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INTRODUCTION

INTRODUCTION

The Surveying Module places a library of surveying programs at your fingertips. Within seconds,
you can install this So/id State Software® module which tailors your calculator to solve pro-
blems related specifically to this professional field. Your self-contained Solid State Software
library module provides easy-to-use calculating power both in the field and in the office.

USING THIS MANUAL

Following this brief introduction, you will find the description, principal equations, user
instructions, and example problems for each of the 25 programs in the Surveying Library.
Each program is easily identified by the ““SY’" number in the upper corner of the page. This
number corresponds with the call number you use to tell the calculator which program in the
Solid State Software module you wish to use.

The primary reference point in this manual for each program is the User Instructions. These
user instructions are also available for you in the handy pocket guide furnished with the
library. The program description and sample problems should be used when you first run a
program, to help you understand its full capabilities and limitations. Nonmagnetic label cards
to identify the user-defined keys are also included in the library. Carefully remove the cards
from the sheet and insert them in the card carrying case for convenient storage. Note that a
special holder has been built into the case for storage of the library module.

When using the Solid State Software programs as subroutines to your own programs, you will
also want to check Register Contents for the program and check Program Reference Data
provided in Appendix A.

USING THE OPTIONAL PRINTER

If you have the optional PC-100A printer*, a printed record of entries and results is automatic.
The User Instructions and example problems are marked to show exactly which values are
printed in addition to being displayed.

Use the Calculator Mounting procedure in the PC-100A Owner’s Manual to mount your calcu-

lator on the PC-100A. The switch called out in step 2 should be to “OTHER" for your calcu-
lator. Always turn the calculator and printer off before mounting or unmounting the calculator.

*Trademark of Texas Instruments

*Note: The Tl Programmable 58 and T| Programmable 59 will not operate on the PC-100
print cradle.
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TIPS FOR RUNNING PROGRAMS

Before you begin using the Solid State Software programs on your own, here are a few things
to keep clearly in mind until you become familiar with your calculator.

1. Press [CLR] before running a program if you are not sure of the status of the
calculator. (To be completely sure of calculator status, turn it off and on again —
but remember that this will clear the program memory.)

2.  Some programs will leave the calculator in fix-decimal format (See Appendix A). In
that event, you should press [INV] [2nd] [fix] before running another program if
this format is not desired.

3. There is no visual indication of which Solid State Software program has been called.
If you have any doubts, the safest method is to call the desired program with [2nd]
[Pgm] mm, where mm is the two-digit program number. The calculator will remain
at this program number until another program is called, [RST] is pressed or the
calculator is turned off.

4. A flashing display normally indicates an improper key sequence or that a numerical
limit has been exceeded. When this occurs, always repeat the program sequence and
check that each step is performed as directed by the User Instructions. Any unusual
limits of a program are given in the User Instructions or related notes. The In Case
of Difficulty portion of Appendix A in the Owner’s Manual may be helpful in iso-
lating a problem.

5. Some of the Solid State Software programs may run for several minutes depending
on input data. If you desire to halt a running program, press the [RST] key. This is
considered as an emergency halt operation which returns control to the main
memory. A program must be recalled to be run again.

USING SOLID STATE SOFTWARE PROGRAMS AS SUBROUTINES

Any of the Solid State Software programs may be called as a subroutine to your own program
in the main memory. Either of two program sequences may be used: 1) [2nd] [Pgm] mm
(User Defined Key) or 2) [2nd] [Pgm] mm [SBR] (Common Label). Both will send the
program control to program mm, run the subroutine sequence, and then automatically return
to the main program without interruption. Following [2nd] [Pgm] mm with anything other
than [SBR] or a user-defined key is not a valid key sequence and can cause unwanted results.

It is very important to consider the Program Reference Data in Appendix A for any program
called as a subroutine. You must plan and write your own program such that the data registers,
flags, subroutine levels, parentheses levels, T-register, angular mode, etc., used by the called sub-
routine are allowed for in your program. In addition, a Register Contents section of each pro-
gram description provides a guide to determine where data is or must be located to run the
program. A sample program that calls a Solid State Software program as a subroutine is pro-
vided in the PROGRAMMING CONSIDERATIONS section of the Owner’'s Manual.

If you need to examine and study the content of a Solid State Software program, you can
download as described in the following paragraphs.
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DOWNLOADING SOL/D STATE SOFTWARE PROGRAMS

If you need to examine a Solid State Software program, it can be downloaded into the main
program memory.* This will allow you to single step through a program in or out of the learn
mode. It also allows using the program list or trace features of the optional printer. The only
requirement for downloading a Solid State Software program is that the memory partition be
set so there is sufficient space in the main program memory to receive the downloaded pro-
gram. The key sequence to download a program is [2nd] [Pgm] mm [2nd] [Op] 09, where
mm is the program number to be downloaded. This procedure places the requested program
into program memory beginning at program location 000. The downloaded program writes
over any instructions previously stored in that part of program memory. Remember to press
[RST] before running or tracing the downloaded program.

Please note that SY-20 cannot be downloaded in the T| Programmable 58 due to the length of
this program. Also, the partition must be reset from the power-up condition in the TI Program-
mable 58 for program SY-25. The key sequence to repartition the main memory for this pro-
gram is 2 [2nd] [Op] 17 which must be performed before the downloading sequence.

The partition must be changed from the power-up condition in the T| Programmable 59 for
the SY-20 program. The key sequence to repartition the main memory for this program is
5 [2nd] [Op] 17.

REMOVING AND INSTALLING MODULES

The Surveying Module can easily be installed in the calculator or replaced with another. It is a
good idea to leave the module in place in the calculator except when replacing it with another
module. Be sure to follow these instructions when you need to remove or replace a module.

CAUTION

Be sure to touch some metal object before handling
a module to prevent possible damage by static electricity.

1. Turn the calculator OFF. Loading or unloading the module with the calculator ON
may cause the keyboard or display to lock out. Also, shorting the contacts can
damage the module or calculator.

2.  Slide out the small panel covering the module compartment at the bottom of the
back of the calculator. (See Diagram on following page.)

3.  Remove the module. You may turn the calculator over and let the module fall out
into your hand.

*Unless the library is a protected special-purpose library.
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4. Insert the module, notched end first with the labeled side up into the compartment.
The module should slip into place effortlessly.

5. Replace the cover panel, securing the module against the contacts.

Don’t touch the contacts inside the module compartment as damage can result.

CONVENTIONS USED IN THIS MANUAL

Some confusion might exist as to the term “station’”” as used in this manual. A station desig-
nated as 25 + 14 must be entered as 2514. The key sequence 25 [ + ] 14 does not work. It
causes 14 to be entered with the operation pending, and incorrect values will result.

The term “‘station”” or “Sta’ throughout denotes the point defined by the station value, or
the decimal value (usually in feet) of that station. The term “‘station number’’ or “‘Sta #"*
denotes the integer designation of the station by the calculator in the order of calculation.

For instance, the first station in a series of calculations is “’station number 1", regardless of
the actual value in stations. A “‘station number”’ is never entered, but is displayed to help keep
track of one’s position in the series.

Angles are generally entered and displayed in the DDD.MMSSss format. To the left of the
decimal, DDD denotes whole degrees. To the right, MM denotes minutes, SS seconds, and
ss decimal parts of seconds. For instance, 118°27°38.93" is entered and displayed as
118.273893. See the User Instructions for each program to determine the format used in
that program.
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Each example is assumed to start just after the calculator has been turned on. Where, for
instance, an initialize command is listed as returning 0. in the display, and a fix 3 display
format still exists due to a program previously run (if the calculator has not been turned off),

the display will show 0.000. In this case, press [INV] [2nd] [fix] or [2nd] [fix] [ 9] and
continue.

In the case of conversion from bearing/quadrant to azimuth or vice versa, a 0° or 90° bearing
is ambiguous as to quadrant. In these cases, either of the two adjoining quadrants may be
entered or displayed. The quadrant designation is:

N
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SURVEYING LIBRARY DIAGNOSTIC

This program performs the following functions separately.

1. Diagnostic/Library Module Check
2. Linear Regression Initialization

Diagnostic/Library Module Check

This routine checks the operation of your calculator and most of its functions, including con-
version and statistics functions that are preprogrammed in the calculator, trigonometric functions,
data register operations, program transfers, and comparisons. |t also uses other Surveying

Library programs to verify that the module is connected and operating correctly. If this diag-
nostic routine runs successfully, in approximately 15 seconds the numeral 4. will be displayed.

If the calculator is attached to a PC-100A print cradle, the following will be printed:

pr—— = T

SURVEYING
4,

If there is a malfunction in the calculator or the Solid State Software module, a flashing num-
ber will be displayed. Refer to Appendix A of the Owner’s Manual for an explanation of the
various procedures to be followed when you have difficulties.

When you simply want to know which of your Solid State Software modules is in the calcu-
lator without physically looking at it, you can call the Library Module check portion of the
routine directly. If the Surveying Library Module is in the calculator, the number 4. will be
displayed. This number is unique to the Surveying Library (other optional libraries use other
identifying digits).

Linear Regression Initialization

This routine initializes the calculator for linear regression by clearing data registers Ry, through R4
and the T-register. It should be used whenever linear regression or other built-in statistics functions
are to be started. You can also use the routine at any time to clear these registers selectively with-
out disturbing any other registers.



SY-01

Solid State Software TI ©1977

SURVEYING LIBRARY DIAGNOSTIC SY-01

DIAGNOSTIC: [S8r] [=]
LINEAR REGRESSION INITIALIZATION: [S87] [CLR]

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY

Diagnostic/Module Check

Al Select Program [2nd] [Pgm] 01

A2 Run Diagnostic [SBR] [=] e
or

A3 | Library Module Check [SBR] [2nd] [R/S] | 47

Initialize Linear Regression

B1 Select Program [2nd] [Pgm] 01
B2 Initialize Linear Regression [SBR] [CLR] 0.

NOTES: 1. This output is obtained if the calculator is operating properly.
2. The number 4 indicates the Surveying Library.

Example 1: Diagnostic

OPTIONAL
PRESS DISPLAY PRINTOUT
[2nd] [Pgm] 01
[SBR] [=] 1. SURVEYING
4,
Example 2: Library Module Check
OPTIONAL
PRESS DISPLAY PRINTOUT
[2nd] [Pgm] 01
[SBR] [2nd] [R/S] 1. SURVEYING
4,

Example 3: Initialize Linear Regression

PRESS DISPLAY

[2nd] [Pgm] 01
[SBR] [CLR] 0.



SY-02-5Y-05
TRAVERSE PROGRAMS

These four programs calculate the unknown elements of a traverse leg, as well as total
horizontal distance for use in closure determination, and intermediate calculations for an overall
closed-traverse area. Each program deals with a certain type of traverse, but the programs may
be used interdependently as demonstrated in the Example, as well as in conjunction with the
Closure and Balance programs. Each program is discussed separately.

Remarks: The key to interdependent use of these programs is the [ E ] keystroke. Basically,
this arranges the data present in the storage registers for use in calculating the next leg of a
traverse. While only the total horizontal distance is displayed following [ E ], several other
things also happen that are quite difficult to correct once completed. Therefore, be certain
that all data for that leg is correct before pressing [ E ].

For the first leg, select the proper program (usually Azimuth/Bearing or Field Angle), initialize,
and enter the reference data. This should be the only time you need to enter this data. The

[ E] command will do it otherwise. Once the (closed) traverse is complete, it is best to go to
the Closure program, although Inverse Traverse will also work for closure. Then the Balance
programs will distribute closure error in proportion to leg length.

In the first three programs, if an error occurs before [ E ], it may be corrected by doing that
leg again; but the Circle Arc program is somewhat different. See the User Instructions, Note 4.

Register Contents (SY-02 through SY-05)

Roo Used Res CL Rio Apart R,s Z|Dp|
Ro: N Ros R,; Ref Az Riz Brg ®**
Roa E Ro, Dist R,, next Az Ri7 2 Ager ¥
Ros next N Ros Arc Dist * Rz @*= Ris Lt

Ros next E Ros Z Hz Dist Ris ZILt| R,s Dp

. R;0 Used
*Circle Arc only.

**Except Circle Arc.
*** Azimuth/Bearing and Inverse only.
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AZIMUTH/BEARING TRAVERSE

Given the starting coordinates, the azimuth or bearing and quadrant, and the distance to
the next station, this program calculates the end coordinates, latitude, and departure. The
distance input may be horizontal distance, or, if this is not known, slope distance and zenith
or vertical angle (from which the horizontal distance is calculated).

If the leg calculated is not a sideshot, then a single keystroke ([ E ]) transfers the calculated
coordinates to the proper registers for use as the next starting coordinates, and sums the
horizontal distance, latitude, and departure with all previous distance, latitudes, and departures
for later use. It also causes an intermediate calculation for the area of a closed traverse. See
Closure (SY-06) for an explanation of this feature.

The following formulas are used:

Hz Dist = SDist cos V. = SDist cos (90 — Z/)

Lt = HzDist cos Az N = Ref N + Lt
Dp = HzDist sin Az E = Ref E + Dp
where
HzDist = horizontal distance of leg
SDist = slope distance
VL = vertical angle
Z / = zenith angle Ref N = starting North
Az = azimuth Ref E = starting East
Lt = latitude N = next North
Dp = departure E = next East
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TRAVERSE (AZ/BRG) -02

Az;+Brg; Q D;VL+HZD +Dp;Lt;N;E|Occupy+XD

STEP PROCEDURE ENTER PRESS DISPLAY

1 Select Program [2nd] [Pgm] 02
Select degree mode [2nd] [Deg]

2! | Initialize [2nd] [E'] 0.000000

o Enter Reference North Ref N [2nd] [A'] Ref NT

4! Enter Reference East Ref E [R/S] Ref ET
Do Step 5 OR Step 6

5a  Enter Azimuth (DDD.MMSS)? Az [A] Azt

b | Compute Bearing (DD.MMSS) [R/S] Brgt

5c | Compute Quadrant : [R/S] af

6a = Enter Bearing (DD.MMSS) Brg [B] BrgT

6b = Enter Quadrant Q [2nd] [B'] af

6¢c  Compute Azimuth (DDD.MMSS) [R/S] Azt

7 Enter distance® Dist ) | DistT

Do Step 8a, OR 8b, OR 8¢

8a | If Dist in 7 is horizontal of ' [R/S] Hz Dist®
8b  If slope Dist and vertical angle
known, enter vertical angle ]
- (DD.MMSS)* vt [R/S] . Hz Dist?
8c  If slope Dist and zenith angle
known, enter zenith angle

(DD.MMSS) zL1 [2nd] [C'] Hz Distt
9 Compute Departure : D] Dpt
10 Compute Latitude [R/S] Ltt
11 Compute next North [R/S] NT
12 Compute next East [R/S] ET
13° | Occupy next station and compute
total distance [E] Y Hz Distt

NOTES: 1. Do Steps 2, 3, and 4 only if this is the first leg of a traverse.
2. All angles are entered and displayed in DDD.MMSS format.

