
 

 

] LBL B ®EWFI(E]) Begin label

2 CLYARS ®ENI(=1(2] Clear variable

3 INPUT : =x) 0] Promptfor bear:

 

Be
ba
Ba
And INPUT J EX)(0])(Q] Prompt for Quads

BBS why xy] Swap

Bae +HR &=i(s] Convert to D.dd

BAOAY xiv xy) Swap
BAEBS ENTER ENTER) Enter
BA@AA9 ENTER Enter

BaRle 2 2

padll + =) Divide
BAA1Z IP =) Get integ
BaA13 x F=)(Cos) Pi
BAA14 DEL =e) Radians t J

BABLS X Multiply ;

BOOTLE xiky Swap 9 on To 3

Beat? LAST EN) ([[ASTx] Returnla

|

aot Bos i

REALE x Multiply [TS BD,
BAB19 COS cos) Cosine RE 8

Baga Rt EER] Rollregic

|

CRE = -

Bag Multiply

|

CR = 8

BOOZZ - =] Subtract Ri Sonic

Baz: HHMS r=15] Convert t Ae p,8 oy

BEAZ4 RTH =] End Ww ; |

=CK=G06F
[}=84 Lo

Surveying Solutions
for the hp33s

Dad Edition

rit F

 
 

 |DPZZ08m\



Surveying Solutions
Yor the hp33s

Dnd Edition

 

Manufactured in the United States of America

First printing December 2005

Copyright© 2005 — 2008 by Ted J. Kerber

All rights reserved. No part of this work covered by the copyright hereon
may be reproduced or used in any form or by any means - graphic,
electronic, or mechanical, including scanning, photocopying, recording,
taping or information storage and retrieval systems - without written
permission of the author.

published by Software by

Tollhouse, California, U.S.A.

10 9 8 7 6



acknowledgements

Special thanks to Luan Le, beta-tester and proof-reader, for his excellent help in preparing this book . We
would also like to thank the LSIT Review Class members from the City of San Jose, California Surveying
Section for volunteering as guinea pigs, and for their input, and Barry Ng, Former San Jose City Surveyor,for
arranging the classes.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

contents
description text page Program steps

program cautions and comments 1

direction ofa line 2

Azimuth to Bearing 4 3

Bearing to Azimuth 5 4

add-subtract Degrees, minutes and seconds 6 5

circular curves 8 P1

circular curve layout 9 P3

triangle solutions 14 P4

vertical curves and grades 21 P8

station with elevation known 24 P9

vertical intersections 24 P9

coordinate geometry 26

traverse and closure 28 P11

inversing used separately 30 P12

used during a traverse 31

for stakeout calculations 32

intersections 33 P13

calculating missing sides 37

line/curve to curve intersections 40

slope staking as intersection 40

equations and the NCEEStest, solver 41

trouble-shooting your programs 41

answer key 42

LBL U for undoing flag settings 45
 

program LN and checksum chart 46
 



This book has been developed for two reasons. The first is that those doing engineering or

surveying calculations need access to an inexpensive but functionally programmable calculator to do

everyday calculations. The second is that NCEES tests no longer allow the use of any calculators

that have alpha or memory storage capabilities and the hp 33s is the best of the allowed calculators

that we found.

While it is programmable, it has limits. It has a lot of memory,

but can only hold a total of 26 different program variables (A through

Z), and only has a few flag settings available for branching. It is also

limited to only the same 26 storage registers for most programming,

which prohibits storing coordinates.

This book is written as a review course workbook, as well as a

solution book for programming. If all you are after is the programming,

fine. For those getting ready to take one of the exams, we have included

review information and some practice problems. Most of the problems

are similar to the same type ofproblem found in the NCEEStests. In the

rest of this workbook we will review some of the basics of whatever the

subject is we're working on, maybe do a few exercises, then look at

shortcut methods with the calculator. After that, we can look at how a

program works to do the same solution.  Some programming cautions and comments:

 

RPN
1% SUARS When you press B=] to clear the stack or registers,

-= NEVER use option ALL By stroking (3). That would clear
3ALL 4% everything you’ve already done.
 

In our programs we will use an equation to actually spell out what is needed as the prompt

instead of the calculator‘s INPUT function; you will have enough to keep track of during a test

havejust prompted A¥), The actual keystrokes for input ofthe step are:

=)SIO)(EQN) REL] (AJREL] (ZI REL] (TI(RCL] (MI(RCL] (UD (RCL) (HIR¥)(COLON)

Our notation in the program steps will be IE)[SIQ] then before each alpha input and means that
you will stroke before each alpha key.

Another thing about some of these programs, which flow from one label to another. LBL A

flowing directly to LBL N without any STOP or RTN to end LBL A is one example. If a program is

listed in this manner in the program pages it means that the whole group is input together. Other

examples of this occur in LBL 0, curve layout, which flows directly into LBL Q, LBL V flows into

LBLY, LBL Z into LBL X, and LBL T flows into LBL J. These must be input continuously as a

single program as we will do in LBLs A&N on page 4.



Directions of a line are a good place to start. In surveying within the continental United

States we use two primary types of directional notation, azimuths and bearings, to tell us what

direction a line is going. All record maps and legal

descriptions are usually done using bearings (also sometimes

called quadranted bearings) with the compass divided into

four 90° quadrants of direction as shown to the left.

 

 In the northerly quadrants the bearing angle is

measured from the North; going Clockwise for the
SW SE northeast quadrant and counterclockwise for the northwest.

When the bearing is in the southerly quadrants, it's

counterclockwise to the east and clockwise to the west, and

we measure from South. One drawback to this system is that

calculating the angles between bearings, or adding and
 
 

Directions by Bearings subtracting them, is a source of mistakes when they are not fully
understood.

NORTH

Generally speaking, it is much easier to add and subtract oi

angles when using azimuths. An azimuth is the horizontal angle,

measured clockwise, starting from North, to determine the direction

of the line. The next thing to mention here is that both bearings

and azimuths are in Degrees, Minutes and Seconds (D.ms) notation

and the HP calculators do not add and subtract this way.

One solution is to turn the D.ms notation into decimal -

degrees (D.dd) before adding or subtracting them. After the 7%

calculation, change them back to D.ms. Forgetting to change them,

either initially or after the calculation is one of the most common

causes ofmistakes in surveying calculations.  
Directions by Azimuths 

Adding and subtracting bearings can be

confusing, depending on the quadrants they are

in. Adding an angle to a bearing in the northeast

quadrant, for instance, which makes the new

bearing greater than 90° means that you have to

convert it to a different quadrant.

  
5 89°42'22"

   



In the example to the right, adding 114°0522" to the northeast

bearing will give you an answer of 140°17'38", and put you into the

southeast quadrant. To change it to a southeast bearing, you have to

subtract 180° from it.

But, suppose the angle had taken you all of the way into the

southwest quadrant?

 

The bearing angle of a line does not change, but the direction can.

Going backwards on a northeast bearing takes you southwest . . . a N

180° difference. When the angle exceeds that of a straight line

(180°), subtract the 180° to make the calculation more manageable.

Bytaking out the 180° portion and reversing the direction you also

minimize mistakes in the calculation.

If you have a case where both the original bearing and the

result are in the north quadrants (or both in the south), you simply

subtract the original from the angle to add and add the angle to

subtract. The example to the right shows both bearings in the southern

quadrants.

 
   65054150

65°54'38" - 26°12'16" = 39°42'22"

Major time is saved when working on the test problems if you do not have to do these

calculations by hand. And, as mentioned before, the adding and subtracting of the angles and

bearings are a major source of error. The best solution is to be able to let the calculator do the work.

The first three programs we will put into the calculator will deal with changing azimuths to bearings,

bearings to azimuths and just adding and subtracting in Degrees, minutes and seconds (D.ms).

First things first: Let’s look at how the programs are designed to work. Chapter 12

of the manual that comes with the calculator should be read before continuing.

Some ofthe programs will use the INPUT function in the calculator. This built-in function

will prompt for input with a single letter and a question mark, 5? or T?, and in others we will build

our own prompts to provide clarity when using a program. To do this, we input an equation that will

act as a prompt when Flag 10 is set.

Setting (or clearing) Flag 10 is slightly different than the other flags. Use the keystrokes [2]

(right-shift)

(X]

(times) (01 (selects SF) (2) (inputs 1) [8] (adds the 0), the flag options are {3F, 20F, and

IF3T. Note that there is no test function for Flag Clear? to cause an action or branch, so in the

programming this option is not available for branching.



Let’s write a program . . . Remember,

before starting you should read chapter 12 in the

user's manual that was furnished with your

calculator,to get a general idea ofhow this is done.

This first program changes azimuths to

bearings, and also contains the secondary Label

that will allow us to access it from other programs

without having the unneeded prompt portion. This

is what allows usto offer the option of working in

either azimuths or bearings during the coordinate
geometry programs.

aleThe actual steps for input of line rEEHZ were

explained in detail on page 1. Start at the top of

program memory by stroking EWXEQ)(1(-] and
then stroke EX) (R/S] to begin input of the program

steps. Type in the program steps shown below.

