect
in this program,andthe resultsagreewith the sign conventionof Redfearn&fsrmulae,as
well as the normal usageof the grid convergencgconvertingbetweengrid and true
azimuths).l am not surewhy the NGS programhasthe oppositesign, but | haveasked
NGS aboutit. Until this differenceis resolved,be awarethat the sign could be the
opposite, and work out the correct sign from first principles.
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Theory

Converting from cartesianco-ordinates(E, N or X, Y) to geographicalco-ordinates(latitude and
longitude) on a TransverseMercatorprojectionis a straightforwardtransformationjf somewhatong-
winded. This program uses equations to help reduce the bulk of the program a little.

Giventhatwe havea, €, 0, Ko, A andAg, we canusethe following expressions$or the conversionThese
are RedfearnOBormulae.Note that theseusean extratermin the computationscomparedo SnyderOs
book (1987), but this will makea negligible differencein the overall values.The resultswill be a little
different to the tabulatedvaluesfor SPCS,too, owing to the limitations on the SPCS27 computations.
Rememberinghat the allowable distortion in the SPCSwas to be no more than 1 in 10,000, it is
acceptableo dropthefinal termin the formulae,asthis doesnGtegradehe formulaeby anywherenearl
in 10,000.Suchmodified formulaewill thenagreewith SnyderO®rmulae,rememberinghat Snyderwas
setting up the formulae for mapping, rather than geodetic use.

For UTM computationsyou shouldusethe full numberof terms. This is becausehereis no Olegal®
toleranceof distortion in the conversionprocess.UTM co-ordinatesare now printed on 1:24,000
guadranglenaps,with eithera grid/graticuleor marginalticks. TheseUTM co-ordinatesare often on the
NAD27 datumand needto be convertedto NAD83 beforethey canbe used.While thereis a marginal
note concerningthe conversionof latitude andlongitudefrom NAD27 to NAD83 on many of the more
recentmapsheetghis valuedoesnot applyto the UTM co-ordinateqor the SPCSco-ordinates)This is
becausedhe latitudeandlongitudevaluesare,in effect, figured from the origin in Kansaswhile the UTM
Northing co-ordinatesare figured from the Equator.SPCSnorthingsare figured from the zoneorigin, so
will havea different shift for eachzone.You shouldconvertthe co-ordinatego latitude andlongitudefor
the appropriatesystem,converttheseto NAD83, then convertto UTM or SPCSTM co-ordinatesAn
approximatesetof shiftsfor UTM canbefoundin a paperby Welch, R., andHomsey,A., ODatunShifts
for UTM Co-ordinates,® the PhotogrammetricEngineeringand RemoteSensingournal, Volume 63,
No. 4, pp. 371375, published in 1997.

Conversion Formulae

Starting with the following general formulae, these can be applied in the following conversion formulae.

E'= E DgoE (Ep is the offset of the centralmeridian; checkthe value for eachzone.
For UTM, E = 500 000a000 meters.)

N'= N DN (Ng is the offset of the origin latitude; checkthe valuefor eachzone.For
UTM in the northernhemisphereNg = 0; for UTM in the southern
hemisphere, pl= 10 000 0004000 meters.)

a

v = radius of curvature in the prime verticabati.e. v = ———
\ 14D BssiR%

a@l- €9
3

= 5 3 - radius of curvature in the meridianat
(1 - e sin® ¢)?

o = ADAg

v . ..
v = — i.e. ratio of the radii of curvature @t
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t = tand
m = meridian distance from equator, computed using the following expression

m=a(mo D Asin + Agsind) B A sin &)

where ¢ is in radians and

e 3¢ 56
Ao = 1B bgg Bo5g
3 et 156
Az = g|PHit+ing
15 3
Ag = Ws(e"#““#f)
35¢
As = 3072

With the appropriatevaluesfor ellipsoidsandscalefactors,theseformulaewill work for any Transverse
Mercator projection: UTM, SPCS, AMG, MGA or whatever.

In orderto convertthe given northingto latitude, we first needto calculatewhat is known as the foot-

N
point latitude, ¢', which is the latitude for which the meridiandistanceis equalto ko This valuecanbe

calculateddirectly providedthree other values,namelyn, G and ¢ are calculatedfirst. The choice of
variable names for these three values is historical and isnOt related to any other use of them.

