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Foreword

The plane coordinate system used in this State is based
on the transverse Mercator projection using a reduced scale
for the central meridian of the zone, The tables in this
publication are to be used for the conversion of geographic °
positions to plane coordinates or plane coordinates to geo-
graphic positions. The constants of the projection are
listed with the tables,

The methods of computation have been designed for
machine calculation., All of the functions that are required
are given in this publication,

The formulas and sample computations which follow show
the general methods for computing either type of coordinates,

Plane coordinates from geographic positions

b 4 = x! + 500,000
x! =H-DA" +abd
Al") 2
= + — + C
y Yo *V \Too =
Grid azimth = geodetic azimuth - AKX - second term
Ax" =AA" sing +¢g
where
Yos Hy Vy and a are based on the latitude
of the geographic position,
and

b, ¢y, and g are based on AA".



A" = Central Meridian = A

and
AX" 1s the convergence of the meridian
at the station with respect to the
Central Meridian,

The second term for the reduction of geodetic to grid
azimuths may be neglected for most work, However, for lines
‘five miles or more in length if the same degree o% acecuracy
is desired as is obtained by geographic computations, this
term should be evaluated and used,

(Y2 - Yl) (ZX'l +x!'))

2
Second term = 2 5 -
i
( /CL sin 1 )g

Geographic positions from plane coordinates
P (x'/10,000)2 +d = V ( AA"/100)2 + ¢

Yo =¥ = P (x'/10,000)2 - 4

Obtain the latitude from the table of Yoo
Use latitude to obtain H from the table,

X! = x = 500,000

approximate AA' = x'  H,

Determine g from latitude and b from approximate AA

then _
AA" = (x* +a b ) = H

DX = Mx! - @

M 1s based on the y,and e on the x and y of the plane
coordinates.



DEPARTMENT OF COMMERCE

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

(Condensed form for calculating-machine computation)

sute_[iChigaN _ “gome LASL  entrat merition_&3 40 '00.000
Station Dvury, 1732 fl?:oqlqc 1232
¢ Y1° 42" [6.344| 42° 20" 3462/
x 84 3¢ 42832| 83 /5 /[.331
ar=Centralmer.—x | —0° S5¢° 42833 + 0° 25{' 5(8.'6/9
-3,402.832 +/. #88.4619
(‘“" 1,157.927 221.599
75.852 238 | 75.097 079
14 [ 22349/ /. 226380
o | ® Z0.939 | +/.438 | —0.750] +/.145
w=H-0\ fab -258,1/1/.07 | +///790.08
i%) #¢ 141658 | 27172
Tabular ¥ 74526 .50 | 307, /559
z 241 888.93 | 611, 790.08
y 75 943.08 | 307 42763
Aa” -2, 263.99 +/,00269
Aa -0 37 ' Ydol +0° 16 43
Geod. Az to Az Mk. | 2/9 08 #2.7] 203 3% 50
GridAz. oAz Mk. [2/9 4 27 | 203 22 07
z=z'+500,000
N\? H and V=Tab. H and Tab. V.
y=Tab. y+ V(l When abis +»‘3—:§:$ H-A\ numerically.

Aa= AN’ 8ind +¢g
Grid Az =Geod. Az —Aa

g increases AN’ sin ¢ numerically,




DEPARTMENT OF COMMERCE

U 8. COAST AND GEODETIC SURVEY
Form No. 748a :

GEODETIC POSITIONS FROM TRANSVERSE MERCATOR COORDINATES

(CALCULATING MACHINE OOMPUTATION)