3. Distance may be entered in any unit, as long as this is consistent throughout the traverse.
Note that this must be the same unit as that used in the reference coordinate expression.

4. Vertical angle is positive above the horizon, negative below.

5. Step 13 is omitted if the leg was a sideshot. Pressing [ E ] sums latitude, departure, and
horizontal distance into the accumulating registers, and occupies the next station by storing
the calculated N and E coordinates in registers designated for starting coordinates. Therefore,
be certain that all previous calculations are correct before performing this step.

. Program leaves calculator in fix 6 display format.
. Steps 8a and 8b print an intermediate step, zenith angle.
. Does not run in ENG.

-+ 00 N O

These values are automatically printed if the PC-100A is connected.

10



INVERSE TRAVERSE

Given the start and end coordinates of a traverse leg, this program calculates the latitude,

SY-03

departure, azimuth, bearing and quadrant, and horizontal distance of the leg. This has several
uses: 1) calculating closure bearing and distance, 2) calculating corrected results from the
adjusted coordinates output by the Balance programs, and 3) finding omitted measurements,

etc.. ..

Like the other traverse programs, the keystroke [ E ] instructs the calculator to occupy the
next station, preserving continuity through the traverse. Note that Step 12 is unique in this
program set. If this program is used for closure, then the total area bounded by the traverse is

calculated.
The following formulas are used:
Lt =N — Ref N
Hz Dist = V/Lt* + Dp®

Dp
Brg = arctan |— l
it

where

Ref N = starting North
Ref E = starting East
Lt = latitude
Dp = departure
Hz Dist = horizontal distance

4

11

Dp = E — RefE

N = next North
E = next East
Brg = bearing
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TRAVERSE (INVERSE) SY-03

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select Program [2nd] [Pgm] 03 '
Select degree mode [2nd] [Degl
2" Initialize [2nd] [E'] 0.000000
3! | Enter Reference North Ref N [2nd] [A'] Ref NT
4' | Enter Reference East Ref E [R/S] Ref ET
5 Enter next North, compute Lt NT [A] L7
Enter next East, compute Dp Et [B] Dpf
7 Compute horizontal distance [ Hz Distt
82 | Compute bearing _ fIDl Brgf
9 | Compute quadrant  [R/s] ot
10 Compute azimuth [R/S] Azt
{5 E2 Occupy next station and compute i
total Hz Dist thus far | [E] THz Distt

For another leg, go to Step 5.

~J

12 Compute traverse area (only if
program used for closure)

———
W i o
=
————
N =i =
i, SR
——
n o
—

Area

NOTES: 1. Do Steps 2, 3, and 4 only if this is starting leg of a traverse.

2. All angles must be entered, and are displayed, in DDD.MMSS format. Distances are displayed in
the same units as the coordinates used.

3. Do this step only if the traverse leg just calculated is not a sideshot. (See Note 5 under the
Azimuth/Bearing Traverse User Instructions.) Be certain that all other calculations are correct
before pressing [ E ].

4. Program leaves calculator in fix 6 display format.
5. Does not run in ENG.
These values are automatically printed if the PC-100A is connected.

12
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FIELD ANGLE TRAVERSE

Given the starting coordinates, field angle (see below), and distance, this program calculates the
azimuth, bearing and quadrant, departure, latitude, and end coordinates of a traverse leg.

The keystroke [ E ] acts just as it does in the preceding programs. See Azimuth/Bearing
Traverse (SY-02) for formulas used.

Field Angle Conventions — The field angle is an angle measured between one leg of a traverse
and the suceeding leg. It is always referenced to an azimuth of the previous leg (or a reference
azimuth for the first point) /nto the occupied point. Field angles are categorized as shown in
the following illustrations.

DEFLECTION RIGHT ANGLE RIGHT
MEASURED CLOCKWISE FROM MEASURED CLOCKWISE
PROJECTION OF AZIMUTH OF FROM BACK AZIMUTH OF
PREVIOUS LEG THROUGH PREVIOUS LEG TO FORWARD
OCCUPIED POINT © TO LEG

FORWARD LEG

DEFLECTION LEFT ANGLE LEFT
SAME AS DEFLECTION RIGHT, SAME AS ANGLE RIGHT,
EXCEPT MEASURED IN A EXCEPT MEASURED IN A

NTER KWISE COUNTER KWISE
DIRECTION DIRECTION

13
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STEP

9a
9b

9¢

10
1
12
13
144

NOTES:

& Solid State Software TI ©1977

TRAVERSE (FIELD ANGLE) SY-04

Cr e T S e
DfR+: DfL—|D; v.f_-»HzDOccupyuD

PROCEDURE ENTER PRESS DISPLAY
Select Program [2nd] [Pgm] 04
Select degree mode [2nd] [Deg]
Enter Reference North Ref N [2nd] [A'] Ref NT
Enter Reference East Ref E [R/S] Ref ET
Enter Reference azimuth Ref Az [R/S] Ref Azt

Do Step 5a OR 5b OR 5c OR 5d

Enter angle right (DD.MMSS) (LRT [A] Azimutht
Enter angle left LLT [+/-]1 [A] Azimutht
Enter deflection right DfRT [B] Azimutht
Enter deflection left DfLT [+/-]1 [B] Azimuth®
Compute bearing [R/S] Brgf
Compute quadrant [R/S] at

Enter distance Dist [€] DistT

Do Step 9a OR 9b OR 9c¢

If Dist in 7 is horizontal of [R/S] Hz Distf
If a slope Dist and vertical angle

known, enter vertical angle

(DD.MMSS)? vLt [R/S] Hz Distf
If a slope Dist and zenith angle

known, enter zenith angle

(DD.MMSS) 2Lt [2nd] [C] Hz DistT
Compute departure [D] Dpt
Compute latitude [R/S] Lt
Compute next North [R/S] NT
Compute next East [R/S] gt

Occupy next station and compute
total distance thus far IRES] T Hz Distt

iy

=+ 00 ~N O U,

. Do Steps 2, 3, and 4 only if this is the first leg. The Reference Azimuth is that azimuth from which

the field angle is measured (usually the azimuth of the previous leg).

. All angles are entered and displayed in DDD. MMSS format. All distance units must be identical

with those used for reference coordinates.

. Vertical angle is positive above horizon, negative below.
. Do this step only if the leg just computed is not a sideshot. (See Note 5 under the Azimuth/Bearing

Traverse User Instructions.) Be certain that results are correct before doing this step.

. Program leaves calculator in fix 6 display format.

. Steps ba and 5b print intermediate steps DfR and DfL, respectively.
. Steps 9a and 9b print intermediate step, zenith angle.

. Does not run in ENG.

These values are automatically printed if the PC-100A is connected.
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SY-05
CIRCLE ARC TRAVERSE

This program must be preceded by either the Azimuth/Bearing, Inverse, or Field Angle Traverse
program to establish the center coordinates, radius, and reference azimuth (of the known
radial) of the arc. Then, given the central angle, this program calculates the azimuth, bearing
and quadrant, latitude, departure, and end coordinates of the unknown radial. In addition,
the arc distance is calculated and summed into the total distance register, while the previously

calculated and summed leg distance is subtracted from that register, thus bounding the traverse
by the arc rather than its radials.

Note that the program assumes that the c/osed traverse is bounded by the arc. Two cases
become apparent here:

=
= 1 .
- ..
e T \ -
— 1 A 2
Vo 1 ~
/ L A \q‘
sect =~
1‘I 1 e e A = -~
n = — sect
1 e} | =
e = | e &
t = 1 M
- 1 —
M e SN | —
1= =t
1
n |
1
b |
1
Case 1 Case 2

In Case 1, the sector area must be included in the traverse, since the program otherwise

calculates only the area inside the irregular polygon (bounded by the radials). Do Step 7a (press
[2nd] [ C' ]. In Case 2, the sector area will already be included, so the program must be

instructed to subtract (exclude) A,,,. Do Step 7b (press [2nd] [ D' ]). See Example for
further illustration.

The following formulas are used:

7RCL

Arc Dist = 180 Ager =

R Arc Dist
2

where
Arc Dist = arc distance

R = radius (found by traverse to center and saved from previous program)
CL = central angle

A = Sector area

15



SY-05

ﬁ ~ Sblid State Software TI ©1977

TRAVERSE (CIRCLE ARC) SY-05

- Jcowem [ wehwn [Echm ] |

STEP PROCEDURE ENTER PRESS DISPLAY
i Select Program [2nd] [Pgm] 05
Select degree mode [2nd] [Degl
2? | Enter central angle (DDD.MMSS) et [A] cLt
Do Step 3a OR 3b
3a If CL measured clockwise [B] ' Azimutht
3b  If CL measured counterclockwise [2nd] [B' ] Azimutht
4 Compute bearing [R/S] BrgT
5 Compute quadrant [R/S] af
6 Compute arc distance [ Ci Arc DistT
Do Step 7aOR 7b
7a®. Compute and include sector area [2nd] [ C'r] Rasort
7b = Compute and excl/ude sector area [2nd] [D'] —A cect
8 Compute departure [D] Dpt
9 Compute latitude [R/S] Let
10 Compute next North [R/S] NT
11 Compute next East [R/s] ET
12% = Occupy next station and compute
total distance thus far JSE] T Hz DistT

NOTES: 1. Either the Azimuth/Bearing, Inverse, or Field Angle Traverse programs must have been used
immediately before running this program to establish the center coordinates, reference azimuth,
and radius of the arc.

2. All angles are entered and displayed in DDD.MMSS format.

3. Step 7 includes or excludes the sector area from the total traverse area found in the Closure and
Inverse Traverse programs. (see text)

4. See Note 5 under the Azimuth/Bearing Traverse User Instructions. Be certain that the results
obtained through Step 11 are correct before pressing [ E 1. To recover from an error noticed
after Step 6, press [RCL] [0] [8] [—=] [RCLI [O01 [ 71 [=1T1INV] [SUM] [O0] [9].
To recover after Step 7a, press the above plus [2nd] [ D' 1. To recover after Step 7b, do the
above for Step 6 plus [2nd] [ C'].

5. Program leaves calculator in fix 6 display format.
6. Does not run in ENG.
t These values are automatically printed if the PC-100A is connected.
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SY-02-SY-05

Example: This is intended as a demonstration of the various programs available for traverse,

including closure and balance.

SIDESHOT

S4°W
200

N 4°E
| O

]
a
Q

DfL 47"
N 300
|{Referencel

DfL 122°

208.2' ~
SLOPE ANGLE 10"V 20° Az (Reference)

17



SY-02-SY-05

Select TRAVERSE (FIELD ANGLE) Program (SY-04).

ENTER PRESS DISPLAY COMMENT
[CLR] [2nd] [Pgm] 04 0.
300 [2nd] [ A"] 300.000000t Ref N
500 [R/S] 500.000000T Ref E
20 [R/S] 20.000000t Ref Az
1221 [+/-1 [B] 258.000000 1 DfL > Az
[R/S] 78.000000T Brg
[R/S] 3.000000t Q
208.2 e 208.2000007 Dist (slope)
10t [R/S] 205.0369741 V. - Hz Dist
[D] —200.5564241 Dp
[R/S] —42.629584 T Lt
[R/S] 257.3704161 N
[R/S] 299.4435767 E
[E] 205.036974T % Hz Dist
Select TRAVERSE (INVERSE) Program (SY-03).
[2nd] [Pgm] 03 205.036974
250t [A] —7.3704161 N - Lt
250t [B] —49 4435767 E— Dp
[C] 49.9899011 Hz Dist
[D] 81.311744t1 Brg
[R/S] 3.0000007 Q
[R/S] 261.3117441 Az
[E] 255.0268751 < Hz Dist
Select TRAVERSE (CIRCLE ARC) Program (SY-05).
[2nd] [Pgm] 05 255.026875
74 [A] 74.000000t B
[2nd] [ B'] 7.3117441 Az
[R/S] 7.3117441 Brg
[R/S] 1.000000F Q
[C] 64.5641391 Arc Dist
[2nd] [D'] ~1613.7774611 Excluded Area
[D] 6.543598 1 Dp
[R/S] 495597771 Lt
[R/S] 2995597771 N
[R/S] 256.543598T E
[E] 269.6011131 ¥ Hz Dist

T These values are printed if the PC-100A is connected.
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Select TRAVERSE (AZ/BRG) Program (SY-02).

ENTER

250
ot

PRESS

[2nd] [Pgm] 02

[B]
[2nd] [B']
[R/S]
[E]
[R/S]
[D]
[R/S]
[R/S]
[R/S]
[E]

DISPLAY

269.601113

4,000000t
1.000000%
4.000000%
250.0000007
250.000000T
17.439118%
249.3910131
548.9507901
273.9827161
519.6011131

Select TRAVERSE (FIELD ANGLE) Program (SY-04).

got

50
ot

[2nd] [Pgm] 04

[+/-1 1Al
[R/S]
[R/S]
icl
[R/S]
[D]
[R/S]
[R/S]
[R/S]
[E]

519.601113

94.000000F
86.000000"
2.0000001
50.0000007
50.000000T
49.878203%
—3.487824t
545.4629661
323.8609191
569.6011131

Select TRAVERSE (CIRCLE ARC) Program (SY-05).

87

[2nd] [Pgm] 05

[A]
[B]
[R/S]
[R/S]
[C]
[2nd] [C"]
[D]
[R/S]
[R/S]
[R/S]
FE:]

+ These values are printed if the PC-100A is connected.
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569.601113

87.000000%
1.0000007
1.000000*
1.0000007

75.9218227

1898.0455621
0.8726207
49.992385%
595.4553511
324.7335391
595.5229361

SY-02-SY-05

COMMENT

Brg

Q

Az

Dist

Hz Dist
Dp

Lt

N

E

Z Hz Dist

LL—Az
Brg

Dist

Hz Dist
Dp

Lt

N

E

Z Hz Dist

Gl

Az

Brg

Q

Arc Dist
Included Area
Dp

Lt

N

E

X Hz Dist



SY-02-5Y-05

Select TRAVERSE (AZ/BRG) Program (SY-02).