_ a#b#b
N = a#+#b

b=av1bé

where a and b are the semi-major and semi-minor axes

9 225
G=a(lbn@BNl+z P+ n”j%
= mean length of an arc of one degree of the meridian
__mitH$ _N'
G = 180#G use m =g,
3n 27m) .
¢ =0 + |o#HbHKy |sinD
21r¢ 55rf)
+ |16 #P%5 | sind
1518 .
+ 96 sin @
1097r#)
+ 512 sin &
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With thesevalueswe can calculatethe geographicato-ordinatedirectly. Note thatt', y', p' andv' are
functions of the foot-point latitude and using the same formulae as listed above.

Latitude(in radians)

Let X :Fo#"
e Dt_' E
q) - q) ko;tpl X 2
' x3HE'
+ F.#p' 5z [PAy?+ 9y (1D 8) + 1217
D—t' XOHE Sy4(11D 24 PD12y3 (21D 718 + 152 (15D 98¢+ 15 t4
ko#).no[w( ) D12y ( ) W' ( )
+ 180y (512D 3t + 360 4]
t XHE' 2 “ 6
+ Kofp' 40320(1385+3633 + 4095 t* + 1575 ©)

Longitude(in radians)

Let x :Fo#/'

o = secd' X
x3
Dsed § (¢ +2t9)
x5
+secy’ 775 [PAy3 (1D 68 +y?2 (9D 68E) + 72y t2+24 t4]
x7
D se®' 5pz0 (61 + 662 £ + 1320 t + 720 1)

Grid Convergencéin radians)

Let Xx =7
Ko

vy= Dtx

x3
+tF (P2y2+ 3y +1?)

5
Dtas [y4 (11D 247D 3y3 (8D 238 +5y2 (3D 148) + 30y 2+ 314

;
X
+t'375 (17 + 77 £ + 105 t* + 45 19)
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Point Scale Factor

E?2

ko?a'#'

Let x = (note the different value of x for this formula)

2 3
k = k (#1#35#%2{4@'#(1#9#6)#9#3#(1#9#);@%#)&%

Given thesevalues,the latitude and grid convergencere convertedto degreesminutesand seconds,

while o is convertedo the longitude,A, usingthe formula below, andthenconvertedto degreesminutes
and seconds.

A=+ A
Sample Computations

Example 1

Using the SPCS 1983 (a = 6,378,137 Mm=eD.006 694 3800), the following results are obtained.

Nevada East Zone, 270}, = D115j 359, = 34i 45', k = 0.999 900, = 200,000.000 m,
N, = 8,000,000.000 m.

Easting (E) = 185,603.123 m Northing (N) = 8,739,929.417 m
Latitude = 41; 25' 00".000 Longitude = B115j 45' 20".000

Grid Convergencey] = 0j 06' 50.1" Point Scale Factor (k) = 0.999 902 55
Example 2

Using the SPCS 1927 (a = 20925832.24%t=€0.006 768 66), the following results are obtained.

Nevada East Zone, SPCS 1927, = D115j 35'¢, = 34 45, k = 0.999 900, £= 500,000.000 ft,
N, = 0.000 ft.

Easting (E) = 452,764.960 ft Northing (N) = 2,427,533.222 ft
Latitude = 41j 25' 00".000 Longitude = D115; 45' 20".000

Grid Convergencey] = 0j 06' 50.1" Point Scale Factor (k) = 0.999 902 55

Example 3
Using the ANS ellipsoid (a = 6,378,160 rh,=0.006 694 541 855), the following results are obtained.

AMG Zone 54, Ao = +141; 00,9, = 0j 00", k = 0.999 600,

E, = 500,000.000 m, = 10,000,000.000 m.
Easting (E) = 758,053.090 m Northing (N) = 5,828,496.973 m
Latitude = D37 39' 15".557 Longitude = +143; 55' 30".6330
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Grid Convergencey] = +1j 47' 16.67" Point Scale Factor (k) = 1.000 420 30

Example 4

Using the WGS-72ellipsoid (a = 6,378,135m, &€ = 0.006694 317 778), the following resultsare
obtained.

UTM Zone 58, Ao = +165j 00,0, = 0j 00", k = 0.999 600,
E, = 500,000.000 m, N=10,000,000.000 m.
Easting (E) = 758,053.090 m Northing (N) = 5,828,496.973 m
Latitude = D37 39' 15".557 Longitude = +143j 55' 30".6330
Grid Convergencey] = +1j 47' 16.67" Point Scale Factor (k) = 1.000 420 30

These last two sets of results agree with those computed in the AGD Technical Manual, 1986.

