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MANUAL OF TRAVERSE COMPUTATION ON THE 
LAMBERT GRID 

GENERAL STATEMENT 

Since the Lambert projection has been made the basis for plane 
coordinate systems in many of the States, it seemed advisable to pre- 
pare a publication with elementary examples of its use in actual com- 
putations. To make the work more concrete, we decided to make use 
of some actual surveys that were made 
under the C. W. A. program. We 
have confined our selections to one 
State because in that way the actual 
tables on which the work was based 
could more easily be included in the 
publ icat ion.  We have, therefore, 
selected several traverse surve s in 

be included in this publication. 
The Lambert conformal conic pro- 

jection with two standard parallels 
is the one that was chosen for the 

be looked upon as a cone the axis of 
which coincides with the axis of the 
earth and which intersects the earth 
instead of being tangent to the same. 
This does not in fact tell the whole 
story, but it is suf€iciently accurate 
for a pictorial illustration. This cone 
intersecting the sphere is shown in 
figure 1. The meridians on the earth FIGURE l.--Sphereandintersectingconeillustra- 
are represented by the elements of 
the cone and hence they all intersect in a point a t  the apex of the 
cone. When the conical surface is split along an element it can then 
be unrolled in a plane and the parallels become arcs of concentric 
circles. If the map were continued up to the pole, the point of 
intersection of the meridians would represent the pole of the earth. 
In  these State coordinate systems, however, we show only a limited 
extent of latitude and bence we have only a portion of the conical 
surface which is included between two arcs of concentric circles 
which represent the upper and lower parallels that are included in the 
region for which the tables are computed. 

When the conical surface is developed in the plane, we have a sector 
of a circle as is.shown in k u r e  2. A more detailed description of this 
figure will be gven later in connection with a description of the use of 
the tables. 

Nebraska to serve as the examp r es to  

- -  _ - - _ - _ _  
S T A N D A R D  P A R A L L E L  

computation of the tables. This can S T A N D A R D  - P A R A L L E L  - - 

ting the Lambert conformslcolllcproiectlon. 

1 
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THE TABLES 

The tables as computed are +signed for tlie reduction of geographic 
positions to plane coordinates in the given system. All that is needed 
then is a table of radii values for the various latltudcs nt an interval 
suficiently small to allow straight line~nterpolation. It was found that 
tabulation of tlie values for every minute of latitude would be sua-  
cient €or the accuracy required. A second table was needed to give 
conveniently what is called the mapping angle denoted by 6. - .  This is 

merely the longitude 
out from the central 
meridian multiplied 
by the constant I of 
t h e  projection. Of 
course, this multipli- 
cation could actually 
bo made for every 
computation but it 
would require the re- 
duction of the degrees, 
minutes, and seconds 
to seconds in each case 
bcfore pcrforming the 
m u l  t i p licnt ion. It 
seemed dcsirabls to 
tabuln to the vnluos for 
cvery minute of longi- 
tude and thcn it would 
only be necessary to 
multiply tlie seconds 
of longitudo by tlie 
constant I to get the 
completo vnlue of e for 
any longitude. Since 
tlio 0 values are count- 
ed positive to  the east- 
ward lience when cast 
of tlie central meridinn 

] 
r d  
rnt of B cone in n plana. 

this seconds value has to be subtractad numerically fyom the ininuto 
tabular value to determine the €ull value of 0. When west of the cen- 
tral meridian tho two vrduos are nddod togcthcr nuinerically to get the 
full negative value of e. 

DESCRIPTION OF THE COMPUTATION FORM 

The first thing that has to bo done in the use of. the system is to 
reduce the geogmpliic coordinates to @ne coordmates. Figure 3 
shows a computation form with tho various entries numbered con- 
secutivoly. Item no. 1 is the name of the State wltli the section of 
the State in case mors than one system is jncluded in the given State. 
Item no. 2 is the name of tlie triangulatlon station as given in the 
list of geographic positions. Item no. 3 is tlie latitude and item 
no. 4 is the longitude of the station as  given in the list of geographic 
positions. Items nos. 5 ,  6, and 7 are talren from the Stato table of 
Lambert coordinates (see fig. 45), care being talren to make use of 
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the right section in case there is more than one system in the State. 
These values are found in table no. I (see fig. 45) opposite the degrees 
and minutes of the latitude given in item no. 3, listed in the first, 
second, and third columns, respectively, of that table. Item no. 8 
is found by multiplying item no. 7 by the seconds of latitude given 
in no. 3. This value is subtracted from no. 5 and added to no. 6 .  
Item no. 9 is merely the result of subtracting no. 8 from no. 5 and 
item no. 10 is the sum of nos. 8 and 6. 

Item no. 11 is found in table no. I1 (see fig. 45) for the given State 
and given section opposite the degrees and minutes of the longitude 

Plane coordinates on Lambert projection 

State 1 . Station 2 

7 
4 =  3 x -  O 4 ,  " 

0 * I 

Tabular difference of R for 1" of 6 - 
R ( for min, of 4 f- 
Cor. for sec. of 4- 

e ( for min. of X )- 

Cor. for see. of X- 

For machine 
corn "tatlo" 

log 8" 
S for B 
log sin 

log x' 
sin B 

-0 3 0 1 0 3 0 0 0 ~  

x = 2.000,ooo 00 + R sin e 
y = y' + 2R sin2 9 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y'. and B are given in special tables 

(see log tables) 

FIGURE 3 --Form wlth index numbers for explanation of computation. 

given in item no. 4. Item no. 12 is the product of the seconds of 
longitude given in no. 4 by the constant 1 given at the top of the 
pages of table no. 11. Item no. 13 is the result of subtracting no. 12 
from no. 11, remembering that if  0 is negative the two add together 
numerically. If 
the computation is being made by logarithms, using the S table for 
the computations of the sines, an approximate v$lue to the nearest 
tenth of a second is suBcient. 
being used, exactly one-half of no, 13 should be used since the sine IS 
to be determined from i t  directly. Item no. 15 is the value of no. 13 

Item no. 14 is this value of no. 13 divided by 2. 

However, if machme computation 
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reduced to seconds and item no. 16 is merely the logarithm of no. 15. 
This is copied both at the right and at the left of the page. Item 
no. 17 is the S value for the angle given in no. 13 and item no. 18 is 
the same value for the angle given in no. 14. These S values are 
tabulated for every second of arc in the 8-place logarithm table of 
trigonometric functions. They change very slowly so that in most 
cases the nearest second is sufFicient and at most the nearest tenth 
of a second is amply sufficient to be used in interpolation. If 10- 
pIace tables have to be used a supplementary table given for every 
10 seconds of arc will have to be used. 

Item no. 19 is the sum of nos. 16 and 17 and item no. 20 is the sum 
of nos. 16 and 18 together with the colog of 2 already printed in the 
form. Item no. 21 is no. 20 multiplied by 2. Item no. 22 is the 
logarithm of no. 9 and it is copied both to the right of the form and 
also to the left of the same. Item no. 23 is the sum of nos. 19 and 
22 and item no. 24 is the sum of nos. 21 and 22 together with the log 
of 2 already printed on the form. Item no. 25 is the number corre- 
sponding to the log given in no. 23, and item no. 26 is the same for the 
logarithm given in no. 24. Item no. 27 is the sum of no. 25 and the 
given constant for the State in most cases the 2,000,000 already 
printed on the form. Finally, item no. 28 is the sum of nos. 10 and 
26. This completes the computation, no. 27 being the required x 
value and no. 28 the required y value. 

If the computation is made by machine,.a number of the steps can 
be omitted. No. 15 does not need to be given, for the sine of no. 13 
can be taken out and entered where no. 19 is given. This number 
set on the multiplying machine and multiplied by no. 9 gives R sin e 
at once as no. 25. On the right-hand side the sine of no. 14 as the 
full value of the half of no. 13 can be found from the table and entered 
in the place of no. 20. This sine multiplied by no. 9 can be placed 
just beneath no. 20; it will be approximately equal to the half of 
no. 25 which will guide the placing of the decimal point. This 
number set on the machine and multiplied by sine 5 given in place 
of no. 20 can be placed in the line of no. 21. This number must then 
be multiplied by 2 and becomes no. 26 given above. This machine 
computation is somewhat shorter but unfortunate1 not every one 

carry out the work. 

e 

has a 10-bank multiplying machine such as woul ci? be required to 

DIAGRAM OF TEE COMPUTATION 

We are now in a position to give a more intelligible explanation of 
figure no. 2 which illustrates the quantities to be computed. The 
radius OA is no. 5;  YA is no. 6 ,  and AB is no. 8 which can be seen to 
subtract from OA and add to YA. The angle AOC is no. 11 and the 
smaii angie 03D is no. i2 .  It can be seen that it decreases the angie 
AOC to AOD when the station is east of the central meridian but i t  
would increase the angle numerically when the station is west of the 
central meridian. Since the 0 angle west of the central meridian is 
itself negative the effect of no. 12 is to reduce the 0 angle algebraically 
on whichever side it may lie. The station is at F and E$' is no. 26 
and FG is no. 25. This diagram should make clear the steps in the 
computation as described on the computation form. 
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DESCRIPTION OF AN ACTUAL COMPUTATION 

5 

In order to be able to start a traverse computation, we must have 
the coordinates of the starting point together with a grid azimuth a t  
the station from which to compute the grid azimuths of the lines 
of the traverse. As our first example we have chosen a loop traverse 
starting from the station Lars with an azimuth on Minden Catholic 
Church spire. We shall now describe the computation of the coordi- 
nates of Lars given on page 15. This station is in Nebraska-South 
and the value of 4 is 40'27'06''.122 and of X is 98'55'22".953 as 
given in the list of geographic positions for Nebraska. From the 
State table on page 184 opposite 40'27' we find nos. 5, 6, and 7 to be 
24,305,408.29, 285,373.57, and 101.19350, respectively. We now 
multiply 101.19350 by the seconds of 4, or 6.122 which gives 619.51. 
This is no. 8 and it is subtracted from 110. 5 and added to no. 6 giving 
24,304,788.78 and 285,993.08, respectively, as nos. 9 and 10. Then 
from the table on page 190 opposite longitude 98'55' we get +0'22' 
57".7604 as no. 11. Now multiply the seconds of X or 22.953 by 
0.65607640 given a t  the top of the page of table no. I1 (see fig. 45), 
which gives 15.0589 as no. 12; this subtracted from no. 11, given 
above, resultsin +0'22'42''.7015 or $1362".7015 for nos. 13 and 15, 
respectively. Now log 1362.7015=3.13440074 which is entered as 
no. 16 both to the right and to the left of the form. From the trig- 
onometric table we find the S for no. 13 or e to be 4.68557171- 10 and 
for no. 14 or3to be 4.68557408-10, respectively, as nos. 17 and 18. 
The sum no. 19 becomes 7.81997245-10 and that of no. 20, 
7.51894482-10. Now by multiplying the latter quantity by 2, we 
get no. 21 as 5.03788964-10. Next the log of 24,304,788.78 is equal 
to  7.38569186; by entering this as no. 22, both to the right and to the 
left, we get by addition no. 23, a t  the left, as 5.20566431 and no. 24, 
at,the right, as 2.72461150. The number corresponding to the log 
5.20566431 is 160,569.96 and becomes no. 25, and the number corre- 
sponding to log 2.72461150 is 530.41 and is no. 26 on the form. No. 
25 is positive because 0 or no. 13 was positive, so the value of x be- 
comes 2,160,569.96 and the value 530.41, as no. 26, added to no. 10 
gives the y value 286,523.49. 

The computation of the coordinates for Minden Catholic Church 
spire is carried out in exactly a similar manner, and with the above 
description in mind it should be easy to follow. Both of the compu- 
tations are also carried out by machine computation as a check but it 
is hardly necessary to give a detailed description of the process since 
it should be evident from the values given on the computation form. 
The first part of the computation is the same whether logs are to be 
used or the machine in the latter part. 

e 

COMPUTATION OF THE GRID AZIMUTH 

We now have the coordinates of both Lars and Minden Catholic 
Church spire. With these coordinates the grid or plane azimuth can 
be determined. Subtract the coordinates of the station from which 
the azimuth radiates from those of the other station. In  this case 
subtract the coordinates of Lars from those of Minden Catholic 
Chirch spire as shown in the computation on page 12. Be sure to 
indicate the sign of Ax and Ay, whether minus or plus. In this 
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example Ax= -5,293.35 and Ay= +17,751.96. Now for the time 
being we can pay no attention to the signs and we have 

This gives log tan a=9.47448430-10. From the trigonometric 
tablewefind that thisis thelogtanof 16'36'13''.5, ora=16'36'13''.5. 
This is the angle out from the y direction through Lars. But we wish 
to give this in terms of azimuth starting from the downward direc- 
tion through Lars as zero. 

log tan a=log Ax-log Ay. 

RULES FOR DETERMINATION OF THE AZIMUTH 

Now the signs of the Ax and Ay become important. The following 
rules will serve in all cases to determine the azimuth from the angle a. 

If both A x  and A y  are negative, then the grid azimuth=a. 
If A x  is negative and A y  positive, then the grid azimuth=180°-a. 
If both Ax and Ay are positive, then the grid azimuth=180°+a. 
If Ax is positive and A y  negative, then the grid azimuth=36O0-a. 
We need only to bear these rules in mind to determine the grid 

azimuth from the angle CY in any given case. In  the case before us A x  
is negative and A y  positive, hencegrid azimuth= 180'-16'36'13".5= 
163'23'46''.5, which is the plane or grid azimuth from Lars to Minden 
Catholic Church spire. 

Let us emphasize at this point the necessity of using the coordi- 
nates of the two stations for the computation of the grid azimuth 
whenever possible. This is always possible if we have the geographic 

This is necessary because the geodetic 
Ene on the earth joining two stations is not represented exactly by 
the straight line joining them on the projection. I n  most cases there 
is a small correction angle that has to be taken into account. In  the 
work of the Coast and Geodetic Survey at present, azimuth marks 
are established at a distance of one-fourth to 1 mile from the station 
to serve in turning off an azimuth for tt traverse if such should 'be 
needed. With these we do not in general have the geographic posi- 
tion of the azimuth mark, so we cannot get the grid azimuth from 
the coordinates. In  that case, and only in that case, the grid azi- 
muth should be found by subtracting the 0 angle at the station of 
origin from the geodetic azimuth of the mark as given in the list of 
geographic positions. This is permissible in such cases because the 
distance of the mark from the station is small and the correction term 
contains A x  as a factor and hence would be small in all cases. It 
should be remembered that when 0 is negative, it will be added 
numerically to the geodetic azimuth. I n  other words when the com- 
putation lies in a region east of the central meridian, the grid azimuth 
is less than the geodetic azimuth but when the work is west of the 
central meridian the grid azimuth is the larger. 

ositions of both stations. 

COMPUTATlON OF THE GRID AZIMUTHS OF THE TRAVERSE 

The first traverse chosen for an example is a loop traverse that 
starts from Lars by use of the grid azimuth Lars to Minden Catholic 
Church spire. It is probably best to carry the azimuth through the 
traverse to check on the final control azimuth before starting the regu- 
lar computation of coordinates. This is done by turning a t  the sta- 
tion through the given observed angle. The reverse azimuth on each 
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line is obtained by adding 180’ to the forward azimuth on the same 
line, dropping out 360’ if the resulting sum is greater than 360’. The 
troublesome matter of the convergence of the meridians is thus 
entirely avoided. 

After the discrepancy is determined by the check on the final con- 
trol azimuth, this discrepancy can then be prorated-on the various 
angles to give values of the grid azimuths to be used m the computa- 
tion of the coordinates. In  the case of a loop traverse, such as this 
one, the starting and ending azimuth are the same. We prefer to 
make this computation on separate sheets rather than try to include 
it on the coordinate computation sheets. The details of this calcu- 
lation are found on page 13. 

REDUCTION OF LENGTHS 

Sea-level reduction, rigid method 

In  
consequence any lengths measured on the actual surface of the earth 
must f i s t  be reduced to sea level before they are used in the compu- 
tation. If the surface on which a traverse is measured is fairly regu- 
lar so that the variations in elevation are not large It is sufficient to  
get a mean elevation for the traverse as a whole for the computation 
of this reduction. However, if the course of the traverse is very 
rugged with great variations in elevation, it .would be necessary to 
compute a reduction factor for each line mdlvidually. This region 
of Nebraska is fairly free from hills so it was possible to compute a 
common factor for-each of the lines of the given traverse. If R, 
denotes a mean radlus for the given region, it can be computed from 
the formula 

in which N is the radius of curvature perpendicular to the meridian 
and R is the radius of curvature in the meridian. 

The value of N can be computed from the A factor-given in Special 
Publication No. 8 taken out for the mean latitude i n  the following 
way: 

All geodetic computations are based on lengths a t  sea level. 

R,= 

3 937 
A sin l ’ ” ~ 0  

AT= 

1 3,937 
also R= B sin l”xmO. 

3 937 The factor 1,200 is introduced to reduce the values to feet since A and 

B are based on the meter. The factor X is a constant the 1 3937 
SlIl 1 1,200 

logarithm of which is 5.8304093. Thus we can compute R, by the 
formula, 

log Ra=5.8304093-5 log A--X log B. 
After R, is determined by this formula we compute the reduction 
factor by the formula, 

reduction factor=- R,+h 
Ra 

in which h is the average elevation of the traverse. 
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Elevation 

Feel 
Sealevel ................... 
500 ......................... 
1,000 ....................... 
1,500.-. .................... 
2,000 ....................... 
2,500 ....................... 

Sea-level reduction, approximate method 

Since all geodetic positions are computed on a sea-level surface of 
the ellipsoid*, the coordinates resulting from them are also based on 
a sea-level surface. If a distance is computed from the difference of 
the coordinates, the result is what we call a grid distance. If to this 
distance we apply the grid correction for the scale of the map, we 
obtain the sea-level distance that would be obtained from a n  inverse 
computation from the geodetic positions, that is the computation of 
the distance between two stations, the positions of which are given. 
If the actual ground-level length is desired, we must increase the 
sea-level length by the proper amount to raise the length to the given 
mean elevation of the ground in that region. 

Now, considering the problem in the inverse direction, actual 
ground-level lengths must first be reduced to sea level and then these 
sea-level lengths reduced to the grid length by use of the grid factor 
if we wish to get the best out of our work. 

In  this publication the sea-level reduction factors have been com- 
puted in the most rigid manner. In actual practice, however, it is 
not necessary to use such great refinement. It is possible to adopt 
a mean Ra which can be used throughout the whole of the United 
States. For this purpose we have adopted Ra equal to 20,906,000 
feet, which is approximately the value for the latitude of 37'. With 
this mean value we have computed a table of sea-level factors which 
can be used as a basis for interpolation for any given mean elevation. 
The elevation factors are listed for every 500 feet of elevation from 
sea level up to 5,500 feet which is a range that will cover almost any 
region in which traverses will be measured within the limits of the 
United States. 

The table is given in two forms; the first with the elevation factors 
for  use in connection with a calculating machine, and the second in 
the form of a correction to be applied to the measured length. When 
multiplications have to be made by hand, the second table is the more 
convenient for use. 

Table 1 

Sea-level 
factor Elevation Sea-level 

factor 

Feet 
1.0000000 3,000 ....................... 0.W98565 
,9999761 3,500.- .................... ,9998326 
,9999522 4,000 ....................... ,9908087 
.999928R 4,500.. ..................... .9997848 
,9999043 5,000 ........................ W9i609 
.9998804 5,500 ....................... .QW7370 

From this table it can be seen that 4n elevation of 2,090 feet requires 
ii ~ e i l i i ~ i b n  01 i part in i0 ,OOO and an eievaticrin of 4,180 feet requires a 
reduction of 1 part in 5,000. Even an elevation of 500 feet has an 
appreciable effect on the length that should be used for the best 
results. 

In using the second table, f i s t  divide the given lehgth by 100,000 
by moviug the decimal point five places to the left. IQ doing this, 
use the result merely to the nearest digit in the fifth decimal place, 

'Strictly speaking the surface of the ellipsoid is not on exact sea-level surfwe. The departures of  tho true 
sea-level surface from the ellipsoid are so smnll that they w o  nefilifiihle iu pructicd survoying. 
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neglecting entirely the remainder of the number. Then multiply this 
number by the following factors and subtract the result from the 
measured length. 

Table 11 

Correction 
factor Correction Elevation factor Elevation 

500 ______._________________ 2.39 3,544 _._________...______ _ _  16.74 
1,000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 78 4,000 .____________.______--. 19.13 
1,500 _._______.-___------... 4.500 ..____.__________...___ 21.52 
2,000 _....________._____.... 9 57 5,000 ..--__.________________ 23.91 
2,500 ......_........____.... 11 96 5,500 .._____..______________ 26.30 

As an illustration of the use of the tables, let us assume a length of 
4,327.596 feet, measured a t  an elevation of 1,800 feet. In tablc I, 
the tabular difference between the 1,500-foot and 2,000-foot elevation 
is -240 in the last decimal places. The elevation of 1,800 feet is 3/5 
or 0.6 of the tabular interval. 

0.6 X240 = 144 

Hence the elevation factor is 0.9999139 which is 144 units in the 
last decimal places less than the factor for the 1,500-foot elevation. 

4,327.596 X0.9999139 = 4,327.223 

Thus we find the sea-level length to be 4,327.223 feet. 

be 2.40. 
must be added to the 7.17 for the 1,500-foot elevation. 

I n  table 11, for the same elevations, we find the tabular difference to 
Multiply this by the above 0.6 and there results 1.44. This 

7.17+1.44 =8.61 

Now move the decimal point in 4,327.596 five places to  the left and 
drop down to five places, and there results 0.04328. 

0.04328X8.61= 0.373 

and 4,327.596 - 0.373 = 4,327.223 

This is the same result as was obtained by the use of table I. 

Reduction for scale m o r  

After the sea-level reduction is applied it is then necessary to reduce 
these geodetic lengths to grid lengths if it is desired to get the best out 
of the work. If the latitude extent of the survey is not great, a mean 
scale factor can be found by interpolating in table I (see fig. 45) for the 
mean latitude of the traverse. This was done on the traverse Wanda 
to Mason in which the reduction in question is given on page 63. This 
traverse runs approximately east and west so a mean latitude for the 
two end stations was used. On the Minden traverse loop and on the 
other traverses given in this publication, the following plan was usea: 
By means of the azimuths and lengths of the lines the traverse was 
plotted approximately on Geological Survey quadrangle maps and the 
approximate latitude of the middle of each line was thus determined. 
By an interpolation in table I with these mean latitudes as arguments 
the grid factor for each line was determined. This is a very satis- 
factory method of handling the problem. On the traverse Prosser 
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to Shelton east base, however, we adopted the values determined by 
the C. W. A. computers in their work after we had scanned them to 
see if they were reasonable values. 

It is a fact that a mean value for the scale factor for the extent of the 
traverse could very well be used on all of the sections included in this 
publication and that method would probably suffice in most cases 
without doing any great violence to  the measured quantities. If 
quadrangle maps are not available, the following procedure can be 
followed. Compute preliminary y values using the sea-level lengths. 
The traverse will start and end on geodetic stations in most cases. 
For these the term 2 R sin2 5 will either be known or can be computed. 
From the value of this term a t  the two control stations, we can get a 
mean value for the traverse, Kow subtract this mean value from each 
of the preliminary y values which gives us approximate y' values. 
Then a mean of these y' values for the two ends of a line will give a 
mean y' for the line to be used for interpolation in the y' column of 
table I. This in general would not be a complicated process and it 
would give very reasonable values for the grid reduction. m e  tire of 
the opinion that a t  least mean scale reduction should be npphed in 
till cases unless the siirrey is made in a region of negligible scale error. 
From the control data it is almost always possible to know the latitude 
limitations of a given survey and from these a mean value of the scale 
or grid correction can be found. 

e 

COMPUTATION OF THE COORDINATES 

We are now in a position to begin the actual computation of the 
coordinates. On the computation form shown on page 21 et seq., 
we enter the names of the stations, together with the grid azimuth 
and the grid distance that have already been computed. Just under 
the grid distance of the individual line is given the continuous sum 
of the grid distances limited to the nearest even foot. These are to 
be used in prorating the discrepancies in the x and y coordinates. 
All of the traverse computations of the Hastings area have been 
made in duplicate, first with 8-place logarithms and second with 8- 
place natural functions. The second computation is the shorter if a 
multiplying machine is available, tqgether with an 8-place natural 
table for every second of arc. Since it is easier to get the logarithmic 
trigonometric tables than it is to get the natural tables and the ma- 
chine, no doubt most computations will be made by the first method. 

The grid length multiplied by the cosine of the grid azimuth gives 
tho latitude, and the same length multiplied by the sine of the grid 
azimuth gives the departure. The signs are determined by the 
following rules: 

For an azimuth between 0' and 90°, the latitude is minus and the 
departure minus. 

For an azimuth between 90' and BO0, the latitude is plus and the 
dsp artu re minus. 

For an azimuth between 180' and 270°, the latitude is plus and the 
departure plus. 

For an azimuth between 270' and 360', the latitude is minus and 
the departure plus. 

These rules, therefore, give the signs to be assigned to the latitudes 
mid departures as they are computed and listed in their respective 
cc*!umns. These are successively added to the y and 5 values, start- 
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in The fixed 
va 9 ue of the coordinates of the last or check station when subtracted 
from the computed value of the same gives the discrepancy in closure 
in the y and x coordinates. Each of these discrepancies should be 
divided by the total of the summation of the lengths to give the y 
and x factor, respectively. These should be given signs opposite to 
that of the discrepancy in each case. If the discrepancy 1s plus, the 
individual coordinates need to be reduced and vice versa. These 
factors multiplied successively by. the summation lengths give the 
corrections to be applied to the vanous coordinates. If a multiplica- 
tion machine is not available these multiplications can probably be 
made most easily by logarithms, since five places of logs will be 
sufficient in almost any case that may arise. With a 7- or 8-place 
table these values can be taken out without any need of interpolation. 

After these corrections have been applied, the work is fully adjusted, 
and the resulting coordinates are the final values to be used in all 
cases. A list of these coordinates should then be made, since they 
represent the final adjusted results of the survey. At this point we 
wish to emphasize a warning to all who may a t  a later time wish to 
use the azimuth of any given line. Since corrections were made to 
the computed coordinates, the azimuths given in the list and on the 
computation sheets are no longer correct. A final value of the azi- 
muth of any line should be computed from the final coordinates. It 
will in practically all cases differ somewhat from the azimuth used in 
the computation. A computation of the various azimuths is not 
made for the final list because it.is such an easy matter to determine 
the grid azimuth from the coordinates. As a matter of fact, they 
will very seldom be needed, since it is only in case someone wishes to 
start a new traverse from one of the stations that it is necessary to 
have a final grid azimuth on one of the neighboring stations. 

with the fixed value of the control station of origin. 

REMARKS ON THE COMPUTATIONS 

In the computations that are included in this publication, 8-place 
tables were used.both in the logarithmic calculations and in those made 
with natural functions. In  the computation of the latitudes and de- 
partures of the lines oPthe traverses 7-place tables would be amply 
sufficient. In the reduction of geographic positions to coordinates, 
however, the greater number of places is essential. The office of the 
Coast and Geodetic Survey is engaged upon the computation of the 
coordinates for all of the triangulation stations, so that these will be 
available for general use in due course of time. Most of the necessary 
computation for local surveys will then consist of the calculation of 
the latitudes and departures through the traverse and the adjustment 
of the same to fit the survey into the fixed coordinates of the control 
stations. 

COMPUTATION FOR A STATION OBSERVED FROM 
TRAVERSE STATIONS 

TWO OR MORE 

. In this traverse Minden Courthouse was observed from stations 
394,400, and 401. The angle a t  394 was turned off from 393, that  a t  
400 from 401, and that a t  401 from 400. To make the computation we 
must fist compute the grid azimuths and distances for the three 
k e d  stations 394, 400, and 401. From these we can take out the 
angles and distances on the grid for the triangle 394, 400, and 401. 

1069llo--35-2 
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This is a fixed triangle, and the sides should be proportional to the 
sines of the opposite angles. They are shown to be so by computing 
the triangle as is usually done. The lengths are found to agree with 
the values already found. 

By means of the observed angles the three triangles for the court- 
house can be made out with the observed and concluded angles. Since 
3 directions were observed, an adjustment should be made to bring the 
3 into accord. This adjustment was made by the angle method, as 
shown on page 31. The resulting corrections show that the observa- 
tions were very good, and the resulting coordinates for Minden Court- 
house should be very reliable. 

This closes the work of the adjustment of the loop traverse, to- 
gether with the adjustment of the observations on the courthouse. 
The full details of the work are shown on pages 12 to 34. The list of 
the coordinates embodies the final results of the survey, and it is all 
that needs t o  be furnished for information. With the list of co- 
ordinates, any further applications or uses can be made without the 
details of the computation and adjustment being known. 

TRAVERSE, THE MINDEN LOOP 

COMPUTATION OFFIXED GRID AZIMUTH, LARS TO MINDEN CATHOLIC CHURCHSPIRE 

I l x  l y I  

Lars ..... 

390 ....... 
391 ....... 
392 ....... 
393 ....... 

Minden Catholic 2,155,276.61 304,275.45 

Lars _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 2.160.569.96 Feet I 286. Feet 523.49 1 Church spre. 

Minden Ca tho l i c  390 .................... 288 17 53.2 

Lars .................. 391 .................... 177 17 36.3 
390.-. ................. 392 .................... 237 00 13.1 
391 .................... 393 .................... 151 51 49.4 
392 .................... 394 .................... 216 37 55.8 

Church. 

I b a n d  A.y. _ _ _ _ _  I -5,’293.35 1 +17,751.96 1 
log Ax ~3.72373061 
log Ay =4. 24924631 

ai ....... 400 .................... 402 .................... 
402 ....... 401L. ................. 403 .................... 
403 ....... 402 .................... 404 .................... 
404 ....... 403 .................... 405 .................... 
405 ....... 404--. ................. 406 .................... 
406 ....... 405 .................... 407 .................... 
407 ....... 406 .................... 408 .................... 
408 ....... 40 i  .................... 409 .................... 

log tan (Y -9.47448430- 10 
a = 16O36’13/’.5 
Grid, azimuth= 163O23’46”.5 

156 16 06.9 
174 45 09.2 
234 52 02.9 

246 28 21.3 
122 00 21.7 
242 58 42.7 
186 23 13.6 
242 24 49.2 

LIST OF ANGLES 

409 ....... 
410 ....... 
Lars ..... 

Station I From station- 1  station- 0 I A U ~ I E  

408 .................... 410 .................... 158 16 53.3 
409.-. ................. Lars .................. 154 44 39.6 
410L. ................. M i n d e n  Ca tho l i c  317 03 10.7 

Church. 

I I l o  , , ,  

394 ....... 393.-. ................. 395 .................... I 162 29 40.9 
395 ....... 1 394 .................... 1 396 .................... I 164 43 49.7 
....... .................... .................... 

397 ....... 396 .................... 398 .................... 236 51 07.7 
398 ....... 397 .................... 399 .................... 213 06 27.7 

396 395 397 237 16 10.2 
.~ 
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Lars to Minden  Catholic Church  ............................... 
L M i n d e n  Catholic Church to 390 .............................. 
Lars  to 390. .................................................... 

390 t o  Lars. .................................................... 
L Lars t o  391.- ......... ........................ ................ 
390 to 391 ....................................................... 

391 t o  390 ....................................................... 
391 to 392 ....................................................... 

392 t o  391 ....................................................... 
L391 t o  393 ..................................................... 
392 t o  393 ....................................................... 

393 t o  392 ....................................................... 
L392to394 ..................................................... 
393 t o  304 ....................................................... 
394 t o  393 ....................................................... 
L393 to395 ............................. ....................... 
394 t o  395 ....................................................... 

395 t.0 394 ....................................................... 
L394to3'JF ..................................................... 
305 t o  396 ....................................................... 

396 t o  305 ....................................................... 

396 t o  397 ....................................................... 

L 390 to  302 ..................................................... 

L395 t o  397. .................................................... 

COMPUTATION OF GRID AZIMUTHS 

397 to396 ........................................................ 
L396 to398 ..................................................... 
397 to398 ....................................................... 

398 to397 ....................................................... 
L397 to399 ..................................................... 
39.8 to 309 ....................................................... 

399 to308 ....................................................... 
L398 to400 ..................................................... 
309 to400 ....................................................... 
400to399 ....................................................... 
L399 to401 ..................................................... 
400 to401 ....................................................... 
40lt0400 ....................................................... 
L400to402 ..................................................... 

. 401 to402 ....................................................... 
402 to401 ....................................................... 
L401 to403 ..................................................... 
40Zto403 ........................................................ 

403t0402 ....................................................... 
L402to404 ..................................................... 
403 to401  ....................................................... 
404 to403 ....................................................... 
L403 to 405 ............................................... I ..... 
404 to 405 ....................................................... 

405 to404 ....................................................... 
L404tO406 ..................................................... 
405 to 406 ....................................................... 
406 to405 ....................................................... 
L405 to407 ..................................................... 
406t0407 ....................................................... 

407to406 ....................................................... 
L406to408 ..................................................... 
407 to 408 ....................................................... 

408t.0407 ....................................................... 
L4W to 409 ..................................................... 
408tQ409 _____________________^__._____I____^____-.--.---.------ 

Stations 

358 58 55.1 
236 51 07.7 
235 50 02.8 

55 50 02.8 
213 06 27.7 
268 56 30.5 

88 56 30.5 
184 21 42.5 
273 18 13.0 

93 18 13.0 
173 51 26.1 
267 09 39.1 

87 09 39.1: 
156 16 06 .. 
243 25 46.C 

174 45 09.' 
238 10 55.2 

234 52 02 .. 
113 02 58.1 
246 28 21.2 
359 31 19.4 

179 31 19.4 
In 00 21 . i 
301 31 41 . I 

121 31 41 . I  
242 58 42 i 

4 30 23.1 

184 30 23.t 
186 23 13.t 
10 53 3 i . d  

190 53 37.1 
242 24 49 .. 
73 18 26.( 

63 25 46.1 

58 10 55 .. 
293 02 58 . I  

. 

Prel iminary 
azimuth 

. .  
163 23 
288 17 
91 41 

271 41 
177 17 
88 59 

268 59 
237 00 
145 59 

325 59 
151 51 
117 51 

297 51' 
216 37 
154 29 

334 29 
162 29 
136 58 

316 58 
164 43 
121 42 

301 42 
237 16 
178 58 

46.5 
53.2 
39.7 

39.7 
36 . 3 
16.0 

16 . 0 
13 . 1 
29.1 

29 . 1 
49.4 
18.5 

18.5 
55 . 8 
14.3 

14.3 
40.9 
55.2 

55.2 
49.7 
44.9 

44.9 
10 . 2 
55 . 1 

orrection 
ir closure 

.......... 
+1.6 

......... 

......... 
4-1.6 

......... 

......... 
4-1.6 

......... 

......... 
+1 . 6 

......... 

......... 
+I  . 5 

......... 

......... 
+1 . 6 

......... 

......... 
+1.6 

......... 

......... 
+I . 6 

......... 

......... 
+ I  . 5 

......... 

......... 
+ I  . f 

......... 

......... 
+1 . E 

......... 

......... 
+1 . E 

......... 

.......... 
+1 . : 

.......... 

.......... 
+ I  . I 

.......... 

.......... 
+ I  . I 

.......... 

.......... 
+ I  . I 

.......... 

.......... 
. f I. f 

.......... 

.......... 
+I  . i 

.......... 

......... 
+I  . I 

.......... 

......... 
+I  . I ......... 

13 

. 
ecands of 
:orrected 
azimuth 

I ,, 
46.5 
54.8 
41.3 

41.3 
37.9 
19.2 

19.2 
14.7 
33.9 

33.9 
51.0 
24.9 

24.9 
57.3 
22.2 

22.2 
42.5 

50 01.7 

59 01.7 
51.3 
5C.0 

5G.0 
11.8 

59 07.8 

59 07.8 
09.2 
17.0 

17.0 
29.3 
46.3 

46.3 
44.1 
30.4 

30.4 
27.7 
58.1 

58.1 
08.4 

26 06.5 

26 06.5 
10.8 

11 17.3 

11 17.3 
04.5 

03 21.8 

03 21.8 
22.9 
4 4 7  

44.7 
23.3 

32 08.0 

32 08.0 
44.2 
52.2 

52.2 
15.2 

54 07.4 

54 07.4 
50.8 
5 8 2  
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Lars-390 ___.. 
39&391 ....... 
391-392 ....... 
392-393 ....... 
393-394 .______ 

394-395 ..____. 
395-396 ._____. 
396397 ._____. 
397-398 .____.. 
398-399 _ _ _ _ _ _ _  
39WOO .____.. 
4WOl . .___ . .  
401402 ._.__.. 
402403 .______ 
403404 _ _ _ _ _ _ _  
404405 _____.. 
405-406 .____.. 
406-407 .____.. 
407408 ....... 
408409 _ _ _ _ _ _ _  

COMPUTATION OF GRID AZIMUTHS-Continued 

Feet Feet Feet 
5,156.485 5,155.949 0.9999678 5,155.783 
5,689.493 5, 688.902 ,9099672 5,688.715 
4,167.373 4,166.940 . '9999663 4,166.800 
6,013.314 6,012.689 ,9999647 6,012.477 
4,795.494 4,794.996 .9999633 4,794.820 

7,196. 065 7,195.317 .9999614 7,195.039 
4,367.639 4,367.185 .9999593 4,367,007 
6,470.592 6,469.920 .9999576 6,469.646 
3,263.514 3,263.175 .9999560 3,263.031 
7,972.734 7,971.906 .9999558 7,971.554 

5,291.859 5,291.309 .9999560 5,291.076 
5,303.839 5,303.288 ,9999562 5,303.056 
5,869.877 5,869.267 ,9999556 5,869. 006 
5,074.364 5,073.837 .%I99548 5,073.608 
6,782.071 6,781.366 .9999546 6,781.058 

5,344.162 5,343.607 ,9999564 5,343.374 
6,249.825 6,249.176 .9999580 6,248.914 
4,608.801 4,608.322 ,9999601 4,608. 138 
5,373.241 5,372.683 .9999623 5,372.480 
3,870.105 3,869.703 ,9999636 3,869.562 

Stations 1 ,  Preliminary 
azimuth 

409 to408 ....................................................... 253 18 26.6 
L408 to410 ..................................................... 158 16 53.3 
409 to410 ........................................................ 51 35 19.9 ! "' 

Correction 
for closure 

............ 
4-1.6 

410 to409 ....................................................... 231 35 19.9 ............ 
L409toLars ...... ............................................ 
410 to  Lars ..................................................... 26 19 59.5 ............ 

