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Introduction

The 19 programs of Surveying Pac I are designed to solve many of the com-
monly encountered problems in surveying. Topics covered include reduction
and adjustment of field traverse data, solution of curve and intersection prob-
lems, layout of curves, field data reduction, earthwork calculations and
coordinate transformations.

We hope that Surveying Pac I will be a valuable tool in your work. We would
very much appreciate knowing your reactions to the programs in this pac, and
to this end we have provided a questionnaire inside the front cover of this
manual. Would you please take a few minutes to give us your comments on
these programs? It is in the comments we receive from you that we learn how
best to increase the usefulness of programs like these.
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A WORD ABOUT PROGRAM USAGE

Each program in this pac is represented by one or more magnetic cards and a
section in this manual. The manual provides a description of the program, a
set of instructions for using the program, and one or more example problems,
each of which includes a list of the actual keystrokes required for its solution.
Program listings for all the programs in the pac appear at the back of this
manual. Explanatory comments have been incorporated in the listings to
facilitate your understanding of the actual working of each program. Thorough
study of a commented listing can help you to expand your programming
repertoire since interesting techniques can often be found in this way.

On the face of each magnetic card are various mnemonic symbols which pro-
vide shorthand instructions to the use of the program. You should first familiar-
ize yourself with a program by running it once or twice while following the
complete User Instructions in the manual. Thereafter, the mnemonics on the
cards themselves should provide the necessary instructions, including what
variables are to be input, which user-definable keys are to be pressed, and what
values will be output. A full explanation of the mnemonic symbols for magnetic
cards may be found in Appendix A.

This application pac has been designed for both the HP-97 Programmable
Printing Calculator and the HP-67 Programmable Pocket Calculator. The most
significant difference between the HP-67 and the HP-97 calculators is the
printing capability of the HP-97. The two calculators also differ in a few minor
ways.

Most of the computed results in this pac are output by PRINT statements:
either by the statement PRINTx or by the command PRINT STACK. On the
HP-97 these results will be output on the printer. On the HP-67 each PRINT
command will be interpreted as a PAUSE: the program will halt, display the
result for about 5 seconds, then continue execution. The term ¢‘PRINT/
PAUSE”’ is used to describe this output condition.

The lists of keystrokes required to solve example problems indicate the result-
ing outputs. Those outputs indicated by *** are printed by the HP-97 with the
printer in MANUAL mode. These *** outputs are shown by PAUSE on the
HP-67. Outputs without stars are displayed on both the HP-97 and HP-67.

If you own an HP-67, you may want more time to copy down the number dis-
played by a PRINT/PAUSE. All you need to do is press any key on the key-
board. If the command being executed is PRINTx (eight rapid blinks of the
decimal point), pressing a key will cause the program to halt. If the command
being executed is PRINT STACK (two slow blinks of the decimal per value),
the number in the display will remain there until the depressed key is released;
then the next register in the stack will be displayed, and so on. After display of
all four registers, the program will halt execution if a key was pressed at any
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time during the display of the stack contents. In both cases execution of the
halted program may be re-initiated by pressing G-

HP-97 users may also want to keep a permanent record of the values input to
a certain program. A convenient way to do this is to set the Print Mode switch
to NORMAL before running the program. In this mode all input values and
their corresponding user-definable keys will be listed on the printer, thus pro-
viding a record of the entire operation of the program.

Another area that could reflect differences between the HP-67 and the HP-97
is in the keystroke solutions to example problems. It is sometimes necessary
in these solutions to include operations that involve prefix keys, namely,
on the HP-97 and £, @, and @ on the HP-67. For example, the operation
is performed on the HP-97 as and on the HP-67 as 3 (30%]. In such
cases, the keystroke solution omits the prefix key and indicates only the opera-
tion (as here, (10)). As you work through the example problems, take care to
press appropriate prefix keys (if any) for your calculator.

If you have already worked through a few programs in the Standard Pac, you
will understand how to load a program and how to interpret the User Instruc-
tions form. If these procedures are not clear to you, take a few minutes to
review the sections, Loading a Program and Format of User Instructions, in
your Standard Pac.
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TRAVERSE, INVERSE AND SIDESHOTS

TRAVERSE, INVERSE AND SIDESHOTS

BEG N*E ANG/BRG DEF/AZ SD+ANG HD-*NE

This program is designed for reducing field data and solving some of the com-
monly encountered field traversing problems. Four major routines are pro-
vided: 1) Bearing/Azimuth Traverse, 2) Field Angle Traverse, 3) Inverse,
and 4) Sideshots. These routines can be used separately, but it is possible at
any time to switch from one to another as required. Three additional routines
are provided to supplement the four major routines: 5) Slope Distance Reduc-
tion, 6) Closure For Traverses, and 7) Curved Sides For Traverses. Each of the
seven routines is described individually below, with separate userinstructions.

This program uses two mode ‘‘switches’’, labelled on the card as ‘‘FA/BRG?”’
and ‘‘SS/TRA?”’ Each switch ‘‘toggles’’ between zero and one (or one and
zero) with each push of the keys (£3 and @ or £} and @), allowing you to
define four different modes:

FA/BRG?|SS/TRA?

Mode o o
Bearing/azimuth angle traverse (BRG-TRA) 1.0000 1.0000
Field angle traverse (FA-TRA) 0.0000 1.0000
Field angle sideshots (FA-SS) 0.0000 0.0000
Bearing/azimuth angle sideshots (BRG-SS) 1.0000 0.0000

As the table shows, a display of 0.0000 after pushing §3 and £} means the
calculator is expecting field angle (FA) input. Similarly, a display of 1.0000
after pushing 8 and @Y indicates bearing or azimuth angle input (BRG).

The instructions generally call for the selection of angle input to be made at
the beginning of the program and left unchanged, but it can be changed at any
time if desired. In switching from BRG to FA mode, the last azimuth that was
input becomes the reference direction from which the field angles are turned.

The table also shows that a display of 0.0000 after pushing {# and [ means
sideshots (SS), while a display of 1.0000 after pushing and [ means
traverse. For sideshots, the transit remains stationary during several shots,
while during a traverse, the transit is moved to the next point after each shot.
As with FA/BRG angle modes, switching between SS and TRA modes can be
done at any time.

Bearing/Azimuth Traverse

This routine uses quadrant bearings or azimuths and horizontal distances to
compute the coordinates of successive points in a traverse. The routines for
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Slope Distance Reduction and Curved Sides for Traverses can be used where
slope distances or curves are encountered. At the end of the traverse, Closure
for Traverses can be used to get the total distance traversed, area, and error of

closure. Angle conventions for azimuths and quadrant bearings are shown
below:

N N
«——a/ Quadrant
Azimuth Codes
4 1
W E W E
3 2
-~
S S
STEP INSTRUCTIONS pataUNTs | KEYS | oot i
1 Load side 1 and side 2.
2 Select bearing traverse by
pressing? @, I @ (A ] 1.0000*
0 1.0000*
3 Input beginning coordinates. BEG N
BEG E (A ] 1, N, E
4 Input bearing BRG (D.MS)
and quadrant code QD (6] AZ(D.MS)
or
azimuth. AZ(D.MS) AZ(D.MS)
5 Input horizontal distance and
compute coordinates. HD (€] HD, Point,
N. E

6 Repeat steps 4 and 5 for
successive courses.
*If you don't get the output

shown, repeat the step.
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Example:

3
\?’0.&%\ y\«
GAO‘\% 1}
) ®\o
o7
4 < @, ‘g,_
% =
ot Z
PO )t
A2
& Ng6°02'23’E 2
1 103.50’
N100
E500

Starting with point 1 with coordinates N100, E500, traverse the figure above
and compute the coordinates of the other points.

Keystrokes: Outputs:
Load side 1 and side 2.
(A ] > 1.0000*
] > 1.0000*
100 500 O3 1.0000 *** Point
100.0000 *** N
500.0000 *** E

86.0223 13 86.0223 *** AZ

103.583 > 103.5000 *** HD
2.0000 *** Point
107.1482 *** N
603.2529 **+ E
18.5843 410 341.0117 *** AZ
101.96 @ > 101.9600 *** HD

3.0000 *** Point
203.5657 *** N
570.0939 *** E

*If you don’t get the output shown, repeat the step.
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64.1319 @D 3 O 244.1319 *** AZ

120.44 @ > 120.4400 *** HD
4.0000 *** Point
151.1880 *** N
461.6395 *** E
37.2651 18— 142.3309 *** AZ
63.178 > 63.1700 *** HD

5.0000 *** Point
101.0366 *** N
500.0490 *** E

To avoid reworking this example, you might wish to work next the Closure
for Traverse example on page 01-16.

Field Angle Traverse

This routine uses horizontal distances and angles or deflections turned from a
reference azimuth to compute the coordinates of successive points in a traverse.
The routines for Slope Distance Reduction and Curved Sides for Traverses
can be used where slope distances or curves are encountered. At the end of the
traverse, Closure for Traverses can be used to get the total distance traversed,
area, and error of closure. Angle conventions are shown below:

Angle Deﬂfc'ttio“
n e
Right
Deflection
Right

Angle
Left
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STEP INSTRUCTIONS AT UmTs | KEYS | o o e
1 Load side 1 and side 2.
2 Select field angle traverse by
pressingf? B3, 7 B o0 0.0000*
o0 1.0000*
3 Input beginning coordinates. BEG N
BEG E (4] .NE
4 Input reference azimuth t:
away from beginning point REF AZ(D.MS) (8] AZ(D.MS)
or
toward beginning point. REF AZ(D.MS) AZ(D.MS)
1A reference bearing toward
the point may be used in place
of an azimuth:
4’ | Select bearing input by
pressing [} . el A ] 1.0000*
Input reference bearing toward
beginning point REF BRG(D.MS
and quadrant
code. QD (6] AZ(D.MS)
Select field angle traverse by
pressing 12 B3. el A 0.0000*
Go to step 5.

*If you don’t get the output

shown, repeat the step.
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STEP INSTRUCTIONS oaTAUNTs | KEYS | o obr s

5 Input field angle:

angle right AR(D.MS) o AZ(D.MS)

or

angle left AL(D.MS) o AZ(D.MS)

or

deflection right DR(D.MS) AZ(D.MS)

or

deflection left DL(D.MS) AZ(D.MS)
6 Input horizontal distance and

compute coordinates. HD a HD, Point,
N, E
7 Repeat steps 5 and 6 for
successive courses.
Example: o5
540‘5?:;, 19” bL
\ 4 \ 39°35'05"
3, o
137°12'43,
Nigo AR

E150 (3
) 2
< S

Qg;;'\q’ AL
o 160°28"17"

Starting with point 1 with coordinates N100, E150, traverse the figure above
and compute the coordinates of the other points.

Keystrokes: Outputs:
Load side 1 and side 2 .
(A ] —> 0.0000%*
O —> 1.0000%*

1.0000 *** Point
100.0000 *** N

150.0000 *** E
*If you don't get the output shown, repeat the step.

100 150 @
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55.1217 *** Ref AZ
74.4360 *** AZ

235.1217 8

160.2817 (8]
(NOTE: 74°43'60"" = 74°44'00'")
41.2013 > 41.2010 *** HD
2.0000 *** Point
110.8487 *** N
189.7470 *** E

v

137.1243 @ > 31.5643 *** AZ
37.9283 > 37.9280 *** HD
3.0000 *** Point
143.0327 *** N
209.8151 *** E
54.4519 > 86.4202 *** AZ
33.44283 > 33.4420 *** HD

4.0000 *** Point
144.9574 *** N
243.2017 *** E

47.0657 *** AZ
47.7230 *** HD

5.0000 *** Point
177.4338 *#* N
278.1698 *** E
This example could also have been worked by using a reference bearing, as
shown below. An azimuth of 235°12'17'" is the same as a bearing of
S$55°12"17""W. Since the instructions (step 4') call for a reference bearing
toward the beginning point, the bearing is input as N55°12'17"'E.

39.3505
4772383

v

Keystrokes: Outputs:
(A ] > 0.0000*
(6] > 1.0000%*

1.0000 *** Point
100.0000 *** N
150.0000 *** E

Select BRG mode to input reference bearing:
(A ] > 1.0000*

S5S.R1TEHED | O 55.1217 *** Ref AZ
a 0.0000%*

160.2817 (B8] 74.4400 *** AZ

*If you don’t get the output shown, repeat this step.

100 150 @

v
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41.201 3 > 41.2010 *** HD
2.0000 *** Point
110.8487 *** N
189.7470 *** E
etc.
Inverse

This routine calculates the distance and azimuth of the line joining two points,
given the coordinates of the points. A figure may be traversed by entering the
coordinates of successive points as in the example. The routines for Slope
Distance Reduction and Curved Sides for Traverses may be used where slope
distances or curves are encountered. At the end of a traverse, Closure for
Traverses can be used to get the total distance traversed and area.

INPUT OUTPUT

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Load side 1 and side 2.
2 Select traverse by pressing
(s} 0 1.0000*
3 Input beginning coordinates. BEG N
BEG E 4] 1.NE
4 Input coordinates of next point
and compute azimuth and
horizontal distance for course.
Point number, and coordinates
of point input are also output,
but HD and AZ are left in the x
and y registers. N
AZ(D.MS),HD;
Point, N, E

5 Repeat step 4 for successive
courses or go to step 3 for a

new starting point.

*If you don't get the output

shown, repeat the step.
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Example:

Work the Field Angle Traverse example as an inverse. Input the coordinates of
the points and calculate the azimuth and distance of the line joining each pair
of points.

Keystrokes: Outputs:
Load side 1 and side 2
e > 1.0000*

1.0000 *** Point
100.0000 *** N
150.0000 *** E

00 EIEED 150 B

110.8487 189.7470
74.4360 *** AZ

41.2010 *** HD

2.0000 *** Point
110.8487 *** N
189.7470 *** E

v

143.0327 209.8151
't 31.5643 *** AZ

37.9281 *** HD¥

3.0000 *** Point
143.0327 *** N
209.8151 *** E
+The distance in the original example was 37.9280. The discrepancy is caused by inputting the
coordinates as 4 decimal place numbers (rounding to 4 places). These points were calculated
to 10 decimal places when running the Field Angle Traverse example.
144.9574 243.2017

v

v

86.4202 *** AZ
33.4420 *** HD

4.0000 *** Point
144.9574 *** N
243.2017 *** E

177.4338 278.1698
0 47.0657 *** AZ

47.7230 *** HD

5.0000 *** Point
177.4338 *** N

278.1698 *** E
*If you do not get this output, repeat this step.

v




Sideshots

This routine is used to make sideshots or radials from a point. Any of three
methods may be used for a sideshot, 1) input a distance and a field angle turned
from a reference azimuth and calculate the coordinates of the point, 2) input
a distance and a bearing and calculate the coordinate of a point, 3) input the
coordinates of a point and calculate the distance and azimuth of the line to the
point. The Slope Distance Reduction routine may be used where slope dis-
tances are encountered.

STEP

INSTRUCTIONS

Load side 1 and side 2.

Input beginning coordinates.

To use field angles, go to step
3; to use bearings, go to step 9;
to inverse from coordinates,

go to step 13.

Select bearing traverse by

pressingi? @, 12 B

Input

reference azimuth to point
or

input reference bearing to

point and quadrant code

Select field angle sideshots by

pressingi? B, I B

*If you don’t get the output

shown, repeat the step.

INPUT
DATA/UNITS

BEG N
BEG E

REF AZ(D.MS)

BRG(D.MS)
QD

KEYS

01-10

OUTPUT
DATA/UNITS

Point,

N, E

1.0000*
1.0000*

AZ(D.MS)

(AZ(D.MS)

0.0000*
0.0000*
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STEP INSTRUCTIONS baraomTs | KEYS | o on TS
6 | Input field angle:
angle right AR(D.MS) (6] AZ(D.MS)
or
angle left AL(D.MS) (5] AZ(D.MS)
or
deflection right DR(D.MS) AZ(D.MS)
or
deflection left DL(D.MS) AZ(D.MS)
7 | Input horizontal distance. HD HD, Point,
N. E
8 | Repeat steps 6 and 7 for
successive field angle shots.
9 | Select bearing/azimuth side-
shots by pressing [ @, o0 1.0000*
oo o8 0.0000*
10 | Input azimuth AZ(D.MS) AZ(D.MS)
or
input bearing BRG(D.MS)
and quadrant code QD (s} AZ(D.MS)
11 | Input horizontal distance. HD HD, Point,
N, E
12 | Repeat steps 10 and 11 for
successive bearing/azmuth
shots.
13 | Select sideshots by pressing
e 70 0.0000*
14 | Input coordinates of next point.
o AZ(D.MS), HD
Point, N, E

*If you don't get the output

shown, repeat the step.
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INPUT OUTPUT
| STEP INSTRUCTIONS pATAUNITS | KEYS | paTA/UNITS

15 | Repeat line 14 for successive

shots.
Example:
2
:8, £
28 ,
(1 .
<R© @
REF 4> N110 o0
106037'141/ 1 E180 DL
. 36°22' 48"
™%
5e PG
N100 7& 3
E120 @{2\'

Starting from point 1 with coordinates N110, E180, calculate the sideshots
shown in the figure above.

Keystrokes: Outputs:

Load side 1 and side 2.
110 ERED 130 3 1.0000 *** Point
110.0000 *** N

180.0000 *** E
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Select BRG and TRA modes to input reference azimuth:

70 > 1.0000*
70 > 1.0000*
106.3714 > 106.3714 *** Ref AZ
Now, select FA and SS modes
0 > 0.0000*
'O > 0.0000%*
77.4028 B3 > 4.1742 *** AZ
62.0303 > 62.0300 *** HD

2.0000 *** Point
171.8558 *** N
184.6455 *** E

70.1426 *** AZ
80.2100 *** HD

3.0000 *** Point
137.1167 *** N
255.4873 *** E

36.2248
80213

v

Select BRG mode

[A] > 1.0000*
(NOTE: It is not necessary to press B since the calculator is still set for
sideshots.)

25.1408 28 154.4552 %% AZ
448903 N 44.8900 *** HD

4.0000 *** Point
69.3942 *** N
199.1384 *** E
(NOTE: Again, it is not necessary to press [§ [ since the calculator is still
set for sideshots.)

260.3216 *** AZ
60.8276 *** HD
5.0000 *** Point
100.0000 *** N
120.0000 *** E

100 120

*If you don’t get the output shown, repeat the step.
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Slope Distance Reduction

This routine calculates the horizontal distance and elevation change given the
slope distance and a vertical angle or zenith angle. Vertical angles must be
less than 45° and zenith angles must be greater than 45°.

STEP INSTRUCTIONS patauniTs | KEYS | o ot
1 Load side 1 and side 2.
2 Input slope distance, SD
and vertical or zenith angle. VA/ZA(D.MS) (D] Ang(D.MS),
SD,HD
3 Read elevation change. AEL

Example:

Mr. D. Thomas, a bit of a skeptic when it comes to new fangled electronic
instruments, was using a theodolite and chain to check out his new HP-3810
total station. The slope distance he measured of 104.74 feet checked out with
the reading on the 3810. His theodolite showed a zenith angle of 87°52'37"".
Are the horizontal distance of 104.668 feet and the change in elevation of 3.880
feet indicated by the 3810 correct?

Keystrokes: Outputs:
104.74 87.5237@0 —— 87.5237 *** ZA

104.7400 *** SD
104.6681 *** HD

3.8802 A EL

X%y

v

It looks like Mr. Thomas can put away his theodolite for awhile.
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Closure for Traverses

This routine is designed to be used at the completion of a Field Angle Traverse,
Bearing/Azimuth Traverse, or Inverse. From the correct closing coordinates,
the following are calculated: total distance traversed (3 HD), area, error
azimuth, and error distance. The traverse can be closed exactly by inversing
from the last point calculated to the correct closing coordinates.

STEP INSTRUCTIONS pATAUNITS | KEYS | DATAUNITS
1 Input correct closing
coordinates
oo 2 HD
Area,”
Error azimuth,
Error distance,
Point
N, E
2 To include the error course in
the traverse and adjust the
area, input the correct closing
coordinates and inverse
(1] AZ(D.MS),
HD; Point, N,E
3 Go to step 1 to recalculate
2 HD and area
Note: Step 2 may be performed
before step 1, and step 3 may be
omitted if desired.
*For area in acres: area(ft.2) area(ft.?)
43560

=

Area(acres)




Example:
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Rework the example for the Bearing/Azimuth Traverse routine and then use the

Closure for Traverses.

Keystrokes: Outputs:

The last coordinates computed

will be > 5.0000 ***
101.0366 ***
500.0490 ***

100 5002 @ 389.0700 ***

8855.4922 ***

182.4219 ***
1.0378 ***

6.0000 ***
100.0000 ***
500.0000 ***

Point
N

E

3 HD
Area

Error AZ
Error Dist

Point
N
E

An error of over a foot in 389 feet would be unacceptable in many cases and
forcing the traverse to close exactly would not be the solution; but an indication

of the effect on area can at least be found this way.

(NOTE: Coordinates do not have to be keyed in, since
from the calculations above.)

182.4219 ***
1.0378 ***

7.0000 ***
100.0000 ***
500.0000 ***

v

they should be left

AZ
HD

Point
N
E

(NOTE: Pressing (@3 G now will bring the closing coordinates back for closure

calculations.)

500.0000
390.1078 ***
8855.4668 ***

270.0000 ***
2.450000000-09 ***

8.0000 ***
100.0000 ***
500.0000 ***

\4

v

E
3 HD
Area

Error AZ
Error Dist

Point
N
E
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The error distance is now on the order of 107° or essentially zero. The new
area calculation is only about .03 square feet different. The final area in acres
can be found as follows:

8855 435608 —» 0.2033  Area

Curved Sides for Traverses

This routine is designed to be used with the Field Angle Traverse, Bearing/
Azimuth Traverse and Inverse routines to include a circular curved side. After
traversing or inversing along the chord from the beginning point of the curve
(PC) to the end point of the curve (PT), the central angle and radius are input.
The segment area and arc length are calculated for use in the Closure for
Traverses routine to calculate distance traversed and area. If the central angle or
the radius are not known, they may be calculated using the Curve Solutions
program. But, be sure to reset the proper traverse mode using [} B3, 3 B
when you return from Curve Solutions before proceeding with Traverse,
Inverse and Sideshots.

INPUT
DATA/UNITS

OUTPUT

KEYS | paTAUNITS

STEP INSTRUCTIONS

1 Traverse along the chord from
the beginning point of the curve
(PC) to the end point of the
curve (PT) just as you would for
any course in the traverse.
Then before proceeding with
traverse, perform step 2
below.
2 Input central angle A(D.MS)
and radius (positive if
segment area is to be added
to traverse, negative if
segment area is to be sub-
tracted from traverse). R a Segment area,
Chord,
Arc length,
A

)

Radius



Example:

4
/89°17"10”

M\ 89°54'22"
1

01-18

~— Road
3

761.2'

116°31'42" R
A = 44° = Central Angle

/
L = Arc Length

Segment
o area to be
subtracted
from traverse
64°32'18"/"
2

The purchase of a piece of property is being considered, but there is some
question as to the exact size as it is bordered by a road on one end. The sketch
above shows a rough survey, what is the correct area?

Keystrokes: Outputs:
This problem can be solved as a field angle traverse.
(A ] > 0.0000*
(8] > 1.0000%*
Arbitrarily make point 1 NO, EO.
0 (08 A ] > 1.0000 *** Point
0.0000 *** N
0.0000 *** E

Use a reference azimuth away from point 1 of 0°.

08

> 180.0000 *** AZ

89.5422 @

89.5422 *** AZ

v

1018.8 1.08070 —>

1.0807 *** VA
1018.8000 *** SD

*If you don’t get the output shown, repeat this step.
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a > 1018.6000 *** HD
2.0000 *** Point
1.6691 *** N
1018.5986 *** E
64.3218 @ —> 334.2640 *** AZ
57033 > 570.3000 *** HD

3.0000 *** Point
516.1752 *** N
772.5792 *** E

44 ERED 761.2
a

-21232.0314 *** Seg. area

570.3000 T C
584.5596 Z L
44.0000 Y A
-761.2000 X R

270.5822 *** AZ

770.3000 *** HD
4.0000 *** Point

529.2529 *** N
2.3902 *** E

89.1710 B —» 180.1532 *** AZ

529.6 2113 @R 0 — ~2.1103 *** VA
529.6000 *** SD
529.2152 *** HD

5.0000 *** Point
0.043]1 *** N
-0.0010 *** E

2902.6749 *** 3 HD
444839.2166 *** Area

178.3656 *** Error AZ
0.0431 *** Error Dist

6.0000 *** Point

v

116.3142 @
77038

v Vv

v

0EIED 0 0B

0.0000 *** N
2.900000000-11 *** E
444839 43560 @ — 10.2121 Area

The error of closure is .04 feet and the area is 444,839 square feet or 10.2 acres.
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Notes
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TRAVERSE ADJUSTMENT

TRAVERSE ADJUSTMENT

Lt.D BEG N+E ERL*D COMPUTE
This program was designed to adjust a traverse using one of two methods, 1)
the compass or Bowditch rule, 2) Crandall’s rule. The data to be adjusted can

consist of either coordinates of points or latitudes and departures for each leg.

Compass Rule

If the Traverse, Inverse and Sideshots program has just been run and step 2 on
the Closure for Traverses routine has nor been executed, the storage registers
will be all set to start the adjustment. Otherwise, the total distance traversed
and error latitude and error departure must be stored. If coordinates are to be
used rather than latitudes and departures, the beginning coordinates must be
input as well. When the registers are set up, the adjustment is computed. Then,
for each pair of coordinates or latitudes and departures, the corrected values
can be computed.

Example:

The coordinates from the Bearing/Azimuth Traverse example are shown
below:

Pt. no. N E
1 100.0000 500.0000
2 107.1482 603.2529
3 203.5657 570.0939
4 151.1880 461.6395
5 101.0366 500.0490

error latitude = 1.0366
error departure = 0.0490
distance traversed = 389.0700

Adjust the coordinates using the Compass rule.

Keystrokes: Outputs:
Load side 1 and side 2.
(A ] > 0.0000
> 0.0000*

(Print/pause is off.)

*If you don’t get the output shown, repeat the step.
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100 500 1.0000 Point

1.0366 0490 —» 1.0366 ER L
389.07 €08 1.0000
107.1482 603.2529 @3> 106.8724 *** N
603.2399 *** E
2.000 Point
203.5657 570.0939 @3> 203.0183 *** N
570.0680 *** E
3.000 Point
151.188 461.6395 @ — 150.3197 *** N
461.5985 *** E
4.000 Point
101.0366 EEERD 500.049 @3 —» 100.0000 *** N

500.0000 *** E

**%Shown by PRINT on HP-97 and PAUSE on HP-67.

Crandall’s Rule

Crandall’s rule adjustment works like the compass rule, but once the storage
registers are set up, all of the coordinates or latitudes and departures must be
input before the adjustment is computed. Then, after computing the adjust-
ment, the values must be reinput and the corrected values computed.

Example:

The latitudes and departures from the Bearing/Azimuth Traverse example are
shown below:

leg LAT DEP
1 7.1482 103.2529
2 96.4175 -33.1589
3 -52.3777 -108.4545
4 -50.1513 38.4095

error latitude = 1.0366
error departure = 0.049

Adjust the latitudes and departures using Crandall’s rule.



02-03

Keystrokes: Outputs:
Load side 1 and side 2.
70 > 1.0000
> 0.0000*
(Print/pause is off.)
1.0366 @HED 04990 — 1.0366
7.1482 103.2529 @ — 2.0000
96.4175 33.1589
(5] > 3.0000
52.3777 108.4545
(6] > 4.0000
50.1513 I8 D 38.4095 B3> 5.0000
a > 1.0000
1) > 1.0000*
(Print/pause is on.)
7.1482 103.2529 @ — 2.0000 ***
7.1482 **x
103.2529 ***
7.1418 ***
103.1610 ***
96.4175 D 33.1589 €8 B> 3.0000 ***
96.4175 ***
-33.1589 ***
95.8163 ***
-32.952] ***
52.3777 108.4545
(5] —» 4.0000 ***
-52.3777 ***
—-108.4545 ***
-52.5513 ***
-108.8140 ***
50.1513 38.4095
(6] > 5.0000 ***
-50.1513 ***
38.4095 ***
-50.4067 ***
38.6051 ***

*If you don’t get the output shown, repeat this step.

ER L
Point

Point

Point
Point

D
L
D

Point

oCcor

Point

o or
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STEP INSTRUCTIONS baTa NTs | KEYS | o U s
1 Load side 1 and side 2.
2 Select Compass rule o0 0.0000
or Crandall’s rule. 70 1.0000
3 If you want your inputs shown
by print/pause, press 3 @.
A 1.0000 indicates print/pause
is on.
A 0.0000 indicates
print/pause is off.” [ ] 0.0000/1.0000
4 If the Traverse, Inverse and
Sideshots program has just
been run and step 2 on the
Closure for Traverses routine
was not executed, go to step 8.
5 If data consists of coordinates
rather than latitudes and
departures, input the beginning
coordinates. BEG N
BEG E 1.0000
6 | Input error latitude™* ERL
and error departure*” ERD 0 ERL

*If pressing 3 @ gives

undesired output, press

0 @ again.