 

NBa19

LBL A
SF 18
AZIMUTH:

LBL HN
HR
ENTER
ENTER
90

Ip
i
+

570 0
Rd
ENTER
SIN
ASIN
ABS
HHS
S10 B
RCL @
RTH

EA)
EC]
3)(SIO) then
before each alpha input

En]
BE]

(2100
=]
=x)
ih

Erol]

EEN)
E05
m=1(5)

RaQ)
=)(+)  

You need to check that the program steps

have been input correctly. If you stroke

[EX (*x=¥), and then select PGM bystroking [2],

you will see a list of the programs (at this point

you only have two). As you scroll down the list

of the program names you‘ll see the name and a
'LN' number. In this case

LBLA
Li=17

This number indicates the size of the

program (in bytes). Hold down the [8] key and

press the key (SHOW)to see the check
sum.

 

 

 

CK=Rags
Li=17

Because we inserted a LBL N in the

program as an entry point for other

programming we will do, it is counted as a

separate label by the calculator, so check it too.
You should have LH=B1 and CK=1DE3.

 

If you don't show the same numbers as

those we've published it means something is

wrong with the input. Go back and check your

program steps for typos, extra (or missing) steps

and make any necessary changes. Then check

the size and check sum again. A complete chart

ofthe LN and Checksums is on page 46.

A couple of things to remember about

this program when you are using it. Step H9ge2

changes your Degrees, Minutes and Seconds (D.

ms) input into decimal degrees (D.dd) to use it

for the calculations, and step M8816 changes it

back to D.ms before displaying it. This means

that your input and output will always be D.ms.



 

 

PROGRAM: AZIMUTH TO BEARING/QUADRANT CODE
 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

AZIMUTH: Input the Azimuth (D.ms) R/S BEARING (D.ms)
0.0000 QUAD CODE |

 

EXAMPLE: CHANGE THE AZIMUTH, 125°23'16", TO

 

    
 

 
 

 

 

 

 

BEARING AND QUADRANT CODE

AZIMUTH; MGICEIE0IE) 54.3644
0.6080 8008

Start at the top of program memory again by —

stroking ENIXEQI](], stroke EWRA] to oar Ho
begin input of the program steps. Typein the BABi1 ENTER

new steps shown below. Chapter 6 of the BAR 2)

user's manual explains equation input. The BBRI3 = =)

key is the colon, and the key is the space. B@Bi4 IP =F)
Stroke before stroking the letter key for BABS x =) (Co3)

input ofthe alpha characters. BAB16 DEG =e)
BaBl? x

Bagel LBL B EEE) BO018 xv
BAGE2 SF 1 EMCEE) BEA19 LAST EY) ENTER)
BAAR BEARING: ER) (EO) then BaA2e X

before each alpha input Bap21 COS

Baea4 STO B Bag22 Rt EIR)
BOOOS QUAD CODE: B)SIO) then BAgz3 x x]

before each alpha input B0024 - =

Bagas STO 8 Era@ BAAZS HHS [1]
BBE? x(>y Ba@26 RTH (~>]]E3
BoAas HR En) [F=105__ CK=0o10

Continued in next column

PROGRAM: BEARING/QUADRANT CODE TO AZIMUTH

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

BEARING: Input the Bearing (D.ms) R/S

QUAD CODE: Input the Quadrant Code R/S AZIMUTH (D.ms)    
 



 

 

 

 

 

     

 
 

 

 

(to subtract, stroke [F2)) 

 

EXAMPLE: CHANGE THE BEARING, N 25°23'16" W,
TO AN AZIMUTH

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

BEARING: Input the Bearing (D.ms) 21EICEIEIMERA

QUAD CODE: Input the Quadrant Code 334.3644

We'll add the short program (right) to our Type in the steps as shown below.

collection, (it adds and subtracts in D.ms) and DABAl LBL D EN(F)[E) Begin label A

then get some practice using all of the ones DARA? x{}y Swap
we've put in so far. DBBR3 HR EE) Convert to D.dd

DBAAd (dy Swap
This one is different from the first two. DBEBS HR &e3E) Convert to D.dd

In those, you execute the program and they DBBB6 x(}v Swap
promptfor the input. In this one, you input the DBBB7 + Add
numbers first and then execute the program. DBBB3 3HMS m=z] Convert to D.ms
Again, start at the top of program memory by Daa RTN =H) End
stroking @YXEQI](-], stroke EWRAS] to CR=0rra
begin input of the program steps. LH=27

PROGRAM: ADD OR SUBTRACT IN DEGREES, MINUTES OR SECONDS

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

Input the 1st angle or azimuth (D.ms)

Input the 2nd angle or azimuth (D.ms) XEQ1(D]} Sum or Difference

 

  

 

 

   

EXAMPLE: WHAT IS THE ANGLE BETWEEN
N 17°22'41" W AND S 23°15'44" E?

BEARING: RQIGIO0MGEEMEERA)

QUAD CODE: (2)[R/S 1364416 (D.ms)

O@AMOEAEEIOXKEA[D] [1748657 (D.ms)   
NOTE: The angle between S 23°15'44" E and N 17°22'41” W would be 1333333 the answeris al-
ways the angle right in a clockwise direction from the first direction to the second direction   



Exercise 1 (do the first two longhand, then complete the exercise with the programs):

1. Add the angles, 28°15'34", 102°52'41", and 16°16'08" ans:

2. Subtract 28°15'34 from 102°52'41", then add 16°16'08" ans:

3. Add the angle, 102°52'41", to a bearing of N 62°45'23" W ans:

4. Subtract 98°15'59" from a bearing of N 01°14'17" E ans:
 

At this point, it's a safe assumption that you would rather use the hp33s to do this type of

problem. You’ve also deleted two chances for error each time you use the programs. The 33s uses

angle notation in the form of Degrees, decimal point, then the minutes and seconds. 62°45'23"

would be input as 62.4523. The calculator also allows you to carry tenths or even hundredths of a

second for more accuracy (Fix 5 or 6), but in surveying you decide what is acceptable precision.

For the trig functions, use the calculator functions for changing the angles to and from deci-

mal degrees (D.dd) before looking up the function, and then back to D.ms after looking up arcfunc-

tions. The keystrokes to change from D.ms to D.dd are [5] and to do the reverse, E2)(5].

Exercise 2 (do the 1, 2, 6 and 6longhand, then complete the exercise with the programs)

Calculate the angles indicated

 

 

T 22" w

 

5 79°42

 

1. ans- 2. ans’ 3. ans: 4. ans’

Calculate the azimuth or bearing as indicated

062522,   
       

Dg037129

5. az: 6. brg: 7. brg- 8. az

What are the answers to the following

9. Cosine 17°15’23” 10. Tangent 104°52’26” 11. Sine 92°00°10”

12. Find the Sine of 197°14°23”, then find the arcsine of the answer and change it back to D.ms.

Did you know that you just used this capability in a program, for converting quadrants?



Circular curves

You are probably very familiar with circular

curves, but to better understand what these programs do,

we'll review the definitions, symbols used, and the

formulas for calculating the different parts.

PI, Point of Intersection is the point where the two

tangents intersect.

Central Angle, commonly called Delta (A) or I, it is the

deflection angle measured, at the point of intersection,

between the back and forward tangents. Most often this

is one of the known parts essential to the calculation of

other parts of the curve.

Deflection angle (¢ ), what we call the deflection angle

is one-half the central angle, or the angle, turned at the

BC of the curve, from the PI to the EC. There is also an

angle from the BC to any point on the curve that is called

the deflection angle when calculating stations for

stakeout.

Length of curve (L), is the distance between the

beginning and end of the curve measured along the

curve. Arc Length.

L = 100AR(n/180°)

Tangent Distance (T), actually a "semi-tangent" to the

curve, it is the distance between the PI and the beginning

or end of the curve and the two tangents are always

equal. T = Rtand/?

Radius (R), the "radius" is normally referred to by its

length.

Chord (LC), the long chord is the distance between the

beginning and end of the curve points of tangency, and is

the length for angle A. Also called the 'chord', or 'short

chord’ is the distance from the BC of the curve to any

point on the curve, for angle ¢.

LC = ZRsinA/g

C = ZRsing/3

BC (or PC), the 'beginning of curve’ or 'point of

curvature’ both common usage in different parts of the U.S.

 
Curve Nomenclature

The parts of a typical horizontal (circular)
curve are shown above

 

SECTOR  

    wthiR

FILLET

  



EC (or PT) the 'end of curve' or 'point of tangency' both common usage in different parts of the U.S.

Middle Ordinate (M), length of ordinate from the middle of the long chord to the middle ofthe

curve. M = R(1-cosA/z) = RversA/;

External (E), distance from PI to the middle of the curve.

E = R(secA/7~1) = RexsecA/;

Sector area, the ‘pie-shaped’ area — from the radius point to the B.C., along the arc ofthe curve to

the E.C. and back to the radius point.

Sector area = nR2A/360 = LR/;

Segment area, the area between the arc ofthe curve and the long chord of the curve.

Segment area = Sector area - YR%inA = Sector area - 1/,CRcos(4%)

Fillet area, the area between the tangents of the curve and the arc of the curve. Often used for

calculating pavement areas at the returns on street intersections.

Fillet area = RT - Sector area W

Circular Curve Layout
The most common method for staking

out a curve is the deflection-offset method,

using long chord solutions to each of the

station intervals to be staked.