Larsto410 ..................................................... 206 19 59.5 ............ 
L410 t o  Minden Catholic Church .............................. 317 03 10.7 +l. 5 
Lars to  Minden Catholic Church ............................... 163 23 10.2 ........... 

Fixed azimuth ................. 2 .......................... 163 23 46.5 ........... I -36.3 ............ Discrepancy-- - - - - -. - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. I 

log A+lOg B =17. 0199194-20 

f i  (log A+log B) 

106 constant = 5. 8304093 
yZ (log Aflog B) = 8. 5099597-10 

= 8. 5099597-10 

REDUCTION OF LENGTHS 

[Average elevation=2,173 feet. Elevation factor=0.999896111 

Corrected Geodetic Grid Qrid 1 Section . ItaDediengthI length 1 'factor 1 length 

Mean latitude = 40'30' 
log R a  = 5. 8304093-% log A - 5  log B 

log A = 8. 5091057-10 
106 B = 8. 5108137-10 

Seconds of 
corrected 
azimuth 

58.2 
54.9 
53.1 

53. 1 
41. 2 

20 34.3 

20 34.3 
12.2 
46. 5 

log R a  = 7. 3204496 
R. =20, 914, 600 

Elevation factor =20, 20,'914, 916, 6oo-0. ,73- 99989611 
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Plane coordinates on Lambert projection 

0 .  
StatP "EBRASKA-8DUTRStation -. 

0 I I 

- e = h  27 06.373 x =  9 8  55 en:.& .- 
Tabular difference of R for 1" of 4 = 101.19350 

..69S97000 -10 -. 

I I 2.72461150 

x = 2,000.000.00+ R sin e 
y = y' + 2R sin2 f 
y'= the value of y on the Central meridian for the latitude of the station 

s = log of ratio for reducing arc expressed in.seconds to sine 

R, y', and 0 are given 'in special tables 

(see log tables) 

FIGURE 4.-Computation of coordinates from geoxraphic position. 
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Plane coordinates on Lambert projection 

Lars 
0 r ,, ___State BEBR8SKA90UTHStation 

- . - . . - ~ ~ ' 2 ~ h & a - . - x =  sa 5 22.95: 
Tabular difference of R for 1" of 6 = 1 w j f i n  

I U I I 

x = Z,OOO,OOO.OO+ R sin & 

y = yv + ZR sin2 9 
y'= the value of y on the central meridian for the latitude of the station 

s = log of ratio for reducing arc expressed in seconds to sine 

R, ye, and & are given in special tables 

(see log tables) 

FIGURE I.-computation of coordinates f r o u  geographic position-Continued. 
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Plane coordinates on Lambert projection 

S t a t ~ ~ ~ O ~ S t a t i o n  Mlnden Cath.Ch. sQlnL- 
6 b o  ? O  01.884 X P 98 ' 56' 2g.955 

Tabular difference of R for 1" of 6 = . 101.1%50 

x = 2.000.000.00+ R sin 8 

y = y' + 2R sin2 f 
y'= the value of y on the central meridian for the latitude of the station 
s = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 8 are given in special tables 
(see log tables) 

FIGUBE 4.-Computation of coordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

Stat- Station .Minden CEth.Ch.sDi?0 
0 = 40°?0 01."8& 1 = 98 O56 29.555 

Tabular difference of R far 1" of 4 = 101.19350 

\ 
x 2,000.000.00+ R sin 0 

y 
y'= the value of y on the central meridian for the latitude of the station 
s = log of ratio for reducing arc expressed in seconds to sine 

R, y'. and 6 are given in special tables 

y' + 2R sinz 3 

.(see log tables) 

FIGURE 4.--Computation of coordinates from geographic position-Continued. 
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393 _...._..______.. 
394 __.._________... 

&and AI-.- 

ADJUSTMENT OF MINDEN COURTHOUSE 

Computation of $xed grid azimuths and lengths 

394 T O  4M) 

Feet Feet 
2,142,081.68 292,838.20 
2,140,016.50 297,165.35 

+2,065.18 -4,3?7.15 

I AzandAy _ _ _ _  I +7,213.48 1+15,697.21 I 
log Ax =3. 85814484 log Ax =3. 85814484 
log AY =4. 19582247 log cosec (Y =O. 37928106 

log tan a =9. 66232237- 10 , log grid length =4. 23742590 

a! ,= 24°40‘50ff.3 log AY =4. 19582247 
Grid azimuth =204”40’50’’.3 log sec a =O. 04160369 

log grid length =4. 23742616 

394 T O  401 

I I Z I Y I  

___- I h a n d  AY ---- 1 +12,509.87 I +15,959.15 1 
log Ax =4.09725280 log Ax 
log AY =4. 20300976 log cosec OL 

log tan a =9. 89424304- 10 log grid length 

a = 38°05’30f’.4 log AY 
Grid azimuth =218°05’30”.4 log sec LY 

log grid length 

394 TO 303 

log Ax -3. 31495791 
1% AY ~ 3 . 6 3 6 2 0 1 9 5  

log tan (L 

a! = 25O30’48”.0 
Grid azimuth -334°29’12ff.0 

- 9.67875596 - 10 

(Text continued on p. 31j 

=4. 09725280 
=O. 20976908 

=4. 30702188 

=4. 20300976 
=O. 10401227 

~ ~~ 

=4. 30702203 
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FIGURE 5.-Diagram of the Minden loop. 



COMPUTATION OF COORDINATES 
Traveree l i n e  gpb. 
Btate -- County -v I n i t i a l  Station Lare 
Year 1934 Month February - Maroh - May Closing Station Lare 

Stat ion Azimuth Grid Log. L a t .  Latitude Departure 

Feet Log. d i s t .  
Plane Distance Log. cos Az Feet Feet 

Log. s i n  Az 
Log. Dep. 

Grid Coordinate s 
Y . x  

Feet Feet 

FIGVBE 6,-Computation of coordinates. 



COMPUTATION OF COORDINATES 
03 
03 

-~ ._.___ 
Traveree l lne  ES. Minden L OQp 
State N e b r a s k a  (south) county g e m e y  Initial Station Lare 
Y e a r  ' 1934 Month February - Marob - aaeY Closing Station Lars 

FIQURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traveree line W .  Mlnden Loop 
State Nebraeka ( e  outh) county KearneY I n i t i a l  Station Lare  
Year 1934 Month February - Maoh - May Closing Station Lare 

. .  

FIGURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  XBX 
Sta te  -leh ( g o P p * u n t y  Xearney Ini t ia l  S t a t i o n  Lars  
Year 1934 Month February - M a r c h  - M a y  -Closing,Stat lon b r s  

I Log: L a t .  I Latitude I Departure I GFl& Coordinate EI 
LOR C O S  AZ Feet Feet Y I X 2 

Station I Azimuth 
Plane 

P 
m 
0 
0 

5 
+ 
8 
8 
3 
8 
3 
i$ 

0 

4 

FIGURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse line ISX- 
S t a t e  Nebraska ( south)  County m y  I n i t i a l  S t a t ion  Lars 
Year 1934 Month February - March - Mav Closing S ta t ion  Lars 

etation Azimuth 
Plane 

Gr id  Log. L a t .  La t i tude  Departure G r i d  Coordinate 8 
Distance Log. cos Az Feet Feet 9 I X 

1 Feet I Feet 

FIGURE 6.-Computation of coordinates-Continued. 

c3 
X 
M 

N 
cn 



COMPUTATION OF COORDINATES 
Traverse l i n e  m- 
S t a t e  2Le.h county Kearney I n i t i a l  S t a t ion  Lare 

Month Febmarv - March - MwClosing S ta t ion  Lars 

9 

b 

8 

? 
d 
0 

e 
+- 
0 
M 
0 

M 

d 
2 

3 
i$ * 

FIGURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverae line m P n a w p  
State -hy county Initial Station &rs .. 
Y e a r  1934 Month February - March - M a y  Closing Station 3 n . r s  

s 
8 
Io I 4  

r 

W 3 
l.2 

f 
M 
Q 
0 

+d 

3 
5 

k! 

0 z 
0 
Z 

i5 W 
M 

0 

FIQVRE & - C O ~ ~ l p U t a t i o R  of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse i l n e  9Sfx M i n a e n o p  
State  -Nebnu- County ~enrnev I n i t i a l  Station Lars 
Year 1934 . Month F e b r u w  - March - May Closing Station Lars 

Grid &p& Lat. Latitude Departure Grid Coordinates 

Feet fxwl d i s t .  Feet Feet 
-Distance COB Az Feet Feet Y X 

FIQURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 

county -&army I n l t l a l  Station Lam 
Year 1934 Month Februarv - March - Closing Statlon 

2 E 
5 
3 
5 
2 

El 

d 
0 

0 z 

E W 

M 
4 
8 
if 

FIGURE 6.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  XJXXMindenp  
S t a t e  JJA~G- County J c a z n e a -  I n i t i a l  S t a t ion  A 
Year 1934 Month February - March - Mav Closing S ta t ion  T.sra 

Grid  iwgx Lat. La t i t ude  Departure Grid Coordinates 

Feet Lngx d i e t .  Fee t  Fee t  
Plane Distance ' k a g ~  cos Az Fee t  Fee t  Y X 

s i n  Az 
*xmx Den. 

~ I I I I I I 

w 
0 

n 
0 

5 

FIGURE 6.-Computation of coordinates-Continued. 
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, I ,  

29 12.0 
41 00.0 
10 12.0 
40 50.3 
29 21.7 

10 07.2 
30 48.7 
40 55.9 

40 50.3 
40 55.9 
59 54.4 

Computa.tion of $xed grid azimuths and lengths-Continued 

401 to400 ....................... 
L400 to Courthouse ............ 
401 to Courthouse .............. 

401to 394 ....................... 
401 t o  Courthouse .............. 
LCourthouse to 394 ............ 

401 to400 ....................... 
401 to 394 ....................... 
L3Q4 to400 ..................... 

400 TO 401 

Log and 
log sin 

I I 

Tabula] 
differ- 
ence of 
lor for 

second 
one 

log A x  =3. 72397996 
log AY -2. 41820182 

0 , *, 
.............. 
109 59 13.3 
58 30 48.7 

log tan 01’ 

O1 = 87O10’07”.2 
Grid azimuth= 267O10’07”.2 

= 1. 30577814 

3.7245104 
9.97dO216 
9.9308286 

3.6‘?63606 

log A x  =3. 72397996 
log cosec 01 = O .  00053048 

log grid length=3. 72461044 

log Ay =2. 41820182 
log sec LY = 1. 30630840 

4.3070220 
9.6430555 
9.6783114 

3.6?83&5’3 
-~ 

log grid length=3. 72451022 

Computation of angles of triangle 

.______. 
+4.3 
$3.9 

Stations Stations Azimuth and 1 mgle 

394 to 393 ....................... 
L393 to Courthouse ............ 
394 to Courthouse .............. 
394 to 400 ....................... 
L400 to  Courthouse ............ 

400 to 401 ....................... 
L401 to  Courthouse ............ 
400 to Courthouse .............. 

400 to 394 ....................... 
400 to Courthouse .............. 
L Courthouse to 394.. .......... 

394 to Courthouse .............. 
394 to 401 ....................... 
L401 to  Courthouse ............ 

Designation 
of angle 

394 to 401 ..... 
+I  ............ 

334 
269 
244 
204 
39 

267 
58 

325 

24 
325 
58 

244 
218 
26 
- 

0 , I ,  

87 10 07. 2 
266 59 1R. 1 
354 09 25.3 

38 05 30.4 
354 09 25.3 
43 56 05.1 

87 10 07.2 
38 05 ‘30.4 
49 04 36.8 

Length equation for adjustment of the angles 

Angle 

~ 

0 I I t  

............. 
26 04 41.6 
28 28 29.4 

-- I 

Designation 
of angle 

401 to 400.-..-. 

+2 ............ 
1-3 - ......... 

Angle 

- - 
Tabular 
differ- 
ence of 
log for 

one 
second 

O =  +28.3+3.5(1) -6.2(2) -4.7(3) 
+61.38 Ci= -28.3 

CI= -0.4611 
u,= - 1.6 
u*= +2.4 
u3= f 2 . 2  
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Computation of the coordinates 

I Stations I Azimuth and angle I 

394 to 400 .__...._____________ 204 40 50.3 
L W t o  Courthouse _ _ _ _ _ _ _ _ _  39 29 20.1 
394 to Courthouse _ _ _ _ _ _ _ _ _ _ _  244 10 10.4=a I O ”  I 

log s =4. 1752633 log s =4. 1752633 
log sin a=9. 9542847-10 log COS a=9. 6391970- 10 

log Ax =4 1295480 log Ay =3. 8144603 
Ax = + 13, 475.60 Ay = $6, 523.19 

- 

I 
,I Courthouse __.__. I 2,153,492.10 1 303,688.54 1 

COMPUTATIONS IN THE HASTINGS AREA 

Four other traverses in what is called the “Hastings area” have 
been computed for further samples in this publication. Ail of these 

Minden 
Court House 

FIGURE I.--Diagrsm of Minden Courthouse. 

start on one fixed 
point and end on 
another. This fur- 
nishes a more rigid 
test of the accuracy 
of a traverse than 
can be found in a 
a loop t r a v e r s e .  
There are two ele- 
ments that are not 
entirely checked by 
a loop t r a v e r s e .  
T h e s e  a r e  t h e  
length and the ori- 
entation. If an er- 
r o n e o u s  l e n g t h  
standard has been 
u s e d  consistently 
in the m e a s u r e -  
ments the closure 
of the loop will not 

dence for the tra- 
l..! * uiiiig it into 8vi- 

verse wi~iclose pro- 
vided the lengths 

are all off in the same proportion. This could be the case even if the 
lengths are all considerably in error if in the same direction and by the 
same proportional amount. In the second place if the controlling 
azimuth is in error the closure will not be affected since the traverse 
Will close whatever azimuth is used for control. With loop traverses 
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COMPUTATION OF TRIANGLES 

1 1 4 m  State: - - . . . N . E ~ c % ~ ~ + A - . -  _____ 
OBsBaVED coBB.N 8rnan.t s m w b  PLANE ANOLE 

-0- I=- ANDDIBTWCE NO STATION 

Fixed Triangle 
2 -3 

1 394 13 24 40.1 
400 117 30 43.1 
401 49 04 36.8 

1 -3 

1-2 

2-3 
Minden 

1 Court House 43.9 
+1 2 394 39 29 21.7 
-2 3 400 50 59 54.4 

1-3 
1-2 

2-3 

1 !i%%nHouss 13.3 
+1 2 394 26 04 41.6 
t3 401 43 56 05.1 

1 -3 
1-2 

2-3 
Minden 
Court Houee 29.4 

42 400 58 30 48.7 
+3 401 93-00 41.9 

1-3 
1-2 

(t4.0) 81 30 47.9 
-1 -6 20.1 
-2.4 52.0 

(-0.6) 109 59 12.7 
-1.6 40.0 
t2.2 07.3 

(-4.6) 28 28 24.8 
t2.4 51.1 
42.2 44.1 

LOOABITBU 

3.7245104 
0.6346299 
9.9476817 
9 .8782858 
4.3070220 
4.2374261 

4.2374261 
O.Od47817 
9 .e034086 

4.0456164 
9.9330555 

4.1752633 

4.3070220 
0.0269780 
9.6430486 
9 A412634 

4.1752634-1 
3.9770486 

3.7245104 
0.5217065 
9.9308317 
9.9993995 
3.9770486 
4 -0456164 

FIQUBE S.-Computation of triangles lor Minden Courthouse. 



PLANE COORDINATES 
w 
b P  

....... 
L.a.cs ____.._..: ... ~ .. 2,/6P.,Sk?:?L..- 

-. ....... 2?L..K23..99... 

..WQ . .... -" .-2,LS<q!.b6 
-. Z&GM.7 S... 

........................... ..__-... .............................. 

........ 
.....I . 
3% I . . . ~ . ~ 1 ~ . ~ . ~ ~ . ~ . . 2 3 . . ~  
... ......... 2.8%.A.7&.09.. ........ 

..392 2,.!.5!2,.397.6 I.. 

. -̂ ....... 299..C.29.Q.S... 

-393 ...2 .,.L fl?,.o8!~!.cg ... 
292'38.2.Q.. 

..3?.!i ... 2.,L~rZ,.e/kS.O 
..... "29Z.LG5351. 

,.a5 ..8,13~LO.Z.~.~... 
...... 3Q2,.YX&?.. 

8%. ." ...~~.!.3.13.?.r?.8r?... 
3-0.t/*Z2h3.8 .... 

2.9-7 . ... 2+/ 3L.2.78aF.. ......................... 
...-.._.....̂ ...I ...... 311+.L8 9.7%. 

._ .............. ._ 

-. . 

................ 

....... -..: .................................. 

_._ ....... 

-. .......... 

d 

........................ 

FIGURE 9.-List of adjusted coordinates. 



'TO 

390,000 

380,000 

370.000 

360,000 

350,000 

340,000 

0 
0 

2 
*. 
N 

n West Boss - 

0 

x 
N 
3 

'I3 -312 

- Kenesow,- 
water tower. 

0 
0 
0 
d n 
*. N 

'I 

f 
Wondo 

303 ,308 

To lnsc 

Y 
i 

r 

TO 335 

0 0 
0 

N. 
CJ 

301 

301 

Asylum# 
be 

0 
0 
0 

(D 
d 

x 

Junioto, 
schoolhour 

0 
0 2 
F 

N 
n 

UPOlO\ 

0 0 
0 

P 
a 

0 0 
0 
d 
N. 
N 

- 400.000 

--seo,ooo 

-360,000 

-370,000 

-360.000 

-350.000 

-340.000 

!wn. P 
pe 

~ Q U R E  IO.-Diagram of Hastings area. 
106~11~--35. (Face P. 84.1 
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it is therefore desirable to know dehitely the standard value of the 
tape and to be very sure that the controlling azimuth is correct before 
starting the computation. 

These four traverses that are now given are controlled by ht-order  
triangulation points and these are about as accurately determined 
with respect to each other as it is possible for any such points on the 
earth’s surface to be. The closures are all considerably above the 
required accuracy of 1 part in 10,000 which is the minimum standard 
for such local surveys. All of the traverses can therefore be con- 
sidered as very good second-order control and the resulting coordinates 
can be used with full assurance and confidence in their accuracy. 

Two of the traverses present an additional complication. That 
from Prosser to Mason has the first length in common with Prosser 
to Wanda. We decided to compute and adjust the Prosser to  Wanda 
line first and then to hold station 325 fixed in the line from Prosser to 
Mason. This required the computation of the adjusted azimuth of 
the line 325 to Prosser to be used in computing the grid azimuths from 
325 to Mason. All of these computations are given in their proper 
place just a t  the beginning of the computation of the line. 

The computation of these four traverses is given in duplicate, first 
by use of logarithms and second by use of natural functions with 
calculating machines. It was thought that calculating machines 
might not be common enough among engineers to warrant confining 
our sample computations to that method alone. We wished to make 
our examples as explicit as possible so as to make them readily 
available to every worker in this field. 

Only one extra point, Kenesaw water tower, was observed upon in 
these traverses. Even with this station a “no-check ” observation 
was made upon it.  When a point is observed from only two stations 
we have only sufficient data to form a single unchecked triangle. 
This is sufficient data for the computation of the oint but i f  there 

an attempt is made to use the no-check point in combination with 
other fixed points. It is always advisable to make observations on an 
objeot from at least three stations. This gives a check on the work 
and it can afterwards be used with full  assurance of its accuracy. 
This discussion is somewhat foreign to  the subject of this publication, 
but we believe salutary advice such as this should be germane to any 
discussion on engineering .subjects. Many engineers who have had 
little experience along ths line may thoughtlessly commit tactical 
errors such as this because they have not been adequately warned 
against them. If one could be absolutely sure that all observations 
were correct there would be no great need of checks but unfortunately 
the best of us make errors at times and consequently the check 
observations are always desirable. 

Thisis doubtless sufficient discussion of the remaining four traverses 
in the Hastings area. The details of the computations wil l  be evident 
to any one who wishes to look over the results that are given in the 
following pages. 

is an error in either of the directions it will never B e detected unless 
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Plane coordinates on Lambert projection 

StatenEBR88M90IRB Station 

bular difference of R for 1" of 0 - 101.19467 

0 . "  0 , "  
6 = 4.0 42 Q7-770 -A- 98 ?I; pcL17g _- 

= log of ratio for reducing arc expressed in seconds to sine 

, y', and 0 are given in special. tables 
(see log tables) 

FIGURE ll.-Cornputali& of coordinates lronl geographic position. 
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Plane codrdinates on Lambert projection 

Stat- Station -- 
6 -  40" tt2' o-i.770 X -  98 35 20.178 

Tabular difference of R for 1" of 0 - 101.19467 

I I U I I 
x = 2.000.000.00+ R sin e 
y = y' + 2R sin2 f 
y'= the value of y on the central meridian for the latitude of the station 
s = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 8 are given in special tables 
(see log tables) 

I 
FIGUBE 11.-Computation of coordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

StateBEBRASKA-SOUTH Station IIlSaXle AeYlUm 8t8ndDicQ 
0 * ,, 0 .  

# =  40 35 a 6 2 7  A -  p g 2 6 2 6 2  "L- 
Tabular. difference of R for 1" of # = 101.1940 0 

x - 2,000,000 00+ R sin 0 
y = y' + 2R sin2 8 
yo= the value of y on the central meridian for the latitude of the Station 
s 5 log of rztio for reducing arc expressed in seconds to sine 

R, y', and B are given in special tables 
(see log tables) 

FIGUBE 11.-Computation of coordinatcs from goographic positiou-Continuod. 
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Plane coordinates a n  Lambert projection 

Station Insane Asrrlnm StandDigc 
0 ,  

. x -  Q R L  26:264 
Tabular differenceOof R for 1" of # - 101.19400 

= 2,000.000.00+ R sin 0 

= the value of y on the central meridlan for the latitude of the station 
= log of ratio for reducing arc expressed in seconds to sine 

, y', and Q are given in special tables 
(see log tables) 

FIGUBE 11.-Computation of rnordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

Stat Station B h e l t o n a -  

Tabular difference of R for 1” of 0 - 101.19550 

.R ( for mln. of @ 1- 

.Cor. for sec. of $- 

-a 

.B ( for min. of X )- 
Cor. for sec. of X- 

 or machine 
corn Y b t i O ”  

-sit+e- 

.log x’ 

. X‘ 

I. 
* .= 2.000.000.00+ R sin B 
y = U’ + ZR sin2 8 
f= the value of y on the central meridian‘for the latitude of the station 
s = log of ratlo for reducing arc expressed .in seconds to sine 

R. f, and B are given in special tables 
(see log tables) 

F I Q ~ E  11.-Computation of coordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

Stat- Station Bheltan- 
40 & '~a."341 x - 91'44 '39.";09 - 

Tabular difference of R for 1" of 6 - 1°1-19550 .. . 

1 I U I I 
x = 2,000,000.00 + R sin 0 

y = y' + 2R sin2 9 
y'= the value of y on the central meridian for the latitude of the station 

1 s = log of retio for reducing arc expressed in seconds to sine 

(see log tables) 

R. y', and e are given in special tables I 
FIGURE 11.-Computation of coordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

S t a t e s t a t i o n  Bbelton W.Baoe 
6-40, 45 111712 X -  9S049'55.*5g9 

Tabular difference of R for 1" of # =  101.19517 

x = 2,000.000.00+ R sin e 
y = y' + 2R sinP 9 
y'= the value of y on the central meridian for the latitude of the station 

s = log of ratio for reducing arc expressed in seconds to sine 

R. y'. and 0 are given in special tables 

(see log tables) 

FIGURE 11.-Compulation of coordinates from geographic position-Continued. 
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x - 2,000,000.00S R sin 0 

y'= the value of y on the cent-al meridian for the latitude of the station 

s = log of ratio for reducing arc expressed in seconds to sine 

R. y'. and 0 are given in special tables 

~ y = y'+ 2R sin2 3 

(see log tables) 

FIGURE ll.-Computation of coordinates from geographic position-Continued. 

43 

Plane coordinates on Lambert projection 

Stat- Station 8- 
0 .  

d=b 45 11:7l2 1- 98 49 55 ."5589 
Tabular difference of R for 1" of 6 = 101.19517 

.R ( for min. of 

.e ( for min. of X ) 
Cor. for sec. of X 
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Insane Asylum standpipe ...................................................... 
Presser ........................................................................ 

Az and Ay ... ............................................................. 

U. S. COAST AND GEODETIC SURVEY 

z 

Feel 
2,294,236.38 
2,252,598 10 

+41,638.28 

Prosser ........................ 
301 ............................ 
302 ............................ 
303 ............................ 
304 ............................ 
305 .............................. 
306 ............................ 
307 ............................ 
308 ............................ 
309........ .................... 
310 ............................ 
311 ............................ 
312 ............................ 
313 ............................ 
314 ............................ 

~~ 

Y 

0 , ,I 

Insane Asylum standpipe-.. 301 ........................ 228 37 40.0 
Prosser ...................... 302 ........................ 175 01 081 
301 .......................... 303 ........................ 191 13 325 
302 .......................... 304 ........................ 201 49 25.9 
303 .......................... 305 ........................ 133 45 02.2 
304 .......................... 308 ........................ 175 12 43.2 
305 .......................... 307 ................... :I ... 121 45 48.0 
306...... .................... 308...... .................. 162 34 18.8 
307 .......................... 309 ........................ 176 20 24.1 
308............... ........... 310--.--.-.-.--.-.-.------- 181 47 53.1 
309 311 204 11 37.2 
310 .......................... 312 ........................ 163 11 43.3 
311 .......................... 313 ........................ 178 13 51.9 
312 .......................... 314 ........................ 191 56 03.8 
313 .......................... 315 ........................ 181 08 54.3 

.......................... ........................ 

Feet 
335,997.01 
378,552.84 

315 ............................ 
315A .......................... 
Shelton east base .............. 

-42,555.83 

314 .......................... 315A ...................... 161 08 43.1 
315 .......................... Sheltoneast base .......... 219 34 28.8 
315A ........................ Shelton west base ......... 120 32 30.4 1 

A x  tan (360'- a) = - 
AY 

log A x  =4. 61949278 
log AY =4.62895906 

log tan a =9. 99053372-10 

a = 44'22'32".2 
Grid a~imuth=315~37'27''.8 

SHELTON EAST BASE TO SHELTON WEST BASE 

Y I = l- 
Fed 

Shelton west base ............................................................. 2,185,036.83 396,558.01 
Shelton east base .............................................................. 2, "3,300.44 405,520.52 I Feet I L  

b and Ay ............................................................... I -24,263.61 1 -8,964.51 

A x  -_ - 
AY 

tan (x 

log A x  =4 38495542 
log AY =3.95252655 

log tan LT =O. 43242887 

a = 69'43'21".3 
Grid azimuth = 69'43'21".3 

List of angles 

Station I From station- I TO station- I Angle 



TRAVERGE COMPUTATION ON THE LAMBERT GRID 

Computation of grid azimuths 

19 14.3 

19 14.3 
45 02.2 
04 16.5 

Azimuth and Correction I angle I for closure Stations , 

__..______. 

___.____... 

_ _  ..______. 
___..___.._ 

0 

315 
228 
184 

4 
175 
179 

359 
191 
190 

10 
201 
212 

32 
133 
166 

346 
175 
161 

341 
127 
109 

289 
162 
91 

271 
176 
87 

267 
181 
89 

269 
204 
113 

293 
163 
97 

277 
178 
95 

275 
191 
107 

287 
181 
108 

288 
161 
89 

269 
219 
129 

309 
120 
69 
69 

04 16.5 
12 45.2 
17 04.7 

37 27.8 
37 40.0 
15 07.8 

__...______ 

__________. 
.....____.. 

15 07.8 
01 08.1 __..._._... 
16 15.9 ___.______. 

02 52.7 
34 18.8 
37 11.5 

16 15.9 ._._______. 
13 32.5 ...._______ 
29 48.4 _ _ _ _ _ _ _ _ _ _ _  

___...__... 
__....__.._ 
____.___._. 

57 35.6 
47 53.1 
45 28.7 

_____._.... 
____._...._ _ _ _ _  L _____. 

17 01.7 ____.____.. 
45 48.0 __________. 
02 52.7 _ _ _ _ _ _ _ _ _ _ _  

57 05.9 
11 43.3 
08 49.2 

._....._... 

._________. 

..._.___... 

37 11.5 ____..___.. 
20 24.1 ____._____. 
57 35.6 _ _ _ _ _ _ _ _ _ _ _  

08 49.2 
13 51.9 
22 41.1 

22 41.1 
56 03.8 
18 44.9 

___._______ 
__.._______ 
____..___._ 

._._______. 

._________. _ _ _ _ _ _ _ _ _ _ _  

45 23.7 ____.___... 
11 37.2 ________._. 
57 05.9 ___._._____ 

18 44.9 ___._______ 
08 54.3 ___._____._ 
27 39.2 ____._____. 

45 

n. 3 
28.7 
51.0 

51. 0 
30.3 
21. 3 
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Prosser-301 .................................................... 
301-302.. ..................................................... 
302-303 ....................................................... 
303-304 ....................................................... 
304-305 ....................................................... 

U. S. COAST AND GEODETIC SURVEY 

Feet 
4,151.5fi7 
3,027.967 
3,539.830 
2,253.128 
3,739.617 

Computation of grid distances 

305-306 ....................................................... 
3W307 .............................................. _.__: ..... 

308-309 
309-310 ....................................................... 

310-311: ............................................. : ......... 
311-312 ....................................................... 
312-313 ........................................................ 
313-314 ....................................................... 
31P315 ....................................................... 

307-308 ........................................................ 
....................................................... 

Geodetic 
length 1 I Secliou 

3, 679.452 
1,334.624 

3,912.140 
5,247.629 

5.890.395 
5,321.803 
5,750.730 
4,227.152 
3,644,224 

5,362.532 

315-315A ..................................................... 
315A-Sheltou east base ........................................ 

2,588.451 
1,405.786 

Gr id  factor 

0.9999351 
,9999342 
,9999332 
,9999326 
.9999320 

.9999312 
,9999308 
,9999307 
,9999308 
.9999307 

1 These  values adopted from the  C. 1%'. A. computation. 

TRAVERSE,  W A N D A  TO MASON 

Computation of jixed grid azimuths . <  
W A N D A  T O  I N S A N E  A S Y L U M  S T A N D P I P E  

Standpipe _ _ _ _ _ _ _ _ _ _  2,294,236. 38 335,997.01 
W a n d a  ___________._ I 2.239.317. Feet GO i 335.261.11 I 

log Ax -4.73972088 
1% AY -2.86681880 

,9999296 
.9999296 

log tan a =1.87290208 

a = 89'13'56".3 
Grid azimuth =269"13'56".3 

M A S O N  T O  J U N I A T A  S C H O O L H O U S E  C U P O L A  

Feet 
School _ _ _ _ _ _ _ _ _ _ _ _ _  2,277,376.38 
Mason _ _ _ _ _ _ _ _ _ _ _ _ _  2,286,201.44 

F e d  
337,430.20 
336,326.15 

log ,Ax =3.94586527 
log AY =3.04298874 

log tan a ~0.90287653 

CY =82'52'17''.5 
Grid azimuth=97'0?'42''.5 

(Text  continued on p. 62) 

f r id  length 

Feet 
4,151.298 
3, on. 768 
3,539.594 
2,252.976 
3,739.363 

3,679.199 
1.334. 532 
5,362.160 
3,911.869 
5,247.2G.5 

5,889.986 
5,321.432 

4,226.856 
5,750.328 

3,643.968 

2,588.269 
1,405.687 



COMPUTATION OF COORDINATES 
T r a v e r e e  line W . p r o e s e r  t o  E a s t  Base 
S t a t e  .Nc?brRske - S o u t h  County H a l l  and Buffa lo  I n i t i a l  S t a t i o n  2roEser  
Year 1934 Month January - Merch C l o s i n g  S t a t i o n  S - l t o n  . E a s t  Base 

Stat ion Azimuth Grid Log. La t .  L a t i t u d e  
Plane Dis tance  Log. C O B  Az F e e t  

Departure  G r i d  Coordina tes  
F e e t  Y X 

3739.363 3.57?7976? 

306 166, 04 16.5 16.711 7 .Q54?JnJn05 - .  

O’z-3 ~ ---- 
FIGURE 12.-Computation of coordinates. 



COMPUTATION OF COORDINATES 
Traverse  l ine  +#e.Prosser to East Base 
S t a t e  Nebraska - South county Ha l l  end Buffalo I n i t i a l  S t a t t o n  P roese r  
Year 1934 Month January - March Clos ing  S t a t i o n  2- Fsst Bas e 

FIQURE 12.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Trave~ee  l i n e  #e.Prosser t o  E m t  Base 
State m a  - South County Aall and m e l o  I n i t i a l  Station ProsFier 
Year 1934 Month Jan uarv - March Closing Station S h e l t o n  E a s t  9ase 

FIGURE 12.-Computation of coordinates-Continued. 