sTaTe - 2o0Ne__[ichigan — Last
Station DUI‘_g ) /932

X 2%/, 888.93 Y 75 943.08
¢ |[—= $00,00000 P(rodoo) + 4 |— [ 416 59
X' - 258, 11/.07 Yo 74 526.49
P 212422 Approx. AX=X'+ H -3, 403
d +0.07 AN=(X'F ab) = H -;3,4/02; §32 _
H 75.852 23 A\ -0 _S6 _42.832
a | ® -0.939 +/.438 Central Meridian 83 [776) 00.000
) Yl 42 16344 | A=CM-OA 34" 36 42"830 |
stotonF{ovge /932
X __611,790.08 | Y 307 42763
¢ |- 50000000 P(odooy + 4 |— _27/.7/
X' + 11{, 790.08 Yo 307 /55.92
P 2./17406 Approx. AN=X'+H +/ 89
d +0.02 AN=(X'} ab) + H +/,488.6/9
H 75.097 079 A\ +0 24 4869
a | b -0.750 +/ 145 Central Meridian | 83 ‘ 40 00 000
¢ 42~ 20 3462/ A=CM-ON 83" /S5' [/°38]
Station '
X . Y
c |- ' P(r¥os) +8 | —
x' ' Yo —
P Approx. AA=X' < H
d A=(X'¥F ab) - H A -
H O 0 ' '
a I b GCentral Meridian
n e " T rx=cm=arx{ . ° v C
Station .
X Y
c - P(rdoo) +4d |—
x' Yo
P Approx. AN=X' = H ;
d AN=(X'F ab)+ H v
H A i ‘ !
a I b : Central Meridian
$ ® L “ A= C.M.—A\ ° "

..+, decrease '
. When abd is ::-W X" numerically



Constants for Michigan

Constant
Central Meridian

log R

Scale reduction
( Central Meridian)

log< 12 >
6/% g
log<3_l
2
6/% sin 1V ¢

il

Zone

83° 40' 00%000
-2ug, 2

1l : 17,500

4,580 6152 -20

9.895 0403 -20

0,7853 x 10710

Central

85° Us' 00%000
-394, 8

1: 11,000

4,580 64u46 -20

9.89% 0697 -20

0.7854% x 10710

88° 45' 001000
-394, 8

1l : 11,000

4. 580 3959 -20

9.894 8210 -20

0.7849 x 10710




TRANSVERSE MERCATOR PROJECTION

MICHIGAN

EAST ZONE
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TRANSVERSE MERCATOR PROJECTION

MICHIGAN

EAST ZONE
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TRANSVERSE MERCATCR PROJECTION
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MICHIGAN
All Zones
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TRANSVERSE MERCATOR PROJRCTION

" TABIE FOR g

AX® = sin @ ( AAN) + ¢

Looo"

AN

6000"

5000%

2000" 3000"

1000"

on

0719

Lati-

tude

240
25
260

+ F] (ZSAP)3

C (sin 1") cos3 @
21@

-

A, C and F are position factors.



Y CORRECTION FOR COMPUTATION OF GEOGRAPHIC
POSITIONS FROM PLANE COORDINATES
TRANSVERSE MERCATOR PROJECTION, MICHIGAN-EAST ZONE

P(x'/10,000)2 + d = V(&¥100)2 + ¢

P taken out for y-coordinate
4 taken out for xt

Y P AHP x! d
0 2,11070 2043 0 0.00

100,000 2.13113 2059 50,000 0.00
200,000 2,15172 2078 100,000 + 0,02
300,000 2.17250 2096 150,000 + 0,03
400,000 2.19346 2114 200,000 + 0,06
500,000 2.21460 2133 250,000 + 0.07
600,000 2.23593 2151 300,000 + 0,05
700,000 2.25744 2172 '350,000 0.00
800,000 2427916 2191 400,000 - 0,05
900,000 2430107 2211

1,000,000 2,.32318 2233

1,100,000 2,34551 2253

1,200,000 2436804 2274

1,300,000 2.39078 2297

1,400,000 2.41375 2318

1,500,000 2.43693 2341

1,600,000 2.46034 2364

1,700,000 2.48398 2388 -

1,800,000 2.50786 2412

1,900,000 2.,53198 2436

2,000,000 2.55634



Y CORRECTION FOR COMPUTATION OF GEOGRAPHIC
POSITIONS FROM PLANE COORDINATES

TRANSVERSE MERCATOR PROJECTION, MICHIGAN-CENTRAL & WEST ZONES

P(x'/10,000)2 + d = V(&/100)2 + ¢

P taken out for y-coordinate

d taken out for x!