   
#e— any station along curve

deflection and long chord
With the instrument at the B.C. of the
curve, the deflection angle is turned as the
angle from the P.. The long chord is the
distance from the B.C. to the station being
set.

Once a curve has been calculated

using the circular curve program, you can

continue into the layout program to calculate 2c

the chord and deflection angles to any

stations to be set.

The layout program also calculates solutions for layout by the tangent-offset and chord-offset

methods, and includes an option to stake the curve at an offset to the centerline instead of on the

centerline itself. Offsets to the curve on the outside are input as positive, if the offset is to the inside

of the curve, input the offset as negative.

Initial prompts are for selection of the type of output you want. Input a number for the type

you want, and just stroke for the others. This will be followed by a promptfor the offset, if any.

To just calculate centerline stroke or input the width ofthe offset and stroke [R/S]. The program

will prompt for station and then output the stakeout information. You can run the program again to

generate a different type, or input another curve and generate the stakeout information forit.



chord/offset method

Similar to the tangent/ofset method, except
that the distance is pulled along the full
chord of the curve to a point opposite the
station being set. Often used on curves in

tunnels with the laser line set on the long
chord,

any station ~~, /

  

   

 

    

  

  

Tangent=

NN
any station along curve—

 

Langent/offset method
The tangent distance is pulled along the tangent
line (semi-tangent of the curve), and a
temporary point is set. The offset distance is
measured to the station being set, at right
angles to the tangent.

The instructions below start with the use of the circular curve program, which

will calculate the curve ifeither the central angle or radius is known and if one

other part is known. On the following pages we address the layout of circular

curves as well, giving the user three methods of stakeout to chose from.

PROGRAM: CIRCULAR CURVES
 

 

 

 

 

 

 

 

 

 

      

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Begin the program

If the CENTRAL ANGLE is known, input it
. (D.ms format ), if not known, no input

2 DELTA: Either the central angle or radius must R/S

be input as one of the known parts

If the RADIUS is known, input it, otherwise
5 no input

3 IR Either the central angle or radius must RAS

be input as one of the known parts

If known, input the length of arc, other-2 y +

4 LU wise no input

507 If known, input the chord distance RTS
otherwise no input

6 IT If known, input the tangent distance RS [=

otherwise no input Central Angle

7 R=
Radius

8 L=
Arc Lenath
{=

) XK Chord Distance

10 RES Continued on next page |  

10



 

PROGRAM: CIRCULAR CURVES (Continued from previous page)
 

 

 

 

 

 

 

 

     
 

i Bs Tangent Distance

2 B/s Eternal Distance

P id-Ordinte Distance

14 AREAS: reminder displayed for 1 second

15 SECTOR: reminder (1 second prompt) R73 SECTOR AREA

16 SEGMENT: reminder (1 second prompt) SEGMENT AREA

17 FILLET: reminder (1 second prompt) R/S FILLET ARER

To calculate another curve, input 0, or
18 |HIFE=H STAKE=] icajoulate stakeout for this curve i.

Or, to leave the program stroke

Exercise 3°
Complete the curve data for the following: 5

1 Radius = 510.23" Radius = 200.00"

Delta = Delta =

Length = Length = 10.26"

Tangent = Tangent =

Chord = 244.77! Chord =

External = External =

Mid-Ordinate = Mid-Ordinate =

2. Sector =
Radius = 400.00"
Delta = re Segment =

Fillet =
Length = A

Tangent = sae Radius =

Chord = Delta = 192516"

External = Length =

Mid-Ordinate = Tangent =

Sector = Chord = 400.00’

Segment = External =

Fillet = Mid-Ordinate =



PROGRAM: CIRCULAR CURVE LAYOUT
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

After calculation of the curve, begin the

1 curve layout program by responding [1]

to the final prompt in the curve program

Reminder prompt will be displayed for one2 |SELECT TYPE ermine

To selectthis option, input any number and

3 |DEFLECTION stroke ORto notuse this type, just
stroke without input

To selectthis option, input any number and

4 TAN-0S stroke ORto not use this type,just
stroke without input

To selectthis option, input any number and

5 |CHD-05 stroke ORto notuse this type, just
stroke without input

To calculate the layout at an offset, input
the size of the offset (change sign for

a offsets to the inside of the curve). For
6 OFFSET=: calculations along centerline, just stroke ®2

without input

7 {BC STATION: Input the station of the B.C. R/S

« Input the station you wantto calculate
8 INPUT STATION: layout for. Output is selection dependent RIS

DEF ANGLE
9 |TAN DIST or |Selection dependent prompt R/S

CHD DIST

VALLE

CHORD or :
10 Sel tOFFSET election dependent prompt R/S

11 YALUE

12 R/S
   INPUT STATION:  Returns you to step 8. Input the next

station you want to calculate and repeat

steps 8 through 12, or stroke to leave
the layout program     



Exercise 4:

Complete the curve data for the following, and then calculate the layout information for the stations

as indicated:

1. Layout by deflection and chord

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STATION DEFLECTION CHORD

Radius = 510.2%" 12+19.25 B.C.

Delta = 12+50

Length = 12+00

Tangent = 13+50

Chord = 244.77" 14+00

External = 14450

Mid-Ordinate = EC.

2. Layout by tangent-offset

STATION TANGENT DIST. OFFSET

Radius = 400.00" 122+34.97

Delta = 122+50

Length = 125+00

Tangent = 125.16" 125+50

Chord = 124+00

External = 124+50

Mid-Ordinate = E.C.

3. Layout by chord-offset

STATION CHORD DIST. OFFSET

Radius = 5>+24.57

Delta= 259151220 535+50

Length = 237.71 54+00

Tangent = 54+50

Chord = 55+00

External = 55+50

Mid-Ordinate = E.C.
 



triangle solutions

The triangle shown to the right will be used for

the examples. It should be noted that the output will

vary slightly, depending on the number of places input,

particularly in the input of the angles.

The notations for angles and sides is familiar to

HP users, but is not the standard, or textbook notation

which you will have learned in trigonometry (side a op-

posite angle A, side b opposite angle B, and side ¢ oppo-

site angle C). The sides and angles are numbered,in or-

der, going around the triangle as shown below.

 

The example triangle (above) shows thisstyle of

labeling, compared to the standard notation for sides

and angles. Side 1 may be assigned to any side that is

convenient to use, depending upon the available

information about the triangle. It should be located at

a side where the known information then falls into

position for solution by one ofthe routines.

 

In the example shown below, the assigned

designations go clockwise, if it will better fit the

information available, the labeling may go counter-
clockwise instead, as shown to the left.

Remember,side 1 is wherever you putit.

 

The program begins with selection prompts for you to select the TYPE of solution needed. A
brief reminder prompt, TFE SELECTION, is displayed (one second) and then the 5 type options are
offered. To NOTselect one ofthe types just stroke R/S). To select one, input 1 (or any number, the

key is right next to and is easy to stroke). Continue with through any remaining type
options until you getthe first of the three input prompts.

The input prompts shown will depend on yourselected solution type.

NOTE! There is no solution fora triangle where the three angles are the only known parts, since this condition can produce
an infinite number of similar triangles.



PROGRAM: TRIANGLE SOLUTIONS
 

   

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

     

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Begin the program

2 |TYPE SELECTION |APPEARS BRIEFLY AS A REMINDER

Input a numberto select this

3

|

51-52-53 SOLUTION FOR THREE SIDES KNOWN

|

option or to continue to
next prompt

input a numberto selectthis
oq SOLUTION FOR TWO ANGLES AND )

4 |A3-51-A1 THE INCLUDED SIDE KNOWN option or to continue to
next prompt

Input a numberto select this
KNOWN SIDE AND THE NEXT TWO

5 |S1-Al-A2 option or to continue to
FOLLOWING ANGLES KNOWN next prompt

Input a numberto select this
aio SOLUTION WHEN TWO SIDES AND :

6 |51-A1-52 THE INCLUDED ANGLE ARE KNOWN option or to continue to
next prompt

Input a numberto select this
TWO SIDES AND THE FOLLOWING AN-

7 |51-52-A2 option or to continue to
GLE ARE KNOWN next prompt

Three input prompts will be shown. Input

8 the value requested after each input

9
SIDE 1

10 R/S ANGLE 1

1 SIDE 2

12 ANGLE 2

13 SIDE 3

14 ANGLE 3

15 R/S AREA

Appears when there is a second solution

to the S1-S2-A2 type. The program will

16 |2ND SOLUTION

|

again repeat steps 9 through 15 but the

|

Rs
output will not be in the same orderas the

original input

Whenfinished with the calculations, it will

17 return you to the triangle program for next

|

(R/S

calculation, beginning at step 2
 

 
Examples are shown on the following pages for each of the solution types individually,

covering the prompt, input and output in each case.



 

PROMPT KEYSTROKES OUTPUT

INPUT SIDE | EIOEE@EEE

8 INPUT SIDE 2 @OEEIRA

8c INPUT SIDE 3 GIO@M@MEIERA

9 SIDE 1

8.3640

ANGLE 1

36.1232

SIDE 2

96800

ANGLE 2

39.1912

SIDE 3

5.7438

ANGLE 3

84.2816
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side 1, side 2, side 3

THREE SIDES KNOWN is one of the most

used solutions for triangles, particularly since

the accuracy of electronic distance

measurement trilateration has, for the most

part, replaced triangulation in several types of

surveys. The example begins at the input
prompts.