COMPUTATION OF COORDIRATES 
T r a v e r s e  l i n e  i)e.Prosser t o  East Baee 
S t a t e  Nebraska - South County H a l l  and B u f f a l o  
Year 1934 Month JanllRrv - M R r c h  C l o s i n g  S t a t i o n  

I n i t i a l  S t a t i o n  -p 

Gtation Azimuth Gr id  
P lane  Dis tance  

L a t i t u d e  Departure  G r i d  Coordina tes  Log. La t .  
Log. cos Az F e e t  F e e t  Y I X 

I 1 F e e t  I Log. d l s t .  I I I F e e t  I F e e t  

~ 

5 

~~~~~ ~ 

I 
I 

I I I I I I 
~ 

crr 
0 

D 
M 
0 
Y M 
Q 
3 



Traverse line *.proseer t o  East Ea% MPUTATION OF COORDINATES 

S t a t e  Nebre eka - South County H a l l  and Buffalo I n i t i a l  Stat ion Prosser  
Y e a r  1934 Month Januery - Marcn Closing Stat ion Shelton East BRee 

I 

I 
305 1166 04 16.5 

0.97059502 
3739.363 Z Q ~ L  7-41 a1 '3 P 5 j  R I A  A7 

0.24071 510 +5.RT 0 07 
16.711 -900.1 2 TQlb. 734.45 2.257.816.65 

_ - -  - - ,  - .  

0 



COMPUTATION OF COORDINATES 
Traverse l i n e  3 e . w ~  t.n E a s t  Base 
S t a t e  Jebra  eka - South 
Year 193’~ Month January - March Closing Sta t ion  Shelton E a s t  Sase 

&mtyHa11 and Buffalo I n i t i a l  S t a t ion  P rosse r  

cn 
c.3 

FIGURE 12.-Computation of coordinates-Continued. 



COMPUTATION aF COORDINATES 
Traverse line +Je. Proeeer to East B R 8 e  
State Nebraska - South ~ w t y  Hall and auffalo Initial Station Proeser 
Year 1934 Month Januery - March Closing Station s h P i  

FIGURE 12.-Computat1on of coordinates-Continued. 



COMPUTATION OF COORDINATES 
T r a v e r s e  l i n e  W . P r o s s e r  t o  East Base 
S t a t e  Nebraska  - South m u n t y  Hall. an6 S u f f r l o  I n i t i a l  S t a t i o n  P m s s e r ,  
Year 1954 Month Januory - March C l o s i n g  S t a t i o n  Shel ton  E s s t  Eese 

FIGURE 12.-Computation of coordinates-Continued. 

cn 

0. M 
0 tr 
M 

d 
2 



FIGURE 13.-List of adjusted coordinates. 



56 U. S. COAST A N D  GEODETIC SURVEY 

Plane coordinates on Lambert projection 

state Nebreeka-6outh a t i o n  W a n d a  
6 -  46 3<OOf.3& 1- d 3d Id.151 

Tabular difference of R for 1” of 0 = 1 0 1 * m  

-Cor. for sec. of 6 

.OOO.OOO.OO+ R sin e 

y’- the value of y on the central meridian for the labtude of the station 
s = log of ratio for reducing arc expressed in seconds to sine 

R. Js. and 8 are given in special tables 
(see log tables) 

FIGURE 14.-Computation of coordinates from geographic position. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 57 

y'- the value of y on the central meridian for the latitude of the station 
s P log of ratio for reducing arc expressed in seconds to sine 

(see log tables) 
1 R, y', and 8 are given in special tables 

Plafie coordinates on Lambed Projection 

s&iebraelra-South Station W a n d a  
6 - &" 15' 01".?24 X - 98 3s' 19.151 

Tabular difference of R for 1" of 9p101.19- 

8 ( for min. of X )- 
Cor. for sec. of. X, 

For rnachrno 
'-8 
+w mmDutatwn 

t -- 
--, 

--sin L 

-tegR- 
-egrr 
-X' R sin B 

x - 2.000,000.00+ I 
y = y' + 2R sinz $ 

sin 8 



58 U. S. COAST AND GEODETIC SURVEY 

Plane coordinates on  Lambert projection 

StateNebraeka-South Station Maeon 

Tabular difference of R for 1" of d = 101,19400 

0 , I, 0 . "  

# =  40 35 Okd'? x -  Qd-0 

.R ( for rnin. of (b 1- 
-Cor. for sec. of 6- 

-6 ( for m i n  of X )- 
.Cor.'for sec. of X- 

B" CompubtlO" 

-log 8" 
-S for B 
.log sin 
.log R 
-log X' 

-d 

I )  
Far machine 

- 

2 

x - 2,000.000.00+ R sin e 
y = y' + 2R s!nz 6 
y'- the value of y on the central meridian for the latitude of the station 
s = log.of ratio for reducing arc expressed in seconds to sine 

R, f, and 0 are given in special tables 
(see log tables) 

FIGURE 14.-Computation of coordinates from geographic position-Continued. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 59 

a 
x - 2000.000.00+ R sin e 
y - f + 2R sin' 9 
f- ths value of y on the e n m l  meridian for the btitude of ttie stsakn 
s - 
R,f, and 8 are given in fosciarbbles 

of ratio for reducing arc expressed in seconds to she 
(see log tables) 

-0 ( for rnin. of X )- 
.cor. for sec. of x., 



60 U. S.  COAST AND GEODETIC SURVEY 

Plane coord!nates on Lambert projection 

S t a t e s t a t i o n  
Dupou. - 0 , "  

d = b  t q  1 8 ~ 5 2  x -  98 30 04.581 
Tabular difference of R for 1" of 6 - -bo 

x - 2,000,000.00+ R sin B 
y d y' + 2R sin* f 
y'- the value of y on the central mefididn for the latitude of the station 
s = log of ratio for reducing arc expressed In seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

FIGURE 14.-Computation of coordinates from geographic position-Continued. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 61 

Plane coordinates on Lambert projection 

- Station- Jwicnta Sohoolhouee 
Cupola. X - 96O30 ;Ok."%l 

Tabular difference of R for 1" of 0 % 101-19bo 

stat- 
@ =  b,- 

-Car. for sec. of 0 

x - 2,000.000.00+ R sin 8 
y = y' + 2R sin2 $ 
y'- the value of y on the central meridian for the latitude of the statlon 
s = log of ratio for reducmg arc expTesyd in seconds to sine 

R, y', and 8 are given in'special tables, 
(see log tables) 

FIQUBE Il.-Computation of coordinates from geographic position-Continued. 



62 U. 8. COAST AND QEODETIC SURVEY 

TRAVERSE, WANDA TO MASON-Continued 

List of angles 

'.> 
Station [ From station- [ Tostation- I Angle 1 

Computation of grid azimuths 

Stations Azimuth and 
I angle I '  4 0 , , I  

Wanda to Insane Asylum standpipe __..___......... ._____ .___  .. 269 13 50.3 
LInsane Asylum standpipe to 334.. __.  _ _ _  .. ..._.....__ __. ___. .. 12 14 51.0 
Wandato334 .______._______________._.____..._......_ ~ _______.. 281 28 47.3 

334 to Wanda ...____._._ ____.__ ~ ___._.._.__. __._______ ~ _ _ _ _  ~ ___. 101 28 47.3 
L Wsnda to  335 __.__________. _ _ _  ______.______.____________ ___.. 166 45 CQ. 0 
334to335 _._________________ ~ ____________________--------------. 268 13 47.3 I "  

Correction Of 
for closure ~~~~~ 

r I ,  

56.3 
51.6 
47.9 

47.9 
00.6 
48.5 

48.5 
14.9 
03.4 

03.4 
30.4 
33.8 

33.8 
32.7 
06.5 

06.5 
29.9 
36.4 

36.4 
10. 4 
46.8 

46.8 
51.9 
38.7 

38.7 
'33.8 
12. 5 

12.5 
48.9 

27 01.4 

27 01.4 
41. 1 
4 2 5  



TRAVERSE COMPUTATION ON THE LAMBERT GRID 

y:$E;'c 

Reduction of lengths 

[Average elevation=Z,Olb feat. Elevation factor=O.99993367] 

Grid factor 

-- 
Section 

Feet 
2,766.294 
4,247.517 
7,636.092 
5,730.169 
6,327.980 

Corrected 
taped 
length 

0.9999485 
Feet 

2,766.581 
4,247.928 
7,636.828 
5,730.721 
6.328.590 

4,179.943 
5,163.698 
3,113.616 
6,442.592 
2.745.821 

4, 179.510 
5.163.7.01 
3.113.316 
6,441.971 
2,745.558 

Mean latitude = 40'35' 
log R. 

log A = 8. 5091036-10 
log B = 8. 5108073-10 

= 5.8304093-% log A-% log B 

log A + log B =17.0199109-20 

(log A + log B) = 8. 5099554- 10 

log constant =5. 8304093 

log R, =7. 3204539 
R. =20, 914,800 

fez (log A + log B)=8. 5099554-10 

2oJ '14' 8oo-0. 99990367 20, 916,815- Elevation factor = 

TRAVERSE, PROSSER TO WANDA 

List  of angles 

Grid 
length 

Feet 
2,768.152 
4,247.298 
7.635.699 
5,729.874 
6,327.654 

4,179.325 
5,162 935 
3, 113. 156 
6,441.639 
2,745.415 

To station 1 Angle 

329 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  151 a a. i 



COMPUTATION OF COORDINATES 
Traverse line W.WRn6e to Mason 
StateAehyska - South county- Adam Initial Station WRnda 
Year Month Januax- h Cloelng Station Mnson 

FIGURE 15.-Computation of coordinates 

Grid Coordinate e 
Y X 

Feet Feet 

335,261.11 2.239.317.60 

+O. 14 +0.01 
334.710.72 2,242,028.42 

. 
334?71 0.58 Y. 242.028141 

3349841.76 2.246.273.68 
T '  to.02 
134.849.11 2.246 277.70 

334.968.23 2.?51,9Qg.3? 
t0.72 +0.05 

134.968.95 A 2.253.908.36 

3339962.48 +1.00 2.259 %.06 24 I 

3.40 2.259.549.30 

51 

P 
m 



COMPUTATION 6F COORDINATES 
Traveree line #&Wanda to Mason 
State- - south oounty A Ini t ia l  Station- 
Year 197 & Month J ~ u  a m  - Maroh Closlng Station m n n  

BIQVRE 15.-Computation of coordinntes-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  *.Wanda to Mason 
State hlebraalra - South county _Adame I n i t i a l  Station Wanda 

Closing Station a s o n  Year 1934 Month January - March 

FIGURE Ib.-Computation of coordinates-Continued. 

Q, 
Q, 

P 
P 



COMPUTATION OF COORDINATES 
Traveree l ine  +&.Wanda to  Mason 
State Nebraska - South County A d m a  I n i t i a l  Station wandR 

Closing Station M R E ~ ~  YBaf  1934 Month - &pch 

FIGURE 15.-Computation of coordlnata-Continued. 



Q, 
00 

l h x ~ ~ ~  16.-List of adjusted coordinates. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 69 
TRAVERSE. PROSSER TO WANDA-Continued 

Computation of grid azimuths 

............ 
+1 . 8 

........... 
............. 

+1 . 7 
............ 

........... 
+1.8 

........... 

............ 
+1 . 7 

............ 

............ 
+1 . 8 

........... 

............ 
+1 . 7 ............ 

............ 
+1 . 8 

............ 

............ 
+1 . 7 ............ 

............ 
+1 . 8 

............ 

Stations 

............ 

Prosser to Inssne Asylum standpipe .......................... 
L Insane Asylum standpipe to 325 ............................ 
Prosser to 325 ................................................. 

33.0 

325 to Prosser ................................................. 
L Prosser to 326 ............................................... 
325 to 326 ..................................................... 

326 to 325 ..................... I ............................... 
L325 to 327 ................................................... 
328 to 327 ..................................................... 

327 to 326 ..................................................... 
L326 t o  328 ................................................... 
327 to 328 ..................................................... 

328 to 327 ..................................................... 
L327 to 329 ................................................... 
328 to 329 ..................................................... 

329 to 328 ..................................................... 
L328 to 330 ................................................... 
329 to 330 ..................................................... 

330 to 329 ..................................................... 
L 329 to 331.--. ............................................... 
330 to 331 ..................................................... 

331 to 330 .................................................... 
L330 to 332 .................................................. 
331 to 332 .................................................... 

332 to 331 .................................................... 
L331 to333 .................................................. 
332 to 333 .................................................... 

333 to 332 .................................................... 
L332 to Wanda .............................................. 
333 to Wanda ................................................ 

_ _ _ _ _ _ _ _ _ _ _ _  
+1 . 8 

............ 

Wands to 333 ................................................ 
L333 to  Insane Asylum standpipe. ......................... 
Wanda to Insane Asylum standpipe ........................ 

139 00 13.5 
42.8 
56.3 

.......................... 

.......................... 
Fixed azimuth ......................................... 
Discrepancy. .......................................... 

corrected 
Section taped 

. length 

Fed 
Prosser-325 ............................................. 3, 958.752 
325-3 26 7, 192 436 ................................................. 
32fj-327 ................................................. 4,156.098 
327-328 ................................................. 4m.934 
328329 ................................................. 3,056.766 

329-330 ................................................. 6,037.526 
330431 ................................................. 5,333.603 
331-332 ................................................. 6,304.188 
332-333 ................................................. 6,495.734 
333-Wanda ............................................. 4.092 182 I 

Azimuth and 
angle 

s z p  Grid factor 

~-~ 
Feet 

3,958.363 0.9999363 
7,191.729 9999372 . 
4,155.688 . m3a5 
5,m.358 . g999400 
3.056466 . 9999411 

6,036.933 . 9999420 
5,333.079 . 6999432 
6,303.569 . 6999452 
6,496.098 9999472 
4,091.780 . 6999478 

. 

315 37 27.8 
50 32 09.3 
6 09 37.1 

186 09 37.1 
220 25 02.3 
46 34 39.4 

226 34 39.4 
173 07 38.3 
39 42 17.7 

219 42 17.7 
166 48 27.8 
26 30 45.5 

206 30 45.5 
151 23 23.1 
357 54 08.6 

177 54 08.6 
242 47 27.7 
60 41 36.3 

240 41 36.3 
149 03 56.5 
29 45 3 2 8  

209 45 32.8 
149 03 56.7 
358 49 29.5 

178 49 29.5 
157 17 47.7 
336 07 17.2 

156 07 17.2 
162 52 38.8 
318 59 56.0 

138 59 56.0 
130 13 41.0 
269 13 37.0 
269 13 56.3 

-19.3 

27.8 
11.1 
38.9 

38.9 
04.0 
42.9 

42.9 
40.1 
23.0 

23.0 
29.6 
5 2 5  

52.5 
24.9 
17.4 

17.4 
29.4 
46.8 

46.8 
68.3 
45.1 

45.1 
5 8 4  
43.6 

43.6 
49.5 
33.0 

Grid length 



70 U. S. COAST AND GEODETIC SURVEY 

Mean latitude = 40’38’. 5 
log Ra = 5.8304093-% log A-% log B 
log A = 8.509 1022 - 10 
log B . = 8.5108029-10 

log A+log B = 17.0199051 -20 

‘/a (log ASlog B)= 8. 5099526-10 

log constant = 5.8304093 

log Ra = 7.3204567 
Ra =20,914,940 

34 (log A+log B) = 8. 5099526-10 

Elevation factor =:8: ~~~1994905=0.99990175 

Triangle, Kenesaw water tower-330- Wanda 

COMPUTATION OF GRID AZIMUTHS AND LENGTHS 
Wanda f o SSS 

333 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,236,633.57 338,349.26 
Wanda _ _ _ _ _ _ _ _ _ _ _ _ _  I 2,239,317.60 Feet I 335,261.11 Feet -_ I Azand AY--~ -2,684.03 I +3,088.15 

log Ax =3. 42878736 
log AY =3.48969839 

log tan 4 

4 = 40’59’42’’ .6 
Grid azimuth= 139°00’17t’.4 

sso to  ss1 

=9. 93908897- 10 

I - - -  I z  
350,580.31 
355,219. tFJ 

-6629.37 

log Ax =3.42280808 
1% A?4 =3.66552190 

log tan a! =9. 75728618-10 

U = 29’45’47” .9 
Grid a~imuth=29~45’47’’.9 



COMPUTATION OF COORDINATES 
Traveree line -w.Prosoer to  vanda 
Btate Jebraska - South 
Year 1934 Month m r v  - Wnrch Closing Station 

aountg Hall and Adam Inl t la l  Station ~rosspr 

FIGURE 17.-Oomputetion of coordinates. 



~. ~ ~ . . .  COMPUTATION OF COORDINATES 
47 
h3 

Year 1934 Month Januaw - March ClO 

y Factor ,,-0.78116 X 10-5 
FIQURE l’l.-Computation of coordinates-Continued. 

P’ 
? 



COmUTATION OF ,dOORDINATE8 
Traveree lln'e i)e.Proqwv W a t i b  
Btate &&&sa - So1it.h Counts- and - I n l t l a l  Station 
Year 1934 Month Jandarv - Closing Station- 

I 

I 
525 I 6 09 38.9 

-5% &6 Z&. lbP.9 

FIGURE 17.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
‘Traverse l i n e  -Ne.Pmeser-teWanda 

Station Azimuth 
Plane 

StateJkhraska - South county Hall and Adnms In i t ia l  Station PI-O~WT 
Year 1934 Month January - March Closing Statlon WRnrla 

tms. ut. Latitude Departure Grid Coordinates Grid 
Distanoe U$. C O 8  AZ Feet Feet 9 I X 

I Feet I Feet 

I 
331. I ?9 45 45.1 

FIGURE l’l.--Computation of coordinates-Continued. 

t1.08 

CI 
P 

m 



d 
Ld 
M m 

0 
1: 
e x M 

FIGURE I8.-List of adjusted coordinates. il cn 
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Wanda to333 _ _ _ _ _ _ _ _  _ _ _ L _  .______ 
L333 to Kenesaw water tower--- 
Wanda to Kenesaw water 

tower __________________-_-- - - - -  

U. S. COAST AND GEODETIC SURVEY 

139 00 17.4 
14 39 35.6 

153 39 53.0 

Kenesaw 
Water Tower 

Wanda to 330 ______________-_- - -_  
Wanda to Eenesaw water 

tower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  
LEenesaw water tower to 330---. 

330to331_._____._______ ~ _ _ _ _ _ _ _ _  
L331 to Eenesaw water tower--- 
330 to Eenessw water tower _ _ _ _ _ _  
330toWanda ______.._ ~ _ _ _ _ _ _ _ _ _ _  
LWanda to Eenesaw water 

tower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Wondo 

172 01 525 

153 39 53.0 
18 21 59.5 

29 45 47.0 
2 09 51.8 
31 55 39.7 
352 01 5 2 5  

39 53 47.2 

FIGURE 19.-Diagram of Eenesaw water tower. 

Triangle, Kenesaw water tower-330- Wanda-Continued 

COMPUTATION OF GRID AZIMUTHS AND LENGTHS-Continued 

Wanda l o  330 

330 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,236,523.71 355,219.68 
Wanda ___..______.. 2,239,317.60 335,261.11 

log Ax =3. 44620931 log Ax 4.44620931 
log AY -4 30012942 log cosec CY =O. 85813346 

log tan a =9. 14607989-10 log grid length=& 30434277 

a - 7O58'07".5 
Grid azimuth= 172'01'52''.5 

=& 30012942 
=0.00421400 

log All 
log see CY 

log grid length.=430434342 

COMPUTATION O F  ANGLES OF TRIANGLE 

Azimuth and I angle Stations I 0 , ,, 
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COMPUTATION OF mnl\NGLES 

‘%mesaw 
1 Water Tower 13.3 
2 330 39 53 47.2 
3 Wanda 18 21 59.5 
1-3 

1-2 
FIGURE PO.-Computation of triangle for Kenasaw water tower. 

COMPUTATION O F  COORDINATES 

a, Wanda to Kenesaw water tower== 153’39’53”.0 

log s =4. 1818140 
log sin a=9. 6470141-10 

log Ax =3.8288281 
Az = -6, 742. 61 

log s =4.1818140 
log COS a=9. 9524115-10 

log Ay =4. 1342255 
AY = +13,621. 52 

Wanda ..___________ 2,239,317.60 335,261.11 
AZ and AU _ _ _ _ _ _ _ _ _ _  I -6,742.61 Feet I +13.621.52 Feet I 

I I I I 
Kenesaw water I tower _____.__ I2,232,574.99 1348,882.63 1 

a, 330 to Kenesaw water tower=3lo55’39’’.7 

log s 2 3 .  8731248 
log sin a=9. 7233314-10 

log Ax =3. 5964562 
Ax -3, 948. 72 

log s =3. 8731248 
log COS a=9.9287625- 10 

log Ay =3.8018873 
AY = -6,337. 05 

330 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,238,523.71 355,219.68 
AZ a d  AU _ _ _ _ _ _ _ _ _ _  I -3,W Fed 72 I -6,337.05 Feet 

I I I 
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TRAVERSE, 325 TO MASON 

Computation of fized grid azimuth 

log Az =2.62824584 
log AY =3. 59497564 

Stations 

I- 

-_----_._-_ 
-4.0 

” I , ,, 
42 8 
11.3 
24.1 

24.1 
25.4 
49.5 

49.5 
10.4 

43 59.9 

43 59.9 
08. 6 
08.5 

08.5 
53.9 
00.4- 

00.4 
40.6 

50 41.0 
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Computation of grid azimuths-Continued 

0.9999363 
.!XI99374 
.m381 
.W388 
.9999400 

I I 

Feet 
a968.111 
4324.203 
4647.430 
7.944.615 
4,443.849 

Stations Azimuth and Correction 
angle for closure I - 

109 
223 
333 

153 
172 
325 

145 
145 
291 

111 
203 
314 

- 

51 
40 
31 

31 
27 
59 

59 
02 
02 

02 
18 m 

18.9 ..._.____-- 
53.3 I -4.0 
12.2 - - - - - - - - - -  - 

02.7 ......_____ 
53.3 1 -4.0 
56.0 .....______ 

Reduction of lengths 

[Sverage elevation= 2,013 feet. Elevation factor=0.96990376] 

Section 
Corrected 

taped 
length 

Geodetic 
length 

Feet 
3.958.363 
5,324.536 
5,647.780 
7.945.101 
4,444.116 

5,835.096 
5,034.723 
7,298.188 
4.693.858 
5,774.980 
3,141.432 

79 

Seconds of 
corrected 
azimuth 

, ,, 
50 41.0 

10.0 
30 51.0 

30 51.0 
49.3 

58 40.3 

58 40.3 
46.5 

01 26.8 

01 26.8 
49. 3 
16. 1 

16. 1 
26.4 

07 42.5 
. . . -. . - - - - - 
......______ 

Grid I Grid 
factor length 

.6999418 

. M 3 1  

.9969445 

.SI999465 

.!XI99474 

.9999478 

5,834.756 
5, G34.437 
7.297.783 
4; 693.607 
5,774.676 
3, 141.288 

Kept the  same as on Prosser to Wanda. 

Mean latitude = 40"38'.5 
R. =20,914,940 (same as Prosser to Wanda). 

TRAVERSES IN THE COLUMBUS AREA 

In the vicinity of Columbus the C. W. A. parties measured a number 
of traverses that we have chosen to'include rn this publication because 
they present some features to which we wished to call attention. A 
sketch of the lines included is shown in figure 23. They include the 
traverses Columbus to Curtis, Columbus to Monroe, Monroe to 
Genoa, Monroe to Osceola, Genoa to Osceola, and hally two trav- 
erses that intersect which might be called Columbus to Osceola and 
Monroe to Curtis. As actually computed these last two in no case 

(Text continued on p. 85) 



COMPUTATION OF COORDINATES 
T~-8VerSe l i n e  W . 3 2 5  t o  hiason 

Station 

S t a t e  NAbrnsxa ’ - South County Adam8 I n i t i a l  S t a t ion  325 
Year I??& Month mv - ~~~~h Closing S ta t ion  -on 

- 
Azimuth Grid Log. Lat. La t i tude  Departure Gr id  Coordinates 

Log. d i s t .  Fee t  Fee t  
Plane 1 DI;;gce Log. cos  Az Feet 1 Fee t  Y X 

925 

I I Zl 
-1.10 +l.Ol 

320 326-45-00.4 352.725.30 I 2 267.950.39 
-- 352.726.40  I 2.267.949. 

FIQIJRE 2l.-Computation of coordinatk. 

9 
m 



COMPUTATION OF COORDINATES 
Traveree line -Ne.325 t o  h s o n  
Btate Bebrnska - South county Adam I n i t i a l  Station 325 
Y e w  1974 Month January - March Cloelhg Station 

FIGWEE 21.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  +?e. 325 to  Meson 
State ElWa6kn - South County A d a m  I n i t i a l  Station 325 
Ye= 1934 Month Janu.sry - March Cl08ing Station Mason 

I 

00 
h3 

FIQURB 2l.-Computstion of coordinates-Continued. 



ComUTATIoN OF COaRDfaATES 
Traverse line a. 25 to f w o n  
State Jkbcaskn - zouth 
Year 1914 Month January - Marah C l O S l n g  station dlaearJ 

county &fin-, InItial station 925 

FIGURE 21.-Computation of coordinates-Continued. 



FLAW UOORDINATElS 
00 
cp 



97035' 91030' 97O25' 97'20' 97'50' 97045' 9704 0' 

F 
87 86- k r- , 

97'60' e 7 h '  

I 
97 i 35' I 

- 660.000 

41925' 

640.000 

626,000 

41°20' 

38 

'is 

'30' 9746' 97'20' 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 85 

extend to the end stations as named but are computed from stations 
on the traverses that are held fixed from revious adjustments. 

The traverse Osceola to Monroe ende f on station 26 of the line 
from Columbus to Monroe. This traverse crosses the Loup River 
and the length 41A to 41C had to be computed from the observed 
triangle 41A, 41B, and 41C. Thus the crossing of the river was 
effected and it was possible to carry the computation of the traverse 
to its junction with station 26. 

The traverse from Genoa to Osceola Lad stations 81,82, and Osceola 
in common with the one-from Osceola to Monroe. Accordingly, 
station 81 was held fixed m computing from Genoa with the fixed 
grid azimuth 81 to 81C. 

From the traverses Columbus to Curtis and Osceola to Monroe two 
others branch off, one a t  station 40 and the other at station 81. 
These two intersect and meet two others from stations 3A and 12 in 
the vicinity of the Platte River. The one from 81 and that from 3A 
intersect a t  station 50. Those from 40 and 12 intersect at  station 48. 
The problem presented was to compute to these points and then to 
adopt a weighted mean at one of the points. This was done for the 
station 48; then stations 49 and 50 were fixed in the one coming from 
station 12 and this value of station. 50 was held in the one coming 
from station 81. In  these traverses the length of 48 to 49 was com- 
puted from the triangle 49, 48, and 47. This was no doubt due to 
the difficulty of crossing the Platte River. 

In  the traverse Columbus to Curtis the length of the line 13A to  
Curtis was also computed from the triangle Curtis, 13A, and 13B. 
The coordinates of 13B were computed after the direct traverse was 
completed from 13A to Curtis. 

In  the traverse from Columbus to Monroe observations were made 
on Platte Center water tower. Three of the observations were used 
in an adjustment to determine the coordinates of this tower. These 
were from stations 18,20, and 22. The fixed triangle was so flat that 
it could not be computed by the law of sines, the three stations being 
so nearly in a straight line. The details of the adjustment show that 
the fixed data were perfectly consistent. 

Observations were also made on Genoa water tower, but not all of 
them were from stations on the same traverse. The observations 
from Monroe, Genoa, and 73 were chosen for an adjustment to deter- 
mine the coordinates of this station. These were the only extra 
observations that were computed in the Columbus area. 

These traverses furnish examples of almost all kinds of computa- 
tion that are apt to arise in applying the coordinates to traverse com- 
putations. All of the work is shown in great detail so a careful 
checking over the computations should serve as a guide to those who 
wish fo make similar computations. 
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Plane coordinates on Lambert projection 

StateNebraska ( SOUthJstation C o l m b u 8  
( =  41 20 37.551 1- 97 20 56:234 

0 * ,* 0 .  

Tabular difference bf R for 1" of (-101.21867 

.R ( for min. of 0 )- 
-Cor. for sec. of m- 
-- 

-0 ( for min. of X )- 
.Cor. for sec. of X- 

sin t? 

~~ 

x = Z,OOO,OOO.OO+ R sin 0 

y = y* + ZR sin* # 
y'= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

FIGLIRE 24.-Computation of coordmates from geographio position. 
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Plane coordinates on Lambert projection 

StateNebrRs'xA(aouth)Station M O n r O 9  
0 ' "  0 , -  

6 -  41 30 42.489 1 - 97 97 231.550 

Tabular difference of R for 1" of - 101.21167 

Car. for sec. of 0 

Cor. for sec. of X 

x 2,000,000.00+ R sin e 
y P y' + ZR sin2 8 
y'- the value of y on the central meridian for the latitilde of the station 
S - log of ratio for reducing arc expressed in seconds to sine 

3, v, and 0 are given in special tables 
(see log tables) 

FIOURE 24.--Computation of coordinates from geographic position-Continued. 
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Plane coordinates on Lambert projection 

State Nebraeka(8ou4_h&tion Columbus Municipal Tank 
* ,, 

@ =  lri025 37.192 1- 97' 2i 46.377 
Tabular difference of R for 1" of +4 = 101.20900 

= 2,000.000.00+ R sin 0 

= the value of y on the central meridian for the latitude of the station 
= log of ratio for reducing arc expressed in seconds to sine 

, y', and 0 are given in special tables 
(see log tables) 

FIOUEE 24.-Computation of coordinates from geographic position-Continued. 
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Columbus muni- 
cipal tank _ _ _ _ _ _ _ _  

Monroe _ _ _ _ _ _ _ _ _ _ _ _  

89 

Feet 
2.586.477.40 
2,513,984.24 

TRAVERSE, COLUMBUS TO MONROE 

Computation of $xed & azimuths 
0 1 ) I  

Geodetic azimuth Columbus to azimuth mark (R. M. no. 1) = 182 24 16.5 
B a t C o l u m b u s - ~ _ _ ~ _ ~ ~ ~ ~ - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ ~ ~ ~ - ~ ~ ~ ~ ~ =  1 24 40.5 

From station- 

I =  

T o  station- Angle 

Azimuth mark .............. 
Columbus ................... 
14A ......................... 
14 ........................... 
15 ........................... 

Station 

14A ....................... 289 16 45.6 
14 ......................... 157 68 39.7 
15 ......................... 180 23 01.2 
15A ....................... 181 44 10.5 
16 ......................... 177 64 47.3 

Az and Ay _ _ _ _ _ _  I +72,493.16 

15A ......................... 
16 ........................... 
17 ........................... 
17A ......................... 
18 ........................... 

19 ........................... 
19A ......................... 
M 
21 ........................... 
2!2 ........................... 

........................... 

U 

Feet 
648.491.34 
677,725.68 

17 ......................... 181 56 53.9 
17A ....................... 240 22 46.6 
18 ......................... 117 45 49.5 
19 ......................... 180 21 45.0 
19A ....................... 179 02 55.6 

20 ......................... 181 37 49.4 
21 ......................... 179 18 30.3 
22 178 37 02.-2 
23 ......................... 179 22 48.4 
23A. ...................... 182 11 33.7 

......................... 

I 

-29,234.34 

23 ........................... 
23A ......................... 
24 ........................... 
25 ........................... 
25A ......................... 

Columbus. ................... 
14A ........................... 
14-1 .......................... 
15-i .......................... 
15A ........................... 

24 ......................... 178 a n.1 
25 ......................... 179 57 32.8 
25A ....................... 180 03 39.5 
25B ....................... 180 16 16.5 
26 ......................... 181 05 34.1 

16 ............................ 
17 ............................ 
17A ........................... 
18-- .......................... 

19A ........................... 
20. ........................... 
21 ............................ 
22 ............................ 
23.. .......................... 

23A.-. ........................ 
24 ............................ 
25....... ..................... 
25A ........................... 
25B.. ......................... 

28.. .......................... 

Mo nr... ..................... 
n.. .......................... 

log Ax e486029703 
log AY -4 46589329 

2 5 ~  ......................... n ......................... m 47 42.4 
26 ........................... Monroe ................... 179 16 56.5 
27 ............................ Columbus municipal tank- 341 45 42.6 
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290 16 21.6 
157 58 39.7 
88 15 01.3 

Computation of grid azimuths 

........... 
+2.6 

........... 

Stations 

268 15 01.3 
180 23 01.2 
88 38 02.5 

Azimuth and Correction 
angle for closure 

........... 
4-2.6 

........... 

Columbus to azimuth mark ..................................... 180 59 36.0 ........... 
LAzimuth mark to 14A ........................................ 
Columbus to 14A ............................................... 110 16 21.6 ........... 

270 22 13.0 
177 54 47.3 
88 17 00.3 

14A t o  Columbus .............................................. 
L Columbus t o  14 ............................................... 
14A to 14 ........................ ............................... 

14 to 14A- ...................................................... 
Ll4A to 15 ..................................................... 
14 to 15 ___.............. ........................................ 

15 to 14 ......................................................... 
L14 to 15A ..................................................... 
15 to 15A ....................................................... 

15A t o  15 ....................................................... 
L 15 to 16 ....................................................... 
15A to 16 ....................................................... 

16 to 15A ....................................................... 
L 15A t o  17- .................................................... 
16 to 17 ......................................................... 

17 to 16 ......................................................... 
L16 to 17A ..................................................... 
17 to 17A ........... I ........................................... 
17A to 17 ........................................................ 
L 17 t o  18 ....................................................... 
17A to 18 ....................................................... 

18 to 17A ....................................................... 
L17A to 19 ..................................................... 
18 to 19 ......................................................... 

19 to 18 ......................................................... 
LIS to 19A- .................................................... 
19 to 19A ....................................................... 

19A to 19 ....................................................... 
L l 9  to 20 ....................................................... 
19A t o  20- ............. -: ....................................... 

20 to 19A ....................................................... 
LlSA to 21 ..................................................... 
20 to 21 ......................................................... 

21to 20 ......................................................... 

21 to 22 ......................................................... 

22 to 21 ......................................................... 
L21 to 23 ....................................................... 
22 to 23 ......................................................... 

23 to n ......................................................... 
L n  to 23A. .................................................... 
23 to 23A ....................................................... 

23A to 23 ....................................................... 
L23 to 24 ....................................................... 
23A to 24 ....................................................... 
24 to 23A ....................................................... 
L23A to 25 ..................................................... 
24 to 25 ......................................................... 

25 to 24 ......................................................... 
L24 to %A ..................................................... 
25 to 25A ....................................................... 

L25 t o  25B ..................................................... 
25A to 25B ................................... : ................. 

25B to %A ..................................................... 
L25Ato 26 ..................................................... 
25B to 28 ....................................................... 

L 20 to 22 ....................................................... 

25A to 25. ...................................................... 

........... 
+2.6 

........... 

m.3 
53.9 
54.2 

54.2 
46.6 
40.8 

40.8 
49.5 
30.3 

30.3 
45.0 
15.3 

15.3 
55.6 
10.9 

10.9 
49.4 
00.3 

00.3 
30.3 
30.6 

30.6 
02.2 
32.8 

32.8 
48.4 
21.2 

21.2 
33.7 
54.9 

54.9 
27.1 
22.0 

22.0 
32.8 
54.8 

54.8 
39.5 
34.3 

34.3 
16.5 
50.8 

W.8 
34.1 
24.9 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

+2.5 
........... 
........... 

+2.6 
........... 
........... 

+2.6 

........... 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+2.5 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+2.6 

........... 

........... 
+ 2 6  ........... 

268 38 02.5 ........... 
181 44 10.5 4 - 2 6  
Bo 22 13.0 ........... 

268 
181 
90 

270 
240 
150 

330 
117 
88 

268 
180 
88 

268 
179 
87 

267 
181 
89 

269 
179 
88 

268 
179 
88 

268 
179 
87 

267 
182 
89 

269 
178 
88 

288 
179 
88 

268 
180 
88 

268 
180 
89 

269 
181 
90 

17 
56 
13 

13 
22 
36 

36 
45 
22 

n 
21 
44 

44 
02 
47 

47 
37 
25 

25 
18 
43 

43 
37 
20 

22 
43 

43 
11 
54 

54 
48 
43 

43 
67 
40 

40 
03 
44 

44 
16 
00 

00 
05 
06 

20 

. It 

36.0 
48.2 
24.2 

24.2 
42.3 
06.5 

06.5 
03.8 
10.3 

10.3 
13.1 
23.4 

23.4 
49.9 
13.3 

13.3 
56.5 

14 09.8 

14 09.8 
49.2 
59.0 

59.0 
52.0 
51.0 

61.0 
47.6 
38.6 

38.6 
58.2 
36.8 

36.8 
52.0 
28.8 

28.8 
32.9 

44 01.7 

44 01.7 
M.8 

21 06.5 

21 06.5 
51.0 
57.5 

57.5 
38.3 

55 33.8 

55 33.8 
29.6 

44 03.4 

44 03.4 
35.4 

41 38.8 

41 38.8 
4 2 1  

45 20.9 

19.1 
01 40.0 

01 40.0 
38.7 

07 l a 7  

45 20.9 
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, I ,  

OB 24.9 
47 42.4 
54 07.3 
54 07.3 
16 56.5 
11 03.8 
11 03.8 
45 42.6 
56 46.4 
57 45.9 

-59.5 

Compulation of grid azimuths-Continued 

,, 
....-.....-. 

+2.6 
..........-. 

.........._. 
+2.6 

._________ _ _  
+2.5 

..__._._.._. 

..._._.__.r_ 

........___. 

...__...____ 

Stations 
!. 

2iO 
220 
130 
310 
179 
130 
310 
341 
291 
291 

- 

Reduction of lengths 
[Average elevation= 1,470 feet. Elevation factokO.999929731 

- ___ 

Section 

~. 

Taped 
length 

Feel 
5,057.476 
3, 159.596 
2 607.864 
1, 601.840 
6,002.310 

2 391.789 
6,021.250 
3.140.659 
2,573.282 
3, 181.402 

4.810.594 
2 599.549 
7,687.551 

2 043.691 

5.225.298 
2.713.921 
2 798.806 
4,605.746 
1,591.488 

1,826.576 
6,262 922 

2, si. n6 

, It 

W 16.7 
45. 0 

55 01.7 
55 01.7 

59. 1 
12 00.8 
12 00.8 

45. 1 
57 45.9 

______..____ 

-- 

Geodetic 
length 

Feet 
6.057.121 
3.159.374 
2607.681 
1,601.727 
6, aJ1.888 

2391.831 
6.020.826 
3,140.438 
2 573.101 
3,181.178 

4810.256 
2 599.366 
7,687.011 
2 831.077 
2 043.547 

5.224.931 
5713.730 
2798.709 
4,605.422 
1,591.376 

1,828448 
6, 262 482 

Mean 
grid 

factor 

0. 9999600 

Mean latitude =41°29’.7 
log R a  
log A = 8.5090804- 10 
log B 

=5.8304093-% log A-% log B 

= 8.5107377- 10 ’ 

log A+log B =17.0198181-20 

s(logA +log B) = 8.5099090- 10 

log constant = 5.8304093 
~(( logA+logB)= 8.5099090-10 

log R. = 7.3205003 
R a  =20,917,040 

Grid 
length 

Feet 
5,056.919 
3, 159.248 
2 607.577 
1,601.663 
6,001.648 

4224.722 
2 713.621 
2 798.597 
~W.Za 
1,591.312 

1,828 375 
&aZm 

20 917 040- Elevation factor = 20:9 s: - 0.99992973 
10691l0--35-7 



B y ) ,  Orld ~ } Lat. I Latitude I De;giure Grid Coordinates 
Plane DlStUlCe Z Q g X  COS A2 Feet Y X 

I 1 .  Feet I Xmzx d i e t .  I I I Feet I Feet 

0.00651294 

0.99997879 
1601.663 

12.425 . .  - 

FIGURE %.-Computation of coordinstas. 

666, e 22.46 2,589,389.50 ' 

I 
I 

P 
P 



COMPUTATION OF COORDINATES 
Traverse l i n e  b o  Monroe 
State N e b r a s k a ? a w  County P la t te  I n i t i a l  Station Columbus 
Year 1934 Month J~IIIUWY - March Closing Station .Monroe 

FIGURE 25.-Computation of coordinates-Continued. co w 



COMPUTATION bs l lOORD~ATE8 -_  . -- - - ____ 
baveres l i n e  *- M~~~~ 
State -h) county Plette Initial Station Columbue 
Year 1934 Month January -dberph Closing Statlon Monroe 

4 

8tafioa Azlmuth Grid Lat. Latitude Departure Grib Coordinates 

.Feet diet .  Feet, Feet 
Plane Distance ' mogc cos AZ ' Feet Firet 9 X 

Fronas Z.-Computstion of coordineh-Continued. 



id 

FIGURE 25.-Computation of coordinates-Continued 



COWUTATION OF COORDINATES 
Waveras Una S&x- Monroe 
Btate W-. Counts P l a t t e .  In i t la1  Statlon dolumbue 
Ye= 9 1 4  Month JanuarP - Marah Closing StaUon Monroe 

FIQUEE 25.-Computation of coordinates-Continued. 

W 
Q, 

c) 
0 

5 



TRAVERSE COMPUTATION. ON THE LAMBERT GRID 

Adjustment of Platte Center water tower 

COMPUTATION OF QRID AZIMUTHS FROM COORDINATES 

18 to f0 

__- I hzand AY -.-.-. I -10,561.31 I -226.38 1 
log Ax =40237178 log h =4 0237178 
log Ay =2.3548381 log sin al=9. 9999002-10 

log tan a, = 1. 6688797 log SI  =4.0238176 

a1 = 88O46’19’’A = grid asimut h 

18 to $3 

I I z  I Y I  

log AZ =4.3189784 log AX =43189784 
log Ay =2. 7025425 log sin az=9. 9998730-10 

log tan az= 1.6164359 log sz =43191054 

ma =8So36’52”.3=grid azimuth 

2% to $2 

log =4 0121012 log Az =4.0121012 
log Ay =2 4436541 log sin a3=9. 9998416-10 

log fan a3=1. 5684471 log ~3 -4 0122596 

cy =88”7’09”.8 =grid azimuth 

97 



98 U. S. COAST AND GEODETIC SURVEY 

C O M P U T A T I O N  OF G R I D  -AZIMUTHS FROM COORDINATES-Continued 

18to17A 

I =  
17A __________._.... 2,565,934.04 673,505.23 
18 ________._...__... I 2,562,794.86 Feet I 673,416.74 Feet I h a n d  Au _.____ I +3,139.18 I +88.49 

log Ax =3. 4968162 
1% AY = 1. 9468942 

log tan a = 1. 5499220 

a = 88‘23’07’’.2 
Grid azimuth= 268’23’07”.2 

20 to 19A 

I I = - I  I 
19A ---_._.......... 2,557,043.56 673.238.30 
20 -_.._____________. I 2,552,233.55 Feet I 673,190.36 Feet I 1 h s n d A u  --.... I +4 ,810 .01 (  + 4 7 . 9 4 )  

log Az =3. 6521460 
log AY = 1. 6806980 

log tan LY =2. 0014480 

Grid azimuth= 269”5’44”.3 
a = 89‘25’44”.3 

83 to df 

21 ________________.. 2,549,634.82 673,133.12 
’22 .___________._.__. I 2,541,950.9’3 Feet I 672.912.61 Feet I 

I . I  I 

log Ax =3.8855778 
log Av =2. 3434283 

log tan a =l.  5421495 

a = 88‘21’22”.3 
Grid azimuth= 268’21’22‘‘.3 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 99 

1 8 t O  17A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
L17A to Platte Centerwatertower. 
18 to Platte Center water tower.--. 
18to20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  
L20to Platte Center water tower.. 

18 to Platte Center water tower-..- 
18to  22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
L22 to Platte Center water tower.. 

20to 19A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
L 19A to Platte Center water tower ~ 

20 to Platte Center water tower .... 
20to 18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
L Platte Center water tower to 18.. 

COMPUTATION OF T H E  ANGLES FOR TRIANGLES 

268 23 07.2 XI to Platte Center water tower _ _ _ _  180 00 59.3 
237 41 23.4 20 to 22 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  88 27 09.8 
146 04 30.6 L 22 to Platte Center water tower. - 91 33 49.5 
88 46 19.4 
57 18 11.2 22 to21 _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  268 21 22.3 

L 2 1  to Platte Center water tower.. 304 03 46.2 
146 04 30.6 22 to Platte Center water tower..-- 21'2 25 08.5 
88 36 52.3 
57 27 38.3 22 to 18. _______.__________._________ 268 36 5 2 3  

22 to Platte Center water tower- - - - 212 25 08.5 
269 25 44.3 L PlatteCenterwatertower tols- .  56 11 43.8 
270 35 15.0 
180 00 59.3 22 to 20 ______._._________________ _ _ _  268 27 09.8 
268 48 19.4 22 to  Platte Center water tower-..- 212 25 08.5 
88 45 20.1 L Platte Center water tower to 20.- 56 02 01.3 

-~ 

Azimuth and 
angle Stations Azimuth and Stations I 0 I ,  I1 

18toXI . . . . . . . . . . . . . . . . . . . . . .  
L20 to Platte Center water 

tower . . . . . . . . . . . . . . . . . . . . . .  
I8 to Platte Center water 

tower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-~ 

Stations 

0 , I ,  

88 46 19.4 

57 18 09.1 

146 04 28.5=a1 

Stations Azimuth and I 0 I ,  I1 

18 _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
&and Ag _ _ _ _ _ _ _ _ _ _  

water tower.- 
Platte Center 

Azimuth and 
angle 

Fed 
2562.794.88 673.416.74 

-10,556.50 1 +I, 

2,552238.38 689,111.63 

3.6779073 I I . -  I I 3.6779475 I 11 
0=+40. 2+4. 48(1)+6. 45(2)-4. 74(3) 

+8& 14O5Cl=-40. 2 
Cl=-O. 4778 ' 

I No. I Computedo I Adopted o 1 

~~~~ ~ 

COMPUTATION O F  COORDINATES 

l Stations I Azimuth and angle I 

log sin CQ = 9. 7467223 - 10 
log SI =4.2767976 

log COS ai=9. 9189550- 10 
log 81 =4.2767976 

log Az =4. 0235199 1ogAy =4. 1957526 

I I Z I Y  



100 U. 8. COAST AND GEODETIC SURVEY 

COMPUTATION OF TRIANGLES -%s-% %%"&E 
L K K  L 

2-3 4.0238176 

33 56 33.9 0.2530824 
P 1  t t e  Center 

+l 2 18 57 18 11.2 -2.1 09.1 9.9250719 

1-3 4.2019719 
1.2 4.2767974+2 

(4-2)  lwater Toner 28.7 

+2 3 .20 88 45 20.1 -3.1 17.0 9.9998974,1 

2-3 4.3191054 

66 X,  37.7 0.0381169 
Pls t te  Center 

(-1-3) 1Water Tower 37.9 
+1 2 18 57 27 38.3 -2.1 ' 36.2 9.9258362 
+3 3 22 56 11 43.8 +2.3 46.1 9.9195733 

1-3 1),2830605 
1-2 4.2767916 

2-3 4.0122596 

09.2 32 24 03.8 0.2709630 
-2 2 20 91. 33 49.5 4.1 52.6 9.9996380 
+3 3 22 56 02 01.3 +2.3 03.6 9.9187496 

l a t t e  Center 
(+29)  Ester Tower 

1-3 4.2830606:: 
1-2 4.2029722 

F ~ Q I J ~ E  %.-computation of triangles for Platte Center water tower. 
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22to18 _ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _  ~ _ _ _ _  
LPlatte Center water tower 

t o 1 8  _____-__... ~ ____.____. 
22 to Platte Center water 

tower _ _ _ _ _ _ _ _ _ _ _  ~ _.____.. _ _  

Adjustment of Platte Center water tower-Continued 
COMPUTATION OF COORDINATES-Continued 

0 , I! 