A P AP x! d
o 2.11075 2043 0 0.00
100,000 2,13118 2060 50,000 0.00
200,000 2.15178 | 2078 100,000 + 0.02
300,000 2.17256 2095 150,000 + 0.05
400,000 2.19351 2115 200,000 + 0.07
500,000 2.21466 2132 250,000 + 0.08
600,000 2.23598 2152 '300,000 ; 0.07
700,000 2.25750 2172 350,000 + 0,04
800,000 2.27922 2191 400,000 - 0,04
900,000 2.30113 2212 425,000 - 0.09
1,000,000 2,32325 2232
1,100,000 2.34557 2253
1,200,000 2.36810 2275
1,300,000 2.39085 2297
1,400,000 2.41382 2319 y P AP
1,500,000 2.43701 2341 2,000,000  2.55642 2461
1,600,000 2.46042 2564 2,100,000 2.58103 2487
1,700,000 2.48406 2388 2,200,000 2,60590 2613
1,800,000 2.50794 2412 2,300,000 2,63103 2539
1,900,000 2453206 2436 2,400,000 2.65642
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"THANSVERSE "MERCATOR ‘PROJECTION

Michigan
A = Mx' - e
East zone Central and west zones

y M oM M oM
0 0.008 7081 843 0.008 7084  &u3
100,000 0,008 792& 850 0.0038 7927 8%0
200, 000 0.008 Z 857 0.008 8777 857
00,000 0.008 865 0.008 9634 8065
00,000 0.009 oh96 872 0.009 0499  &73
00, 000 0.009 1368 880 0.009 1372 &30
00, 000 0.009 2248 883 0.009 2252 888
700,000 0.009 3136 896 0.009 3140 896
800, 000 - 0,009 Lo32 904 0.009 Lo3s 9ol
900, 000 0.009 4936 G173 0.009 4goho 912
1,000,000 0.009 2849 921 0.009 852 921
1,100, 000 0.009 929 0.009 6773 930
1,200,000 0.009 7 9139 0. 009 7503 933
1, 300, 000 0.009 8638 9 Z 0.009 86l1l 948
1,400, 000 " 0.009 9585 & 0.009 9589 956
1,200,000 1 0.010 05u1 966 0.010 O545 966
1,600,000 0.010 1 07 976 0.010 1511 976
1,700,000 | 0.010 2 ,985 0.010 2L87 985
1,800,000 l 0.010 Eués 995 0.010 Ruge 995
1,900,000 0.010 LU63 1005 0.010 Lhe7 1005
2,000, 000 0.010 5468 0.010 Ki72 1016
2,100, 000 0.010 6488 1026
2,200, 000 0.010 7514 1037
2, 300,000 0.010 8551 1047

2,400,000 0.010 9558

e
X'
Y 100,000 | 200,000 | 300,000 | 400,000

0 0.0 0.1 0.3 0.7

1,000,000 0.0 0.1 0.4 0.9

2,000,000 0.0 0.1 0.5 1.1




TRANSVERSE MERCATOR PROJECTION
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MICHIGAN
East Zone
x' Scale in Scele ex- x' Scale in Scale ex- -
(reet) units of pressed (feet) units of pressed
7th pleace as a 7th place as &
of logs ratio of logs ratio