Running the Program

PressXEQ Y , thenthe ENTER key, to startthe program.The calculatorbriefly displays TM 2
LATNLONG, then briefly shows CHECKNENTER A. This is OPointA,O discussedbelow. The
programthen stopsand displaysthe promptfor enteringthe semi-majoraxis value,while displayingthe
current default value:

A?
6,378,137.0000 (This is for GRS80/WGS84/NAD83)

If you arehappywith this valuefor the semi-majoraxis of the ellipsoid, pressR/Sto continue.Otherwise.
Key in a different value (for a different ellipsoid, e.g.,6378135for WGS72)and pressR/S to continue.
(This discussion will use the data from Example 4, in the Sample Computations section, above.)

The calculatorbriefly displays CHECKNENTER E. The programthen stopsand displaysthe prompt
for entering the eccentricity of the ellipsoid, e:

E?
0.00669438 (This is for GRS80/WGS84/NAD83)

If this valuefor the eccentricityis correct,pressR/Sto continue.Otherwise key in a differentvalue (for a
different ellipsoid, e.g., 0.006 694 317 778 for WGS-72) and press R/S to continue.

The calculatorbriefly displays CHECKNENTER K. The programthenstopsanddisplaysthe promptfor
entering the scale factor at the central meridigj (vhich is k;:

K?
0.9996000 (This is for UTM)

If this valuefor the scalefactoris satisfactory pressR/Sto continue.lf you wantto changeit, suchasfor
an SPCS zone, key in the correct value and press R/S.

The calculatorbriefly displays CHKNNTR LONG 0. The programthenstopsanddisplaysthe prompt
for enteringthe longitude of the central meridian of the projection, A,. Note that in the western
hemisphere, this will be a negative value, and should be in HP notation (DDD.MMSS).

-10 -
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D?
N81.000000 (This is for UTM Zone 17)

If thisis the correctcentralmeridian,pressR/Sto continue,if this is not correct,key in the correctvalue,
in HP notation, then press R/S to continue. In this case, key in 165 for UTM Zone 58, then press R/S.

The calculatorbriefly displaysCHKNNTR LAT 0. The programthenstopsanddisplaysthe promptfor
enteringthe latitude of the Northing co-ordinateorigin, ¢,. For UTM, thisis 0.000(the equator)while for
SPCS Zones, it is usually a latitude well south of the zone. The value should be entered in HP notation.

c?
0.000000 (This is for UTM)

If this is the correctlatitude base pressR/Sto continue.If you want a differentvalue,key in thatvalue
and press R/S to continue. In this case, press R/S to continue.

The calculatorbriefly displays CHKNNTR E 0. The programthen stopsand promptsfor entry of the
false eastingvalue, or the eastingoffset, denotedE,. This is the value of the eastingco-ordinateat the

central meridian),. For UTM, this is 500,000.0000, while its value varies for different SPCS zones.

1?2
500,000.0000 (This is for UTM)

If thisis the correctvalue,pressR/Sto continue.lf a differentvalueis desired key in thevalueandpress
R/S. In this case, press R/S to continue.

The calculatorbriefly displays CHKNNTR N 0. The programthen stopsand promptsfor the false
northing value, or the northing offset. This is the value of the northing at theppdiptdenoted Ry

J?
0.0000 (This is for UTM in the northern hemisphere)

If thisis the correctvalue,pressR/Sto continue.lf adifferentvalueis required key in the valueandpress
R/S. In this case,key in 10,000,000.00@nd pressR/S. This is the N, value for UTM in the southern
hemisphere.

This is OPointB,Odiscussedelow. The calculatorbriefly displays ENTER EASTING. The program
stops and displays the prompt for entering the easting of the point to be converted.

X?

0.0000
Key in the easting of the point and press R/S to continue. In this case, key in 787420.487 and press R/S.
The calculatorbriefly displays ENTER NORTHING. The programthen stopsand displaysthe prompt
for entering the northing of the point to be converted.

Y?

0.0000

Key in the northing of the point and pressR/S to continue.In this case,key in 6782165.201and press
R/S.