268 36 52.3 

66 11 46.1 

212 25 (wi.2=4 

Stations I Azimuth and angle I 

Stations 

20to22 ----- - - -_______- - - - - -_  
L22 to Platte Center water 

tower _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  
20 to Platte Center water 

tower _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Azimuth and angle 

0 , I ,  

gs n 09.8 
91 33 52.6 

180 01 02.4qw 

log sin aZ=9. 7292440-10 log sin C Y Z = ~ .  9264226-10 
log 81 ~4 .2830605  log sz =4. 2830605 

20 __.________---.__- 
& and Au _ _ _ _ _ _ _ _ _ _  

Platte Center 
water tower.. 

log Ax =4. 0123045 log A?/ =4. 2094831 

Feet Feet 
2,552233.55 673,190.36 

+4.82 1 +15.921.06 

2,555 238.37 689,111.42 

I I I 1 

log sin aa=6. 4807595- 10 
log sa =4. 2019720 

log Ax = O .  6827315 

log cos aa = 0.0000000 
log sa =4. 2019720 

log Ay =4. 2019720 

I -l I I I 



PLANE UOORDINATES 

.. 
... 

.. 

20 

..2L . 

............................................. 

+ 
0 
h3 

P 
m 
d 
0 

5 



PLAND UOORDINATES 

.... "...,....I..,".,.,.. ,.* 

FIQKJEE Z7.-Lkt of adjusted coordinates-Continued. 
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Monroe ....................... 
115A ........................... 
115 ............................ 
116 ............................ 
116A ........................... 
117 ............................ 
ll9A ........................... 
l l9B ........................... 
119 ............................ 
121A ........................... 
121 ............................ 
1. ............................ 
122A ........................... 
Qenoa ......................... 

TRAVERSE, MONROE TO GENOA 

List of angles 

0 , ,I 

Columbus municipal tank-- 115A ...................... 156 06 00.5 
Monroe ..................... 115 ........................ 115 17 06.6 
115A ........................ 116 ........................ 237 20 46.9 
115 .......................... 116A ...................... 178 55 22.0 
116 .......................... 117 ........................ 163 36 37.1 
ll6A ........................ 119A ...................... 135 23 38.8 
117 .......................... 119B ...................... 238 12 37.0 
119A ........................ 119 ........................ 150 12 22.3 
11QB.. ...................... 121A ...................... 163 56 48.5 
119 .......................... 121 ........................ 223 35 17.6 
121A ........................ 122 ........................ 162 37 16.4 
121 ........................... 122A ...................... 131 45 26.7 
122 .......................... Qenoa ..................... 259 51 25.1 
122A ........................ Azimuthmark.-. ......... 3 10 09.3 

Station 1 From station- I To station- I Angle 

Geodetic azimuth 

Genoa to  azimuth mark (R. M. no. 1) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  273 04 38. 2 
Oat Genoa _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 05 51. 8 

0 I I1  

Grid a z i m u t h _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - _ - - _ - - _ _ _ _ _ _ - _ _ _ - - -  271 58 46.4 

Plane coordinates on Lambert projection 

State N e b r a e  ka ( s outhbtation Genoa 
6 = 4f 2; 56.708 = 97’ 49’ 36.639 

Tabular difference of R for 1” of 6 - 101*20900 
.Cor. for sec. of 0 

x - 2,000,000.00+ R sin 0 
y = y’ + 2R sin2 9 
y’= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, f, and 0 are given in special tables 
(see log tables) 

FIGWEE 28.-Computation of coordinates from geographic position. 



TRAVERSE COMPUTATION ON THE LAMBERT GEID 

Computation of grid azimuths 

Stations 

Monroe to Columbus municipal tank ........................... 
LColumbus municipal tank t o  115A ............................ 
Monroe to  115A ................................................ 

115A to Monroe ................................................ 
/Monroe to 115 ................................................ 
115A to 115 ..................................................... 

115 t o  115A ..................................................... 
L115A t o  116 ................................................... 
115 to 116 .................................................. l.-. 

116 to 115 ....................................................... 
L115 to ll6A ................................................... 
l l6 tO 116A ..................................................... 

116A to  116 ..................................................... 
L116 to 117 .............................. ....................... 
116A to  117 ..................................................... 

117 to 116A ..................................................... 
L116A to  ll9A .................................................. 
117 t o  ll9A ._........... ........................................ 

119A to 117 ..................................................... 
L117 to  l l9B .................. 3 ................................ 

. 

119A to  119B ................................................... 

l l9B to  119A ................................................... 
Ll lQAto119 ................................................... 
119B to 119 ..................................................... 

119 to  119B .................................... : 
L l l 9 B  to 121A. ............................................... 
l l9 tO 121A .................................................... 

121A to 119 .................................................... 
L l l 9  t o  121 ................. :- ................................. 
12lA to  121 .................................................... 

121 to  121A .................................................... 
L121A t o  122.. ................................................ 
121 to  122 ...................................................... 

122 to  121 ...................................................... 
L 121 to 122A.. ................................................ 
122 to  122A .................................................... 

122A to 122 .................................................... 
L 122 to  Oenoa ................................................. 
122A to Oenoa ................................................. 

Ctenoa t o  I22A ................................................. 
L 122A t o  azimuth mark-.-. ................................... 
Oenoa t o  azimuth mark ....................................... 

Fixed azimuth ........................................... 
Discrepancy ............................................. 

................ 

kzimuth and  
angle 

0 . I t  

291 57 45.9 
156 06 00.5 
88 03 46.4 

268 03 46.4 
115 17 06.6 
23 20 63.0 

203 20 63.0 
237 20 46.9 
80 41 39.9 

260 41 39.9 
178 55 22.0 
79 37 01.9 

259 37 01.9 
163 36 37.1 
63 13 39.0 

243 13 39.0 
135 23 38.8 
18 37 17.8 

198 37 17.8 
238 12 37.0 
76 49 54.8 

256 49 54.8 
150 12 22.3 
47 02 17.1 

227 02 17.1 
163 56 48.5 
30 59 05.6 

210 59 05.6 
223 35 17.6 
74 34 23.2 

251 34 23.2 
162 37 16.4 
57 11 39.6 

237 11 39.6 
131 45 26.7 

8 57 06.3 

188 57 06.3 
259 51 25.1 
88 48 31.4 

2G3 48 31.4 
3 10 09.3 

211 58 40.7 
271 58 46.4 

-5.7 

2orrection 
or  closure 

.. 
.......... +o . 4 
.......... 
.......... +o . 4 
.......... 
.......... +o . 4 
.......... 
.......... +o . 4 
.......... 
.......... +o . 4 

.......... +o . 4 

.......... +o . 4 

.......... 

.......... +o . 4 

.......... 

.......... 
+o . 4 

.......... 

.......... +o . 4 

.......... 

.......... +o . 4 

.......... 

.......... +o . 4 

.......... 

.......... 
+o . 4 

.......... 

.......... +o . l 

.......... 

.......... 

.......... 

105 

seconds of 
corrected 
azimuth 

/ I  

45.9 
00.9 
46.8 

46.8 
07.0 
63.8 

63.8 
47.3 
41.1 

41.1 
22.4 
03.5 

03.6 
37.6 
41.0 

41.0 
39.2 
20.2 

20.2 
37.4 
57.6 

57.6 
n 7  
20.3 

20.3 
48.9 
09.2 

09.2 
18.0 
27.2 

27.2 
16.8 
440 

44.0 
27.1 
11.1 

11.1 
25.5 
36.6 

36.6 
09.8 
46.4 

............ 
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Reduction of lengths 

[Average elevation=1,700 feet. Elevation factor =0.99991873] 

Section Geodetic 
length 

Feet 
2,892.939 
5,798.234 
3,998.347 
5,356.028 
5,892.629 

3,012,647 
7,439.338 
3,979.041 
2,665.579 
2,066.089 

8.368.638 
3,643.842 
3,809.860 

- 
+rid factor 

0.9999616 
.6999612 
,9999605 
,9999599 
,9999591 

,9999582 . 9999570 
.9999562 
.9999550 
.9999535 

,9999519 
.9899512 
.9999504 

Mean latitude = 41’28l.3 
log Ra = 5. 8304093-% log A-% log B 

log A = 8. 5090810- 10 
log B = 8. 5107394-10 

log A+log B = 17.0198204-20 

5 (log A+log B) = 8. 5099102-10 

log constant = 5.8304093 
%.(log A+log B) = 8.5099102-10 

= 7.3204991 
= 20,917,000 

Elevation factor =20,918,700- 209917*000- 0.99991873 

TRAVERSE, COLUMBUS TO CURTIS 

Computation of fixed grid azimuth 

CURTIS TO COLUMBUS MUNICIPAL TANK 

Tank _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,586.477.40 648,491.34 
Curtis _ _ _ _ _ _ _ _ _ _ _ _ _  I 2,595,895.14 Fed I 605,879.69 Feet I 

l o g h  . ~3.97394669 
log AY =4. 62952835 

log tan a =9.34441834-10 

frid length 

Feet 
2,892. 828 
5,798.009 
3,998. 189 
5,355.813 
5,892. 388 

3,012.521 
7.439.018 
3,978.867 
2,665.459 

12,065. 528 

8,368.235 
3,643.664 
3,809.671 

a = 12’27’46”.0 
Grid azimuth= 167°32’14”.0 



COMPUTATION OF COORDINATES 
L 

E I- Y i a r  Month ~anuary - M a 0  

Traveree l i n e  -46onl.ae ta &nos 
State 1 County Platte  and Nanoe I n i t i a l  Station Monroe 

0 h Closing Station Cienoa 

? 4 
Btation Grid Lat. Latitude Departure Grid Coordinates Azimuth 

Plane Distance cos Az Feet Feet Y X 
f 

FIQWE 29.-Computation of coordinates. 



COMPUTATION OF COORDINATES 
Traverse l i n e  3lax Monore t o  Genoa 
State Nebraska (south) County P la t te  and Nanoe I n i t i a l  Station _Monroe 
Year 1934 Month January - March Closing Station Genoa 

Station Azimuth Latitude Departure 

Feet kwgx d i e t .  
I Plane 1 Di%ndce -1 Feet I Feet 

E, 
00 

Grid Coordinates 
Y x 

Feet Feet F 
P 
(3 
0 

5 
9 

3 

8 
8 
3 

0 

2 
cd 

FIQUBE %.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e %  Monroe t o  Genoa 
S t a t e  Nebraska ( south)  County P l a t t e  and Nance I n i t i a l  S t a t ion  Monroe 
Ye- 1934 Month Januam - March Closing S ta t ion  ma 

etation Azimuth G r i d  kugx L a t .  La t i tude  Departure 

Feet Zxwx dist .  
Feet  Plane Distance . %qg cos Az Feet 

G r i d  Coordinates 
Y X 

Feet Fee t  

I I I I I I I 
1 Dlscrepancyl +z.  a4 

I 
~ ~ _ _ _ _ _ _ _  ~~ 

I 
I 

x Factor  

I 

-2.95995 x lb-p 
r -. 



PLANE UOORDINATES 

I . * .  I I ?*( ; . . . I -  

J.!S.A ....... ..%511,9%?.7 ___ 
.: ............. ._..6.7.3,k2.7:29 ........... 

_. I 1 5  _ .......... ... ...?AQ.t#.7.?.Y.?!i .... 
............ ̂  .......-........... ................... 622,3e.Y..8,8. .. 

..L!.G 2@9,,B.Y9.29.. 

..lAipA 2,WS,S~O:9.7. 
-_ k70*.6?A25.. 

I ....... 

............................................... ............................ .I.__ 
....... 

................ b ~ l ,  
............. ........ 

....... 

P 
pl 
Q 
0 5 

. . . . . .  

FIGWEE 30.-List of adjusted wordinatas. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 111 

Plane coordinates on Lambert projection 

stat- Btation -Curt18 
41'18' 33.992 1- 97' 15 56.673 L Tabular difference of R for 1" Of 6 -101 am567 

rR ( for min. of 6 ) 
-Car. for sec. of 6 

x = 2,000.000.00+-R sin 0 

y = y' + ZR sin2 9 
y'= the value,of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

FIOUBE 31.-Computation of coordinates from geographic position. 



112 

Columbus ................ 
1 ......................... z..... .................... 
3... ...................... 
3A ....................... 

3B ....................... 
5 ......................... 
5A ....................... 
7...... ...... 1............ 
7A ....................... 

U . S . COAST AND GEODETIC SURVEY 

Azimuth mark .............. 1 .............................. 
Columbus .................. 2 .............................. 
1 ............................ 3 .............................. 
2........ .................... 3.... ........................... 
3 ............................ 3B ............................ 

3A .......................... 5 .......... : ................... 
3B .......................... 5A 
5 ............................ 7 .............................. 
5A .......................... 7A ............................ 
7 ............................ 8 .............................. 

............................ 

TRAVERSE. COLUMBUS TO CURTIS-Continued . 
L i s t  of angles 

Station 1 From station- 1 Tostation- 1 Angle 

8 ......................... 
9 ......................... 
9A- ...................... 
10 ........................ 
11 ........................ 

7A .......................... 9 .............................. 
8 ............................ 9A ............................ 
9 ............................ 10 ............................. 
9A .......................... 11 ............................. 
10 ........................... 11A ........................... 

11A ...................... 
12 ........................ 
13 ........................ 
13A ...................... 
Curtis .................... 

11 ........................... 12 ............................. 
11A ......................... 13 ............................. 
12 ........................... 13A ........................... 
13 ............................ Curtis ........................ 
13A- ........................ Columbus municipal tank ..... 

0 . . .  
170 55 36.5 
228 41 34.9 
153 43 42.2 
182 13 07.7 
161 30 20.8 

Columbus to  azimuth mark .................................... 
LAzimuth mark to  1 ........................................... 
Columbus to  1 ....... 

1 to  Columbus ................................................. 
LColumbus t o  2 ............................................... 
1 t o 2  ........................................................... 

2 t o 1  ........................................................... 
L 1 t03 ......................................................... 
2 t 0 3  ............................................. = ............. 

3 to  2 ........................................................... 

145 59 27.3 
214 38 43.1 
180 01 18.3 
179 58 48.5 

0 . . .  
180 59 36.0 
170 55 36.5 
351 55 12.5 

171 55 12.5 
228 41 34.9 
40 36 47.4 

220 36 47.4 
153 43 42.2 
14 20 29.6 

194 20 29.6 

180 12 30.1 

3A t o 3  ......................................................... 
L 3 t o 3 B  ....................................................... 
3A t o 3 B  ....................................................... 

204 07 50.2 
132 47 56.6 
195 04 40.2 
188 36 54.4 
148 16 47.6 

196 33 37.3 
161 30 20.8 
358 03 58.1 

171 52 22.9 
219 54 13.7 
132 20 20.5 
198 17 48.9 
17 18 19.8 

5 6  t05 ......................................................... 
L 5 t o 7  ......................................................... 
5A t o 7  ......................................................... 

Computation of grid azimuths 

178 42 08.5 
180 01 18.3 
358 43 26.8 

Stations 

7 t o 5 A  ......................................................... 
L 5 A t o 7 A  ..................................................... 
7 t07A ......................................................... 

Azimuth and 
angle 

178 43 26.8 
179 58 48.5 
358 42 15.3 

7A t 0 7  ......................................................... 

7A t o 8  ._............... ........................................ 

8 to7A ......................................................... 
L 7 A t o 9  ....................................................... 
8 t O 9  ......................................................... .. 

L 7 t 0 8  ............................................. 1 ........... 
178 42 15.3 

358 54 45.4 

178 54 45.4 
204 07 50.2 

180 12 30.1 

P 02 35, 6 

3B t03A ....................................................... 178 03 58.1 
L3A t o 5  ....................................................... 145 59 27.3 
3B to  5 ......................................................... 324 03 25.4 

5 t o 3 B  ......................................................... 144 03 25.4 
L3B t05A ..................................................... 214 38 43.1 
5 to5A ......................................................... 358 42 08.5 

2orrection 
lor C~GSUIQ 

.. 
........... +o . 7 
........... 

........... +o . 7 

........... +o . 7 

........... 

........... 
+o . 7 

........... 
+o . 7 

........... +o . 7 

........... 
+o . 7 

........... 

........... +o . 7 

........... +o . 7 

........... 

........... 
+O . 6 

........... 
+o . 7 

........... 

ieeonds of 
rorrected 
azimuth 

I I ,  

36.0 
37.2 
13.2 

13.2 
35.6 
48.8 

48.8 
4 2 9  
31.7 

31.7 
0 8 4  
40.1 

40.1 
21.5 

04 01.6 

04 01.6 
28.0 
29.6 

29.6 
43.8 
13.4 

13.4 
19.0 
32.4 

32.4 
49.2 
21.6 

21.6 
30.7 
6 2 3  

52.3 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 

Computation of grid azimuths-Continued 

Columbus to  1.. ......... 1 ............................. 
1-2 ..................................................... 
2-3 ..................................................... 
3-3A ................................................... 
3A-3B ................................................. 

3B-5 ................................................... 
&SA ................................................... 
6A-7 ................................................... 
1-78 ................................................... 
7A-8 ................................................... 
8 4  ..................... ................................ 
W A  ................................................... 
9A-10- ................................................. 
10-11 ________._.__ ...................................... 
11-116 ................................................. 

113 

Feet 
2,513.835 
8,298.603 
1.415.413 
4.015.372 
3,855.744 

2.861.519 
3,084.769 
4,192.774 
2,537.759 
2,400.440 

3,144.308 
2.416.772 
3,386.002 
3.371.328 
4,619.767 

Stations 

9to 8 . . . . . . . . . . . . . . . . . . . .  ....................................... 
L8 to 9A .._........ ~ ........................................... 
9 to 9A . ..._........ ............................................ 
9A to 9 ...._. ................................................... 
L e  t o  10 ........................................................ 
9A to 10 . .._........ ............................................ 
10 to 9A- ....................................................... 
L9Ato11 ...................................................... 
10 to  11 ......................................................... 

11 to 10 ......................................................... 
L l O t o l l A  ..................................................... 
11 to 11A ....................................................... 
11A to 11 ....................................................... 
L11 to 12.-. ................................................... 
11A to 12 ....................................................... 
12 to 11A ....................................................... 
L l l A  to 13 ..................................................... 
12 to 13 ......................................................... 

13to 12 ................................................ 2 ........ 
L12 to  13A ..................................................... 
13 to 13A ....................................................... 

13A to 13 ...................................................... 
L 13 t o  Curtis- ................................................ 
138 t o  Curtis .................................................. 
Curtis to 13A .................................................. 
L13A to Columbus municipal tank ............................ 
Curtis to  Columbus municipal tank ........................... 

Fixed azimuth ........................................... 
Discrepancy ............................................. 

Azimuth and 
angle 

0 I .. 
203 02 35.6 
132 47 65.6 
335 M) 32.2 

155 M) 32.2 
195 04 40.2 
350 55 1 2 4  

170 55 1 2 4  
188 36 54.4 
359 32 06, 8 

179 32 06.8 
148 16 47.6 
327 48 54.4 

147 48 54.4 
171 52 22.9 
319 41 17.3 

139 41 17.3 
219 64 13.7 
359 35 31.0 

179 35 31.0 
132 20 20.5 
311 55 51.5 

131 56 51.6 
198 17 48.9 
330 13 40.4 

150 13 40.4 
17 18 19.8 

167 32 00.2 
167 32 14.0 

-13.8 

3orrection 
'or closure 

.. 
........... 

+a . 7 
........... 
............ +o . 7 
........... 

........... +o . 7 

........... 

........... +o . 7 

........... 

........... 
+o . 7 

........... 

........... +o . 7 

........... 

........... +o . 7 

........... 

........... +o . 7 

........... 

.......... 
+O . 6 

Reduction of lengths 

[Average elevation=l. 500 feet . Elevation factor=0.99992829] 

I 

Section 

1lA-12 ......... .. ...................................... 
12-13 ................................................... 
13-13A ................................................. 
13A-curtis ............................................. 
l3A-13B 1 .............................................. 
13B-Cnrtis 1 ........................................... 

4. 208 640 
. 2.518.811 

3,828.705 
5.281.973 
5,181.439 
6.388382 

I 

1 Grid factor used same as on 13A to Curtis . 

Geodetic 
length 

Feet 
2.513.655 
8,295.900 
1,415.312 
4.01 5. as4 
3,855.468 

Grid 
factor 

0.8ggg5BI . 8999544 . 9999529 . GI399519 . 9999506 

. 9999494 . 9999485 . 9999472 

. ggggqsl . 8999452 

. 8999444 . 0990436 . 9999428 . 9999417 . 9999406 

. 9999338 . ea99388 . ea99381 . 8999372 . ea99372 . 9999372 

leconds of 
corrected 
azimuth 

t .. 
43.2 
63.3 
40.5 

40.5 
40.9 
21.4 

21.4 
55.1 
16.5 

16.5 
48.3 

49 04.8 

49 04.8 
23.6 
28.4 

28.4 
14.4 
42.8 

428 
21.2 

56 04.0 

56 04.0 
49.6 
53.6 

53.6 
20.4 
14.0 

........... 

Grid 
length 

Feet 
2,513.545 

1. 415.246 
8,295.530 

4,014.891 
3,855.277 

2.861.169 
3,GM.W 

.4, 192 252 
2 537.440 
5 400.136 



COWUTATSON OF COORDINATES 
Traverse line *.- Curtis 
State- - 9mth  Countyplatte o.nd Butle? Initial Station Columbue 
Y 8 W  1934 Month March Closing Station -tis 

I 
I 

I 
I 

I 
JB 1358 04 01.6 - 

FIGWE 32.-Oomputation of cwrdtnates. 



COMPUTATION OF COORDINATES 
Curtis 
County P l s t t e  and Butler I n i t i a l  Station Columbus 
Month March Closing Station Curtis 
v Traveree line W. 

s t a t e  Nebraska - S o u t  
Y e a r  1934 

@ M 

0 
0 

5 
? 
3 

E 

Z 
0 
Z 
c3 

E W 

M 
3 
0 

FIGURE 32.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse line +?e.Columbus to  Curtis 
State Nebre ska - South 
Year 1934 Month *jlarch Closing Station Curtiu 

&mty Plat te  ond Butler I n i t i a l  Station Colunbue 

Btation Azimuth Grid tDg. Lat. Lat itude 
Plane Distance -8. cos AZ Feet 

Feet -R. d i e t .  

ksg. Dep. 

' Departure 

P 
m 

m 

FIGURE 32.-Computation of coordinates-Continued. 



COMF’UTATION OF COORDINATES 
Traverse l i n e  %.Columbus to Curt18 
Btate Nebra aka - South county P la t te  an& Butler 
Year . 1934 Month Mnrch Closir& Station CurtlR 

I n i t i a l  Station Columbus 

COORDINATES 

I n i t i a l  Station Columbus Btate Nebra aka - South c0unt.y P l a t t e  an& Butler 
Year . 1934 Closir& Station CurtlR 

0 

I I I I I I I 
n i s m n y  I t2.59 I t4.45 

I ! I I I 
~~ I - X  Factnr/; -6.55356 1 I Y Factor = -3.51978 

FIQURE 32.--Computation of coordinates-Continued 

Y 
L? 

0 z 

U 

k M 
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Curtis ..._______.___ 
Az and Av ________.. 

13B _.....__._ 

U. S. COAST AND GEODETIC SURVEY 

TRAVERSE, COLUMBUS TO CURTIS-Continued 

Computation of f i e d  grid azimuth 

CURTIS TO 13A 

Feet Feet 
2,595,895.14 605,879.69 +!& 576.27 +4,731.78 

2,598,471.41 610,611.47 
-1 

13A ..........__.___ 2,593,283.28 610,446.88 
Curtis ._........____ I 2,595,895.14 Fed 1 605,879.69 Feet I Azand AI/ ...- I -2,611.86 1 +4,567.17 

log Ax =3.4169499 
log AY =3.6596471 

log tan (Y 

ff = 29’45’51”.3 
Grid azimuth= 150°14’08”.7 

Computation of coordinates of 1SB 

= 9.7573028 - 10 

1 Stations 1 Azimuth and angle I 
Curtis to 13A ..__.._._______. 150 14 08.7 
L13A to13B .._._..__.__..... 58 19 51.0 
Curtis to 13B .._____.___..... 208 33 59.7=rr1 

SI = 5387.658 

sin a1 = 0.4781797 1 COS a1 =0.87826202 

I 1 Stations I Azimuth and angle, 

13A to Curtis ._______________ 
L 13B to Curtis _._______ ~ _ _ _ _  
13A to 13B ____.______________ 

~2 = 5 190.74 1 

sin a2 =0.99949710 COS c~2=0.03171022 

I 
I I I 1 

Feet 
13A ____............ 2,593,283.28 610,446.86 1 AzmdAy ______... 1 +5,188.13 1 ::.Bo 1 

I . 13B _ _ _ _ _ _ _ _ _ _  2,598,471.41 I 610,611.46 1 I 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 119 

COMPUTATION OF W G W  

2-3 5191.&39 3.7152878 

3 1 3 ~  59 36 59.5 -1.0 58.5 9.935e382 
1-3 -3.0 5388.382 3.73145a 

1 Curtis 5a 19 52.0 -1.0 51.0 0.0700226 
2 1 3 ~  62 03 11.5 -1.0 10.5 9.94614- 

1.1 5261.973 3.72u486 
03.0 

FIQURE 33.-Computation of triangle for Curtis. 

TRAVERSE, OSCEOLA TO 26 

Computation of $xed gTid azimuths 

OSCEOLA TO COLUMBUS NORTHWEST POWER & LIGHT CO. STACK 

Columbus North- 
west Power & I - Feet I Feel 1 
Light Co. stack-.. 2,586,534 06 648,492.32 

Osceola- _.__ ~ ___... 2.534.639.91 581,919.12 

I &and Ay .... I +51,894.15 I +66,573.20 I 
logAx =4. 7151184.1 
h A Y  =4. 82329943 

log tan u =9.89181898-10 

U = 37'56'11". 8 
Grid azimuth=217'56'11". 8 

26 TO n 

log A2 =3. 13993573 
log AY =3. 07786188 

log tan Q =O. 06207385 

U = 49'04'50''.8 
Grid azimuth = 130°55'09".2 



PLANE COORDINATES 

m 
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Plane coordinates on Lambert projection 

StateX&xa&l(aauth)Station 080e5Za 
@ = 41° ld 5f.558 1 - 37-33 '20.250 

Tabular.difference of R for 1" of @ - 101.20%3 

.Cor. for set. of @ 

.cor. for sec. of X 

I 1 U I I 
x P 2.000,000.00+ R sin 0 

y = y' + 2R sin2 9 
f- the value of y on the central meridian for the latitude of the station 
S P log of ratio for reducing arc expressed in seconds to sine 

R, f, and 8 are given in soecial tables 
(see log tables) 

FIQWZ 35.-Computation 01 coordinstea from geoersphic positiin. 
I 



122 U. S. COAST AND GEODETIC SURVEY 

Plane coordinates on Lambert projection 

Columbus-Northwest Power 
StateNsbraekALso uthbtation a- 

4f 25 3.T.188 1 .= 97 * zi 3d.633 
Tabular difference of R for 1" of @ - 101-20900 

-Cor. for sec. of 0 

.Cor. for sec. of X 

x - 2,000.000.00+ R sin 0 
y = y' + 2R sinz # 
y'= the value ot y on the central meridian for the latitude of the station 
S 

R. y', and 0 are given in special-tables 

log of ratio for reducing arc expressed in seconds to sine 
(see log tables) 

hGnaE 36.-Computation of coordlnates from geographic position-Continued. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 123 
TRAVERSE, OSCEOLA TO 26-Continued 

75 .._._.__. 
75.4 .._._.. 
73 ..-- ~ .... 
73A .__.._. 
41 ________. 

0 , I ,  

168 43 47.5 
195 13 09.4 
161 37 58.1 
239 53 30.1 
134 42 42.8 

Osceola.. .- 

' 

82 _ _ _ _ _ _ _ - _ _  
81 ..______.. 
81C ______.. 
81B _______. 

List  of angles 

Angle Station 

o , ,, I- 
Columbus 82 _ _ _ _ _ _ _  

N o r t h -  
w e s t  
Power Q 
L i g h t  
Co.stack 

Osreola ... 81 
82 ......_. ~ 81C 
81 ...__._._ 81B ...._ 
81C---?-.- 81A 

276 20 35.8 ' 76 
75 ._._ ... . . 
75A. _.. . . 
73. ._ ._ - -. . 
73A- ___. -. 

From 1 T o  I 
statim- station- 

221 41 22.1 
179 31 39.1 
170 26 42.2 
164 57 45.7 

205 10 00.3 
169 47 30.3 
178 16 33.7 
194 48 55.0 
179 25 45.0 

41B .______ 
41D _._._ -. 
41E. _c.___ 

41 ______._ 
40 ..._____. 
419 
41C 
41B ______.  

41D __.____ 
41E 
26 

Computation of grid azimuths 

Azimuth and 
angle Stations 

0 , ,, 

40 ..___.... 
41A ___.... 
41C- ___.. 
41B _____.. 
41D ______. 

OsceolntoColumbusSorlh\~rst Power& Light Co. stack ....... 217 56 11.8 
LColunibus Sorlliwest Power & Light Co. stack to82.. ____...._ 27ti 20 35.8 
Osceoln to 82 ____..._____..______..__._____......._.___________.. 134 16 47. ti 

263 58 52.5 
35 10 03.1 

265 47 19.3 
60 29 41.9 

225 14 12.0 

82 to Osceola ... .....__.. .. .- ..-. ..-.. ..- .- ..... .......______.__. 
L Osceola to  81 ................................ : ....... __.___ .__. 
82 to 81 ......................................................... 

81 to 82 ......................................................... 
L82 to  81C ..................................................... 
81 to  81C ........................................................ 

81C to  81 ....................................................... 

81C to  81B ...................................................... 

81B to 81C ...................................................... 
L81C to  81A ........................... ~ ...._........._...._____ 
81B to  81A _____.. = .............................................. 

81A to  81B ...................................................... 
L81B to  79 ...................................................... 
81A to  79 ___..._.___... . .- .~.. .. ..... ~ ....... -_........__......._ 

L 81A to 79E ... ___. .....___.. .....-... ... .. ._......._. -... ...... 
79 to 79E ........................................................ 

79E to  79 ........................................................ 
L 79 to  79D- .................................................... 
79E to 79D- _.._____.. .- .-- _......__..... ..: -.... ...__......._. 

79D to 79E. .................................................... 
L79E to 79C .................................................... 
79D to 79C ..................................................... 

79C to 79D ..................................................... 
L79D to 79B ................................................... 
79C to 79B ...................................................... 

79B to 79C ...................................................... 
L79C to 79A .................................................... 
i9B to 79A 

L81t081B ..................................................... 

79 to  81A-- ..................................................... 

81A _______. 
79 ._________ 
79E-------. 
79D. ___.___ 
79C _ _ _ _ _ _ _ _  
79B ____.___ 
79A _ _ _ _ _ _ _ _  
77 _ _ _ _ _ _ _ _ _ _  
76B. _ _ _ _ _ _ _  
76A. _ _ _ _ _ _ _  

314 16 47.6 
221 41 22.1 
175 58 09.7 

355 58 09.7 
179 31 39.1 
175 29 48.8 

355 '29 48.8 
170 26 42.2 
165 56 31.0 

345 56 31.0 
164 57 45.7 
150 54 16.7 

330 54 16.7 
205 10 00.3 
176 04 17.0 

356 04 17.0 
169 47 30.3 
165 51 47.3 

345 51 47.3 
178 16 33.7 
164 08 21.0 

344 08 21.0 
194 48 55.0 
178 57 16.0 

358 57 16.0 
179 25 45.0 
178 23 01.0 

358 23 01.0 
191 51 17.9 
190 14 18.9 

81B ____.._ 79 
FlA _ _ _ _ _ _ _  79E 
79------.-- 79D.-..-. 
79E _ _ _ _ _ _ _  79C 
79D _ _ _ _ _ _ _  70B __.__. 

79C _ _ _ _ _ _ _  79A 
79B _____._ 77 
796 .____._ 76B _____.  
77 .__..._.. 76A _____.  
76B 76 

41E ______. 
26 ...._____ 
27 _______.. 

202 25 59.3 
217 26 28.6 
117 09 44.7 

jeconds of 
corrected 
azimuth 

I I ,  

11.8 
34.6 
46.4 

07.3 
37.9 
45.2 

26.2 
44.5 
10.7 

10.7 
09 59.1 

09.8 

09.8 
29.1 
38.9 

05.2 
43.8 

n 49.0 

22 49.0 
16.7 
05.7 

106911°-35--9 
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09.4 
48 . 1 
57.5 

57.5 
16.1 
13.6 

13.6 
47.5 
01.1 

01.1 
09.4 
10.5 

10.5 
58.1 
08.6 

08.6 
30 . 1 
38.7 

38.7 
42.8 
21.5 

21.5 
52.5 
14.0 

14.0 
03 . 1 
17.1 

17.1 
19.3 
36.4 

U . S . COAST AND GEODETIC SURVEY 

Computation of grid azimuths-Continued 

........... 
-1 . I  

........... 

........... 
-1.2 

........... 

........... 
-1.2 

........... 

........... 
-1 . 2 

........... 

........... 
-1 . 2 

........... 

........... 
-1.2 

........... 

........... 
-1.2 

........... 

........... 
-1 . 2 

........... 
........... 

-1 . 2 
........... 