**Error latitude and departure

are distances in the North and

East direction respectively

from the correct closing point to

the computed final point.
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STEP INSTRUCTIONS aTAONTS | KEYS | o SrANITS
7 For compass rule adjustment
only, input total distance
traversed. 3 HD ®
8 For Compass rule go to step 11.
For Crandall’s rule, go to step 9.
9 Input coordinates of next point N
or [A] Point
latitude and departure of
next leg.
D 8] Point
10 | Repeat step 9 until final point is
reached.
11 | Compute adjustment. a 1.0000
12 | Beginning with the first point or
leg to be corrected, compute
the corrected values:
coordinates of next point
a corrected N,E
or
latitude and departure of
next leg.
D (8] corrected L,D
13 | Repeat step 12 until all values
have been corrected.
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Notes
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INTERSECTIONS

INTERSECTIONS

N1+E1 N2 +E2 BRG + QD .¥4 D

This program is designed to compute the coordinates of the point of intersection
of two lines. The required information is the coordinates of a point of each
line and a bearing (or azimuth) or distance for the line. The missing bearings
and distances are also computed. If one line is given by a point and bearing
and a second point is given, the offset from the second point to the line can be
computed.

N3
N3 E3
E3
. N3
?\6\ ‘\d)/ 6?9@ G\ E3 %
© ° 2 55
P (0 . « @ .
N N2 N1 N2
E1 E2 E1 E2
BEARING—BEARING BEARING—DISTANCE
N3
E3 N3
E3
S
A A o
s )
« /A o
N1 N2 a)
E1 4 F B2 N2
E1 E2
DISTANCE— 4/ N3 OFFSET FROM A

DISTANCE E3 POINT TO A LINE
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Example:
N3
E3
¢
N Y
‘6 > )
o2 & A
A XN
e 2%
> Z
+ N2 400
N1 350 E2 600
E1 250°

Using the figure shown above, compute the bearing-bearing intersection.

Keystrokes: Outputs:

Load side 1 and side 2

350 2503 350.0000 N1

400 600 B 400.0000 N2
45.455 0 > 45.7639 AZ1 (D.d)
25.303 4 334.4917 AZ2 (D.d)
20 > 350.0000 *** N1

250.0000 *** E1
356.2783 *** D]
45.4550 *** AZ]

400.0000 *** N2
600.0000 *** E2
219.9897 *** D2
334.2930 *** AZ2

598.5457 *** N3
505.2631 *** E3

***Shown by PRINT on HP-97 and by PAUSE on HP-67.
Try working some of the other intersections. Remember, Bearing-Distance and

Distance-Distance have two possible solutions each. Answers may vary
slightly due to rounding of input values.
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STEP INSTRUCTIONS AT UNTs | KEYS | oot s
1 Load side 1 and side 2.
2 | Input coordinates of point 1. N1
E1 a N1
3 | Input coordinates of point 2. N2
E2 a N2
4 | For Bearing-Bearing, go to
Step 5. For Bearing-Distance,
go to step 9. For Distance-
Distance, go to step 13. For
Offset from a point to a line,
go to step 16.
5 | Input bearing 1 BRG1(D.MS)
and quadrant QD AZ1(D.d)
or
azimuth 1 AZ1(D.MS) (0] AZ1(D.d)
6 Input bearing 2 BRG2(D.MS)
and quadrant QD AZ2(D.d)
or
azimuth 2. AZ2(D.MS) (0] AZ2(D.d)
7 | Compute intersection. oD N1, E1,
D1, AZ1;
N2, E2,
D2, AZ2,
N3, E3
8 | Go to step 2 for next
intersection.
9 | Input bearing 1 BRG1(D.MS)
and quadrant QD AZ1(D.d)
or
azimuth 1. AZ1(D.MS) (o] AZ1(D.d)
10 | Input distance 2. D2 D2
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STEP INSTRUCTIONS oaTAUNITS | KEYS | D rAONITS
11 | Compute intersection. (Output
as shown on step 7.) o0
12 | Go to step 2 for next
intersection.
13 | Input distance 1. D1 D1
14 | Input distance 2. D2 (€ ] D2
15 | Compute intersection. (Output
as shown on step 7.) (1]
16 | Input bearing 1 BRG1(D.MS)
and quadrant QD AZ1(D.d)
or
azimuth 1. AZ1(D.MS) (0] AZ1(D.d)
17 | Compute intersection. (Output
as shown on step 7.) o0
18 | Go to step 2 for next

intersection.
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CURVE SOLUTIONS

CURVE SOLUTIONS
R(-D) A L C T

This program is designed to compute parameters for circular curves. Two
parameters must be known, either 1) both radius (degree of curve) and central
angle, or 2) one of the above plus one of the following: arc length, chord,
tangent, mid ordinate or external. All eight parameters can be output as well as
the areas of the fillet, segment and sector.

FILLET

SEGMENT

SECTOR

=Mid Ordinate
=External
=Radius

=Degree of Curve
A =Central Angle
=Arc Length
=Tangent

=Chord

Oxm<

Q3
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STEP INSTRUCTIONS paTAUNITS | KEYS | o ouTPeT
1 Load side 1 and side 2.
2 Input* radius R (] R
or degree of curve D(D.MS) (A ]
or central angle. A(D.MS) (8]
3 | Input arc length L
or chord c (D]
or tangent T a
or mid ordinate M a
or external. E (6]
4 Compute radius, degree of
curve, central angle and arc
length. R,D(D.MS)
A(D.MS),
L
5 | Compute tangent, chord, mid
ordinate, and external. (D] T,CME
6 | Compute V, —, A\ . a 0,V ==, A\

Go to step 2 or step 3 for new

inputs.

*If both radius and central angle
(or degree of curve and central
angle) are known, input both

on step 2 and omit step 3.

Example:

Given a curve of radius 100 feet with an arc length of 150 feet, compute
the other parameters.

Keystrokes: Outputs:
Load side 1 and side 2.
100 3 > 100.0000 R
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100.0000 *** R
57.1745 *** D (D.MS)
85.5637 *** A (D.MS)
150.0000 *** L
93.1596 *** T
136.3278 *** C
26.8311 *** M
36.6701 *** E

0.0000 ***
7500.0000 *** <7
2512.5251 ***—
1815.9646 *** X

150 e

v

o
v

@
v

If another pair of parameters for this curve are used as inputs, the computed
parameters may differ somewhat from those shown above due to rounding.
Using D = 57°17'45" and A = 85°56'37" from the above example, compute
the other parameters.

Keystrokes: Outputs:
57.1745 o — — 99.9999 R
85.5637 @ 12 99.9999 *** R

57.1745 *** D (D.MS)
85.5637 *** A (D.MS)
149.9998 *** L

1o > 93.1595 *** T
136.3275 *** C
26.8311 *** M
36.6700 *** E
oo > 0.0000 ***

7499.9808 ***
2512.5156 ***
1815.9568 *** A
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Notes
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HORIZONTAL CURVE LAYOUT

HORIZONTAL CURVE LAYOUT

PC +PC DEF <Pl DEF +TN OFF +CD OFF

This program calculates the field data for layout of a horizontal circular curve
by one of four methods: 1) PC deflections and chord lengths, 2) PI deflections
and distances, 3) tangent distances and offsets, and 4) chord distances and
offsets. The required information on the curve is the PC or PI station, radius or
degree of curve, and central angle. Field data for any specified station can be
computed or, if a stationing interval is given, the field data for successive
stations can be computed automatically.

The Curve Solutions program can be used to compute the necessary inputs for
this program or to compute the other curve parameters after this program has
been run.

PC DEFLECTIONS:

Pl
N
&
.
SC .
PC Z YN STA ™ PT
&
&
&
/Z\

PC Deflections:
Field data output for PC deflections consist of:

STA —current station
ANG —deflection angle from tangent to long chord
LC —long chord from PC to current station
SC —short chord from previous station to current station
A —central angle
PI —point of intersection of tangents
PC, PT —ends of curve
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Pl DEFLECTIONS:

7\

27
N >
/‘\c,% NG
<P ¢
\ STA
PC «PT

9
&
&

A
YR

PI Deflections:
Field data output for PI deflections consists of:

STA —current station
ANG —deflection angle from tangent to line joining PI and current station
DIST —distance from PI to current station

TANGENT ‘,<°
OFFSETS: (
Pl

<9 \AT0 2 44,0

\ &
( STA Yr
PC wPT

(2]
&
23

Tangent Offsets:
Field data output for tangent offsets consists of:

STA —current station
TD —tangent distance
TO —tangent offset
T —distance from PC to PI
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CHORD
OFFSETS: Pl

Chord Offsets:
Field data output for chord offsets consists of:

STA —current station
CD —<chord distance
CO —<chord offset
L —length of curve from PC to PT.
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STEP INSTRUCTIONS paTaUNITs | KEYS | o ADNITS
1 Load side 1 and side 2.
2 Input beginning station of
curve PC a PC
or station at intersection of
tangents. Pl oo Pl
3 Input radius R oo
or degree of curve. D(D.MS) CHS
0ne
4 Input central angle. A(D.MS) [ 1] R,D(D.MS),
A(D.MS),
L, O, PT,
PI, PC
Input station STA
6 | Compute: PC deflection a SC, LC,
ANG (D.MS),
STA
or P deflection 0, DIST,
ANG (D.MS),
STA
or tangent offset (0] 0, TO,
TD, STA
or chord offset. 0, CO,

CD, STA
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STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Repeat steps 5 and 6 for next

station or go to step 8 for

automatic stationing.

Input stationing interval**

INT

and select:

auto-pause

INT

or auto-halt

INT

Go to step 6 and select layout

method. Program will begin

computing field data from the

current station. If you selected

auto-halt on step 8, after each

output the calculator will halt.

Press to continued with the

next station. If you selected

auto-pause, the calculator will

proceed to each successive

station without halting.

**Note: It is not necessary to

input the interval if it has been

done previously. Just press the

auto pause or auto-halt key

without keying in a number.
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Example 1:

Compute field data for PC deflections for a curve with a central angle of
35°30’ and a degree of curve of 12°30’. Start at station 8+00 and use a
stationing interval of 100 feet up to and including the station at the PT. The
station at the PI is 9+32.12.

Keystrokes: Outputs:

Load side 1 and side 2.

932.200 08 — 932.1200 PI
12.3 nA3xsInEe— 458.3662 *** R

12.30000 *** D (D.MS)
35.3000 *** A (D.MS)
284.0000 *** L
0.0000 ***
1069.3958 *** PT
932.1200 *** PI
785.3958 *** PC

800 @ > 14.6036 *** SC
14.6036 *** LC

0.5446 *** ANG

800.0000 *** STA

10002 0 > 100.0000 INT
(6 > 99.8018 *** SC

114.3059 *** LC
7.0946 *** ANG
900.0000 *** STA

99.8018 *** SC
212.6495 *** LC

13.2446 *** ANG
1000.0000 *** STA

69.3296 *** SC
279.4790 *** LC

17.4500 *** ANG
1069.3958 *** STA
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Example 2:

Compute field data for tangent offsets for a curve with a central angle of
35°30’ and a radius of 458.366 feet. Start at station 8 +00 and use a stationing
interval of 100 feet up to and including the station at the PT. The station at
the PC is 7+85.4.

Keystrokes: Outputs:

Load side 1 and side 2.
(Skip this step if you just
worked the previous example.)

785.4 3 > 785.4000 PC

458.366 I B 35.3 1 — 458.3660 *** R
12.3000 *** D (D.MS)
35.3000 *** A (D.MS)
283.9999 ***
0.0000 *x**
1069.3999 *** PT
932.1241 *** PI
785.4000 *** PC

800 @ > 0.0000 ***
0.2325 *** TO
14.5975 *** TD
800.0000 *** STA
ono > 100.0000 INT

D] > 0.0000 ***
14.2516 *** TO
113.4098 *** TD
900.0000 *** STA

0.0000 ***

49.3253 *** TO
206.8455 *** TD
1000.0000 *** STA

0.0000 ***

85.2031 *** TO
266.1745 *** TD
1069.3999 *** STA
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To get the other parameters of the curve, proceed as shown below using the
Curve Solutions program.

Keystrokes: Outputs:
Load side 1 and side 2.
0 > 458.3660 *** R

12.3000 *** D (D.MS)
35.3000 *** A (D.MS)
283.9999 *#*

oo > 146.7241 *** T
279.4789 **x C
21.8201 *** M
22.9108 *** E

e > 0.0000 ***

65087.9385 *** <7
4085.2701 ***—
2165.4065 *** A

***Shown by PRINT on HP-97 and by PAUSE on HP-67.
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SPIRAL CURVE LAYOUT

SPIRAL CURVE LAYOUT

PS R(-D) +PS DEF +TN OFF EXIT SP

This program is used with the Horizontal Curve Layout program to calculate
the field data for layout of spiral curves by either of two methods; 1) deflection
angles and chord distances from the beginning station of the spiral (PS), or
2) tangent distances and offsets to the spiral. The required information on the
spiral is the PS station, radius (or degree of curve) of the central circular
curve, and length of the spiral. For equal exit and entrance spirals to a central
circular curve, the station (PI) and angle (T4) at the intersection of the tangents
is required.

Field data for any specified station can be calculated, or if a stationing interval
is given, the field data for successive stations can be computed automatically.
After computing data for the equal entrance and exit spirals, the Horizontal
Curve Layout program can be used to compute field data for the central circular
curve.

The Horizontal Curve Layout program is also used to load a set of constants
into the secondary registers for use by the Spiral Curve Layout program.

Pl
s

.SPI

& »PT

L = Length of spiral curve from PS to PSC.

D = Degree of central circular curve = central angle per 100 ft. of arc.
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TD=Y
| |
PS TO =X
€D F STA™_PSC
ANG

s = length of spiral curve from
PS to STA

25 = length of spiral curve from PS to STA
Example:

Compute field data for layout of entrance and exit transition spirals 300 feet
long. The PI station is 35 + 290.48 and the intersection angle is 40°00'00".
The spirals are transitions to a central circular curve (degree of curve = 6°00").
Deflection angles and distances are needed at 100 foot intervals from the first
even station inside the PS (PT).

Keystrokes: Outputs:

Load side 1 and side 2 of
Horizontal Curve Layout.

G

(Spiral constants have now
been loaded into the secondary
registers.)

Load side 1 and side 2 of
Spiral Curve Layout.

35290.48 a0 — 35290.4800 PI

6EB B 954.9297 R

3000 @ 300.0000 *** L
9.0000 *** S (D.MS)
5.5960 *** D (D.MS)

954.9297 *** R

0.0000 ***
35758.2759 *** PT

35290.4800 *** PI
34791.6093 *** PS

0.0000 ***
35091.6093 *** PSC
34991.8684 *** SPI
34791.6093 *** PS

6894720.00

v

v

v
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34800

oon@

v

v

v

v

35700

100 EB o B

v

\4

v

0.0000
8.3907
0.0008
34800.0000

100.0000

0.0000
108.3887
0.2330
34900.0000

0.0000
208.3375
1.2651
35000.0000

0.0000
299.6711
2.5958
35091.6093

0.0000
35458.2759
35558.0168
35758.2759

0.0000
58.2758
0.0648
35700.0000

-100.0000

0.0000
158.2625

0.5006
35600.0000

0.0000
258.1204
2.1324
35500.0000

0.0000
299.6711
2.5958
35458.2759

* %k

%% STA

INT

ok ok

kskk

kkk

k% CD
*xkx ANG
*xkx PSC

ksksk

*%k%x PCS
*%% QP[
*%% PT

kksk

*x% CD
k% ANG
*%x QTA

-INT

k3K k

*#% ANG

kK%

*x%% CD
¥k ANG
k% QTA

kKK



Field data for the central
circular curve can now be
computed as follows:

Load side 1 and side 2 of
Horizontal Curve Layout
program.

v

(reLJEIE A
(reLf ARl s NrcLf 6]

v

ETTHR Y C)

v

35100 @3

I N ) D]

v

v

v

Ignore Output

35091.6093

954.9297
5.5960
22.0000
366.6667

0.0000
35458.2759
35277.2288
35091.6093

8.3907
8.3907
0.1506
35100.0000

100.0000

99.9543

108.3326
3.1506

35200.0000

99.9543
207.9775
6.1506
35300.0000

99.9543
307.0523
9.1506
35400.0000

58.2669
364.4183
11.0000
35458.2759

*k ok
*okk
*kk

KKk

Kok
*kk
*kk

KKk

KKk
kkk
kkk

)k k

kkk

kkk
kkk

ok ok

Kk
* %k
Kok

kkk

*okk
*okk
*k ok
*k ok

kKK
K%Kk
kkk
KKk

PSC

C 0%

ANG
STA

INT

SC

LC
ANG

STA

SC
LC
ANG
STA

SC
LC
ANG
STA

SC
LC
ANG
STA

06-04
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STEP INSTRUCTIONS DaTAUNTS | KEYS | oot s
1 Load side 1 and side 2 of
Horizontal Curve Layout
Program. na
R/S
2 | Load side 1 and side 2 of
Spiral Curve Layout Program.
3 Input station at beginning of
spiral or station and angle at PS [A] PS
intersection of tangents. PI
TA(D.MS) o0 PI
4 Input radius of circular curve R (6] R
or degree of curve of circular
curve. D(D.MS) 5] R
5 Input length of spiral curve. L 70 L ,S(D.MS),
D(D.MS), R
6 If PS was input, go to step 8.
7 Additional output if Pl was input. o, PT,
PI, PS
8 | Additional output for entrance
spiral. 0, PSC,
SPI, PS
9 Input station. STA
10 | Compute:
PS deflection 0, CD,
ANG(D.MS)
STA
or tangent offset. (D] 0, TO,
TD, STA
11 | Repeat steps 9 and 10 for next
station or go to step 12 for
automatic stationing.




STEP

12

13

14

15

INSTRUCTIONS

Input stationing interval*
and select

auto-pause

or auto-halt
Go to step 10 and select layout
method. Program will begin
computing field data from the
current station. If you selected
auto-halt on step 12, after each
output the calculator will halt.
Press to continue with the
next station. If you selected
auto-pause, the calculator will
proceed to each successive
station without halting.
If Pl was input, field data for the
exit spiral can be computed as
follows:

Additional output for exit spiral.

*Note: It is not necessary to
input the interval if it has been
done previously. Just press the
auto-pause or auto-halt key

without keying in a number.

INPUT
DATA/UNITS

INT

KEYS

06-06

OUTPUT
DATA/UNITS

INT
INT

0, PCS,SP!,
PT
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STEP INSTRUCTIONS DA UnTs | KEYS | o Ou s
16 | Go to step 9 to compute field
data. If you want to station
automatically from the PT to the
PCS, use a negative interval on
step 12. When you are through
with the exit spiral, the central
circular curve can be stationed
by proceeding with step 17.
17 | Return to the entrance spiral. Ignore output
18 | Load side 1 and side 2 of
the Horizontal Curve Layout
program.
19 | Recall and Input PC B8]
(4] PSC
20 | Recall and Input R [A]
o8
21 | Recall and Input A (6]
[ ] R,D(D.MS),
A(D.MS), L,
0,PT,PI,PC
22 | Continue with step 5 of

Horizontal Curve Layout.
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Notes
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VERTICAL CURVES AND GRADES

VERTICAL CURVES AND GRADES

GRADE CURVE L EL-STA STA-EL

This program computes station and elevation data for vertical curves* and
straight grades. The required information for a vertical curve is the beginning
station (or station at intersection of tangents), elevation, beginning grade,
ending grade and one of the following: 1) length of the curve, 2) elevation at
high or low point, or 3) station and elevation through which the curve passes.
Required information for a straight grade is beginning station, elevation and
grade. Stations at specified elevations can be computed as well as elevations at
specified stations. If a stationing interval is given, elevations at successive
stations can be computed automatically.

*This program is based on an equal tangent parabolic vertical curve.

Example:

Compute elevations for stations along a 400 foot vertical curve with a PI
station at 14 + 24.08 and elevation 104.77. The beginning grade is -5.1%
and the ending grade is 2.4%. Use a stationing interval of 100 feet, starting
with the first even station after the PC.

. .1 = I 1 [ _Gn =
beginning grade (horizontal distance) ending grade

PC = PT =
beginning station ending station

Pl = intersection of tangents

Keystrokes: Outputs:
Load side 1 and side 2
1424.08 104.77

5.1 24083 ~1424.08 *** P
104.77 *** ELI
-5.10 *** Gl

2.40 *** Gn
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400 —> 1224.08 *** PC
114.97 *** EL1

13003 > 1300.00 *** STA
111.64 *** EL
(Ol D | > 1400.00 *** STA

108.90 *** EL

1500.00 *** STA
108.04 *** EL

1600.00 *** STA
109.05 *** EL

1624.08 *** STA
109.57 *** EL

What is the station and
elevation of the low point?

v

1496.08 *** STA,
108.03 *** EL,

What stations would have
an elevation of 109.00 feet?

1093 109.00 *** EL

1597.59 *** STA
1394.57 *** STA

v

***Shown by PRINT on HP-97 and by PAUSE on HP-67.
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STEP INSTRUCTIONS AT oNTs | KEYS | o o0 s
1 Load side 1 and side 2.
2 |For a grade go to step 3. For a
vertical curve, go to step 5.
3 Input beginning station STA1
and elevation ELA1
and grade. GR% (A] STA1,EL1,G1,¢
4 |Go to step 8.
5  |Input beginning station PC
or station at intersection of
tangents PI
6 Input elevation of station input
at step 5 EL
and beginning grade G1%
and ending grade. Gn% (8] PC(-PI),EL,G1
7 Input horizontal length of curve L Gn, PC, EL1
or elevation of high or low
point EL, o0 PC, EL1
or a station and elevation
through which the curve
passes. STA
EL o0 PC, EL1
8 To compute stations at

specified elevations, go to

step 9. To compute elevations

at specified stations, go to

step 11. To compute the low or

high point of a vertical curve, go

to step 14.




07-04

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Input elevation and compute

station (Two stations will be

output for a vertical curve. If

Error is displayed, no point with

the specified elevation exists

on the curve.).

EL

EL, STA

10

Repeat step 9 for next

elevation.

11

Input station and compute

elevation.

STA

STA, EL

12

Repeat step 11 for next station

or go to step 13 for automatic

stationing.

13

Input stationing interval and

select: auto-pause

STA, EL

or auto-halt.

STA, EL

Program will begin computing

from the current station.

If you selected auto-halt on

step 13, the program will halt

after each output. Press to

proceed to the next station.

If you selected auto-pause, the

calculator will pause at each

output and then continue to the

next station without halting. It

will finally halt at the PT for a

vertical curve. For a grade,

press during the pause

displaying elevation when you

want to halt the program.




07-05

STEP INSTRUCTIONS DATAUNTS | KEYS | o ot s
14 | Compute the station and
elevation of the low or high
point of the curve. i3 STA,, EL,




07-06

Notes
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RESECTION

This program is designed to solve the ‘ ‘three point problem’’ or resection which
is a method of locating a point from three known points. Required information
are the distances between points 1 and 2 and points 2 and 3, and the angle C.
Alternatively, the coordinates of the three points may be used. The angles A
and B must also be known. The points must be arranged in clockwise order
as 1, 2, 3, P. The angles D and E are computed. The five distances between
the points can be computed. If coordinates for the three points were input,
coordinates of point P can also be computed.

N2
E2
™2 3
v ‘

E1

J
NP
EP
Example:

The coordinates of three points are known:

N1 =232 El1 =307
N2 =356 E2 =468
N3 =224 E3 =561

From a fourth point angles are turned between points 1 and 2 and points 2 and 3.
A = 62°45'05"
B = 46°51'00"
What are the coordinates of the unknown point and the lengths of the lines
joining the points?

Keystrokes: Outputs:
Load side 1 and side 2.
232 30 — 232.0000 *** N1

307.0000 *** E1



356 468 0

224 @D 561

356.0000 ***
468.0000 ***

224.0000 ***

N2
E2

N3

08-02

561.0000 *** E3
62.4505 46510 —— 62.4505 *** A (D.MS)
46.5100 *** B (D.MS)
o > 75.1900 *** D (D.MS)
87.3106 *** E (D.MS)
ne > 138.5604 *** NP
427.8368 *** EP
oo — 203.2166 *** L1
161.4714 *** 1.2
152.7498 *** 1.3
221.1178 *** L4
158.2162 *** L5
STEP INSTRUCTIONS oaTAUNITs | KEYS | o U TS
1 Load side 1 and side 2.
2 IfL1, L2 and C are known, go to B
step 3. If the coordinates of the
three points are known, go to
step 6. N
3 Input the distance between o
points 1 and 2. - u
and the distance between )
points 2 and 3. L2 no L1, L2
.4 Input angle C. ~C(D.MS) oo C (D.MS)
5 | Gotostep 7. o I
6 | Input coordinates. N ]
) B E1 | ,9,,, ,,,N1,’ E1
} N2 B
E2 o N2, E2
) NS | EOED .
E3 C N3, E3 |
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STEP INSTRUCTIONS oaTa s | KEYS | o s
7 Input angles A and B. A(D.MS)
B(D.MS) (0] A(D.MS),
B(D.MS)
8 | Compute resection. D (D.MS)
E(D.MS)
9 | Ifcoordinates of the three points
were input, compute the
coordinates of point P. (1] NP, EP
10 |Optional: compute all lengths
L1-L5. no L1, L2
L3, L4,
LS
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Notes
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TWO INSTRUMENT RADIAL SURVEY

TWO INSTRUMENT RADIAL SURVEY

AR SD* ANG HIP COMPUTE

This program uses a two instrument radial survey technique to determine the
coordinates of a point. The required information consists of the coordinates of
the theodolite, elevation and height of instrument for the theodolite, reference
azimuth (or bearing), angle right at the theodolite from reference azimuth to
distance meter, slope distance and vertical (or zenith) angle from theodolite to
distance meter, angle right at theodolite from reference azimuth to unknown
point, slope distance from distance meter to point, vertical (or zenith) angle
from theodolite to point and height of instrument for the prism at the point.
The horizontal distance and azimuth from the theodolite to the point are com-
puted as well as the coordinates and elevation of the point.

Example:

The theodolite is set up at N100, E150 at elevation 3476.50 feet and instru-
ment height above ground of 4.45 feet. The reference azimuth taken from a
backsight is 107°45'22"". The distance meter is set up and located from the
theodolite by an angle right from the reference of 65°27'18"’, a slope distance
of 10.71 feet and a zenith angle of 89°13'54"’. The point is located from the
theodolite by a angle right from the reference of 75°14'09’' with a zenith
angle of 90°48'38"". The distance meter measures a slope distance to the point
of 157.36 feet. The height of the reflector is 5.66 feet. What are the coordinates
and elevation of the point?

ZA DM = 89°13'54"
ZA P = 90'48"38"
SD DM = 10.71'
\\4-:" -’1");'. 5

' THEODOE&TF.\:?';1-:&;\&&‘}- ERE ¢ SR AR T

HIT = 4.45’

3476.50' ‘
v ELT SIDE VIEW (PROFILE) ELP,
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W
($)
5E
£e
&N
AZ = @/ ¥ _ARDM = 65°27'18"
107° 45’ 22" AR P = 75°14'09"
=1 DISTANCE METER
== .
THEODOLITE POINT
NT =100 TOP VIEW (PLAN) NP
ET =150 EP
Keystrokes: Outputs:
Load side 1 and side 2
a > 0.0000%* (Print/Pause is off.)
100 ko — 100.0000 NT
3476.5 80 @ > 3476.5000 ELT
4458 > 4.4500 HIT
1074522 2 B 107.7561 AZ
65.2718 3 > 65.4550 AR DM
10.71 89.1354 @ — 89.2317 ZA
75.1409 3 > 75.2358 AR P
157.36 90.4838 @ — 90.8106 ZA
5.66 5.6600 HIP

v Vv

STEP INSTRUCTIONS

1 Load side 1 and side 2.
2 If you want your inputs shown
by print/pause, press@.
| A 1.0000 indicates print/pause
is on.
A 0.0000 indicates print/pause
is off.*
*If you don't get the output

| shown, repeat the step.

167.8827 *** HD
182.5931 *** AZ (D.MS)
—67.6539 *** NP
141.2373 *** EP
3472.9148 *** ELP

INPUT
DATA/UNITS

OUTPUT

KEYS | paTAUNITS

a 0.0000/1.0000 |
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STEP INSTRUCTIONS baTAUNTS | KEYS | o OuTEur o
3 | Input coordinates of theodolite NT
ET o0 NT
4 Input elevation of theodolite ELT 720 ELT
5 | Input height of instrument for
theodolite HIT o HIT
6 | Input reference azimuth AZ(D.MS) o0 AZ(D.d)
or reference bearing BRG(D.MS)
and quadrant QD Lo e |
7 Input angle right from reference
azimuth to distance meter AR DM(D.MS) (A ] AR DM(D.d)
8 Input slope distance and zenith
or vertical angle from theodolite
to distance meter. SD DM
VA/ZA(D.MS) (6] VA/ZA(D.d)
9 | Input angle right from reference
azimuth to unknown point. AR P(D.MS) [ A ] ARP(D.d)
10 | Input slope distance from
distance meter to point. SDP
and vertical or zenith angle
from theodolite to point. VA/ZA(D.MS) 5] VA/ZA(D.d)
11 | Input height of instrument for
reflector at point. HIP HIP
12 | Compute horizontal distance
and azimuth from theodolite
to point; plus coordinates and
elevation of point. D] HD,AZ(D.MS);
NP,EP,ELP
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Notes
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EDM SLOPE REDUCTION

EDM SLOPE REDUCTION

El H DM

This program is designed for reducing slope distances measured with an
Electronic Distance Meter to a horizontal distance at sea level (HD SL) and a
horizontal distance at the instrument station elevation (HD I). Corrections are
made for curvature of the earth and for refraction of light (coefficient of refrac-
tion 0.071). A radius of 20,906,000 feet is used for the earth.