 

PROMPT KEYSTROKES OUTPUT
 

sa [INPUT ANGLE 3 |BXIIEIOE@)
 

8b INPUT SIDE 1 BILEERE]
 

sc |INPUT ANGLE 1 |BB1MIIREIME)
 

SIDE 1
 

3.7430
 

Al
{
x

~
N

v
i

[i
n

ANGLE 1
 

84.2818~ ~
~

w
v

 

SIDE 2
 

 

8.3641
 

ANGLE 2
 angle 3, side 1, angle 1

36.1230
 

TWO ANGLES AND THE INCLUDED |13 SIDE 3
 SIDE ARE KNOWN This solution is also

96881
 used as a secondary solution to some of the

ANGLE 3
 other routines, after the problem has first

been reduced to these three known parts. 39.1912
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   Angle 2
26°20"  
 

side 1, side 2, angle 2

TWO SIDES AND THE FOLLOWING
ANGLE KNOWN has two possible

solutions. When this configuration is used ,

both solutions may be output. The second

solution will not necessarily show the parts in

the same order as the input.

   Angle 2
36°12'30"

 

  

Angle >
59°19'07"

SIDE 3 = 9.6802

First Solution Output

   

    
Angle 2

120°40'53" Angle 1
36°12'30"

 

PROMPT KEYSTROKES OUTPUT
 

ga |INPUT SIDE | |BHO@M@EIRS)  
8b |INPUT SIDE 2 |BIEIEARA)
 

sc |IIPUT ALE 2| EEDDEE
 

9 SIDE 1
 

2.7438
 

ANGLE 1
 

— o

x
{|

=
Hi

x
I

T
I
N
H

w
i

it
a)

{n
n

04.2823
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36.1230= ~
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96802
 

ANGLE 3
 

59.1987
 

AREA
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SHSOLUTION R/S} (output will continue with
SR RRR the second solution option =.

 

16 SIDE 1
 

8.3048
 

ANGLE 1
 

36.1230
 

SIDE 2
 

38172
 

ANGLE 2
 

1204833
 

SIDE 3
 

9.743
 

 
SIDE 2 = 3.8172

Second Solution Output

2 ANGLE 3
 

a w

E
R
E
R
E
R
E
R
E
E

~
N
E
s
S

w
n

L
I

j
n

[n
n]

jn
]
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n]
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n]
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n]
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n]
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]

j
v

230637
 

22 AREAfa
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~
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    75) 194381=

  Note that the output is not in the same order as the original input.
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PROMPT KEYSTROKES OUTPUT 

INPUT SIDE 1 GIO@MMEGIRE) 
B1azIE0E)INPUT ANGLE 1
 

INPUT SIDE 2 EIOEIEEERS) 
9 SIDE ! 

/ w
n 5.748 

ANGLE 1 
84.2818 
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n
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SIDE 2 
= ~
~

w
v 8.3640 

ANGLE 2 
36.1231 
SIDE 3 
96800 
ANGLE 3 
39.1911 
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AREA     -
~
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n 239138  

side 1, angle 1, side 2

TWO SIDESAND THE INCLUDED ANGLE

KNOWN is resolved by finding the third side,

and then solving the triangle as shown on the

previous page, three sides known.

 

 

PROMPT - KEYSTROKES OUTPUT 
side 1, angle 1, angle 2 INPUT SIDE 1 EIABGIRE] 
ONE SIDE AND THE TWO

FOLLOWING ANGLES KNOWN This
INPUT ANGLE 1 clazieeEl|

B

~
~

w
r

 
solution first solves for the third angle. INPUT ANGLE 2 BIM@EIRE) 
The remainder of the triangle is solved as SIDE 1 Angle, Side, Angle to determine the other

2.7438 missing sides.
ANGLE 1 
84.2818 
SIDE 2 
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SIDE 3 
96801 
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99.1912 
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Exercise 5°
1. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

 

 

 

 

 

 
Area 

2. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area

 
 
 

 
 
 
  

3. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area

   

 

 

84976"0 
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Exercise 5 (Cont'd):
4. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area

 

 

 

 

 

 
 

 

52. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area

 
 
 
 
 
 

 

 

6. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area
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vertical curves and grades }
Vertical curves are usually described as ‘crest’ or 'sag'

- . 2

verticals, as shown to the right. > ¢ always negative

The form of the curve may be expressed as

y = ax? + bx x

 

where y is the height of the curve above or below the first tangent
point, and x is the distance therefrom. IRA

The highest or lowest point on the curve is at a point where No
the gradient of the tangent is equal to 0%. This is called the ==
"turning point" of the curve. If both gradients have the same sign, ¢ alays positiveA
there is no actual turning point, and the vertical direction is +
continuous. The gradient of the tangent may be found by
differentiating y with respect to x in the equation above.

When   
dy/ds = 0, x = -b/2a. SAG VERTICALS

Our program for vertical curves is designed to do quick vertical curve and grade calculations.
The number of entries you make during input tells the program whether you are calculating a grade
or a curve.

Formulas for vertical curves and grades vary with the known values when you begin to solve
the grade or curve. In most vertical curve cases,if you are working from a set of plans, you would
know the beginning station (BVC) and it’s elevation, the ending station (EVC) and it’s elevation, the

length and the grade in (Gi) and the grade out (Go). In most cases, the intersection point (PVI)is
given too. The following would apply:

If the high or low point elevation and the beginning station (ELp and PVC) are known,

I. Go - Gi , Gi ,
oo 6TA — BO) + =55" (STA = BYC) + (Elbve — Elsta) = 0 (ax? + bx + ¢ = 0)

If the high or low point elevation and the intersection station (EL and PVI) are known,

12 = 200(Elbve — Elp)(Go - Gi) (=)

Where:
Gi = Beginning grade (grade in), expressed in percent Elbve = Beginning elevation at BYC

Go = Ending grade (grade out), expressed in percent PYl = Point of tangent intersection

L = Length of curve, measured in along the horizontal Elpvi = Elevation at the PVI

STA = Station along horizontal with curve elevation ELp = Elevation at high or Low point of curve

Elsta = elevation at STA EVC = Ending station (end of curve)

BYC = Beginning station (point of curve) Eleve = Elevation at the EYC
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There is a question that often occurs in tests, but is never used in the real world; Given the
High/Low point elevation, the grades in and out, and either the PVI elevation or the BVC elevation
and want to know the minimum length of curve that will work. Minimum lengths are NEVER used,
and the difference in grades is used to select the required length from a table that takes passing sight
distance into consideration.

If the PVI is given or, if the BVC is given.

1 1L = 200(ELpvi — ELy)(Gy — Gi) —- L = 200(ELbvc — ELp)(Gp — Gi) ——(ELpvi EL)(Gy ( ir) (ELbve ELg)(Gp ( 2)

We’ve not included a program that will do this type of problem but do suggest that the above
formulas can be input as equations in the equation library in case you need them. rather than include
a program for this one case, we programmed for the day to day vertical calculations that you are more
likely to encounter.

PROGRAM: CALCULATING ALONG A VERTICAL TANGENT OR CURVE
 

 

 

 

 

 

   
 

 

  

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

INPUT BEG STA [Input the station at the B.V.C. R/S

INPUT BEG ELEY [Input the elevation at the B.V.C.

GRADE IN: Input the % of grade for the tangent.
(For a curve, input the % of grade for the

incoming grade) Change sign if negative

GRADE OUT: No input for a vertical tangent.
For a curve, input the % of grade for the

outgoing grade) Change sign if negative

INPUT LENGTH No input for a vertical tangent. R/S
(For a curve, input the length of the verti-

cal curve)

When calculating along a vertical curve, the turning point station and STATION @ 8%
elevation are automatically output at this point. Stroke to continue (ELEVATION @ @%

INPUT STA: Input the next station you want to calcu- R/S STATION
late the elevation for ELEVATION

After writing down the answers, stroke R/S

to continue with the next station

INPUT STA: When finished with the calculations     
22

 



 

EXAMPLE
The vertical curve shown to the right

will be used for the example. The B.V.C.
station is 10+50, at elevation 106.00.

We will calculate the elevations for
stations at 50 foot intervals along the curve,
the 0% station and elevation (high/low point),
in this example the low point. You can also
calculate the station at which a particular
elevation occurs, using (BLI(E], after all of
the information has been entered for the
vertical tangent or curve you are working on.

PROGRAM: CALCULATING ALONG A VERTICAL TANGENT OR CURVE

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

INPUT BEG STA  |Input the station at the B.V.C. EO

INPUT BEG ELEY |Input the elevation at the B.V.C. MoE

GRADE IN: Input the % of grade for the incoming M03)
grade. (Change sign if negative)

GRADE QUT: Input the % of grade for the outgoing @
grade Change sign if negative

INPUT LEMGTH Input the length of the vertical curve. @@0] 11845459

Outputis high/low point sta & elev 1655989

R/S

INPUT STA: Input the next station Om@@ 1100.6800
183.5938

INPUT STR: Input the next station @mEI@ 1150,080
185.8750

R/S

INPUT STA: Input the next station 0m 1260.00
186.8438

INPUT STR: Input the next station @1E10] Lana
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PROGRAM: CALCULATE STATION WHEN ELEVATION IS KNOWN
 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

Home Input the elevation (two stations will STHTION
be shown, verify that they are in the STHTIOH
curve to be valid answers.