0 -248,.2 0.9999428 175,000 - 96,3 0.9999778
5,000 ~248.1 0.9999429 180,000 - 87.5 0.9999799
10,000 =247 .7 0.,9999430 185,000 - 78,5 0.9999819
15,000 -247.1 0.9999431 190,000 - 89,2 0.9999841
20,000 ~246,2 0.9999433 195,000 . - 59.6 0.9999863
25,000 -245.1 0.9999436 200,000 - 49.8 0.9999885
30,000 -243,7 0.9999439 205,000 - 39.8 0.9999908
35,000 -242.) 0.9999443 210,000 - 29,5 0.9990932
40,000 -240,3 0.9999447 215,000 - 19.0 0.9999956
45,000 -238.2 0.,9990452 220,000 - Be.2 0.9999981
50,000 ~235 .8 0.9999467 225,000 + 2,9 1.0000007
55,000 -233.2 0.9999463 230,000 + 14,2 1.0000033
60,000 =230.3 0.9999470 235,000 + 25.7 1.0000059
85,000 -227.2 0.9990477 240,000 + 37.5 1,0000086
70,000 ~223,.9 0.9999464 245,000 + 49,5 1.0000114
75,000 -220.3 0.9999493 250,000 + 61,8 1.0000142
80,000 -218.5 0.99998501 255,000 + 74.3 1.0000171
85,000 -212.4 0.9999511 260,000 + 87.1 1.0000201
90,000 -208.0 0.9999521 265,000 +100.1 1.0000230
95,000 ~203 .4 0.9999532 270,000 +113.3 1.0000261
100,000 =198.6 0.9999549 275,000 +126,8 1.0000292
105,000 -193.5 0.9999554 280,000 +140.6 1.0000324
110,000 -l88.2 0.999056%7 285,000 +154.8 1.0000356
115,000 ~182.6 0.9999580 290,000 +168.9 1.0000389
120,000 -176.8 0.9999593 295,000 +183,5 1.0000423
125,000 -170.7 0.9999607 300,000 +198.2 1.0000456
130,000 -164.4 0.9999621 305,000 +213.2 1.0000491
135,000 -157.8 0.9999637 310,000 +228.5 1.0000526
140,000 =151.0 "0,9999652 315,000 +244..0 1.0000562
145,000 =143.9 0.99990669 320,000 +259.7 1.0000598
150,000 =136.6 0.9999685 325,000 +275,7 1.0000835
155,000 =129.0 0.9999703 330,000 +292,.0 1.0000872
160,000 -l21.2 0.9999721 335,000 +308.5 1.0000710
165,000 ~113.2 0.9999739 340,000 +325.2 1.0000749
170,000 ~104.9 0.9999758 345,000 +342.0 1.0000787




TRANSVERSE MERCATOR PROJECTION
MICHIGAN

East Zone

x! Scale in Scale ex—

(feet) units of pressed
7th place as a
of logs ratio

350,000 +359.4 1.0000828
355,000 +378.9 1.0000868
360,000 +394.6 1.0000909
365,000 +412.6 1.0000950
370,000 |  +430.8 1.0000992
375,000 +449.3 1.0001035
380,000 +468.,0 1.0001078
385,000 +487.0 1.0001121
390,000 +506.2 1.0001168
395,000 +525,7 1.0001210
400,000 +545.4 1.0001256
405,000 +565,.3 1.0001302
410,000 +585.5 1.0001348
415,000 +606.0 - 1.0001395
420,000 +626.7 1.0001443
425,000 +647.7 1.0001491
430,000 +868,.,9 ° 1,0001540
435,000 +690.4 1.0001590
440,000 +712.1 1.0001640
445,000 +734.0 1.0001690
450,000 +756.2 1.0001741




TRANSVERSE MERCATOR PROJECTION

MICHIGAN

Central and West Zones

29

x* Scale in Scale eox— x! Scale in Scale ex-
(feet) units of pressed (feot) units of preased
7th place as a 7th place as &
of logs ratio of loga ratio
0 -394.8 0.99990901 175,000 -242.9 0.9999441
5,000 -394.7 0.9999001 180,000 -234.1 0.9999461
10,000 -394.3 0.9999092 185,000 -225.1 0.9999482
15,000 ~303.7 0.9999093 190,000 -215.8 0.9999503
20,000 -392.8 0.9999096 195,000 | -206.2 0.9999625
25,000 -391.7 0.9999098 200,000 -196.4 0.9999548
30,000 ~300.3 0.9999101 205,000 ~186.4 0.9999571
35,000 -388.7 0.9999105 210,000 -176.1 0.9999595
40,000 -386.9 0.9999109 215,000 ~165.6 0.9999619
45,000 ~384.8 0.9999114 220,000 -154.8 0.9999644
50,000 ~3884.4 0.9999119 225,000 =143.7 0.9999669
55,000 -37¢.8 0.9999125 230,000 -132.4 0.9999695
60,000 -376.9 0.99989132 235,000 ~120.9 0.9999722
65,000 -373.8 0.9999139 240,000 ~109.1 0.9909749
70,000 -370.5 0.9999147 245,000 - 97.1 0.9998776
75,000 -368.9 0.9999155 250,000 - 84.8 0.9999805
80,000 -363.1 0.9989164 255,000 - 72.3 0.9999834
85,000 ~359.0 0.9999173 260,000 - 58.5 0.9999883
90,000 -354.6 0.9999184 265,000 - 46.5 0.9999893 -
95,000 -350.0 0.9999104 270,000 - 333 0.9999923
100,000 -345.2 0.9999205 275,000 - 19.8 0.9999954
105,000 -340.1 0.,99992L7 280,000 - 6.0 0.9999986
110,000 ~-334.8 0.9999229 285,000 + 8.0 1.0000018
115,000 -329.2 0.9999242 290,000 + 22.3 1.0000051
120,000 -323.4 0.9999255 205,000 + 36.8 1.0000085
125,000 =3L7..3 0.9999269 300,000 + 51l.5 1.0000119
130,000 -311.0 0.9999284 305,000 + 66.5 1.0000153
140,000 -297.6 0.9999315 315,000 + 97.3 1.0000224
145,000 -290,5 0.9999331 320,000 +113.0 1.0000260
150,000 ~-283.2 0.9999348 325,000 +129.0 1.0000297
155,000 -275.6 0.9999365 330,000 +145.3 1.0000335
180,000 -267 .8 0.9999383 335,000 +161.8 1.0000373
165,000 -259.8 0.9999402 340,000 +178.5 1.0000411
170,000 ~-251.5 0.9999421 +195,5 1.0000450