-11 -
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The programdisplaysRUNNING for somelittle time, thendisplays RESULTS briefly, followed by
LATITUDE briefly. The programthenstopsanddisplaysthe latitude value of the point, in HP notation.
In this case, the calculator displays:

F=
D29.03231530

This is thelatitude of the point, in this casebeing29; 03' 23".1530S in moreconventionahotation.Press
R/S to continue.The calculatorbriefly displaysLONGITUDE, then stopsand displaysthe longitude
value of the point, in HP notation. In this case, the calculator displays:

L=
167.57066320

This is the longitudeof the point, in this casebeing167; 57' 06".6320E in more conventionalnotation.
PressR/S to continue.The calculatorbriefly displaysGRID CONV, then stopsand displaysthe grid
convergence value in HP notation. In this case, the calculator displays:

G=
1.26045907

Thisis thegrid convergencén HP notation,andis 1j 26'04".59in moreconventionahotation.PressR/S
to continue.The calculatorbriefly displays PT SCALE FACT, thenstopsanddisplaysthe point scale
factor of the point on the Transverse Mercator projection. In this case, the calculator displays:

S=
1.00061955

This is the point scale factor. Press R/S to continue.

You now havethe choiceof runningoneor moreadditionalpoints. The calculatorbriefly displays NEXT
PT [ON1], then stops and displays the prompt for answering questions:

Q?
0.0000

If youwantto quit the program,just pressR/S. If you wantto entermorepoints,key in 1 andpressR/S.
In this casethe calculatorthen promptsto seeif you wantto usethe sameparametersThe calculator
briefly displays NEW ZONE [ON1], then stops at the question prompt:

Q?
0.0000

If youwantto go to a new zone,key in 1 and pressR/S, andthe calculatorwill takeyou to the point
whereyou canchangeany of the values(Point A above),startingwith the ellipsoid parameterslf you
wantto work in the samezonealreadyenteredjust pressR/S, andthe programwill takeyou to OPoinBO
and promptfor the latitude of the point to be convertedand continuefrom there.You cango aroundthe
program as many times as necessary.

Whenyou chooseto endthe program,the calculatorbriefly displaysPROGRAMEND andthencomesto
an end, returning to the point from which it was called, or to normal operations, and resetting Flag 10.
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HP-35s Calculator Program ™ 2

Transverse Mercator Co-ordinates to Latitude/Longitude
Storage Registers Used

Semi-major axis of the ellipsoid being used, a

Semi-minor axis of the ellipsoid being used, b

0, the origin latitude for the co-ordinates

Ao, the central meridian of the projection

Eccentricity of the ellipsoid,?e

o', foot-point latitude, then, latitude of the point that has been converted
v, the grid convergence of the point being converted

I O M moO >

meridian distance of the origin latitudg,
E,, the offset for the eastings (the eastingt
N,, the offset for the northings (the northingpgtA,)

ko, the scale factor along the central meridian,

A, longitude of the point that has been converted
m, preliminary meridian distance of the point to be converted

\%
n, a constant for the ellipsoid

czgr X «

/I '= —

#

-

used for getting responses to questions about running more points

p

o, an intermediate value; then k, point scale factor at the point being converted
tan¢'

x=E' OkV

m,, the meridian distance tg

o = ADAg

Easting co-ordinate of point to be converted

Northing co-ordinate of point to be converted

<xs<cHwnw®mO

Statistical Registers not used
Labels Used

LabelY Length = 1707 Checksum = 72F1

Usethe length (LN=) and Checksum(CK=) valuesto checkif programwas enteredcorrectly. Usethe

sample computations to check proper operation after entry.

Flags Used

Flags1 and 10 areusedby this program.Flag 10 is setfor this program,so that equationscanbe shown
asprompts.Flag 1 is usedto recordthe settingof Flag 10 beforethe programbegins.At the end of the

program, Flag 10 is reset to its original value, based on the value in Flag 1.
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HP-35s Calculator Program ™ 2
Transverse Mercator Co-ordinates to Latitude/Longitude

Parameters for the Computations
Universal Transverse Mercator (UTM)

For UTM, the ¢, valueis 0j (the equator)for both northernand southernhemispheresThe A, valuesare
given for each zone in the table below.