TGT & RFT STA

Example: ZENITH ANGLE ‘/\F

(ZA - H
SD = 10000.0000 wsTsTA, N © 0. AR
EI = 5000.0000 ﬁ' P
HDM =5.12 W ol
H RFT = 5.75 ™ ow | e et
H TH = 5.96 \/\‘ —
H ng =534 \ E Ty
= 85°30'20

\/‘ WD SL —
(SEA LEVEL)
® R

Using the information given above, reduce the slope distance to a horizontal
distance.
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Keystrokes: Outputs:

Load side 1 and sie 2.

o0 > 0.0000*
(Print/pause is off)

10000 3 —» 10000.0000 SD
5000 B3 —> 5000.0000 EI
5.12 > 5.1200 H DM
5758 > 5.7500 H RFT
5.96 €3 > 5.9600 H TH
53400 > 5.3400 H TGT
85.30202 3 > 786.2840 *** AELEV

5786.2840 *** E TGT
9966.4190 *** HD SL
9968.8026 *** HD I

Instead of using zenith angle, height of theodolite and height of target, the
elevation at the target station could have been input:

5786.284 3 > 786.2840 AELEV
5786.2840 E TGT
9966.4166 HD SL
9968.8002 HD I

HD SL and HD I calculated here are slightly different from those calculated one
step earlier. This results from inputting E TGT rounded to 7 places instead of
10 places.

*If output is 1.0000, press {3 @Y again.
***Shown by PRINT on HP-97 and by PAUSE on HP-67.
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STEP INSTRUCTIONS paraonTs | KEYS | o SUTReT o
1 Load side 1 and side 2.
2 If you want your inputs shown
by print/pause press {3 3.
A 1.0000 indicates print/pause
is on.
A 0.0000 indicates print/pause
is off.” o0 1.0000/0.0000
Input slope distance. sD a SD
4 Input elevation at instrument
station. El (6] El
5 |Input height of distance meter. H DM H DM
6 | Input height of reflector. H RFT D] H RFT
If zenith or vertical angle is
known, go to step 8. If elevation
at target station is known, go to
step 12.
8 | Input height of theodolite. HTH [ 1] HTH
9 Input height of target. HTGT no HTGT
10 |Input zenith or vertical angle. ZA/VA(D.MS) [ 1] AELEV,
E TGT,
HD SL,
HD |
11 |Go to step 3 for next reduction.
12 |Input elevation at target station. ETGT AELEV,
E TGT,
HD SL,
HD |
13 |Go to step 3 for next reduction.

*If pressing {3 @ gives undesired

output, press £ @ again.
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Notes



11-01
STADIA RED./3-WIRE LEVEL

STADIA RED./3-WIRE LEVEL

START EL*HI 2{0]0] ANG INT

This card contains two independent programs, 1) Stadia Reduction and
2) Three Wire Leveling.

Stadia Reduction

This program is designed to compute the elevation (AEL) and horizontal
distance (HD) for points located by stadia observations. The required informa-
tion consists of station elevation (EL) height of instrument (HI), rod reading
(ROD) if different from HI, vertical or zenith angle (ANG), and rod interval
(INT). Stadia constants are contained in the program and may be changed as
desired.

ROD INTERVAL
ZENITH ANGLE =INT

= ANG __— no’o READING
g = ROD
G)\ —— A
d - " Tif
- |

A ELEVATION
=AE

HI L
Example:
EL = 491.0 HI = 5.2
ROD ANG INT
5.2 75°50'00"' 1.31
8.1 93°18'00"' 3.32
8.8 90°00'00"' 4.06

Reduce the stadia observations given above to elevation and distance for each
point.

Keystrokes: Outputs:

Load side 1 and side 2.

(A ] > 0.0000




491 520

7550 13183

8.1

93.183@ 3.323

8.8

900 4.0083

v

v

491.0000
5.2000

5.2000
75.5000
1.3100

123.1532
522.0863

8.1000
8.1000
93.1800
3.3200

330.8999
469.0204

8.8000
8.8000
90.0000
4.0600

406.0000
487.4000

***Shown by PRINT on HP-97 and by PAUSE on H-67.

STEP

INSTRUCTIONS

Load side 1 and side 2.
Press start.
Change the stored constants
as desired:
stadia interval factor (100)
stadia constant (0)
Input elevation
and height of instrument
Input rod reading if different
from HI.

Input vertical or zenith angle.

INPUT
DATA/UNITS

EL
HI

ROD
ANG

*ok ok

*kk

k%K

k% k

*k ok

kk sk

kkk

kKK
Kk k

*okk

*kk

*okk

KKk

* %k

*okk

*okk

*kk

KEYS

EL
HI

ROD
ANG
INT

HD
AEL

ROD
ROD
ANG
INT

HD
EL

ROD
ROD
ANG
INT

HD
AEL

®
®

6]

o

11-02

OUTPUT

DATA/UNITS

0.0000

EL, HI

ROD
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STEP INSTRUCTIONS baTAUNTS | KEYS | p STAUNITS
7 Input rod interval and compute
distance and elevation. INT a ROD, ANG,
INT, HD,
AEL |

8 | Go to step 4. Skip step 4, 5 or

6 if any of those inputs have not

changed.

Three Wire Leveling

This program is designed to compute elevations for a line of wire levels. The
required information consists of upper (U), center (C) and lower (L) stadia
hair readings for the backsight (BS) and foresight (FS). The elevation is com-
puted by averaging these and the difference between the half stadia intervals
is output as a check. The backsight and foresight distances are accumulated
and can be output if desired. The program contains a stadia constant which

may be changed as desired.

roc

Example:
EL = 5280.0
Station BSUC,L
1 8.266
8.105
7.940
2 8.119
7.329
6.535

FSU,C,L

3.491
3.320
3.152

5.221
4.435
3.654



Compute the elevations using the stadia data given above.

Keystrokes:
Load side 1 and side 2.
(A

52802 @

v Vv

8.266 8.105

7.94 3

3.491 3.32

v

3.1520 8

8.119 7.329

v

v

6.535 13

5.221 4.435
3.654 0 0

v

v

Outputs:

0.0000
5280.0000 *** EL,

8.2660 *** U
8.1050 *** C
7.9400 *** L
0.0040 *** CHECK

3.4910 *** U
3.3200 *** C
3.1520 *** L
0.0030 *** CHECK

5284.7827 *** EL,

8.1190 *** U
7.3290 *** C
6.5350 *** L
0.0040 *** CHECK

5.2210 *** U
4.4350 *** C
3.6540 *** L
0.0050 *** CHECK

5287.6737 *** EL,

0.0000 ***
191.0000 *** BS DIST
190.6000 *** FS DIST
381.6000 *** TOT DIST

***Shown by PRINT on HP-97 and by PAUSE on HP-67.

11-04
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STEP INSTRUCTIONS aTAUNITs | KEYS | o o0 s
1 Load side 1 and side 2.
Press start. a 0.0000
3 Change stored constant if
desired:
stadia constant (1.00) K ®
4 Input beginning elevation. EL, (el e ] EL,
5 Input backsight rod readings:
upper reading U
center reading
lower reading L [ ] UGC,L,
CHECK
6 | Input foresight rod readings:
upper reading U
center reading
lower reading L oo UGCL,
CHECK,
EL,
7 | Go to step 5 for next station.
8 Compute backsight distance,
foresight distance and total
distance. oa 0, BS DIST,
FS DIST,

TOT DIST
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Notes
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TAPING REDUCTION/FIELD ANGLE CHECK

TAPING REDUCTION / FIELD ANGLE CHECK

TAPE T+P HD SD+AEL SD*ANG

This card contains two independent programs, 1) Taping Reduction and 2)
Field Angle Check.

Taping Reduction

This program corrects taped distances for temperature, pull (tension), sag and
index. The program contains a series of constants, but these may be changed
as desired. Slope distances can also be reduced to horizontal distances with
correction. The slope can be indicated either by an elevation difference or by a
vertical or zenith angle.

Example:

Using the stored constants and a temperature of 88°F and tension of 20 Ibs.,
reduce the following taped measurements:

1) HD = 100.0000

2) SD = 100.0000 AEL = —3.7500
Then change the stored standard tension to 35 Ibs. and reduce
3) SD = 77.4580 ZA = 88°05'43"'
Keystrokes: Outputs:
Load side 1 and side 2.
[A] > 0.0150 w
88 2008 88.0000 *** T
20.0000 *** p
100 > 0.0000 ***

100.0000 *** HD
99.9895 *** HDC
99.9895 *** 3, HDC

100 375G 0— —3.7500 *** AEL
100.0000 *** SD
99.9191 *** HDC
199.9086 *** 3 HDC

35 @0 35.0000 P

v



12-02

77.458 88.0543@ —» 88.0543 *** ANG
77.4580 *** SD
77.4143 *** HDC
277.3229 *** S HDC

STEP INSTRUCTIONS paTauNTs | KEYS | oot s
1 Load side 1 and side 2.
2 Select Taping Reduction
program. (A ] w
3 Change any stored constants
(shown in parenthesis) as
desired:
standard tension (20 Ibs.) P, ©
cross section area (.009 in?) A )
modulus of elasticity
(30 X 107 psi) E a8 2
standard temperature (68°F) T,
coefficient of thermal
expansion (6.45 x 107%/°F) CT @
weight (.015 Ibs./ft.) w B
index correction (0.0) (0] ®©
4 Input temperature T
and pull P (8] T,P
5 Input horizontal distance HD 0,HD,HDC,
SHDC
or slope distance SD
and elevation difference AEL (D] AEL, SD,
HDC, 2HDC
or slope distance SD
and angle. ANG (€ | ANG, SD,
HDC, 3HDC

6 Repeat steps 4 & 5 for next
reduction. If T and P do not

change, skip step 4.
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Field Angle Check

This program is designed to reduce field angle data. One direct and one
reverse pointing to the backsight and one direct and one reverse pointing
to the foresight are input for each position. The average angle for each position
is computed. Data for any number of positions can be averaged to get a final
average angle.

Example:

The following data is available for observations of three positions.

Position BD BR FD FR
1 0°00'07"' 10" 86°01'37"’ 39"
2 11°00'21" 26"’ 97°01'55"' 57"
3 22°01'03"’ 04" 108°02'33"’ 29"
Note:

BD = backsight direct, BR = backsight reverse, FD = foresight direct,
FR = foresight reverse.

Compute the average for each position and overall average.

Keystrokes: Outputs:

Load side 1 and side 2.

20 > 0.0000

0.0007 neg—— 0.0007 *** BD
10.0000 *** BR

86.0137 398 —_— 86.0137 *** FD

39.0000 *** FR
86.0130 *** ANG

11.0021 0@ — 11.0021 *** BD
26.0000 *** BR
97.0155 57 — 97.0155 *** FD

57.0000 *** FR
86.0133 *** ANG

22.0103 i —— 22.0103 *** BD
4.0000 *** BR
108.0233 29 — 108.0233 *** FD

29.0000 *** FR
86.0127 *** ANG
D] > 86.0130 *** ANG
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STEP INSTRUCTIONS DATAUNITS | KEYS | pormouT
1 Load side 1 and side 2.
2 | Select Field Angle Check
program. el A | 0.0000
3 | Input direction to backsight BD (D.MS)
and the seconds portion of
the reverse pointing to the
backsight. BR (S) oo BD, BR
4 Input direction to foresight FD (D.MS)
and the seconds portion of
the reverse pointing to the
foresight and compute the
average. FR (S) [ 1] FD, FR,
ANG (D.MS)
5 Go to step 3 for next position at
same setup. When all observed
data has been input, go to
step 6.
6 | Compute average angle. oo ANG (D.MS)
7 | Go to step 2 for next check.
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AZIMUTH OF THE SUN

AZIMUTH OF THE SUN

DEC + DIF D: HA R:HA VA(-ZA)

This program was designed to compute the azimuth of the sun and reference
mark from a solar observation. Required information consists of observer’s
latitude, time zone, watch correction, temperature, pressure, time of obser-
vation, horizontal angle clockwise from reference mark to sun, and vertical

or zenith angle. Declination and hour difference in declination are also required
and may be obtained from an ephemeris. If declination is on the increase, the

hour difference will have a positive value, if on the decrease, the hour dif-
ference will be negative.

Example: N
date—August 14, 1976 "
latitude—37°49".5
time zone—>5 hrs.

watch correction——2'49 SUN

temperature—66°F " OCCUPIED |
pressure—28.58"' Hg Y % POINT |
declination—14°23’.6 Oh UTC : AZIMUTH
hour difference—0’.76
Direction Horizontal Angle Time Zenith angle
direct 77°53'33"’ 16h33m30s 62°12'37"'
reverse 258°17'01"' 16h35m46s 297°21'16"’
direct 78°33'44"' 16h37m30s 62°59'20"'
reverse 258°50'02"’ 16h39m05s 296°42'14"'
Keystrokes: Outputs:
Load side 1 and side 2
3749.5 1 > 3749.5000 *** LAT (DM.m)
5EAED 0249 00— 5.0000 *** TZ
-.0249 *** COR (H.MS)
66 LD 28.58 — 66.0000 *** T
28.5800 *** P
1423.6GE0 .76 @B — 1423.6000 *** DEC (DM.m)
-0.7600 *** DIF (M.m)
77.5333 8 77.5333 *** HA D

v Vv

16.3330 *** TIME

16.3330 @



62.1237

258.1701
16.3546 B
297.2116 @BB

78.3344 B3
16.3730
62.5920

258.5002
16.3905 @
296.4214 @BE

v Vv

v Vv

v v

v

—62.1237 *** ZA
266.3447 *** Sun’s AZ
188.4114 *** REF AZ
258.1701 *** HA R
16.3546 *** TIME
-297.2116 *** ZA
266.5551 *** Sun’s AZ
188.3850 *** REF AZ
78.3344 *** HA D
16.3730 *** TIME
-62.5920 *** ZA
267.1224 *** Sun’s AZ
188.3840 *** REF AZ
258.5002 *** HA R
16.3905 *** TIME
-296.4214 *** ZA
267.2709 *** Sun’s AZ
188.3707 *** REF AZ
267.0232 *** Sun’s AZ
188.3857 *** REF AZ

***Shown by PRINT on HP-97 and by PAUSE on HP-67.

STEP

INSTRUCTIONS

Load side 1 and side 2.

Input latitude.
Input time zone and

watch correction.

Input temperature

and pressure.

Input declination at Oh. UTC

and hour difference,

or, if declination is decreasing,

input negative hour difference

13-02

INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS
LAT(DM.m)* (1] LAT(DM.m)
1Z
COR(H.MS) @ | TZCOR(H.MS)
T(F)
P(in. Hg.) T,P
DEC (DM.m)*
DIF (M.m)** (1] DEC, DIF.

DIF Mm)* BB DEC, DIF.
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STEP INSTRUCTIONS AT umiTs | KEYS | o o s
6 | Input horizontal angle clock-
wise from reference to sun for
direct reading HA D(D.MS) 8] HA D(D.MS)
or for reverse reading HA R(D.MS) HA R(D.MS)
7 Input local zone time of
observation TIME(H.MS) (D] TIME(H.MS)
8 Input vertical angle VA(D.MS) a VA(D.MS)
or zenith angle ZA(D.MS) a -ZA(D.MS),
Sun’sAZ(D.MS),
REFAZ(D.MS)
9 For next sight in same group,
go to step 6.
10 | Compute average of sights @03 | Sun'sAZ(D.MS)
REFAZ(D.MS)
11 | For a new group of sights,

press {3 B to clear. If any of

the inputs on steps 2-5 has

changed, input the new value

at the appropriate step and

then go to step 6.

*DM.m = key in degrees, then

minutes, (2 digits), then decimal

point, then tenths of

minutes.

**M.m = key in minutes, then

decimal point, then tenths of

minutes.
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Notes
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PREDETERMINED AREA

This program is designed to solve two cases of specifying the area of a land
parcel, 1) by hinging one side of a triangle, and 2) by sliding one side of a

trapezoid parallel to another.

Line Through a Point

The area of the land parcel must be divided so that a triangle of desired area

can be solved by hinging one side.

The required information consists
of the coordinates of points 1 and 2
and the bearing (azimuth) of the
line from point 2 toward point 3.
Alternatively, the distance be-
tween points 1 and 2 and the angle
at point 2 can be given. The pro-
gram outputs the angles at points 1
and 2 and the distances from points
1 and 2 to point 3. If coordinates
for points 1 and 2 were given, the
coordinates for point 3 are also
output.

Example:

Ang 1
0‘1/
Ang 2
TN
N2
E2

The area of the land parcel shown below is to be 27,000 square meters.

S
N, =1200.000
E, =600.000

1

3

2a
N\uoo ‘Oe OGN

N, = 1100.000
E. = 800.000

2



Keystrokes:

Load side 1 and side 2.
1200 600 O3

1100 EIEDP 800 @ —

9.3 4
27000 3
STEP INSTRUCTIONS

1 Load side 1 and side 2.

v

2 If the coordinates of points 1

and 2 are known, go to step 3.
If the distance between the

points and the angle are known,

go to step 8.

3 Input the coordinates of point 1.

4 Input the coordinates of point 2.

5 Input the direction of the line

from point 2 towards point 3:

bearing

and quadrant

or azimuth

Outputs:

1.0000 ***
1200.0000 ***
600.0000 ***

2.0000 ***
1100.0000 ***
800.0000 ***

350.3000 ***

27000.0000 ***
78.4911 T
246.1671 Z
-53.5606 Y
298.7513 X

3.0000 ***

1394.6541 ***

750.6918 ***

INPUT
DATA/UNITS

KEYS

14-02

Pt. no.
N1
El
Pt. no.
N2
E2

AZ2

AREA
ANG 1
D1
ANG 2
D2
Pt. no.
N3
E3

OUTPUT
DATA/UNITS

N1

E1 (A ]

1, N1, E1

N2

E2 o

2,N2, E2

BRG(D.MS)

QD
AZ(D.MS) (0]

AZ(D.MS)
AZ(D.MS)
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STEP Sl i pataunTs | KEYS | o raoNiTs
6 Input the desired area. AREA (€] AREA,
ANG 1 (D.MS),
D1,
ANG 2, (D.MS),
D2;
3,N3, E3
7 Go to step 2 for next calculation.
8 |Input angle at point 2. ANG 2(D.MS) o0
9 Input distance between points
1and 2. HD [ ¢ ]
10 |Input the desired area. AREA a AREA,
ANG 1 (D.MS),
D1,
ANG 2 (D.MS),
D2
11 | Goto step 2 for next calculation.

Two Sides Parallel

The area of a land parcel must be divided so that a trapezoid of desired area
can be solved by sliding one of the parallel sides.

Ns/ b3 | Na
E3 E4
D1 D2
Ang 1 Ang 2
N /N Y e
E1 HD E2

The required information consists of the coordinates of points 1 and 2 and the
bearings (azimuths) of the lines 1-3 and 2-4. Alternatively, the distance
between points 1 and 2 and the angles at points 1 and 2 can be given. The
program outputs the angles at points 1 and 2 and the distances between points
1 and 3, points 2 and 4 and points 3 and 4. If coordinates for points 1 and 2
are given, coordinates for points 3 and 4 are also output.
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Example 1:

The area of the land parcel shown below is to be 36,000 square feet.

3 D3 4
D1 D2
75°00' 007
~,80°00/00"
1 HD = 220.000 2
Keystrokes: Outputs:
Load side 1 and side 2
000 > 80.0000 *** ANG 1
75 B} > 75.0000 *** ANG 2
220 > 220.0000 *** HD
36000 12 3 > 36000.0000 *** AREA
80.0000 T ANG 1
210.0220 Z Dl
75.0000 Y ANG?2
214.1275 X D2
128.1098 *** D3
Example 2:

The area of the land parcel shown below is to be 36,000 square feet.

75,
RS

S

K2
S
3

7700 45" W

N1500 __N2470
E1100 E2 317.9449
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Keystrokes:
500 1000

17.5015 EEED!
470 317.9449 @—»

7.0945 4
36000 @ B

v

*Internal rounding causes 80°00'00"’ to be displayed as 79°59'60"".

Outputs:

1.0000
500.0000
100.0000

17.5015

2.0000
470.0000
317.9449

352.5015

36000.0000
79.5960
210.0221
75.0000
214.1276
3.0000
699.9261
164.3336
0.0000
0.0000
4.0000
682.4566
291.2466

*okok

kK k

*okk

kK k

%k x

kKK

k%%

K%k

kK k

KN XKNAX<NAS

Pt. no.
N1
El

AZ1

Pt. no.
N2
E2

AZ2

AREA
ANG 1
D1
ANG 2
D2
Pt. no.
N3
E3

Pt. no.
N4
E4

128.1097 *** D3

***Shown by PRINT on HP-97 and by PAUSE on HP-67.

STEP INSTRUCTIONS

1 Load side 1 and side 2.

2 If coordinates of points 1 and
2 and bearings (azimuths) of
lines 1-3 and 2-4 are known,
go to step 3. If the distance

between points 1 and 2 and the

angles are known, go to step 9.

3 Input coordinates of point 1.

INPUT
DATA/UNITS

N1
E1

OUTPUT
KEYS | paTAUNITS
o 1,N1, E1



STEP

10
1

12

13

INSTRUCTIONS

Input the direction of the
line 1-3:

bearing

and quadrant

or azimuth.

Input coordinates of point 2.

| Input the direction of line 2-4:

bearing
and quadrant
or azimuth.

Input the desired area.

Go to step 2 for next calculation.
Input angle at point 1.

Input angle at point 2.

Input distance between

points 1 and 2.

Input desired area.

Go to step 2 for next calculation.

INPUT
DATA/UNITS

BRG(D.MS)
QD
AZ(D.MS)
N2
E2

BRG(D.MS)
QD
AZ(D.MS)
AREA

ANG 1(D.MS)
ANG 2(D.MS)

HD
AREA

KEYS

ENTER 4

ENTER ¢

oo

a

14-06

OUTPUT
DATA/UNITS |

AZ
AZ

2,N2, E2

AZ
AZ
AREA,
ANG 1(D.MS),
D1,
ANG 2(D.MS),
D2;
3,N3,E3,0;
0,4,N4,E4;
D3

ANG 1(D.MS)
ANG 2(D.MS)

HD
AREA,
ANG 1(D.MS),
D1,

ANG 2(D.MS),
D2,

D3
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EARTHWORK

EARTHWORK

INT~ START

This program is designed for two types of earthwork calculations, 1) volume by
average end area and 2) volume of a borrow pit. For volume by average end
area, the required information is the elevation and offset distance for each point
on the cross-section and the interval between cross-sections. The required
information for volume of a borrow pit is width and length of a rectangular
section or base and height of a triangular section and the elevation at each
corner of the section. Volume for each section is computed as well as total
accumulated volume. For volume by average end area, the cross-section area
is also computed.

Two options are available, 1) you can choose to have inputs shown by print/
pause, 2) you can choose to have volumes computed in cubic yards or cubic
feet.

Example 1:

CENTER LINE

10.0
8.0 300
7.0 6.0 .
21.0 ¢
4.0 00 STA 3 0.0
w170 —— —_—
. ._5 0 )i 12.0 To
-1 _g'g - 1.0 750
-10.0 : 14.0
INTERVAL FROM
PREV STA
S =50.0
7.0 ~—H DIST = 20.0—
-18.0 80 7.0
—— -3.0 — — —
\ ————— /200
0.0 STA2 oo ELEV =7.0
-10.0 100 /
\V 0.0 \
INTERVAL -20 | 0.0 -2.0
S =25.0 -12.0 | 12.0

¢ STA 1



15-02

Compute the volumes in cubic yards between the staions shown above. Note
that station 1 has zero area.

Keystrokes: Outputs:
Load side 1 and side 2.
o0 > 0.00*
Inputs will not be shown with print/pause.
o0 > 1.00*
Volumes will be computed in cubic yards.
> 0.00
N 6 | > 1.00 *** STA
0.00 ***
0.00 ***
0.00 ***
0.00 ***
0 0@ o 100
2 1287
2003 6 CIED 3 €6 O 7 CIED
18 G @ 2
2EB @O 10ED 0
0 (0) A AN G | 2.00 *** STA

25.00 *** INT
216.00 *** AREA
100.00 *** VOL
100.00 *** TOT VOL

0 EHED 0 B 0 EIED 120
| €D EIED 140 | €5 EIED
150 10 EIED 30 0 8 CHED
60} 7 EIED 2| €8 O 4 E5ED
7 EE 0 | ED EHED 10 3

B 0 EIED ¢ &6 B 0 EiED
0B > 3.00 *** STA

50.00 *** INT
321.50 *** AREA
497.69 *** VOL
597.69 *** TOT VOL
Note that it makes no difference what point you start with on the cross-section,

*If pressing keys gives different output, press keys again.
***Shown by PRINT on HP-97 and by PAUSE on HP-67.
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and the elevations and distances may be measured from any base lines as long
as the same lines are used for the whole section. Also, you may work around
the section clockwise (CW) or counterclockwise (CCW).

Example 2:

31 12" 23 25’ 2.9 25’ 2.7 25’ 2.4

\ 616.00 ? ? ‘:

|  2559.38 2625.00 | 2275.00 |
\CU FT| CUFT 5 CUFT | CUFT |

35’ 135/ 135’ |35/
25’ |31 25’ |3.3 25’ ‘-

| Lo — Al . : —12.0
3.4 515.00 ; ‘ |

CU FT ' 1035 00 , 832.50 o

Pz s e &S e

38  25° 36 25 22

Compute the volumes in cubic feet for the sections of the borrow pit shown
above.

Keystrokes: Outputs:

Load side 1 and side 2.

o0 > 0.00*

Inputs will not be shown with print/pause.

20 > 0.00%*

Volumes will be computed in cubic feet.

» 0.00

AN 3.182.38

34@00 > 1.00 *** SECTION

616.00 *** VOL
616.00 *** TOT VOL
5 EED 250340238
290@ 3.1 (€ | 2.00 *** SECTION
2559.38 *** VOL

3175.38 *** TOT VOL

29@33.1832783.38

a 3.00 *** SECTION

2625.00 *** VOL
5800.38 *** TOT VOL

*If pressing keys gives different output, press keys again.

v
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The volumes of the remaining sections are computed in a similar manner.

The final total volume will be 10,457.88 cubic feet.

STEP

INSTRUCTIONS

Load side 1 and side 2.

If you want your inputs shown by

print/pause, press [ B.

A 1.00 indicates print/pause

is on; a 0.00 indicates

print/pause is off.”

To have volumes output in

cubic yards instead of cubic

feet, press [ .

A 1.00 indicates cubic yards

and a 0.00 indicates cubic

feet.”

For volume by average end

area, go to step 5. For volume

of a borrow pit, go to step 11.

Press “start”.

If station has zero end area, go

to step 9.

Input elevation EL
and horizontal or offset
distance. D

Repeat step 7 working around

the section (CW or CCW)

until the first EL and D has

been reinput.

*If pressing keys gives undesired

output, press keys again.

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

1.00/0.00

1.00/0.00

0.00
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STEP INSTRUCTIONS oataunTs | KEYS | o ‘?T%S:;'Ts
9 | Input interval from previous
station, and compute area
and volumes. INT (8] Station No.,
NOTE: Input 0 interval INT, AREA,
for first station. VOL,
TOT VOL
10 | Go to step 6 for next station.
11 | Press “start”. 0.00
12 | For rectangular area,
go to step 13.
For triangular area,
go to step 14.
13 | Input:
rectangle’s width W
and length (0]
14 | Input triangle’s base
and height H ne
15 | Input elevations at corners
(rectangles and triangles),
pressing @ after each. EL
16 | When all 3 or 4 corners have
been input, compute volume. [ 1] Section No.,
VOL,
TOT VOL
17 | Go to step 15 for another

section of the same type and

dimensions. Go to step 12 for

a new section.
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Notes
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COORDINATE TRANSFORMATION

COORDINATE TRANSFORMATION

N*+E COMPUTE S+o TN+TE P?

This program is designed to transform coordinates from one system to a second
system that has been scaled, rotated, and translated with respect to the first.
The transformation parameters can be input if they are known. If coordinates
of at least two points are known in both systems, the transformation parameters
can be computed by a least squares method. Once the parameters are known,
it is possible to convert from system 1 to system 2 or from system 2 to system 1.

Example:

Coordinates of points in two systems are given below:

POINT OLD SYSTEM NO. 1 NEWSYSTEMNO. 2
N E N E

1 150.000  400.000 100.000  350.000

2 224.540 561.673 165.977  515.353

Compute the transformation from these points and then find the missing
coordinates for the points given below:

POINT OLD SYSTEM NO. 1 NEWSYSTEMNO. 2
N E N E
3 356.577  468.710 ? ?
4 ? ? 187.151 261.767
Keystrokes: Outputs:
Load side 1 and side 2.
a > 0.000
a > 0.000*
(Print/pause is off.)
150 4003 1.000 Pt. no.
100 3500 1.000 Pt. no.
224.54 561.673 8 — 2.000 Pt. no.
165.977 51535338 — 2.000 Pt. no.
aa — 1.000*

*If you don’t get the output shown, repeat this step.
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(Print/pause is on.)
356.577 468.71 @ —— 356.577 *** N1
468.710 *** E]

302.699 *** N2
429.427 **x E2

187.151 261.767 [ B~ 187.151 *** N2
261.767 *** E2

232.414 *** N1
307.327 *** El

STEP INSTRUCTIONS paTANTS | KEYS | porTeRT o
1 Load side 1 and side 2.
2 | Press “START". a
3 If transformation parameters
are known, go to step 4. If
coordinates of two or more
points are known for both
systems, go to step 7.
4 Input scale factor and rotation
angle. S
¢ (D.MS)
5 Input northing translation TN
and easting translation. TE (D]
6 Go to step 12.
7 If you want your inputs shown
by print/pause, press@.
A 1.000 indicates print/pause
is on.
A 0.000 indicates print/pause is
off.* a 1.000/0.000

8 Input coordinates of point in

system 1. N1
E1 [A] Pt. no.
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STEP INSTRUCTIONS DaTAUNTS | KEYS | o oot o
9 Input coordinates of point in
system 2. N2
E2 a Pt. no.
10 | Repeat steps 8 & 9 for all points|
known in both systems.
11 | After all points have been input,
compute transformation. 5]
12 | If you want your inputs shown
by print/pause, press@.
A 1.000 indicates print/pause
is on.
A 0.000 indicates print/pause
is off.* 1.000/0.000
13 | Input coordinates of point in
system 1 and compute
coordinates in system 2, N1
E1 4] N2, E2
or input coordinates of point
in system 2 and compute
coordinates in system 1. N2
E2 o0 N1, E1

Repeat step 13 for additional

points.