345,000




TRANSVERSE MERCATOR PROJECTION
MICHIGAN

Central and West Zones

x* Scale in Scale eox-
(feet) units of pressed
7th place as a
of logs ratio

350,000 +212,7 1.0000489
355,000 +250.2 1,0000530
360,000 +247.9 1.0000571
365,000 +265,9 1.0000612
370,000 +284,1 1.0000654
375,000 +302.6 1.0000697
380,000 +321.,3 1.0000740
385,000 +340.3 1.0000784
390,000 +359.5 1.0000828
395,000 +379.0 1.0000873
400,000 +398,7 1.0000918
405,000 +418.6 1.0000964
410,000 +438,.,8 1.0001010
415,000 +459.,3 1.0001058
420,000 +480.0 1.0001105
425,000 +501,0 1.0001154
430,000 +522.2 - 1.0001202
435,000 +543.6 1.0001252
440,000 +565,3 1.0001302
445,000 +587.2 1.0001352
450,000 +609.4 1.0001403
455,000 +631.9 1.0001455
460,000 +654,6 1.0001508
465,000 +6877.5 1.0001560
470,000 +700.7 1.0001613
475,000 +724.1 1.0001667



CORRECTIONS TO NATURAL SCALE RATIOS*
(in units of the 7th decimal place)

For Lambert Projection For Lambert or
transverse Mercator
Ag' as argument Projection
AP Corr'n A¢: corr'n Ay or Ax  Corr'n
(Plus) (Plus) (P1lus)
1 o 31 34 10,000 0
2 0 32 36 20 000 0
& 0o 3 ag O 000 1
1 3 ,000 2
5 1 35 43 50,000 2
6 1 36 Y5 60,000 3
g 2 3 48 O 000. 5
5 0k 5 50,960 ;
10 é Eo 5 100 000 10
11 L L] 59 110,000 11
12 5 42 62 120 000 1k
1 6 43 65 130 000 16
-1 g Ll 68 . 140 000 19
15 L5 71 ‘ 150 000 - 21
16 9 46 Vs 160,000 24
1 10 - 4 7 170, 000 27
1 11 L 1 180, 1000 31
19 13 49 8l 190 000 34
20 14 50 88 200 000 38
21 15 51 91 210,000 42
22 17 52 9 220 000 46
2 19 g& 9 230 000 50
2 20 102 2%0 ,000 55
25 22 55 106 250 000 59
26 24 56 110 260,000 6%
2 26 57 114 270 000 69
2 Y4 58 118 280 000 (i
29 29 59 122 290, 000 0
30 32 60 126 300 000 86
A@' 1s the difference in 310, 000 91
latitude in minutes 320 000 97
of the ends of the line, 330, 000 103
3 0 000 110
350 000 116

*Scale ratio interpolated for mean latitude or mean x' of
the ends of a line and corrected by the above table is a
true mean value accurate to within one in the seventh
decimal place.
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