........... 
-1.2 

........... 

Stations 

41B to41C ...................................................... 
L41C to  41D ................................................... 
41B to  41D ..................................................... 

41D to41B ..................................................... 
L41B to  41E .................................................... 
41D t041E ..................................................... 

41E to 41D ..................................................... 
L41Dto26 ..................................................... 
41E to  28 ....................................................... 

-4zimuth and Correction 1 angle I for closure 

268 39 18.3 ........... 
225 14 12.0 -1.2 
133 53 30.3 ........... 

313 53 30.3 ........... 
202 25 59.0 -1.2 
156 19 29.3 ........... 
336 19 29.3 .... 2 ...... 
2 1 7 2 6 2 8 . 6  -1.2 
193 45 57.9 ........... 

I o .  .. 17 
79A to  79B ...................................................... 10 14 18.9 ........... 
79A t o  77 ........................................................ 158 01 46.4 ........... 
L79Bto77 ......... i ........................................... 147 47 27.5 -1.2 I 1  
7 7 ~ 7 9 A  ....................................................... 338 01 46.4 ........... 
L79A to76B .................................................... 
77 to 76B ....................................................... 191 17 09.4 ........... 

76B to  77.. ..................................................... 
L77to  76A ..................................................... 
76B to 76A ...................................................... 

76A to 76B ...................................................... 
L76B to  76 ..................................................... 
76A to  76 ....................................................... 

76 to  76A- ...................................................... 
L 76A to  75.- ................................................... 
76 to 76 ......................................................... 

L76to  75A ..................................................... 
75to76A ....................................................... 

75A to 75 ....................................................... 
L 75 t o  73 ....................................................... 
75A to 73 ....................................................... 

73 to 75A .......................... :.. .......................... 
L 75A to  73A .................................................... 
73 to  73A ....................................................... 

73A to  73 ....................................................... 
L73 to  41 ....... ........................=....................... 
73A to  41 ....................................................... 

41 to 73A ....................................................... 
L73Ato 40.. ................................................... 
41 to 40 .......................................................... 

40 to  41 ......................................................... 
L 4 l t o  41A ...................................................... 

41A t o  40 ....................................................... 
L 40 t o  41C ..................................................... 

76 to 76 ......................................................... 

40 t041A ....................................................... 

41A t o  41C ...................................................... 

11 
167 
178 

358 
179 
178 

358 
168 
166 

346 
195 
181 

1 
161 
163 

343 
239 
223 

43 
134 
178 

358 
268 
267 

87 
35 

122 

302 
265 
208 

17 
20 
37 

37 
24 
02 

02 
43 
46 

46 
13 
59 

59 
37 
37 

37 
53 
30 

30 
42 
13 

13 
58 
12 

12 
10 
22 

22 
47 
09 

41C to41A ...................................................... 28 09 36.4 ........... 
L41Ato41B .................................................... 60 29 41.9 
41C to41B ...................................................... 88 39 18.3 ........... 

28 to  41E ....................................................... 13 45 57.9 ........... 
L41E to27 ..................................................... 117 09 44.7 
% t o 2 7  ......................................................... 130 55 42.6 ........... 

Fixed azimuth ............................................ 130 55 09.2 ........... 
Discrepancy. ............................................. ........... 

seconds of 
corrected 
arrimuth 

I tt 

05.7 
26.3 
32.0 

32.0 
21.8 

16 63.8 

16 53.8 
47.0 
40.8 

40.8 
14.9 

01 55.7 

01 55.7 
46.3 

45 4 2 0  

45 42.0 
08.2 

58 50.2 

58 60.2 
66.9 

36 47.1 

36 47.1 
28.9 
16.0 

16.0 
41.6 

12 57.6 

12 57.6 
51.3 

11 48.9 

11 48.9 
01.9 

21 50.8 

21 50.8 
18.1 
08.9 

08.9 
40.7 

38 49.6 

38 49.6 
10.8 
00.4 

00.4 
57.8 

18 58.2 

18 58.2 
27.4 
25.6 

25.6 
43.6 
09.2 

_._______-- 
.__..____-- 
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2 3  

1 4 u  
2 41B 
3 410 
1 3  

COMPUTATION OF TRIANGLES 

9886.4 81 3 6889962 
52 06 40.5 -3.0 37.5 0.1028153 
67 23 46.5 -2.9 b3.6 9.9652862 
60 29 41.9 -3.0 38.9 9.9396717 

5716.072 3.7570971 
1-2 

08.9 
FIWJRE 36.-Computation of triangle for Osceola. 

Reduction of lengths 
[Average elevation =1,550 feet. Elevation factor=0.99992590] 

Taped 
length Section y$p Qrid factor 

Feet 
1,494.420 0.8999318 

-3,211.018 .9%@32!2 
1,871.234 .9999325 
5.473.889 .9%9933l 
2,965.563 .6999341 

2,708.756 
5,416. SIB 
4,973.471 
2, 050.045 
2,517. 782 

3,256.092 I 
4,403.018 
9,150.909 
3,696.305 
6,547.687 

.9999348 

.9999356 . 9999364 . W 3 7 6  

.9999380 

.9gsSW 

.9999396 . 8999405 

.8999419 

.9999438 

.8999449 

.8999462 

.g999483 . w w 9 9  
,8999521 

.8999527 
,9999535 
.8999538 
. 8999550 
.9999558 
,9999574 
.8999582 

Mean 
log A 
log B 

latitude = 41'22'. 5 
= 8.5090835- 10 
= 8.5107469-10 

log A+log B =17.0198304-20 

% (log Aflog I?)= 8.5099152-10 

log constant = 5.8304093 
j$ (log A+log B) = 8. 5099152-10 

log R. = 7.3204941 
R. =20,916,300 

k i d  length 

Feet 
1,494.318 

1,871.108 
3,210.800 

5,473. 523 
2,965.368 

2,708.579 
5,416.460 
4,973. 155 
2,049. 917 
2,517.626 

3,093.705 

2,912.173 
7,252.556 

3.255-913 
4,402.781 
9,150.436 
3,696.120 
6,547.373 

3,348. 638 

2, m. 8% 

2,165.012 
3,080.024 
5. 715. .?A 

2oJ '16' 300-0. 99992590 20,917,850- 
Elevation factor = 



COMPUTATION OF COORDINATES 
T r a v e r s e  l i n e  NOX- 26 
S t a t e  Nebrnnkn(nouth ) County m - t t e  I n i t i a l  e t a t i o n  Osceola  
Year ly34 Month January - March C l o s i n g  S t a t i o n  26 

I hC!& Lat .  1 L a t i t u d e  1 Departure  1 Grid  Coordina tes  
kcmx c o s  Az F e e t  F e e t  Y I X 

I - ~ -  I F e e t  I &ti& d i s t l  I I F e e t  I F e e t  

FIQURE 37.-Computation of coordinates. 

N 
Q, 

c? 



COMPUTATION OF COORDINATES 
Traveree l i n e  -ala tg 26 
State -h) County Polk ana Platte  I n i t i a l  Station Osceola 
Year 1934 Month January - March Closing Station 26 

atation Azimuth Grid dz=f@r. ut. Latitude 
Plane Dlstance Imssx. COB Az Feet 

I 1 Feet I d i s t .  I 
Departure Grid Coordinate s 

Peet Y X 
Peet Feet 

608.669.61 2,527,557.53 
+l. 00 -0.73 - Z9 6-0.61 ? 5 ? 7 . 5 8 0  

I . -  . 

610,119.1E! 2,527,520.02 
+1 07 -0.79 

51 D--??n-?q ?.527.519.23 

- .  

. . FIGWILE 37.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traveree l i n e  w. Osceola to 26 
S t a t e  Nebraska - South Oountypo lk  & P1 s t t e  
Y 8 t S  1934 Month J P . ~ .  - March Closing Station 26 

I n i t i a l  Station Osceola 

9 
P 
0 

3 

3 
8 

2 
3 
3 

P 

0 
U 
M 

rc 

WOWRE 37.-C~mputation of coordinatas-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  +&.Osoeola t o  26 
State a - South b m t y  Polk P la t te  
year %?F Month - bfnpch Closing Station 26 

I n i t i a l  Station Oaceola 

FIQUEE 37.-Computation of coordinates-Continued. 

id 



COMPUTATION OF COORDINATES 
Traverse l i n e  ib.Psceola t o  26 
3tate Nebraska - South , h u t y  Polk  & PIP tte I n i t i a l  Station Osceola 
Pear 1934 Month January - Msrch Closing Station 26 

FIGURE 37 -Computation of coordinates-Continued. 

+ w 
0 

? 
m 



COMPUTATION OF COORDINATES 
Traveree line W.Osceola 26 
State -Wzaelca - South COUnty Polk & P I A  t t e  I n i t i a l  Station Oeceola 
Y e a  1934 Month January - March Closing Station 26 

I I 

I 1 

I 1 I 1 I x Factor I I -2. 614 24;x 16 -3  

I v pnntor = +-5-66??6 x l h  -3  

I 

0 z 
0 
Z 

Q 

8 



PLANE UOORDINATES 
Y w 
t9 



PLANE UOORDINATES 
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73 ...__._.. ~ __..____ 
Monroe. ____...____ 

bz and AU ___._. 

U. 6. COAST AND GEODETIC SURVEY 

Adjustment oj Genoa water tower 

COMPUTATION O F  GRID AZIMUTHS AND LENGTH8 

Monroe to Genoa 

2 B 

Fed Feet 
2,523,868.62 648,641.91 
2,513,984.24 677,725.68 

+9, 884. a8 -29,083.77 

I 
log Ax =4 7419037 
log AY =4.4864771 

log Ax =4. 7419037 
log sin q = 9 .  9416259-10 

log tan =O. 2554266 log SI ~ 4 . 8 0 0 2 7 7 8  

a1 = 60’57‘14“. 5 
Grid azimuth=6O057’14’’. 5 

log AT =3. 9949494 
log AY =e4636507 

log Ay =e4636507 
log COS az=9. 9762644-10 

log tan az =9. 5312987-10 

a2 = 18O46’14”. 8 
Grid azimuth=34l0l3’45’’. 2 

Genoa to 75 

I 

log Ax =e8134467 
log AY =3. 1957668 

log tan a3 = 1. 6176799 

log Az =48134467 
log sin a3=9. 9998737-10 

log ~3 ~ 4 . 8 1 3 5 7 3 0  

Q3 = 88’37’06’’. 5 
Grid azimuth=268*37’06’‘. 5 
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2 

Feet 
73A ________..._..._ 2,526,412.97 
73 _ _ _ _ _ _ _ _ _  ~ ._._.__. 2,523,668.62 

AZ and Ay _.__ +2,544.35 

1 

Feet 
651,322.92 
648,641.91 

+2,681.01 

log tan =9. 9772784-10 

ff4 = 43”30’06’’.7 
Grid a~imuth=223~30’06’’.7 

Monroe to 17 

I AzandAy ___. 1 +4,763.30 I -4,042.49 I 
log AX =3, 6797276 
1% AY =3. 6066489 

log tan =O. 0730787 

Q5 = 49’47’52’’.7 
Grid azimuth=310°12‘07’ ’ .3 

Oenoo to IBA 

122A _________..._._ 2,462,597.70 617,151.44 
Genoa _______._____ I 2,458,788.74 Feet I 647,072.39 Feet I 

log Ax =3. 5808064 
log AY =l .  8979019 

log tan a6 =l. 6829045 

Grid azimuth= 268O48’39”.9 
aa = 88O48’39”.9 
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268 37 06.5 
240 57 14.5 
27 39 52.0 

161 13 45.2 
88 37 06.5 
72 36 38.7 

310 12 07.3 
103 30 64.6 
53 43 01.9 

COMPUTATION O F  ANOLE8 O F  TRIANOLES 

Azimuth and Stations Azimuth and 
angle Stations 

Monroe to Oenoa _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
Monroe to Oenoa water tower -.... 
L Qenoa water tower to Oenoa..-. 

Oenoa to 73 __.___ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Oenoa to Oenoa water tower _ _ _ _ _ _  
LOenoa water tower to 73 _ _ _ _ _ _ _ _  
Oenoa to Qenoa watertower----.. 
Oenoa toMonroe. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
LMonroe to Qenoa water tower.- 

I 

Log snd 
log sin 

Monroe to Oenoa _______________.. 
Monroe to 73 ._____._._____________ 
L73 to Qenoa . . . . . . . . . . . . . . . . . . . . .  

Tabu- 
lar dif- 
ference 
oflog 

for one 
second 

Qenoa to 73. _ _ _  ...________________ 
Oenoa to Monroe _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
L Monroe to 73 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Tabu- 
lar dif- 
ference 
of log 

for one 
second 

73 to Monr oe... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
73 to Oenoa- ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
LOenoa to Monroe _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Monroe to 27 _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  _ _ _ _ _ _  
L 27 to Oenoa water tower _ _ _ _ _ _ _ _  
Monroe t o  Oenoa water tower ...-- 
Qenoa to IBA-.. . ..-~ ____._______ 
LlBA to Oenoa water tower ...-- 
Qenoa to Qenoa water tower.-..-- 

73 to 73A _ _ _ _ _ _  ~ _ _ _ _ _ _  
L73A to Oenoa water tower-----. 
73 to Oenoa water tower _ _ _ _ _ _ _ _ _ _  

Designation Angle 
of angle 

O D -  ll I- 

_ _  
4-16.6 

-3.7 

60 57 14.5 Monroe to Oenoa water tower..-.- 
341 13 45.2 Monroe to73 ____________________-. 
79 43 29.3 L73 to Oenoa water tower _ _ _ _ _ _ _ _  II 

0 I ,, 
Oenoa to 73. _ _ _  __.___________ 
+1+3 _ _ _ _ _ _ _ _ _ _  162 47 08.5 
-2 ._____.______ 11 41 18.9 

4.8135730 
9.4712133 
9.3066227 

268 48 39.9 73 to Monroe ..... ~ _.______________ 
342 07 13.5 73 to Oenoa water tower _ _ _ _ _ _ _ _ _ _ _  
w) 55 63.4 LQenoa water tower to Monroe.. I/ 

_ _ _ _ _ _ _ _  
-6.8 

+10.2 

223 30 06.7 73 to Qenoa water tower .... _ _ _ _ _ _ _  
236 48 18.7 73 to Qenoa ___.___________________ 
100 18 25.4 L Oenoa to Oenoa water tower- _ _  /I 

0 , .  

53 43 01.9 
341 13 45.2 
72 29 16.7 

60 57 14.5 
53 43 01.9 
7 14 12.6 

268 37 06.5 
250 55 53.4 
17 41 13.1 

250 55 53.4 
240 57 14.5 

9 58 38.9 

161 13 45.2 
100 18 25.4 
60 65 19.8 

100 18 25.4 
88 37 06.5 
11 41 18.9 

LENQTH EQUATION 

Designation 1. Angle I Log and 
of angle log sin 

QenoatoMon-1 ’ ” I 
roe _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4.8002778 
1 _ _ _ _ _ _ _ _ _ _ _ _ _  7 14 12.6 9.1002106 

+2-3 ________._ 150 37 28.0 9.6906674 
- 

O= -193.2-9.8 (1)+6.5 (2)+10.5 (3) + 248.544 = + 193.2 
Ci= +0.77734 
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23 

1 Monroe 

3 Qenoa 
1 3  
1-2 

2 73 
79 43 29.3 
72 36 31-7 
27 39 52.0 

2 3  

23.5 Genoa 
Water Tower 

+1 ‘2 Monroe 72 29 16.7 -7.6 
+2 3 13 60 55 19.0 6 . 0  

13 
1-2 

2 3  

21.0 p n o a  a ter  Tower 
-2 2 73 11 41 16.9 -5.0 
+3 3 aenoa 17 41 13.1 +&e 

1-3 

1.2 

2 3  
1 Qenoa 00.5 Water Tower 

-3 2 aenoa 9 50 30.9 -0.2 
-1 Monroe 7 14 12.6 +7.6 

1-3 

1-2 

4.0135730 
o .0070215 
9 -9796633 
9.6667917 *. 80Q2778 
4.4873863 

4.1135730 
150 37 24.8 O.JQ93207 

13.9 9.3065716 
21.3 9.4826654_1 

4.4294655+2 
4.6055591 

4.0002778 
162 47 09.1 0.5217900 

30.7 9.2386025 
. 20.2 9.1003966+1 

4.5676712 
4. &91(652+2‘ 

FIOWB 39.-Computation of triangles for Qenoa water tower. 
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Stations 

Monroe to 73--.. _ _ _ _ _ _ _ _ _ _ _ _  
L73  to Genoa water tower-.. 

Monroe to Genoa water tower- 

U. S. COAST AND GEODETIC SURVEY 

Azimuth and angle 

0 I I ,  

341 13 45.2 
72 29 09.1 
53 42 '54.3=a1 

Genoa ._..____.._...... ~ _ _ _ _  
Az and Au ______._________.. 

Qenoa water tower.-. 

log SI ~4.5676712 
log sin a1=9.9063803-10 

Feet Feet 
2,458,788.74 647, W2.39 

+25,406.82 +8, 783.39 

2,484,195.56 655,855.78 
-1 

log SI =4.5676712 
log COS ai=9.7721754- 10 

log Az =4.4740515 log Ay =4.3398466 

Monroe ________________- -  2,513,984.24 677,725.68 
Az and Ag _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I -B, Feet 788.70 I -21,869.89 Fed 

I I I Genoa water tower. 
-1 

I I I 

Stations Azimuth and angle 

73 to Monroe ._....___._.._________ 161 13 45.2 
LGenoawater tower to Monroe ... GO 55 24.8 
73 to Genoa water tower ___._____.. 100 18 20.4=as 

log sz =4. 6055593 log sz =e6055593 
log sin a2= 9. 9929365 - 10 

log Az =4. 5984958 log Ay =3.8581684 

log COS a2=9. 2526091 - 10 

I 
r3 .._..___..........._--.. 2,523.868.62 G48,641.91 
Az and AII _.._.....___._._ I -39,673.07 Feet I +7,213.87 Feet I 

I Genoa water tower.) 2,484,195.55 I 655,855.78 I 
I Stations I Azimuth'and angle I 

Genoo to 73 __._..._________________ 
L Genoa water tower to 73--. ..... . 
Genoa to Genoa water tower ___.... 

log ~3 =4 4294654 log ~3 =4. 4294654 
log sin a3=9. 9754849-10 log COS as=9. 5141969-10 

log Ax =4. 4049503 log Ay =3.9436623 

I I = P I  

THE TWO TRAVERSES, OSCEOLA TO COLUMBUS AND MONROE TO CURTIS 

I n  the computation of the traverses with intersections a t  48 and 50, 
it would have been satisfactory to adjust one of them and then hold 
the intersection points fixed in computing the other. That is, the two 
sections from 3A to 12 might have been computed and adjusted first 
since these are the two shortest sections. Then 40 to 48 could have 
been computed holding 48 as fixed; also 81 to 50 could have been 
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adjusted in a similar manner. This would have been a simpler 
method of handling the matter but we wished to show a sample of 
the more rigid method of making the computation. As a matter of 
fact, the whole scheme between Columbus, Monroe, Genoa, Osceola, 
and Curtis could have been computed with junction points at 26,40, 
81,48, 50,3A, and 12. This would have given the most rigid adjust- 
ment, but we did not wish to introduce too much complication in the 
work. Our aim has been to keep the computations as simple as 
possible, so that no one would meet with any difficulty in applying 
the principles in ordinary computations. 

Computation of fixed grid azimuths 

12 TO 13 

.17.63 1 -2,518.50 I 
log Ax = 1. 2462523 
log AY =3. 4011420 

log tan a =7. 8451103-10 

a = OO24’03”. 9 
Grid azimuth= 359O35’56’’. 1 

3A T O  3 

3 _._________________ 2,583,991.40 656,665.04 
3A. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 2,582.846.74 Fed I 652,816.56 Feet I 

L ht and AU _ _ _ _ _ _  1 ’ +1,144.66 1 +3,848.48 I 
log Az =3. 0586765 
1% AY =3. 5852892 

log tac a =9. 4733873-10 

a = 16’33’50”. 9 
Grid azimuth=196°33r50“. 9 

81 TO 81C 

I I = I  V I  

81C ________._______ 2,533,197.24 585,030.81 
81 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,533.344.23 586,165.42 1 AImnndAy _ _ _ _ _  1 :6.W/ +11:.39 1 

log A2 =2. 1672878 
1% AY =3. 2707697 

log tan a =8 8965181-10 

a = 4O30’19’’. 8 
Grid azimuth= 175’29‘40“. 2 
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From T o  
Station station- station- 

~~~ 

12 _ _ _ _ _ _ _ _ _ _  13 _ _ _ _ _ _ _ _ _  28A ._____. 
28A ........ 12 ......... 28 ......... 
28 .......... 28A ....... 29 ......... 
29 .......... 28 ......... 30 ......... 

U. S. COAST AND GEODETIC SURVEY 

Station Angle 

0 , I ,  

92 45 24.4 30 ______._ 
176 50 24.6 31A ...... 
178 02 34.3 50 ........ 
237 47 17.4 49 ......... 

40 T O  41A 

:omection 
or closure 

........... 
+2.0 

. - - - - - - - - -. 

. - - - -. -. -. - 
+2.1 

. . - - - - - - - - - 

. - - - -. -. - - - 
+2.0 

. . - - - - -. - - - 

. - -. . - -. . 
+2. 1 

........... 

........... 
+2.0 

. - - - - - - - - - - 

. - - - - - - - - - - 
+2. 1 

........... 

. . - _ _  - - - - - 
+2.0 

........... 

. - -. -. . - 
+o. 8 

. - -. . - - - - - 

................ 
Feet 1 

41A 2,525,769.67 659,622.15 
40 ______________.__. 2,528,371.33 I 657,973.31 

Seconds of 
corrected 
azimuth 

~ _ _ _  
I/ 

56. 1 
26.4 
22.5 

22.5 
26.7 
49.2 

49.2 
36.3 
25.5 

25.5 
19.5 
45.0 

45.0 
10.9 
55.9 

55.9 
40. 1 
36.0 

36.0 
53.0 
29.0 

29.0 
28.5 
57.5 

....................... 
...................... 

I AzandAu ...... I -2,601.661 +1,648.84 I 

12to  13 ......................................................... 
L13to28A ...................................................... 
12to28A ....................................................... 

28A to  12 ....................................................... 
L12 to28 ....................................................... 
28A to28  ....................................................... 

28to 28A ....................................................... 
L28A to  29 ..................................................... 
% t o  29......... ................................................ 

29 t o  28 ......................................................... 
L28to30 ....................................................... 
29to30 ......................................................... 

30to 29....... .................................................. 
L29to31A ..................................................... 
30 to 31A ....................................................... 

L30to50 ....................................................... 
31A to30  ....................................................... 

31Ato 50 ....................................................... 

50tO 31A ........................................................ 
L31Ato 49 ..................................................... 
50to 49 ......................................................... 

49to50 ......................................................... 

49 to48  ......................................................... 
Adopted mean azimuth.. ................................ 

L50tO48 ....................................................... 

Discrepancy. ............................................. 

log Ax =3. 4152505 
log AY =3. 2171785 

log tan CY =O. 1980720 

0 I ,I 

359 35 56.1 
92 45 24.4 
92 21 20.5 

272 21 20.5 
176 50 24.6 
89 11 45.1 

269 11 45.1 
178 02 34.3 
87 14 19.4 

267 14 19.4 
237 47 17.4 
145 01 36.8 

325 01 36.8 
214 00 08.9 
179 01 45.7 

91 34 38.0 
359 01 45.7 

90 36 23.7 

270 36 23.7 
289 54 51.0 
200 31 14.7 

20 31 14.7 

145 04 42.4 
145 04 57.5 

124 33 27.7 

-15.1 

a = 57’38’05”. 7 
Grid azimuth= 122’21’54”. 3 

From 
station- 

29. ........ 
30. _ _  _ _  - - -. 
31A ....... 
50. ._ . . -. -. 

COMPUTATION O F  Q R I D  AZIMUTHS 

I 

Stations 

To 
station- 

31A- ..... 
50 ........ 
49 ........ 
48. - _ _ _  -. . 

Angle 

0 / I, 

214 00 08.9 
91 34 38.0 

289 54 51.0 
124 33 21.7 
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3A _ _ _ _ _ _ _ _ _  
42 _ _ _ _ _ _ _ _ _ _  
43 _.._______ 
43A _ _ _ _ _ _ _ _  
43B _ _ _ _ _ _ _ _  

n4uI 
..-"mG-- 

NO. STATION 

3 ________.. 42 _ _ _ _ _ _ _ _ _  210 13 65.6 44. _______._ 43B ______. 45 __.______ 154 21 17.4 
3.4 ______.. 43 _ _ _ _ _ _ _ _ _  187 46 33.2 45 .____..___ 44 _______.. 46 ____.____ 177 52 50.3 
42 _______.. 43A _ _ _ _ _ _ _  170 33 27.9 46 .___.___._ 45 ________. 47 _ _ _ _ _ _ _ _ _  171 19 55.8 
43 ______... 43B _ _ _ _ _ _ _  217 58 39.6 47 _.____.___ 46 _ _ _ _ _ _ _ _ _  48 _ _ _ _ _ _ _ _ _  256 25 09.6 
43A _____._ 44 _ _ _ _ _ _ _ _ _  138 21 22.4 48 _ _ _ _ _ _ _ _ _ _  47 _ _ _ _ _ _ _ _ _  49 _ _ _ _ _ _ _ _ _  63 36 40.6 

2-3 

49 
2 48 
3 $7 
19 

1-2 

3.4238094 
54 06 18.6 -0.4 18.2 0.0914649 
63 36 40.6 -0.5 40.1 9.9522102 
62 17 02.1 -0.4 01.. 7 9.9470719 

-1.3 3 * 46798% 
2899.654 3.4623462 

01.3 
FICUBE 40.-Computation of triangle for junction of traverses. 

R E D U C T I O N  O F  LENGTHS 

[Average elevation= 1,480 feet. Elevation factor =0.999929251 

Section Geodetic Grid 
length factor 

A mean latitude of 41'22' can be used to compute R, 

log A = a 5090837-10 
log B = 8. 5107475-10 

log A+log B c 17. 0198312-20 

%(log A+log B) = 8. 5099156- 10 

log constant = 5. 8304093 
%(log A+logB) = 8. 5099156-10 

Grid 
length 

Feet 
5,024.841 
2,585.443 
2,662.413 
9,636.723 
3,902.326 
5,305.477 
3,397.835 
2,899.288 

log Rn = 7. 3204937 
Rn 520,916,200 

20' '16' 2oo-0. 99992925 20,917,680- Elevation factor = 
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3A-42 .................................................. 
42-43 ................................................... 
43438 ................................................. 
43A43B ............................................... 

. 43B-44 ................................................. 

u . s . COAST AND GEODETIC SURVEY 

Feet Feet 
2,145.276 2,145.124 
2,424.995 2,424.823 
3,319.481 3,319.246 
1,461.702 1,461.599 
2,090.771 2,090.623 

COMPUTATION O F  G R I D  AZIMUTHS 
. . . . . . . .  

0.9999512 . 9699504 . 9999499 . 9999495 . 9999494 

. 9999483 . 9999467 . 9999452 . 9999449 

Stations 

Fed 
2,145.019 
2,424.703 
3,319.080 
1,461.525 
2,090.517 

4,198.674 
5,393.776 
3,217.157 
2,653.107 

3A to  3 ........................................................ 
L 3  to 42 ....................................................... 
3A to  42 ....................................................... 

4 2 t 0 3 A  ....................................................... 
L3A to43  ..................................................... 
42 to  43 ...._.... ............................................... 

43 to  42 ........................................................ 
L42 t o  43A .................................................... 
43 to  43A ...................................................... 

43A t o  43 ...................................................... 
L 43 to 43B- ................................................... 
43A t o  43B.. .................................................. 

43B to 43A ..................................................... 

43B t o  44 ...................................................... 

44 to  43B ...................................................... 
L43B to45  .................................................... 
44 to45 ........................................................ 
45 to 44.... .................................................... 

45 to 46............... ......................................... 

46t045 ........................................................ 

4 6 t O  47 ........................................................ 

47to 46 ........................................................ 
L46tO 48....... ............................................... 
47 to 48 ........................................................ 

48to47 ........................................................ 

L 43A t o  44 .................................................... 

L44 t o  46 ...................................................... 

L45to47 ...................................................... 

L47 t o  49 ...................................................... 
48 t o  49 ........................................................ 

Adopted mean azimuth .................................. 
Discrepancy.. ........................................... 

Azimuth and 
angle 

0 n .. 
196 33 50.9 
210 13 55.6 
46 47 46.5 

226 47 46.5 
187 46 33.2 
54 34 19.7 

234 34 19.7- 
170 33 21.9 
45 07 47.6 

225 07 47.6 
217 58 39.6 
83 06 27.2 

263 OB 27.2 
138 21 22.4 
41 27 49.6 

221 27 49.6 
154 21 17.4 
15 49 07.0 

195 49 07.0 
177 52 50.3 
13 41 57.3 

193 41 57.3 
171 19 55.8 

5 01 53.1 

185 01 53.1 
256 26 09.6 
81 28 02.7 

261 28 02.7 
63 36 40.6 

325 04 43.3 
325 04 57.5 

-14.2 

I- 
........... 

4-1.4 
.......... 
........... 

+1 . 4 
........... 
........... 

+1 . 4 
........... 
........... 

+l . 4 
........... 

........... 
+1 . 5 ........... 

........... 
+1 . 4 

........... 

........... 
+1 . 4 

........... 

.......... 
+1 . 4 

........... 

........... 
+1 . 4 

........... 

........... 
+1 . 5 

........... 

I .. 
50.9 
57.0 
47.9 

47.9 
34.6 
22.5 

22.5 
29.3 
51.8 

51.8 
41.0 

32.8 
23.9 
66.7 

66.7 
18.8 
15.5 

15.5 
51.7 

42 07.2 

42 07.2 
57.2 

02 04.4 

02 04.4 
11.0 
15.4 

15.4 
42.1 
57.5 

a2 .8 

........... _____.____-I:::::::::::: 
R E D U C T I O N  O F  L E N G T H S  

[Average elevation=l. 480 feet . 1 Elevation factor=0.99992g25] 

Taped Geodetic I length j length 

44-45 ................................................... 
45-46 ................................................... 
4 W 7  ................................................... 
47-48 ................................................... 

I Use same elevation factor as on section 12 to  48, 0.99992925. 

Grid I Grid 
factor length 



TRAVERSE COMPUTATION ON T H E  LAMBERT GRID 

40 .......... 
39 .......... 
38 .......... 
37A ........ 
37 .......... 
36 .......... 

Traverse, 40 to 48 

--- ~- 
0 I ,, 

41A ....... 39 ......... 193 27 48.2 35 .......... 36 ......... 34 ........ 
40 ......... 38 ......... 221 27 15.6 34 .......... 35 ......... 33A ...... 
39 ......... 37A ....... 124 09 26.4 33A ........ 34 ......... 32 ........ 
38 ......... 37 ......... 146 56 35.0 32 ...... _... 33A ....... 32A ...... 
37A ....... 36 ......... 179 26 12.9 32A. 32 48 
37 ......... 35 ......... 181 17 55.4 48 .......... 32A ....... 49 ........ 

....... ......... ........ 

L I S T  O F  ANGLES 

Mt041A ....................................................... 
L41A to39 ..................................................... 
40to39 .......................................................... 

39to40 ......................................................... 
L40to38 ....................................................... 
39 to38  ......................................................... 
38to39 ......................................................... 
L39 to37A ..................................................... 
38tO37A ....................................................... 

37A to38  ............ 
L38 t o  37 .... 1 .................................................. 
37A t o  37 ................................................... i--- 

37t037A ...................................................... I 

L37A to36 .................................................... 1 
37tO 36 ......................................................... 

0 , I ,  

122 21 54.3 
193 27 48.2 
315 49 42.5 

135 49 42.5 
221 27 15.6 
357 16 58.1 

177 16 58.1 
124 D9 26.4 
301 28 24.5 

121 26 24.5 
146 56 35.0 
268 22 59.5 

88 22 59.5 
179 26 12.9 
267 49 12.4 

COMPUTATION OF G R ~ D  AZIMUTHS 

36to37 ......................................................... 
L37 to35 ....................................................... 
36tO 35 ......................................................... 

143 

87 49 12.4 
181 17 55.4 
269 W 07.8 

Angle 

a t 0 3 6  ......................................................... 
L36to34 ....................................................... 
a t 0 3 4  ......................................................... 

34to35 
L35to  33A... .................................................. 
Mto33A ....................................................... 

......................................................... 

0 # N 

89 07 w.8 
180 18 47.0 
269 25 &La 

89 25 54.8 
177 37 26.0 
267 03 20.8 

180 18 47.0 
177 37 26.0 
231 26 48.5 
193 14 22.2 
185 33 51.6 
167 46 56.3 

Stations Azimuth and 
angle 

L A t o  ........................................................ 
3334to32 ....................................................... 
33A to 32 ....................................................... 

32to 33A.. ..................................................... 
L33A t o  32A .................................................... 
32to32A ....................................................... 

32A to 32-.. .................................................... 
L32 t o  48 ....................................................... 
328. to 48 ....................................................... 

48to 32A ....................................................... 
L32A to49-~-------------------------.--.------------------.~.- 
48 to 49. ......................................................... 

Adopted mean azimuth ................................... 
Discrepancy-. .......................... I.. ............... 

87 03 20.8 
231 26 48.5 
318 30 09.3 

138 30 09.3 
193 14 27.2 
331 44 31.5 

151 44 31.5 
185 33 51.6 
337 18 23.1 

157 18 23.1 
167 48 56.3 
325 05 19.4 
325 04 57.5 

+21.9 

I ,# 

54.3 
46.4 
40.7 

40.7 
13.8 
54.5 

54.5 
24.6 
19. 1 

19. 1 
33. 1. 
52.2 

52. 2 
11.1 
03.3 

03.3 
53.6 

06 56.9 

08 56.9 
45.2 
4 2  1 

4 2  1 
24.1 
CN3.2 

08.2 
46.7 

29 5 2 9  

29 52.9 
20.4 
13.3 

13.3 
49.8 
03.1 

03.1 
54.4 

04 57.5 
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81 .......... 
62 .......... 
61 .......... 
60 .......... 
59 .......... 
58 .......... 
57 .......... 
56 .......... 

U . S . COAST AND GEODETIC SURVEY 

R E D U C T I O N  O F  L E N G T H S  

[Average elevation=l. 480 feet . 1 Elevation factor=0.99992925] 

Section I 1 ~~~~~ [Grid facto] 

0 . . .  0 . . .  
81C ....... 62 ......... 51 09 29.4 55 .......... 56 ......... 54 ......... 145 32 43.1 
81 ......... 61 ......... 177 16 46.3 M .......... 55 ......... 53 ......... 201 00 59.1 
62 ......... 60 ......... 196 40 09.4 63 .......... 54 ......... 52A ....... 165 25 2 2 7  
61 ......... 59 ......... 136 47 30.1 62A ........ 53 ......... 52 ......... 147 43 28.8 
60 ......... 58 ......... 222 15 50.0 52 .......... 52A ....... 51 ......... 218 26 33.1 
59 ......... 57 ......... 119 49 48.9 61 .......... 52 ......... 50 ......... 187 16 27.6 
58 ......... 56 ......... 253 38 14.8 50 .......... 51 ......... 49 ......... 156 66 10.3 
57 ......... 55 ......... 165 02 39.7 49 .......... 50 ......... 48 ......... 124 33 27.7 

40-39 ................................................... 
3%38 ................................................... 
38-37A- ................................................ 
37A-37 ................................................. 
37-36 ................................................... 
36-35 ................................................... 
35-34 ................................................... 
34-33A. ................................................ 

, 33A-32- ................................................ 
3M2A- .................................... c ........... 
32A-48 ................................................. 

0 . . .  
175 29 40.2 
51 09 29.4 

228 39 09.6 

46 39 09.6 
177 16 46.3 
223 55 55.9 

43 55 55.9 
196 40 09.4 
240 36 05.3 

60 36 05.3 
136 47 30.1 
197 23 35.4 

17 23 35.4 
222 15 50.0 
239 39 25.4 

59 39 25.4 
119 49 48.9 
179 29 14.3 

359 29 14.3 
253 38 14.8 
253 07 29.1 

73 07 29.1 
165 02 39.7 
238 10 08.8 

~ Feet 
4,591.177 
2,609.651 
5,932.315 
5,592.604 
2,340.846 
6,747.374 
2,920.441 
3,838.763 
8.1W . 167 
8,018.458 
3,736.362 

.. 
........... 

-1.6 
............ 

............ 
-1.6 

............ 

............ 
-1.7 

............ 

............ 
-1 . 6 

............ 

............ 
-1.6 

............ 

............ 
-1 . 7 

............ 

............ 
-1.6 

............ 

............ 
-1.6 

............ 

0.9999527 . 9999516 

. 9999494 . 9999472 . 9999456 

Grid length 

COMPUTATION O F  G R I D  AZIMUTHS 

Stations 

81 to  81C ...................................................... 
L81C to62 .................................................... 
S i t 0  62 ........................................................ 

62 to 81 ........................................................ 
L 8 l t o  61 ...................................................... 
62 to 61 ........... I 
61 to 62 ........................................................ 
L62tO 60. ..................................................... 
61tO 60..... ................................................... 

............................................ 

60 to  61 ........................................................ 
L61to59 ...................................................... 
60 to59 ........................................................ 

59 t o  60 ........................................................ 
L60to58 ...................................................... 
59 to58 ........................................................ 

68 t o  59 ........................................................ 
L 5 9 t o  57 ...................................................... 
68 to 57 ........ 1 ............................................... 

57 to  58 ........................................................ 
L58 to 58 ...................................................... 
57 to  56 ........................................................ 

56 t o  67 ........................................................ 
L57to55 ...................................................... 
56 to 55 ___-_____._-.-__- . .._.. . _._.. ........................... 

Azimuth and Correction 
angle for closure 

3econds of 
corrected 
azimuth 

5 2 7  
07.7 
00.4 

28.9 

17.3 
4 a 4  

17.3 
. 47.2 

04.5 

M.5 
13.2 
17.7 

17.7 
38.1 

09 65.8 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 

COMPUTATION O F  GRID AZIMUTHS-Continued 

Stations Azimuth and 
angle 

Zorrection 
(or closure 

__-- - 
-1.6 

~~ ~ 

R E D U C T I O N  O F  L E N G T H S  

[Average elevation=l,520 feet. Elevation factor=0.09992733] 

Geodetic 
length 

Feet 
4,289.393 
2,972.739 
4.843.070 
3,026.439 
6,030.850 
3,316. 158 
5,522.043 
2,724.122 
6,584.742 
4,621.171 
3,758.786 
3. 111.651 
2,208.340 
5,591.740 
3,398.026 

Grid 
factor 

.9999361 

,9990414 
.gggS424 
.9990437 

Use same R. as for section 12 t o  48. 
20 916 200- 

Elevation factor=20~917~720-0.99992733. 

Determination of weighted mean far grid azimuth of line &9 to &3 

From 12 to 49 with 8 angles, azimuth 49 to  48=145 04 42.4 
From 3A to 48 with 10 angles, azimuth 49 to 48= 145 04 43.3 
From 40 to 48 with 12 angles, azimuth 49 to  48= 145 05 19.4 
From 81 to 49 with 16 angles, azimuth 49 to 48= 145 05 21.2 

0 I I I  

1 ThislengthheIdasin section12toB8. 

Leconds of 
corrected 
azimuth 

, I ,  

09 65.8 
41. 4 
37.2 

37.2 
57.6 
34.7 

M. 7 
21.1 

08 65.8 

08 55.8 
27.1 
22.9 

22.9 
31.5 

18 54.4 

18 54.4 
26.0 

20.4 
08.6 
29.0 

20.0 
28.5 

04 57.5 

m. 4 

-____--  
. _-. - . _ _  - -_ 

Grid 
length 

5: 521.690 

5; 591.418 
3,397.835 
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As computed from 12 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
As computed from 40 _____________.-___.. 
As computed from 81 ___..____..._____. . 
As computed from 3A ...- ._.___..__ __. . 

Assign weights to these results inversely proportional to the number 
of angles in each case. We could adopt the weights of %, j4, yS, and g, 
respectively, but it is somewhat troublesome to use fractions. To 
avoid this we multiply each of the above weights by the continued 
product of the denominators, so that it results that each weight is 
the product of the other three denominators since the respective de- 
nomnator cancels out. The weights therefore become 240, 192, 160, 
and 120, respectively. The seconds of the respective results with 
145'04' become the following: 

42.4X 240= 10176.0 
43.3X 192= 8313.6 
79.4X 160= 12704.0 
81.2X 120= 9744.0 

TotaLs=712 40937.6 

40937 .6~  712= 57.5 

The ado ted mean, therefore, is 145O04'57".5. The azimuth of 49 

be done by adding 1".1 more to the required angles of 12 to 49 and 
by subtracting 2".3 more from required angles of 81 to 49.' This 
result is shown in the computations of the grid azimuths on pages 
140 and 145. 

After the azimuths were corrected to hold the adopted mean of 49 
to 48, two values were derived for 49' to 50: 

Since it was desirable to have the same value for the azimuth of this 
line on both of the traverses, we further adopted the weighted mean 
for this line. The number of angles up to this point on the 2 trav- 
erses were 7 from 12 to 48 and 15 from 81 to 49. By weighting in- 
versely as the number of angles, we have the following computation: 

to 50 shou P d also be held the same in 12 to 49 and 81 to 49. This can 

From 12 to 48, we got 20°31'27/'.9. 
From 81 to 49, we obtained 20°31'31''.3. 

Feet Feet 
632,980.45 2,568,790.28 
632,982.51 2,568,790.05 
632,977.56 2,568,788.09 
632,981.01 2,588,791.41 

27.9X 15=418.5 
31.3X 7=219.1 

Totals=22 637.6 

637.6i22e29.0 

Hence, we held for the azimuth of line 49 to 50 20'31'29''.0. This 
resulted in a correction of +0".8 to the angle at 49 between 50 and 48. 
The discrepancy between this value of 49 to 50 and the computed 
value of the same on each of the lines 12 to 48 and 81 to 49 was then 
prorated on the angles UP to that oint. The final results are shown 
in the computation of'gnd azimut % s on the two traverses. 

Computation of the value of 48 to be held i n  the four traverses 

The four values of the coordinates of 48 as determined by the four 
traverses are tabulated below: 

I l y I z  I 
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The total approximate lengths of these traverses axe as follows: 

147 

I 1 Length I 
From 12 ...................... 
From 40 ...................... 
From 81 ...................... 
From 3A-. ................... 

Feet 
35,414 
64,425 
ffl. 895 
28.904 

To determine the coordinates of 48 to be held fixed, we should 
weight the values inversely as the length. We can get weights 
accurate enough by dividing 100,000 by each of the lengths in suc- 
cession ap roximating to the nearest one one-hundredth. We thus 
get the fo IP owing weights: 

I F i g h t  I 
. . .  

From12 ...................... 

From 3A ............ 2 1  ....... 

From 40-. 
From 81 

.................... 
...................... 

3.72 

In computing the weighted mean, we need only use the last four 
figures in each coordinate for the remainder is the same m each case. 
This considerably shortens the necessary computation. We multiply 
each value by its weight and then divide the sum of these products 
by the sum of the weights. This gives the last four figures to be held 
on each coordinate of 48. 

80.45 X 2.82 = 226.8690 
82. 51 X 1. 84= 151.8184 
77. 56X 1. 54= 119. 4424 
81. 01x3. 72=301. 3572 

Totals=9.92 799. 4870 

799. 4870t9. 92=80. 59 

The y coordinate is, therefore, 632,980.59. 

90. 28 X 2.82 = 254. 5896 
90. 05X 1. 84= 165. 6920 
88. 09X 1. 54= 135. 6586 
91. 41x3. 72=340. 0452 

TotaLs=9. 92 895.9854 

895. 9854t9. 92=90.32 

The x coordinate, therefore, becomes 2,568,790.32. 
We meet an additional complication in this case from thefact that 

49 and 50 both owur in two of the traverses. Since that from 12 is 
the shorter of the two v e  decided to fix the values of these two sta- 
tions in that and then hold them fixed in the one from 81 which is 
the longest of the four. The final discrepancy in this traverse will, 
therefore, have to be derived from station 50. 



COMPUTATION OF COORDINATES 
Traveree l i n e  %?m 12 t o  kl 

a ( sou th )  ~ ~ t y . - E u ? i n n d P - ,  I n i t i a l  S t a t ion  12 
Month Jmuam - March Closing S t a t i o n  46 

FIQURE 41 -Computation of coordinates. 

rn 



COMPUTATION OF COORDINATE8 
Traveree l i n e  &x, I ?  t n  4$ 
State-h\ county Butler ana Polk InitlcJ Station 
Year 1934 Month January' - March Closing Btation 

Btatiaa Azimuth Grid Lat. Latitude Departure Grid Coordinate8 

Feet d ie t . .  Feet Feet 
Plane Distance C O B  Az Feet Feet 9 X 

I - .  - 
I 

v Faot or t +?J.95'J24x 10 - b 

Q 

U 
E 

FIGURE 41.-Computation of coordinates-Continued. 



Y 

COMPUTATION OF COORDINATES 
Traverse l i n e  t o  
StateNebrRskR (eouth] County Plat te  and Polk I n i t i a l  Station 3A 
Y e s  1934 Month January - Maah Closing Station M 

atation Azimuth Grid LQFpr Lat. Latitude Departure G r i d  Coordinates 

Feet Feet Feet 
Plane Distance Zw$x cos Az Feet Feet Y X 

cn 
0 

m 
d 
0 

el 
+ 
% 

3 

: 
z! 
2 

0 
M 
0 
U 
M 

M 
4 

FIOWRE 41.-Computation of coordinates-Continued. 



I 

0. 

x Factor = -4.05144 x lo-' 

y Factor = ! -1.56111 x 



COMPUTATION OF COORDINATES 

Btation Azimuth Grid 

Feet 
Plan8 Distance 

Y 

Lat. Latitude Departure Grid Coordinate a 

~WSX die t .  Feet Feet 
j&?& C O B  Az - Feet Feet Y X 

. 1  - _ - - - _ I _ _  

Traveree l i n e  w. 40 t o  48 
State , A .  - South County Plat te  In i t ia l  station 40 
year 1.93 4 Month - ~ ~ , . ~ h  Cloeing Station ILR 

654.68 0.44 a. .531.570.38 - .1 +0.02 
654.680.28 2-53 1.570.40 

648.979.79 2.536.755.33 
-0.46 +0.07 

648.979.33 2.536.755.40 

FIGURE 41.-Computation of coordinates-Continued 

cr 
m 

0 
M 
0 
U 
M 

c) 
2 



COMPUTATION OF COORDINATES 
Traverse l i n e  4Te.40 to 4 R  
S t a t e  d e b r  aska - South 
Year 1994 . Month January - March 

County P l a t t e  I n i t i a l  Stat ion 40 
Closing Stat ion 48 . 

0 1  n 

0 
Z 

M 

FIGURE 41.-Computntion of coordinates-Continued. 



COMPUTATION OF COORDINATES 

x 

y 

- - - ___  - - 
Traveree line %e,-. 
State Nebraska - South County Plat te  I n i t t a l  Station 40 

Closing Station 48 year 2934 Month - 'March 

F a c $ ~ r  ., +0.49&0 X 10-3 

Factor - -3.527'9 X 10-3 