ENTER

91

101
ot

45

1256
of

200
ot

PRESS

[2nd] [Pgm] 02

[A]
[R/S]
[R/S]
[C]
[R/S]
[D]
[R/S]
[R/S]
[R/S]
[E]
[A]
[R/S]
[R/S]
[e]
[R/S]
[D]
[R/S]
[R/S]
[R/S]
[B]
[2nd] [B']
[R/S]
[C]
[R/S]
[iEy]
[R/S]
[R/S]
[R/S]
[E]

DISPLAY

595.522936

91.000000%
89.000000%
2.0000007
101.000000*
101.0000007
100.9846177
—1.762693T
593.692658T
425.718156T
696.522936T
45.0000007
45.0000007
1.000000%
125.0000007
125.0000007
88.388348T
88.388348%
682.081006T
514.1065041
4.000000t
3.000000t
184.0000007
200.0000007
200.0000007
—13.951295T
1995128107
394.1798481
411.7668621
896.522936T

Select TRAVERSE (FIELD ANGLE) Program (SY-04).

47t

127
ot

T These values are printed if the PC-100A is connected.

[2nd] [Pgm] 04

[+/-]1 [B]
[R/S]
[R/S]
[€)]
[R/S]
[D]
[R/S]
[R/S]
[R/S]
LE]

20

896.522936

137.0000001
430000007
2.000000T
127.000000%
127.000000
86.6137921
—92.881920t1
301.2979287
498.3806531
1023.522936T

COMMENT

Az
Brg

Dist
Hz Dist
Dp

Lt

N

£

Z Hz Dist
Az

Brg

Q

Dist
Hz Dist
Dp

| EE

N

E

Brg

Q

Az
Dist
Hz Dist
Dp

Lt

N

E

2 Hz Dist

DfL = Az
Brg

Q

Dist

Hz Dist
Dp

5 ;

N

E

2 Hz Dist



SY-02-SY-05

Select CLOSURE Program (SY-06).

ENTER PRESS DISPLAY COMMENT

[2nd] [Pgm] 06 1023.522936

300 [B] 300.000000T Ncorr

500 [B] 500.000000% Ecorr
[C] 2.0753071 C Dist
[D] 51.1714511 Err Brg
EE] 2.000000" Q
[(2nd] [A'] 52594848961 Area
[2nd] [B'] 0.002028t Prec (ratio)

Select BALANCE (COMPASS RULE) Program (SY-07).

[2nd] [Pgm] 07 0.002028
300 [A] 300.000000% N
500 [A] 500.000000% E.
257.370 [B] 257.370000% N (unadj)
299.444 [B] 299.4440007 E (unadj)
[cl 257.1099937 Nadij
[D] 299.7683951 E il
[E] 0.000000T new points
250 [B] 250.000000% N
250 [B] 250.000000F E
[c] 249.6766011 Nagij
[D] 250.4034861 E adj
LE] 0.0000007 new points
299.560 [B] 299.560000 N
256.544 [B] 256.544000% E
EE] 299.173208T N adj
(D] 257.0265771 Eas
[E] 0.000000% new points

Continue in like manner for all coordinates. See Summary for results.

Summary*

LEGNO.1| LEGNO.2 |LEGNO.3 |LEGNO.4 | LEGNO.5| LEGNO.6 | LEGNO.7 | LEGNO.8 | LEG NO.9 [LEG NO. 10
Az 258 1261311744 7311744 4 a4 1 9 45 184 137
Brg 78| 81311744 7311744 4 86 1 89 45 4 43
(0] 4 3 1 1 2 | 2 1 3 2
Hz Dist 205.037 49990 64 564 250.000 50.000 75.922 101.000 125 .000 200.000 127.000
Lt -42630 7.370 49 560 249391 —-3.488 49992 —1.763 88.388 —199 513 —92.882
Dp —200.556 —49 444 6.544 | 17.439 49878 0873 100 985 88.388 —-13.951 86614
N 257.370 250,000 299.560 548 951 545 463 I 595 455 593 693 682.081 394 180 301.298
E 299 444 250,000 256.544 273983 323.861 324.734 425.718 514 .107 411.767 498.381
N (adj) 257.110 249677 299.173 548 .247 544 696 594 624 592.734 — 392 968 299 925
E ladj) 299.768 250403 | 257.027 I 274 861 324818 ! 325.770 426914 - 413.280 500.094

*Values in table have been rounded off to 3 decimal places.
1These values are printed if the PC-100A is connected.
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SY-06
CLOSURE

The closure of a traverse is that line which will exactly close the traverse. Given the calculated
and the correct endpoints, this program will compute the closure distance (horizontal), bearing
(error bearing) and quadrant, latitude, departure, and precision ratio.

When used in conjunction with the traverse programs, a routine is included to complete
calculation of the area of a closed traverse. The following formula is used:*

2A:NI{E2 _En)+N2(E3 _EI)+ +Nn-—l{En_‘En—2)+Nn{El _En—ll

from which:

-~

Area =|%(N,E, — N;E, + N;E, —N,E; + ... +N,E,_, —N,_,E,)|

Two things must be mentioned in connection with the area calculations. First, a part of the
final equation (that is, N,E,~, — N,_E,) is performed by each traverse program and
summed into register 10. Then the Closure program calculates the part of the equation due to
the closure leg, adds to Ry, divides by 2, adds the sector area preserved in R,;, and displays
the area. Thus, to use the Closure program to calculate area, but not immediately following
the Traverse programs, the contents of registers 10 and 17 must be saved after the last Traverse

program is run, and restored for the Closure program. (see User Instructions)

Second, the calculated area is that area bounded by the irregular polygon with vertices at the
calculated coordinates. If the area is desired for the balanced coordinates, find these using one
of the Balance programs, and then use the Inverse Traverse program to calculate the bounded
area.

The example problem for this program is included under the Traverse section.

*Reference: Surveying, Bouchard and Moffit, International Textbook Co.,
Scranton, Pa., 1965, p. 228.
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Solid State Software TI ©1977
CLOSURE SY-06

e T R

STEP PROCEDURE ENTER PRESS
1 Select Program [2nd] [Pgm] 06
Select degree mode [2nd] [Degl]

If done immediately after a
Traverse program, go to Step 7.!

2 Enter total distance traversed ¥ Hz Dist [2nd] [C']
3% | Enter partial area (from Ryo) Apart [2nd] [D']
4% | Enter sector area (from R;) A IsF¥el 1 L[ 219
5 Enter calculated North Ncaic [ A]
6 Enter calculated East Y E.ic [A]
7 Enter correct North N5 [ B]
8 Enter correct East 3 = 3|
9 Compute closure distance SES]
10 Compute error bearing (DD.MMSSss) e
11 Compute quadrant SES)
122 | Compute Area [2nd] [A]
13® = Compute precision ratio [2nd] [ B']
NOTES: 1. Provided that memories are intact.
2. See text for explanation.
3 & D[s';
* Z Hz Dist

4. Program leaves calculator in fix 6 display format.
t These values are automatically printed if the PC-100A is connected.

Register Contents

Rio Ros Lte R.o Area Ris
Ro1 Neaie Ros Dpc Ris Ris
Ro2 Ecalc Ro; CDist Ri2 Ris
ROB Ncorr RGS Rla O R18
Ras: Ecorr Ros = Hz Dist * Ris Rio

*Excludes C Dist.
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SY-06

DISPLAY

¥ Hz Distt

ApartT

AS&CtT
|\Ii::ali:-r
Er:al::T
NCOI’I’T
Ecorr
C Distt
Err BrgT
ot
Areal
Prect

Err Brg
E ASEC'(
Lt
Dpc



SY-07-SY-08
BALANCE

This is a two program set which provides a means of balancing a closed traverse by either
compass or transit rule. They are designed for use either with Closure (SY-06) or alone.

Balance — Compass Rule (SY-07)

Given the total distance traversed, the end coordinates of the closure, and the end coordinates
of a traverse leg, this program calculates the adjusted (balanced) coordinates. The compass rule,
which assumes roughly equivalent precision in both angular and distance measurements, implies
the following formulas:

B L - S Hz Dist
" H . ° \ = Hz Dist
E —E+C Cn =D Hz Dist
adi % 0 = PPe | T Hz Dist
where N, E = unadjusted coordinates
N,gj. Eagj = adjusted coordinates
C_ = correction to latitude
Cp = correction to departure

Lt. = closure latitude
Dp. = closure departure
Hz Dist = horizontal distance of unadjusted leg
¥ Hz Dist = total horizontal distance traversed

The example problem for this program is included under the Traverse section.

Balance — Transit Rule (SY-08)

Given the sums of the latitudes and departures, regardless of sign, the end coordinates of the
closure, and the end coordinates of a traverse leg, this program calculates the adjusted (balanced)
coordinates. The transit rule, which assumes that angular precision is generally higher than
distancing precision, implies the following formulas:

Nd N+C| C| Lz :
Rel & E[Lﬂ
adj D D [ EiD '

where

Lt = latitude of traverse leg

Dp = departure of traverse leg
2 |Lt| = sum of the absolute values of all latitudes
Z|Dpl| = sum of the absolute values of all departures

all others as in “Compass Rule.”
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| STEP |

1
: 9
: 3!
| ¢4
e
i 7
8
-'. 93
! 10
TR
i 92
| 13
| 14
} 15
NOTES

e B P O S

If done immediately after Closure,

& Solid State Software

TI ©1977

BALANCE (COMPASS RULE) SY-07

heor Econ | 3001
)

go to Step 9.

Initialize

Enter last calculated North
Enter last calculated East

Enter correct North

Enter correct East

Enter total distance traversed

Compute and store closing latitude

and departure

Enter starting North

Enter starting East

Enter unadjusted North

Enter unadjusted East

. If more points

1. Steps 3-6 enter the end coordinates of the closure.

-+ A& W N

then go to Step 11.

Compute adjusted North
'3 Compute adjusted East

Register Contents (SY-07, SY-08)

R(}':l
R()4

N
E
next N
next E

RUS
Ros
Ros
RU&
RUQ

Lt

Dp.
Dist *

¥ Hz Dist*

Ncalc
Ecaic
corr

corr

Z Hz Dist

. Does not include the closure distance.

*(unadjusted) Used by Compass Rule only.
**Transit Rule only.

25

. Enter coordinates in the same order as traversed.

. Program leaves calculator in fix 6 display format.

| [2nd]
[2nd]
[2nd]
[2nd]
[2nd]
[2nd]

[2nd]

[A]
[A]
[B]
[B]

R S P

{ID1
[E]

Nadi
Eadi

[calc/storel+» m

[E']
[A']
[A']
[B']
[(B']
[Cc']

'

[D]

These values are automatically printed if the PC-100A is connected.

Ris
Rlﬁ

Ris
Rio

SY-07

DISPLAY

= |

it oo o st b ST AR

| 0.000000
? Ncalc-r g
f Eu::ull:‘r E
: NCDI’I’T ;
' Ecorr!
| I Hz Dist?
0.7
| N
| et
| EV ?
: Nagj' E
! Eagi'
ot
RS m"----::x..:"\m-omw:.::.:.:.&awv-g
Lt
Dp



SY-08

BALANCE (TRANSIT RULE) SY-08

STEP PROCEDURE ENTER PRESS ; DISPLAY

1 Select Program [2nd] [Pgm] 08

If done immediately following
Closure, go to Step 9.

2 Initialize [2nd] [E'] 0.000000
Enter starting North N [2nd] [A"] N T
4 Enter starting East E. [2nd] [A] E.T
6' | Enter next North N [2nd] [B'] NT
Enter next East E [2nd] [B'] gt
Compute Z|Lt| and Z|Dp| [2nd] [C'] 0.t
For next leg, go to Step 5°.
8 Compute closure latitude and .
" departure f2nd] [D"] 0.t
9 Enter starting North Ny [ A] N T
10 Enter starting East Eg WY E,T
111 Enter unadjusted North N [ B ] Nt
12 Enter unadjusted East E [B] gf
b Compute adjusted North [C 1] NadjT
14 Compute adjusted East [D] EadjT
15 If more points [E=) o.f
go to step 11%.
16 Stop.

NOTES: 1. Enter coordinates in the same order as they were traversed.
2. Do not do Steps 5-7 or 11-15 for the closure. I1f no more legs, go to Steps 8 and 16 respectively.
3. Program leaves calculator in fix 6 display format.

t These values are automatically printed if the PC-100A is connected.

ADDENDUM

The following corrections should be made in the Surveying Library mznual.

Page 26 .
The User Instructions for Program SY-08 should be changed as follows

1) The display column for-Steps 7,8, and 15 should read 0.0000007.
2) Replace Step 8 with the following:

STEP PROCEDURE . ENTER PRESS DISPLAY
8 Compute closure latitude  Ng [2nd] [ B ] N
and departure E. [2nd] [B'] E;

[2nd] [D'] 0.000000°

These changes should be made in the Quick Reference Guide.