*If pressing@ does not give

desired output, press@ again.
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Notes
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This two card program is designed to convert geographic coordinates (latitude
and longitude) to and from state plane coordinates for regions using Lambert
conformal conic projections. These regions are listed in table 1 with a set of
constants for each region that are required by the conversion program. Using
the values in table 1 and the supplied data card, data cards for any of the
regions listed can be made. The data card supplied with the program is set up

STATE PLANE COORDINATES—LAMBERT

GEOGRAPHIC TO LAMBERT

LAMBERT DATA

for Alaska zone 10 for use with the example.

STEP

1

INSTRUCTIONS

Load data card side 1 and
side 2.

If geographic coordinates (¢
and A) are known, go to step 3.
If state plane coordinates (x and
y) are known, go to step 8.
Load Geographic to Lambert
program side 1 and side 2.

Input latitude and longitude.”

*In Alaska zone 10 for stations
in east longitude, input the
longitude as negative by using

before B.

Compute state plane

coordinates.

INPUT

DATA/UNITS

¢ (D.MS)
A (D.MS)

KEYS

OUTPUT
DATA/UNITS

#(D.MS)
A(D.MS)

X,y
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STEP INSTRUCTIONS DaTAUNTS | KEYS | o or
6 Compute scale factor (k) and
convergence (6). (D] k,6(D.MS)
7 | Go to step 4 for next
calculation.
8 | Load Lambert to Geographic
program side 1 and side 2.
9 Input state plane coordinates. X (A} X
y a y
10 | Compute geographic
coordinates. ¢ (D.MS),
A (D.MS)

11 | Compute scale factor (k) and
convergence (0). (D] k,6(D.MS)
12 | Go to step 9 for next

calculation.

Example:
Compute the state plane coordinates of the point in Alaska zone 10 given below:

Latitude = ¢ = 54°27'30"'N
Longitude = A = 164°02'30"'W

Keystrokes: Outputs:
Load data card side 1 and side 2.
Load Geographic to Lambert program side 1 and side 2.

54273 03 > 54.2730 *** ¢ (D.MS)

164.023 B > 164.0230 *** X\ (D.MS)

> 5533424.385 *** x
1473805.130 *** y

(D] > 1.0003 *** k

9.3148 *** @ (D.MS)

Compute the geographic coordinates for the state plane coordinates just
computed.
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Keystrokes: Outputs:

Load Lambert to Geographic program side 1 and side 2.
5533424.385 3 5533424.385 *** x
1473805.13 B 1473805.130 *** y

v

> 54.2730 *** ¢ (D.MS)
164.0230 *** A (D.MS)
D] > 1.0003 *** k

9.3148 *** 6 (D.MS)

***Shown by PRINT on HP-97 and by PAUSE on HP-67.
Making Data Cards:

Additional data cards can be made using the instructions given below. The
supplied data card must be used to make new data cards since constants com-
mon to all regions must also be on the cards.

STEP INSTRUCTIONS patauniTs | KEYS | o PRt
1 Load data card side 1
and side 2

2 Input constants from table 1: L1 @]
L2 ®
L3 @
L4
L5 @
L6 B
L7 ©
L8
L9
L10 @©
L11 (4]

3 Press and load side 1
and side 2 of a blank
unprotected card.

4 Mark the card and clip the
corners to protect the data

stored on it.



Table 1
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CONSTANTS FOR LAMBERT PROJECTION

ALASKA

10
5010

3,000,000.00
633,600.00

15,893,950.36
16,564,628.77

.99984 80641
.79692 23940

3161.
47.87068
3.79919
5.91550

44,

CALIFORNIA

I}
0402

2,000,000.00
439,200.00

25,795,850.31
26,312,257.65

.99991 46793
.63046 79732

2336.
30.81964
3.81147
3.70114

0

CALIFORNIA

vi
0406

2,000,000.00
418,500.00

31,846,570.92
32,271,267.72

.99995 41438
.54951 75982

1992.
00.16335
3.81642
3.00292

0

ARKANSAS

North
0301

2,000,000.00
331,200.00

29,277,593.61
29,732,882.87

.99993 59370
.58189 91407

2126.
46.35656
3.81452
3.26432
0

CALIFORNIA

1]
0403

2,000,000.00
433,800.00

27,057,475.85
27,512,992.04

.99992 91792
.61223 20427

2256,
35.52018
3.81265
3.52998

0

CALIFORNIA

vil
0407

4,186,692.58
426,000.00

30,891,382.10
35,055,396.31

.99998 85350
.56124 32071

2040.
22.88096
3.81572
3.09520

0

ARKANSAS

South
0302

2,000,000.00
331,200.00

31,014,039.23
31,511,724.20

.99991 84698
.556969 06871

20383.
56.94711
3.81550
3.08256

0

CALIFORNIA

v
0404

2,000,000.00
428,400.00

28,182,405.33
28,652,931.96

.99994 07628
.59658 71443

2189,
10.35494
3.81362
3.39020

0

COLORADO

North
0501

2,000,000.00
379,800.00

24,751,897.68
25,086,068.20

.99995 68475
.64613 34829

2406.
24.62308
3.81044
3.85610
0

CALIFORNIA

|
0401

2,000,000.00
439,200.00

24,245,358.05
24,792,436.23

.99989 46358
.65388 43192

2441,
26.75847
3.80992
3.93575

0

CALIFORNIA

v
0405

2,000,000.00
424,800.00

30,194,145.54
30,649,424.27

.99992 21277
.57001 19219

2076,
52.10305
3.81523
3.16593
0

COLORADO

Central
0502

2,000,000.00
379,800.00

25,781,376.91
26,243,052.74

.99993 59117
.63068 95773

2337.
29.65162
3.81146
3.70326

0



COLORADO
South
0503

2,000,000.00
379,800.00

26,977,133.89
27,402,231.82

.99994 53995
.61337 80528

2261.
34.26662
3.81257
3.54046
0

IOWA

South
1402

2,000,000.00
336,600.00

23,936,585.11
24,374,096.67

.99994 83705
.65870 10213

2463.
22.59905
3.80959
3.98630
0

KENTUCKY

South
1602

2,000,000.00
308,700.00

27,467,860.75
27,832,235.64

.99994 53808
.60646 23718

2231.
36.57874
3.81301
3.47771
0

CONNECTICUT

0600

600,000.00
261,900.00

23,659,233.56
23,914,389.02

.99998 31405
.66305 94147

2483.
19.67980
3.80929
4.03278
0

KANSAS

North
1501

2,000,000.00
352,800.00

25,644,959.12
25,979,068.57

.99995 68556
.63271 48646

2346.
27.97215
3.81133
3.72376
0

LOUISIANA

North
1701

2,000,000.00
333,000.00

33,624,568.36
34,079,629.33

.99991 47417
.52870 06734

1907.
12.68515
3.81758
2.84511
0

FLORIDA
North
0903

2,000,000.00
304,200.00

36,030,443.05
36,454,924.53

.99994 84343
.50252 59000

1802.
26.11701
3.81898
2.65643
0

KANSAS

South
1502

2,000,000.00
354,600.00

26,896,024.48
27,351,521.50

.99993 59200
.61452 81068

2266.
34.41020
3.81250
3.55102
0

LOUISIANA

South
1702

2,000,000.00
328,800.00

36,271,389.35
36,756,553.45

.99992 57458
.50001 26971

1792.
28.55026
3.81911
2.63885
0

IOWA
North
1401

2,000,000.00
336,600.00

22,736,950.34
23,162,461.59

.99994 53686
.67774 45518

2551,
20.02265
3.80827
4.19479
0

KENTUCKY

North
1601

2,000,000.00
303,300.00

26,371,820.68
26,724,051.82

.99996 20817
.62206 72671

2299.
30.63364
3.81202
3.62113
0

LOUISIANA

Offshore
1703

2,000,000.00
328,800.00

41,091,749.54
41,576,762.39

.99989 47956
.45400 68519

1612.
59.30342
3.82138
2.27436

25.



MARYLAND

1900

800,000.00
277,200.00

25,989,474.99
26,369,112.76

.99994 98485
.62763 41196

2323.
59.69369
3.81166
3.67392

0

MICHIGAN

Central
2112

2,000,000.00
303,600.00

21,001,715.22
21,594,768.40

.99995 09058
.70640 74100

2687.
50.76661
3.80622
4.46875

35.

MINNESOTA

South
2203

2,000,000.00
338,400.00

21,327,006.06
21,874,349.14

.99992 20448
.70092 77824

2661.
20.12517
3.80662
4.46959
(0]

MASSACHUSETTS

Mainland
2001

600,000.00
257,400.00

23,111,975.14
23,549,477.32

.99996 45506
.67172 86561

2523.
19.53138
3.80870
4.12738
0

MICHIGAN

South
2113

2,000,000.00
303,600.00

22,564,848.51
23,069,597.22

.99994 50783
.68052 92633

2564.
22.23938
3.80808
4.15706

33.

MONTANA

North
2501

2,000,000.00
394,200.00

18,689,498.40
19,157,874.26

.99997 14855
.74645 18080

2888.
20.21285
3.80322
5.09490
(]

MASSACHUSETTS

Island
2002

200,000.00
253,800.00

23,784,678.44
23,924,398.02

.99999 84844
.66109 53994

2474,
19.47463
3.80943
4.01174

0

MINNESOTA

North
2201

2,000,000.00
335,160.00

18,984,319.62
19,471,398.75

.99990 28166
.74121 96637

2861.
24.63011
3.80362
5.01609
0

MONTANA

Central
2502

2,000,000.00
394,200.00

19,432,939.76
19,919,806.36

.99992 20151
.73335 38278

2821.
21.96779
3.80422
4.90135
0
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MICHIGAN

North
2111

2,000,000.00
313,200.00

20,041,716.18
20,589,420.09

.99994 10344
.72278 99381

2768.
22.25085
3.80501
4.68430

36.

MINNESOTA

Central
2202

2,000,000.00
339,300.00

20,006,679.72
20,493,457.15

.99992 20223
.72338 80702

2771.
20.89747
3.80497
4.76197
0

MONTANA

South
2503

2,000,000.00
394,200.00

20,500,650.51
21,096,820.93

.99991 07701
.71490 12442

2729.
21.15820
3.80560
4.64814
0
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NEBRASKA NEBRASKA NEW YORK NORTH CAROLINA
ZONE North South Long Island
CODE 2601 2602 3104 3200
L, 2,000,000.00 2,000,000.00 2,000,000.00 2,000,000.00
L, 360,000.00 358,200.00 266,400.00 284,400.00
L, 23,004,346.29 24,104,561.06 24,235,000.80 29,637,059.47
L, 23,368,977.46 24,590,781.86 24,462,545.30 30,183,611.25
Ls .99996 45501 .99992 20725 .99999 49000 .99987 25510
Le .67345 07906 .65607 64003 .65408 20950 57717 07700
L, 2531. 2451. 2442, 2106.
Lg 19.30504 24.68139 20.64240 51.60353
Lo 3.80858 3.80977 3.80990 3.81480
Lio 4.14653 3.95865 3.93780 3.22483
Ly 0 0 0 0
North Dakota North Dakota Ohio Ohio
ZONE North South North South
CODE 3301 3302 3401 3402
L, 2,000,000.00 2,000,000.00 2,000,000.00 2,000,000.00
L, 361,800.00 361,800.00 297,000.00 297,000.00
L, 18,819,849.05 19,661,027.79 24,048,738.51 25,522,875.81
L, 19,215,516.01 20,086,977.18 24,559,158.47 26,027,071.12
Ls .99993 58426 .99993 58523 .99993 91411 .99993 59346
Le .74413 33961 .72938 26040 .65695 03193 .63451 95439
L, 2876. 2801. 2455. 2354.
Ls 22.57950 20.45445 23.48125 28.63705
Le 3.80339 3.80452 3.80971 3.81121
Lqo 5.05972 4.84504 3.96783 3.74048
L 0 0 0 0
OKLAHOMA OKLAHOMA OREGON OREGON
ZONE North South North South
CODE 3501 3502 3601 3602
L, 2,000,000.00 2,000,000.00 2,000,000.00 2,000,000.00
L, 352,800.00 352,800.00 433,800.00 433,800.00
Ly 28,657,871.66 30,382,831.06 20,836,250.94 22,341,309.43
L, 29,082,831.70 30,838,032.96 21,383,852.48 22,888,667.15
Ls .99994 54101 .99993 59432 .99989 45810 .99989 46058
Le .59014 70744 .56761 66827 .70918 60222 .68414 73833
L, 2161. 2066. 2701. 2581.
Lg 42.56887 52.48935 22.08858 22.74104
Lo 3.81402 3.81537 3.80602 3.80782
L1o 3.33440 3.14645 4.57382 4.26823
Ly 0 0 0 0




PENNSYLVANIA

North
3701

2,000,000.00
279,900.00

23,755,351.27
24,211,050.37

.99995 68410
.66153 97363

2476.
21.567953
3.80940
4.01753
0

SOUTH DAKOTA

North
4001

2,000,000.00
360,000.00

20,922,704.09
21,366,697.03

.99993 91116
.70773 81841

2694.
18.93392
3.80612
4.55529
0

TEXAS

North Central
4202

2,000,000.00
351,000.00

32,187,809.58
32,691,654.54

.99987 26224
.54539 44146

1975.
5.95074
3.81665
2.97107
0

PENNSYLVANIA

South
3702

2,000,000.00
279,900.00

24,577,800.67
24,984,826.43

.99995 95012
.64879 31668

2418.
23.87979
3.81026
3.88319
0

SOUTH DAKOTA

South
4002

2,000,000.00
361,200.00

21,993,575.61
22,461,937.05

.99990 68931
.68985 19579

2608.
21.54370
3.80742
4.33519
0

TEXAS

Central
4203

2,000,000.00
361,200.00

34,851,703.46
35,337,121.283

.99988 17443
.51505 88857

1852.
21.62181
3.81832
2.74550

0

SOUTH CAROLINA

North
3901

2,000,000.00
291,600.00

30,630,125.53
31,127,724.75

.99994 54207
.56449 73800

2053.
53.44099
3.81555
3.12127
0

TENNESSEE

4100

2,000,000.00
309,600.00

29,010,231.09
29,535,149.91

.99994 84030
.58543 97296

2141.
44.28313
3.81431
3.29422
0

TEXAS

South Central
4204

2,000,000.00
356,400.00

37,261,509.20
37,807,440.38

.99986 32433
48991 26408

1752.
37.19059
3.81962
2.56899
0
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SOUTH CAROLINA

South
3902

2,000,000.00
291,600.00

32,252,126.30
32,676,887.65

.99993 26284
.54465 15700

1972.
3.57839
3.81669
2.94381
0

TEXAS

North
4201

2,000,000.00
365,400.00

29,456,907.29
29,972,959.94

.99991 08771
.57953 58654

2116.
48.58548
3.81466
3.24452
0

TEXAS

South
4205

2,000,000.00
354,600.00

41,091,749.54
41,576,762.39

.99989 47956
.45400 68519

1612.
59.30342
3.82138
2.33094
0
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UTAH

North
4301

2,000,000.00
401,400.00

23,894,872.45
24,229,110.29

.99995 68422
.65935 54910

2466.
21.96231
3.80955
3.99323
0

VIRGINIA

South
4502

2,000,000.00
282,600.00

27,434,800.06
27,811,312.71

.99994 54027
.60692 48249

2233.
36.41072
3.81298
3.48187
0

WEST VIRGINIA

South
4702

2,000,000.00
291,600.00

26,639,323.45
27,070,620.78

.99992 56928
.61819 53936

2282.
33.82207
3.81227
3.58491
0

UTAH

Central
4302

2,000,000.00
401,400.00

25,117,176.75
25,664,114.42

.99989 88207
.64057 85926

2381.
29.30066
3.81081
3.80024
0

WASHINGTON

North
4601

2,000,000.00
435,000.00

18,798,081.67
19,205,863.43

.99994 22551
.74452 03390

2878.
22.15711
3.80336
5.06556
0

WISCONSIN

North
4801

2,000,000.00
324,000.00

20,124,133.05
20,489,179.67

.99994 53461
.72137 07913

2761.
19.04034
3.80511
4.73451
0

UTAH

South
4303

2,000,000.00
401,400.00

27,025,955.35
27,432,812.88

.99995 12939
.61268 73424

2258.
34.16878
3.81262
3.53414
0

WASHINGTON

South
4602

2,000,000.00
433,800.00

19,832,653.52
20,289,119.60

.99991 45875
.72639 57947

2786.
21.72121
3.80474
4.80336
0

WISCONSIN

Central
4802

2,000,000.00
324,000.00

21,050,746.99
21,430,913.91

.99994 07059
.70557 66312

2683.
48.81363
3.80628
4.52782
0

VIRGINIA

North
4501

2,000,000.00
282,600.00

26,230,200.09
26,576,444.45

.99994 83859
.62411 78597

2308.
30.78682
3.81189
3.64047
0

WEST VIRGINIA

North
4701

2,000,000.00
286,200.00

25,305,029.12
25,715,126.55

.99994 07460
.63777 29696

2368.
57.52979
3.81099
3.77244
0

WISCONSIN

South
4803

2,000,000.00
324,000.00

22,161,432.25
22,672,134.66

.99993 25474
.68710 32423

2595.
20.01691
3.80761
4.30274
0
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Notes
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STATE PLANE
COORDINATES—TRANSVERSE MERCATOR

GEOGRAPHIC TO MERCATOR

A Xy

MERCATOR TO GEOGRAPHIC

y 0. A

MERCATOR DATA

This two card program is designed to convert geographic coordinates (latitude
and longitude) to and from state plane coordinates for regions using transverse
Mercator projections. These regions are listed in table 2 with a set of constants
for each region that are required by the conversion program. Using the values
in table 2 and the supplied data card, data cards for any of the regions listed can
be made. The data card supplied with the program is set up for the west zone of
Idaho for use with the example.

STEP INSTRUCTIONS oaTaUNTs | KEYS | p SUTRRT
1 Load data card side 1 and
side 2.
2 If geographic coordinates (¢
and \) are known, go to step 8.
If state plane coordinates (x
and y) are known, go to step 3.
3 Load Mercator to Geographic
side 1 and side 2.
4 Input state plane coordinates. X (A ] X
y a y
5 | Compute geographic
coordinates. ¢(D.MS),
A (D.MS)

6 | To compute convergence
(Aa) and scale factor, continue
with step 8, but skip step 9.

7 Go to step 4 for next calculation.
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| sTEP INSTRUCTIONS aTAUNTS | KEYS | o &T/Shjrrs
8 Load Geographic to Mecator
side 1 and side 2.
9 Input latitude ¢ (D.MS) (A ] ¢ (D.MS)
and longitude. A(D.MS) (6] A(D.MS)
10 | Compute state plane
coordinates. X, Yy
11 | Compute convergence (Ax)
and scale factor (k). (D] Aa(D.MS), k

12 | Go to step 9 for next calculation

of state plane coordinates.

Example:

Compute the state plane coordinates of triangulation station Indian 1947 in the
west zone of Idaho.

LATITUDE = ¢ = 48°07'50''.941
LONGITUDE = X\ = 116°22'02"'.592

Keystrokes: Outputs:

Load data card side 1 and side 2.

Load Geographic to Mercator program side 1 and side 2.
48.0750941 3 > 48.0751 *** ¢ (D.MS)
116.2202592 @ 116.2203 *** A (D.MS)

> 349231.294]1 *** x
2357247.284 #** y
(D] > —0.2735 *** Ao (D.MS)
1.0000 *** k
Compute the geographic coordinates for the state plane coordinates just
computed.
Keystrokes: Outputs:

Load Mercator to Geographic program side 1 and side 2.

349231.2941 3 349231.294] *** x
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2357247.284 @

2357247.284 *** y
48.0751 *** ¢ (D.MS)
116.2203 *** X\ (D.MS)

v

Load Geographic to Mercator Program side 1 and side 2.

> 349231.2940 *** x
2357247.272 *** y

(D] > -0.2735 *** Aa (D.MS)
1.0000 *** k

Note that the state plane coordinates must be recomputed if Ax and k are desired
when converting from state plane coordinates to geographic coordinates. The
accuracy of the program is not sufficient with 10 digit precision to compute

exactly the same values for x and y as originally input, but A« and k will be

close enough in spite of this.

***Shown by PRINT on HP-97 and by PAUSE on HP-67.

Making Data Cards:

Additional data cards can be made using the instructions given below. The
supplied data card must be used to make new data cards since constants com-

mon to all regions must also be on the cards.

STEP INSTRUCTIONS DATAUNITS | KEYS

1 Load data card side 1 |
and side 2.

2 Input constants from table 2: T ©

T2 ®

T3 @

T4 @

T5 (@

T6 ®

3 Press (w/bata) and load side 1
and side 2 of a blank
unprotected card.

4 | Mark the card and clip the
corners to protect the data

stored on it.

OUTPUT
DATA/UNITS |
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.99999 00000
.38251 76

.99999 00000
.38248 12

.99999 99999
.38248 67

Table 2
CONSTANTS FOR TRANSVERSE MERCATOR
PROJECTION
ALABAMA ALABAMA ARIZONA ARIZONA
East West East Central
0101 0102 0201 0202
500,000.00 500,000.00 500,000.00 500,000.00
309,000.00 315,000.00 396,600.00 402,900.00
1822. 1792. 1852. 1852.
21.00903 25.53386 16.62358 16.62358
.99996 00000 .99993 33333 .99990 00000 .99990 00000
.38170 65 38174 77 .38164 85 .38164 85
ARIZONA DELAWARE FLORIDA FLORIDA
West East West
0203 0700 0901 0902
500,000.00 500,000.00 500,000.00 500,000.00
409,500.00 271,500.00 291,600.00 295,200.00
1852. 2271. 1453. 1453.
16.62358 30.53702 26.09287 26.09287
.99993 33333 .99999 50281 .99994 11765 .99994 11765
.38159 48 .38114 54 .38210 90 .38210 90
GEORGIA GEORGIA HAWAII HAWAII
East West 1 2
1001 1002 5101 5102
500,000.00 500,000.00 500,000.00 500,000.00
295,800.00 303,000.00 559,800.00 564,000.00
1792. 1792. 1124, 1214.
25.53386 25.53386 39.52714 18.21554
.99990 00000 .99990 00000 .99996 66667 .99996 66667
.38175 93 .38175 93 .38264 96 .38257 62
HAWAII HAWAII HAWAII IDAHO
3 4 5 East
5103 5104 5105 1101
500,000.00 500,000.00 500,000.00 500,000.00
568,800.00 574,200.00 576,600.00 403,800.00
1264. 13083. 1294. 2491.
6.77497 57.83623 0.05280 18.35156

.99994 73684
.38076 24



18-05

IDAHO

Central
1102

500,000.00
410,400.00

2491,
18.35156

.99994 73684
.38076 24

INDIANA

East
1301

500,000.00
308,400.00

2241.
32.84965

.99996 66667
.38110 64

MICHIGAN

East
2101

500,000.00
301,200.00

2481.
18.72150

.99994 28571
.38072 83

MISSISSIPPI

West
2302

500,000.00
325,200.00

1822.
21.00903

.99994 11765
.38169 86

IDAHO

West
1103

500,000.00
416,700.00

2491,
18.35156

.99993 33333
.38062 27

INDIANA

West
1302

500,000.00
313,500.00

2241.
32.84965

.99996 66667
.38110 64

MICHIGAN

Central
2102

500,000.00
308,700.00

2481.
18.72150

.99990 90909

.38075 41

MISSOURI

East
2401

500,000.00
325,800.00

2141.
41.66790

.99993 33333
.38126 43

ILLINOIS

East
1201

500,000.00
318,000.00

2191.
37.04639

.99997 50000
.38110 74

MAINE

East
1801

500,000.00
246,600.00

2621.
15.15187

.99990 00000
.38061 80

MICHIGAN

West
2103

500,000.00
319,500.00

2481.
18.72150

.99990 90909
.38053 61

MISSOURI

Central
2402

500,000.00
333,000.00

2141.
41.66790

.99993 33333
.38124 22

ILLINOIS

West
1202

500,000.00
324,600.00

2191.
37.04639

.99994 11765
.38113 32

MAINE

West
1802

500,000.00
252,600.00

2561.
16.25668

.99996 66667
.38065 75

MISSISSIPPI

East
2301

500,000.00
319,800.00

1772.
28.62716

.99996 00000
.38172 57

MISSOURI

West
2403

500,000.00
340,200.00

2161.
39.76857

.99994 11765
.38123 62



NEVADA

East
2701

500,000.00
416,100.00

2076.
48.30429

.99990 00000
.38123 11

NEW JERSEY

2900

2,000,000.00
268,800.00

2321.
27.02745

.99997 50295
.38108 45

NEW YORK

East
3101

500,000.00
267,600.00

2391.
22.84247

.99996 66667
.38083 77

VERMONT

4400

500,000.00
261,000.00

2541.
16.76677

.99996 42857
.38074 20

NEVADA

Central
2702

500,000.00
420,000.00

2076.
48.30429

.99990 00000
.38123 11

NEW MEXICO

East
3001

500,000.00
375,600.00

1852.
16.62358

.99990 90909
.38161 35

NEW YORK

Central
3102

500,000.00
275,700.00

2391.
22.84247

.99993 75000
.38084 50

WYOMING

East
4901

500,000.00
378,600.00

2431.
20.83533

.99994 11765
.38084 22

NEVADA

West
2703

500,000.00
426,900.00

2076.
48.30429

.99990 00000
.38123 11

NEW MEXICO

Central
3002

500,000.00
382,500.00

1852.
16.62358

.99990 00000
.38162 04

NEW YORK

West
3103

500,000.00
282,900.00

2391.
22.84247

.99993 75000
.38087 50

WYOMING

East Central
4902

500,000.00
386,400.00

2431.
20.83533

.99994 11765
.38084 22
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NEW HAMPSHIRE

2800

500,000.00
258,000.00

2541.
16.76677

.99996 66667
.38073 27

NEW MEXICO

West
3003

500,000.00 |
388,200.00

1852.
16.62358

.99991 66667
.38162 88

RHODE ISLAND

3800

500,000.00
257,400.00

2456.
19.72344

.99999 37500
.38092 20

WYOMING

West Central
4903

500,000.00
391,500.00

2431.
20.83533

.99994 11765
.38084 22
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WYOMING
ZONE West
CODE 4904
T, 500,000.00
T, 396,300.00
T, 2431.
T, 20.83533
Ts .99994 11765
Te .38084 22
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Notes
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STATE PLANE COORDINATES—ALASKA ZONES 2-9

GEOGRAPHIC TO ALASKA 2-9

z ] A

ALASKA 2-9 TO GEOGRAPHIC

DATA CARD - GEO TO ALASKA 2-9

z x y O, A

DATA CARD - ALASKA 2-9 TO GEO

This two card program is designed to convert geographic coordinates (latitude
and longitude) to and from state plane coordinates for zones 2-9 in Alaska. A
data card is required for each program, but the two data cards supplied can be
used for all zones.

Example:

Compute the state plane coordinates for a point in zone 6 having geographic
coordinates of

Latitude = ¢ =71°00'00"
Longitude = A =155°00'00"

Keystrokes: Outputs:
Load data card Geo to Alaska
2-9 side 1 and side 2.

Load Geographic to Alaska.2-9
program side 1 and side 2.

60710 > 71.0000 *** ¢

155 > 155.0000 *** X

0] »  857636.1683 *** x
6224356.322 *** y

a > 2.5013 *** Aa (D.MS)

1.0000 *** k
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Compute the geographic coordinates of the state plane coordinates just

computed.

Keystrokes:

Load data card Alaska 2-9 to
Geo side 1 and side 2.

Load Alaska 2-9 to Geographic
program side 1 and side 2.

6 857636.1683 B3
6224356.322
0]

v

Load Geographic to Alaska 2-9
program side 1 and side 2.

v

Outputs:

857636.1683 *** x
6224356.322 *** y

71.0000 *** ¢ (D.MS)
155.0000 *** X (D.MS)

2.5013 *** Aq (D.MS)
1.0000 *** k

***Shown by PRINT on HP-97 and by PAUSE on HP-67.

GEOGRAPHIC TO ALASKA 2-9

STEP INSTRUCTIONS

1 Load data card Geo to Alaska
2-9 side 1 and side 2.

2 Load Geographic to Alaska 2-9

program side 1 and side 2.

Input zone number.

Input latitude.

Input longitude.