Zone Central Meridian, A, Zone Central Meridian, A,
1 177{W 31 3iE
2 171w 32 9iE
3 165;jW 33 15jE
4 159i{W 34 21;E
5 153w 3E 27;E
6 147;W 3€ 33jE
7 141;iW 37 39;E
8 135;jW 38 45;E
9 129w 3¢ 51iE

10 123w 4C 57iE
11 117w 41 63jE
12 111w 42 69;E
13 105;jW 43 75{E
14 99w 44 81iE
15 93iW 45 87;E
16 87iW 4€ 93jE
17 81iW 47 99;E
18 75iW 48 105jE
19 69;W 48 111iE
20 63;W 5C 117iE
21 57iW 51 123jE
22 51iW 52 129iE
23 45;W 53 135jE
24 39;W 54 141iE
25 33iW 5E 147iE
26 27iW 5€ 153jE
27 21iW 57 159iE
28 15{W 58 165jE
29 9iW 5¢ 171iE
30 3iw 6C 177iE

The E, value for all zonesis 500,000.000meters.The N, value for the northernhemispheres 0.000
meters. The Nvalue for the southern hemisphere is 10,000,000.000 meters.
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™ 2
to Latitude/Longitude

HP-35s Calculator Program
Transverse Mercator Co-ordinates

State Plane Co-ordinate System (SPCS) 1983

SeveralUsS statesusethe Transversévlercatorprojectionfor SPCS1983.The variousparameter$or each
zonein the 1983 systemare given in the table below. Use theseparametersvith the program,together
with the GRS80/WGS84/NADSS ellipsoid parameters, in meters.

Central Latitude False
Meridian Origin Central Scale False Eastinc  Northing
Ao o Ko E, (M) No (M)
Alabama
East 85 50' 30; 30' 0.9999600 200000.00 0.00
West 87 30' 30 00 0.9999333 600000.00 0.00
Alaska
2 142; 00' 54; 00' 0.9999000 500000.00 0.00
3 146j 00' 54; 00' 0.9999000 500000.00 0.00
4 150j 00' 54; 00' 0.9999000 500000.00 0.00
5 154; 00' 54; 00' 0.9999000 500000.00 0.00
6 185j 00' 54; 00' 0.9999000 500000.00 0.00
7 162 00' 54; 00' 0.9999000 500000.00 0.00
8 166j 00' 54; 00' 0.9999000 500000.00 0.00
9 170; 00' 54; 00' 0.9999000 500000.00 0.00
Arizona
East 110; 10' 31; 00 0.9999000 213360.00 0.00
Central 111; 55' 31; 00 0.9999000 213360.00 0.00
West 113j 45' 31; 00 0.9999333 213360.00 0.00
Delaware 72; 25' 38; 00' 0.9999950 200000.00 0.00
Florida
East 81 00' 24; 20' 0.9999412 200000.00 0.00
West 82; 00' 24; 20' 0.9999412 200000.00 0.00
Georgia
East 82; 10' 30 00 0.9999000 200000.00 0.00
West 84; 10' 30 00 0.9999000 700000.00 0.00
Hawaii
1 155j 30' 18; 50' 0.9999667 500000.00 0.00
2 156j 40' 20; 20' 0.9999667 500000.00 0.00
3 158 00' 21; 10' 0.9999900 500000.00 0.00
4 159; 30' 21; 50' 0.9999900 500000.00 0.00
5 160j 10' 21; 40' 1.0000000 500000.00 0.00
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™ 2

HP-35s Calculator Program
Transverse Mercator Co-ordinates to Latitude/Longitude
Central Latitude False
Meridian Origin  Central Scale False Eastinc  Northing
Ao o Ko E, (M) No (M)
Idaho
East 112; 10’ 41; 40' 0.9999474  200000.00 0.00
Central 114; oo’ 41; 40' 0.9999474  500000.00 0.00
Illinois
East 88j 20 36j 40' 0.9999750 300000.00 0.00
West 90; 10 36j 40' 0.9999412  700000.00 0.00
Indiana
East 85;j 40' 37; 30 0.9999667 100000.00 250000.00
West 87; 05' 37; 30 0.9999667 900000.00 250000.00
Maine
East 68j 30' 43; 40' 0.9999000 300000.00 0.00
West 70; 10 42; 50' 0.9999667 900000.00 0.00
Mississippi
East 88j 50' 29; 30 0.9999500 300000.00 0.00
West 90; 20 29; 30 0.9999500 700000.00 0.00
Missouri
East 90; 30 35; 50' 0.9999333 250000.00 0.00
Central 92; 30 35; 50' 0.9999333 500000.00 0.00
West 94; 30 36j 10' 0.9999412 850000.00 0.00
Nevada
East 115; 35 34; 45' 0.9999000 200000.00 8000000.00
Central 116 40' 34; 45' 0.9999000 500000.00 6000000.00
West 118 35 34; 45' 0.9999000 800000.00 4000000.00
New Hampshire 71; 40' 42; 30' 0.9999667 300000.00 0.00
New Jersey 74; 30 38; 50 0.9999000 150000.00 0.00
New Mexico
East 104 20' 31; 00 0.9999091 165000.00 0.00
Central 106j 15' 31; 00 0.9999000 500000.00 0.00
West 107 50' 31; 00 0.9999167 830000.00 0.00
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HP-35s Calculator Program