Next output is the high/low point TE .
FVRT ION
  Return to original program

EXAMPLE: FIND THE STATION AT WHICH
ELEVATION 105.65 OCCURS

R/S

EME]

 

 

 

Output is station(s) at which the 1125.2808
elevation occurs. 18838108 [RSS

Output is the high/low point 11845435
1855989 [RS
 

INPUT STA: Continue with input in main program    
Thereare also times when you have known stations and elevations along two vertical tangents

and need to calculate the point of intersection between them. This program will calculate the
intersection point when the grades,a starting point, and an ending point are known.

Once the point ofintersection (P.V.1.) is known, a curve length may be selected and a B.V.C.

station and elevation calculated. From there, use the vertical program to calculate the stations along
the curve. The program is accessed by stroking (rl.

PROGRAM: CALCULATE VERTICAL INTERSECTION
 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

CA]

INPUT STR 1 |Input the first station R/S

INPUT ELEY 1 |input the elevation

INPUT STA 2 |Input the second station R/S

INPUT ELEY 2 |input the elevation

GRADE IN: Input the % of grade for the grade in.
(Change sign if negative)

GRADE OUT: Input the % of grade for the grade out R/S PYI STATION  (Changesign if negative)   ELEVATION 
24

 

 



 

 

 

 

        

The example will use the information from the illustration to the Lo

right. The known station at the beginningis 10+00, with an elevation of <

120.00 and the known station at the end is 16+00 at elevation 125.00. )/ N

2 N
The two known grades are a +2.00 percent and a minus 1.60 4

percent. Follow the procedure below to obtain the station and elevation

of the point of intersection. oh ab oom    
EXAMPLE: FIND THE STATION AND ELEVATION OF THE VERTICAL INTERSECTION

 

 

   

 

  

 

 

 

     

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

CEQ]

INPUT STR 1 |Input the first station M@@o

INPUT ELEY 1 |Input the elevation m@m©@

INPUT STA 2

|

Input the second station ME0)

INPUT ELEY 2 |Input the elevation mE

GRADE IM: Input the % of grade for the grade in
(Changesign if negative)

GRADE OUT: Input the % of grade for the grade out EAE 14855556

(Change sign if negative) 128.1111

Exercise 6:

1. Using the information from the example above, calculate a 400' vertical curve to be used to

round the grade along the roadway. Calculate the following:

BVC station elevation high point station

EVC station elevation high point elevation

2. Calculate the elevations for the following stations:

12+00 12+50 13-+00 13+50 14+00

14+50 15+00 15+50 16+00

3. At what stations will the elevations 123.58 and 121.56 occur? &
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coordinate geometry

The backbone of Coordinate Geometry calculations is the traverse
program. We’ve tried to make this one as flexible as possible, interfacing

 

NW 2 NE

™ 7

with our inverse and closure programs.

Lola)
SW SE Bearings are input with quadrant codes and the quadrants are

numbered with the same system that has been used by Hewlett-Packard
since the first surveying programs for handheld HPs came out.

Angles may be turned to the left or to

 
the right

The bearing and quadrant code are prompted for,

and all input (and output) is in Degrees,minutes and

seconds (D.ms) format. After each input the key is )

O  stroked.

<
A traverse may be thought ofas either a "closed" <

or an "open" traverse. For use with this program, a &

CLOSED traverse may be either of two types. What

we will call the Type A is similar to the one shown to S$

1)
1g
1

Im
A

the right.

In this type oftraverse, the line from #1 to #2 is
usually a known line which is included in the traverse.

The two points used would be part of a property or

monumentline, and the basis of bearings would be the A =>

bearing of the line. Begins and ends at the same point of known
or assumed coordinates

This type of traverse also closes back to the a
Type 'A’ Closed Traverseoriginal point of beginning, and allows the turning of a

closing angle, which is turned at the first (and last)

Type 'B' Closed Traverse point, foresighting the second point.

Angles may be turned2

left orTo
closing angle

         
  known bearing

  
REF. BEARING

 

Closes at a known coordinate and to

a line of known bearing

Begins at a point with known
coordinates and can backsight along a
line with a known bearing.

26



What we will consider to be a Type B closed traverse is one which begins at one known point

and ends at another known point. For this type (previous page) the basis of bearings is usually

obtained by backsighting another known point.

An OPEN TRAVERSE is one which, while it may Doss NOTclose to a point of
: : : nown coordinates or a line witbegin at a known point, does NOT close to any point or 2 known bearing

] Angles may be turned left or right, or
An OPEN TRAVERSE may also be considered as zs deflections left or right

being an 'unfinished' traverse,in that it could later be used

as a portion of a traverse which will be closed.

     

line which allows adjustment ofthe traverse. \

5

While an open traverse can not be closed, the Type

‘B’ closed traverse can. When you get to the end of the

traverse, you can use the interfacing features of the \

inversing program (page 29) to calculate the distance Coordinates may be

and bearing from your end point to the coordinates of the known or assumed

point it is trying to match. A closure routine is essentially An Open Traverse

useless in this case, since it does not enclose an area (even

though one is calculated). The precision, in this case, is

the total distance traversed divided by the length of the

error of closure.

  

Often the NCEEStest questions will require you to calculate a small traverse before you can

answerthe question, but the question will be to determine the precision ofthe traverse or the area the

traverse encloses.

The precision of a closed traverse can be calculated by dividing the sum of the distances by

the distance of the closure error. We have included a 'closure' routine, LBL K, which may be used

immediately after running the traverse calculations and will complete the needed information. It

calculates the error of closure, area and precision.

The programming instructions begin on the next page, and we have written them to include

the use of the closure routine as a part of doing the traverse. Following that, we have proceeded to

the inversing program.

That program has been made flexible enough to interface with the traverse, do individual

inverses or to be used for inversing layout ties. We recommend that you read through this whole

group before beginning to input the programs. Then take a break on the program input before

tackling the intersections.
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PROGRAM: TRAVERSE and CLOSURE
 

 

 

 

 

 

 
 

   

 
 

 

 
 

 

 
 

 
 
 
  

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Begin the traverse program

Selection Prompt

2 [AZ=8 BRG=1 |To work in Azimuth mode, input 0. To (@ or (4 then
work in Bearing/Quad mode input 1.

3 NORTHING: Input the North coordinate of the beginning 7S

point.

4 |EASTING: Input the East coordinate of the beginning RTS

point.

If Azimuth mode was selected

5 |AZIMUTH: Input the azimuth that defines the direc- [®/S
tion of the first course.

OR

If Bearing/Quad mode was selected (a)

5a: BEARING: Input the value of the bearing that defines RS
the direction of the first course.

If Bearing/Quad mode was selected (b)
5b [QUAD CODE: |Input the quadrant code for the bearing R/S

that was just input.

THEN

6 DISTANCE: Input the distance forthis course. inNHN

E=

£3 EEEEEEEE
R/S

Returns to the prompt for the direction

of the next course ( steps 5 & 6 above)

Continue through the remaining courses

of the traverse, repeating steps 5 and 6,

until you have finished the calculations of

the coordinates

7 Begin the closure output

g CLOSE ERROR reminder prompt DIRECTION
9 PRCSN 1* reminder prompt PRECISION RATIO

10 ARER: reminder prompt AREA

11 SUM H DIST: reminder prompt PERIMETER DIST.

When finished with the calculations     
28

 



 

EXAMPLE / EXERCISE: Calculate the coordinates for points 2 through 6 in the figure above, then calcu-
late the error of closure, precision and area.

 

 

 

 

 

 

 

  

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

Begin the traverse program

AZ=A BRG=l  |Selection Prompt
The example is in Bearing/Quad so it's

easier to work in that mode

NORTHING: Input the North coordinate of the beginning (4](0](0)
point.

EASTING: Input the East coordinate of the beginning (6](0](0]
point.

BEARING: Input the value of the bearing that defines [2](113(2](0)
the direction ofthe first course.

QUAD CODE: Input the quadrant code for the bearing (1)
that was just input.

DISTANCE: Input the distance forthis course. 3)0) N=
6794439

R/S E=
789.1308

R/S

BEARING: Continue with the traverse, noting the
coordinates as you go. When finished,

calculate the closure   
 

29

 



PROGRAM: INVERSING — USED SEPARATELY
 
 

 

 

 

 

 

  
 
 
 
 
       

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 be sure to clear flag 4 before starting 2] (x]1(Z1(2]XEQ](L]

) AZ=8 BRG=1 Selection Prompt © or (OJ then
Work in whatever mode is needed

3 NORTHING! Input the North coordinate of the R/S
beginning point.

4 EASTING: Input the East coordinate of the
beginning point.

5 NORTHING: Input the North coordinate of the
ending point.

5 EASTING: Input the East coordinate of the
ending point.

7 If Azimuth mode was selected AZIMUTH

OR

7a If Bearing/Quad mode was selected BEARING

7b If Bearing/Quad mode was selected R/S QUAD CODE

8 RTS DISTANCE

9 MORE=8 STAKE=1 Selection Prompt [0] or (IRA) or
Work another or radial stake points to leave program

EXAMPLE: INVERSING — USED SEPARATELY N 587.33

Calculate the azimuth and bearing between the

two points shown to the right.
/ N 702.56

    E 902.57

 

 

 

 

 

 

 

 

 

E 49174

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 be sure to clear flag 4 before starting E=)x1{2]1(41XEQI(L]

2 |fZ=8 BRG=! Select azimuth output ©

3 |NORTHING: Input the North coordinate of the MERAEEIRS)
beginning point.