SY-09

VERTICAL CURVE DESIGN

This program computes the stationing and elevation of stations along a vertical curve, given
the starting and ending grades, and the curve length (or the rate of change of grade (Ag) per
station). Also computed are the rate of change of grade per station (or the curve length) and
the stationing and elevation of the maximum or minimum elevation point. The following

formulas are used:

where

Reference:

L .t 1)

2
y = 5 x? + g, x + elevation of B.V.C.

starting grade, in percent

9:

92
L = length of curve (horizontal distance)

Il

ending grade, in percent

y = elevation of a point on the curve
X = distance in stations from the B.V.C.
B.V.C. = beginning of the vertical curve
E.V.C. = end of the vertical curve
i
= I
INTERSECT _~
STATION

Surveying (Fifth Edition), H. Bouchard and F.H. Moffit, International
Textbook Company, Scranton, PA., 1965.
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SY-09

@ Solid State Software TI ©1977

VERTICAL CURVE DESIGN SY-09
oot [ | ]

oo [ e [ esvmo |35 0| Suveer ]

| PROCEDURE
__ Séfect Program _ {
L2 | Initialize | [2d] [E') | 0.000000
} 3a | Enter starting grade L g {[A] Lot i
3b | Enter ending grade fa: [A] {g,1
4a | Enter curve length Lt [B] Agt
4b | or change of grade per station | Agf ' [2nd] [B'] 1Lt .
| Do Steps 6-9a OR Steps 6-9b. | :
3 6a :} Enter Beginning station Stag Eel S‘caBT '\_
} 7a Enter Elevation of Stag Elevg el Elevg
°‘ 8a Compute Intersect station [R/S] Sta t
9a Compute Elevation of Sta, [R/S] Elevi T
.
6b Enter Intersect station | Sta, [2nd] [C'] | Stayt ;
| 7b | Enter Elevation of Sty | Eley, ' [2nd] [C'] = ;
i 8b Compute Beginning station g [R/S] ‘ StaBT
9b Compute Elevation of Stag [R/S] Elevg T
10 | Compute Station at maximum i * E
| or minimum elevation [D] Sta (t/1) 1
11 § Compute maximum or minimum ; :
elevation i[E] Elev (t/4)T
To f_ind elevation of any curve *
: . station
12 | Enter Station StaT EES Elev?

NOTES: 1. Program leaves calculator in fix 6 display format.
1t These values are automatically printed if the PC-100A is connected.
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SY-09

Example: Two grade lines intersect at station 22 where the elevation is 239.5 ft. The starting
grade is —6 percent and the ending grade is 2 percent. The length of the curve is 400 ft.
Compute the stations and elevations of the B.V.C. and E.V.C., and elevations of all full
stations on the curve.

el
EN.C.
24
ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 09
[2nd] [E'] 0.000000 Initialize
6 [+/-]1 [A] —6.0000007 a
2 [A] 2.000000° g2
400t [B] 2.0000001 L~ Ag
2200 [2nd] [C"] 2200.0000007 Staj
239.5 [2nd] [C'] 239.500000F Elevy
[R/S] 2000.000000F Stag
[R/S] 251.500000" Elevg
[D] 2300.0000007 Sta (min)
[E] 242 5000007 Elev (min)
2100t [E] 246.500000F Sta — Elev
2200t [E] 243.5000001 Sta > Elev
24007 [E] 243.500000% Sta > Elev
t+ These values are printed if the PC-100A is connected.
Register Contents
Roo Ros Ag Rio Ris
Ro| 100 Rgé Stal R11 Rlé L/'ZOO
Ro2 O Ro; Elevy Ri, Used Ris
R03 g2 HOS StaB R|3 RIB
RD4 L R09 E|B\."B R14 HI.‘)
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SY-10-5Y-12
HORIZONTAL CURVE DESIGN

This three-program set implements the computations for designing and laying out a circular
horizontal curve. Knowing the angle of intersection of two lines (central angle of curve),
and one other key element, SY-10 calculates the remaining key elements, while SY-11
calculates all other elements of the curve.

The HORIZONTAL CURVE LAYOUT Program on SY-12 uses elements computed from
SY-10 plus a reference station input to calculate the necessary information for laying out the
curve in the field. The user has two options here. If the accessory print cradle is available, a
quick paper tape hard copy may be obtained. If not, the standard keyboard commands are
required. Regardless, SY-12 will calculate the central angle and chord length between any two
curve stations, and the deflection angle to any curve station.




SY-10-SY-12

ELEMENTS OF A CIRCULAR CURVE
N, +00 N +00
1) D (Degree of Curve)

a. By Chord Definition (station interval measured
along chord)

50
D = 2 arcsin E where R = radius
D = degrees

b. By Arc Definition (station interval measured
along arc)

5729.
T from which D = 12258
D 360 R

2) R (Radius of Curve) w
50

a. By Chord Definition R = T V
SII"IE

 5729.58
D

b. By Arc Definition

A
3) T (Tangent Distance) T = R tan 5

A
(':.ec —) =1 l
2

2nR

4) E (External Distance) E=R

A
5) L (Curve Length) L =100 =

A
6) M (Middle Ordinate) M = R (1 — Ccos 5)

A
7) C (Chord from P.C. to P.T. C = 2R sin E

8) Point-of-Curvature (P.C.) Station P.C.=P.l.—-T

9) Point-of-Tangency (P.T.) Station P.T.=P.C.+L

NOTE: These equations assume that the minimum curve radius is 50, and that the distance
between adjacent full stations is 100.
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SY-10-SY-12

10)

11)

12)

13)

14)

15)

16)

17)

Central Angle to First Curve Station (from P.C.)
C D

E where C) = difference in stationing between P.C. and first station on

the curve

d,

d
Chord Length to First Curve Station (from P.C.) C, = 2R sin 5‘

Central Angle from Last Curve Station to P.T.

c, D
d; = - where C5 = difference in stationing between the last station on the curve
100 and the P.T.
" . dp
Chord Length from Last Curve Station to P.T. C, = 2R sin 5
Central Angle Between any Two Curve Points
¢ D
d= ‘I_E}_ where C' = difference in stationing between any two points on the curve.
. . d
Chord Length Between any Two Curve Points C, = 2R sin 2

Deflection Angles to Points on the Curve (from P.C.)

d
a.  First Full Curve Station Lyet= 51
: d, +D
b. Second Full Curve Station Lack = 5
. d, D
c. nth Full Curve Station Lk ™ 3 +(n — 1) 2
— - 2
a. Sector area B = 360 7R
A
b. Segment area  ZZ////77r Aseg = Aot — % RC cos 5

A
c. Fillet area A\ Aq = R? tan S A,

Reference: Surveying (Fifth Edition), H. Bouchard and F.H. Moffitt, International

Textbook Co., Scranton, Pa., 1965.
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5) Solid State Software TI ©1977

HORIZ. CURVE DESIGN (1) © SY-10
. ] e
R R

PROCEDURE

Select Program

Initialize
Enter Central Angle (DDD.MMSSss)

If by Chord Definition, go to Step 5
If by Arc Definition

Enter Radius

ar
ar
or
or

Tangent Distance
External Distance
Degree of Curve
Curve Length

Compute Tangent Distance

Compute External Distance

Compute Degree of Curve

Compute Curve Length

1. Program leaves calculator in fix 6 display format.

ENTER

PRESS

[2nd] [Pgm] 10
[2nd] [E']
[2nd] [A"]

[2nd] [B']

[A]
[B]

moo

[R/S]
[R/S]
[R/S]
[R/S]

t These values are automatically printed if the PC-100A is connected.
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DISPLAY

0.000000

AT

(DDD.MMSSss)

(DDD.MMSSss)



SY-11

STEP

4a

ba
5b
Bc

be

NOTES:

{@ Solid State Software TI ©1977

HORIZ. CURVE DESIGN (2) SY-11

PROCEDURE ENTER PRESS
Select Program [2nd] [Pgm] 11
If run immediately after SY-10,
go to Step 4.
Initialize [2nd] [E']
Enter Central Angle (DDD.MMSS) = A [2nd] [A"]
If by Chord Definition, go to Step 5 ,
If by Arc Definition [2nd] [B']
Enter Radius R [A]
or  Tangent Distance T3 [B]
or External Distance ET [C]
or Degree of Curve Dt [D]
or Curve Length Lt [E]
Compute Chord Length (P.C. to
i ) [R/S]
Compute Middle Ordinate [R/S]
Compute Sector Area [R/S]
Compute Segment Area [R/S]

Compute Fillet Area : - [R/S]

1. Program leaves calculator in fix 6 display format.
T These values are automatically printed if the PC-100A is connected.
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DISPLAY

0.000000
At (DDD.MMSSss)
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STEP

3a
3b

O 00 ~N oo,

11

NOTES:

SY-12

%‘ Solid State Software TI ©1977
HORIZ. CURVE LAYOUT SY-12

s [ soeu | o | wees | ]

PROCEDURE ENTER PRESS DISPLAY

Execute SY-10 through Step 9'

Select Program [2nd] [Pgm] 12
Enter P.I. P.l [2nd] [A'] P.C.
or PG PC [2nd] [B'] Bl
!f printer is not available, go to
Step 5.
Compute and print the following: [2nd] [C']

PG,

(then for each station on the curve)?
Current Station
Central angle from previous

station
Chord length from previous
station
Deflection angle from P.C.
Enter Station | Stal [A] Stal
Enter Station I? Stal t [A] Sta J
Compute Central angle (I to J) [B] Cli_;
Compute Chord length (I to J) 1 [C 1 Ci=y
Compute Deflection Angle (PC to ) i [D] Defpc—J
Optional:*
Display P.C. [2nd] [D'] P.C.
Display P.T. [E] P.T.

1. SY-10 or other intervening calculations may be executed, but Rg2-Rgs must remain intact.

2. This step calculates these values for each full curve station and P.T. If any other station is desired,
go to Step 5. Note that any result may be printed by manual command (i.e. — [prt].

3. I the current Station J is to become the new Station I, only Step 6 needs be done.
4. Steps 10 and 11 may be done any time after Step 4.
5. Program leaves calculator in fix 6 display format.
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Example: The following data is available for a curve to be staked out on the ground: 1) a
central angle of 23°18’, 2) a degree of curve of 4°00’ by chord definition, and 3) the point of
intersection station is 5053.87.

Select HORIZONTAL CURVE DESIGN (1) Program.
ENTER PRESS DISPLAY COMMENT

[2nd] [Pgm] 10

[2nd] [E'] 0.000000 Initialize
23.18 [2nd] [A’] 23.180000% A
4t [D] 1432.6854171 D - Radius
[R/S] 295.3912491 Tangent distance
[R/S] 30.134973T External distance
[R/S] 4.00000071 Degree of curve
[R/S] 582.500000% Length of curve

Select HORISONTAL CURVE DESIGN (2) Program. (If [CLR] has not been pressed while
loading, L will be in the display. In this case, simply press [ E ] and continue. If [CLR] has
been pressed, one of the key elements above must be entered, such as the following:)

[2nd] [Pgm] 11

582,51 [E] 1432.685417T L — Radius
[R/S] 578.612027% €
[R/S] 29514175t Middle ordinate
[R/S] 417354.3783T Asoor
[R/S] 11408.500117 Aseq
[R/S] 5848.357138T Afil

1 These values are printed if the PC-100A is connected.
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Select HORIZONTAL CURVE LAYOUT Program. Assume printer is available.

ENTER

5053.87

t All values in print column are printed if the PC-100A is connected.

PRESS

[2nd] [Pgm] 12
[2nd] [A]
[2nd] [C' ]

DISPLAY

4758.478751

11.390000

37

COMMENT

2 e rall B
P,
Station 1
Clpc-
Crc1
Defpcq
Sta 2
Clio
Ci2
Defpc-2
Sta 3
Cla3
Ca3
Defpc.3
Sta 4
Clza
Cs4
Defpc.4
Stab
Clas
Cs5
Defpc.s
Sta 6
Clse
Cs.6
Defpc.g
el
Clg-pT
Ce.pT

Defpc -PT(‘;‘)

SY-10-SY-12

PRINTT

4758.478751
4800.000000
1.393906
41.528229
0.494953
4900.000000
4.000000
100.000000
2.494953
5000.000000
4000000
100.000000
4.494953
5100.000000
4.000000
100.000000
6.494953
5200.000000
4.000000
100.000000
8.494953
5300.000000
4.000000
100.000000
10.494953
5340.978751
1.382094
40.985676
11.380000



SY-10-SY-12

If printer is not available, do the following:

ENTER

5053.87

4800

4900

5000

5100

5200

5300

Register Contents (SY-10 and SY-11)

Rg[ 50

Rafz 100

R[|3 A
R[M— D

*SY-11 only.

PRESS

[2nd] [Pgm] 12

[2nd] [A"]

[A]
[A]
[B]
[C]
[D]
[A]
[B]

(@]

OOoOwm>rPmMUOCwm>PO00 P 00> 00m>P0O

Ros
Hﬂﬁ
ROT
Ros
Ros

Register Contents (SY-12)

RDS
RO&
Ro~
RDS
Roo

R
T
E
L
M*

rm-mx

DISPLAY

4758.478751
4758.478751
4800.000000
1.393906
41.528229
0.494953
4900.000000
4.000000
100.000000
2.494953
5000.000000
4.000000
100.000000
4.494953
5100.000000
4.000000
100.000000
6.494953
5200.000000
4.000000
100.000000
8.494953
5300.000000
4.000000
100.000000
10.494953
5340.978751
5340.978751
1.382094
40.985676
11.390000

R C”
Riy A/2
RlZ ASBCT.*
F!]3

Ria

RIO

Ry

Ria Bk
Ris. PG
R,s prev Sta

Hl&
Ris

Ris

COMMENT

Bil.—>PE.
54

Sta 1
Clpc
Cpca
Defpc.
Sta 2
CL12
Ci2
Defpc.o
Sta 3
CLas
Cos
Defpc.3
Sta 4
CL34
Csq
Defpcy
Stab
Clas
Cas
Defpc.s
Sta 6
Clse
Css
Defpcs
il

P.T.
ClerT.

Ce-pT
Defpcpr (%)

curr Sta
d

T
next Sta



SY-13

EDM SLOPE REDUCTION — (SLOPE ANGLE)

This program converts slope distance measured by an electronic distance measuring (EDM or DM)
unit to horizontal distance at sea level and at the elevation of the EDM unit. Given the slope angle
as an input parameter, the difference in elevation between the two stations is calculated, and may
then be used in SY-14 to calculate the horizontal distance at any specified elevation.