Transverse Mercator Co-ordinates to Latitude/Longitude
Central Latitude False
Meridian Origin  Central Scale False Eastinc  Northing
Ao o Ko E; (M) No (M)
New York
East 74; 30' 40; 00' 0.9999000 150000.00 0.00
Central 76j 35' 40; 00" 0.9999375  250000.00 0.00
West 78 35' 40; 00' 0.9999375 350000.00 0.00
Rhode Island 71; 30' 41; 05 0.9999938 100000.00 0.00
Vermont 72i 30' 42; 30"  0.9999643 500000.00 0.00
Wyoming
East 105j 10 40; 30" 0.9999375 200000.00 0.00
East Central 107j 20 40; 30° 0.9999375 400000.00 100000.00
West Central 108j 45' 40; 30" 0.9999375 600000.00 0.00
West 110j 05’ 40; 30° 0.9999375 800000.00 100000.00

State Plane Co-ordinate System (SPCS) 1927

™ 2

SeveralUS statesusedthe TransverseMercatorprojectionfor SPCS1927. The variousparametergor
eachzonein the 1927 systemare given in the table below. Use theseparameterswith the program,

together with the Clarke 1866 ellipsoid in feet.

Central Latitude Central False
Meridian Origin Scale False Easting Northing
Ao o Ko E (ft) No (ft)

Alabama
East 85; 50' 30; 30 0.9999600 500000.00 0.00
West 87; 30’ 30; 00 0.9999333 500000.00 0.00
Alaska
2 142; 00’ 54; 00 0.9999000 500000.00 0.00
3 146 00' 54; 00 0.9999000 500000.00 0.00
4 150j 00 54; 00 0.9999000 500000.00 0.00
5 154; 00’ 54; 00 0.9999000 500000.00 0.00
6 185 00' 54; 00 0.9999000 500000.00 0.00
7 162; 00' 54; 00 0.9999000 700000.00 0.00
8 166j 00' 54; 00 0.9999000 500000.00 0.00
9 170j o0’ 54; 00 0.9999000 600000.00 0.00
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HP-35s Calculator Program

™ 2

Transverse Mercator Co-ordinates to Latitude/Longitude
Central Latitude Central False
Meridian Origin Scale False Easting Northing
Ao o Ko B, (ft) No (ft)

Arizona

East 110; 10' 31; 00' 0.9999000 500000.00 0.00
Central 111; 55' 31; 00 0.9999000 500000.00 0.00
West 113j 45' 31; 00' 0.9999333 500000.00 0.00
Delaware 72; 25' 38; 00' 0.9999950 500000.00 0.00
Florida

East 81 00' 24; 20' 0.9999412 500000.00 0.00
West 82; 00' 24; 20' 0.9999412 500000.00 0.00
Georgia

East 82; 10' 30j 00 0.9999000 500000.00 0.00
West 84 10' 30 00 0.9999000 500000.00 0.00
Hawaii

1 155j 30' 18; 50' 0.9999667 500000.00 0.00
2 156j 40' 20; 20' 0.9999667 500000.00 0.00
3 158; 00' 21; 10' 0.9999900 500000.00 0.00
4 159; 30' 21; 50' 0.9999900 500000.00 0.00
5 160j 10' 21; 40' 1.0000000 500000.00 0.00
Idaho

East 112; 10' 41; 40' 0.9999474  500000.00 0.00
Central 114; 00' 41; 40' 0.9999474  500000.00 0.00
West 115j 45' 41; 40' 0.9999333 500000.00 0.00
Illinois