4 |ERSTING: Input the East coordinate of the AMOI@®EA
beginning point.

5 |NORTHING: Input the North coordinate of the GEANEEIRE)
ending point.

6 |EASTING: Input the East coordinate of the LOAAGEIAREA f=
ending point. 185.3831

R/S p=

426.6300

MORE=8 STAKE=! Selection Prompt 1 or (B1R7] or to Returns to
Work another or radial stake points leave program prompts for

next input      
30

 

 



You can also use this program to inverse during a traverse. The result is not saved, and does

not affect the traverse in progress. If you have the coordinates of the area you are surveying and are

running a random traverse toward the next corner, inversing to the corner at each setup point will

keep you going in the right direction. This use of the program outputs the direction from the

current traverse point.

PROGRAM: INVERSING — USED DURING A TRAVERSE
 

 

 

 

 

 

 

 
 

 

 

 

 

     
 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 To do an inverse during a traverse, mmx10)
set Flag 4 before beginning

2 |AZ=8 BRG=1 Selection Prompt [©] or (1) then
Select the same mode that you are

using for the traverse

3 |NORTHING: Input the North coordinate of the end-

|

[RZS

ing point.

4 EASTING: Input the East coordinate of the end-
ing point.

5 If Azimuth mode was selected AZIMUTH

OR

5a If Bearing/Quad mode was selected BEARING

5b If Bearing/Quad mode was selected QUAD CODE

6 DISTANCE

7 Returns youto the traverse program

|

(R/S Next direction prompt

And, you can use the inverse program for stakeout. If

you have pre-calculated coordinates for the points you want to Va -

stake, as shown to the right. A general procedure would be to S wr

inverse from the instrument point to the coordinates of the
backsight, to get the azimuth to enter into the instrument while
sighting the backsight and then select stake at the MIRE=H

STAKE=1 selection prompt.

The program will now inverse to each of the points for

staking azimuth and distance as you input the coordinates for [Tfgeklated

the next point. Note that the HIFE=3 STAKE=l prompt appears
at the end of each calculation, so you can continue normal
inverses as well as stake your points.

Printing Error Note: On Page P12, the line numbering
for LBL L, after step L0022 will change after the next step

(LBL R) is typed in and will be R0022, R0023, R0024 .. .
R0058 for the rest of the program, instead of L#### as Honrolpoint
printed in the program pages.
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PROGRAM: INVERSING — USED FOR STAKEOUT
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

be sure to clear flag 4 before starting |B(x](214)XQ) (1)

AZ=8 BRG=1 Selection Prompt [0] or (11 then
2 Work in whatever mode is needed

NORTHING: Input the North coordinate of the be- [R75
3 ginning point.

A EASTING: Input the East coordinate of the be-
ginning point.

5 NORTHING: Input the North coordinate of the end-
ing point.

6 ERSTING: Input the East coordinate of the end-
ing point.

7 If Azimuth mode was selected AZIMUTH

OR

7a If Bearing/Quad mode was selected R/S BEARING

7b If Bearing/Quad mode was selected QUAD CODE

8 R/S DISTANCE
o MORE=8 STAKE=1

|

Selection Prompt ORS
Work another or radial stake points

10 HORTHING: Input the North coordinate of the next [R/S
point to be staked

» EASTING: Input the East coordinate of the next ®7S
point to be staked

MORE=B STAKE=1

|

Selection Prompt (0) or (MIR) or
12 Work another or radial stake points to leave program

Exercise 7:

Use the inverse program to calculate the stakeout ties to the lot and building corners in the

figure on the opposite page if the coordinates of the control point are N 500.00 and E 1100.00. The

coordinates of the lot corners are: Southwest corner N 527.9300, E 1214.0600; Southeast corner

N 504.6886, E 1307.2763 and the building corner coordinates are N 553.4100, E 1235.8721.

To the southwest Lot Corner
 

To the southeast Lot Corner

To the building corner
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intersection solutions

The solutions to intersections problems are needed all ofthe time in surveying. We use an

intersection formula to find out where two lines cross, then make that point the new IP or lot corner.

Or, we need to know how far a point is offset from a given line, and at what distance from the line's

origin. Nextto just plain traversing, this is the most used type of calculation in surveying.

N5 400.00

We've included all of the normal ok E5 150.00 J NG

solutions, the type being chosen as part of the TeldE

input and then worked by use of flags instead of w /

using up four separate lables plus one for \u

coordinate input. This makes one longer

program, but is actually shorter than the total of

the other five needed the other way.

The illustration to the right allows using

all four of the intersection types for trying out

the programming after you have input it. We

have left everything in the ‘bearing’ format,

rather than refer to ‘directions’ and distances,

but you may work in either azimuth or bearing S

for your input and output. S

    
  

  

ae
“\__N4 300.00

E4 200.00

Input for the program begins with

prompts for the beginning and ending coordinate

pairs, in this case Nj, E, and Ny, E; . The point      
to be output as the intersection will be Na, Es Zor ~~

. : . . NM150.00 S495 ~~
for the bearing-bearing, bearing-distance and the oh -

distance-distance solutions. N2 125.00 A
E2 400.00

For all of the distance/offset solutions, the intersection point will be somewhere along the

bearing line from points 1 to 3, or that same line produced past 3, shown as Ne,Es, N7,E7 and Ns, Es.

 

 

 

 

 

The step-by-step program input/output 1 150.00 175.00

instructions begin on the next page. We've used the 125.00 200.00

program keystroke instructions to solve some of the

various problems as shown in the table to the right. To be calculated

The user should solve the remaining Bearing-Offset 300.00 200.00

problems for practice. 200.00 150.00 
 

To be calculated

To be calculated

To be calculated

This is a program where we suggest that you

input part of it, take a break, then complete the rest at a

differentsitting, to help reduce program input errors.

 

 

|
N
|

O
O

Oa
}

x]
OB

]
NN
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PROGRAM: Intersections

 

 

  

 

 

  

  

 

  

  

  

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Begin the intersection program M

3 [BEG NORTHING: on the North coordinate of the beginning 27S

3 |BEG EASTING: Input the East coordinate of the beginning 7S
point.

3 |END NORTHING: Input the North coordinate of the ending R75
point.

4 |END EASTING: a the East coordinate of the ending

Selection Prompt
5 |AZ=B BRG=l  |To work in Azimuth mode,input 0. To [@] or (O01 then

work in Bearing/Quad mode input 1.

AZ-AZ=1 If Azimuth mode was selected To select this type, input (T]
OR OR Lo6 BRG-BRG=1 . to NOT select this type, NODepending on 5 If Bearing/Quad mode was selected input, Stroke

AZ-DIST=1 If Azimuth mode was selected To select this type, input [1]
R ) 1

7 BRE-DIST=1 8 ina/Quad d lected to NOT selectthis type, NODepending on 5 earing/Quad mode was selecte input. Stroke

_ — To select this type, input 1

8 |DIST-DIST=1 to NOT select this type, NO input. RES

AZ-05=1 If Azimuth mode was selected To select this type, input (1
OR OR ny ’9 BRG-0S=1 . to NOTselectthis type, NODepending on 5 If Bearing/Quad mode was selected input. Stroke       
  

At this point you have input the beginning and ending coordinates, selected the type of input
(azimuth or bearing) and the type ofintersection you wantto do.

Separate instructions will be given for each type of intersection solution (on the following
pages), as examples, and will use either azimuth or bearing input. If you chose a different input than
that shown in the example, the only difference will be the prompts for the directions.

Output,in all cases will be the bearing (or azimuth) and distance from the beginning pointto
the intersection point, the coordinates of the intersection , then bearing (or azimuth) and distance to
the ending point.
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PROGRAM: Intersections (continued) BEARING — BEARING Selected

Working the problem as

an input example, use the figure

below for the input.

NI 150.00
E1 175.00 N2 125.00

E2 400.00

This example uses the

input as bearing and quad code

with the matching output.

Again working the

problem as an input example,

use Azimuth for the input on

the figure below.

 

  

 

 

 

  

   

 

 

  

   

 

      

 

     
 

 

 

   

 

   

 

   

 

 

PROMPT KEYSTROKES OUTPUT

BEARING: MEOE@E]

QUAD CODE: al

BEARINGS E210@EIOIRS)

Wig =
QUAD CODE: 2] {53030

i=

{pao
bp =

2354673
N=

376.8943
E=

2379589
b=

2995130
B=

He 324510
f=

R/3 200
Returns to the intersection

program for new calculations. To

leave the program stroke

PROGRAM: Intersections (continued) BEARING — DISTANCE Selected

PROMPT KEYSTROKES OUTPUT

1 |AZIMUTH: EOEEIGE]

1b

|

DISTANCE: DEOEEOEMNERE to

2 D:
2354672

N=

3 976.943
E=

4 397.9589
f=

] Ris 1471458
[i=

© Ris 2995130
Returns to the intersection

A

150.00 NZ 125.00 program for new calculations. To

EZ 400.00 leave the program stroke    
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PROGRAM: Intersections (continued) DISTANCE — DISTANCE Selected
 Working the problem as PROMPT KEYSTROKES

an input example, use the figure

below and select azimuth for

the directions.