Included are corrections for:

EDM unit height Target height
EDM reflector height Earth curvature
Theodolite height Refraction of light

ThH

Hz DIST (IEL)

SEA LEVEL

-—— —

Hz DIST (SL)
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SY-13

The following formulas are used:

SDist sin (Z, — C,)

Hz Dist (IEL) =
cos C,
SDist sin (Z, —-C Rad Rad
e BREEE . e [ g } = Hz Dist (IEL) [—a—
cos C, Rad + DM Elev Rad + DM Elev
SDist cos Z,
AEley = —  + DMH — RH
cos C,
Disin{Z+ 2€. +€C
Zc=Z—Cz+Cr+arcsin|:sm( : ’ﬂ
SDist
o 180 SDist sin Z 90 SDist sin Z
‘ 27 Rad 7 Rad
K 180 SDist sin Z
C, = = 0.142 C,

7 Rad

where

Hz Dist (IEL) = horizontal distance at instrument elevation
Hz Dist (SL) = horizontal distance at sea level
AElev elevation difference between stations
DM Elev elevation of DM unit
SDist = slope distance (measured)

D =DMH + RH — ThH + TH
DMH = height of DM unit
RH = reflector height
ThH = theodolite height
TH = target height

Z = zenith angle (measured)

= corrected zenith angle

correction factor due to earth curvature (degrees)
Cr = correction factor due to refraction of light (degrees)

Rad = radius of earth*

= coefficient of refraction (0.071)

O N
N (%]
mnu

~
|

*Radius of the earth is taken to be 20,902,227.28 feet which is the mean radius of the Clarke
Spheroid of 1866, as given in American Practical Navigator, Vol. 2, N. Bowditch, Defense
Mapping Agency Hydrographic Service, 1975, p. 641. A different radius may be used if
desired. (see User Instructions).



NOTES:

%J Solid State Software

EDM SLOPE REDUCT'N (S4£) SY-13

PROCEDURE

Select Program

Select degree mode
Initialize

Enter slope distance®
Enter zenith angle®
Enter height of DM unit
Enter reflector height
Enter theodolite height
Enter target height
Enter DM unit elevation
Compute Hz Dist (IEL)
Compute Hz Dist (SL)
Compute A Elev

ENTER

S Dist
ZL
DMH
RH
ThH

TH

DM Elev

TI ©1977

PRESS

[2nd] [Pgm] 13
[2nd] [Degl
[2nd] [E']

[A]
[B]
[C]
[R/S]
[D]
[R/S]
EE:]
[2nd] [A"]
[2nd] [B']
[2nd] [C']

SY-13

DISPLAY

earth Radius' T
S Distt

zLT

DMHT

RHT

ThHT

THT

DM Eievt

Hz Dist (IEL)T
Hz Dist (SL)T

A ElevT

1. A different value may be used by entering it at this point (after pressing [2nd] [ E' ]). Key in the
desired value and press [STO] [0] [ 1], then continue.

2. All distances entered and displayed in feet unless Rad is altered to another unit.

3. Angle must be entered in decimal degrees. If angle is known in DD.MMSS, key in angle and press

[2nd] [D.MS] [ B ] to enter in decimal degrees.
4. Program leaves calculator in fix 6 display format.

t These values are automatically printed if the PC-100A is connected.
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Example: You have measured a slope distance of 5000 feet at a zenith angle of 80°. You
know that the DM unit elevation is 1000 ft., that the unit is 5 ft. above the surface, the

reflector height is 4 ft., and both the theodolite and target heights are 6 ft. Find the horizontal

distance at DM Elev and at sea level, and the difference in elevation between stations.

Select Program (SY-13).

ENTER

5000

PRESS

[2nd] [Pgm] 13

[2nd] [E']
[A]
[B]
el
[R/S]
[D]
[R/S]
[E]

DISPLAY

20902227.28*T

5000.000000
80.000000t
5.000000F
40000007
6.000000%
6.000000T
1000.000000 1
49240197881
4923.784225T
868.768713T

COMMENT

Initialize

S Dist

Z1

DMH

RH

ThH

TH

DM Elev

Hz Dist (IEL)
Hz Dist (SL)
A Elev

*Display shows earth radius constant in use. To use another constant, key in the desired value at this point
(after pressing [2nd] [ E' 1) and press [STO] [0] [ 11, then continue.

tThese values are printed if the PC-100A is connected.

Register Contents

Roo R,: DMH Rl G Ris D
R,, Radius Roe RH B 2 Rie
Ry S Dist Ry, ThH Ris R,, Hz Dist (IEL)
Ros DM Elev Res TH Ris Ris
Ros ZL Ros C; R4 Rio
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EDM SLOPE REDUCTION — (A ELEVATION)

This program converts slope distance measured by an electronic distance measuring (EDM or
DM) unit to horizontal distance at sea level, at the EDM unit elevation, and at any specified
elevation, given the difference in elevation (A Elev) of the two stations. Included are correc-
tions for EDM unit height and reflector height. The following formulas are used:

Hz Dist (1EL)

SEA LEVEL

-
- ™

Hz Dist (SL)

J |:SDi512 — (RElev + RH — DMElev — DMH)?
Hz Dist =

%
Rad + HE
[Rad+DMEIev+DMH]{Rad+REIev+RH):| e )

where
Hz Dist = horizontal distance at HE
HE = DMElev, or ELg, or O (sea level)
DM Elev = elevation of DM unit
EL;p, = any specified elevation
RElev = elevation of reflector
DMH = height of DM unit
RH = height of reflector
S Dist = slope distance (measured)
Rad = radius of earth®

*Radius of the earth is taken to be 20,902,227.28 ft. which is the mean radius of the Clarke
Spheriod of 1866, as given in American Practical Navigator, Vol. 2, N. Bowditch, Defense
Mapping Agency Hydrographic Service, 1975, p. 641. A different value may be used if desired.

(see User Instructions)



SY-14

STEP

C © o N o g ke WM

0

NOTES:

& Solid State Software TI ©1977

EDM SLOPE REDUCTN (AElev) sY-14
ShaDie (D

PROCEDURE ENTER PRESS
Select Program [2nd] [Pgm] 14
Select degree mode [2nd] [Deg]
Initialize [2nd] [E"]
Enter slope distance? S Dist [A]
Enter DM unit elevation DM Elev [B]
Enter reflector elevation R Elev e
Enter DM unit height DMH [D]
Enter reflector height RH fEr]
Compute Hz Dist (IEL) [2nd] [A']
Compute Hz Dist (SL) [2nd] [B']
Enter specified elevation and
compute Hz Dist o [2nd] [C']

DISPLAY

earth Radius' T
S Distt

DM ElevT

R ElevT
DMHT

RHT

Hz Dist (IEL)T
Hz Dist (ISL)T

Hz Distg, T

1. If another value is desired, key in that value and press [STO] [0] [ 1], then continue.

2. All distances entered and displayed in feet unless Rad is altered to another unit.

3. Program leaves calculator in fix 6 display format.
t These values are automatically printed if the PC-100A is connected.



SY-14

Example: Given a measured slope distance of 5000 ft., a DM unit elevation of 1000 ft., a
reflector elevation of 1868.769 ft., a DM height of 5 ft., and a reflector height of 4 ft.,
calculate the horizontal distance at an elevation of 2000 ft.

Select Program (SY-14).
ENTER PRESS DISPLAY COMMENT

[2nd] [Pgm] 14

[2nd] [E'] 20902227.28% 1 Initialize
5000 [A] 5000.000000F S Dist
1000 [B] 1000.0000007 DM Elev
1868.769 [Cc] 1868.769000 R Elev
5 [D] 5.000000% DMH
4 [E] 4.000000t RH
[2nd] [A'] 49240185651 Hz Dist (IEL)
[2nd] [B'] 4923.783002 71 Hz Dist (SL)
20007 [2nd] [C'] 49242541271 Hz Dist @ 2000 ft.

*Earth radius constant in use. To use another constant, key in at this point (after [2nd] [ E' 1), press [STO] [ 0]
[ 1], then continue.

tThese values are printed if the PC-100A is connected.

Register Contents

Roo Ros DMH Rio Ris

Ro; Radius Rs:  BH Ry, R

R,. SDist Rz R,, Hz Dist (SL) R,, Hz Dist (IEL)
Ros DMElev Ros Ris R,s RElev

Roa Roo Ria Ryo
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STADIA REDUCTIONS AND TRAVERSE

This program calculates horizontal distance to and elevation at the rod station using stadia
methods, given the instrument elevation and height, readings, and angle. The program may be
used to detail a fixed station, or to perform a traverse. In the case of a traverse, the program
keeps track of station numbers, and transfers the calculated elevation at the rod to the proper
registers for use as the base elevation of the next leg, and the elevation closure error is
determined and balanced at each station. The following equations are used:

Hz Dist

Horizontal Measurement — Hz Dist = KI; + C

Inclined Measurement — Hz Dist = Kl cos* V/ + Ccos VL

Kl Hz Dist
2 sin2VL + Csin VL Elev, = Ref EIev+CE( : 's)

¥ Hz Dist

AElev=M+ InstH — rr Elev = Ref Elev + A Elev

where

Hz Dist = horizontal distance between stations

_ instrument focal length
*K = stadia interval factor = : : - (assumed to be 100)
stadia hair spacing

|, = stadia interval (difference between upper and lower crosshair readings)

*C = stadia constant (distance from instrument axis to principal focus)
(assumed to be 1)
V/ = vertical angle to line of sight (= 90 — Z/)

Z/ = zenith angle to line of sight
M = difference in elevation between instrument axis and middle crosshair
reading
AElev = difference in elevation between stations
rr = rod reading at middle crosshair
Elev = elevation of rod station
Ref Elev = reference elevation, or elevation of instrument station
Elev, = corrected elevation (balanced)
CE = closure error
SHz Dist = sum of horizontal distance for entire traverse

I

*Both K and C may be changed if desired. (see User Instructions)
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{tﬂ Solid State Software TI ©1977

STADIA REDUCT'N/TRAVERSE

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select Program [2nd] [Pgm] 15
Select degree mode [2nd] [Degl
2 Initialize' [2nd] [E'] 0.000000
3 Enter reference elevation? Ref Elev [A] Ref ElevT
4 Enter instrument height Inst H [B] Inst HT
5 | Enter stadia interval Intv'l [c] Intv'1T
6a = Enter vertical angle? Vert L [D] Vert /1
6b | OR zenith angle® 90 = 90.
1z [=1[D] Vert LT
7 Enter rod reading® rod read’g [E] Rod Read’g?
8 Compute horizontal distance ' [2nd] [A"] Hz Distt
9 Compute change in elevation [2nd] [B'] A Elevt
10 Compute elevation of next station [R/S] ElevT

For another reduction from the
same point, go to Step 5.
For a traverse, continue.

11 Display current station # and . [2nd] [C'] Sta #1
occupy next station® g : i
12 Do Steps 4—11 for next station.

Otherwise, go to Step 13 to
distribute closure error.

13 Enter computed elevation of Elev [2nd] [D'] | Elevt
station?
14 Enter Hz Dist to station and Hz Dist [R/S] Elev.T

compute corrected elevation

(Repeat Steps 13 and 14 for each
leg in the same order as traversed.)

NOTES: 1. Program assumes K = 100 and C = 1. Different values may be entered immediately after Step 2 by:

Entering K, pressing [STO] [0] [ 1]
Entering C, pressing [STO] [0] [2].

2. Distance may be entered in any unit. Angles must be entered in DD.MMSS format.

3. An entry error in Steps 4—7 may be corrected by repeating that step and continuing. If [2nd] [ ck]

has been pressed:

Enter the previous elevation and press [STO] [ 1] [0]
Enter the previous station # and press [STO] [1] [ 1]
Enter the sum of the previously calculated horizontal distances and press [STO] [ 1] [ 4]
Then go to the erroneous step, correct, and continue

4. If an error is made in Steps 13 and 14, do the following:
Press [2nd] [ B'1, ignore display, then
Go to Step 13 and begin again.

5. Program leaves calculator in fix 6 display format.
1t These values are automatically printed if the PC-100A is connected.
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Example 1: The following inputs were measured from a fixed point with elevation 236 and an
instrument height of 5.1. Find the horizontal distance to, change in elevation, and elevation at
each rod station.

Interval Vertical Angle Rod Reading
Station # 1 4.22 —2°37" 1.2
2 3.98 —3°06’ 3.7
3 4.56 —4°45’ 4.6
Select Program (SY-15).
ENTER PRESS DISPLAY COMMENT

[2nd] [Pgm] 15

[2nd] [E'] 0.000000 Initialize
236 [A] 236.000000F Ref Elev
5.1 [B] 5.1000007 Inst H
(Station #1)
4.22 ') 4.220000% Intv'l
2.37 [+/-]1 [D] —2.370000% Vert L
P2 [E] 7.200000t rod read’g
[2nd] [A'] 422.1194041 Hz Dist
[2nd] [B'] —-21.3913741 A Elev
[R/S] 214.6086261 Elev
(Station #2)
3.98 [Cc] 3.980000% Iritv’l
3.06 [+/-]1 [D] —3.0600007 Vert L
37 HE] 3.7000007 rod read’g
[2nd] [A'] 397.8345791 Hz Dist
[2nd] [B'] —20.145951T A Elev
[R/S] 215.8540491F Elev
(Station #3)
456 e 45600007 Intv’l
4.45 [+/-]1 [D] —4.4500007 Vert L
4.6 [E] 4 600000t rod read’g
[2nd] [A"] 453.8696837 Hz Dist
[2nd] [B'] —37.2136621 A Elev
[R/S] 198.786338T Elev

t These values are printed if the PC-100A is connected.

Register Contents

Roo Ros rod reading R:o pres Sta Elev R;s Used
Ro: K Ros Inst H R,, Sta counter R, Used
Raz € Ro; Ref Elev Rix Ry; Used
Ros s Rys Hz Bist R,; Elev corr/ft R.s Adj Elev
Rosa VL Ros Ris = Hz Dist Ris
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Example 2: Having performed a closed traverse, the following information is available.
Reference elevation is 234.0 at Station #1. Complete the calculations, including closure, to
find the corrected elevation.