(o) BRENS BRI — N )

Compute state plane
coordinates.
7 | Compute convergence (Aa)

and scale factor (k).

8 | Go to step 3 for next

calculation.

INPUT OUTPUT
patauNits | KEYS | paTauniTs
Y4 a
6(D.MS) o #(D.MS)
A(D.MS) A (D.MS)
D] X,y
Aa(D.MS),
K
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ALASKA 2-9 TO GEOGRAPHIC

STEP INSTRUCTIONS oataunTs | KEYS | o T e
1 Load data card Alaska 2-9 to
Geo side 1 and side 2.
2 | Load Alaska 2-9 to Geographic
program side 1 and side 2.
3 | Input zone number. z a
4 Input coordinates. X (5] X
y y
5 | Compute geographic
coordinates. (D] ¢ (D.MS),
A(D.MS)
6 | Go to step 3 for next
calculation, or to compute
convergence and scale factor
go to step 7.
7 | Load Geographic to Alaska 2-9
program side 1 and side 2.
8 | Compute convergence (Aa)
and scale factor (k). (€ ] Aa(D.MS)
k
9 | Go to step 2 for next
calculation.
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PROGRAM LISTINGS

Program Page
1. Traverse, Inverse and Sideshots . ........................ L01-01
2. Traverse Adjustment ................ ... ..., L02-01
3. INtersections .............iuii i L03-01
4. Curve Solutions . .............iuiiiii L04-01
5. Horizontal Curve Layout ............................... L05-01
6. Spiral Curve Layout..................coiiiiiiinaann... L06-01
7. Vertical Curves and Grades ............................ L07-01
8. Resection .......... ... ... ... L08-01
9. Two Instrument Radial Survey .......................... L09-01

10. EDM Slope Reduction . ................................ L10-01

11. Stadia Reduction/3-Wire Leveling ....................... L11-01
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Traverse, Inverse, and Sideshots

BEG N, E input as? 2
ase 6
. 359 é
Initialize pt. no. BEO . 360 + AZ
@61 ¥LEBL7
66z F17 Is traverse on?
a63  STo@
BEGE #€4  STOA
B€S  IHMS
a6e SFC
BEGN @67  PRTX AZ
(433 RTN
69 #LBLD SD to HD
E76 SPC
@71 FRTX Slope angle
180 472 HMS»
@73 X2y
a74  PRTX SD
AR, AL, BRG input a7s R
Was bearing input? are  X4y7 X = short side?
a77 2y
180 are  R/S
DR=AR+180,DL=180-AL €79 ¥LBLd CLOSE
DR, DL, AZ input @80  RCLE SHD
Was azimuth input? a8l SPC
€82 SFC
a3 PRTX
AZ 84 RY
AZ +DR, AZ - DL @65 RCL4 AREA
86 ABS
BRG to AZ €87 RCLS Curve Area
BRG 688+
889  FRTX
an a9e R
@91  CFl
Sideshot
69z ESBe Ir:v:?seotooglcse
493 SF
qu Ri Traverse on
INT (@D/2) 655 K
@96 RS
80 INT (QD/2) ?’gg "é?tg INVERSE
I N
ap
s - BEGE
188 RCL3 DEP
: 181 -
Cos (180 QD) w0 E - BEG E - DEP
BRG cos (180 QD) ig: RC‘;7 BEG N
185 RCL2
AZ Lot - LAT
(a7 csBs N - BEGN - LAT
188 HNMS» Output AZ
189 X2
HD
g B4
AZ ;;? GSH Output HD, N, E
AZ positive? -
112 RCLI D
REGISTERS
° az [ W P ouatr |° oer | AREA [|°cuveareal® zHD | BEGN |° BEGE |° 180
<0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B D
AZ R A © aanso £ " Point No.




L01-02

113 RTN 169  PRTX E

114 #LBLE HD 176 RTN

115 RCL& AZ for traverse 171 xLBLe CURVE

116 Y 172 cre Clear curve sign

117 F1? 172 STO0A Radius

118 €T04 Is traverse on? 174 X>e? Radius positive?

119 RCLA AZ for sideshot 175 SF2

120 Xy 17€ Y A

121 «LBL4 HD 177 HNS3

122 F1? Is traverse on? 176  STOB

123 ST+6 179 SIN Sin (8)

124 STO01 186 RCLB A

125 PRTX i« 0+R

126 R LAT 182 sT0C A Pi/180

127 F1? Is traverse on? 183 - Sin (A) -A Pi/180

128 €102 124 Fe? Radius positive?

129 Xy DEP 185 CHS

130 RCL3 DEP 186  RCLA

131 + 1e7 X2 R?

132 RCLE BEGE 1&g x

133 + E = BEG E + DEP igs 2

134 X2y LAT i8¢ o

;;‘6' Rl,!;z LAT ;;E S;;g Segment area =

137 RCL7 BEG N 137 PRTX

128 + N=BEGN + LAT 194 RCL? o

139 RCLA Az 195 ST-€ HD or chord

146 6703 186 RCLC

141 sLBLZ 187 RCLA

1492 ST+2 188 x

143 xy LAT 135 aBs Arc length

144 ST+3 268 ST+6

s 2 per o1 ROLB

46 20 A

147 RCL3 Radius

i:g X DEP - DEP/2

A LAT(DEP - DEP/2) FA/BRG

152 RCL® .

153 + € Bearing on?

154  RCLZ .

55  RCL7 Bearing on

15€ + N

157 RCLO AZ Field angle on

158 «LBL3 out int. N.E

155 oHNS utput point. N, SS/TRA

166 1521

161 RCLI Increment paint no. Traverse on?

162 SPC

163 SPC ‘Traverse on

164 PRTX

165 R Point no. Sideshot on

166 R

1€7  PRTX

168 Xy N
A 5 - LABELS FLAGS SET STATUS

BEG NTE |° AR, AL, BRGI°DR, DL, AZ |° SD1ANG |E HD-N,E |° FA/BRG FLAGS TRIG ISP

*FA/BRG? [|°SS/TRA?  [CINV ? cLose  |° atR Vsstra | DY pes
0QDBRG~AZ' AZ 2 Used 3 QutN,E |4 Used 2 CurveSign |1 X [ GRAD [
5 5 7 Used 8 Used 9 3 cox RAD L
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Traverse Adjustment

681 xLBLB L, D input 857 X=8? Compass rule?
682 SFe L, D were input 658 €103
083 sLBLA N, E input 859 Ré D
a84 1521 Increment pt. no 866 P HD
ees  F1? Print/pause? @61  STOS
88¢ 6108 862  RCL4 L
867  RCLI Pt. no. 862 Xz
aeg SPC 864  RCLY HP
885 PRTX 865 : /L\ /HD
R 856  RCLA
o N(L) 867 x AL’/HD
012 PRTS 868 ST+8 p correction
813 X2y E(D) 669 RCLS
814  PRTX ave Xe
815 xLBLE 871  RCLS HD
81€  Fe? L. D input? 72 S
17 eT01 873 RCLE 8
@18 RCLS BEG E er4 X BD*/HD
a18 - E-BEGE @75 ST+l D correction
8280 RCL3 =D 876  RCLA A
821 - D @77 RCL4 L
a2z ST+3 878  RCLS b
823 ST+ are x
@24 X2y 838  RCLS HD
825 RCLT BEG N 881 B
826 - N-BEG N 882 x ALD/HD
827 RCL2 sL 883 ST+l D correction
028 - L 884 LSTX
829 5T+2 685  RCLE 8
836 ST+@ 8¢ x BLO/HD
31 2y @87 sT+e L correction
63z wLBLI ese 6105
833 Fo? L, D input? 689 wLBL3 Compass rule
834  ST01 D 896 Ré
835  STOS 091 P HD
3¢ 2y 8%z ST0S
037  Fe? L. D input? 893 RCLC
038 ST08 L 894 x
@39 ST04 @95 ST-8 L correction
@40 X2y #96  RCLS
841 F2? Compute? @as?  RCLD
04z 6TO02 age x
642 JF 895  ST-1
#4e X HD 180 sLBLS D correction
045  RCLS ) 181 RCL1 D
646 Xy 182 RCL8 L
847 2 DA/HD 183 Fe? L, Dinput?
048 RCL4 184 6102
A . Ty gea
851 I+ LAHD 107 2y 'S
852 RCLI Pt. no. 188  RCL8 BEGE
853 R/S 189 + E
854 sLBL2 Compute 118 X3y
855 SF2 111 sLBL2
856  RCLE 0/1 112 SPC
REGISTERS
®corzt |'corzo  [F s s |0 L o |°zHD "BEGN [°BEGE |° HD
s St 2 ere [ ero [Mzii [Pzwmo Pror Prormo) [Prwomo[ «
A A B C ERL/THD © ERD/EHD IE on " Pt no.
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113 PRTX 169 sToI Pt no.
114 2y 178 6SB4 Clear sums
115 PRTX 171 SFz Comoute on
116 RCLI Pt. no. 172 P2S
137 RS 173 RCLE on
118 #LBLb Crandall’s rule 174 X=6? Compass rule?
119 8SBa 7S 6T03
i28 1 176 RCLE ERL
121 STOE 77 RCLS F(LD/HD)
122 (26 17 X
123 #lBlLa Compass rule 179 RCL3 ER D
124 CFe 186 RCLS Z(L?/HD)
125 CF2 181 x
126 RCLZ ER L 182 -
127 RCL3 ERD 183 RCL7 £(D?/HD)
128 25 184 RCLS ¥(L?/HD)
128 ILRG 185 x
136 §T03 ERD 186 RCLS £(LD/M
131 X2y 187 gz (LD/HD)
132 sT0Z ER L 188 -
133 P igs % B
14 1 196 5706
135 sT01 Pt. no. 91 LSTX
136 6SB4 Clear sums 182 RCL3 ERD
3 RIN 193 RCLS Z(LD/HD)
138 =lBLc Print/, 194 X
135 E rint/pause 195 RCLZ ER .
10 F1? off? 13¢ ROL7 Z(D* /HD)
141 i 187 x
142 CF! 198 -
T
143 =87 arnon 198 K2¥
144 SF1 Turn off zae * A
145 RS 81 STOR
146 $LBLC 282 26
BEG N, E
147 sTo8 seae 207 RCLI o
148 2y 204 RS -no-
149 sT07 285 #LBL3
3
150 F12 N wse? 206 RCL2 Compass rule
151 €708 2er  RCL3 ERD
152 PRTX 285  PS
153 Ré 28°  RCL6
ZHD
154 FRTX 218 B
155 K2y 211 sTOD ER D/ZHD
156 PRTX 212 K2y
157 #LBL® 213 RCLE ERL
158 RCLI P a4 s IHo
159 RS -no. 215 sToC ER L/ZHD
166 LBL 216 RCLI
161 p2s ER L, ER D input 217 RS Pt. no.
162 ST03 218 #LBL4
163 A3y ERD 219 8 Clear
164  ST0Z ERL 228 ST08
165 P2S 221 sT01
166  R/S 222 sT02
167 #LBLE Compute 227 8103
162 1 224 RN
- LABELS FLAGS SET STATUS
NTE ° Lto ‘e Nte  [Perutp  [Fcompute [° NE/LD FLAGS TRIG DISP
a COMPASS [° CRANDALL [¢  P? d e ) ON OFF
- : o 0 & | DEG O | FIX ®
NO PRINT L. D 2COMPUTE  [3COMPASS |*CLEAR 2 coMPuTE ' O ® GRAD O scl 0O
5 OUTPUT |° 7 B ) 3 i B S RAD O ENG4D
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Intersections
N1, E1 input 857 RCLE AZ2
E1 ese  RCLZ AZ1
53 - ¢
N1 8¢ SIK Sing¢
@61 : o1
N2, E2 input 862 $T703
E2 863 6102
864 wLBid Offset
N2 @ss  §F2
26€ C3B@ D12, AZ12
Brg, Qd input 867  RILE AZ1
Brg 868  RCLD AZ12
069 - «
Qd e 3N Sin &
er:  RILC D12
7e X
73 stor D2
874 wLELb B-D
INT (Qd/2) 875 G5B D12, AZ12
B7¢  RCL? D2
ar; Xz
@76 RLLE AZ1
: 180 INT (Qd/2) ere  570:
@24 K ad eec  RCLD AZ12
e25  LSTX a8: - AZ1-AZ12
82¢ x 88> RCLC D12
@27 oS Cos (180 Qd) ez R D12 cos
a2€ 2 Brg aes F2?
28 x 5 G104 .
e sgf ¢ tau D12sine
83! 1 a7 Xz
a7z R eee - D2? - (D12sina)?
@33 &SB2 To polar (332 X
€3¢ 670! ase Rt D12cosa
835 #LBLD AZ input aer K2y
236 HHS 89z - D1
037 iBL! 497 STOE
832 RCLé AZ1 8% LSTX
839 STO0Z 895 Rt
048 ke a9¢ + D1
841 STOE AZ2 €37 aLBLS
€42 RS 298 ST03
@43 $LBLE D input @99 GSBz First solution
@44 RCL7 e F20 Offset?
@45 5T02 D1 180 RS
246 Ré 182 RCLE
@47 ST07 D2 182 RCL3
848 RS 164 STOE
849 ¥LBLa B-8 185 RY
850 6580 D12, AZ12 166 STO3 o1
@51  RCL6 AZ2 107 oz 2™ solution
852 RCLD AZ12 165 ¥iBLc b-D
852 - ) 105 6588 D12, AZ12
85¢  SIN Sin8 118 RCL3 D1
855 RCLC D12 11 P
856 X i1z X2 D1? +D12?
REGISTERS
0 1 2 3 5 6 7 8 9
N1 E1 AZ1 D1 N2 E2 AZ2 D2 N3 E3
SO S1 S2 S3 [S4 S5 S6 S7 S8 S9
A ]C D12 ° Azi2 AZ 1 '
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D12 168 PRST E3
i7€ RCLE
o1 175 FRTx
178 RCLS D12, AZ12
i3 PRTX E2
174 RIN E1
a 17
AZ12 N2
N1
AZ12-a = AZ1,
AZ1, To polar
a AZ12
AZ12
AZ12+a = AZ1, D12
AZ1,
1% solution To polar
AZ1,
AZ1,
Positive AZ?
2™ solution:
Output
AZ1
D1 AZ + 360
To polar
AZ1
N1
E1
AZ1
D1
N1
N3
E1
E3
15+ E2
ST 8108
15¢  RCLS
158 - N2
16e X3y
161 RCL4 To polar
162 -
e N N2
163 ESE3 £
164 HAS
165 RCL4
166  RCLS
167 R4 N3
16€ Ré
LABELS FLAGS SET STATUS
Aniter [P n2te2 [Cergtap [P Az E D ° FLAGS TRIG DISP
E b | C Do d e 1 ON OFF
‘68 80 o-0 OFF 00 ®| DEG ® | FIX &
0D12,AZ12 ' AZ 2 ouTPUT |3 4P 2 OFFSET |1 O ® | GRAD O | sci B
- 2 0 ®| RAD O | ENG
> 6 7 8 9 3 30 W n 4
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Curve Solutions

ee!  ¥LBLK Ror -Dinput 857 6T0S
#6: X087 Was R input? 656  RCLE b2
ee3 67108 @59 2
a4 CHS a6e 3
885 HMS» 13} TAN
eec  EEX 862 B T = E/tan (0/4)
aa7 z 862  ETOE
Ges Y 100/D 864 LBLS R
1] s 65 ]
g?b Rot R = 18000/(n D) g;b Rc’;“
811 sLBLS LI 1
@12 ST0A R 658 + 1+E/R
813 SFe ({3 1%
a4 RS ere cos~ A2=cos™ (1+E/R)!
@15 sLBLF Ainput ar!  STO0B
81E  HMS= erz RS
a1v 2 73 *LBL T input
18 : A2 874 Fo? Was R input?
@18 STOB e’s  &T03
e26 Cre 87¢  RCLB A2
621 RS ar? TAN
22 ¥LBL L input a7e : R = T/tan (A/2)
823 Ra 180 L/n a79  STOA
824 Fo? Was R input? @86 R/S
825 €101 881 #LBL3
826  RCLE 012 ag2  RCLA R
ez7 2 [ &
aze X 84 TAN- A/2 = tan”" (T/R)
829 : R =180 L/(m A) 835 STO0B
836  STOA (113 RS
@31 RS 887 wLBlLa M input
@432 alBLI1 (:1] Fe? Was R input?
833  RCLA R age 6104
824 £ ase 1
835 2 891  RCLE A2
03¢ E A/2 =90 L/(n R) @9z Cos
a3?  <T0B 893 - 1 - cos (A/2)
8¢ R/S as4 = R = M/(1 - cos (A/2))
@35 &LBLD Cinput 895 STOA
a4e 2 89¢ R/S
841 % cr 897 LBL4
04z Fe? Was R input? 698 RCLA R
843 €102 899 L]
844  RCLE 16e 1
845 SIN 181 Xy
@46 L - . 102 -
@47  ST0A R=Chizsin a2 183 cos- Mt 1 - W)
848 RS 184  STOB
849 aLBL2 185 RS
g;? RC‘;“ R :gg 'Lgt; Output R, D, A, L
852  SIN+ -t 188 2
853  SToB A/2 =sin~! (C/2R) 185 RCLA "
654 R/S jw : 100/R
855 sLBLb 11 R+D
656 F8? SV;:pRminpu(? 112 »Hms D = 18000/7R
REGISTERS
0 1 2 3 4 5 6 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
AR F a2 N L ° c r
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an 165 TAN
176 RCLA R
4 171 Xz
72 P R tan (A/2)
A 173 Rt
R 174 - A=R? an (A/2) - ©
175 [ o
176 Ré
L=xRA/N
*han% 177 PRST
R i7e RS
Output T,C, M, E
an
130 X T=Rtn (4/2)
131 STOE
132 RCLB A
133 SIN
134 RCLA
13€ x
136 2
tsr X C=2Rssin (A72)
i3 STOD
138 1
146 RCLE
14:  CoS an
142 -
143 RCLA
144 x
145 RCLB r/z R (1-cos(A/2))
146 2
147 :
148 TAN
149 RCLE
158 X i}
151 RCLE 5 T wan (4/4)
152 R¢
153 PRST
154 RS
155 sLBLe
15€  RCLA guw' Ve A
157 xe
158 RCLB
159 X AR
168 DR ,
161 ENTt 9 = R*xA/360
162 ENTt
163 RCLB
164  RCLA an
165 Ik R
166 x
127 - R? sin (A/2) cos (A/2)
168 RCLB = = 9-R?sin(A/2) cos(8/2)
a2
LABELS FLAGS SET STATUS
R0 [P & L b ¢ [ T O Ao R? FLAGS ___TRIG oisp
aMm b E C—»>R,DA,L d 5T CM,E e g.aA 1 o o[p]‘ F R x o
! 2 3 4 RAM 1oOB| craDO | sc O
; A Rt AT 2 0 RAD O | ENG, O
SR&E g 7 8 ]9 B 3 0B n_4
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Horizontal Curve Layout

6081 sLBLA PC input 657 ST01 PC=PI-T

eaz STO1 858 sT02 Current station

@83 5702 Current station @59 sLBL7?

864 SFZ PC was mnput e6e  RCLC L

885 RS 861 +

886 xLBlLa Pl input e62 §T03 PT=PC+L

ees  ST06 867  RCL1

e85 CF2 Pl was input 854  RCLE

889 RS ess +

@9 LBLb R or D input 113 ST06 PI=PC+T

e1!  xe? Was R input? 857 RCL1 PC

e12 6107 868 [}

013 CHS D 062 Ré

814 HMS? are CF3 Clear input flag

€15 EEX 871 PRST

816 2 er2 RS

€17 prad 73 sLBLB PC DEF

018 < 87 3 Code for PC DEF

@18 R3D R = 18000/7 D) (¢ 6701

028 ¥LBL7 076 sLBLD TN OFF

821 STOR R 877 4 Code for TN OFF

822 04k nR/180 a7 6701

22 2 879  sLBLE CD OFF
24 x L1 5 Code for CD OFF

@25  STO6 FT/DEF eer 6701

026 RS 862 sLBLC PI DEF

827 #LBLc Ainput ae3 6 Code for PI DEF

a28 2 884 sLBLI

229 0 ess  sToI Code

a3e ‘] (1:3 R¢ STA

831 RCLE 887  RCL2 Current station

232 B D 888 -

633 +HNS @89 F3? Was STA input?

834 X2y A 8%e 6106

835  ENTH 91 #LBL8 AUTO

036 HMs» 892 RCL3 py o atomng

gg; 2 g;i RCL2 Current station

32 5708 a2 895  RCL4 T

048 RCLO 896  X<v?

241 x @97  6T09

842 STOC L 898 x2v

843 RCLA A 699 #LBLO PT-cursta

844 Ré 180 SFe

845  PRST 181 #LBLY AUTO-H is on

846 RCLB 102 ST+2

847 TaN a2 183 ¢sB2 New STA

848 RCLA 184 RCL2 .

A 7o T = Rtan (4/2) oe FC

@851 RCL1 pC 187 6SB2 c

&2 F2? 188  RCLS

053 €107 Was PC input? 189 ¢T0; ANG

854 RCLG 118 &BL2

855 RCLE :_I 111 RCLO :’\r; /I;gg(h to chord

856 - 112 z !

REGISTERS

Cetoer | pc [P osta [P oer Nt P oane [fom 7 ° °
S0 S1 52 [S3 Sa S5 S6 S7 S8 S9
A R ° an C L o " ROUTINE
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113 sT05 ANG fes 2
176 CHS
114 SIN A
15 RCLA iox st
116 X i 4
17 2 17 1
118 x C = 2Rsin(ANG) 174 €
s RIN 17 sTo4
126 #LBL3 ANG 43 !
121 HNS o
122 RCL2 STA e g g
123 6109 -
124 sLBLG PI DEF 186 sT05
3 LC 181 9
125 A2y ~
126 IR TD=X,TO=Y 182 3
127 CHS 15 s
128 RCLE T 185 CHS
2 T-TD
125 4 186 STO6
138 WP DIST 2 -
2 .. ANG 187 7
131 X2y 188 s
132 HMS 189 P
133 6107 199 p
134 aLBLS CD OFF 191 6
135 RCLB A12 192 CHS
136 X2y ANG o >
. c 193 §T07
137 Py ¢
138 sLBL4 TN OFF p
- 195 8
139 2y Lc 196 :
140 kK X = Dist, Y = Offset Db “f
141 #LBL7 or
198 4
}:‘3 RCLf, STA 199 o
" 280  STO8
144 Ré %81 M
145 sLBLY
2 282 8
146 CF3 Clear input flag 283 g
147 PRST 20t p
148 Fe? Halt? 285 7
149 R/S 86 2
158 6108 Next station 267 [’}
151 sLBLe
288 ST09
152 SFe AUTO-H is on 289 Pzs
153 ¢107 218 RS
154 sLBLd
155 CF@ AUTO-P is on
156 sLBL7
g; S‘;g: INT input?
159  RCL4
168 RS
;gi Ptg Spiral constants for spiral
165 ST01 curve layout program.
164 1
165 ]
166 CHS
167  sT02
168 4
LABELS FLAGS SET STATUS
Apc ® »pcoer [© -piDEF |°»TNOFF [ »cDOFF |7 HP FLAGS TRIG DISP
api ° R (-D) ca JAUTO-P  [¢AUTO-H [ o N bee % | Fx x
0 T 7 o 3 3 Z 1 0 x| GRAD O | sci
© Used Used L-C PC DEF TN OFF PC/PI I Il A
5 CDOFF  [°PIDEF 7 Used 8LooP 9 Used 3 Input? 30w n
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Spiral Curve Layout

881 sLBLA PS input o57 R R cos ()
98z §104 858 R4 Risin (S)
083 859 - Y, - Rsin (S)
804 SF1 PS was input 868 Ré
085 R/S 061 + Xs + Rcos (S)
886 +LBLa PI, Ty input 862 RCLS Tal2
ber 663 TAN
864 x
oas - ¢ 965 Rt
@18 STO0S a2 P 3 -
-
ot X 967  STOE
o1z SO Pl 68 RCLE Pl
gii R/g Pl was input 869 X2y
870 -
P aeed R (-D) input 871 ST PS
@ ; CTO& Was R input? @72 ST+2
eia HMS» 673 RCLS Tal2
619  CHs 674  RCLD s
026 1% o g;z -,
<
ggé g;g 180/(D m) @77 x T,-28
623 > @78  STOB A
. 879 0R m A/180
:7,: lLB:‘ R = 18000/(D ) 888  RCLA R
026 st 81 x L of cir. curv.
o7 RS R 882 RCLC L
028 +LBLb esz 2
829  STOC Lg input 884 x
836  ENTT 885 + Total curve L,
831 ST+2 866 . + PT=PS+ L,
832  RCLA PSC=PS+ L, es7  §T07
833 : R 88g  KCLE PI
P 689 RCL! PS
29 ]
835 =
891 Ré
P 0.~ L2R €92 PRST
838 STOD 853 sLBLS PS. SPI, PSC
839 IHNS S =180 Ly/(m 2R) 894 6SBS Compute Y & X
840 EEX 895 K X
41 > 896  RCLD s
042  RCLA 897 TAN
298 z
842 B
044 RID 100/R 899 - U= Y, - X, cot (S)
045 NS D = 18000/(m R) ;:? 223 Exit spiral?
v HS
b4c  RCLA R 182 STOE U
o F17 e
849 €705 Was PS input? 184  RCL1 PS
858 M 185  RCLC L
166+ PSC=PS+L
g51 st 187 ST03 ¢
852 RCLC
53 ST02 L 166 RCL1 Ps
854 6589 : 169 RCLE u
855 RCLD Compute Yy & X 118 + SPI=PS+U
85¢ RCLA s 111 Rel1 bl
R 112 PRST
REGISTERS
° 0,0 Ps, PT sta |’esc.pcs |1 T Tol2 Pl “eres Py P x
SO S1 S2 S3 [S4 5 6 S7 S8 S9
-10 -42 216 1320 -9360 -75600 685440 6894720
A R ]ET A C oLl ° s [E T, U '
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113 RS e ' 163 RCLC Ls
114 sLBLE pr e 178 E ,
115 RCL? ps 171 Kz (45/L5)
116 RCLI 172 RCLD s
117 8107 173 DR
118 X3y 174 X
113 STO1 175 ST08 0 = (¢/L)* [(n S)/180]
126 RCLC L 176 6SBY Compute Y & X
121 CHS 17T F1? TN OFF?
122 STOC L 178 6704
123 + 17a P cD
124 102 :I ; ';s ' 186 2y ANG
125 SF2 itspira 181 HMS
126 6105 i‘z}fgg“;s”" pcs 182 ¥lBLY
27 sLBLd AUTOH is on 183 RCL2 STA
12 SFe - 184 [}
129 €708 185 Ré
13 #LBLc AUTO-P 186 PRST
131 CFé AUTO-P is on 187 Fe? AUTO-H
132 #LBLS 188 RS
133 F3? INT input? 182 6701 AUTO-P
134 STO04 INT 19¢ #LBLS Compute Y & X
135 RCL4 191 CF3 Clear input flag
136 R/S 192 9
37 #LBLC PS DEF 192 sT0I 0 terms
138 CF1 184 [}
138 6701 195  §T08
148 #LBLD TN OFF 19€  STOS
141 SF1 197 #LBLZ L
142 *LBL1 196 RCLO g or e
143 RCL2 Previous STA 185 RCLI n
144 - 200 ™
145 F3? STA input? 201 P35
146 6T08 202 RCLG Constants
147 RCL4 INT 282 = 0/,
148 CF2 204 2
149 <07 INT ) 205 RCLS
156 SF2 Exit Z‘Zﬁa;lwe 206 RCLY Switch
15! ABS 207  ST08
152 RCL3 PSC 208 Re
153 RCL2 STA 209 +
154 - 218 ST09 Add term
155 ABS 211 DszI
2 Next term
156 XY End of spiral? 212 6102
157 €708 217 RCL9
156 X3¥ INT 214 ROL2 xn
159 6107 215 RCLI
;g? 'Lgl;g STA was input ?,1: “;5 =STA-PS
AUTO-H o
162 sLBL? AUTO station ag - x
163 F2? Exit spiral? 219 L8TX X
164 CHS L
165 ST+2 221 1
166 RCL2 STA 22 + i
167 RCLI PS 22 X v
168 - [ 224 RIN
LABELS FLAGS SET STATUS
Aps ® R (-D) C.pspEF |© -TNOFF |f Exitsp  |° H/P FLAGS TRIG DISP
3 PItTA °L ¢ auTO-P |¢ AUTO-H |° ! Used o B | pec « X x
O STA INPUT|' NEXTSTA [ LOOP 3 psDEF  [* TNOFF  [? Ps/PT ! X | GRAD sci
3 5 2 X RAD ENG
> Entrance RINPUT |7 AUTOSTA [® AUTO-H [° Y, X 3 INPUT 3 X n_4
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Vertical Curves and Grades