N3

ES “yg

 

SNL150.00
Ef 175.00 N2 125.00

E2 400.00         

     

  

 

    

OUTPUT

2] 14E

2 DISTANCE: DEOOOEMOEEE Son

b=

2354670
N=

3768943
E=

237.9589
A=

Ra 1471450
[=

2995130
Returns to the intersection

program for new calculations. To

leave the program stroke   
 NOTE: The last two types may have 2 possible solutions. For the 2nd solution in Bearing-Distance,just reverse the direction of the bearing and re-run the calculation. For the 2nd solution on the

Distance-Distance type, run it backwards.

PROGRAM: Intersections (continued) BEARING — OFFSET Selected

 

    

For this one, we’ve cal- PROMPT KEYSTROKES OUTPUTculated the offset to the second -
point as the example (N6, Ee).

|

1a |AZIMUTH: LEHOE3@E) =

 

 We‘re going to use the other
two in the exercise.

 

w
i1b R/

 
 

 
 NI 150.00 =~SS.

El 175.00 N2 125.00 3°
E2 400.00

Returns to the intersection
program for new calculations. To

leave the program stroke   

15.3630
=

36.6704
N=

184.7571
E=

1846444
A=

185.3630
=

2234926
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calculating missing sides

It sometimes happensthat some of the dimensions for a traverse (or deed) are missing. In order

to solve for any missing part of a traverse, we have to first assume that the traverse closes, because

any part we calculate is based upon the information furnished by the other parts, and will only work

on a closed figure. When we calculate our answer, we areforcing a closure.

Oneside missing is the most obvious example of solving for a
missing part. We have everything exceptthe closing line.

If, using the traverse program, coordinates are put on each of
the known corners, it is a simple matter to obtain the missing
side's length and direction by inversing from #4 to #1.

Adjacent missing Parts. It also happens that you are
missing TWO parts of a traverse and need to simultaneously solve
for both parts. You can do this by reducing the traverse to a point
where the difference in latitudes and departures of the known parts
may be used to solve the two missing sides. #2

 

Theillustration to the left shows the basic principles involved,

and we can use the formulas

_ y (sinB) ~ x (cos B)
a= sin(B —- A)

B=(C=5

or p = X [cosA) - y (sinA)
sin(B = AJ

A=2

These formulas solve for missing lengths of two adjacentsides,
and may also be re-written in the form

 

sinB-A) = (5inB) ~ x (cos B) _ x (cosA) ~ y (sinA)
a b

when we have the sides and need to solve for the missing bearings.
If you look at these formulas, you will notice that they are the
formulas for doing a bearing-bearing and bearing-distance
intersection. Additional needed information, from that point on,
may be solved through the use of the Law of Sines. The Law of
Cosines is used for solving distance-distance intersections. A

Non-adjacent unknowns also occur. It may be that the
missing parts will fall on sides of the traverse which are not
adjacent to each other. You can arrive at a solution by re-
arrangement of the traverse. For purposes of temporary
coordinate values you can connect the sides with known bearings
AND distances together, making the missing sides adjacent.
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The first step is to ignore the unknown courses and connect up all of the courses with both
known bearings and distances. Simply rearrange the figure, leaving out the unknown sides.

B =C B

The inversed side will yield the same
bearing and distance, regardless of D

the configuration A Unknown sides not
A c | included in the figure

| pJ
E

E=D

Calculate coordinates for the points in the rearranged figure and
inverse for a closure (above). Next, the inversed side, combined with
the two sides that contain unknowns, will form a figure like the one 3 S

. , : 8 =
shown to the right. This figure may now be solved as a triangle, or as < $,

. . . . . . QV

an intersection problem (in the case illustrated, use bearing-distance). 2
>
=

Once the unknowns are resolved, re-assemblethe original figure
and calculate actual coordinates for the angle points. Side VE

So, how would something like this happen in the first place? Consider the following exerpt
from a deed written about 50 years ago, when all of the properties in the area were farm lands:

... Thence, N 22°25’ E 342.67 feet to a point in that line common to the property
now or formerly owned by George W. Brown, as shownin that certain Grant Deed
recorded May 16, 1923 in Book 243 of Official Records of Bohunk County at page
22; thence along said common line 435.96 feet to the most westerly line of the
Smith property as shown in that certain Quitclaim Deed recorded September 24,
1940 in Book 136 of Official Records of Bohunk County at page 209; thence, along
last said westerly line S 47°22’ W to the point of beginning, containing . . .

And there you have a not uncommon source of unknown lines. The distance along Brown’s
line is known but notthe direction, and Smith’s line has a direction but not a distance.

When solving a problem like this it’s important to understand that the answers (as in the

simple inverse for closure) are a ‘forced’ solution. It is only as accurate as the other information that

was used to calculate it. The answer is not ‘real’ by any definition but is a solution based on the

known information. A look at Brown’s deed might give a bearing for that line, but was written at a

different time and not necessarily based on the same basis of bearings. Without more information
being known there is no way to check the answers.
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Exercise 8

Using thefigure shown to the right, solve for the unknowns,
then calculate and close the boundary.

1. Whatis the bearing ofline B-C?

2. What is the distance for lint D-E?

3. What is the area of the enclosed property?

    

4. Calculate the coordinates for Lot 85,

shown to the left.
 

Pt # North Coordinate East Coordinate
 

 

     
 

5. What is the area of Lot 85?

Sq. Ft.

 

6. Calculate the coordinates for point #6, the B.C

and E.C. of the curve in the figure to the right..

7. Calculate the curve data for the curve

Radius =

Delta =

Length =

Tangent =

Chord =

 

External =

Mid-Ordinate =

8. If the station at the B.C. is 115+24.96, what is

the station at the intersection of the curve and line?
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curve to curve intersection

The intersection program will calculate the

intersection point along the arcs of two curves

when the two radii and the point numbers of the

radius points are known. Use the Distance-

Distance option, with the radii being the two

distances, to solve the problem.

Input is ALWAYS counter-clockwise, as

seen from the intersection point.

 

line to curve intersection

You need to know the radius of the curve, the coordinates

of its radius point, a known coordinate at any location on the
line, and the direction of the line.

If the line point is on the inside of the curve, the direction

of the line is given toward the point of intersection that you want

to calculate.. If outside the curve,it is often easiestto set a point
on line that is inside the curve to avoid confusion.

Both of these problems can also be solved by calculation

as triangle problems, although the intersection is quicker.

 

slope staking

Surveyors tend to think of slope staking as a trial-and-error field exercise, as it is done in
the field. On a test it has to be generalized, and unless the illustration includes a grid at a given
scale so you can count the squares for distance and elevation, the quick way is to use the
intersection program. They will have to give you a picture with all of the slopes, distances,etc. to
even formulate a problem.

Okay, turn the slopes into azimuths, ¢ Crowd Elev = 507.97"
calculate the distance to the far side of the v- |
ditch, work the slopes to get an elevation for that
pont.

   Using the elevations as the north V-ditch "11 slopes
coordinates and the distances as the east
coordinates, calculate the intersection at the
catch point. It's just an azimuth-azimuth
intersection problem.
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trouble-shooting your programs
If you are running a program and encounter an error message,

stop and stroke EW R/S] to go into program mode. The calculator will
have stopped at the pointthat is causing the problem.

In the case shown, "HIHERISTEHT" will indicate that you have a label missing . .

 

 

RPN

HOWEXISTENT   

. You didn’t input

a program that the calculatoris looking for yet. "0YIE EY 8" would usually mean that an equation or

program step is trying to divide by an empty register, and "IWALIl EEN" tells you that something is

wrong with an equation, maybe an extra parentheses or a missing one.

running the program again. If the program is correct, the LN and CK numbers (see chart on page 44)

should be the same as shown in the chart.

Correct the error and try

If you need to take a break while programming, stroke to leave program mode and then

stroke EC] to turn the calculator off. When you come back, turn the calculator back on and stroke

[1 to go into program mode. You will be at the same place you left off.

During a programming session you can go to any particular step

by stroking @WXEQ]} (=). This brings up a prompt display like the one to
the right. Type in the step you want to go to (i.e. $8127 and when you go

into program mode you will be at that step.

NCEES
The NCEES examinations are closed-

book, but reference material (formulas and

information) are provided in both the

morning and afternoon examination

booklets. You can download the same

reference materials for study from www.

ncees.org before the test . This information

is free, and is in PDF format that you can

download to your computer or print out.

Click on Study Materials to select the

fundamental exams. A free download is

available for both the Surveying and

Engineering exam materials
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   Exam Regiatration

Fula siandues

   

 

Sew ormsegbidrdion
befoRS

You'll also find that a book of sample test questions is available at a low cost. Once you have

the information (it’s usually updated prior to each test) you’ll note that a lot of the material is already

included in the programs in this book. For what isn’t included you have some options.
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chapters 6 and 7 in your user’s manual and you’ll find that any of the mn

equations that are listed, photogrammetry for instance, can easily be

input into the calculator’s equation library, and ready for solution by EQN LIST TOP
the solver,or just by executing the equation. Go into equation mode by

stroking (EX}(STO], and you will be at the top of the equation list.