~~~~ ~~ 

0 
M 

M 
8 
t! 
ii 



COMPUTATION OF COORDINATES 
Traverse l ine  +le. 81 to  48 
State Nebraska - South County Polk I n i t i a l  Station 81 

Month January - March Closing Station 4R Yel3l’ JQ’J4 

Btat lon Azimuth’ Grid h e ; .  Lat. 
Plane ’ Distance . bg. cos Az I- 

Feet  Itfig. d i s t .  

Latitude Departure Grid Coordinates 

Feet Fee t 
Feet Feet 9 X 

01 cn FIGURE 4l.-Computstion 01 coordinates-Continued. 



COMPUTATION OF COORDINATES 
Traverse l ine  *. 81 to 48 
State Xfhy Aka - South county _Enlk I n i t i a l  Stat ion,  81 
Y e w  1974 Month January - March Closing Station 4R 

etation Azimuth Grid a. Lat. 
Plane Distance m. cos AZ ' 

' Feet tJerp. d i s t .  

Lat itude Departure Grid Coordinate 8 

Feet Feet 
X 

cl 
Feet Feet Y 

m 

U 
0 
M 
0 
tl 
M 

3 
3 
4 

FIGURE 41.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES - - County Polk Initial Station 81 
Closlng Station a - Month January - March 

x F ctor - i3 .7  859 X 
Y Fictor = +5.1$78 X 1 

Determlned f r o m  50. 
Dlsorepancy at 50 -3.01 

FIQURE 4 1  ,-Computation of coordinntes-Continued. 

Q 

@ 
-2.22 



COMPUTATION OF COORDINATES 
Traverse 1ine-W. 81 to 48 
State Nebr Rska - South OOuntY I n i t i a l  Station 81 
Year 1974 Month ZnVv - MnVnh Closing Station 48 

d 
0 

c-1 
t 

m 

FIGURE 41.-Compatation of coordinates-Continued. 



PLANE COORDINATES 

-2.4 ......... ._ 
....kLs+x6.6:a.~ ._..- ................................ 

............ . 
..................... ........................... 

...... 
._..-I- ....................... 

-- ........................ 

-- ___I___._.__ . - 
.......... ~ . 

............................ I_-_--___.I__ ....... -. 
3-9  __._._C._..__.____.__ ........................... I 1  t i  _________ 1 - 
____.._.__ 