Instrument Ht. Interval Vertical Angle Rod Reading
at Station #1 5.1 2i1 123" 5.4
2 5.1 2.34 —2°56" 5.6
3 5.0 2.3 2397 4.6
Select Program (SY-15).
ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 15
[2nd] [E'] 0.000000 Initialize
234 [A] 234000000 Ref Elev
(at Station #1)
5.1 [B] 5.100000F Inst H
2.1 EC] 2.1000007 Intv’l
123 [D] 1.226000* T Vert L
54 [E] 5.400000 rod read’g
[2nd] [A'] 210.8773191 Hz Dist to #2
[2nd] [ B’ 4.7923537 A Elev to #2
[R/S] 238.7923531 Elev at #2
[2nd] [C'] 1.000000F — Sta #, occupy next Sta
(at Station #2)
2.34 [€] 2.340000T Intv’l
2.56 [+/-1 [D] —2.556000" 1 Vert L
5.6 [E] 5.6000007 rod read’g
[2nd] [A'] 234.3858971 Hz Dist to #3
[2nd] [B'] —12510191% A Elev
[R/S] 226.282161% Elev at #3
[2nd] [C'] 2.000000t - Sta #, occupy next Sta
(at Station #3)
5 [B] 5.000000 Inst H
%3 [Cc] 2.300000t Intv’l
2.32 [D] 2.316000" t Vert L
4.6 [E] 46000007 rod read’g
[2nd] [ A’ 230.5496731 Hz Dist to #1
[2nd] [B' 10.600404 T A Elev
[R/S] 236.882565T Elev at #1
[2nd] [C'] 3.000000T — Sta #, occupy next Sta
238.792 [2nd] [D'] 238.7920007 Elev (at Sta #2)
210.877% [R/S] 237.892540t Hz Dist — Elev,
226.282 [2nd] [D'] 226.2820001 Elev (at Sta #3)
234.3867 [R/S] 2243828061 Hz Dist - Elev,
236.883 [2nd] [D'] 236.8830007 Elev (at Sta #1)
230551 [R/S] 234.0004351 Hz Dist = Elev,

*Interpret 6 as 60"’ (for example, 1.226000 = T22°607 =122
tThese values are printed if the PC-100A is connected.

49



SY-16

INTERSECTION — (BEARING/BEARING)

This program calculates the coordinates of the point of intersection of two lines given the
bearing and quadrant of each line, and the coordinates of two points, one on each line. The
following formulas are used:

(E, — N, tan Az,) — (E;, — N, tan Az,)

tan Az, — tan Az,

m
|

=E, + (N; — N,) tan Az,

where

N; = North coordinate of intersection
E, = East coordinate of intersection

N, = North coordinate of point 1
E, = East coordinate of point 1
N, = North coordinate of point 2
E, = East coordinate of point 2
Az, = Azimuth of line 1
Az, = Azimuth of line 2

Limitations: Due to the nature of Euclidean space, do not attempt to find the intersection
of two parallel lines.
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STEP

NOTES:

INTERSECTION (BRG-BRG) SY-16

PROCEDURE

Select Program
Select degree mode
Initialize

Enter N,

Enter E;

Enter N,

Enter E,

Enter Bearing; (DD.MMSS)

Enter Quadrant;

Enter Bearing; (DD.MMSS)

Enter Quadrant,
Compute N;
Compute E;

ENTER

Solid State Software

TI ©1977

PRESS

[2nd] [Pgm] 16
[2nd] [Degl
[2nd] [E']
[A]

[A]

[B]

[B]

[icl]

el

[D]

[D]

RE]

[2nd] [A]

SY-16

DISPLAY

0.000000
N, T

E,T

N, T

E,T

Brg; T
Q,f
Brg;,,’r
Q,f

E;f

1. To correct an entry error in Steps 4, 6, 8, or 10, go back to the preceding step.

2. Program leaves calculator in fix 6 display format.

t These values are automatically printed if the PC-100A is connected.
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Example:

Given

N,
E,
Brg,
Q,

= 300
=200

35°45'40"
=

N,
E,
Brg,
Q,

= 350

= 550

= 22°35'10"
=4

Find the coordinates of the intersection.

Select Program (SY-16).

ENTER

300
200
350
550
35.454

22.351

t These values are printed if the PC-100A is connected.

Register Contents

Roo
RO!
R02
Ros
Roa

N;
E,
N,
E,

PRESS

[2nd] [Pgm] 16
[2nd] [E']

[A]
[A]
[B]
(B8]
[c]
[cl
[D]
[D]
[E]

[2nd] [A']

Ros
RO()
RO‘F
Ros
Rf19

Brg,

Brg,
Q,

52

DISPLAY

0.000000
300.0000001
200.000000%
350.000000T
550.000000

35.4540007
1.000000f
22.351000%
4000000t
626.359421T
435.0412677

Rla NI

Rir Er

R,, tan Az,
R,; tan Az,
Ria

RIS
R16
RI'?
R!B
ng

COMMENT

Initialize



SY-17

INTERSECTION — (DISTANCE/DISTANCE)

This program calculates the coordinates of the point of intersection of two lines given the
length of each line segment from a known point on that line to the point of intersection. Two
solutions are possible. One is found by designating one line and its corresponding point and
distance as line,, point,, and distance,, and the other as line,, etc. . . . The other solution is
found by reversing the designations and resolving the problem. The following formulas

are used:

N; = N, + Dist, cos (Az,, — ¢)

E; = E, + Dist, sin (Az,, — ¢)

= . (E, —E,
. = atetan |
12 N, —N,

¢ = arccos

Dist,7 + Dist;?> — Dist,’
2 Dist, Dist,,

where

Ni, Er = North and East coordinates of point of intersection
N,, E; = coordinates of point 1
N,, E, = coordinates of point 2

Dist, = distance from point 1 to intersection

Dist, = distance from point 2 to intersection

Dist,, = distance from point 1 to point 2

Az,, = azimuth of line from point 1 to point 2

¢ = angle between line 1 and the line including point 1 and point 2

Limitations: No solution exists for Dist, + Dist; < Dist,.
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& solid State Software  TI ©1977

INTERSECTION (DIST-DIST) SY-17

PROCEDURE

ow [ em [ [ s |

STEP ENTER PRESS DISPLAY
1 Select Program [2nd] [Pgm] 17
Select degree mode [2nd] [Degl
Initialize [2nd] [E'] 0.000000
3 Enter N, N, [A] N, T
A' § Enter E, E, [A] E,f
5 Enter N, N, [B] N, T
6! | Enter E, E» [B] E,T
7 Enter Dist; Dist; [C] Dist, T
8 | Enter Dist, Dist, [D] Dist, T
9%  Compute ¢ [E] ot
10 Compute Az, [2nd] [A'] Azial
112 | Compute N; [2nd] [B'] Nyt
12> | Compute E; [2nd] [C'] EyT
NOTES: 1. To correct an entry in Steps 4 or 6, go back to the preceding step.

2. The computed solution is always clockwise from point 1 to 2
3. Program leaves calculator in fix 6 display format.
t These values are automatically printed if the PC-100A is connected.
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Example: Given N, = 85.213 N, = 16.824
E, =21.089 E, =137.182
Dist, = 169.274 Dist, = 122.144
Select Program (SY-17).
ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 17
[2nd] [E'] 0.000000 Initialize
85.213 [A] 85.213000% N,
21.089 [A] 21.089000° E;
16.824 [B] 16.8240007 N,
137.182 [B] 137.182000% Es
169.274 Wl 169.2740007 Dist,
122.144 [D] 122.144000% Dist,
[E] 45.3847287 )
[2nd] [A'] 120.3006591 AZrs
[2nd] [B'] 129.4369501 Np
[2nd] [C'] 184 4840101 E;
Note that the second solution is: ¢ = 82.165719
Az,, = 300.300659
Ny, = —79.138283
E;, = 61.614831
T These values are printed if the PC-100A is connected.
Register Contents
ROO R05 DiSTl R]a {Ez = El )2 I:‘15
Rl}l Nl RD6 Distg Rll Di5t12 R15
Ro2 E; Ros N; —N, Ri2 ¢ Ri,
Ros N, Ros E, — E, Riz Az, Ris
R04 Ez RDD (N2 _Nl )2 Rl4 RI'J

R0 Used
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INTERSECTION — (BEARING/DISTANCE)

Given two intersecting lines and knowing a point on each, plus the bearing and quadrant of
one line and the distance from the point on the other line to the point of intersection, this
program calculates: 1) the distance between the two known points, 2) the azimuth from the first
to the second known point, and 3) the coordinates of the point of intersection. Two solutions are
possible for the point of intersection. The second is found by entering the quadrant 180°
opposed to the first (see User Instructions). This effectively changes the azimuth of line 1 by
180°. The following formulas are used:

(N, Ej) far solution

(N7, Ef)

near solution
Distpy

Disty

Dist;; =V (N, =Ny )2 + (B, —E,)?

o= A — Az Az . tan iz el 2
Z darcia
1 12 12 Nz Ni
DiS’tP = Distlz sin 0] Distﬂ = \/_Distf = DiStp2

N; = N, + (Dist;, cos¢ + Distpy) cos Az,
E; = E, + (Dist,, cos¢ + Distp) sin Az,

where

N,, E, = coordinates of point 1 (known)
N,, E, = coordinates of point 2 (known)
N;, E; = coordinates of point of intersection
¢ = angle between line 1 and line from point 1 to point 2 (line 12)
Az, = azimuth of line 1 (known bearing)
Az,, = azimuth of line 12
Dist, = length of line 2 (known)
Dist,, = length of line 12
Distp = length of the perpendicular from point 2 to line 1
Distp; = distance from point of intersection of line 1 and line 2 to point of inter-
section of line 1 and perpendicular from point 2.

Limitations: No solution exists for Dist, < Distp.
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STEP

Q O 0 ~N O ;b WM

fE

1

12
13

NOTES:

PROCEDURE

Select Program
Select degree mode
Initialize

Enter N,

Enter E, !

Enter N,

Enter E,’

Solid State Software
INTERSECTION (BRG-DIST)

ENTER

Enter bearing of line 1 (DD.MMSS)  Brg,

Enter quadrant of Brg,

Enter Dist,

Dist,

Compute distance from point 1

to point 2

Compute azimuth from point 1

to point 2
Compute Ny
Compute E;

1. To correct an entry error in Steps 4 and 6, go back to the previous step.

TI ©1977

PRESS
[2nd] [Pgm] 18
[2nd] [Deg]
[2nd] [E']
[A]
[A]
[B]
[B]
[C]
[D]
[E]
[2nd] [A']
[2nd] [B']
[2nd] [C']
[2nd] [D']

SY-18

DISPLAY

0.000000

N, T
E, T
N, T
E,T
Brg; T
0,1
Dist, T

Di$t12T

Az, T
Nt
EI-r

2. For the solution nearest point 1, enter the bearing /into point 1 (from intersection). For the solution
farthest from point 1, enter the bearing out of point 1. Only the quadrant will differ, so for the
second solution, do Steps 8, 10—13.

3. Program leaves calculator in fix 6 display format.

These values are automatically printed if the PC-100A is connected.
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Given N,
E,

Brg,

Q,

Example:

Select Program SY-18.

ENTER

250
150
300
550

50

350

t These values are printed if the PC-100A is connected.

Register Contents

ROO

Rl’.)l Nl
Ro2 E,
RDJ NZ
Ros E

= 250 N, = 300
=150 E, = 550
= 50° Dist, = 350
=1or3

PRESS DISPLAY
[2nd] [Pgm] 18
[2nd] [E'] 0.000000
[A] 250.0000001
[A] 150.0000007
[B] 300.000000%
[B] 550.000000%
[c] 50.000000%
[D] 1.0000007
[E] 350.000000%
[2nd] [A'] 403.1128871
[2nd] [B'] 82.5229941
[2nd] [C"] 643.2095797
[2nd] [D'] 618.6089281
[D] 3.0000007
[2nd] [A'] 403.112887%
[2nd] [B'] 82.522994 1
[2nd] [C'] 2920311141
[2nd] [D'] 200.0907317

ROS
ROS
Ro-

ROQ

Brg;

Dist,
Az,
N, —N,

58

F‘10
Ris
Ri2

E, —E;
Dist;,
Az

R,s Used

RIS
R16
RI‘J'
Ris
RIQ

COMMENT

Initialize

Brg;

Q; (far solution)
Dist,

Disty 2

Az,

Ny (far)

Ep (far)

Q; (near solution)
Dist,

Az,

Nj (near)

Ej (near)

R, Used



SY-19

INTERSECTION OF A PERPENDICULAR FROM A POINT TO A LINE

Given a base line defined by a point (base point), a bearing and quadrant, and an offset
point, this program will calculate the point of intersection of the perpendicular from the offset
point to the line, the distance along the perpendicular, and the distance from the base point to
the intersection. The following formulas are used:

Distor

Eo — Eg + Ngcot Az + Ng tan Az

N[ o=
cot Az + tan Az
EI = EB - (NI == NB] tan Az
Distog =\/(No— N;)? + (Eg — Ep)? Distp; =\/(NB —N;P +(Eg —E;)?

where

Ng, Eg = coordinates of base point
No, Eo = coordinates of offset point
Ni, E; = coordinates of intersection
Az = azimuth of base line
Distg; = distance from offset point to intersection
Distg; = distance from base point to intersection

Limitations: Program will not accept bearings of 0° or 90°. Bearings of 0.000001 or
89.999999 vield very close approximations.
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Solid State Software

i | i

PROCEDURE

Select Program
Select degree mode
Initialize

Enter Ny

Enter Ep'

Enter Ng

Enter E()l

Enter Bearing (DD.MMSS)
Enter Quadrant’
Compute N
Compute E;
Compute Distg;
Compute Distg

1. To correct an entry error in Steps 4, 6 or 8, go back to the previous step.

ENTER

2. Program leaves calculator in fix 6 display format.
t These values are automatically printed if the PC-100A is connected.
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TI ©1977

PRESS
[2nd] [Pgm] 19
[2nd] [Degl
[2nd] [E']
[A]

[A]
[B]
[B]
[C]
[C]
[D]
[E]
[2nd] [A']
[2nd] [B']

DISPLAY

0.000000
Ng T
Ept
Not
Eof
Brgt

af

N[T
E; T
Distgrt
Distg T



Example:

Select Program SY-19.

ENTER

100

270

300
1370
54.0948
1

T These values are printed if the PC-100A is connected.

Register Contents

RUU
R(l!

Given

Ng = 100
Eg = 270
Brg = 54°09°48"
Q=1
PRESS

[2nd] [Pgm] 19

[2nd] [E']
[A]
[A]
[B]
[B]
[c]
[Cc]
[D]
[E]
[2nd] [A']
[2nd] [B']

Ros Brg

Ry; tan Az
Ros cot Az
ROQ (RD'? + Rﬁﬁl

61

= 300
1370

DISPLAY

0.000000
100.0000007
270.0000001
300.000000
1370.000000t
54.094800%
1,0000007
690.6601497
1087.8667917
481.8863971
1008.853557 T

RIS

Ris
Ris
Rio

SY-19

COMMENT

Initialize
Ngp

Ep

No
Eo
Brg

Q

Ny

Er
Distg1
DTStBI



SY-20

This program solves the three-po
point (P) is determined with respect to three known contro

THREE-POINT RESECTION

int resection problem in which the location of an unknown
| points (A, B, and C) by measuring

the angles at point P from A to B (angle APB) and from A to C (angle APC), and then using
these angles and the coordinates of the control points to compute the desired information.

