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characteristics, continuity and in a digital format.
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|P = point under consideration

|F = foot of perpendicular from P to the central meridian.
|The latitude of F is called the footprint latitude.

|0 = origin {on equator)

_C |0Z = central meridian

|LP = parallel of latitude of P

|ZP = meridian of P

EOL = I-(OS = meridional arc from equator

F E P ;LF = ordinate of curvature
|OF = N = grid northing
o |FP = E = grid distance from central meridian
N 4L |GN = grid north
l kus |C = convergence of meridians = angle between true and
L PN \grid north

Symbols

s lat = latitude of point
» long = longitude of point
s long, = central meridian of zone
k, = scale along long, = 0.9996. Even though it's a constant, we retain it as a separate symbol to keep the
+« numerical coefficients simpler, also to allow for systems that might use a different Mercator projection.
e e =50RT(1-b?/a?) = .08 approximately. This is the eccentricity of the earth's elliptical cross-section.
e? = [eafb}z = ezf[l—ez} = .007 approximately. The quantity e' only occurs in even powers so it need only be
e calculated as e'2.
e« n = (a-b)/(a+b)
s rho = a[l—ez};’[l—ezsinz[lat}}a"rz. This is the radius of curvature of the earth in the meridian plane.
nu = a/(l—ezsinz[lat}}l‘;z. This is the radius of curvature of the earth perpendicular to the meridian plane. It
is also the distance from the point in question to the polar axis, measured perpendicular to the earth's
e surface.
e p = ({long-long ) in radians (This differs from the treatment in the Army reference)

Calculate the Meridional Arc

S is the meridional arc through the point in question (the distance along the earth's surface from the
equator). All angles are in radians.

e 5=A'lat - B'sin(2lat) + C'sin{4lat) - D'sin(6lat) + E'sin{8lat), where lat is in radians and
e A'=a[l-n+(5/4)(n?-n) + (81/64)(n* - n7) ...]

e B'=(3tanS/2)[1 - n + (7/8)(n® - n%) + (55/64)(n* - n°) ...]

e C'=(15 tan?S/16)[1 - n + (3/4)(n? - n%) ..]

e D' =(35tan’$/48)[1 - n + (11/16)(n - n®) ..]

e E'=(315tan?5/512)[1-n ..]

The USGS gives this form, which may be more appealing to some. (They use M where the Army uses S}

M = a[({l - e2/4 - 3e*/64 - 55/256 ....)lat
- (3e2/8 + 3e%/32 + 45e5/1024...)sin(2lat)
+ (15e*/256 + 452571024 + ....)sin{4lat)
e -(35e%/3072 + ...} sin(6lat) + ....}] where lat is in radians

This is the hard part. Calculating the arc length of an ellipse involves functions called elliptic integrals,
which don't reduce to neat closed formulas. So they have to be represented as series.

Converting Latitude and Longitude to UTM
All angles are in radians.
y = northing = K1 + I(2p2 + K3p4, where

» K1=5k,
. K2= kD nu sin{lat)cos{lat)/2 = kD nu sin(2 lat)/4
« K3= {ko nu sin{latjcos?(lat)/24][(5 - tan?{lat) + 9e'2cos?(lat) + 4e"*cos*{lat)]

x = easting = Kdp + K5p3, where

. K4= I-(D nu cos(lat)

Rlaad) alall ) UTM sl e cilfilaay) Jagad ci¥alaa (F4-Y) Jd
( http://www.uwgb.edu/dutchs/usefuldata/utmformulas.htm :as sl )
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Converting UTM to Latitude and Longitude

In response to innumerable e-mails, you cannot use UTM grid coordinates without knowing your zone.
There are sixty points on the earth's surface that have the same numerical UTM coordinates, 120 if
you consider that northing is duplicated in both hemispheres.

y = northing, x = easting (relative to central meridian; subtract 500,000 from conventional UTM coordinate).

Calculate the Meridional Arc

This is easy: M = w‘ko.
Calculate Footprint Latitude

e mu=M/[a(l-e2/4-3e/64 - 5e5/256...)
. e, =[1-(1-AYM+(1- )7

footprint latitude fp = mu + J1sin{2mu) + J2sin(4mu)} + J3sin{6mu) + J4sin(8mu), where:
o J1=(3e,/2-27e,%/32.)
o J2=(21e,°/16 - 55¢,%/32 )

e J3=(151e,%/96 ..)
. J4=(1097e,%/512 .

Calculate Latitude and Longitude

e'? = (ea/b)? = e?/(1-e%)
s C1=ecos?(fp)
« T1= tanz{fp}
R1= a{1—ez}f[1—e25in2[fp}}3"2. This is the same as rho in the forward conversion formulas above, but
s calculated for fp instead of lat.

N1= af{l—ezsinz{fp}}l‘u. This is the same as nu in the forward conversion formulas above, but calculated
+ for fp instead of lat.
D = x/(N1k}

lat=1fp - Q1(Q2 - Q3 + Q4), where:

e Q1 = N1 tan(fp}/R1

. Q2=(D%2)

e 03 =(5+3T1+10C1-4C12 -8e'2)D%24

e Q4=(61+90T1+298C1 +45T1% - 3c1? -252¢'2)D%/720

long = long0 + (Q5 - Q6 + Q7)/cos(fp], where:

« O5=D
« 06=(1+2T1+C1)D%6
e Q7 =(5-2C1+28T1-3C1% +8e'? + 2411%)D5/120

UTM alai ) A aad) alaill g clflaay) Jygad cialaa (£4-Y) JS&
( http://www.uwgb.edu/dutchs/usefuldata/utmformulas.htm x> sl )
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