_I___-_._____L__._" __-I__ ___. - 
-M..,-. -r?,Sh8,.7.?Q.Q,32 ___...-______-- .- - 
-_..__--.--I.-- ..e$ m.5 ?I..-_ 

~~~~ ~~ 

- ................ . -- ............... .... m... m ",.". **... I." 

FIGURE 42.-List of adjusted coordinates. 

0 z; 
31 
Mi 



PLANE COORDINATES 

e , .  F d  . . I  r e  
3 .................................... 2,583..?%Y0 .................... - ...................... .... ?.,Z68+.7?!... 32, ........................ ............................ 

~ ................................... 6.56+66S..O.V ....................................... ........... ..: ..... 632,.%Q%59 ........................................................... ~ 

......................................................................................... .................................... ................................................ 
... ...... .... ...... ..... ...3 8 ............................................... 2,55'2,&?%..7~. 1-96 33 .5X,.? 3 ....................................................................... 

............................................................... 65!2,f!6. a .................................................................. 
3 . 2  .......... .%*~~!~.??3.:08... ........................................ ..................................................................... 
............................................................... 6+l,dYg.L91... ................................................................ .. .................................................................................... 

3 3  .................... i ..... 2,.52.9,.~.P.l:.20. ... ......... : .............. ._ ...................... ....................... ................................. 

............................................................................................... : ... _ ................................................................................................... ...................................................................................................... 

....................................................... ._ ................................................................................................. ....................................................................................... 

........................................................ .h.fZFI?YZ:.sl.. ._ .................... : ........................................ ....... ._ .................................................. ~ ........... 
. ..I ....................................................................................................... 

- . ~  3.3.A. 2,516,95.Y: .7 ..................................................................................... 
- 6Y.i!,.6eo:k?.. ....... .- ......................................................................................................... 

...Y 3.8 ......................... - ..... -- ....... ..2,37s,.s?3:73. .................... : ._ ... ................. 

...+?i! .-2,d.~~~~~q:..3.7.. . . - .......... .. 

......... ............................................................... 

637325.5.l. .~ ... ... 
......................... I .............................. ........................... 

... .......... 
.. .. 

.. / I 1 1  ..... .......... I 1  .................. I _-._ -. -. 
.-Y! -.- - -2S72+9.7Y.S! - __ _. 
- ...-h.g I& 7 2  I... ._ -_ 

FIQURE 42.-List of adjusted coordinates-Continued. 
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FIGURE 42.-List of adjusted coordinntes-Continued. 



PLANE OOORDINATES 
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_.................. .. 
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..I9 

._ -.- 
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FIGURE 42.-List of adjusted coordinates-Continued. 
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TRAVERSE COMPUTATION ON THE LAMBERT GRID 163 
Traverse, Genoa to 81 

LIST O F  ANGLES 

Oenoa ... 
lOlE __._. 
lOlD _ _ _ _ _  
lOlC ____. 
lOlB ____. 

1 0 1 ~  _.___ 
101 ______. 
100 ..____. 
99 __.____. 
98A _ _ _ _ _ _  

Station From station- staT&- Angle I I /  
Azimuthmark lOlE _ _ _ _  17 45 51.4 
Genoa _____._ ~ lOlD _ _ _ _  232 53 51.0 
lOlE _ _ _ _ _ _ _  _ _ _  lOlC _ _ _ _  156 44 17.5 
lOlD _ _ _ _ _ _ _ _ _ _  lOlB _ _ _ _  174 19 29.5 
lOlC _ _ _ _ _ _ _ _ _ _  lOlA _ - _ _  176 OB 17.9 

lOlA _________. 100 _____. 127 34 59.3 
101 _ _ _ _ _ _ _ _ _ _ _ _  99 _ _ _ _ _ _ _  177 54 22.5 
100 .________ _ _ _  98A _ _ _ _ _  215 01 42.2 
99 ___________._ 98 _ _ _ _ _ _ _  158 33 54.6 

IOlB _ _ _ _ _ _ _  :-. 101 _ _ _ _ _ _  168 28 45.4 

92 _ _ _ _ _ _ _  
91 _ _ _ _ _ _ _  
90 _ _ _ _ _ _ _  
89 _ _ _ _ _ _ _  
89A..--- 

87 _ _ _ _ _ _ _  
86 ______. 
85 _ _ _ _ _ _ _  
84 _ _ _ _ _ _ _  
83 _ _ _ _ _ _ _  

164 59 45.8 
216 13 47.9 
140 21 12.9 
193 45 22.9 
196 48 38.9 

169 32 43.9 
134 41 05.7 
191 42 16.9 
146 38 15.7 
244 46 08.5 

Station From station- staz&- Angle I I /  

98 _______. 
97 _ _ _ _ _ _ _ _  
96 ___-.___ 
95 _ _ _ _ _ _ _ _  
94 _ _ _ _ _ _ _ _  

98A _ _ _ _ _ _ _ _ _ _ _  97 _ _ _ _ _ _ _  255 03 56.7 
98 _ _ _ _ _ _ _ _ _ _ _ _ _  96 _ _ _ _ _ _ _  207 10 33.1 
97 _ _ _ _ _ _ _ _ _ _ _ _ _  95 _ _ _ _ _ _ _  178 07 42.1 
96 _ _ _ _ _ _ _ _ _ _ _ _ _  94 _.__ _._ 149 21 24.2 
95 _ _ _ _ _ _ _ _ _ _ _ _ _  93 _____._ 186 51 14.6 

83A-.-_. 152 43 29.0 
81 _ _ _ _ _ _ _  182 41 00.1 
81C..-.- 46 40 48.7 

COMPUTATION O F  O R I D  AZIMUTHS 

Stations Azimuth and 
angle 

i o  , ,, 

22 46.3 
19 29.5 
42 15.8 

42 15.8 
06 17.9 
48 33.7 

48 33.7 
26 45.4 
15 19.1 

15 19.1 
34 59.3 
50 18.4 

50 18.4 
54 22.5 
44 40.9 

44 40.9 
01 4 2 2  
46 23.1 

46 23.1 
33 54.6 
20 17.7 

20 17.7 
03 56.7 
24 1 4 4  

24 1 4 4  
10 33.1 
34 47.5 

Correction 
lor closure 

Seconds of 
corrected 
azimuth 

0 , I ,  

46.4 
51.2 
37.6 

28.4 
17.3 
45.7 

45.7 
29.3 
15.0 

15.0 
17. I 
3 2  7 

32.7 
45.2 
17.9 

17.9 
69.2 
17. 1 

17.1 
22.3 
39.4 

39.4 
420 
21.4 

2L 4 
54.4 
15.8 

w. 5 
12 3 

15. a 



U . S . COAST AND GEODETIC SURVEY 

COMPUTATION O F  GRID AZIMUTHS-Continued 

I 

96 to  97 ....................................................... 
L97 to  95 ..................................................... 
96t095 ....................................................... 
95 to 96 ....................................................... 
L96 to 94 ................................. : .................... 
95 to94 ....................................................... 

94 to85 ..................... ................................. 
L95 to 93 .................... ' ............... L ................. 
94 to  93 ....................................................... 

Stations 

0 . .. 
179 34 47.5 
178 07 42.1 
357 42 29.6 

177 42 29.6 
149 21 24.2 
327 03 53.8 

147 03 53.8 
186 51 14.6 
333 55 08.4 

Azimuth and 
angle 

91 to92 ....................................................... 
L92to90 ..................................................... 
91 to90 ....................................................... 
90 to91 ....................................................... 
L91 to89 ..................................................... 
90 to  89 ....................................................... 

89 to90 ....................................................... 
L90 to  89A- .................................................. 
89 to  89A ..................................................... 

89A to89 ..................................................... 
LE9 to87 ..................................................... 
89A to87 ..................................................... 

87 to89A ..................................................... 
L89A to  86 ................................................... 
87 to86 ....................................................... 

86t087 ....................................................... 
L87 to85  ..................................................... 
86 to85.. ...................................................... 
85 to86 ....................................................... 
L86to84 ..................................................... 
85 to 84 ....................................................... 

@ t o 8 5  ....................................................... 
L85t083 ..................................................... 
% t o 8 3  ....................................................... 

83 to84 ....................................................... 

83 to83A. .................................................... 

S A  to83 ..................................................... 
L W t o 8 1  ..................................................... 
83A to81 ..................................................... 

81 to83A ..................................................... 

81 t o 8 l C  ..................................................... 
Fixed azimuth .......................................... 

L ~ t 0 8 3 A  ................................................... 

L83A to  81C. ................................................. 

Discrepancy.. .......................................... 

175 08 42.1 
140 21 12.9 
315 29 55.0 

135 29 55.0 
193 45 22.9 
329 15 17.9 

149 15 17.9 
196 48 38.9 
346 03 56.8 

166 03 56.8 
169 32 43.9 

-335 36 40.7 

155 36 40.7 
134 41 05.7 
290 17 46.4 

110 17 46.4 
191 42 16.g 
302 00 03.3 

122 00 03.3 
146 38 15.5 
268 38 19.C 

88 38 19 . 
244 46 Os .. 333 24 27.% 

153 24 27.1 

306 07 56.t 

126 07 56.L 
182 41 00.1 
308 48 56.f 

128 48 66.f 

175 29 45.5 
175 29 40 . 

152 43 29.C 

46 40 48., 

+5.1 

93to94 ....................................................... 
L94 to 92 ..................................................... 
93 to  92 ....................................................... 

92 to 93 ....................................................... 
L93 to91 ..................................................... 
92to91 ....................................................... 

I 

153 55 08.4 
164 59 45.8 
318 54 54.2 

138 54 54.2 
216 13 47.9 
355 08 42.1 

iorrection 
)r closure 

.. 
.......... 

-0.2 
.......... 
.......... 

-0 . 1 
.......... 
.......... 

-0.2 
.......... 
.......... 

-0.2 
.......... 
.......... 

-0.2 
.......... 

.......... 
-0.2 

.......... 

.......... 
-0.2 

......... 

........ 
-0.2 

.......... 

.......... 
-0 . 1 

......... 

.......... 
-0.2 

.......... 

.......... 
-0 . 2 

.......... 

.......... 
-0 . 2 

.......... 

.......... 
-0.1 

.......... 

.......... 
-0.2 

.......... 

.......... 
-0.2 

.......... 

.......... 
-0 . 1 

.......... 

.......... 

Seconds of 
corrected 
azimuth 

. . .  
45.2 
41.9 
27.1 

27.1 
24.1 
61.2 

51.2 
14.4 
05.6 

05.6 
45.6 
51.2 

61.2 
47.7 
38.9 

38.9 
12.7 
51.6 

51.6 
22.7 
14.3 

14.3 
38.7 
53.0 

53.0 
43.8 
36.8 

36.8 
05.5 
42.3 

42.3 
16.7 ' 

301 59 59.0 

301 59 59.0 
15.5 
14.5 

14.5 
08 . 4  
22.9 

22.9 
28.8 
51.7 

51.7 
40 59.9 

51.6 

51.6 
48.6 
40.2 

-.-...._.._.. 



TRAVERSE COMPUTATION O N  THE LAMBERT GRID 

REDUCTION O F  LENGTHS , 

[Average elevation= 1,580 feet. Elevat ion factor=0.99992447] 

Oenoa-101E ............................................ 
101E-lOID. ............................................ 
101D-101C ............................................. 
101C-101B ............................................. 
101B-101A- ............................................ 

101A-101. .............................................. 
101-100 ................................................. 
1OC-99- ................................................. 
99-98.4- ................................................ 
98-4-98 ................................................. 

98-97.. ................................................. 
97-96 ................................................... 
96-95 ................................................... 
95-94 ................................................... 
94-93 ................................................... 

93-92 ................................................... 
92-91 ................................................... 
91-90 ................................................... 
90-89 ................................................... 
89-89A ................................................. 

89A-87 ................................................. 
87-56 ................................................... 
86-85 ................................................... 
85-84 ................................................... 
84-83 ................................................... 

83-83A. ................................ 1- .............. 
834-81. ................................................ 

Taped  
length Section 

Feet 
1,913.538 
1.783.321 
1,715.674 
2,010.759 
I, 347.115 

2,821.789 
.2.348.521 
6,373.781 
6,752.606 
5,253.319 

6,372.154 
3,447.657 
6,972.987 
4,079.973 
7,517.860 

4,234.112 
2,012.202 
7,567.549 
1,756.399 
1,692.378 

4,066.230 
5.56% 172 
4.765.448 
6.569.3~5 
2,927.893 

8,644.666 
2,988.483 

Oeodebic 
length 

Feet 
1,913.393 
1,783.186 
1, 715. 544 
2,010.603 
1,347.013 

2,821.567 
2,348.344 
6,373.300 
6, 752.096 
5,252.922 

6,371.673 
3,447.397 
6.972.460 
4,079.665 
7,517.292 

4.233. 792 
2,012.050 
7,566.977 
I ,  75% 266 
1,692.250 

4.065.923 
5,567.751 
4,765.088 
6,568.819 
2,927.672 

8,644.013 
2,9811.262 

Mean latitude =41°20'.4 

log A = 8. 5090843 - 10 
log B = 8. 5107495-10 

Grid 
factor 

0.9699497 
.9699491 
,9999490 
,9999483 
,9999478 

.9999478 

.99994i8 

.9999478 

.0999483 
,99999483 

,9999476 
,9999462 
,999944s 
,9999430 
,9999414 

,9999396 
,9999392 
,9999383 
,9999372 
,8999368 

,9999364 
. (1999352 
,9969351 
,9999346 
,9999345 

,9999,734 
,9999328 

Orid 
length 

Feet 
1,913. 297 

I. 715.457 

1,346.943 

I, 783.096 

2,010.499 

2,821.420 
2,34s. 221 
6,372.9fi7 
6,751.747 
5,252.650 

6,371.339 
3,447.212 
6,972.075 
4,079.432 
7,516. 851 

4,233. ,536 
2,011.928 
7,566.510 
I ,  756.156 
1.692.143 

1.065.664 
5,567.390 
4,764.779 
6,568.3E9 
2,927.480 

8,643.437 
2,983. 061 

log A+10g B = 17. 0198338-20 

%(log Aflog B) = 8. 5099169- 10 

log constant = 5. 8304093 
%(log A+log B) = 8. 5099169- 10 

log R a  = 7. 3204924 
R a  =20, 916, 700 

20' 9161 700-0.99992447 20, 918,280- Elevation factor= 

GRID LINES ON GEOLOGICAL SURVEY QUADRANGLE MAPS 

In some cases it may be desirable to put  the grid lines on the quad- 
rangle maps of the United States Geological Survey. The David City 
quadrangle in Nebraska lies between the parallels 41 '00' and 41'30' and 
between the meridians 97'00' and 97'30'. The grid coordinates were 
computed for the four corners on pages 195 to  198 and from these it is 
possible to determine the distance from the corner in both directions 

(Test continued on p. 1%) 



COMPUTATION OF COORDINATES 
Traverse l i n e  R W  &moa t o  81 

Station Azlmuth Grid La&% Lat. Lati tude 
Plane Distance &QZJ cos Az Feet 

S ta t e  AWxaiika (south1 County Nance and Polk I n i t i a l  Stat ion Genoa 
Year 1934 Month January - March Closing Stat ion 81 

Departure G r i d  Coordinates 
Feet Y I X 

I I Feet I 3xua d l s t .  I I I Feet I Feet 

I I . U W I I U U  I 

I - 862T36 
0.6W23149 

0.76818203 
1 3  46.943 

l O l A  309 Z 2 . 7  8, 769 +1034.70 

647,072.39 2,458,766.74 

643,422.06 2,462,238.39 

2,462.238. +o, 4& 

642.032.94 2.463.691.81 
-0.18 +O. 60 

642,032.76 2.463.69 2.41 

641,170.58 2 .&&: 7?h - 61 
-0.21 '+0.70 

641.170.77 2.464.727.21 

9 
m 

FIGURE 43.-Computation of coordinates. 



COMPUTATION OF COORDINATES 
traverse l ine* 
Btate Nebraeka County Nance and Polk I n i t i a l  Station Genoa 
Ye,- 1934 Month January - March Closing Station 81 

Btatloa I Azimuth 
- 

Latitude Departure Grid Coordinates Grid &QEC Lat. 
Distance k f# f&? cos Az Feet Feet 9 X 

Feet 

420 

11,591 

23M.  221 

13.939 

6?72,967 

m 
0.15251? 42 

675L 747 
0.98t3~40 

27.064 +667?. 76 . - . _ _  . . 

FIGUBE 43.-Oomputation of coordinatss-Continued. 

0 

U 
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COMPUTATION OF COORDINATES 
Traverer l i n e  %-&ma t o  p;L 
State Nebraska (south) County _NanaeRndPnl k I n i t i a l  Station &oa 
Year 1934 Month January - March Closing Station d l  

P 
m 
0 
0 

5 
5 
0 
M 
0 

M 

8 
3 
ii 
4 

FIGURE 43.-Computation of coordinates-Continued. 



COMPUTATION OF COORDINATES .. 

Traverse l i n e  to 81 
State- County Nance an d Polk I n i t i a l  Station Genoa 
Year 1934 Month January - March Closing Station 81 

P 
2 
!2 

6 
3 

8 
! 

M 
d 
0 

L= 

z 

el 

E td 

B 
M 

w a 
FIGURE 43.-Computation of coordinates-Continued. eD 



COMPUTATION OF COORDINATES 
Traverse l i n e  Mx- t o  EL 
State- County- I n l t l a l  Station Genoa 
Year 1934 Month January - Mwch Closing Station 81 

P 
m 
c, 
0 

5 
+ 
3 

8 
0 
M 

M 

d 
s 

9 

FIQURE 43.4omputation of coordinates-Continued. 



COMPUTATION OF COORDINATES 
T r a v e r s e  l i n e  Xrcx Genoa t o  d l  
S t a t e  Nebraska ( s o u t h )  C o q t y  Nance md-Polk I n i t i a l  S t a t i o n  Genoa 
Year lY34 Month January -...idarch Clos ing  S t a t i o n  81 

Btation Azimuth G r i d  
P lane  Distance 

Lat .  L a t i t u d e  Departure  Gr id  Coordina tes  
k r g x  c o s  Az F e e t  F e e t  V X 

I .  I I I I I I 
I I I , 1 Discrepancy1 +2.6g i -9.10 

I I I 1 -  

I I I I I x  F a c t o r  = 1+6.01&0 x 110-3 
I , I I I I I I 

I I 
I I I I I Y  F a c t o r  = 1-2.36146 ~110-3 

I I I I I I 

I I I I I I I 

I I I I I I I 
I I I I I I I 

FIGURE 43.--Domputation of coordinates-Continued. 



PLANEI UOORDINATEIS 

....... ............ 
...................... 

............ 

................................ 

.................. 
........... 

_______^r________.. ................. 

b- 
1: 
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rn 



PLANE COORDINATES 

- ------ ,-%,..',-LiL--*-l . . . . . .  ................. 4 . 4  . ---_I.____... *.. 

I-"--._._.-".- - 
-... - ___..____. - 

......... I., *,.l*....l* ,.,.,. 
FIOUBE 44.-List of adjusted coordlnatas-Continued. 



174 

23 368 97 .46 

23,3 o 57 1 
23,338,610. 34 

23: 362 : 906.01 
23,356,830.58 

23,3b+:i83:72 

23 332 36.95 
23:326:263.57 
23,320 790.20 
23 314'h6.84 
23: ?08:h3.& 

23,302,170.13 
23,296,096. 9 
23,290,Wj .i16 
23,277,876.81 

q,26 5,730.18 

2382 3,583.57 

23,283,950.13 

23,27i,80?.50 

23,259,656.88 

23,2 2 7,510.27 
23,241,436.97 

23,22y,290.38 
23s 235 363 -67 
23,223,217.012 
23,217 p 143.79 

23,211,870 -49 
23,204,997 .e0 
23, 198,923.90 

23,186,777.30 

23,180,704.00 
23,174,630.70 
23,168, 57.39 
23,162,284 .08 
23,156,410.76 

23,192,850.60 

U. S. COAST AND GEODETIC SURVEY 

,~ . 
0 

126: % ::z 
24,293 .f2 

$6,440.51 
2 51 .89 
b:58?.26 
4,660.62 
20,733.98 

66 807. 
72:880.# 
78,954.00 

91,100. & 
103,2$7.28 

115, 93-89 

18,220.71 

30,367.12 

85,027. 3 

97,l 3.96 
109,320.58 

121,267.19 

127,540.49 

1 9 687.08 
133,613-79 

1&:760.38 
151,833- 67 
157,906 a97 
163,980.26 
170,053 -56 
182,200.16 

188 ,273.46 
194, 46 76 
200,h0:07 
206,bYj 38 
212.566.70 

176,126.86 

LAMBERT PROJECTION FOR NEBRASKA (NORTH) 

Table I. 

meridian I ( f e e t )  

&"r 
difference 
for 1 sec. 
of lat. 
( f e e t )  
101.22417 
101.2238 3 
101.22383 
101.22350 
101.22333 
io1 .22jif 

101.22300 
101.22i!83 
101.22267 
101.22267 
101.22250 

101.22233 
ioi.222if 
101.22217 
101.22200 
101.22183 

101.22200 
101.22167 
101.221133 
101.22167 

101.22167 
101.22150 
101.22167 
101.22150 
101.22167 

101.22167 

101.22167 
io1 22167 

101.22167 
101.22183 
101.22ia3 
101.22200 
101.22200 

101.22367 

101.22150 

101.22167 

6- 
units of 
7th place r Of log6 
+377.9 
+339* 
+320.7 
+302.3 

+ 3 5 y  

+284.3 
+266.6 

+232. 
+215.6 

t249.2 

+199.6 

! +124.0 
+iio.o 
+ 96.3 + 83.0 
+ 70.0 

: 2;:; 
+ 33.4 + 21.9 
+ 1o.s 

0.0 - 10.4 - 20.4 - 30.1 - 39.k 

Scale 
expressed 
as a 
rat io 

1.0001157 
1.0001107 
1 .OW1058 
1.0001010~ 
1.000096? 
1.0000916 

1.0000~70 
1.0000825 
1.0000781 
1.0000 3g 
1.0000~96 

1.0000655 
1.00006i~ 
1.0000574 
1 .OOOO535 
1 .ooooq,i 
1.0000460 
1.0000423 

1 .0000353 
1 .oooo~s8 
1 .ooooji9 
1.0000286 
i;oooo253 
1.0000222 
1.0000191 
i.0000161 

1.0000132 
1.0000104 
1.0000077 

1.0000025 
1.0000050 

1 .ooooooo 
0.9999976 
0.9999953 
0 9999931 
0 49999909 

E ' l o u ~ ~  45.-Lambert projection table for NebrasJr8. 



TRAVERSE COMPUTATION ON THE LAMBERT GRID 175 

410 561 
57 z! 

420 00 

420 01' 
02 

% 
05 

LAUBEXT ,PROJECTION FOR WERASU (IFORTI?) 

Table I (Conttd). 

23 130,7&7.44 218 640.02 101.22217 
23:l 4,s 1.11 224'715.35 101.2P233 

23 132 11 i3 2-6:860.03 101.22250 
23:126:0d:08 2;2,933.38 101.22250 

2j,llg,Y70.7 249 006.73 101,22283 
23,113,837.35 255:OSO.lO 101.22283 
23,107,E23.99 261 15 .47 'lOl.223OO 
23,101,750.61 267i222.8 101.22317 
23,095 , 677.22 273,300.22 101.22350 

23,138,190. 7 270'7E6.69 101.22233 

,"";I=;:- meridian of lat. 

420 111 
12 

i2 
15 

:$ 
19 
20 

& 161 

23,059,2 6 6 309 740.83 101.22450 
23 0 3 123:12 715'814. 0 101.22&3 
23'0?7:089.67 321:887 .f9 101.22500 
23 'O41,016.17 32 ,961 -29 101.22533 
23:034,942.65 33i,034.81 101.22550 

23,028,g69.12 340,108.34 101.22583 

23,016,722.01 352,255.45 101.226 3 
23,010,648.43 356, P9.03 101.22627 
23,004,574.83 364,302.63 101.22700 

23,022,795.57 346,181.89 101.22600 

420 21' 
22 

222 
25 

42- 261 

:78 
29 
30 

- 48.3 - 56.9 - 65.1 - 73.0 - 80.5 

22,998, 01.21 6.25 101.22717 

22,986,353.92 382,623.54 101.22763 
22,980,280 2 5  388,697.21 101.22817 
22,974,206.56 394,770.90 101.22867 

22,968,132.84 400,8U.62 '101.22883 
22,962,059.11 406,qia. 35 101.22933 

22,992, z 27.58 376,&.88 101.22767 

22,9 5,985.35 ' 412,992.11 101.22950 

22,943,837.7g k5 I 139 a 101.23050 
22,9 2 9,911.58 419,065.88 101.23cjoo 

0.9999850 
0.9999832 
0 -9999815 

-Continued. 
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42' 31' 
32 

ft 
35 

37 
38 

k0 361 

420 41t 
42 

45 
420 4 6 1  

% 
49 
50 

52 

zh 
k o  51' 

55 

U. 8. COAST AND GEODETIC SURVEY 

22,937i763.95 
22,931,690.10 

22 :919,542. 
22,913,468.L 

22 907 394.4 
22'901' 20.58 
223395;6463 0 
22,869.1.72.27 

22 877 024.34 
22'&70'950.22 

22:858:801.91 

h 22 925,616.2 

22,883,098.k 

22'864'876.08 

22,852,727.71 

22 846 653& 
22'840'57 .22 
22'834' Oz.93 
223828:?30.60 
22,822,356.24 

22: g10: 207.42 
22,804,132. 6 
22,798,058.%6 

22 1316 281.65 

22,791,983.93 

LAMBERT PROJECTION FOR NEBWSKA (NORTH) 

T a b l e  I (Cont'd). 

552 695.61 101.24050 
558' 770.OY 101.24100 
564: 844.50 101.24167 

, 570,919.00 101.24217 
~ 576,993.53 101.24267 

( f e e t )  7- 
461 562.99 
467'656.96 

479,804.92 
473i730.96 

485,879.0 

101.23263 
101.23333 

101.2321f 
101.23 g 

101.23467 

I 
-107.3 0.99997 3 - 94.9 0.99997g2 - 88.1 0.9Y9979t - 81.0 0.9999gl 

' - 73.5 0.9999g 1 

-101.3 0.9999727 

- 65.6 0.9999gl9 
0.9999868 I ?Z:f 0.9999886 - 39.7 0.9999908 

- 30.2 0.?999930 - 20. 0.9999953 - 10.5 0.9999976 
0.0 1.ocooooo 

-7 

101.23083 

101.23200 

101.23117 
101.23150 

101.23250 

522 323.98 
528:'98.24 

2.53 

546,621.22 
:p$ 5 6.86 

101.23767 
101.23817 
101.23883 
101.23933 
101,23983 

563,068.09 
589 142.70 
595:217.34 
601,292.01 
607,366.73 

101.24 50 
101.2dOO 
101.24450 
101.24533 
101.24583 

613,441.48 101.24667 
619.516.28 I 101.24717 

+ 10.8 1.0000025 I + 22.0 I 1.0000051 
1.0000105 

1.0000192 
1.0000223 

+liO.S 1.0000255 1 +l24.9 I 1.0000288 
+i39.4 1.0000321 

FIGUBE 45.-Lambert projection table for Nebraska-Continued. 
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LAMBERT PROJECTION FOR NEBRASKA (NORW) 

Table I (Contt d) . 
R 

( f e e t )  

22 725,161.61 
22; 719,086.61 
22,706,9 6.29 
22,700, dl. 37 
22,713,011. 7 

Y' Tabular Scale in Soale 
7th place as a 
of logs r a t i o  

difference units of expressed 

~~ 

643,815.85 101.25000 
649,890.85 101.25067 
655 965.89 101.25133 
662:040.97 101.25200 
668,116.09 101.25283 
674,191.26 101.25 50 
680 , 266.47 101.25233 
686 41.73 101.25500 
692:$17.03 101.25583 
69s,492.38 101.25650 

704 567.77 101.2573 
710 : 643.21 101.2581f 
716 718.70 101.25900 
722'794.24 l.Ol.25967 
728 i869.82 

+234.4 
+251.5 
+269.0 
+2R6.9 
+305.1 

:;3:; 
+201:g 

+4&:3 

+362.0 
+ 81 7 

~422.3 
+44 1 

485.9 
+507*8 

1 .00005kY 
1.0000579 

1.0000703 
1.0000619 
i.0000661 

1.0000745 
1.000078 1.0000832 
1.0000880 
1.0000925 
1.00009 2 

1 .OOOlll9 
1.00010~0 
i.0001069 
1.0001169 

WGWE 45.-Lambert projection table for Nebraska-Continued. 
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2b.7oii 
46.2941 
05.8870 
25.4800 
4 0 29 
02: 6359 
24.2588 
2 3 : E  
Q.9$ 
02:26 6 
21.8125 
41.4095 

U. S. COAST AND GEODETIC SURVEY 

- '  02 +i 59 
+1 59 3 +1 58 

05 +i 57 
97O 06t +1 57 

07 +1 56 
08 +1 55 
2? :: 82 

970 11' +1 53 
12 +l 53 :z :t gf 
15 +1 51 

LAAlEERT PROJEOTIOI PDR NEBRASKA (BORIB) 

Table 11. 

I 1" of long. = 0?67345079 of 9 

+2 51 :: 2; 
:E 2 

:: 3 
+2 47 
+2 47 
+2 46 

t 2  44 
+2 43 
+2 42 
+2 42 
t 2  41 
+2 40 
+2 40 
+2 39 
+2 38 
t 2  38 

:: ;g 
+2 32 
t 2  36 

+2 3 
*2 34 
+2 33 
t2  32 
+2 32 
t 2  31 

13.2139 96O 4 6 t  

52.3998 
11.9927 

e o  301 
+2 30 
+2 29 
+2 28 
+2 28 

5 :i 
*2 22 

+2 26 
+2 2 

+2 24 
+2 22 
+2 22 
+2 21 

+2 20 
42 20 
+2 19 
+2 18 
+2 18 

17 
t 2  16 
+2 16 

+2 23 

2 3 
5 112 
+2 14 

ti? 11 
t2  11 

t2 10 
t2  09 
ti? 09 
t2 08 
+2 07 

07.10811197~ O l ~ l + e  00 

38.9672 970 211 +I 47 
58.5602 22 +i 46 

37.7 61 ft 
25 zi +1 $ 57.3390 

*.lY 

1619320 
36.5249 

35 3038 
54.8967 

?;:;:a% 
:mi  . 
g:%; 
E 3 7 2  
32 g6t5 

51.2333 
10.8263 
50.0122 

31.6404 

30.4192 
09.6051 

48.7910 
29 1981 

08.3840 
27 9 69 
07.1628 
47: 5i99 

%f : ;a; 
05.9417 
25 - 5346 
45.1276 

23.0924 

WGUBE 45.-Lambert projection table for Nebraska-Continued. 
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LAMBERT PROJEOTION FOR FIEBRASKA (NORTH) 

Table I1 (Conttd). 

1" of long. = OP67345079 of 8 

e II hna.  I 9 

ti 43 02.2785 02 +I 19 28.ojl6 
t1 42 21.871211 O$ It1 18 47.6245 
t1 41 41.4642 0 +l 18 07.2175 

ti 40 20.6 1 980 061 +I 16 46.40 4 
t1 39 40.2CO 07 +1 16 05.99h 

08 t1 38 59.8360 
t1 38 19.4289 09 +1 1 
tl 37 39.0219 10 +1 14 08.7752 

t1 36 58.6148 980 118 +1 1 24.3682 
ti 36 18.2078 12 +1 13 43.9611 

:: 24 ?f:$# 15 +1 10 &7hO 

t1 33 36.5796 980 161 +1 10 02.3329 
tl 32 56.1 26 17 +1 09 21.9259 

18 +1 08 41.51% :: ;: ;$:@ 19 +1 08 01.1118 
t1 30 5 e951 20 +I 07 20.7047 

tl 30 14.5444 980 211 +1 06 40.2977 
ti 29 34.1373 22 +i 05 59.8906 
e1 28 53.7303 19.4836 
tl 28 1 32 2 $2 :i 39.0766 
t1 27 36:9122 25 +1 03 58.6695 

+1 12 25:Eg 

;3 :: ;: P3Z% 32 37.8007 

tl 26 52.5091 98O 26' +1 03 lg.262 
tl 26 12.1021 27 +1 02 37.8 52 
t1 2 31.6950 28 +I 01 57.&4 
t1 24 lo.sao9 30 +l 00 '36.6343 

32 +o 59 15.8202 

t1 28 51.2860 29 +l 01 17.0413 

:: .3:3:2$ 98' 31' +O 59 56.2272 

el 22 09.6598 3 to 58 35.4131 
tl 21 29.2 27 
t1 20 48.6&7 

32 +O 57 5 ,0061 
35 +O 57 12.5990 

e 
+OO 561 34'! 1920. 

+O 5 13.3779 
+O 52 32.9 08 

+O 55 53.7849 

.+o 53 52.5i3g 
+O 57 12.1567 

+o 30 30.5566 
+O 49 50.1215 

*o 40 24.4228 

+O 39 44.0156 
+o 39 03.6087 
+O 32 25.2017 
+O 37 42.7947 
+o 37 02.3876 

FIGWE &.-Lambert projection table for Nebraska-Continued. 
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990 168 
17 
18 
19 
20 

Bo 21% 

'tk 
25 

27 
28 
29 
30 

990 261 

990 3; 
30 

U. 6. COAST AND GEODETIC SURVEY 

29 37.9101 990 51' +O 06 03.66 4 
+O 28 57.50 0 52 +O 0 2 2 hk 
4 2 36.6889 &? 2 04 02.4423 
io 2-k 56.2819 55 4 03 22.0352 
+O 26 15.8 48 990 561 +O 02 41.6282 
*o 22 g5:Od; 58 +O 01 20.8141 
*o 24 12.6 7 59 40 00 40.4070 
+o 23 34.2& 1 0 0 ~ 0 0  0 00 00.0000 

*o 22 13.4 26 02 -0 01 20.81i1 
4 21 33.0255 0 -0 02 01.2211 
io 20 52.618 08 -0 02 41.6282 
+O 20 12.2112 05 4 03 22.0352 

+O 18 10.9903 08 -0 0 23.2 6 t  
+O 1 30.58 2 09 -0 0; 0 6234 

+O 16 09.7691 1 0 0 0 1 1 ~  -0 07 24.47 
+O 1 29.3621 12 -0 08 04.8& 
4 12 u . 9  50 1 -0 08 45.2916 
4 14 08.&0 l a  -0 09 25.6987 

+O 28 17.09b 02 1?:8293 

2 2 4 2  3 57 +O 02 01.2211 

4 22 53.8396 1 0 0 ~ 0 1 ~  -0 00 40.40 0 

4 19 31.8044 100006~ -0 04 02.4423 
4 18 51.3973 07 -0 04 42.8b9 

4 16 50.1722 10 -0 06 d:0705 

+o 13 28.1409 15 -0 i o  06.1057 

LAMBERT PRWECTlOlt FOR NEBRASU (NORm) 

Table 11 (Oontld). 

of long. b 0967345079 of e 

27 
28 
29 
30 

32 

3{ 3 
35 

100" 361 
37 
38 
g 

1000 31% 

-0 18 10.9903 
-0 18 51.39 
-0 19 31.80w 
4 20 12.2114 

-0 21 J3.025 
-0 22 13.432% 
-0 22 5 8 9 6  
-0 23 3{:2h67 
-0 24 lk.6 37 
-0 24 55.0b8 
-0 25 35.46 g 
-0 26 15.87& 
-0 26 56.2S19 

-0 20 52.6185 

lcoo 411 
42 
$4 
45 

Lone. I e 

-0 27 36.6889 
-0 28 17.0960 
2 E; 53:gz: 
-0 30 18.3171 

1000 21' - 0 0  14' 08!5460 
22 -0 14 46.9550 
52 -0 16 09.7691 

-O l5 29* 621 

25 -0 16 50.1762 

990 41' 

3 
4 

k2 
4 

+O 12 47.7339 1000 161 -0 10 46.5128 

*o 10 46.5128 19 -0 12 47.7 39 
40 10 06.1057 20 -0 13 28.lk9 

+O 12 07.3269 17 -0 11 26.9198 
to 11 26.9198 18 -0 12  07.3269 

FIQWE 45.-Lambert projection table for Nebraska-Continued. 
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-1 31 5 85 
-1 32 2 
-1 32 52.172 
-1 3 36.5796 

tong. 

-1 42 21.8712 
-1 43 02.2783 
-1 4 42.685 

1 0 1 O  011 -0 41 04.8299 
02 -0 41 45 2 69 

-0 42 25:6hO :2 4 43 06 0 10 
05 -0 43 46:4&1 

1010 06' -0 44 26.8651 
07 -0 45 07.2722 
08 -0 47.6792 
09 -0 2S.0863 
10 -0 47 08.4933 

12 -0 48 29. 
12 -0 49 50.121 
15 -0 50 30.528% 

1 0 1 O  161 -0 51 10.9 56 
17 -0 51 51.&!6 
18 -0 52 31.7497 
19 4 53 12.1 67 
20 -0 53 52.529 

1010 11' 4 47 4B.9004 
1 -0 49 093% 

1 0 1 O  21' 4 54 32.9708 
22 -0 55 13.37 9 
it -0 56 32.1920 
25 -0 57 14.5990 

l o l o  261 -0 57 55.0061 
27 -0 58 35.4131 
28 -0 59 15.8202 
29 -0 59 56.22 2 
30 -1 00 36.63i3 

4! 55 5 3 x 9  

0 I 
-10 01' 17'1041 
-1 01 57.WZ 
:; :; k 2 2 2 5  7 8 54 
-1 03 58.6695 

04 39.0766 :i 05 19.4836 
-1 0 9.8906 
-1 0% 20.29 7 
-1 07 20.70i7 
-1 08 01.1118 
-1 08 41.5188 
-1 09 21.9259 
-1 10 02 
-1 10 42:fGZ 

-1 14 45.1823 
-1 15 25.5S9 
-1 16 05 96 
-1 16 46:%]: 
-1 17 26~8105 
4 18 07.21 5 
-1 18 47.62i 
-1 20 08.4 86 
-1 19 28.0312 
-1 20 4B.8257 
-1 21 29.2527 
-1 22 09.6599 
-1 22 50.0668 
-1 

22 
30.4739 

-1 2 10.8809 

Lonu. I e a$ 
09 -1 
10 1-1 

1020 11' 
l2 

15 
3 

2 

3 

2 

1020 161 

19 
20 

1020 211 
22 

25 
1020 261 

29 
30 

1020 3' 

si 
35 

1020 361 

5192880 
31.6950 
12. l o a  
52.5091 32.916e 

FIGUBE 45.-Lambert projection table for Neb*-Continued. 
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$2 
io30 211 

22 

f$ 
25 

1036 26t 

30 

'27 
'26 
29 

U. S. COAST AND GEODETIC SURVEY 

-2 1 01.002 
-2 14 41.409; 

-2 15 21.6162 
-2 16 02.223 
-2 16 42.630 
-2 17 23.0 7" 
-2 18 03.&7 

-2 19 22.2 88 
-2 20 04.6359 
-2 20 45.0729 

-2 18 4 .85# 

-2 21 25.4800 

Long. 
1020 41' B 

45 
1020 46t 

47 
48 
49 
50 

1020 511 
52 

55 
1020 561 

57 
58 
59 

1030 00 

1030 018 

22 

02 

05 

103" 061 

09 
10 

103O 111 

3 

- :i 

12 

15 
:t 

35 
1030 361 

37 
38 
9 
&I 

42 
3 

1030 41' 

45 
LO30 4 6 1  

47 
49 
48 

50 

LAKBERT PIlOJECTIOIJ FOR NEBRASKA (BORTA) 
Table I1 (Conttd). 

1" of long. ID 0!67345079 of e 

07 .io81 

-2 2~ 27.9222 

-2 24 47.5152 

-2 2 08,3293 
-2 26 4% 7 6 
-2 27 29:lkjk 
-2 28 09.5504 

-2 29 30.36C 
-2 30 10.7712 
-2 30 51.1786 
-2 31 31.5857 

-2 32 11.9927 
-2 32 52.3998 

-2 3;: 13.2139 

-2 28 49.95 5 

-2 3 32.8068 

-2 34 53.6209 

0 

-10 4 8 1  25?5 46 
-1 49 05.9217 
-1 49 46.3487 
-1 50 26.7 58 
-1 51 07.1z28 

-I 51 47ij699 

-1 5 48 .f910 
-& 52 29.1981 
-1 55 09.6051 
-1 55 50.0122 
-1 56 30.4192 

-1 52 27.9769 
-1 53 ,08 .  840 

-1 57 10.826'~ 

-1 58 31.6404 
-1 59 12.04 4 
-1 59 52.4 i5 
-2 00 32.8215 
-2 01 ,135.2685 

-2 02 32.0826 
-2 03 lb.M97 
-2 0 54.%967 
3 O$ 35.3038 

-2 01 5 .6756 

-2 05 i5.710~ 
-2 05 56.11 9 
-2' 06 36.52$9 
-2 07 16.9320 
-2 07 57.3390 

12 08 37.7461 
-2 09 18.1531 
-2 09 58.56302 
-2 10 38.9672 
-2 11 19.3743 

Long. 
103O 51' 

52 

55 
1030 56' 

57 
58 
59 

1040 80 

1040 01' 
02 

05 
1040 06t 

07 
08 

3 

:2 

;: 
% 

104O 11' 
12 

15 
1040 161 

17 
18 
19 
20 

0 

2 42 58.5655 
-2 4 38.9125 
-2 42 19.3196 
-2 44 59.7266 

-2 45 k.1 37 
-2 47 00 94 7 
-2 46 20.5&7 

-2 47 41:35i$ 
-2 48 -21.7618 

-2 51 03.3900 
3 51 43.7971 

-2 52 24.2041 
-2 53 04.6112 
-2 5 45.0182 

55 6.8323 
-2 5t 25.4253 

FIWJBE 45.-Lambert projection table for Nebraska-Continued. 
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+659.5 
+632.8 
+60b.5 
+580.6 
+555.0 

L a t .  

- 
3 9 O  $ 8  

E 
45 

390 46' 

49 
50 

3 9 O  51' 
52 

55 
390 56, 

57 
58 
59 

400.00 

400 01' 
02 

05 

07 
08 
09 
10 

lroo 11' 
12 
13 
14  

8 

3 

3 
400 06' 

a5 

1.0001 19 
1.0001&7 
1.0001397 
1.0001337 
1.0001278 

LAMBERT PRDJECT*ION FOR NEBRASKA (SOUTH) 

Table 1. 

45b.2 
432 .4  

R 
, ( fee t )  

1.0001220 
1.0001162 
1.0001106 
1.0001050 
1.0000996 

24,402,559.32 
24,396,482.66 
24,390,411.01 

24,378,267.72 
24, 384,339.36 

+194.3 

+155.7 
+137.0 
+118.6 

+174.8 

Y* 
y value on 
central  
meridian 

( f e e t )  
0 

18,216.2 
24,288.3% 
308 360.37 

1.0000447 

1.0000359 
1.0000315 
1.0000273 

1.0000402 

66 792.16 
72:864.06 

85 , 007.81 
78,935.94 
91,079-66 

+100.6 
+ 82.9 
+ 65.6 
+ 48.6 
+ 32.0 

97,151.49 
103,223.32 
109,295.12 
115, 66.92 
121 , tg .  70 

1.0000232 
1.0000191 
1.0000151 
1.0000112 
1.0000074 

157,869.12 

170,012.51 
176,084.20 
182,155.87 

163,940.82 

18s,227.54 
194,299.20 
20O8370.t35 
206,442.50 
212,514.14 

Tabular 
difference 
for 1 sec. 
of l a t .  
( f e e t )  
101.20200 
101.20150 
101.20133 
101.200133 
101.20050 
101.20017 

101.20000 

101.19900 

101. 19800 

101.19950 
101.19917 

101.19867 

101.19833 

101.19783 
101.19750 
101.19717 

101.19667 
101.19667 
101 .I9633 

101 19717 

101.19600 

101.19600 
101.19567 
101.19550 
101.19533 
101.195 17 

101.19 l0l*l9iZ0. 3 
101.19h3 
101.19450 
101.19450 

101.19433 
101.19417 
101.19417 
101 a 19400 
101.19400 

M27.1 
+79g.3 
+769.8 
+741.7 
+713*9 
+686.5 

1.00019O4 
i.oooia3a 
1.0001708 

1.00015~1 

1.000177) 

1.0001644 

1.0000942 

+j6j . i  1.00ooe3b 
+340.8 1.000078 
+318.8 f 1.0000732 

+297.1 1.0000684 1 1.0000635 
'25 +27z'8 1.0000587 
+234:8 I 1.0000~40 
+214.2 1.0000 93 

FIGURE 45.-Lamhert projection table for Nebraska-Continued. 
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400,734.95 
406, d06.68 
412,87$. 42 
418,950.17 
425,021.93 

I 
Lat . 

101.19550 
101.19567 
101.19583 
101.19600 
101.19633 

400 16’ 
17 
18 

;; 

2 
400 21’ 

22 

25 

400 26‘ 
27 
28 
29 
30 

400 46t 

49 
50 

2 

U. S. COAST AND GEODETIC SURVEY 

~MMB~BSRT PROJECTION FOR NQMSKA ( SOVrrr) 

Table I (Oont’d). 

R 
(feet) 

24,372,196.08 
24,3 b b, 124.45 
24,360,052. 8 3 
24,j 3,981.20 
2493 2 7,909-58 

24,220,405.39 
24,21‘+,333*71. 
24,208 ,262 -03 
24,202,190.33 
24,196, 118 .62 

24,190,046.91 
24’1rJ31975 -18 
24,177,903.44 
24,171,831.69 
24,1658759.93 

’ 
248 943.89 101.19367 
255’015.51 101.19350 
261’087.12 101.19367 
267’ 15s .74 101.19350 
273 :230 .35 101.19350 

279,301.96 101.19350 

291, 5.18 lOl.ly367 
297 EL6.gO 101.19367 
303: 588.42 101.19350 

285 , 8 3.57 lOl.19350 

3b0,016,18 101.191+17 
346 OU9.83 101.19417 
352’161.48 101.19417 
358:23 -13 101.19450 
364,?0t.g0 101.19450 

scale in Scale 
UI-Ifte of expressed 
7th place a8 a’ -I-- of loge ratla 

- 15.5 0 -9999964 
0 * 9999929 

” 59.9 - 73.9 - 87.6 
-100.9 
-113.9 

-126.5 
-138.7 

-162.1 
-173.3 

-284.1 
-194.5 

-214.2 

-150.6 

-204:s 

-223.6 

-2 2.5 
-221.1 
-249.4 , sZ:b  

I 471.9 
-278.7 
-285.1 
-291.2 
-296.9 
-302.2 
-307.2 
-311.8 
-316.0 
-319.9 

0.9999862 
0 -9999830 
0.9999798 
0.9999768 
0.9999736 

::99;;99-6s“lt 
0.9999653 
0.9999627 
0.9999601 

0.9999576 
0.9999552 
0 -9999529 
0.9999g7 
0.9999 5 
0.9999465 
0.999942 
0.9999k9 
0.999944g 

0 9999390 

0.99?9329 
0.9999316 

0.9999304 
0.9999293 
0.9999282 
0.9999272 
0.9999263 

FIGURE 45.-Lambert projection table for Nebraska-Continued. 
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552,532.64 
558 604.80 
561(:676.98 
570 749.19 
576: 821.42 
582 893.6s 
588: 965.96 
595,038.27 

607,182.97 
601,110.61 

LAMBERT PROJECTION FOR NEBRASKA (SOUTH): 

Table I (Conttd). 

101.20267 
101.20300 
101.20350 
101.20 83 
101.20333 

101.20467 
101.20517 
101 20567 

101.20667 
101.20600 

R 
(feet) 

24,129,329 -07 
24,123,257.21 
24,117,185. 4 
'24 111,113.24 
24: 105,041.53 

24 098 969.60 
24'092'897.65 
24'0l36'825.69 
24' 080'753.70 
24:074:681.70 

24 068,609.67 
24'062 37.62 
24:056:?65. 6 
24 0 0 393.27 
24:0&:321.35 

24.0% -249.22 
24'052'17- .06 
24:056; lO<..H 
24.020.032.67 
24;013;960.kf+ 

24,007,888.1d 
24,001,815.90 
23,995,743.59 
23,989,671-25 
23,983,598.89 

23.977 26 49 
23.971:&4:07 
2 3,965,381 - 62 
23,959,309.14 
23,953,236.63 

613,255.37 101.20700 
619, 27.7 101.20750 I 625330.22 1101.20800 
63ii472.72 101.20850 
637,545.23 101.20900 I 1  

&ale in 
units of 
7th plaot 
Of logs 

-32 4 
-32;:5 
-329 3 
-331.7 
-333.7 
-335.4 
-336. 

-338.4 

-338.3 
-337.8 
-336.9 
-33z-6 
-33 -0 
-332.0 
-329 -7 
-326.9 

320 

-316.6 

-3372 
-338.2 

13'33 

-312.4 
-307.9 
-302.9 
-297.6 

-292.0 
-286.0 
-279.6 
-272.8 
-265.7 

-256.2 

22.x 
-233.5 
1224.5 

Scale 
expressed 
as a 
ratio 

0.999922s 
0.9999225 
0..9999222 
0.9999221 
0.9999221 

0.9999221 
0.9999222 

0.9999227 
0.9999231 

0.9999229 

::;;g;z 
0.999924c 
0.999925 
0.9999262 

0,9999271 
0.9999281 
0.999981 
0 9999303 
0.9999315 

0.9999326 
0.9999341 
0.9999356 
0.9999372 
0.9999386 

0.9999402 
0.999542 
0.9999a3 
0.9999462 
0.9999483 

FXOUBE 45.-Lambert projection table for NebraPka-Continued. 
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LAMBERT PROJECTION FOR NEBRASKA (SOUTH) 

Table I (Contcd). 

R 
( f e e t )  

Y '  
y value on 
central  
meridian 

( f e e t )  

643 p 617 72 
649,690.3 

667,908.25 

673 8 980.95 
665; 122.4 j 
692 199.26 
698 272.10 
704, 44.97 
710,117.88 
716,490. 83 
722 56 82 
728 632 184 

7 4,709.90 
146:852.15 
752,929.33 
759 3 002.55 
76590 5-81 
771 lz9.11 
717 :222.46 
783,295.85 
7g9 s 369 
795 , li42.75 
801,516.27 

813,665.45 

825,810.60 

g 7,958.34 

850,106.08 

S%?:i;;:E 
680 05 .68 

$0 78 .01 

607,589.84 

8- , 737 10 

831 ,&34.55 

8&+,032.19 

Tabular 
difference 
for 1 eec. 
of l a t .  
( f e e t )  
101.20950 
101.21000 
101.21067 
101.21117 
101.21167 
101.21217 
101.21283 
101.21 50 
101.21450 
101.21too 

101.21517 
101.21583 
101.21650 
101.21700 
101.21767 

101.r19oo 
101.21850 
101.21967 
101.22033 
101.22100 

101. e2167 
101.22250 
101.22 83 
101.22317 
101.22450 
101.22533 

101.22750 
101.22833 

101.22917 
101 .E2983 
101.23083 
101.23150 
101.23233 

101.22617 
101.22683 

Scale in 
uni te  of 
7th place 
O f  log8 
-- 
-215.2 
5;55:2 
"18 .o 
-172.1 
-163.0- 
-151.4 
-139 * 5 
z::2:'6 
-101.5 - 88.1 - 74.4 - 60.2 - 45.7 - 30.9 - 15.6 

0.0 
+ 16.0 
+ 32.3 
+ 49.1 
+ 66.2 
+ 83.6 
+101.5 

+138.3 

+176.5 
+196.2 
+216.3 

+236.7 

+300.2 
+322.2 

+119.7 

+157.2 

+257.5 
+278.7 

Bcale 
expreeeed 
ae  a 
rat io 
-- 
0.9999504 
0 -9999527 
0 -9999550 
0 * 9999599 
0.9999574 

0.9999625 
0.9999651 
0.9999707 
0.9999736 
3.9999679 

0 -9999766 
0.9999797 
0.9999829 
0.9999895 
0.9999861 

1.0000000 

-1.000007? 
1.000003 

1.0000113 
* 1.0000152 
1 .0000192 
1.00002f6 1.00002-4 

i ;OooO452 
1.0000498 

1.0000545 
1.00005 3 
1.00006%2 
1.00006 1 
1.00007R 

FIGURE 45.-Lambert projection table for Nebraska-Continued. 
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LABERT PROJF.CTI0I FOR NEBRASKA (SOUTH) 

Table I (Cont'd). 

maridian I 

----- 
Tabular 
d i f fe rence  
f o r  1 eec. 
of l a t .  
( f e e t )  

::::;;Goo 
101.23483 
101.23567 

101.23750 

101.23650 

101.232317 

::;:;E;; 

I "  

x2 - x1 
2/02 s i n  1" 

Oeod. Az. - Grid Ae. = + 9 - 
FIGURE 45.-Lambert projection table for Nebraska-Continued. 
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LAMBERT FF.OJECTIOh' FOR NEBRASKA !SOUTH) 

Table 11. 

1" Of long. r 0!6560764O Qf @ - 
e 

_I 

e - 
10 ' 
09 
09 
Od 
07 

- 
57' 
56 
55 

53 
3 

;2:;2;'6 

)5'8:BmI 

14.8231 
35.4585 
56.0939 
16.733 

lg.6355 

59.906U 

01.8126 

39.2710 

20.5416 
41.1772 

31!3127 960 11' +2' 
51.9481 12 +2 

33.2189 ?l :E 12.5835 
53.8543 15 +2 

14.4897 96O 2 
18 +E 

35.1252 
?56:@$ 19 +2 
37.0314 20 +2 

57.6668 960 21' +2 
ig.3022 22 +2 
38.93 77 
20.2085 25 +2 

40.8439 960 26' +2 
01 47 27 +2 

42.7501 29 +I 
03.3656 30 +1 
24.0210 960 31' +1 
W.6564 32 +1 
05.2918 
25.9272 zl :? 
46.5626 35 +1 

59.5731 % rf 
22:11@ 28 +1 

si 1:: 
05 +2 

07 
06 95' o6r +2 

07 I+2 
08 +2 

53 
52 
51 
51 
50 

28 
27 

09 +2 
10 1+2 

B 
48 

26 950 11' +2 
12 +2 

ib ;: 
15 +2 

26 
24 $2 

01 22.4480 

00. 
00 950 16' +2 

17 +2 
18 +2 
19 +2 
20 +2 

950 21' +2 
22 +2 

25 +2 
3 2 

59 8: 2 1  
21  

20 
19 
19 
18 
17 

26.2605 
46.8960 

48 3022 

09.4 76 
3o.of3o 
50.7085 
11.3439 
31.97915 
52.6147 
'13.2501 

:m:: 

15 - 15 

40 
39 
3g 
38 
37 

it 
;'t 

950 261 +2 
27 +2 
28 +2 
29 +2 
30 +2 

52 
52 
51 
50 

29.7397 

50.3751 960 41' +1 
11.0106 42 +1 
31.6460 
5e.2814 8 1; 
12.9168 45 +1 

950 311 +2 
32 
:b 2 

36 
36 

34 
:z 

48.1356 960 061 +2 
08.7710 07 +2 
29.k64 08 4 2  
50.0418 09 +2 
10.6772 10 +2 

% 
48 11 

11 46 

F~GWE 45.-Lambert projecticn table for Nebraska-Continued. 
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18.9689 
39.6043 
%;?;I 
41.5105 

Long. 
960 46' 

49 
50 

i 4  

97' 26' +i 
27 +1 
28 +1 
29 11 
30 +1 

-- 
e 

+1- 47' 
+1 46 
+1 46 

.__ 

:; % 
+1 44 
+l 43 
t1 43 
+1 42 
+1 41 

t1 41 
+1 40 
+1 39 
+1 37 