East 88 20' 36j 40' 0.9999750 500000.00 0.00
West 90; 10' 36j 40' 0.9999412 500000.00 0.00
Indiana

East 85; 40' 37; 30' 0.9999667 500000.00 0.00
West 87; 05' 37; 30' 0.9999667 500000.00 0.00
Maine

East 68 30' 43; 50' 0.9999000 500000.00 0.00
West 70; 10' 42; 50' 0.9999667 500000.00 0.00
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HP-35s Calculator Program ™ 2
Transverse Mercator Co-ordinates to Latitude/Longitude
Central Latitude Central False
Meridian Origin Scale False Easting Northing
Ao o Ko E (ft) No (ft)
Michigan (old)
East 83j 40' 41; 30' 0.9999429  500000.00 0.00
Central 85j 45' 41; 30' 0.9999091 500000.00 0.00
West 88j 45' 41; 30' 0.9999091 500000.00 0.00
Mississippi
East 88j 50' 29; 40' 0.9999600 500000.00 0.00
West 90; 20' 30; 30' 0.9999412 500000.00 0.00
Missouri
East 90; 30' 35j 50' 0.9999333  500000.00 0.00
Central 92; 30' 35j 50' 0.9999333  500000.00 0.00
West 94; 30' 36j 10' 0.9999412  500000.00 0.00
Nevada
East 115 35' 34; 45' 0.9999000 500000.00 0.00
Central 116 40' 34; 45' 0.9999000 500000.00 0.00
West 118; 35' 34; 45' 0.9999000 500000.00 0.00
New Hampshire 71 40' 42; 30' 0.9999667 500000.00 0.00
New Jersey 74; 40' 38; 50' 0.9999750 2000000.00 0.00
New Mexico
East 104 20' 31 00' 0.9999091 500000.00 0.00
Central 106j 15' 31 00' 0.9999000 500000.00 0.00
West 107 50' 31 00' 0.9999167 500000.00 0.00
New York
East 74; 20' 40; 00' 0.9999667 500000.00 0.00
Central 76j 35' 40; 00' 0.9999375 500000.00 0.00
West 78j 35' 40; 00' 0.9999375 500000.00 0.00
Rhode Island 71 30' 41; 05' 0.9999938 500000.00 0.00
Vermont 72 30' 42; 30' 0.9999643  500000.00 0.00
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HP-35s Calculator Program ™ 2
Transverse Mercator Co-ordinates to Latitude/Longitude
Central Latitude Central False
Meridian Origin Scale False Easting Northing
Ao o Ko Eo (ft) No (ft)
Wyoming
East 105j 10 40; 40' 0.9999412 500000.00 0.00
East Central 107j 20 40; 40 0.9999412 500000.00 0.00
West Central 108j 45' 40; 40' 0.9999412 500000.00 0.00
West 110j 05' 40; 40' 0.9999412 500000.00 0.00
Ellipsoids

Thereare a rangeof ellipsoidsin commonor former use.The table below hasthe a and € valuesfor a
number of common (and less common) ellipsoids.

Ellipsoid a Semi-major Axis € Eccentricity
GRS80BDWGS94DNADS3 6378137 m 0.006 694 38
Clarke 1866 (NAD27) 6378206.4 m 0.006 768 66
Clarke 1866 (NAD27) 20925832.2 ft 0.006 768 66
ANS (Australian) 6378160 m 0.006 694 541 855
Airy 1830 6377563.4 m 0.006 670 54
Bessel 1841 6377397.16 m 0.006 674 372
Clarke 1880 6378249.15m 0.006 803 511

Everest 1830

6377276.35 m

0.006 637 847

Fischer 1960 (Mercury) 6378166 m 0.006 693 422
Fischer 1968 6378150 m 0.006 693 422
Hough 1956 6378270 m 0.006 722 67
International 6378388 m 0.006 722 67
Krassovsky 1940 6378245 m 0.006 693 422
South American 1960 6378160 m 0.006 694 542
GRS 1967 6378160 m 0.006 694 605
GRS 1975 6378140 m 0.006 694 385
WGS 60 6378165 m 0.006 693 422
WGS 66 6378145 m 0.006 694 542
WGS 72 6378135 m 0.006 694 317 778
WGS 84 6378137 m 0.006 694 38
Reference
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