P81 ¥LBLA Grade 857 X<8? negative root?
ae2 SF1 Grade is on 858 X2y
(K] ] Prepare for print 859  6T0C
604 FRST 860 #LBL6
aes 6103 a61 z
80¢  ¥LBLB Vertical curve 862 X
87 CF1 Curve is on e€3  cT01 :/L eL
eBs  PRST 864 ¥LBLa B0 tie meut
885 «LBL3 8¢5 RCL1
818 CF3 Clear input flag 966 2y
11 Rt PC or-PI 867 . EL1-EL, or ELI-EL,
by Pl was input 8 a
gi; xggs Was PC input? 229 X 2 (EL1-EL,)
a14 SF2 PC was input 878 RCL3
815 ABS 87! RCL2
816  ST07 PC or PI a72 z (Gn-G1)/100
e17  ST0@ 873 X
18 CLX 874  RCL2 G1/100
819 EEX ars Xz
6ze 2 100 ave B
821 B Gn/100 @77 F22 Was PC input?
@822 §T03 678  €T01
23 K2y @73 RCL2 G1/100
824  LSTX eea X
825 M G1/100 @81 RCL3 Gn/100
826 ST0Z 1 2
azr Rt 663 sLBLC L input
828  sT01 EL1 or ELI as4  STO0S L
29 RS 885 F22 Was PC input?
838 &LBLb STA. EL input 886 6701
831  RCL1 EL1 887 2
ez - EL-EL1 or EL-ELI ese B L2
a3z X2 89 RCLe Pl
834 RCLE asa X2y
e1s - STA-PC or STA-PI 291 - PC = PI-L/2
a7  ST08 esz  SToe
837  RCL8 eez  §T07
638 RCL2 G1/100 694 LSTX L2
633 X G1 (STA-PC)/100 95  RCLZ G1/100
846 Rt EL-EL1 @95 x
641 - 897  §T-1 ELI
842 RCL2 611100 898 RCLS L
843 RCL3 Cn/100 899 sLBL1
844 - 166 RCL3
@45 B 181 RCLZ
846 2 182 - (Gn-G1)/100
a47 X 183 Xy L
g:g c;gz Was PC input? i g; ”25
gif RCLE igf 5;25 (Gn-G1)/100L
5 7 C
852 xe STA-PC 185 RCLe
53 4 109 PRTY PC
854 1% 14 116 RCLI
835 SFz Set return flag 111 PRTX ELT
85¢ 6584 Compute L 112 Xe
REGISTERS
® Used "eLt,eul [PGi100 | Gn/100 Nt P L |8 usea 7 sTA used  |° EL
SO S1 S2 S3 S4 Ss S6 S7 S8 S9
A B C D IE |
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113 CF3 Clear input flag 169 PRTX
114 R/E 178 PSE
115 *LBLc Compute Hi/Lo STA 171 F8? Auto-halt?
116 RCL® pC 172 RS
117 RCL? G1 172 GTOE Loop to next STA
116 ROLE (Gn-G1)/100L 174 sLBLD ELto STA
115 E 175 SPC
126 - Hi/Lo STA 176 PRTX EL
121 SF3 Input flag on 177 ST09
122 GTOE Compute EL 178 RCL1 EL1
123 &lBLe Auto-halt 179 -
124 SF@ Auto-halt is on 188 F1% Grade?
125 €708 181 6707
126 LBLd Auto-pause 182 CHS EL1-EL
127 CFe Auto-pause is on 183  RCLE (Gn-G1)/100L
128 #LBLB 184 2
129 F37 INT input? 185 RCLZ G1/100
136 STO4 186 Ré
131 #LBLE STA to EL 187 + (Gn-G2)/200L
132 F372 STA input? 188 LBL4 Quadratic sol’'n
137 6102 189 = c/a
134 RCL4 INT 190 X3y
135  RCL7 STA 191 LSTX
13€ + Current station 192 € bla
137 F12 Grade? 192 2
138 €705 194 £
139 ROLS . 195 CHe b/2a
146 RCL® pC 196 ENTt
141 + PT=PC+L 197 ENTt
142 X192 End of curve? 198 Kz b2 /a2
147 6102 199 Rt cla
144 2y 200 -
145 6105 201 ix
146 #LBL2 282 - root
147 SF@ Auto-halt is on 203 iSTX
148 sLBLS 204 Rt
149 §T07 285 +
STA - o root
156 RCLE PC or Pl or STA1 286 P27 Was L just calc.?
o - STA-PC or STA-PI 207 RTN
152 ENT1 208  RCL8
153 ENTY 89+ oA
;fi ReLe (Gn-G1)/100L 216 PRTX
&8 F12 Grade? 211 2y
igg LiX No 2" order term g;g RC‘;G PC
158 2 214 PRIX STA
159 B x 215 RS
168 RCL2 216 #LBL7
161+ G1/100 217 RCLZ
162 x axth 218 = G1/100
162 ReL! ax *bx 219 RCLO 100 (EL-EL1)/G1
164 + ) 226 + STA1
165 RCL? ax? +bx+c=EL 221 sT07 STA
165 SPC STA 222 PRI
167 PRTX 223 R/S
168 X2y EL
LABELS FLAGS SET STATUS
AGRADE [P cURVE [© L PeL-sta  [fsTa-eL  [CAauTOoHP | FLaGs TRIG DISP
FHI/LOEL, |° STATEL [ »STAEL,|*AUTO-P  [AUTO-H  ['CURV/GRD | C?'f 0;,‘ oec w | Fx ®
0 AUTOH/P [' L&PC 2 STA INPUT |3 INPUTS 4QUAD EQ |?PI/PC 1 ) X [ GRAD L) sc O
2 0 x| RAD () | ENG U
5 AUTOSTA [6 PC—L 7 EL-STA |[® 9 SINPUT 30 ® n_2
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Resection

081 sLBLA N1, E1 input 057 Fa? Lengths input?

0862 cFo Coordinates input 858 €706

283 2y N1 @59 RCLI E1

064  STCB 066 RCL3 E2

605  SFC 0él -

086  PRTX 062  RCLO N1

067 2y E1 863 RCL2 N2

a68  STO1 064 -

609  FPRTX 065 P L

018  R/S 066  STDG

611 «LBLB N2, E2 input 867 X2y 01

812 XY 868  STOS

e13  STO2 N2 069  RCLS £3

014 SPC @78 RCL3 E2

a15  PRTX 071 -

016 2y E2 072 RCLY N3

817  s103 073 RCL2 N2

018 FRTX a4 -

819  R/S 075 WP L2

826 *LBLC N3, E3 input a76 <107

821 2y N3 azz K2y 92

022 STC4 678 RCLS 01

023 SPC 079 -

024  PRTX e8a  RCLA A

025 X2Y €3 8! -

026  ST0S a2 RCLB 8

827 PRTX 83 -

28 R/S 084  STOE D+E

829 ¥LBLD A, B input 065 ¥LBLI

038 2y A 086 2

831 SPC ag7 s

832 PRIX 0eg  ENT? O+ &z

033 HMS» 089 TAN

034  STOA poe  RCL7 e (B + 82

835 X2 8 091 RCLE 0

836  PRTX 092 B

037 HMS» 893  RCLA

838 STOE 094  SIN A

639 R/S 635 x )

046 *LBLa L1 L2 input 096 RCLB g2ein (ALY

841 SF6 Lengths input 097  SIN

042 2y 0 098 E )

043  STO06 098 ] L25sin (A)/L1 sin (B)

044 SPC 80 -

845  PRIX 181 x K-1

046 2y 182 LSTX (K-1)tan ()

047  STO7 L2 163 2 K-

@48 PRTX 104 +

049  R/S 165 P K+1

056 LBLb ) 186

851  SPC Cinput ,S‘; ',u tan”! () = (D-E)/2

52 PRTX 188 €T09 D

053  HMS» 189 1

854 STO0C 118 s

055 R/8 111 ]

856 sLBLE Compute 11z X2y

REGISTERS

v [ s P one P oe N3 [ Es S n T 2 P o [° Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A A 8 N c ° D E D+EE '
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113 K87 169 +
114 + D+E 176 PRTX
115 sTOD E It RS 180
g oggz 172 sLBLd A
117 173 RCLE
118 PRTX 174 SFC D
119 RCL® 75 PRTX
.’;"‘0 CHS Lengths input 176 RCL7 Sin(180- A -D)
}iﬂ PC&E 7T OPRTX L1/sin (A)
22 i X2y L3
123 ! 360 179 RCLA
}492 5 A ;ge SIN L1/sin (A)
25 . 1 % D
. : o
1;. o . 12‘: g Sin (D) L1/sin (A)
xgz STOE 185 RCLA t;
138 IHMS 86 -
D+E : B
131 Pzz:_( 187 RCLD
132 $ NP EP 188 -
f;j ILBLg N , EP output 120 SIN L2/sin (B)
1 0 e xxy
135 € A1 191 x
136 e 192 PRI 180
127 RCLA 193 LSTX 8
k - 194 RCLD
139 RCLB 195 §I E
12? ReLC 1% T Sin(180 - B - E)
1 187 PRTX niiey -8 -
D+01+A-1 H
142 - proT+A-180 198 RCL7 L5
143 STOE 199 RCLB
144 €701 U 08 SIN
145 #L 2 B
146 R’E'I:E L1sin (D) 3g£ 1
147 RCLS 207 g
148 RCLA 204 e
149 1 L1 sin (D)/sin (A) 285 RCLE
15 e 206 -
151 e ’:"E 287 RCLE
152 - 2a8 -
152 + 209 SIN
15 + 210 x
155 Rt 211 PRI
15€  SIN E2
157 RCLE EP
158 x
159 RCLA
160 SIN Output lengths
161 B L
ez IR
163 RCLZ
164 + L2
165  SPC
166  PRTX L
167 x2Y A
168 RCL3 L1ssin (A)
- ores 5 o LAEELS - FLAGS SET STATUS
0
11E1 N2tE2 N3tE3 AtB compuTE |° L/N, E FLAGS TRIG DISP
a1t °c c 9 SL1-1s |° NP EP | ON OFF
o o > 5 - - 0 ] xv DEG X! FIX
1 x] GRAD SCI ]
5 5 7 5 6] 3 2 0O X RAD [ ENG []
3 X n_4




L0g-01

Two Instrument Radial Survey

68! ¥LBia NT, ET input 857  F1? No P?

06z F1? No P? 858 6108

eas  ¢T06 859 SPC

ae4 X2y NT 668  PRTX

8as SPC 061 sLBLO

e8¢  PRTX 062  HNS»

887 2y ET 863 RCL8 AR DM

688 PRTX 064  STOS

669 ¥LBLE 865 R¢

818  sT0! 866  ST08 ARP

011 2y 867 R/S

812  STo8 868 sLBLB SD, ANG input

e12 RS 669  F1? No P?

@14 wlBLb ELT input 878 6708

e15s €10z o7 X2y

e1€ F1% No P? 872  PRTX

017 RS €73 K2¥

816  PRTX 874  PRTX

019 RS 875 sLBLO

828 xLBL HIT input B87¢  HNS>» ANG

@21 §703 077 2y

ez22 F17 No P? ere 3R

623 RS aza  Xv? Vertical angle?

824  PRTX 880 X2y

625 RS 081 P

82¢  #lBle BRG, QD input 082 RCLA SD DM

ez? 2y BRG 083 §T07

628 HNS» 884 RY

829 K2y ao 885  STOA SDP

838  ENTt Change to AZ 886 2y Zenith angle

831  ENTt 887 RCLS ZA DM

832 2 888  ST06

832 B 889 R¢

634 INT 098 5709 Zap

€35 1 89! R/S

636 8 €92 wlBLC

07 8 893 STOB HIP input

638 x 8%  F1?

639 X3y 895 RS No P?

848 LSTX 896  PRTX

@41 x 0897 R/S

@4z (0S 098 sLBLD c

043 Rt 899 RCLS peiiove

045 x 106 RCL6 2A oM

o5 - Az 181 SIN

845 NS 182 R

€47 sLBLd 183 RCL8

848 F17 bz input 184 RCLY e

849 6T06 ’ 185 SIN

858  SPC 186 R

851  PRTX 187 Xy

852 sLBLO 1688 Rt

@53  HNS» 189 x

854 STO4 118 Ré

855 R/S 111 x

856 sLBLA AR input 112 Rt

REGISTERS

° Nt [ et P eetr [P wt |ReFaz [*arom [zaom | soom [P arp |° zzap
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A soPp s HIP © cos 6 ° W AEL [‘




L09-02

13 + 169 WP

114 RCL6 ZA DM 178 Ré VAP

115 cos 171 TAM

116 RCLY ZAP 172 RCLD HO

17 cos 173 x AEL

e x 174 RCL2 ELT

119 + 175 +

126 sTOC Cos 176  RCL3 HIT

121 RCL? SD DM 177 +

122 x 178 RCLB HIP

123 ENTt 179 -

124 X2 188 PRTX ELP

125  RCL? SD DM 181 RS

126 X 182 sLBLE [53

127 - 183 [}

128 RCLA sDP 184 F1° P off?

129 Xz 185 1

130 + 186 CF1 Pon

131 X 187 X=8?

132 + 188 SF1 P off

133 RCLY AP 189 R/S

134 SIN

135 x

13¢  STOD HD

137 SPC

138 PRTX

139 RCL8 ARP

148 RCL4 REF AZ

141 + AzP

142 1

143 R

144 P

145 R4

146 3

147 6

148 ]

149 K=

156 x<8?

151 +

152 sHMS

153 PRTX

154 LSTX AzZP

155 RCLD

156 R HD

157 RCLO NT

158 + NP

159 SPC

160 PRTX

161 Xy

162 RCLI

163 + E:

164 PRTX

165 RCLY

166 1 e

167 ®»

168 Xz

LABELS FLAGS SET STATUS
A AR BSDIANG  [C HIP Tocompute € P2 FLAGS TRIG ISP
3 NTTET CELT < HIT IREF AZ e BRGtQD P? o 0,3 Tl oes = | Fx ®
0 No P 1 2 3 4 "0 K| GRAD O [ sci O
5 3 7 s 5 2 0K RAD O ENG4D
3 0 K n
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EDM Slope Reduction

88! «LBLA SD input 857 2

862  SToe essg 2

883 F1? 259 2

804 SPC 866 SIN- Curvature cor.

885 F1? 8€:  ST08 ¢

@€ PRTX @62  RCL7 SDssin (ZA)

aer RS 067 1

685 *LBLE Elinput (3] 9

@es  sT01 065  EEX

[} Fi? a6€ CHS

@11 PRTX (124 e

€12 RS ose x

17 sLBLC H DM input 868 STO07 Refraction cor.

a1s 8102 878  RCLE '

ei1s  F1? e7! 2

616 PRTX e’z x 2

e1? RS 8r3 - r-2c

018 *LBLD H RFT input e74  RCLE zA

@:8  ST03 @75 +

82e F1? ave SIN sin (ZA +r - 2c)

@21 PRTX @77 RCL2 H DM

822 RS 878 RCL3 HRFT

823 xLBla P? e7e -

024 1 888  RCLS HTH

(78] F12 Is P off? ee1 -

(243 ] 882  RCL4 HTGT

827 SF1 Pis off g3 +

828  %=? 884 x

829 CF1 Pison @85  RCLO )

838 R/S 88¢ z

831 #lBLc H TH input es7  SINY

832 ST0S 688 RCL8 ¢

a33 F1? 883 -

834 PRTX 898  RCL7 .

835 RS 881 +

836 #LBLd H TGT input 892  RCLE ZA

817 ST04 093 +

aze F1? 894  STO9 '

839 PRTX 895  RCLE ZA leorrected)

848 RS 896 -

841 u 697 SIN '

oz Fi> VA (@A) inpat 698 RCLB SeA -l

843 PRTX 039 x

844 HNS» 100 RCLE

845 1 181 cos ¢

846 R 182 +

7 ki

g:é X;;: VA? ;g; gg_’g HD at instrument

049 P 185 x

850 Ré 2a 166 RCLA

851  ST06 187 RCLI R

852 SIN 188 + El

853 RCLO 109 :

054 x o8 <in (2A) 110 RCLS 1O at sea level

855  ST07 111 cos

856  6SB1 R of earth 112 RCLO sD

REGISTERS

sp 'l Puom  [PHRFT [*HTGT [° HTH [°zA ETGT] & c ¢ za
S0 S1 S2 S3 [S4 S5 S6 S7 S8 S9
A R HD I © 0 [‘ '
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113 X SD cos (ZA") 169 +
114  RCLE c 170 = HD at sea level
115 cos 171 RCLE ETGT
116 £ 172 RCL1 El
117 RCL2 H DM 17, - AELEV
118 RCL3 H RFT 174 RCL6 ETGT
1:9 - 175 6702
128 + AELEV 176 #LBL1 R of earth
121 RCLI El 177 2
122 X2y i78 ]
123 + ETGT 172 9
124 LSTX AELEV 168 ]
125 X2y 181 6
126 #LBL2 182 EEX
127 RCLB HD at instrument 182 3 20906000
128 R¢ 184  STOA
129 Re 185 RTN
130 Ré
131 Xy
132 PRS
132 RS
134 sLBLE E TGT input
135 ST06
136 RCLO sD
137 Xz
138 2y ETGT
128 RCL3 HRFT
140 +
141 RCLI £l
142 -
143 RCL2
144 - H DM
145 Xz
146 -
147 &SB!
148 RCLL Elof earth
149 +
156  RCL2
151+ HOoM
152 B
15 RCLA R
154  RCL6
155+ ETGT
156 RCL3
157 S HRFT
158 B
159 I
1686 RCLA R
161 RCL1 El
162 +
163 X
164  STOB
165 RCLA HD at instrument
166 X R
167 RCLA R
168 RCL1 £l
LABELS FLAGS SET STATUS
A sD B &l C HDM O HRFT E ETGT [0 FLAGS TRIG DISP
a o c d 1 Fi
P? HTH HTGT e VA/ZA P? R ON OEF DEG B X &
g TR 2 ouTPUT | 0 2 1 ® O | GRAD U | sci O
5 3 7 5 5 3 i r g RAD O ENG4D
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Stadia Reduction/3-Wire Level

301 aLELA Start as7 + AEL
82 EEX @58 RCL1 HI
182 2 859 +
|4 STOS K=100 860 RCL2 ROD
85 ) 861 SPC
86 ST06 € =0, clear sum 862  PRTX
387 ST07 Clear sum 863 -
8 RS 864 RCLO EL
30° xLBLE EL, Hl input 8ss + New EL
218 2y EL @66 RCL7 ANG
11 STO0E @67 PRTX
312 SPC [ INT
213 PRTX @65 PRTX
014 2y HI o7 SPC
815 ST01 871 Rt HD
016 ST02 ROD = HI @72 PRTX
817 PRTX o737 Rt EL
e18  R/S 674 PRTX
619 xLBLC ROD input 875 RS
820 ST02 @76 ¥LBLb EL input
21 RS 877 sToe
622 #LBLD ANG input ere  SPC
823 sT07 875 PRTX
624 HNS» a8 RS
825 1 Change to vertial angle #e! #lBLc BS inputs
626 IR 282 @
827 X<y 883  ST04
028 K2y 854 6SBA
29 P 885 RCL1 u
a3e Ré Vertical angle 886 RCL3 L
831 ST03 087 - U-L
832 R/S 888 ST+ BS stadia
833 sLBLE INT input ees RS
034 STO4 898 #LBLd
635 RCL3 ANG 691 1 FSinputs
836  RCL6 c 092 CHS
837 R C cos (ANG) 893 STx4
038  RCL3 ANG 894 cSBe
€39 C0S 895  RCL1 U
048 xe Cos? (ANG) 896  RCL3 L
841  RCLS K 897 - U-L
042 x 898  ST+7 FS stadia
‘43 RCL4 INT 899  RCLO EL
44 x 188 RCL4 U+c+L
45 + WD 101 3
g€ K Csin (ANG) 162 :
‘47 RCL3 ANG 102 - €L
48 2 184  PRTX
49 x 185  ST08
‘56 SIN ' 186 R/S
51 2 Sin(2 ANG) 187 sLBLE
252 = 188 Ré Stadia compute
353 RCLS K 189 ST03 t
54 x 118 ST+4
255  RCL4 111 Re
o6 x INT 12 §T02 ¢
REGISTERS
0 EL " Prooc Panci [UINTusc+d® ko [orzu-nig| Aarziu-Lie[® °
SO S1 S2 S3 S4 SS S6 S7 S8 S9
A F C D E |
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113 ST+

114 Ré u

115 ST01

116 ST+ U+C+L

117 RCL2 c

118 - u-c

119 RCL2 ¢

128 RCL3 L

1z - c-L

. Check

122 - U

123 RCL1 c

124 RCLZ 0

125 RCLZ Check

126 Rt

127 ABS

128 PRST

126 RIN

136 *LBle DIST output

131 RCLé BS stadia

132 RCLS K

133 x BS DIST

134 ENTt

135 ENTt

136 RCL7 FS stadia

137 RCLS K

13 x FS DIST

138 + TOT DIST

146 LSTX FS DIST

141 xzy

142 &

143 Ré

144 PRST

145 RsS

LABELS FLAGS SET STATUS
AsTART [ eLthi [€ ROD ° ANG EINT TRIG DISP
2 ° EL cBs 9Fs © DIST oEG x| Fx ®
0 Used 1 2 3 a GRAD (] sc O
RAD O

7

8

ENG O
4
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Taping Reduction/Field Angle Check

661 *LBLA Start 657 B
@8z CLRC 858  RCL7 P
203 2 859  PRTX
aedq 2] 868 X2
#es  sToe Po 861 s
885 . 86z STOA Sag corr.
067 ] 863 R/S
208 6 864 *LBLC HD input
6839 g 855 CFz No return
@16 STOL A @56 STOB HD
811 3 867 ]
€12 EEX 868 STOC No ANG/AEL
213 7 069 #LBLE
e14 5702 E @76 RCLE sD
815 6 e71  ENT?
a16 & @72 ENTt
817 ST03 To 873 ENTt
818 6 874 x
619 4 675 x sp?
20 5 876  RCLA
821 EEX 77 x Sag corr.
e22 CHS 78 Y sD
823 8 @79 RCL8
824 ST04 cr ag0 x T.P, Cl corr.
825 . 81 -
826 e 082 - Corr.SD
27 1 @83 F2?
aze 5 #84  RTN
825  STOS w 885 #LBLI
630 R/S 886 ST+ SHD
821 *LBLB T, Pinput @87  RCLC ANG/AET
832 sT07 P [ ANG?
637 RCLB Po 889 +HNS
034 - 898  RCLB -
835  RCLI A 891  RCLS SHD
236 B 892 Rt HD
837 RCLZ E 893 X2y
838 E (P-P,)/AE 894 PRST
239 5108 Tension corr. ggg :/S
40 2y T sLBLD )
841 SPC 897  CFo 5D, AEL input
842 PRTX 898 STOC
843 RCL3 T 899 X2y
244 - 1868  STOB
845 RCL4 or 181 SF2 b
bae X (T-To) CT 1oz csbo Correct SD
84? ST‘B Tempera(ure corr. 103 X?
848 RCL6 cl 184 RCLC
849  EEX 105 K2
858 2 :gs -
51 % 7 X
052 STe8 anoo 188 €101 HD
853  RCLS W 189 #LBLE SD.ANG i
854 X2 11e  SFe ANG input
855 2 111 HHS»
056 4 112 sT0C
REGISTERS
°py/D ' Am 2 &5 [ tos | cane Pwizang [°cim 7 p  [® cor |° zHDC
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A Cor F sD C ANG/AEL o -[E i
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113 X2y SD 169 x

114 STO0B 176 ENTT

115 §F2 Return 171 INT

116 6€5B@ Correct SD 172 8101 M

117 RCLC ANG 172 -

118 4 17 EEX

118 IR HD 75 2

128 xY? 176 X

121 2y HD 177 sT02 s

122 6101 178 RCL3 S

122 sLBla Start 179 PRI

124 [} 180 -

125 8105 181 ENT1

126 ST06 182 ABS

127 RS 183 ki

128 #LBLb B D, Rinput 184 @

129 G5Bz Average ANG 18 s

138 ST04 ANG 186 X4v?

131 R/S 187 €703

132 wlBlc F D, Rinput 188 Ri

133 6SB2 Average ANG 18s Ré

134 RCL4 B ANG 198 [3

135 - 191 [

136 ki 192 K2y

137 6 197 %

138 8 194 LSTX

139 2Y 195 ABS

148 X<@? 196 X

14! + 197 ST#2

142 ST+5 198 #LBL3I

431 LANG 199 RCL2 s

144 ST+6 R 200 RCL3 s

145 Xy 201 +

146 IHNS 268z 1

147 SPC 283 2

145 PRTX 204 2

149 RS 205 B s

156 sLBLd 286 RCLI

151 ROLS A e 207+ M

152 RCLé n 2e¢ [3

157 + 289 [

154 IHNS Average ANG ST

155 SPC 211 RCLe

156  PRTX 212 + D

157 RS 213 RIN

;;g ‘Ié%g évevage ANG

168 X=y

161 SPC

162 PRTX

162 ENTt

164 INT

165 ST08

166 - o

167 EEX

168 2

LABELS FLAGS SET STATUS
A TAPE 5 Tt C  HD OSDtAEL [ SDTANG [0 ANGLE? FLAGS TRIG DISP
1 N OFF

2 FACK ° BDtR ¢ FDtR 9 AVE g o WO e = | Fx ®
Q 7 B 3 0 2 RETURN? | ' O ® | GRAD O | sci O
3 3 = 5 5 3 g H g RAD O ENG4D
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Azimuth of the Sun

68! #LBia LAT input 857 Xy DEC

eez SPC 858  PRTX

@83 PRTX 859 2y DIF

804 HMS 856  PRTX

865 EEX Change to D.MS 861 6

eec 2 862 a

887 = 863 : DIF in hours

668 HMS* @é4  STOS

6es  SToe 885 XY DEC

818 #LBLd Clear for AVE 866 HHNS

e1! P2s 867 EEX Change to D.MS

e12  CLRe 868 2

e13 P2s B€9 £

814 ] 276  HMS»

815 R<S 871 STO4

816 *LBLb TZ, COR input e’z R/S

817 K=Y Tz 873 #LBLC HA R input

818  PRTX 874 SPC

819 X2y COR 875  PRTX

828  PRTX ere SF2 Reverse input

821 HMS? a7 1

82z + TZ + COR ave 8

823 SsT01 87 ]

824 RS 086 CHS

825 «LBLc T, P input 881  HMS+ HA D

826 Y T 88z 6703

827 PRTX 882 #LBLB HA D input

aze X2y P e84 CF2 Direct input

829  PRTX @85 SPC

836 z 886  PRTX

821 . 087 sLBL3

632 9 888  HMS>

833 & 889 1 Normalize

834 3 Std. press.x10”! ase R

835 = 291 L

836 5 892 R4

837 1 Std. temp.x10~" 692 3

838 X 854 é

839 X2y 895 [}

040 4 896 X2y

841 [3 897  X<8?