+l 3g 

+I 37 

+1 35 
+1 35 
+1 34 
+1 33 

+i 31 

ti 31 
ti 30 
ti 29 
+i 29 
+1 26 

ti 27 
rl 27 
b1 26 
+1 25 
ti 25 

:: f 7 6  

:; $2 

LAMBERT PROJECTION FOR NEBRASKA (SOUTH) 

Table I1 (ContCb). 

1" of long. = 0165607640 of e 

I I  Lonr.*l 

28.5001 970 411 +i 
49 * 1355 42 +l 

11.6772 g 
32.3126 

1 .5834 

54.8543 g 

52.9480 

3t.2168 

15.4897 

56.7605 
'17.3959 

36.1251 

e 
24' 38'!0313 
23 56.6668 

222 39.9376 
22 00.5730 

19.3022 

21 21.20gb 
20 41.8438 
20 02.47 3 
19 23.1187 
ib 4j.75oi 
18 04.7855 

15 26.9272 

14 47.5626 
14 08.i9gO 
13 28.8 34 
12 49.4688 
12 10.1042 

11 30.7 97 
10 51.3$51 

09 32.6459 
io 12.0105 

ob 53.26ij 

06 1 .9167 

005 55.1876 

05 36.4584 

3 t .5522 
06 15.6230 

+o 37 04.7166 

06.6251 

+O 56 25.3542 
+O 55 45.9896 

2 zz 27.2605 
+o 53 47.8959 

W 52 29.166$ 
+O 53 08.531 

to 51 49.8021 
+O 51 10.4376 

0 31.0730 2 2  9 51.7084 
+O 49 12.3438 

FIGUBE 45.-Lambert projection table for Nebraska-Continued. 
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27.9271 
48.5625 
09 -1979 '5x223 

U. S .  COAST AND GEODETIC SURVEY 

990 46' -0 

$ 2  
49 -.o 
50 -.o 

LAMBERT PROJECTION FOR NEBRASKA (SOUTH) 

Table I1 (Contcd). 

1" of long. = 0~65607640 of e 

11.1042 
31.7396 
52 03750 
13.0104 
33.6458 
54.2613 
14.9167 
35 5521 

37.4583 
58.0938 

00.0000 

?El; 

;;::%E 

II Long. i 

990 51' -0 
52 -0 

z l  2 
55 -0 

990 568 -0 
57 -0 
58 -0 
59 -0 

1000 00 -0 

100~01 '  -0 
02 -0 

3 2 
05 -0 

01.572 990 3br -0 

42.8438 4 
03.4792 
24.1146 2 
22.208$ 37 4 

- e 
15' 

13 
13 
12  
11 
11 
10 
09 
09 
08 
07 
07 
06 

- 
112 

3 
03 
03 
02 
01 
01 
00 
00 

00 
01 
01 
02 
03 

8 
05 
05 
06 

j7.4513 09 -0 
16.82all  i o  1-0 

- 
e - 

0077' 
08 
09 
09 
10 
11 
11 
12 
13 

15 
3 
2 
17 

19 
19 
20 
20 
2 1  
22 
22 

3 
24 
25 
26 

26 

28 
29 

;I 

- - 
13?0104 
52 * 3750 
11.10 
50.4688 

29.8333 
09.1979 
4.5625 
27 * 9271 
07.2917 

31.73g 

46.6563 
26.0208 :;;::;a: 
82::ig 
24.1146 

22.2084 
01.5729 
40.9375 
20.3021 
59.6667 

12.5834 

53.9479 
33.3125 
12.6771 
52.0417 
31.4063 

FIGURE 45.-Lambert projection table for Nebraska-Continued. 
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looo 21' 
22 

$ 
1000 26' 

52 
29 
30 

1000 31' 
32 

191 

-0 3 27.5938 
-0 3; 06.9584 
-0 34 46.32 0 

2 35 05:0521 25 68?5 

-0 36 44.4167 
-0 37 23 7813 
-0 38 03:1459 
-0 38 42.5105 
-0 39 21.8750 

-0 40 01.23 6 
-0 40 40.6022 

WIYIBERT PROJECTION FOR NEEBRABKA (SOUTH)' 

Table I1 (Cont'd). 

1" of long. = 0!65607640 of e 

1000 561 
57 
58 
59 

1010 00 

-o 56 
.Q 57 
-0 57 
-0 58 
-0 59 

1000 4111-0 46 4 8855 

3 47 ?4:2500 
4 -0 47 53.6146 

-0 48 32.9792 

1010 1' 
32 

j h  
35 

ioio 36' 
37 
3g 

1010 41' 
42 

3 
. 45 

-1 19 23.1147 
-1 20 02.4 93 
-1 -1 20 21 41 21:2084 8i3g 
-1 22 00.5730 

-1 22 39.9376 
-1 23 19. 022 
-1 2 58.2668 
-1 2 l  38 so313 
-1 25 17.3959 

-1 2 56.7605 
-1 2i 36.1251 
-1 27 1 48 7 
-1 27 5z:8523 
-1 28 34.218g 

1010 01' 
02 

3 
05 

-0 59 
-1 00 

-l -1 O1 01 
-1 02 

io10 06' 
0.7 
08 

g 

;l 
1010 11' 

12 

15 

17 
101O 16' 

18 ;: 

-1 02 
-1 0 
-1 oh 
:; :; 

:: 3 
-1 06 
-1 06 

-1 08 

-1 io 
-1 09 

-1 10 

:; ;; 

%:3% 
44.0834 
23.4480 

42.1 71 
21.5z17 
00.9063 
40.2709 
19 - 6355 
59 .om1 
38. 646 

02.8126 

' 17 ,3292 

3s:gzt 
15. 8230 
52.18776 
3 ,5522 
13.9167 
53.2813 

?::%; 
c: 51.3751 

49.4683 
28.8334 

47.5626 
og .19m 

26.9272 

1000 36' 
37 
38 

-0 43 18.0625 
-0 3 57.4271 2 45 16.156 
-0 45 55.5203 

36.7917 

1010 46' 
2 
49 
50 

-1 29 13.5834 
-1 29 52 9480 
-1 0 3-2:3 26 
-1 fl 11.6t72 
-1 31 51.0 18 

FIGURE 45.-Lambert projection table for Nebraska-Continued, 

lOl0 51' 
52 

55 
gz 

-1 32 30.4063 

-1 34 28.5001 
-1 33 09.7709 
-1 3 49.1355 

-1 35 07.8647 45 
1000 46' 

47 
48 
49 
50 

-0 49 i2.338 

-0 49 51.7084 
-0 50 31.0730 
-0 51 10.4376 
-0 51 %.go21 
-0 52 29.1667 

1010 21' 
22 

th 
25 

-1 12 
-1 1 

-1 14 
-1 111 

-1 15 
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-1 4 7 6980 
-1 42 37:0626 
-1 46 56.4272 
-1 47 35.7916 
-1 b 15.1564 
-1 48 54.5209 
-1 49 33.8655 
-1 50 13.2501 
-1 50 52.6147 
-1 51 31.9793 
-1 52 11.3439 
-1 52 50.7085 
-1 5 30.0730 
-1 5 t  09.4376 
-1 54' 48.8022 
-1 55 28.1668 
-1 56 07.5314 
-1 56 46.8960 
-1 57 26.2605 
-1 58 05.6251 

U. 6. COAST AND GEODETIC SURVEY 

1020 46' 
2 

5% 

5g 59 

3 

49 
50 

52 

55 
1020 561 

57 

102' 51' 

lO3O 00 

103O 011 
02 

05 

Long. 
1020 01' 

02 

05 

1020 061 

3 

3 
2 

:t 
1020 1 1 1  

12  

15 
1020 161 

17 
18 
19  
20 

1020 21' 
22 

25 
1020 261 

29 
30 

1020 31' 

3 

3 

3; 
35 

103O 211 
22 

E2 
25 

gi 
29 
30 

32 
;t 

1030 261 

1030 311 

35 
t o y  

;i 
1038 411 

42 

2 
45 

LAMBERT PROJECTION MR NEBRASKA (SOUTH) 
Table 11 (Contld). 

1" of long. = 0?65607640 of e 

-2 31 33.2189 
-2 32 12.5835 
-2 32 51.9481 
-2 3 31.3127 
-2 32 10.6772 

-2 3 29.4064 
-2 32 08.7710 
-2 3G 48.1356 
-2 37 27.5002 
-2 36 06.8647 
-2 38 46.2293 

9 2 5939 r", $0 02:9585 

-2 34 50.0418 

-2 40 M.3231 
-2 41 ~3 .6877 
2 E :2:8,52,2 

21.7814 2 :$ 01.1'+60 
-2 44 40.5106 
-2 45 19.8752 

Oa 46 38:60%3 
-2 45 59 23 g 

-2 47 17.9689 

0 .  I I  Long. 

-1 58 44.9897 
-1 59 24.3543 
-2 00 03.7189 
-2 00 43.0835 
-2 01 22.44t30 

1030 061 
07 
08 
09 
10 

-2 05 16.6355 
-2 05 58.0001 
-2 06 37.3647 
-2 07 16.7293 
-2 07 56.0939 
-2 08 3 .4585 
-2 09 12.8231 
-2 09 54.1g76 
-2 10 3 .5522 
-2 11 12.9368 
-2 11 52.2814 
-2 12 31.6460 
-2 13  11.0106 

50 3751 1; :% 29.7397 

-2 15 09.1043 
-2 15 48.4619 
-2 16 27.8335 
-2 17 07.1981 
-2 17 46.5626 
-2 18 25.9272 
-2 19 0 2918 
-2 19 d:6564 
-2 20 24.0210 
-2 Zi 03.3856 
-2 21 42.7501 
-2 22 22.1147 
-2 23 01.4793 
2 St 20.2085 

40.8439 

L O W .  I e 

FIGURE 45.-Lambert projection table for Nebraska-Continued. 
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1030 51' 
52 
gz 
55 

57 
58 
53 

1040 00 

104 01' 

1030 561 

02 

Et 
05 

LAMBERT PROJECTION FOR NEBRASKA (SOUTH) 

Table I1 (Cont'd). 

1" of long. = 0?65607640 of 8 

-2 51 14.1!?6& 
-2 51 53.5210 
-2 53 12.2502 
-2 53 51.6148 

-2 52 32.8~56 

-2 54 30.9 93 
-2 55 10.3 'I 39 
-2 55 49.7085 
-2 56 29.0731 
-2 57 08.4377 
-2 57 47.8023 
-2 58 27.1669 
-2 59 06.5315 
-2 59 45.8960 
-3, 00 25.2606 

LonR. I 9 

03 
10 

1040 11' 
12 

tt 
15 

1040 161 
17 
18 
19 
20 

*46'1-20471 52:3335 
47 -2 48 3 e6981 

-3 03 02.7190 
-3 03 42.0S35 
-3 04 21.4Ml 
-3 95 00.8127 
-3 05 b.1773 
-3 06 19.5419 
-3 06 58.9065 
-3 07 38.2710 

-3 06 57.0002 
-3 09 36.36u 
-3 10 15.7294 

-3 08 17.6356 

46 -2 49 i6.0627 
49 1-2 49 5 42/3 
50 -2 50 32:7918 
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of the first grid line that is to be shown on the map. The coordinates 
of the corners are as follows: 

I I I I 
1. GCI 

.~ Southeast corner ___..._________..__ 1 2,689,954.35 

Let us suppose we wish to draw grid lines for every 40,000 feet begin- 
ning with 2,560,000.00 in the xwalues a t  the west and ending with 
2,680,000.00 a t  the east; with the y values, we may have 500,000.00 
a t  the bottom and 660,000.00 a t  the top. 

With this arrangement, a t  the southeast corner the 500-thousand 
line will lie 4,383.43 feet north of the corner and the 2,680-thousand 
line will be 9,954.35 feet west of the corner. The scale of the map is 
one part in 125,000; hence, these dist.mnces will be 0.421 inch north of 
the corner and 0.956 inch west of the corner. 

At the northeast corner, the 660-thousand line is 17,709.86 feet 
south of the corner and the 2,680-thousand line is 4,740.19 feet 
west of the corner. On a map of one part in 125,000 these distances 
become 1.700 inches and 0.455 inch respectively. At the northwest 
corner the 2,560-thousand line is 12,180.91 feet east of the corner and 
the 660-thousand line is 14,181.43 feet south of the corner; these dis- 
tances on the mzp become 1.169 inches and 1.361 inches, respectively. 

Finally, a t  the southwest corner, the 2,560-thousand line is 8,009.38 
feet east of the corner and the 500-thousand line is 7,938.72 feet north 
of the corner. These represent map distances of 0.769 inch and 0.762 
inch, respectively . 

Now straight lines joining the respective points a t  the top and bot- 
tom of the map as also a t  the two sides will give the grid lines for 

’ 2,560- and 2,680-thousand in a north-south direction and the 500- and 
the 660-thousand lines in an east-west direction. If we divide the dis- 
tance between the two north-south lines into three equal parts 
both a t  the top and a t  the bottom of the map, we shall determine the 
2,600- and the 2,640-thousand lines. I n  a similar way by dividing the 
distance between the 500- and the 660-thousand lines into four equal 
parts a t  the east side and at the west side of the map, we shall locate 
the 540-, 580- and 620-thousand lines for the east-west grid lines. 

There is some slight ap rosimation in this procedure because the 

is supposed to be placed on a Lambert projection map made from the 
same system tables. The slight error mtroduced is probably not as 
great as the uncertainty of plotting, so for all mapping purposes it is 
permissible to employ the scheme as outlined above. 

quadrangle maps are ma c f  e on the polyconic projection and the grid 

METHOD O F  CONSTRUCTING THE MERXDIANS AND PARALLELS ON TEE GRID 
PROJECTION 

If a map is to be made for the whole or a part of a given system, it 
may be desirable to place the meridians and parallels on it as well as 
the grid lines. In order to show how this can be done, we have made 
the computations necessary for the Columbus area. (See fig. 47.) 
We selected the upper and lower parallel of the region to be shown. 
These were 41O35’ and 41°15’, respectively. We then computed the 
coordinates of the intersection of these parallels with the meridians to 
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Plane coordinates on Lambert pmjection 

stateNebmPka( south)Station Quadrangle Corner  
6 -  41' 06 " 1- 9 7 O  06 " 

Tabular difference of R for 1" of 6 - 
-R ( for min. of 6 ) 
.Car. for sec. of 6 

I I .  U I 1 

x = 2.000,000.00+ R sin 0 
y = y' + 2R sinz f 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

(see log tables) 
R, y', and 0 are given in special tables 

FIGURE 46.-Computation of Coordinates of quadrangle corners. 
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Plane coordinates on Lambert projection 

Etation -pr - Stat- 0 . -  

9 =  iL.i 30 x -  97 00 
Tabular difference of R for 1" Of 0 - 

.e ( for rnin. of X ) 

x - 2.000,000.00+ R sin B 

y = y' + 2R sinZ 9 
y'= the value of y on the central meridian for'the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, ye, and B are given in special tables 
(see log tables)' 

FIGURE 46.-Computation of coordinates of quadrangle corners-Continued. 
I 
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.R ( for  ;in. o f # )  2 4 9 1 ~ 5 9 0 4 1 . 5 3  

-Cor. for sec. of # - 

Plane coordinates on Lambert projection 

Stat&iebr36La( south) Station W a d r a n g l e  Cornnr 
6 =  41'00' " 97'30' * 

Tabular difference of R for 1" of 6 = 

.y*( formin.  o f# ) -  

Cor. for sec. of #- 

485.740.33 

+ 

.Cor. for sec. of X 

J I 

0 J " 
0 99 31 .A7605 

-9- 6 9  8 9 7 0 0 0- 

0.0114404431 

776 .O13.406 
3160.476 
6'320.9G 

-0.3 0 1 0 3 0 0 0- 

x = 2.000.000.00+ R sin e 
y = y' + 2R sinz 8 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R. y'. and 0 are given in special tables 

(see log tables) 

FIGWEE 46.-Computation of coordinates of quadrangle corners-Continued. 
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Plane coordinates on Lambert projection 

StatUebraekn(sou'thbtation QunArnniTle Corntlr 
# =  4 f  36 " 1- 9ip 3d " 

Tabular difference of R for 1" of @ - 

r. for sec. of 0- 

674.181.411. 

0 36 21".875@5 

- 9 . 6 9  8 9 7 0 O O L  

0.0114504431 
273.927.503 

31%. 591 
6273.18 

~ - ~ 

x = 2,000,000 oo+ R sln e 
y = y' + 2R sln2 f 
y'= the value of y on the central merldlan for the latltude of the statlon 

S = log of ratio for reducing arc expressed in seconds to m e  

R, y'. and 0 are given in speclal tables 
(see log tables) 

FIGURE 48.-Computatlon of coordlnates of quadrangle corners-Continued. 
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I ,  

15 to 20 
20 to 25 
25 t o  30 
30 to 35 

be shown. These were for every 5 minutes of longitude from 97’20’ 
to 97’50‘, inclusive. This gave us seven points on each of these paral- 
lels which could be plotted on the map. The parallels are circles but 
the curvature is so slight that it would not be practical to use a radius 
in their construction. A smooth curve drawn through the plotted 
points gives the parallel in question. The meridians are straight lines, 
so such lines drawn through corresponding longitude points on the two 
parallels give all of the meridians. The spacing of the remaining 
parallels on the various meridians can be found from the table. The y’ 
value for 41’20’ is found from the table to  be 607,182.97 and that for 
4lo15’is576,821.42. The differenceof thesegives thespacing of 41’20’ 
on eachof theincludedmeridians, or 607,182.97 - 576,82 1.42 = 30,36 1.55. 

In the same way the spacing from 41’20’ to 41’25’ can be found. 

Spacing 

Feet 
30,361.55 
30,362.26 
30,363.02 
30.363.85 

If these spacings are laid off on each of the straight-line meridians 
to the scale of the map, seven points on each of the parallels willabe 
determined. They can then be drawn in as smooth curves just as 
were the upper and lower parallels from their coordinates. In  this 
way a map projection for the whole area of a system can be computed 
and constructed. Also county maps can be constructed \nth parallels, 
meridians and grid lines for use in plotting data fixed by surveying, 
either geodetic or plane. Larger areas for power projects or for engi- 
neering construction projects on a large scale can be mapped by this 
method with coordinate relation of meridians, parallels, and grid lines. 
For States having a single system based on the Lambert projection such 
a map for the whole State would bevery useful. The method of handling 
the problem is so simple that it should give no trouble in its execution. 
TRANSFORMATION OF A LOCAL SYSTEM OF PLANE COORDINATES 

TO GRID COORDINATES 

In  case a local system of plane coordinates has been computed, it 
is possible under certain conditions to transform. the coordinates 
directly without passing through the geographic positions. The first 
requisite is that the geographic position of the local origin should be 
given. If this is not known, we should not be able to locate the sys- 
tem accurately on the grid. 

With the geographic position of the origin given, we can compute 
the grid coordinates of the origin. This gives us the 8 angle through 
which the local axes must be turned in order to  make them parallel 
to the grid axes. This is not the whole problem as we shall show, but 
it is the main part of it. I n  order to  test the results accurately, we 
have chosen a system of plane coordinates in Cincinnati, Ohio, for 
which we have geographic positions of the stations as well as the local 
plane coordinates. In this way we can compute the grid coordinates 
from the positions and thus compare them with the result of the direct 
transfomiation. 
The origin for the local systemis Hughes High School for which the 

grid coordinates become z= 1,426,605.64 and y=417,458.88, and the 

(Text continued on p. 214) 
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Plane. coordinates on Lambert projection 

M S t a t i o n  Five Minute Interecctlon - s t a t & + x s h d  
1- 9.p 20' " 

0 * ,, o =  41 1 5  
Tabular difference of R for 1" of @ = 

y' ( for min. of @ ) 

~ 

x = 2,000.000.00+ R sin 8 
y = f + 2 R  sin2 9 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R. y', and 0 are given in special tables 

(see log tables) 

FIQUEE 47.-Computation of coordinates of &minute intersections. 
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Plane coordinates on Lambert projection 

State Nebraska ( south &tion F i v e  M i n u t e  I n t e r s e c t  h n  
# =  41° 15 .'' A =  97' 25' " 

Tabular difference of R for 1" of # = 

x = 2,000.000.00+ R sin 9 
y = y' + 2R sin2 9 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 9 are given in special tables 
(see log tables) 

WQUBE 47.-Computation of coordinates of %minute intersections-Continued. 
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.R ( for min. of b ) 
.Cor. for sec. of 0 

U. S. COAST AND GEODETIC SURVEY 

24 .Qu:Q60.4 4 -y’ ( for min. of 0 ) 576.821.42 

- _Cor. for sec. of ) +- 

x = 2,000,000.00 + R sin 8 

y = y’+ 2R sin2 9 
y‘= the value of y on the central meridian for the latitude bf the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y‘. and 8 are given in special tables 

(see log tables) 

FIGURE 47.--Computation of coordinates of &minute intersections-Continued 
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-6 ( for min. of X ) 
.Cor. for sec. of X 
-6 

6" 
For machine 
COrnPUtattOn 

I 

203 

~ .y'L (=2R sin2 $)  + 6.7S3.  '37 
0 .  

+ 1 15 7 6 . W . . Y  587.hn4.59 
- 

0 037'43:4535- 
For machine 
cornoutation 

- 9  
I 

Plane coordinates on Lambert projection 

Stat- Station F i y  7!??11te Tnteree",tion 
* =  41D 14 x =  97 35 

Tabular difference of R for 1" of d = 

I 

x = 2.000.000.00+ R sin 6 

y = y' + 2R sin2 f 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

(see log tables) 

R. y', and 0 are given in special tables 

FIGURE 47.-Computntion of coordinates of 5-minute intersections-Continued. 

106911°--35--14 



204 U. S. COAST AND GEODETIC SURVEY 

Plane coordinates on Lambert projection 

Stat-Statidn Five H i n u t e  I n t e r a e c t l o n  
0 , -  d =  ).Ll 15 x -  97040' " 

Tabular difference of R for 1" of 4 - 
.R ( for min. of 6 
.Cor. for sec. of 6 

I I I I 
x = 2.000,000.00 + R sin Q 
y 0 y'+2R sinz # 
y'- the value of y on the central meridian for the latitude of the Station 

S - log of ratio for reducing arc expressed in seconds to sine 

R. y', and 8 are given in special tables 
(see log tables) 

FIQURE 47.-Computation of coordinates of bminute intersections-Continued, 
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Plane coordinates on Lambert projection 

StatPNebre.eka ( sout&tion Five H i n u t e  I n t e r s e c t i O h  

* = I l l 0  1s " x-  9 7 O  45' " 
Tabular difference of R for 1" of # = 

.R ( for rnin. cf # ' ( for min. of # )- 
r. for sec. of #- 

.e ( for min. of X 1 
Cor. for sec. of X 

K = 2,000,000.00+ R sin 0 
y = y' + 2R sin2 f 
y'= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R. 1, and 0 are given In special tables 
(see log tables) 

+ 4,921.?4 

0 .  

0 -542 6 ."64065 

- 
240,600.41 

2410,.621 
4821.24 

FIGUBE 47.-Computation of coordinates of 5.minute intersections-Continued. 
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Plane coordinates on LamBert projection 

Statelkbra sk a (southhat ion F-nter seotion 
1- 97'50' - 0 - a, 

@ =  41 15 
Tabular difference of R for 1" of'@ = 

.R ( for min. of 
_Cor. for sec. of 0 

.Cor. for sec. of 

x = 2,000,000.00+ R sin 0 
y = y' + 2R sin* $ 
y'- the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

FIGURE 47.-Computation of coordinates of 5-minute intersections-Continued. 
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Plane coordinates on Lambert projection 

State Nebraska( SoutA &tion Flve 31 nute Intersect lo n 
6 41" 35 " - 1- 97' 26 '' 

Tabular difference of R for 1" of 4 - - 
.R ( for min. of 6 1 
.Cor. for sec. of 6 - 
R Y' 

-0 ( for min. of X ) l ?  - - Y  
.Cor. for sec. of X 

23.892.509 76 
~ -y' ( for min. of 0 )- 

Cor. for sec. of 0- 

y l I ( = 2 R  sin2 e ) -  
0 . -  

, - 

sin B 

- 9 . 6  9 8 9 7 0 0 &- 

0.01211045996 
296,377.02 

3676.438 
7352 .a8 

x = 2.000,000.00+ R sin 0 
y = y' + 2 R  sin2 $ 
y'= the value of y on the central meridian for the latitude of the Station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

FIQWE 47.-Computation of coordinates of &minute intersections-Continued. 
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Plane coordinates on  Lambert projection 

S ta t l eb raska (  eouth) Sbt ionFive M i n u t e  I n t e r s e c t i o n  
0 . "  

) =  41' 35 " 1- 97 25 
Tabular difference of R for 1" of 0 - 

.R ( for min. of 4 ) 
-Cor. for sec. of 0 

y' ( for min. of 0 )- 
r. for sec. of 0- 

.Cor. for sec. of X 

698.272.10 
+ 

0 41' 0012865 

x = 2,000,000.00+ R si!, 0 

y = y' + 2R sin2 f 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

(see log tables). 
R, y', and 0 are given in special tables 

FIGURE 47.-Co1npulalion of coordinates of 5-minute interseclions-Continued. 
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Plane coordinates on Lambert phjection 

StatJlebraska ( "buthitation F i v e  M l n u t e  I n t e r e e c t l o n  

6 =  41' 33 " 97" 36 - 
Tabular difference of R for 1" of 6 - 

-6 ( tor min. of X ) 
Cor. for sec. of X 

x - 2,000,000.00+ R sin e 
y = y' + 2R sin' f 
y'= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 6 are given in special tables 
(see log tables) 

FIQUBE 47.-Computation of coordinates of &minute interseetiowConlinued. 
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.R ( fo r  min. of 6 ) 
-Cor. for sec. of # 

23,892.509.76 
- 

U. S. COAST AND GEODETIC SURVEY 

-y' ( for min. of # )  698,?72.10 
Cor. for sec:of # + 

.Cor. for sec. of X 

x = 2,000.000.00+ R sin 0 
y = y' + 2R sin2 $ 
y'= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R. y', and 9 are given in special tables 
(see log tables) 

FIQURE 47.-Computation of coordinates of 5-minute intersections-Continued. 
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--sin 

-togR -* 
.x' 

Y 

Plane coordinates on Lambert projection 

S t a t e ) S t a t i o n  F W l n U  t e  I n t e r s e c t l o n  

6 -  41 35 ,. 1- 97O 46 " 

Tabular difference of R for 1" of @ = 

0 Q. 0=099130= 

R sin 6 4 501-7.12 
__. -- 2,000,000.00 

- 3 5 0 1  37.12 

696.279 .10 

---sin Q 0.0104967760 
R sin 6 250,782.58 

- w ~ - R  sin' Q 2632.281 

_ -  .)D P t .20/2 5264.56 
- -  -- - 

1 10.104: 
.Cor. for sec. of X 

For machine 
COm utation 

-* I I 
I 

I I 

Q 0 '36'05:0521 
For machine 
computation 

- 2  

I 

e latitude 'of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R. y', and 8. are given in special tables 

(see log tables). 

h Q W E  47.-Computation of coordinntes of &minute intersections-Continued. 



212 U. S. COAST AND GEODETIC SURVEY 

Plane coordinates on Lambert projection 

S t a t a e b r e s k a  (southgtation F i v e  Minute I n t e r s e c t i o n  
0 . I. m =  I21 55 1 = 9 7 O  45' ** 

Tabular difference of R for 1" of 4 = 

.Cor. for sec. of 6 

Cor. for sec. of X 

x = 2.000.000.00 + R sin 0 
y = y' + 2R sin2 $ 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

(see log tables) 

R. y', and 0 are given in special tables 

FIGURE 47.-Computation of coordinates of 5-minute intersections-Continued. 
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Plane coordinates on Lambert projection 

S t a t e $ t a t i o n  FJfe M i n u t e  I n t e r s e c t i o n  
d =  41'35 '* 1 = 97 50' " 

Tabular difference of R for 1" of @ = 

x = 2,000,000.00+ R sin 0 

y = y' -f 2R sin2 $? 
y'= the value of y on the central meridian for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 

! 

(see log tables) 

FIGURE 47.-Computation of coordinntes of &minute intersections-Continued. 
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9 angle is -,1°16'57".46 as far as it is necessary to use it in the trans- 
formation. The coordinates of five other stations have been com- 
puted from their geographic positions and we shall compute the same 
by transformation to see how closely they will check. We must bear 
in mind that the geographic positions have been computed to three 
places of decimals and that one unit in the last place represents 
approximately one-tenth of a foot. Also in computing the geogra hic 

place so it is always possible that the resulting positions may be one 
whole unit in the last place in error with respect to the origin of coor- 
dinates or Hughes High School. 

In this system of coordinates, the geographic positions were recom- 
puted on the North American Datum of 1927 after the local coordi- 
nates were computed. This recomputation on the new datum 
involved a change in azimuth of +2".58 which was added to the 0 
angle to take care of this relative change. We must therefore turn 
the axes through the sum of the two angles. 

positions it is sometimes necessary to add or subtract a unit in the I; ast 

1'16'57".46 
2 .58 

1 17 00 .04 

There is another difficulty that we have to contend with and that 
is due to the fact that the geodetic line does not coincide with the 
straight line joining its end points on the grid system. We shall now; 
by the five examples, attempt to  show the method to be employed. 

The station Clifton School has the local coordinates, 
x= +634.66 acd y=$7,853.95. 

log x =2.8025411 1% Y =3.8950882 
1% Y = 3.8950882 log COS u =9.9985867-10 

log tan a =8.9074529- 10 ' log s =3.8965015 
- 238 

a = 4'37'11''.65 
Local plane azimuth= 184'37'1 1".65 log grid length=3.8964777 

This is the plane azimuth in the local system and the log s computed 
may be considered the logarithm of the geodetic distance of Clifton 
School from Hughes High School. From the State table for Ohio- 
South we find the rid correction for the log should be -238 in the 
seventh place of B ogs. The log of the grid length is therefore 
3.8964777. To obtain the grid azimuth we must add 1°17'00."04 to 
the local plane azimuth, as explained above. 

Local plane azimuth= 184'37'11".65 
Correction = 1 1700 .04 

~~ 

Grid azimuth =185 54 11 .69 

log sin grid azimuth=9. 0121997-10 
log grid length =3. 8964777 log grid length =3.8964777 

log Ax =2. 9086774 log AY . -3.8941685 

log cos grid azimuth=9. 9976908-10 

I Z l Y  

Clifton School ....................................... .... .. .._______ -1 1.427.416.00 I 425,296.22 
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It is thus seen that the resulting x coordinate is 0.01 too large and 
the y coordinate 0.06 too small; but the check is as good as one could 
expect, due to the use of only three decimal places in the geographic 
positions. There is one thing further to consider and that is the 
correction term to the azimuth. This is given by the formula 

( 2 2  -%)( y1 - ?lo +T) Y2-Y1 

2p02 sin 1" 

The Yo and zp02  sin 1 / f  are-constants that are given in the tables. 
The yo for Ohio-South is given as +504,195 feet. 

It is more convenient to use the numerical value if a machine is 
available for multiplication. 

I n  this case x1 and y1 are the grid coordinates of Hughes 
School and x2 and yz the coordinates of Clifton School. 

Yl = 417,459 
Yo = 504,195 

High 

-84, 124 

Correction= +810 (- 84,124) 2.35835 X 1O-Io. 

The factor 10-lo can be accounted for by pointing off 5 places in 
We have then each of the first 2 factors. 

Correction= -0.00810X 0.84124X 2.35835= -0".02. 

The correction is too small in this case to trouble about, but we 

The station Observatory has the local coordinates, 
wished to show the method t.0 be used. 

x= +27,698.35 and y= +3,813.66. 

log x =4. 4424539 log x =4. 4424539 

log tan u -0.8611120 log s =4.4465319 
a - 82'09'37".79 Grid factor = - 237 

Local plane azimuth c 262'09'37".79 log grid length = 4.4465082 

1% Y =3. 5813419 log sin a =9. 9959220-10 

Local plane azimuth= 262'09'37".79 
Correction = 1 1700 .04 

Grid azimuth =263 26 37 .83 

log sin grid azimuth =9. 9971506-10 
log grid length =4. 4465082 log grid length =4. 4465082 

log & -4.4436588 log AY -3.5040868 

log cos grid azimuth=9.0575786-10 
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Hughes High School ...................................................... 
Az and Ag ................................................................. 

' Observatory ........................................................ 

Feet Feet 
1,426.605. E4 417,458.88 
+27,775.30 +3,192.18 

1,454,380.94 420,651. OB 

I n  calculating the correction, it should be borne in mind that yl-yo 
is constant for any one transformation system. 

-YO = - 86, 736 
34 (YZ-YI) = $1, 064 

-85, 672 

Correction= -0.27775 X 0.85672 X 2.35835= -0156. 

The corrected grid azimuth therefore becomes 263'26'37!'27. 

log sin grid azimuth=9. 9971505-10 
log grid length =4. 4465082 log grid length =4. 4465082 

log Ax =4. 4436587 1% AY =3. 5040971 

log cos grid azimuth=9. 0575889-10 

___- 

- 

l = l y  

Hughes High School.. .................................................... 1,426.605.64 417,458.88 
Az and Ag ................................................................. +27,775.20 $3,192.25 

Observatory ........................................................ 1,454,380.93 420,651.13 I- Feet I Feet 

The failure to check is 0.01 in x and 0.05 in y, as close as could be 
These values may fit the actual conditions better than the 

The station Reading has the local coordinates, 

x= +22,566.30 and y= +30,894.10. 
log 2 =4. 3534604 1% Y =4. 4898755 
1% Y =e 4898755 log cos a =9. 9071520- 10 

log tan a =9.8635849-10 log s =4. 5827235 
Grid factor - 248 

a = 36'08'45127 
Local plane azimuth=216'08'45127 log grid length=e 5826987 

expected. 
results from the positions. 

Local plane azirnut h = 2 16 ' 08'4V.27 
Correction = 1 1700.04 

Grid azimuth 

log sin grid azimuth=9. 7837474-10 
log grid length =e 5826987 log grid length =4.5826987 

log Ax =e3664461 log AI/ =4.4825763 

=217 25 45 .31 

log cos grid azimuth=9.8998776-10 
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I I y  

Hughes High School ___...________._.___----.---.-.---------...........-.. 
Az and Au _______________.____.---....-...-----.-....---------------------- 

I U 

Feet Feet 
1,426.605.64 417,458.88 
+23,251.18 +30,379.24 

This does not check quite as well as those already given. 

For station St. Joe the coordinates are given as 

The 
relative positions of Reading and Hughes High School must be some- 
what in error. 

x=-35,282.26 and y= -11,386.90. 

log x =a5475564 log 5 =4. 5475564 
log Y =4. 0564055 log sin a =9. 9784841-10 

log tan a =O. 4911.509 log s =4. 5690723 
.grid factor = -230 

a ,= 72'06'47 143 
Local plane azimuth= 72'06'47143 log grid s =4. 5690493 

Local plane azimuth= 72'06'47".43 
Correction = 11700.04 

Grid azimuth =73 23 47.47 

log sin grid azimuth=9. 9815039-10 
log grid length =4. 5690493 log grid length =e 5690493 

log Ax =4.5505532 1% *Y =LO250304 

log cos grid azimuth=9. 4559811-10 



~ J , - - ~ J O  =-86, 736 
5 ( - ~ J z - - ~ / I ) =  -3, 531 

-90.267 

Correction= +0.35526)<0.90267)< 2.35835= +0”.76 
Corrected grid azimuth= 73’23’48”.23 

log sin grid azimuth=9. 9815043- 10 
log grid length =4. 5690493 log grid .length =4. 5690493 

log Ax =4. 5505536 log Ay =4. 0250250 

log cos grid azimuth=9. 4559757- 10 

-~ 

The check is $0.05 in x and -0.12 in y, but these coordinates prob- 
ably represent better the relative positions of Hughes High School and 
St. Joe than do the coordinates from the position of St. Joe. 

As a final example, we shall take the station Mt. Washington School, 
the local coordinates of which are x= +38,050.30 and y= -13,578.20. 

log x =4. 5803581 log 2 =e5803581 
log Y =4. 1328422 log sin a =9. 9739723- 10 

log tan a =O. 4475159 log s =4. 6063858 
grid factor = - 235 

a = 70’21’40’!05 
Local plane azimuth= 289’38’19Y95 log grid length=& 6063623 

Local plane azimuth=289’38‘19’!95 
Correction E: 1 1700.04 

Grid azimuth =290 55 19.99 

log sin grid azimuth=9. 9703776- 10 
log grid length =4. 6063623 log grid length =4. 6063623 

log Ax =e5767399 log AY =4. 1591524 

log cos grid azimuth=9. 5527901-10 
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y, -yo = -86,736 
%(Y~-YI) = - 4,809 

-91,545 

Correction= -0.37735 X 0.91545X 2.35835= -0231 
Corrected grid azimuth= 290°55‘19’! 18 

log sin grid azimuth=9. 9703783-10 
log grid length =4. 6063623 log grid length =4. 6063623 

log Ax =4. 5767406 log by =4. 1591480 

log cos grid azimuth=9. 5527857-10 

I I v  

This is about the usual check. 
We shall now show how to accomplish the same result in another 

way. Let us denote the angle through which the axes are turned by 4. 
Then if x‘ and y‘ denote the original plane coordinates reduced for the 
scale factor, we shall have: 

Grid x=1,426,605.64+~’ cos ++y’ sin + 
Grid y=417,458.88+y’ cos + -x’ sin +. 

This system lies west of the central meridian for Ohio-South. If it 
were east of the central meridian the sign of the sin term would change 
for each of the coordinates, being minus for x and plus for y. 

It will be most convenient to use natural functions with this method. 
In this case, + = 1°17’00!04 

sin +=0.02239671 
COS +=0.99974917. 

The effect of the correction term wi l l  be computed in another way. 
For Clifton School, 

z 
Y 
Grid 

= $634. 66 
= 4-7, 853. 95 

factor=0.9999452 

z’= $634. 625 
y‘= +7,853 520 
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Hughes High School _____.___._______ 
X' COS &--- .- -_ -- _ _  .-_ - ..- -. ._ - .- - - _ _  - 
u'sinrp. ____..__.__________.__________ 

Clihon School ... ______.__.._ ____. 

i ll l y  

Feet Feet 
1,426,605.64 Hughes High School ___._.._______.__ 417,458.88 

+634.47 g' COS 6 _ _ _ _  - ._ - - _ _  _ _  _ _  _ _  - _ _  - - - _ _  - - _ _  _ _  +7,851.55 
+175.89 r'sinrp ______._ ~ _ _ _ _ _ _ _  ~ .___._________ -14.21 

1,427,416.00 Clifton School ______._._._ ~ _____.. 425,296.22 

Hughes High School.-- - _____.__ ~ _ _ _ _  
z' COS ~5 --______--__-___.-________ _ _ _ _  
$'sin 9 _ _ _ _ _ _ _  - - - _ _  - _ _  - _ _ _ _  _ _  _.__ _ _  - -. 

Observatory . . . . . . . . . . . . . . . . . . . . .  

I I - 
Feet Fed 

1,426,605.61 Hughes High School _____._______..__ 417,458.88 
+27,689.89 y' COS rp ___-___-_________..______ _.____ +3.812.49 

-620.32 

1,454,380.94 Observatory-. - _____.____________ 420,651.05 

$85.41 z' sin rp ._____ _ _  _ _  - ~ _ _ _  -. __. _ _  _ _  -. . . 

Hughes High School-. ___._______._._ 
z' cos rp .-.. _._____.___._._...__--.--.. 
v' sin rp .__.__________.__._.---------.. 

Reading 

X 
Y 
Grid 

Feet Feet 
1,426.605.64 Hughes High School.. __._________.__ 417.458.88 

+22,559.35 g' cos 6. -. - _.__.....__...__.__.--...- +30.884.69 
+691.89 z' sin 9 _.__..__ _____._. _ _  ._.____._____ -505.38 

1,449,856.88 Reading. - - - _._.____.--____.___. 447,838.09 

= + 22,566.30 
= $30,894.10 

factor= 0.99994290 

x'= +22,565.01 
y' = + 30,892.34 

I II I u  

I ll I 

Correction for x= -O0.03O379X0.42X4.848= -0.06 
Correction for y= +0.023251 X0.42X4.848= +0.05 
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Hence Reading has the coordinates, 
X= 1,449,856.82 
y= 447,838.14. 

For station St. Joe, 
X 
Y 
Grid 

= -35,282.26 
= - 11,386.90 

factor = 0.99994704 

X’ = -35,280.39 
y’=-11,386.30 

I /I I r  

Correction for x= -0.010593X0.76X4.848= -0.04 
Correction for y= -O0.O35527X0.76X4.848= +0.13 

Hence St. Joe has the coordinates, 
X= 1,391,079.04 
y= 406,865.73. 

For Mt. Washington School, 
2 = + 38,050.30 

= - 13,578.20 
&rid factor=0.99994589 

X’ = + 38,048.24 
y’= - 13,577.47 

- I I1 I I  

Correction for x= +O.O14426X 0.81 X4.848= +0.06 
Correction for y= +0.037735><0.81X 4.848= +0.15 

Hence Mt. Washington School has the coordinates, 
x= 1,464,340.31 
y= 403,032.81. 

Besides these main stations determined by triangulation, there are 
no doubt hundreds of others that are found in the detail traverses. 
With these, the results of the computation by transformation of the 
main stations would be more consistent than the coordinates derived 
from the geographic positions. These detail traverses have been com- 
puted only by plane coordinates; so no geographic positions would be 
available for the computation of grid coordinates. It seems then that 
either of the above methods of transformation would be very useful 
for such cases. The latter method is probably the shorter in the long 
run especially if a calculating machine is available. 
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Plane coordinates on Lambert projection 
/ 

sbtp Ohio - South Station Hushes  Hi& School 
0 r I, .o I I. 

9 =  39 07 4?-9' 4 x -  84 D 17.094 
Tabular difference of R for 1" of -101.168 -00 

or. for sec. of e- 

- 2.000.000.00+ R sin 0 

'F the value of !f on the central meridian for the latitude of the station 

7 log of ratio for reducing arc expressed in seconds to sine 

, y', and 0 are given in special tables 
(see log tables) 

406.699.07 
+ 4.341.52 

+ 6.418.29 
- 
417.45R.RR 

~ 

n 36 26,729185 

0.011192801P 
286,715.14 , 

3209.146 
I 6418.29 

~ G T J E E  48.-C!omputation of coordinates from gewaphic position. 
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Plane coordinates on Lambert pmiection 

State. Ohid - South Station Clifton School 
O 3i oG.037 6 =  39 09 O O L Y C L  x -  84 

0 ' "  

Tabup difference of R for 1" of 6-101.16833 

-Ox. for sec of 0 

.Cor. for sec. o 

x - 2,000,000.00+ R sin e 
y - f + 2R sin2 $ 
f- the value of y on the central meridian for the latitude of the station 
S - log of ratio for reducing arc expressed in seconds to sine 

R. f, and 8 are @en in special tables 
(see log tables) 

FIQUBE I.-Computation of coordinates from geographic position-Continued. 
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Plane coordinates Oil Lambeit prcjj&tion 

ShteOhio - South station . Observatory .-. 

0 -  39'08' 26.458 1- ah'.?; 563 

~ . . .  .Tabular difference of R for l".of 6 - 101 .16NJ0 
. . .  

.. . 

I I I U I I 
x - 2,000,000.00 + R sin 8 

y = y ' + 2 R s i n 2 f  . , 

Y'= the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 9 are given In special tables 
(see log tables) 

FIGUBE 48.-Computation of coordinates from geographic position-Continued. 
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Piane coordinatk on Limbert projection 

Stat?io. - SouthSta t ion  " v. 
6 -  39 1' 48.170 X -  84 26 3 0'. 389 

Tabular difference of R for 1" of t4 - 101L6883 

-R ( for min. of 6 
-Cor. for see. of @ 

' (.for min. of @ ) 

.Cor. for sec. of X 

I I I U I I 
x = 2,000,000.00+ R sin 0 

y y"+ 2R sina 9 
3- the value of y on !he central meridian for the latitude of the station 
S 6 log of ratio for reduc'ing arc expressed in seconds to sine 

R, f, and 0 are given in speciaktables 
(see log tables) 

FIGUBE 48.-Computation of wardinatas from geographic position-Continued. 
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Plane coordinates on Lambert projection 

Station - S L  d n r  S t a t e a h i n  - sn1lt.L 

Tabular difference of R fol 1"'of $4 4QLl6750 

! 0 39'05'50:192 1 ri ' 84' 38 4!.613 

Cor. for sec. of X 

I( - 2,000,000.00+ R sin 8 

v = y' + 2R sin2 8 
f- the value of y on the central meridian for the latitude of the station 
5 = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 8 are given in special tables 
(see log tables) 

FIGUBE 48.-Computation of coordinates from geographic position-Oontinued. 
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I 

Plane coordinates on Lambert projection 

StateOhio- South station M t .  Peshlngton School 
6 = 34 04 28.425 1 = 64' 25 1c.511 

Tabular difference of R for 1" of Q - 101.16750 
.R ( for min. of Q )- 
-Cor. for sec. of 0 -  
-- 

-8 ( for rnin. of X 1- 
.Car. for sec. of X- 

For machine 

sin B 

sin B 
- 2,000,000 .oo . 

x = 2,000.000.00+ R sin 0 
y = y' + 2R.sin2 3 
f- the value of y on the central meridian for the latitude of the station 
S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

RGUBE 48.-Computation c l  coordinates from geographic position-Continued. 
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PUBLICATION NOTICES 

To make immediately available the results of its various activities to those 
interested, the Coast and Geodetic Survey maintains mailing lists of persons 
and firms desiring to receive notice of the issuance of charts, Coast Pilots, maps, 
and other publications. 

Should you desire to  receive such notices, you may use the form given below, 
checking the lists covering the subjects in which you are interested. 

(Date)--___---___---------_-__- 
DIRECTOR, U.  S. COAST AND GEODETIC SURVEY, 

Washington, D. C.  

Dear Sir: I desire that my name be placed on the mailing lists indicated by 
check below, to receive notifications of the issuance of publications referring to the 
subjects indicated: 

0 109. Astronomical work. 
0 109-A. Base lines. 
0 109-B. Coast Pilots. 
0 109-C. Currents. 
0 109-D. Geodesy. 
0 109-E. Gravity. 
0 109-F. Hydrography. 
0 109-G. Leveling. 
0 109-H. Nautical charts. 
0 109-1. Oceanography. 
0 109-J. Traverse. 
0 109-K. Seismology. 
0 109-L. Terrestrial magnetism. 
0 109-M. Tides. . 
0 109-N. Topography. 
0 109-0. Triangulation. 
0 109-P. Cartography. 
0 109-R. Airway maps. 

(Name)__--_--------------------------------------------- 

(Address)-------------_------------------------------------ 

A catalog of the publications issued by all bureaus of. the Department of 
Commerce may be had upon application to  the Chief, Divlsion of Publications, 
Department of Commerce, Washington, D. C. It also contains-a list of libraries 
located in various cities throughout the United States, designated by Congress 
as public depositories, where all publications printed hy the Government for 
public distribution may be consulted. 
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