Three cases are handled by the program, as illustrated in Figure 1. These are distinguished by

the fact that in Case 1, the points A and P are on opposite sides of a line connecting points B
and C: in Case 2, point P lies between point A and a line connecting points B and C; in Case 3
point A lies between point P and a line connecting points B and C.

L STER
- -
2z

- 0O O 0 N O O P~ W

k.
M

13

14

16

NOTES:

-+ W=

Solid State Software

TI ©1977

THREE POINT RESECTION SY-20

PROCEDURE

Select program 20

- Enter appropriate case number

(see Figure 1)

' Enter north coordinate of point A

Enter east coordinate of point A

Enter north coordinate of point B

- Enter east coordinate of point B

Display distance BA

" Enter north coordinate of point C

Enter east coordinate of point C
Display distance CA
Enter angle P1 (DDD.MMSS)

Enter angle P2 (DDD.MMSS)

Clockwise P2 is positive. Counter-
clockwise P2 is negative.

Calculate Py, Pg

Calculate azimuth AP

and distance AP

" Calculate azimuth BP

and distance BP

' Calculate azimuth CP

and distance CP
. 0<P1<180,0<P2<180

. Does not run in ENG.

hecn D

ENTER

. CASE NO.

(1-3)

" ANORTH
§ AEAST
- BNORTH

B EASTT

C NORTHT
C EASTT

P1
(DDD.MMSS) T

P2
(DDD.MMSS) T

_ Azimuths are printed in the format DDD.MMSS.
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Case No.

PRESS

[2nd] [Pgm] 20

[2nd] [E']

[A]

[R/S]

[B]

[R/S]
[x=t]
[C]
[R/S]
[x=t]
[D]

[E]

[2nd] [D']
[x=1]

[2nd] [A']

[x=1]
[2nd] [B']

[x=1]

[2nd] [C']
[x=1]

. Program leaves calculator in fix 3 or fix 6 display format.

These values are automatically printed if the PC-100A is connected.

DISPLAY

0.000

Ant

Agt

Byt
Azimuth BAT
Dist BAT
cnt
Azimuth CAT
Dist CAt

P1 (decimal)t

[P2] (decimal) T

Pyt

pef

Azimuth APT
Dist APT

Azimuth BPT
Dist BPT

Azimuth cPT
Dist CP1



SY-20

110N
ATo1E
108N
Coer
%
i , .
X | /{/
N | ;
\ ’ P1 = 26017'41"
N\ P2 // B 4 e i
\</—J . s
’ P = JooE
Ny o
7
N j/
¥
P
CASE 1

1087
104E

P1= 116°33'50u
P2 = 135°00'00" (CW)

p= 10BN
100E
109N
€ 706E
|
| /
]l / P1= 1?044‘45;.
'l f i P2 = 22°17°05” (CCW)
| P2 / / e
4 100E
| fp1'./
|
Vi
1'. Iy
/
P
CASE 3
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SY-20

Example 1: Determine the coordinates of point P in Case 1 of Figure 1. Notice that additional

information is calculated by the program.

ENTER

1t
110
101
106

95t

108
10571

26.17411
45.3058%

t These values are printed if the PC-100A is connected.

PRESS

[2nd] [Pgm] 20

[2nd] [E"]
[A]
[R/S]
[B]
[R/S]
[x=t]
C]
[R/S]
[x=t]
[D]
[+/-] [E]
[2nd] [D']
[x=t]
[2nd] [A']
[x=1]
[2nd] [B']
[x=t]
[2nd] [C"]
[x=t]

DISPLAY

0.000
110.000%
101.000%
106.000T

56.183576T
7.211103t
108.000%
296.3354181
4.4721361
26.29472271
455161111
100.0007
100.000T
185.4239661
10.0498941
140.1141661
7.8102097
212.0020661
9.434030"

COMMENT

Select Case No.

Dist BA
Cn

Az CA
Dist CA
P1dec
lp2|dec
PN

Pe

Az AP
Dist AP
Az BP
Dist BP
Az CP
Dist CP

Example 2: Determine the coordinates of point P in Case 2 of Figure 1. Notice that additional

information is calculated by the program.

ENTER

21
100
100
109

g7t

108
104t

116.33507
135.00007

t These values are printed if the PC-100A is connected.

PRESS

[2nd] [Pgm] 20

[2nd] [E']
[A]

[R/S]

[B]

[R/S]

[x=t]

[C]

[R/S]

[x=t]

[D]

[E]

[2nd] [D']
[x=t]

[2nd] [A']
[x=1]

[2nd] [B']
[x=t]

[2nd] [C"]
[x=1]
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DISPLAY

0.000
100.000%
100.0007
109.000%

161.33541871

9.4868331
108.0007
206.3354 18T
8.9442721

116.5638891

135.0000001
106.0001
100.0007

359.595895

6.000061F
134.595895T
42425761
243.2608951
4.4721361

COMMENT

Select Case No.
An

Ag

Bn

Az BA
Dist BA
Cn

Az CA
Dist CA
Pldec
Pzdec
PN

PE

Az AP
Dist AP
Az BP
Dist BP
Az CP
Dist CP



SY-20

Example 3: Determine the coordinates of point P in Case 3 of Figure 1. Notice that additional
information is calculated by the program.

ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 20
3t [2nd] [E'] 0.000 Initialize
107 [A] 107.000% Ay
102 [R/S] 102.0007 Ag
109 [B] 109.000t By
g9t [R/S] 123.4124241 Az BA
[x=1t] 3.6055517 Dist BA
109 [e] 109.0007 (o
106t [R/S] 243.2605821 Az CA
[x=1] 44721361 Dist CA
17.4445% [D] 17.7458331 Plss
22.17051 [+/-] [E] 22.2847221 IP2| gec
[2nd] [D'] 100.0007 Pn
[x=1t] 100.000t1 Pe
[2nd] [A'] 1955631611 Az AP
[x=1] 7.280120t1 Dist AP
[2nd] [B'] 173.3926611 Az BP
[x=1] 9.0555531 Dist BP
[2nd] [C'] 213.4116611 Az CP
[x=1] 10.816537% Dist CP

T These values are printed if the PC-100A is connected.

Register Contents

Raoo Ros Used R,» Az CA (dec) R,s LPAB (dec)
Ro; Case No. Ros Used R,; Dist CA R,o Az AP (dec)
Ro: An (temp)/Py Ros Used R.s LA (dec) R.o BN
Rog AE {temp}a"PE Rgg Used RIS e (dec} R-“ BE
Ros Used R0 Az BA (dec) R;s £ P2 (dec) R.: CnN
Rys Used R,; Dist BA R,, Dist AP R;s CE
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SY-21
BORROW PIT VOLUME

This program computes the amount of fill that can be taken from a borrow pit where the pit
is described by a grid of triangles and rectangles, with the grid dimensions and the depth at
grid intersections providing the information to compute the volume available in each grid
section and the accumulated volume from a succession of sections. The following formula is
used for each prism:

h]+h2 r-.+hn

V=A

where

V = volume of a truncated prism

A = horizontal area of the prism

h; = depth (elevation) of corner i of the prism
n = number of corners of the prism

Alternate Methods: The program assumes the grid layout to be on a fairly level surface.

o/

But in the case where neither the pit floor nor the original surface are level, the grid may be
‘placed’ as shown in the following vertical cross-section to better approximate the volume.

Grid

/(E'H @ h3
— Gk o}

Treat the volumes above and below the grid as separate prisms, each with its own corner eleva-
tions. For instance, prism 3 with elevations h; and h;, and prism 4 with elevations h, and h,
would be entered separately.

Reference: Surveying (Fifth Edition), Bouchard, H. and Moffitt, F.H., International
Textbook Co., Scranton, Pa., 1965, pp. 5635-6.
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Solid State Software TI ©1977

BORROW PIT VOLUME SY-21

A c [ sase W | 708 | e | omwn |

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select Program [2nd] [Pgm] 21
2 |Initialize [2nd] [E"] 0.
For each prism
3 Enter altitude or length' ALT:L [A] ALT:LT
4 Enter base or width! Base: W [B] Base: W
5 Identify section as triangle [ 3.t
: OR rectangle [iBi] 4.t
6 Enter corner depth Corner depthT ' [E ] # of corner entries
(repeat for each corner)? left
Optional — Display for current
section
7  Altitude or length [2nd] [A'] Alt:LT
Base or width [2nd] [B'] Base: W
9 Cumulative volume so far [2nd] [C'] T VoIt
10 Section volume [2nd] [D'] Sect Vol

11 Go to Step 3 for next prism

NOTES: 1. Do Steps 3 and 4 as needed. (See Example)

2. To recover from a mistake before the last corner depth is entered, go to Step 3; otherwise,
begin again.
t These values are automatically printed if the PC-100A is connected.

Register Contents

Roo Counter Ros Sect Vol Bia Ri:
Bsy Al Rse. = Vol R;; Bae
Ry, Base:W Ro; Depth Rio R
Ros Z Depth Ros Ria Ris
Roa Ros Ria Ris
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Example: A borrow pit has been divided into triangles and rectangles as shown below.
Dimensions are shown along the sides of each plane figure with the numbers at each inter-
section representing the depth of cut (or fill) at that point. Find the volume of the pit.

252

ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 21
[2nd] [E'] 0. Initialize
(Prism 1)
60 [ A] 60.t I
40 [ B] 40.% W
[ D] 4.t Rectangle
2.9%; [ E ] 3. hy
25t [ E ] 2 h,
26T [E] 1. hs
2.3t [ E] 0. hg
[2nd] [D'] 5760.T Prism Vol

Note that the entered dimensions of the next 4 prisms are the same as the first. These values
need not be reentered.

(Prism 2)

[2nd] [A'] 60.1 Display L
[2nd] [B'] 40.1 Display W
=8 4.t Rect.

251 EE] 3 hy

2.71 [ ET] 2 h;

2.9t [ E] 1 hj

26T [ E] 0. ha
[2nd] [D'] 6420.1 Prism Vol.
[2nd] [C"] 12180.F T Vol

t These values are printed if the PC-100A is connected.
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ENTER

(Prism 3)

2.7t
3.3t
3.2t
29t

(Prism 4)

3.3f

2.8t

3,27
(Prism 5)

3.2f
3.8t
3.5t
(Prism 6)
80
60

26T
391
35T

3

(Prism 7)
40
40

2.3t
267
3.2t

3t

PRESS DISPLAY
[D] 4.1
[ EX 3.
[ E] 2
[ E] )
LeE] 0.
[2nd] [C'] 19440.1
[iC) 34
[ E ] 2
[ E] 1.
e 0.
[c) 3.t
ikt 2.
EE ] i
[E] 0.
[A] 80.t
[B] 60.1
[.D] 41
[E ] 3
[ E ] 2.
[E] 1
FYE ] 0.
[2nd] [D'] 14760.1
[2nd] [ C'] 42520.1
[A] 40.1
[B] 40.1
[D] 4.t
ISE Y 3
ISES] g
[ E] E
=B 0.
[2nd] [C'] 46960.1

T These values are printed if the PC-100A is connected.
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COMMENT

hs
Z Vol

Triangle
hy
hy
h3

Triangle
hy
h;

hy
Prism Vol
2 Vol

SY-21



SY-22

EARTHWORK VOLUME
(BY AVERAGE END AREA)

This program computes the volume of materials to be excavated or embanked on an engineer-
ing project. At each cross section station, the elevation and distance from the centerline of
each point (corner) of the cross-sectional figure is entered, along with the interval from the
last station: and the end area, incremental volume, and cumulative volume are computed.
Although not exact, this method is the most often used since errors tend to be on the high
side. The following formulas are used:

Area of a Cross Section = %[X, (Y2 —Yn) + X2 (ys —vy1) +X3(ys —ya2) +...+Xalys — Y1)l

where

x; = horizontal distance of a point i in the cross section from
the center line of the cross section

y; = elevation at a point i in the cross section

Volume between Cross Sections = %(A, + A+, ) L

where
A, = cross sectional area at Station n
A, +,; = cross sectional area at Station n+1

L = length of interval between the two stations

Reference: Surveying (5th edition), H. Bouchard and F. Moffitt, International
Textbook Co., Scranton, PA., 1965, p. 520 ff.
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STEP

0 0 N

NOTES:

% Solid State Software TI ©1977

EARTHWORK VOLUME

T T

PROCEDURE ENTER

Select Program
Initialize
For each point’

Enter elevation Elev
Enter distance from centerline Dist

For each station

Enter interval from previous station Intv’l
(zero for 1st station)

Calculate?
Optional — Display results

~ Display station area

Display station volume
Display cumulative volume
Display next station number

SY-22

PRESS

[2nd] [Pgm] 22
[2nd] [E']

[A]
[B]
[e]
[D]

[2nd] [A']
[2nd] [B']
[2nd] [C']
[2nd] [D']

i

SY-22

DISPLAY

ElevTt
Distt

Intv'IT

Next Station #1

Sta Areal
Sta Vol

2 Vol
Next Sta #1

1. Step 3a and b must be performed together. Points are entered consecutively in either a clockwise

or counterclockwise direction.

2. To correct an error made before [ D ] is pressed (or after [ D ] if the values below are known),

do the following:

Press [2nd] [ A'] and [2nd] [C'] to find the needed values

Press [2nd] [ E'], then

Store the present Station number in R

Store the previous Station Area in Rg

Store the previous £ Volume in Ry,
Then go to Step 3 and continue.

10
i

T These values are automatically printed if the PC-100A is connected.

Register Contents

R{]O
R01
R02
ROE
R[M-

Ros Used
Used Ros Used
Used Ros Sta Area
Used Ros Used
Used Roo Interval
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R]O
Rii
Rl?.

l:{1-’1

Sta #
Sta Vol
z Vol

Ris
Ris

Ris
Ris



SY-22

Example: Given the embankment described by the following cross sections, compute the area
of each cross section, the incremental volume and the accumulated volume.

¥ - ELEVATION
X DISTANCE FROM C.L.
CENTER
LINE
2
4
STATION #3
o
4
—2 —2
INTERVAL
70 FT
2 2
=
STATION #2 - 2
o -2
s 6
INTERVAL
11.0 FT
2)2
-1 1
STATION #1 ,____.
i 0
= 3
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SY-22

Select EARTHWORK VOLUME Program (SY-22).