842 [} 89e +

043+ 899 §T03

044 = 188 R/S

845 STOZ T P cor. factor 181 #LBLD TIME input

846 R/S 182 PRTX

847 sLBLe 183 HNS»

848 % Average AZ 184 STO6

849 IHNS . 185  R/S

85 SPC Sun's AZ 186 sLBLE

851  PRTX Ref. AZ 187 PRTX VA (-ZA) input

852 XY 188  HMS»

853 IHMS 189  X>8? VA?

854  PRTX 116 6108 '

@55 R/S 1m ABS -

856 s#LBLA DEC, DIF input 112 1 Change -ZA to VA

REGISTERS
° LAT ' TZ + COR 2T, P COR HA ° DEC ° DIF © TIME VA eSUN AZ °
S0 St S2 [S3 Sa S5 S6 S7 S8
Used Used Used Used Used Used

A T’a C B ]e ]




L13-02

113 R 169 X Cos (VA)
114 X2y 176  RCL6 LAT
115 F 17 cos
116 Ré 172 x Cos (LAT) cos (VA)
117 sLBL6 VA 173 2
118 1 174 C0S+ Sun’s AZ
119 8 175 RCL6 TIME
128 8 17€ 1
121 2y 177 2
122 F2? Reverse? 178 X£Y? P.M.?
123 - 179 6702
124 ST07 188 R¢
125 RCL7 181 Ré
126 RCL7 182 #LBL1 AM.
127 3 183 5108 Sun’s AZ
128 + 184  RCL3 HAD
129 1 185 - Ref. ZA
128 2 186 RCL8 Sun's AZ
131 x 187 3+ Accumulate
132 TAN- 188  LSTX
133 - 182 +HNS Sun’s AZ
134 TAN 198 SPC
135 . 181 PRTX
136 9 192 X3y Ref. AZ
137 H 193 HMS
138 X 194  PRTX
139 € 195 R7S
140 8 196 sLBL2 .
141 ® Refrac. cor. 97 Ré PM. adjust
142 RCL2 T, P cor. factor 198 R¢
143 X 199 CHS
144 + 200 3
145 Rt xﬁﬂ:ovrecnon 281 6
146 CO0S 262 8
147 2 283 +
148 5 204 G101 360-AZ
149 EEX
158 CHS
151 4
'SE x Parallax cor.
153 + VA + par. cor.
154 1
155 R
156 RCLI o
157 RCLé TIME
158 +
159  RCLS oIF
168 x DEC correction
167  RCL4 DEC
162 + DEC + cor.
163 SIN
164 RCL6 LAT
165 SIN
166 Rt Sin(VA)
167 x Sin (VA) sin (LAT)
168 Sin (DEC) - ( )
LABELS FLAGS SET STATUS
ADectDIF [° HAD Char PP Time € va(-za) [° FLAGS TRIG DISP
a b c d ) 1 N OFF
LAT TZ1COR TP CLEAR [¢ AVE o 0,] Ou DEG © X B
0vA TAM. 2 PM. 3 HAR 4 2Rev/DIR | ' U X | GRAD [J | sCI 0]
- = n 5 - 5 20 x| RAD O | ENGD
3 0 X n




L14-01

Predetermined Area

001 LBLE AREA input 857  PRTX
@82  cT0E a58 Fo7?
083 PRTX 859  6T0Z
004 Fa? 860  6SB! No coords?
085 €102 No coords? 861 RCLS
086 6SB! 0852 - HD, AZ pt. 2 to pt. 1
887 RCLS HD, AZpt. 2 to pt. 1 0863 cos AZ2
aes - AZ2 acs  COS-
089  STOS 8€s  ST0C
0810 sLBL2 ANG2 066 1
a11 RCLE [y 8 ANG2
812 RCLS AREA 068 4
813 SIN ANG2 069  RCL?
014 ABS 878  RCLZ
615 RCLE Sin(ANG2) ! - Az
016 HD 72 Ces AZ1
12 : Height er3 oS
18 2 ar4 -
a19 x 8vs  STOE
628 €109 Base = D2 7€ sLBL2
621  RCLS 7T ORCLE ANG1
022 RCLE ANG2 078 RCLE
023 R HD 07 X2 HD
824  RCLS 88@  RCLE
025 - D2 881 TaN
826 CHE 882 17X ANG1
27 P ag3  RCLC
" 2 ]
05 ket o1 b UK CotANG 1)
v ANG3 . ANG2
03e + 513 +
83! o8 887 STO0A
832 CHS 888  RCLS Cot(ANG2)
833 cos+ Bes x
834  IHMS ase 2
835 X2y ANG1 021 x AREA
036 RCLS g9z -
837 IHMS D1 893 X
638  RCLS ANG2 094 -
0839  PRST 095 FRCLA
o4e Fa? D2 036 z
041 k7S 897 €708
042 RCL7 No coords? 898 RCLB
843 RCLS (5] SIN
844 - AZ 100 N Height
845  RCLY ANG2 181 RCLB ANG1
846 R 82 HMS
047  RCLZ D2 183 K2Y D1
048 + 184  RCLS ANG1
849 2y N2 185 RCLC
050  RCL4 N3 106 SIM o1
851 + e = Height
852 X2y E2 188 RCLC ANG2
052 3 E3 109 HMS
854 6100 11e £y D2
@55 slBlLe Pt. no. 111 PRST ANG2
85¢ ST08 112 Fe?
AREA input D2
REGISTERS
° N Az 4 E2 SaNG2AZ2|® WD |7 Az ® AREA [° D2
Iso sS4 55 S6 57 S8 S9
A cot@+coté O Trap. ANG1 ° Trap. ANG2 € '




L14-02

113 6102 Te9 7
114 RCLZ No coords? 17 B
115 Rt 71 INT
1§ i Az1 72 1
7 ST+ 17 e
18 X2y 17 2
119 STH 1 o
120 RCLS I oy
121 Rt 177 LSTX
122 R AZ2 17 x
123 ST+3 17 cos
124 2y 150 "
125 ST+ 181 x
12 3 182 N
127 RCLE 183 SHME
12 RCL: Point no. 184 sLBLD Az
12 6 N3 185  PRTX AZ input
136 PRST €3 186 HNS»
131 M 187 RCLS
32 RCLS 188 sT0Z
133 RCL4 Qutput 189 K¢ Azt
134 FRST NG 19¢  STO0S
135 «#LBLZ E4 191 R/S AZ2
136 RCLE 192 #LBLb
127 RCLA 193 PRTX )
138 RCLS 24 HNS» ANG2 input
32 x S 195 6705
140 - Hioht 196 §TOC
141 PRIX Ne 97 RS
142 RTH az !
147 WLBLE 03 §99 '?31; ANG 1 input
144 STO4 206 HNS»
145 Xay N2, E2 input 2e1 STOE
146 €102 E2 282 RsS
147 2 207 sLBLc
148 €T0€ N2 204 SFO HD input
149 #LBLA Pt. no. 285  STO06 No coords input
15e  CFe Output 206 PRTX
151 SsTOM N1, E1 input 287 R/S
152 Y Coords input 208 sLBL!
153 sT0@ E1 09 2 N, E to HD, AZ
154 1 210 6
155 #LBLE N1 211 2
15 SFC Pt. no. 212 RCLI 360
157 PRTX 213 RCL4 E1
is58 R¢ 214 - E2
159 PRTX 215 RCLO
160 =y 216 RCL3 N1
161 PRTX 217 _ N2
162 RIN 218 s
163 *LBLC 219 STOE
164 =Y 220 Re HD
165. HHS.,') BRG, QD input 221 x<o?
165 31 BRG 222 +
167 ENT? 223 sT07
168 ENTT ap 224 RIN AZ
Change to AZ
LABELS FLAGS SET STATUS
AONITET P N2tE2 Cergtap P Az F <" [° coords FLAGS  TRIG ISP
P ANGT [’ ANG2 ° Ho ¢ P | 0 OE]‘ OEJF DEG FIX
0 QUTPUT ' »HD,AZ  [2Nocoord’s [3 D3 4 2 1+ 0 @ | GRAD O sci O
2 0 RaD O | ENG,O
5 g 7 8 F 3 30 n




L15-01

Earthwork

66 $LBLA E1, D input 857 Sioe

86z F1? No print? ase R/S

8e3 6101 659 #LBLC Start

884 X2y E1 a6e ‘]

ees SPC 861  CLRE

885 PRTX 062 R/S

aer Xy D 862 sLBLd B, H input

888 PRTX 664 SF2 Triangular

66° LBLI 865 €703

a1e  STx1 Previous D 866 ¥LBLD W, L input

811 RCL1 867 CF2

@12 ST-2 Current D 866 #LBL3

812 Ré E1 869 F1? No print?

@14 XY Previous E1 878 €101

15 STxe 71 Xy BorW

816 RCLE Current E1 ez SPC

a1 ST+2 DMD 872  PRTX

eig Ré ar4 XY LorH

@15 ST01 87s  PRTX

eze Ré 876 SPC

8z1  ST08 D/2 - DMD 677 #LBL1

22 RCL2 ere x Area

823 2 Area ars 6

824 2 [:1:2] =

825 ST03 88! F2? Triangular?

026 R/S es2 6102

827 sLBLB INT input 883 1

828 1S21 884 .

629 RCLI Section no. ags 5

e3e SPC 8¢ X

83! PRTX 887 #LBLZ

83z R 886 STO3 Area/(4 or 6)

837 RCL4 Previous area @89  R/S

834 RCL3 Current area 896 #LBLE E1 input

835 ABS 891 ST+2

63  ST04 892  F1? No print?

037 X2y 092 R/S

836  RCL4 894  PRTX

839 + (EN) R/S

40 2 896 sLBLe Output

641 z e97  ISZ1

b4z Rt ’::‘V‘e'age e 898  RCLI Section no.

6843 x 899 SPC

844 Fe? Cu. ft.2 106 SPC

845 6706 181 PRTX

84€ 2 182  RCL3

647 7 187 RCL2 Q‘;a/“ or 6)

643 = 104 x voL

849 sLBLO 185 ABS

85e  ST+5 16¢ Fe?

#51  RCLS TorvoL 187 6708 Cu. fe?

852  PRST 188 2

853 [} 189 7

854 ST03 118 =

855 sT02 Clear area 111 sLBLB

856 ST01 112 ST+5 voL

REGISTERS
° e [ o [P ow [®area [*area [ vor [° 7 8 °
[so S1 S2 S3 IS S5 S6 S7 S8 S9
A ]F C D Ie 7
] SECTION




L15-02

112 PRTX

114  RCLS TOT voL

115 PRTX

116 ]

117 sT102 Clear 2E1

118 SPC

119 R/S

128 sLBlLa Print?

121 ]

122 F1? No print on?

122 1

}g; xi’;; Print on

12¢ SF1 Print off

127 R/S

128 sLBLb Cu.yd.?

128 ‘]

138 Fe? Cu. ft. on?

121 1

132 Ccré Cu. yd. on

133 X=0?

134 SFO CU. ft. on

135 R/S

LABELS FLAGS SET STATUS
AELTD BINT-OUTPUTC START  |° WiL € EL | 0 Cu. ft.2 FLAGS TRIG DISP
a b, c d 1 N
PRINT? Cu. Yd.? BtH ® ~OUTPUT [' Noprint? | | 0[5‘ % | oec = X ®
0 Skip Cu.Yd. |' Skip print 2 Used 3 4 2 Triangle 1O R GRAD O scl O
= - - 5 - o 2 0®| RaD O | ENG O
3 [ & n




L16-01

Coordinate Transformation

881 ¥LBLD TN, TE input 857  RCL7 IE1?
[ CFe Parameters input 858 +
@87 ST0S 259  RCL4 N1
eas 2y 5@ Xe
ees  STo4 @61 RCLé IE1
606 RS 862 Xe
@07 sLBLC 5, @ input 863+
965 CF6 Parameters input 864 RCLY n
805 HMS» 865 +
e1e xay 866 -
a1l R eev 2
e1z  ST0a 868 STOA a
[JK] 2y @69 LSTX
@i4  5T06 6786  RCLé ZE1
815 RS 871  RCLE N2
816 xLBLe START 872 x
@17 CLRG 872 RCL4 N1
@18 28 674 RCL1 LE2
0139 CLRG @75 x
826 [ ere -
821 SF& Compute params. 877  RCLS n
@22 RS (4] E
23 SLBLE P? @78 RCL3 IN2E1 - N1E2
024 [ 288 2y
a2 F1? P off? 881 -
82 1 g2 X2y
€27 CF1 Pon 0837 B
eze  X=e? 884  STOB b
829 SF1 P off 895 RCLE N2
838 R/S 856  RCL4 N1
831 #LBLE Compute params. 887 RCLA a
@3z CFé 888 X
833  RCLE IN2 889 -
834  RCLT TE2 098  RCL6 SE1
@35 RCL8 ININ2 + E1E2 891  RCLB b
836 RCLS IN2E1 - N1E2 a9z X
a3r P2, 893 -
838 STO3 894  RCLS N
839 R¢ 895 £ TN
848 STOZ @96  RCL1 TE2
84! Ré 097  RCL6 SE1
042  STO! 898 RCLA a
843 R¢ 899 x
644  STOB 1680 -
045  RCL2 + 181 RCL4
046 RCL4 TNz EIE2 182 RCLB o
847 RCLO N2 103 x
648 x 104 +
849 RCLI 2E2 185  RCLY n
858  RCL6 SE1 186 B TE
851 x 107 P3S
852+ 188 STOS TE
853  RCLS R 189 X2
854 o 118 STO4 ™™
855 - 111 R/S
656 RCLS N1? 112 #iBla N2, E2-N1, E1
REGISTERS
° N1 e [ N [ e w P T ° N2 T2 Pz °
0 sn2 Prez 2oz [Pz St et Pene [Pz [Trer [Pren [P
A C D T
a b 0.1




L16-02

113 SF2 Compute N1, E1 169  RCLZ N2

114 #LBLA N, E input 176 RCLI1 E1

115 F1?2 P2 171 x

116 6706 172 RCL3 E2

1ur X 173 RCie N1

118 SPC 174 x

119 PRTX 175 - N2E1 - E2N1

126 X2y 176 ST+9

121 PRTX 177 P2s

122 sLBL@ 178  RCLYS n

123 F2? Compute N1, E1? 179 25

124 6101 188 R/S

125 Fe? Input N, E? 181 «lBL3 N1, E1 input

126 6T02 182 1

127 STl E1 183  STOE

128  RCLB b 184 Ré

129 x 185 Ré

138 X2y 186  STO1 E1

131 ST08 N1 187 X2y

132 RCLA a 188 STO0@ N1

133 X 183 3+

134 + aN1 +bE1 198 R/S

135  RCL4 TN 181 sLBL1 Compute N1, E1

136 + N2 182 8703 E2

137 SPC 193 RCLS TE

138 PRTX 194 -

139 RCL1 E1 195 RCLA a

148 RCLA a 196 x

141 X 197 X2y N2

142 RCLO N1 198 §T02

143 RCLB b 199 RCL4 ™

144 x 286 -

145 - 281 RCLB

146 RCLS oo 202 x b

147 + £2 207 +

148 PRTX 204 RCLA

149 R/S 285 xe @

156 sLBL2 i 286  RCLB

151 RCLE o bt 287 xe e

152 X=0? N1, E1 input? 288 ¢+

153 6T03 289 % E1

154 [} 218 8101

155  STOE 211 RCLB

156 R¢ 212 x b

157 Ré 213 RCL4 ™

158 ST+7 €2 214 +

159 STO03 215 RCLZ

16@  RCLI £ 216 X2¥ N2

161 x 217 -

162 X2 218  RCLA

163 ST+6 N2 219 + N

164 STO2 228 SPC N

165 RCLO N1 221  PRTX

166 x 222 ROLI &

167 + 223  PRTX

168 ST+8 N1E1 + N2E2 224 RS

LABELS FLAGS SET STATUS
ANTE Pcompute  [© st CTntTE [F e ° Comp. par.? | FLAGS TRIG DISP
a b c d e 1 ON OFF
P2-P1 START P? o0 W | DEG ® | FIX &
O NoPrint ['P2-P1 2 N2, E2 3 N1, EY 4 2 p2>P1? 0 x| GRAD O | sCi O
5 3 7 6] S 3 2 0O RAD O ENG O
3 0 & n




L17-01

Geographic to Lambert

@01 *LELA ¢ input 857 ]
282 SPC as8  sTor 60
@87 PRIX 258 X
604 HNS» @60 ENTt
@85 STOB 251 INT
@€ RS ) ez - ¢
887 4LBLE Ninput 867 LSTX ¢
86s  PRTX 864  RCLE L7
#€s -
[ +
857 RCLD 60
66€ x
ac< -
ar 28
3600 ar: RCL3 c4
2§
X
erd  STOE s
75 EEX
[
ENTH
ENT?
ENT?
L2 RCLA
X
RCLS o
L6 !
RCLE Lo
3600 +
z x
832 ST0I P} x
834 RS 1
035 #LBLC Compute +
835 RCLB pt RCL4 s
637 1 x
e3¢ R Cos (¢) RCLE .
438 X Cos (9) sin (¢) X
842 LSTS Cos () RCL2 L3
041 Xz +
842 ENTt STOE R
@43 PIS RCLI A
gu RCLE - x:z
45 X ke
846 RCL1 © X2y Reos (0)
847 - RCLE E:ln 0)
w48 X +
@49 RCL2 3 SPC x
ese  F2S PRTY
as: + X2y
52 x 188 RCL3
852 RCL7 L8 les  xav L
854 + 10 -
855  RCLE 6 111 PRTX v
56 6 112 RS
REGISTERS
° 1 ' L2 23 P o | o S ) 7 8 [® L °
S0 ¢t S1 c2 S2 c3 S3 ca [S4 cs IS5 c6 S6 c7 S7 c8 S8 co S9
A Ln <F ¢ © A ° 3600 |E SR I' 0




L17-02

113 kLBLD k, 6 output
114 1
115 RCLE 4
1i€ SIN
17 Xz
118 23
118 RCL4 Cc5
120 P2s
i21 X
122 -
122 5
124 RCLE R
125 X
126 RCLS L6
127 x
128 P28
122 RCLS [
13e 25
131 %
132 RCLE ¢
133 cas
134 B K
138 SPC
136 PRTX
137 RCLI P
138 HHMS
139 PRTA
146 (2]
LABELS FLAGS SET STATUS
¢ ° C xy P ok |f FLAGS TRIG DISP
b c d e ON OFF
00O ®| DEG ® | FIX X
7 2 3 7 1 0®| GRAD O | sc O
g 7 1?; lr gg RAD O ENG4D




L17-03

Lambert to Geographic

@01 ¥LBLA x input @57 + w
882 STOR 858 RCLD 60
@83 SPC 859 = w
284  PRTX @60  STOD
665 R/S 861 1
366  sLELB y input 862 IR Cos (w)
887  STOC 863 x Cos (w) sin (w)
862 FRTX 864  LSTX Cos (w)
869 R/S 865 Xz
016 *LBLC Compute 066  ENTt
611 RCLB x 867 =5
@12  RCLE L 868 RCL7 cs8
e17 - 8€9 X
@14 RCL3 L4 ére  RCL8 c9
815 RCLC Y ezt +
(313 - erz x
17 IF €73  RCLS c10
ai Ré [} 874 P2S
219 STO0I 875 +
828 C0S e7é X
(23 e7z 3
822 RCL3 L4 878 6
823 RCLC v 878 8
624 - ese ) 3600
825 x 081 B
82€  STOE 862 RCLD w
27 RCL2 L3 e83 + ¢
828 = 884  STOD
829  RCL4 Ls e85 SPC
838 z s1 886  IHMS
831 STOD @87  PRTX
83z 6588 52 888 RCL! L2
833 6588 s3 883 3
83¢ 6586 s 98 6
835 25 831 (]
836  RCLé 892 8
837 P3S @ a92 N 3600
638 x 894  RCLI 0
639 RCL7 L8 895 RCLS 6
848 4 896 B
841 - 897 -
042 3 898 1
043 6 892 R
844 ] 108 P
845 ] 181 Ré N
0846 ] 182 HNS
647 + i‘?'ooo 183 PRTX
848 6 184 R/S
849 (] 60 185 sLBLE
@50  STOD 186 EEX Compute s
851 2 187 8
852 RCL6 w 188 =
#53 [ 189  ENTt
054 ] 118 ENTt
855 [} 600 111 ENTt
€56 - w 112 RCLA L
REGISTERS
oL " L2 2 3 T AT 5 L6 S v |
% ¢ *' 2 2 c3 S o e e [
A Ln |—B x c y o 60,5, 0, W €




L17-04

113 x
114 RCLS L10
115 -
116 X
117 RCLE L9
118 +
119 X
126 X
121 1
122 +
127 178
124 RCLD .
125 X New s
126 RTN
127 #LBLD . 0 output
128 1
129 RCLD ®
138 SIN
131 X2
132 F2S
133 RCL4 s
124 P2S
135 x
136 -
137 X
138 RCLE R
139 X
148 RCLS
141 x L6
142 S
143 RCLS
144 P3s ce
145 2
146  RCLD ®
147 cos
148 B x
149 SPC
156  PRTX
151 RCLI P
152 3HMS
153 PRTX
154 RS
LABELS FLAGS SET STATUS

x P © -0 P ke F FLAGS TRIG DISP

b c d e ON OFF

00 W | DEG ® | FIX ®

s 1 2 3 O 1 0 ® | GRAD O scug

c . E P igg RAD O | ENG,




L17-05

Lambert Data
Primary Registers Secondary Registers
&5
FREG PREE
JGooass. 68 & 8,823526666 ©
633686, 86668 1 4,483344068
1585833568.36 & 1852.85388: 2
16564628.77 3 181.2754865 3
6.339348864 4 8.866768658 4
B.756522394 5 28925832.16 5
3161.886608 © 8.869673676 b6
47.67B665368 7 8.@38512686 7
3.79515%8086 8 6.1327c08868 &
5.915088888 S 1847.546718 9
44, 60886668 A 44, 00668668 A
¢.060baGE5E B 8.6606806066 B
0.806886068 [ 6.0886668068 C
0.086B@BE8BE T @.8B648G668 D
6.008066866 E 8.0008660888 E
0.p60B66000 I 8.p080aBRGEEE |



L17-06

Notes



L18-01

Geographic to Transverse Mercator

28 ¥LBLA ¢ input 857  RCLS c10

ez SPC (513 Pes

@e3 PRI #se  x

864  HMS+ 868  6SB1

@85 STo6 861  RCLS 6

eas R/S ag2 x

087 #LBLE Ainput 83 +

808 PRIX 664 RCLO ot

803 HMs» 865+ x

e1e  SstT0? 866 SPC

611 RS 867  PRTX

612 sLBLC Compute 665 STO8

813 RCL1 T2 869 RCL6E "

@14  RCL7 A 876 6sBe h

615 3 871 6588 62

a1é6 € 872  SsT0D

e17 [] er3 1

818 [ 3600 874 IR Cos (¢2)

619 ST0C s x

aze X a7é  LSTx Cos (¢2)

621 - @77 xe

622 6Bl 678 ENTt

822 P2s 879  ENTt

824 RCLE 3] 286 .

e2s X as8! ]

826 - 882 2

827  RCL1 c2 882 3

828 P2S 884 5

625 x a8s 2

038 RCLE » 886  x

831 cos (1 P2

832 x 888 RCL3 ca

832 1 68s -

34 RCLE A 0%  x

635  SIN 891  RCL6 o

836 Xz 892 &S

837 2S 893 +

835 RCL2 e 094 x

839 P3s 895 RCL3 T

048 x 096 +

641 - 897  RCLD 2

042 I 898 6 ¢

843 z 099 ']

844 6581 100 X

845 4 181 ENTt

046 . 182 INT

047 ] 102 - 62"

648 8 184 LSTX ot

849 3 185  RCL2 s

050 1 186 -

851 x 107 +

952+ s 08 6

053 STOM 189 8

04 RCL4 T5 116 x

o5 x 1 xey

56 Pss 112 -

REGISTERS

° [ 2 P o b Ta s P te |° 6 o P o« °
oo e P Pea oo [P [P o [Pe [P ocwo
5 Sm |—B JC 3600 ° . A-T2 r




L18-02

113 RCL4 5
3R 169 RCL7 X
s ps 176 RCLC 3600
116  RCLS 6 R
e ks 172 ROLI T2
urop , 172 -
e X 174 STOE
126 R/S s X
121 sLBL1 FHCI
122 ENT? O
123 ENTt 1 !
124 EEX A p
125 5 10° 1o ?
s 181 5
126 ; 182 8
ez 3 183 7
e o 184 EEX
130 ¥LBLE R
130 wblo ¢ 18€ 1
132 LSTX }32 z
1 35 X
135 5)1(:‘ Sin (¢) 189 -
125 25 198 RCLE A-T2
136 RCLZ o
136 Koz c3 }92 CHS
e 97 RCLC
138 . 194 = 26:0
o 195 HNS
ue % 19  SPC
e 197 PRTX
42X 19  RCLS
A 199 RCLO h
145 xe Sm o
Moo X 201 EEX
147 P3S prd ¢
148 RCL4 o
145 ROLY s 204  RCL4
e 205 = i
e x 286  RCLE
15t ’ 267 C05 ¢
2 ! 208 Kz
A, 209 P2
AN 218 RCL7 s
15 R 2600 21 x
157 RCL6 i !
157 kL . 213 4
159 RIN New ¢ e %
168 LBLD %o ros
169 eLbLo A, K output 216 Rl
162 RCLD ¢ e e ®
162 ReL 0 218 ps
162 , 218 1
o 26+
165 ; 221 RCL4
187 R . <
67 * 223 PRIX k
224 RS
LABELS FLAG
" = - v BEL v 5 S SET STATUS
- - FLAGS TRIG DISP
1 ON OFF
5 - o 5 5 0o 0 X DEG X FIX ®
i 1 0 X GRAD U scr O
) 3 2 0 ® RAD O ENG,0
3 0 n 4
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Transverse Mercator to Geographic

@61 *iBLR x input @57  RCLC 60

88z SPC 858 B w

883  PRTX 059 1

804  STOE (1] R Cos (w)

885 RS 861 x

806 *LBLE y input 862 LSTX Cos (w)

887  PRTX 863 Xz

865  ST0S 864  ENTT

aas k7S 865 ENTt

816 #LBLC Compute 866 .

811 PRCL8 x 867 ]

812 RCLE m 868 5

813 - 669 ]

814 6586 Sg1 878 K]

v15  £sBe 71 1

a16  RCL4 av2 2

e17 e 673 x

€18 . a7 6

a19 3 e7s .

628 ] 876 1

621 4 77 9

a2z 8 a7e z2

823 ] era 7

624 [ 88 6

825 3 e8! +

826 [ 88z x

ez7 ] 883 1

828 ] ag4 ]

828 X Sm 8s 4

838 STOA 886 7

6831 RCLS y @87 .

32 . 888 5

833 ] 882 4

834 ] a%a 3

azs 9 891 7

@35 8 892 1

837 7 893 +

a3e 3 094 x

839 6 895  RCLE w

a40 7 896 +

841 s 897 STOE 73%

842 5 89e  RCLC 60

943 5 899 +

844 3 i86  RCL2 T3

845 X 181 +

846  RCL4 162  RCLC

bar 2 ™ 103 = &

846 RCL3 T4 104 TAN

843 + 185 LSTX

8560  STOE W' 186  6€SB2

85! 6 187 X2

852 L] 60 188 X

853 STOC 189 RCLA sm

854 N 118 EEX

a55  RCL2 T3 111 5

856 + w 112 +

REGISTERS

° o [ 12 P P oTa ™ [P 6 |° e ’ 5 x °
P e [Pa > ca s P [P [ e [P [® co
A sm ]‘T Used © o W', (¢)) ['
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113 X2 169 E
114 x 178 RCLC
115 P3s 171 B 60
116  RCL4 c5 172 ST07 N
117 2S 173 IHAS
118 x 174 PRTX
119 RCLE ® 175 R/S
128 X2y 176 sLBL8 s
121 - 8" 177 EEX
122 RCLC 60 178 5
123 B 179 %
124 RCL2 T3 180 3
125 + 181 X
126 RCLC 60 182  RCLS
127 B 183 x T6
128 ST06 ° 184 RCLS
129 HMS 185  RCLE x
138 SPC 186 - n
131 PRTX 87 X3y
132 ‘ ‘88 -
132 . 189 RTN New S
134 é 196 eiBL1
135 8 (91 EEX
13€ 3 192 5
137 1 83 £
132 ST08 194 3
139 RCLA Sm 195 X
148 RCLA 196  RCLB
141 RCLA a7 x
142 6SB! s ‘98 -
143 6SBI 51 199 RIN
144 RCL6 " 200 #LBL2
145 6582 201 SIN
146 I 282 xe
147 x 263 P2s
148 P2 284  RCL2
149 RCL1 2 285  P3S e
156 P3S 286 x
15! B 207 1
152 RCL6 ¢ 288 K=Y
153 c0S 209 -
154 B 218 RIN
155 ENTt o
156  ENTt
157 ENTt
158 P2
159 RCL® c1
168 P2
161 CHS
162 STOR
162 Ré
164 GSB1 Ma
165  RCLI .
166 X2y
167 - A\
168 RCLC 60
LABELS FLAGS SET STATUS
« Py C e P B FLAGS TRIG DISP
’ ‘ ’ ° ' B%| oes = | Fix
0 ® ®
s ' Used 2 Used 3 4 2 10 ®| GRADO | sci O
g 7 5 F 3 2 0® RAD O | ENG,O
30X n
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Mecator Data

Primary Registers Secondary Registers

oo

]
uchetiugiy jac F g
FREc o 5]

£ 357 &
i I8¢ b
Z . 866 K
3 4,483 3
4 25.52 4
z 181.27548:c5 5
& 1852, 33388 o
i B.BEEEI47E8S 7
= f81.74816z8 &
3 3. 288533338 5
g
3
It
E

&, 00BCEAEAE |
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Notes
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Geographic to Alaska 2-9

61 *LELA oy R

98z STGC nput 58 RCL2 2

683 4 g5 x

@04 x 666 STOI

#es 1 66! 2

e8¢ 3 82  CHS

ear 4 863 RCL3 c3

@8+ 964 ]

@83  STOE CcM 865  6SB1

a1e 9 866 RCL4 c4

611 RCLC 87 x

812 X#1? Not zone 9? 868  RCLI

e13 6108 (I3 +

a4 [3 678 RCLE ((CM - A)/10%)?