ENTER PRESS DISPLAY COMMENT
[2nd] [Pgm] 22
[2nd] [E'] 1. Initialize
(Station #1)
2 (A a2 Elevation
1 [+/-1[B] Lanh Distance
2 [A] a5 Elev
1 [ B] 1.1 Dist
0 [ A% ot Elev
3 [ B] 3t Dist
0 L] ot Elev
3 [+/-1[ B ] g Dist
0 e of Interval
[D] 21 calculate
[2nd] [A’] gt Sta Area
[2nd] [D'] o1 Next Sta #
(Station #2)
2 [ A ] gt Elev
2 [+/-1[B] wot Dist
2 [FAN] il Elev
2 [B] 2t Dist
2 [+/-1 [ A ] =21 Elev
6 [B] 6. Dist
g [+-11A1] 21 Elev
6 [+/-1 181 6t Dist
11 [c] 1.t Intv'l
[D] 3t calculate
[2nd] [A'] 327 Sta Area
[2nd] [ B'] 2201 Sta Vol
(Station #3)
2 [ A] 2f Elev
4 [+/-1 [ B 1] —41 Dist
2 [A] 27 Elev
4 [B] 4t Dist
0 [ A] of Elev
4 [ B] 4t Dist
2 [+/-1 1A ] _of Elev
6 [ B ] 6t Dist
2 [+-11A1 ~2F Elev
6 [+/-1 [ B ] gl Dist
0 EA ] of Elev
4 [+/-118B] =&l Dist
7 [C ] 71 Intv’l
[D ] al calculate
[2nd] [A'] 36 Sta Area
[2nd] [B'] 238T Sta Vol
[2nd] [C'] 4587 Z Vol

t These values are printed if the PC-100A is connected.
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SY-23-5Y-24
TRIANGLE SOLUTION (1 & 2)

Knowing certain combinations of attributes (sides or angles) of a triangle, the unknown
attributes and the area can be calculated. These programs perform the following:

SY-23: Knowing SSS (sides a, b, ¢), compute angles A, B, C.
Knowing SS/ (sides a, b, LA), compute side c, LB, LC.
Knowing S.S (sides a, b, £C), compute c, LA, LB.

SY-24: Knowing /LS. (side a, £B, LC), compute b, c, LA.

Knowing S/. (side a, LA, £C), compute b, c, LB.
Knowing 3 sides, compute the area of the triangle.

A + B + C = 180° (or equivalent)

c=vVa® +b? —2abcos C

A bhlEe

Area =v/s(s —a)(s —b)(s —c), wheres= 5

Remarks: 1) All angles must be entered in the same units, either degrees, grads, or radians,
and the angular mode must be set accordingly.

2) The sum of entered angles must be less than 180°, = radians, or 200 grads.

3) The resulting solution to any particular problem may not be that problem’s
unique solution. The display will flash if no solution exists.

—

‘f) Z‘/y e ”"‘/("’“"‘/w" oD
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SY-23

Solid State Software TI ©1977

TRIANGLE SOLUTION (1) SY-23

e
USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY
1a | Select Program [2nd] [Pgm] 23
1b | Select angular mode
Knowing SSS
2 Enter a a [A] at
3 Enter b b [B] bt
4 Enter ¢ ¢ pel ct
5 | Calculate LA [2nd] [A'] oLAT
6 | Calculate LB [D] /Bt
7 Calculate LC [E] LCT
Knowing SS.
8 Enter a a [A] af
9 | Enterb b [B] bT
10 | Enter LA LA [c] LAT
11 Calculate ¢ [2nd] [B'] ct
12 | Calculate /B [D] (Bt
13 Calculate LC Ve ] Lct
Knowing S/S
14 Enter a a [A] af
15 | Enterb b [B] bt
16 | Enter LC iE [C] Lct
17 Calculate ¢ [2nd] [C] ct
18 | Calculate /B [D] (Bt
19 Calculate LA [E] LAT
To Calculate Area 3
20 Select Program [2nd] [Pgm] 24
21 Calculate Area [2nd] [C"] Areal
NOTES: 1. Does not run in ENG.

2. Cannot recalculate values without first reentering data.

t These values are automatically printed if the PC-100A is connected.
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SY-24

Solid State Software TI ©1977

[LSL]I>LA|[SLLI»LB
S R e e S

IS

USER INSTRUCTIOI

STEP PROCEDURE ENTER PRESS DISPLAY
1a | Select Program [2nd] [Pgm] 24
1b! Select angular mode
Knowing /S/
2 Enter a a [A] af
3 | Enter/B LB [B] (Bt
4 Enter LC s iG] Lct
5 Calculate LA [2nd] [A'] LAT
6 Calculate b [D] bt
7 Calculate ¢ FE] cf
Knowing S./L
8 Enter a a [A] af
9 Enter LA LA [B] LAT
10 | Enter/C LC [C] Lct
11 | Calculate LB [2nd] [B'] (BT
12 | Calculate b [D] bt
13 Calculate ¢ [EY ct
14! | Calculate Area [2nd] [C'] Areat
NOTES: 1. a, b, c are stored in Rgo-g2 by solving a triangle. They may be stored from the keyboard, if desired.

2. Cannot recalculate values without first reentering data.
t These values are automatically printed if the PC-100A is connected.
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Example 1: Given a=4.1,b = 2.7, ¢ = 1.6, calculate the angles.

Select TRIANGLE SOLUTION (1) Program (SY-23).

ENTER PRESS
[2nd] [Pgm] 23
[2nd] [Deg]
4.1 [A]
2.7 [B]
1.6 [ie]
[2nd] [A']
[D]
LE |

Example 2: Given a=384,b=16.8, LA =42°, calculate ¢, /B, LC, and the area.

Select TRIANGLE SOLUTION (1) Program (SY-23).
ENTER PRESS

[2nd] [Pgm] 23

[2nd] [Deg]
38.4 [A]
16.8 [B]
42 [
[2nd] [B']
[D]

[E]
Select TRIANGLE SOLUTION (2) Program (SY-24).
[2nd] [C']

Example 3: Givena=2,b=+/3, /.C = 5235987756 radians, calculate c, /B, LA.

Load TRIANGLE SOLUTION (1) Program (SY-23).
ENTER PRESS

[2nd] [Pgm] 23
[2nd] [Rad]

2 [A]
3 [Vxl [B]
.5235987756 €]
[2nd] [C']
[D]

[E]

t These values are printed if the PC-100A is connected.
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DISPLAY

4.1t
2.7t
167
14366394251
22966711971
13.36934555T

DISPLAY

34.81

16.81

42t
49.20255436T
17.022345291
120.977654771

276.55265431

DISPLAY

2.1
1.732050808%
52359877567

1.1
1.0471975511
1.5707963271

SY-23

COMMENT

d

b

C

LA (degrees)
/B

LG

COMMENT

COMMENT



SY-24

Example 4: Given a= 15, LB =80 grad, LC = 40 grad, calculate b, c, LA.

Select TRIANGLE SOLUTION (2) Program (SY-24).

ENTER

15
80
40

Example 5: Given a=26.6, LA =50"12’, LC = 95°23'68", find the area.

PRESS

[2nd] [Pgm] 24
[2nd] [Grd]

[A]
[B]
(c]
[2nd] [A']
[D]
[E]

DISPLAY

15.1
8o0.t
40.t
80.1
15.1
9.2705098317

Select TRIANGLE SOLUTION (2) Program (SY-24).

ENTER

26.6
50.12

95.2358

t These values are printed if the PC-100A is connected.

PRESS

[2nd] [Pgm] 24
[2nd] [Degl

[A]

[2nd] [D.MS] [B]
[2nd] [D.MS] [C]
[2nd] [B']

[D]

[E]

[2nd] [C']

Register Contents (SY-23 and SY-24)

Roo
Ro1
Ro2
Ros
Roa

a
b
c
Used
Used

Rys Used
Rye Used
Rl’.‘r?
ROS
Ros
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DISPLAY

26.67

50.21
95.3994444471
34.40055556 1
19.56092333T
34.46901009T
259.005917271

HIO
Rll

Ris
Ria

Ris
R}G
H]?
Ris
Rl‘)

COMMENT

LB
LC
LA

COMMENT

LA
LC
LB

Area



SY-25
CURVE SOLUTION

For an arc of a circle, this program calculates the remaining parameters when certain pairs are
given. One of the following pairs of parameters must be supplied as input:

- -

O D
FlrE Ok

-

’

e e e,
Central angle, A (<180°)
Radius, R
Arc length, L = 2
9 - = T80 N

A
Chord length, C = 2 Rsin 2

LR \/

Sector area, A = —
2
CR A
Segment area, a= A — — |[cos —
2 2

Reference: Standard Math Tables, Chemical Rubber Publishing Co., 1960.
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SY-25

&% solid State Software  TI ©1977

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY

Select Program [2nd] [Pgm] 25

2 Select degree mode [2nd] [Degl p
Do any one of the following pairs:

3a | Enter R R [A] RT

4a | Enter A (DDD.MMSS) At [R/S] Lt

3b | Enter R R [B] RT

4b | Enter C ct [R/S] Lt

3c | Enter R R [c] Rt

4c | Enter L Lt [R/S] ct

3d | Enter C c (D] ct

4d | Enter A (DDD.MMSS) At [R/S] Lt

3e | Enter A (DDD.MMSS) A [E] A (DDD.dddddd) T

4e | Enter L LT [R/S] &h
Do Steps 5—7 as needed

Ba | Calculate A and [2nd] [A'] A (DDD.MMSSss) T

b | R [R/S] Rt

Ga | Calculate L and [2nd] [B'] LT

6b | C [R/S] ct

7a | Calculate A and [2nd] [C'] At

7b § a [R/S] af

NOTES: 1. A must be less than 180°.
2. Program leaves calculator in fix 6 display format.
t These values are automatically printed if the PC-100A is connected.
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Example 1: Given R =2, A =30°20°17", calculate all other elements.
ENTER PRESS DISPLAY

[2nd] [Pgm] 25

2 [A] 2.000000T
30.2017% [R/S] 1.05899871
[2nd] [B'] 1.0589981

[R/S] 1.046670"

[2nd] [C'] 1.0589981

[R/S] 0.0487961

Example 2: C=2,A =5.2°.
ENTER PRESS DISPLAY

[2nd] [Pgm] 25

2 [D] 2.0000007
5t [R/S] 2.0006351
[2nd] [A"] 5.000000"
[R/S] 229255861
[2nd] [C'] 22.9328627
[R/S] 0.0290961

t These values are printed if the PC-100A is connected.

Register Contents

Roo A Ros Rio
Roe: R Ros Riy
Ro2 L Ro7 Ria
Ros C Ros Ris
Ros A Roo Ria
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COMMENT

2 OO Do

COMMENT

2 om0
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ADDENDUM

The following corrections should be made in the Surveying Library manual.

Page 26
The User Instructions for Program SY-08 should be changed as follows:
1) The display column for Steps 7, 8, and 15 should read 0.000000t.
2) Replace Step 8 with the following:

STEP P_ROCEDURE ENTER PRESS DISPLAY
8 Compute closure latitude Ny [2nd] [B:] N
and departure Es [2nd] [B 1 E

[2nd] ED']1 0.000000%

These changes should be made in the Quick Reference Guide,

use with 10149844
1015755-4

101930741



ONE-YEAR LIMITED WARRANTY

WARRANTEE
This warranty for Texas Instruments program materials used with a Texas Instruments programmable
calculator extends to the original purchaser of the materials.

WARRANTY DURATION
These Texas Instruments program materials are warranted to the original purchaser for a period of one
(1) year from the original purchase date.

WARRANTY COVERAGE

These program materials are warranted against defective materials or workmanship. THIS WARRANTY
IS VOID IF THE PROGRAM MATERIALS HAVE BEEN DAMAGED BY ACCIDENT OR
UNREASONABLE USE, NEGLECT, IMPROPER SERVICE OR OTHER CAUSES NOT ARISING OUT
OF DEFECTS IN MATERIAL OR WORKMANSHIP.

WARRANTY PERFORMANCE

During the above one (1) year warranty period, any defective program materials will either be repaired,
corrected, or replaced with new or reconditioned materials of equivalent quality (at Texas Instruments
option) when the materials are returned, postage prepaid and insured, to a Texas Instruments Service
Facility listed below. In the event of replacement with reconditioned or new materials, the replacement
materials will continue the warranty of the original materials or 90 days, whichever is longer. Other than
the postage and insurance requirement, no charge will be made for such repair, correction, and/or
replacement.

WARRANTY DISCLAIMERS

ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, ARE LIMITED IN DURATION TO THE ABOVE ONE (1) YEAR PERIOD. TEXAS
INSTRUMENTS SHALL NOT BE LIABLE FOR LOSS OF USE OF THESE MATERIALS OR ANY
OTHER INCIDENTAL OR CONSEQUENTIAL COSTS, EXPENSES, OR DAMAGES INCURRED BY
THE PURCHASER THROUGH THE USE OF THESE MATERIALS.

Some states do not allow the exclusion or limitation of implied warranties or consequential damages, so
the above limitation or exclusions may not apply to you.

LEGAL REMEDIES
This warranty gives you specific legal rights, and you may also have other rights that vary from state to
state.

TEXAS INSTRUMENTS CONSUMER SERVICE FACILITIES

Texas Instruments Service Facility Texas Instruments Service Facility
P.O. Box 2500 41 Shelley Road
Lubbock, Texas 79408 Richmond Hill, Ontario, Canada

Consumers in California and Oregon may contact the following Texas Instruments offices for additional
assistance or information:

Texas Instruments Consumer Service Texas Instruments Consumer Service
3186 Airway Drive  Bldg J 10700 Southwest Beaverton Highway
Costa Mesa, California 92626 Park Plaza West, Suite 111
(714) 540-7190 Beaverton, Oregon 97005

(503) 643-6758

IF YOU NEED SERVICE INFORMATION
If you need service information, write the Consumer Relations Department at:

Texas Instruments Incorporated
P.O. Box 53
Lubbock, Texas 79408

or call Consumer Relations at 800-858-1802 (toll-free within all contiguous United States except Texas) or
800-692-1353 (toll-free within Texas). If outside the contiguous United States, call 806-747-3841. (We
regret that we cannot accept collect calls at this number.)
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