615 €101 o7 X

@1€ sLBLE 872 1

617 7 87+

016 =" Zone 77 874  RCLE

e1s 6101 7S 5 (CM - A)/10*

26 5 @76 x

821 #LBL! 77 RCLD Cos® (9)

82z EEX are 175

827 5 278 RCL3 s

624 x 686 -

825  STOC c @61 I

826 RS gz 2

827 sLBLB ¢ input @23  RCLS c5

828  PRTX 884 X

629 HMS» 685  RCLC c

838 ST0A 686+

831 RS 887 STOI «

632 #LBLC Xinput 835  SPC

837 PRIX 68°  PRTX

634 HAS> 696 P2S

82 STOB 891 6

836 R/S 89z CHS

837 xLBLD Compute x, y 693  RCL1 cn

838 RCLA ¢ 894  RCLé 10

839 cos 895 6581

640 Xz 896  RCLE ((CM - \)/10%)?

641  STOD Cos? (¢) 897 X

842 2 695  RCL2 c12

843 8 899

844 CHS 180 1

845  RCLI - 101 +

846 RCLO 182 RCLE o

047 6581 o 183 x (e - noty

848  RCLE ™ 184  RCLD 2

849 RCLE N 185 1% Cos” f0)

ese - 186 RCL3

051 . 107+ 13

852 3 18¢ X

853 é 189 B

854  x 116 RCL4 cia

855  xe 1 x

856 STOE ((CM - N)/10%) 112 RCLA ¢

REGISTERS

° o [ a P c2 P c ca P o [°cs e [|° oo
© cio [ ocenn [ ez [P ez [ ocia [P ocs [P S8 cis [ cio
A ¢ |—'3 x c c ° st ll x
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113 SIN 169 X
114 X 17 EEX
115 ST0B 171 4
116  RCLé c1é 172 +
117 RCLS c15 173 RCLE ((CM - A)/10%)?
118 (] 17 X
119 6SB1 17! x
126 RCL7? c17 176  RCLA ¢
121 + 177 SIN
122 RCLA o 178 X
123 1 i7! 3
124 R 188 6
125 x 181 [}
126 x 182 (]
127 RCL8 ci8 183 z Lo
128 - 184  IHMS
128 RCLA ® 185 SPC
138 3 18€  PRTX
131 3 187  RCLI x
132 [} 188  RCLC [
132 ] 189 -
134 X 19 EEX
135 + 181 (3
136 RCLS c19 182 B
137 X 193 Xe
138  RCLB 184  RCLS c9
138+ v 195 =
146 PRTX 196 1
141 P2S 187 RCLD Cos? (¢)
142 R/S 198 RCLZ C3
143  sLBLE Compute Aa, k 199 X
144 RCLD Cos? (¢) 206 -
145 Xz 281 Xe
146 3 262 X
147 X 283 1
148 RCLD Cos? (6)
145 -
15e  RCLE ((CM - N)/10°)?
151 X
152 RCL6 6
153 X
154  STOB k
155 1
156 RCL? <7
157 9
156 EEX 2
159 cHS Cos? (¢)
166 4
161  6SB1 Cos? (¢)
162 1
163 -
164 RCL8 cs Cos? (¢)
165 X
166  RCLB
167 + 223 +
168  RCLE ((CM - \)/10%)2 224 RTN
LABELS FLAGS SET STATUS
z D 0 oxy  [f cbak [ FLAGS TRIG DISP
b d e 1 ON OFF
0o 0 W | DEG ® | FIX &
Used ' Used 3 4 2 10 K GRAD UJ el 8
2 0 ®| RAD O | ENG
° ® ° B 3 0 ® n_4
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Data Card—Geo to Alaska 2-9

Primary Registers

6. 45876488

71.888886888
8855.241i7C¢
Seeeaa. 6eag
8.165354623
1. lec4a0aaa
857636. 1653

= PR O B X A O S Oy ) G P e OB

-6. 868185776
-8. 866133386
-8.886153576
6.886814785
24673.67456
-8. 8235556068
4.48335686¢
-1853. 853543
183968, 8544
181.2652755
71.86660666
8855.24i7z6
Seeasd. Gaca
8.185954623
1.166468808
857636. 1683

-

A M

Secondary Registers

m ty
Gy

e P ED ) I X A O ) O N G P e
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Notes
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Alaska 2-9 to Geographic

681 «LBLA zinput 857  RCL3 c13

082 q o8 +

83  x 859  «x

264 1 866 RCL4 c14

865 3 61 +

886 4 862 x

e+ 863  RCLA w'

808  STOE c™ 864 + 0"

6es 9 065  ENTt

616 RCLC 6866  ENTt

811 X£Y? Not zone 9? 857 3

812 6708 868 6

613 3 869 ]

814 6101 670 )

615 sLBLO a7! : ¢

816 7 872 cos

017 x=y? Zone 77 73 xe

818 67101 874  STOD Cos? (¢)

e19 5 e75 2

620 sLBL1 876 .

821 EEX 77 7

822 5 €78 9

@23  x 879  EEX

824  ST0C c 888 CHS

828 RS 88! 4

826 sLBLB x input 88z x

27 SPC 883  RCLS C15

828 PRI 834 +

829 ST01 @85 RCLD Cos? (¢')

838 R/S g6 X

831 sLBLC y input 887 3

832 PRTX 888 RCLD Cos? (9)

833 STOB 89 =

834 R/ ase +

835 sLBLi Compute ¢, A 891 RCLE c16

836 25 892 +

037  RCLB v 93 ROL7 e

838 RCLE c10 894 x

€39 x 895 RCLI x

#48  RCLI cin 09 RCLC c

841 + eI -

642 STOA w' asg EEX

842 3 899 [3

244 3 180 2

045 @ 1e1 Xz

846 '] 182 5TO0B 6)2

847 = 183 x (b= Cino%y

848 1 104 1

249 R 185+

858 X 186 RCLB ((x - C)/10°)2

85 LeTx Cos (w) 187 «x

852 X2 188 RCLY c19

65 ENT? 189 x

854  ENTt 118 RCLD Cos? (¢)

s RCL2 ci2 111 RCLS cis
856 x 112 X
REGISTERS

° co [ e P oc2 | c3 ca [P es [® ce | a2 [P e [ oo
 cio [ oen [Pz [P ooz [ oca [PFos [ oce [T cr [Pes [P oce
AW IB Used F c cos? (¢') £ cm I x
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113 1 169 + Cos (¢')
114 + 176 RCLD c3
115 Xe 171 RCL3
116 x 172 CHs
117 RCLD Cos? (¢') 173 x
118 1% 174 1
119 1 175 +
120 - 176 x
121 % 177 RCL4 ca
122 x 178 x
123 + 179 +
124 3 188  RCLB ((x - C)/10%)?
125 6 181 x
126 8 182 1
127 8 183 +
128 : 184  RCLD 2 g
129 sTOR ¢ 185 1 Cos™ (0
138 +HMS 186  RCL3 c3
131 SPC 187 -
132 PRTX 188 RCLB o)z
3 e 189 . ((x - C)/10°)
134 2 198 X
135 4 191 x
126 RCLD Cos? (¢) 192 RCLS cs
137 s 193 x
138 2 194 3
139 ] 195 6
148 - 196 ]
141 RCLD Cos? (¢) 197 [}
142 B 198 :
143 RCLO co 199 RCLE oM
144 RCLD Cos® (¢) 200 +
145 x 281 HHNS N
146 + 282 PRTX
147 RCL! ¢ 203 LSTX
148 + 284  RCLE M
149 RCLB ((x - CV108)? 285 X2
158 x 266 -
151 1 207 .
152 RCLD 2 (4 208 3
153 RCL3 Cos® 10} 09 6
154 x 218 x
155 - 211 X2
£ 2
15 x 23 ReLh (icm - 1ot ?
158 RCL2 . 214 CO0S k4
159 x 215 X2 Cos?
168 RCL3 e 216  STOD @
161  RCLD Cos? &) 17 R/S
162 CHS
163 x
164 1
165 -
166 Z
167 RCLD Cos? (¢')
16¢ 2
LABELS FLAGS SET STATUS
¥4 8 x TD_-* A
. FLAGS TRIG DISP
o d ON OFF
o 0 X DEG X FIX &
Used 1 Used 3 10 ® GRAD O scl O
6 F 2 0O RAD O ENG O
3 0 n
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Data Card—Alaska 2-9to Geo

8. 0608688060

Primary Registers
PREZ
-8.613006608 @
1.654688888 |
6.866660643 2
-6.86866:14785 3
-8.866375112 4
-9824,513672 5
8.883563806 6
8.8z8440868 T
7.834310666 &
881.57z6218  §
8.808066008 A
8.866600006 B
0.88866066068 L
8.6860600066 O
8.686060066 E
I

Secondary Registers

8.865874063
133566. 8544
8. 858599088
6.153611686
1847.546658
8.861355006
1.955111366
8.6@818965¢6
8.086814785
233. 9736458
8. 666866608
N
0. 6oeabe008
6. 0ecopo6aE
6. BoBBBBAGE
8. 6b6BEE66E

FZs
FREG

MDD X A0 OO S O LN e G P e
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Notes



SYM

|

SYMBOL OR
CONVENTION

Appendix A
MAGNETIC CARD

BOLS AND CONVENTIONS

INDICATED MEANING

White mnemonic:
X

Gold mnemonic:

y
X

ona

8z

White mnemonics are associated with the user
definable key they are above when the card is
inserted in the calculator’s window slot. In this case
the value of x could be input by keying it in and
pressing Y.

Gold mnemonics are similar to white mnemonics
except that the gold {3 key must be pressed before
the user definable key. In this case y could be input
by pressing {3 @.

1 is the symbol for @Y. In this case is
used to separate the input variables x and y. To
input both x and y you would key in x, press G,
key in y and press 3.

The box around the variable x indicates input by
pressing O

Parentheses indicate an option. In this case, x is not
a required input but could be input in special cases.

— is the symbol for calculate. This indicates that
you may calculate x by pressing key 3.

This indicates that x, y, and z are calculated by
pressing Y once. The values would be printed in
X, Yy, z order.

The semi-colons indicate that after x has been calcu-
lated using @, y and z may be calculated by
pressing 8.

The quote marks indicate that the x value will be

‘‘paused’’ or held in the display for one second. The
pause will be followed by the display of y.

The two-way arrow <— indicates that x may be |
either output or input when the associated user |

definable key is pressed. If numeric keys have been
pressed between user-definable keys, x is stored.
If numeric keys have not been pressed, the program
will calculate x.



MAGNETIC CARD
SYMBOLS AND CONVENTIONS (continued)

SYMBOL OR
CONVENTION INDICATED MEANING
P? The question mark indicates that this is a mode
(A ] setting, while the mnemonic indicates the type of
mode being set. In this case a print mode is con-
trolled. Mode settings typically have a 1.00 or 0.00
indicator displayed after they are executed. If 1.00
is displayed, the mode is on. If 0.00 is displayed,
it is off.
START The word START is an example of acommand. The
[A] start function should be performed to begin or start
a program. It is included when initialization is
necessary.
DEL This special command indicates that the last value
(A ] or set of values input may be deleted by pressing
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Appendix B-1
FORMULAS AND REFERENCES

GENERAL REFERENCES:

1.

Surveying, Theory and Practice, Fifth Edition, Raymond E. Davis,
Francis S. Foote, Joe W. Kelly, McGraw Hill Book Company, New
York, 1966.

Surveying, Sixth Edition, Francis H. Moffitt and Harry Bouchard, Intex
Educational Publishers, New York, 1975.

Program 1—Traverse, Inverse and Sideshots

1.

2.

3.
4.

Azimuth = 180 {INT Q—ZD — BRG cos [(180)(QD)]}
HD = SD sin (zenith angle)

HD = SD cos (vertical angle)
Latitudek = LATk = Nk+1 - Nk
For instance: LAT; = N, — N;

Departure, = DEPy = Eyyy — Ex
For instance: DEP, = E; — E,

n k-1
Area = ZLATK (% DEP, + EDEP,»)
k=1 j=1

In evaluating equation 6, j assumes all values from 1 to k for each value
of k, before k takes on the next higher value. For instance, for k = 3, the
sum of departures 1 and 2 is added to ¥ of departure 3, and the result is
multiplied by latitude 3.

For n = 3, the three terms of equation 6 (for k = 1, 2 and 3) are =

k =1: LAT, (% DEPI)

k =2: LAT, (% DEP, + DEP)

k =3:LAT; (% DEP; + DEP; + DEP)

For n = 3, the area is the sum of these three terms.
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R? Am .
7.  Segment = —|— — A
gment area > 100 sin )
8. Arclength: L = Raz
180

where:

INT = Integer portion of number (portion to left of decimal point).
QD = Quadrant.

BRG = Bearing.

HD = Horizontal distance.

SD = Slope distance.

n = Number of points in survey.

R = Radius of curve of segment boundary.

A = Central angle of curve of segment boundary.

Program 2—Traverse Adjustment
See reference 1, pp 458-463

Compass Rule for latitude and departure course correction:

(HD),(ER L)

9. Corrected latitude, =L, + £, =L, + S(HD)

(HD),(ER L)

10. Corrected departure, =D, +d, =D, + S (HD)

Crandall Rule for latitude and departure course correction:

(ER D) [2—(&] — (ERL) [2 D?

(HD) (HD)
1. A= —
D2 e ] [ oo
I:E (HD) :||:2 (HD) ] I:2 (HD) _
Lo | L
(ER L) [E W] (ER D) [2 (HD)
12. B = =

12
D? L2 _ (L)(D)
[2 (HD) :I[E (HD) ] I:2 (HD) i
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13.

14.

15.

16.

17.

18.

(hd), = (Ly) (A) + (Dy) (B)

(hd); = (L) (A) + (D>) (B)

etc.

L, L? L,D,
2, = (hd), =A B
1 )[(HD»] [(HD)I] [(HD)I]
etc.

Corrected latitude, = L, + £,

etc.

Corrected departure;, = D; + d,

etc.

where:

A and B are intermediate values used in the calculations.
(ER D) = Total error in departure.

(ER L) = Total error in latitude.

L = Uncorrected latitude of any course.

D = Uncorrected departure of any course.

(HD) = Uncorrected horizontal distance of any course.

(hd), = Correction to be applied to the uncorrected horizontal distance of
the first course.

£, = Correction to be applied to the uncorrected latitude of the first
course.

d; = Correction to be applied to the uncorrected departure of the first
course.
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Program 3—Intersections

N3
E3
02 | Bearing
- 12-3
| ~/
i 9/
Azimutgg )
13/ 3
:217?/ D12
N1
E1

For any plane triangle with sides and angles as shown, the following relation-
ships exist:

o, D2 _ Di2 _ DI
" sina sin ¢ sin 6

20. D2% =DI2% + DI1? — 2 (D12) (D1) cos «

Representative equations for solving the four intersection problems:

21. DI2 = V(N, — N,)? + (E, — E,)?

22. sinAzZ13 =E3 —El
DI

23, cos AZ13 =N3 — NI
DI

24. sin BRG23 =E2 —E3
D2

25. cos BRG23 =N2 — N3
D2

For bearing-bearing case:

(D12) sin 6

26. DI =
sin ¢
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For bearing-distance case:

27. D1 = (D12) cos a *= \[(D2)2 - [(D12) sin a]“’
For distance-distance case:
28. Bearing 13 = bearing 12 * «

o = (D12)* + (D1)* — (D2)?
2(D12)(D1)

29. cos

For offset from a point to a line:

30. D2 = (D12) sin «, then use 27.

Program 4—Curve Solutions

31. % = tan~! (%) = sin™! (—;—) = 9:—11{‘

wRA
180

_ . A _ A
33. C—2Rsm(7)—2Tcos(T)
34. T=Rtan(—A—)
2
C

35.

32. L=

R =T @&

36. E =Ttan (A)
4
37. M=RE—cos (%)]

7R?2A _ LR

360 2

38. Sector area =




L
2

= Sector area —L CR cos A
2 2

40. Fillet area = RT — Sector area

39. Segment area = Sector area —— RZsin A

where:

L = Arc length

R = Radius

A = Central angle
C = Chord

T = Tangent

E = External

M = Mid ordinate

Program 5—Horizontal Curve Layout

AR
180

41. L =
. A
42. Deflection angle =T

43. Defl. ang. =%
'y

44, Defl/fr, = Jefl-ang.
L
L 7R
45. Ft./defl. = =
fde defl. ang. 90
18,000 200
46. D = . =
7R ft./defl.
47. LC = 2 R sin (defl. ang.)

48. TO

LC sin (defl. ang.)

49. TD = LC cos (defl. ang.)

B1-06
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50.

51.

52.

53.

PI dist. = V(T — TD)? + TO?

I =t

PI ang. = tan~ (T )

CO = LC sin (—Azc— — defl. ang)
CD = LC cos (% — defl. ang.)

where:

NOTE: See figures in program description to clarify definitions.

L = Length of arc subtending central angle A and corresponding to long

chord LC.
A = Central angle of arc L and of long chord LC.
R = Radius.

Deflection angle = Angle from long chord LC to tangent T.

D = Degree of curve = Central angle subtending arc of 100 ft., measured
in degrees.

LC = Long chord between PC and station on curve.
TO = Tangent offset = Perpendicular from tangent to station on curve.

TD = Tangent distance = Distance along tangent from PC to right angle
intersection of tangent and tangent offset.

PI dist. = Distance from PI to station on curve.

T = Distance from PC to PI.

PI ang. = Angle between tangent and line between PI and station.
CO = Perpendicular distance from chord PC-PT to station on curve.

A. = Central angle of curve = Angle subtended by curve PC-PT and by
chord PC-PT.
CD = distance along chord PC-PT from PC to intersection with CO.
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Program 6—Spiral Curve Layout

Reference: ‘‘Standard Highway Spiral,”” Oregon State Highway Division
Technical Bulletin No. 20—Revised, Oregion Department of Transportation,
August 1973, by H.W. Libby and E.M. Booth.

54. R =—187’T(]))00

55. S = 93{;

56. 6 = —IS% = ;—R

20- (B) ()

58. X=TO=QS[§ - —g— + 12;0 B 75,0;00 * 6,89(49:720 ]
5. Y=TD =L [ _{L; i 2(146 - 9320 ¥ 685?:40 ]

60 U=YS_XS COtS
61. p=Xs—R(l —cosS)

62. 9q=Ys —RsinS

Ta

63. Ts=q+ (R +p)tan 5
64. CD = VX2 + Y?
X
65. ANG = tan™! —
an Y

where:

NOTE: See figures in program description to clarify definitions.
R = Radius of central curve.

D = Degree of curve of central curve.
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S = Central angle of each spiral.
L = Length of each spiral (distance along curve).
0s = S expressed in radians.

0 = Central angle of spiral curve section between PS and station on spiral
(between beginning station of spiral and any other station on spiral).

25 = Length of spiral, measured along curve, between PS and any station
on spiral.

X = TO = Tangent offset = Perpendicular from tangent to station on
curve, where tangent is line which is tangent to curve at PS.

Y = TD = Tangent distance = distance along tangent from PS to right
angle intersection of tangent and tangent offset X.

U = Distance along tangent from PS to PSI where PSI is intersection of
spiral tangents; i.e., intersection of tangents from PS and PSC.

Ys = Y for station at PSC.
Xg = X for station at PSC.

p = The offset from the PS tangent to the point where the tangent to the
circular curve (extended backward or forward) becomes parallel to
the main tangent.

q = The distance along the tangent from the PS to the offset p.

Ts = Distance along tangent from PS tc PI, where PI is the intersection of
the main tangents from PS and PT.

Ta = Total angle, equal to A + 28, the central angle of the circular curve
plus the central angles of both equal spirals.

CD = Length of chord from PS to any station on spiral curve.

ANG = Deflection angle from main tangent to chord CD.

Program 7— Vertical Curves and Grades
Grades:

66. EL = (STA — smn% + ELI

where:

EL = Elevation at station STA.
STA = Station with elevation EL.
STA1 = Beginning station.

G1 = Grade (in percent).

EL1 = Beginning elevation.
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Vertical Curves

Length and beginning station (L and PC) known:

Gn — Gl Gl
67. - — 2 4+ (22 — _ —
( 500 )(STA PC) (100) (STA —PC) +(EL1—EL)=0

(ax®? +bx + ¢ =0)

Length and intersection of tangents station (L and PI) known:

68. PC =PI —%- (Substitute in eq. 67)

High or low point elevation and beginning station (EL, and PC) known:

69. L =200(ELI — EL,)(Gn — G1) (ﬁ)

High or low point elevation and point of tangent intersection (EL, and PI)
known:

1
. =200(EL1 — E -Gl
70. L =200( Ly)(Gn ) (GnGl )

Curve to pass through specified point:

PC known:

L (STA — PC)? [ 200 ]
_1G01 (STA —PC) — (EL —EL1) Gl = Gn

PI known:

()
_ 200 _ _ _
IESTA —PI) Gl —Gn { 100 (STA — PI) — (EL ELI)}] +

(STA — PI)2 =0 (aL> + bL + ¢ = 0)

. EL1 =ELI -

Roots of quadratic equation ax? + bx + ¢ = 0:

—b = Vb — 4ac

2a

74. x =
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where:

Gn = Ending grade (in percent).

G1 = Beginning grade (in percent).

L = Length of curve measured along horizontal.

STA = Station along horizontal with curve elevation EL.
PC = Beginning station (point of curve).

EL1 = Beginning elevation.

EL = Elevation of curve at station STA.

ax? + bx + ¢ = General form of quadratic equation.

= Station of tangent intersection point (intersection of lines tangent to
curve at beginning and ending of curve).

EL, = Elevation of high or low power of curve.

ELI = Elevation of curve at station PI.

Program 8—Resection

75.

76.

77.

78.

79.

80.

812a = Slg b_ 512c (law of sines)
_L2sin A
L1 sin B

A+B+C+D+E =360°

_E2 — E1
tan 01 = N2 = NI
N3 — N2
L2sin A _ D+E + E
—_ E L1sinB
L2 sin A
Ll sin B B
where:

A, B, C = Sides of any plane triangle.
a, b, ¢ = Opposite angles.

K = Expression used in comments associated with program listing.
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A, B, C, D, E = The 5 angles shown in resection diagram in program
description.

01, 02 = Auxiliary angles used in resection solution.

E2, E1, N2, N1, E3, E2, N3, N2 = Coordinates of 3 points in resection
diagram.

L1 = Distance between points 1 and 2 in resection diagram.
L2 = Distance between points 2 and 3 in resection diagram.

Program 9—Two Instrument Radial Survey

81. cos a = sin (AR DM) sin (ZA DM)
82. cos B = cos (AR DM) sin (ZA DM)
83. cos y = cos (ZA DM)

HD DM

8. SDDM =————
sin (ZA DM)

85. cos 6 = cos asin (AR P) sin (ZA P) + cos 3 cos (AR P) sin (ZA P) +

cos y cos (ZA P)

86. HDP=

[(SD DM) cos 6 + V/(SD P)2 — (SD DM)? + (SD DM)? cos? 8] sin (ZA P)

where:

cos a, cos f3, cos y = Direction cosines of line from theodolite to distance

meter.
AR DM
ZA DM = Zenith angle to distance meter.

Angle right from backsight to distance meter.

SD DM = Slope distance from theodolite to distance meter.

HD DM = Horizontal distance from theodolite to distance meter.

0 = Angle at theodolite between line to distance meter and line to point.

AR P = Angle right from backsight to point.
ZA P = Zenith angle to point.
HD P = Horizontal distance from theodolite station to point.

SD P = Slope distance from distance meter to prism.
Program 10—EDM Slope Reduction

87. ZA'=ZA —c +r+sin"! [A sin (ZA — 2¢ + ’)]

SD
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88.

89.

90.

91.

92.

93.

94.

HDI = (_Sl) sin (ZA' — c)
CoS C

_( sp \ . . R
HD SL = (COS c)sm (ZA' - ©) [—R — EI]

AELEV = (ﬂ) cos (ZA') + (HDM — H RFT)
COS C

¢ = sin-! (SD) sin (ZA)
2R

r = (19 X 107®) (SD) sin (ZA)

i)
— [(E TGT) + (H RFT) — EI — (H DM) |? ® +ED
[R + EI + (H DM)][R + (E TGT) + (H RFT)]

R
HDSL =HDI
¢ )[R+EI]

where:
ZA' = Zenith angle corrected for ¢, r, and A.
ZA = Uncorrected zenith angle.

¢ = Zenith angle correction due to earth’s curvature in degrees.

Il

r = Zenith angle correction due to refraction in degrees.

A =Height of distance meter —height of reflector —height of theodolite +
height of target.

SD = Slope distance, distance meter to reflector.

HD I = Horizontal distance at distance meter station elevation.
HD SL = Horizontal distance at sea level.

R = Radius of earth = 20,906,000 ft.

El = Elevation of instrument station.

AELEV = Difference in elevation between distance meter station and
target station.

H DM = Height of distance meter above ground.
H RFT = Height of reflector above ground.
E TGT = Elevation of target station.
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Program 11—Stadia Reduction/3-Wire Level

Stadia Reduction

95.

96.

HD = K (INT) cos? (VA) + C cos (VA)
AEL = @ sin [2(VA)] +Csin (VA)

where:

HD = Horizontal distance

K = Stadia interval factor

INT = Rod interval

VA = Vertical angle of line of sight (0° is horizontal).
C = Stadia constant.

AEL = Change in elevation.

3-Wire Level

97.

98.

99.

100.

101.

EL2 = ELI +(U +C+L)BS _(U+C+L)FS
3

3
Check = (U = C) — (C — L)

S BS =K [2(U - L)BS]

SFS =K [2(U -L)Fs]

Total distance = 2 BS + 2FS

where:

EL2 = Foresight elevation.

EL1 = Backsight elevation.

U, C, L = Upper, center and lower stadia hair readings.
BS, FS = Backsight, foresight readings.

3 BS, 3 FS = Sum of backsight, foresight readings.

3 (U — L) = Sum of differences between upper and lower stadia hair
readings.
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Program 12—Taping Reduction/Field Angle Check

Taping Reduction
. . _ L
102. Correction for tension NE P —Py)

103. Correction for temperature = L (CT) (T — T,)

21 3
104. Correction for sag = WL
24 P2
. L (CI)
105. Ind tion =
ndex correction 100

106. HD, = (SD,) sin (ZA) = (SD,) cos (VA)
107. HD, = V/(SD.)?— (AEL)

where:

L = Distance between supports in feet.

A = Cross section of tape in square inches.

E = Modulus of elasticity for the tape material.
P = Tension on tape in pounds (pull),

P, = Standard tension in pounds.

CT = Coefficient of thermal expansion for the tape.
T = Temperature at time of reading in °F.

T, = Standard temperature in °F.

W = Weight of tape per foot in pounds.

CI = Tape correction.

HD. = Horizontal distance (corrected).

SD, = Slope distance (corrected).

ZA = Zenith angle.

VA = Vertical angle.

AEL = Change in elevation.

Field Angle Check

The method of solution is described in the program description.
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Program 13—Azimuth of the Sun

sin (DEC,) - cos (ZA,) sin (LAT)
sin (ZA.) cos (LAT)

108. cos (AZ) =

109. DEC. = DEC + ADEC (TIME + COR + TZ)
110. ZA. = ZA + refraction — parallax

. 45 X 107 P
. fract ==
111. Refraction 3T tan (ZA)

112. Parallax = 25 X 10~* sin (ZA)

where:

AZ = Azimuth of sun.

DEC, = Corrected declination.

ZA. = Corrected zenith angle.

LAT = Latitude.

DEC = Declination at 0" GCT.

ADEC = Change in declination per hour.
TIME = Local zone time of observation.
COR = Watch correction.

TZ = Time zone.

ZA = Observed zenith angle.

P = Pressure in millibars.

T = Temperature in °C.
NOTE: The program accepts temperature in degrees Fahrenheit and pressure
in inches of mercury.

Program 14—Predetermined Area
Line Through a Point

113. Area =% (HD)

114. h = (D2) sin (ANG 2)
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115. Area = —I-—Izg) (D2) sin (ANG 2)

2 (area)

116. D2 =
(HD) sin (ANG 2)

117. Ny = N, + (D2) cos (AZ)
118. E; = E, + (D2) sin (AZ)

where:

h = Height of triangle.

HD = Horizontal distance between points 2 and 1.
D2 = Distance between points 2 and 3.

ANG 2 = Angle at point 2 between lines 2-1 and 2-3.
N3, E; = Coordinates of point 3.

N,, E, = Coordinates of point 2.

AZ = Azimuth of line 2-3.

Two Sides Parallel
_h
119. A =—- (HD +D3)
120. D3 = HD — h [cot (ANG 1) + cot (ANG 2)]

2
121. A = (HD)h ——hz—[cot (ANG 1) + cot (ANG 2]

_ HD — V(HD)? — ZA[cot (ANG 1) + cot (ANG 2)]

122. h
cot (ANG 1) + cot (ANG 2)
123. D1 =— 0
sin (ANG 1)
124. D2 = h

sin (ANG 2)



B1-18

where:

A = Area of trapezoid.

h = Altitude of trapezoid.

HD = Horizontal distance of fixed base of trapezoid (side 1-2).
D3 = Distance between points 3 and 4 (length of movable base).
ANG 1 = Internal angle at point 1, between sides 1-2 and 1-3.
ANG 2 = Internal angle at point 2, between sides 2-1 and 2-4.

Program 15—Earthwork
Volume by Average End Area

INT

125. VOL = (AREA, + AREA,_,) —

126. AREA = % [EL.(D; = Dy) +... + ELy(D; — Dy_)]
where:
VOL = Average volume between two stations.
AREA = Cross sectional area at a station.
INT = Interval between stations.
EL = Elevation at a point on a cross section.
D = Horizontal distance (offset) from centerline at cross section.
i = Subscript referring to current point or station.
n = Subscript referring to last point or station.

numeric subscript: refers to point or station number.
Volume of a Borrow Pit

127. VOL, = BTH (EL)
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128. VOL, = WL (EL)

where:

VOL, = Volume of triangular grid section.
B = Base of triangle.

H = Height of triangle.

EL = Elevation of grid section (depth of cut).
VOL_, = Volume of rectangular grid section.
W = Width of rectangle.

L = Length of rectangle.

Program 16—Coordinate Transformation

129.

130.

131.

132.

133.

134.

135.

136.

N, =aN; +bE, + TN
E2=aE1_bN1+TE
a=Scos ¢

b =S sin ¢

S(N;N; + E;Ey) —% (SN,3N, + 3E,3E,)

S(NZ + EP) — % [N, + (SEy?]

S(E,N, — N,Ey) —% (E,3N, — 3N,3E,)

(N2 + E) —% [GNy? + GE)]
TN = %(EN2 — a3N, — b3E,)

TE = %(EEZ — a3E, + bSN))

where:

Subscript 1: Refers to the first coordinate system.
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Subscript 2: Refers to the second coordinate system.

N = Northings.

E = Eastings.

a = Symbol for expression defined by above equation.
= Symbol for expression defined by above equation.

TN = Northing translation.

TE = Easting translation.

S = Scale factor.

¢ = Rotation.

n = Number of points in each coordinate system whose N, E values have
been entered.

Programs 17, 18 and 19—State Plane Coordinates (Lambert, Transverse
Mercator, Alaska Zones 2-9).

All equations used in these programs to convert from geographic to state plane
coordinates and visa versa are those contained in the following publication:

‘‘State Plane Coordinates by Automatic Data Processing’’, Charles N. Claire,
U.S. Dept. of Commerce, Environmental Sciences Administration, Coast and
Geodetic Survey.

Publication 62-4.

Available at many libraries and also for 45 cents (subject to change without
notice) from:

Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402
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