 

 

Typing in the given equations as you need them during the test only takes a minute or two, the

calculator will prompt you for each value and solve it for you, avoiding errors that you might make

in working with the numbers directly.

As a general rule, the test will vary with each testing session, but in each test you will be given

the materials you need to answer the problems. It would be a good use of your time in preparing to

take the test to be as familiar with your calculator as you can. Learn how to use the statistics
functions, as well as the equation functions.

The calculator’s manual even includes a program for Time Value of Money (Chapter 17, Page

1) and probability functions (Chapter 4, Page 14) to handle some of the test questions you may be

least familiar with. Again, the more familiar you are with your calculator, the better you’ll do in the
test.

answer key

Exercise 1 (page 6)

1.147°24'23"  2.90°53'15"  3.N 40°07'18" E (az=40°07'18")  4.S 82°58'18" W (az =262°58'18")

Exercise 2 (page 6)

1. 117°41'34" 2. 140°18'31"  3.63°54'38"  4.117°3520" 5.80°13'11" 6.S04°2046"E

7.5 78°09'18"E  8.223°49'17" 9.9550 10.-3.7652  11..9994  12.-17.1423

Exercise 3 (page 10)

1. Radius = 510.23 2. Radius= 400.00 3. Radius= 200.00' 4. Radius= 16,127.45

Delta= 2794525" Delta=  34°44'59" Delta = 2°56'21" Delta=  1925'16"

Length = 247.18" Length = 242.60" Length = 10.26’ Length = 400.01"

Tangent = 126.07" Tangent = 125.16" Tangent = 5.13" Tangent = 200.02'
Chord= 244.77 Chord= 23890"  Chord=  1026' Chord= 400.00"

External = 15.34" External = 19.12’ External = 0.07 External = 1.24"

Mid-Ordinate= 14.90'  MidOrdinate= 1825"  MidOrdinate= 0.07  MdOudinate= 124,

Sector= 48519.830" Sector= 1,026.000'

Segment = 2.020360" Segment = o4s0

Fillet= 544.120 Fillet= 02300
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Exercise 4 (page 13)

 

 

 

 

 

 

 

 

L STATION DEFLECTION CHORD STATION TANGENT OFFSET
Radius= 510.23 12+419.25 BC. 0° 0.00 2. Radius = 400.00 122+34.97 0.00' 0.00'

Delta=  27945'25" 12450 1943/40" 30.77 Delta=

Length= 247.8 13+00 493206" 80.69" Length =

Tangent= 126.06 13450 7°20'%2" 1320.47 Tangent =

Chord= 244.77’ 14+00 10°08'59" 179.83! Chord =

External= 15.34 14450 12°57'25" 228.61 External =

Mid-Ordinate= 14.89 14466.4 EC. 13952'42" 244.77 Mid-Ordinate =

3. STATION CHORD DIST. OFFSET

Radius = 386.31 53+24.37 0.00' 0.00’

Delta=

Length =

Tangent =

Chord =

External =

Mid-Ordinate =

 

Exercise 5 (pages 19 and 20)

I. Side1 12.163 2. Sidel 29.682 3. Sidel 15

Angle 1 76°03'56" Angle 1  75°14'51" Angle 1 84°28'18"

Side 2 18.364 Side 2 23.9162 Side 2 21.8384

Angle 2 37°24'35" Angle 2 60°19'18" Angle 2 36°12'30"

Side 3 19.432 Side 3 33.0374 Side 3 25.2745

Angle 3 66°3129" Angle 3 44°25'51" Angle 3 59°19'12"

Area 108.3941 Area 343.240 Area 163.0263

4. Sidel 65.467 5. Sidel 18.249 6. Sidel 32.416

Angle 1 84°28'18" Angle 1  79°22'06" Angle 1 87°13'51"

Side 2 109.4502 Side 2 24.6097 Side 2 38.1001

Angle 2 32°17°00" Angle 2 40°10'30" Angle 2 41°32'56"

Side 3 122.0028 Side 3 27.8020 Side 3 48.8168

Angle 3 63°14'42" Angle 3 60°2724" Angle 3 51°13'13"

Area 3,566.0253 Area 220.6965 Area 616.8048
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Exercise 6 (page 25)

1. BVC @ Station 12+05.56, Elevation BVC 124.11,

high point Station 14+27.78, elevation 126.33, EVC @ Station 16+05.56, Elevation 126.33

2. 12400 124.00 12450 124.91  13+00 125.60 13+50 126.06 14+00 12491

14+50 12631 15+00 126.10 15+50 125.66 16+00 125.00

3. elevation 123.58 @

Exercise 7 (page 32)

To the southwest Lot Corner azimuth = 76°14'26", distance = 117.43"

azimuth = 88°42'15", distance = 207.33"

azimuth = 68°32'26", distance = 145.99’

To the southeast Lot Corner 5457.4442

To the building corner

 

Exercise 8 (page 39)

Assume that the coordinates for point E are 5000, 5000

1. What is the bearing of line B-C?  § 40°08'17.6" E
A

2. What is the distance for line D-E? 199.0998’

132,944.6772 sq ft3. Whatis the area of the enclosed property?

11+79.00 and 121.56 @ _10+78.00 (neither one is in the vertical curve)

5129.6532
B   

  

08’ 50334292
9.0920 me 5196.2733

— 552005" WN\__ (526.1786)
(5000.0146)
Temporary
Inverse to E

5000 266.1786'
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Pt # North Coordinate East Coordinate

2 552.9359 904.2714

3 605.0925 977.6177

4 517.8285 1039.7095

5. What is the area of Lot 85?

6577.70 Sq. Ft.



     

 

S 750 &Ss

Exercise 8 (Continued) 3 ee

6. Calculate the coordinates for point #6, / 5

the B.C and E.C. of the curve in the : ¥
figure to the right.

7. Calculate the curve data for the curve 2,

<

Radius = 300.00 “Bo

Delta = 37°48'00"

Length = 197.92

Tangent = 102.71

Chord = 194.35

External = 17.10’

Mid-Ordinate = 16.17

8. If the station at the B.C. is 115+24.96, whatis the station

at the intersection of the curve and line?

__116+68.66

LBL U... for “undoing flag settings”
This one was suggested by a user, and is added in, ueeal LBL U (1

here at the end of the book, becauseit is a great idea. There Uaee2 Clx ®&=)(=])
are times when one or more flags are left set after using a ARA3 CF 8 m=) (x1(2100)
program and can affect the next program you want to use. Ueend CF 1 m=) (x12)

laaas CF 2 EXE
To insure that you have all flags clear before starting a pase CF 3 m=x1213]

new calculation, simply stroke (Ul). The program quickly pea? CF 4 m= (x)(21(4)
Uaaas RTN mE)clears all used flags that mightstill be set. LN=24 CK=2781

We would appreciate your comments and suggestions regarding the workbook and programs. If you
used the hp33s calculator during a test, we would like to know whether or not you feel it saved time or
otherwise was helpful. Please DO NOT send us test examples from yourtest.

Software by D'Zign
P.O. Box 430
Tollhouse, CA 93667
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s
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n
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e
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s
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e
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e
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/
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Miscellaneous Programming
 - Circular Curves

(0381
C0662
C0663

 

DELTA:

8 CF 10
4

SF 3
INPUT L
F§? 2
D=Lx188=(mR)

F§? 2
ABS
F§? 2
510 D
#20?
CF 2
F§? 1
R=Lx188+(xxD)

CF 1
INPUT C

=]
m=z]
m=x12)2]
=x1213)
&=(=])2]
Bx]
3S] then
before each alpha input

=121]0]
EE]
Ke] [Io}
==
=x]
=0IR]
m==a)
mEx10lz]
RCL)(D]
RCLJ(R]

==)
mEx)210l
m=)
m=xi212]
m=)
=ExI0IE)
=x) (o](L]
mE (x1(31(2)
#2) STO) then
before each alpha input

mE(x1E12]
=F)
[>]]E3 [EWA]
Sol)
==)
=x)(2]2)
=x13E10)
E210) then
before each alpha input

mExEIa]
=)
BEx1E10)
EIR]
El
mx
=)(0](c]
Continued next column  

F§? 2
ZXASINCC=(Rx2))

FS? 2
ABS
F§? 2
ST D
#20?
CF 2
FS? 1
C=(2%5SINCD=2))

CF 1
INPUT T
28 F5

D=HTANCT=R)%2

FS? 2
ABS
FS? 2
S10 D
all

2
?

R=T=TAN(B.3XD)

mx)31(2)
ER) (STO) then
before each alpha input

m=) (x](3](2]
=]
mEx13]2)
Eo)ol]
m=)
m=)(x](2](2)
=) (x)(33101]
=) (STC] then
before each alpha input

E=x1310]
E02]
m=(x1310]
EIR]
m=)
m=x]2)0l
E=1(0](T]
mx1E12]
=) (STO) then
before each alpha input

m@x1E10]
BR) (SIC) then
before each alpha input

m=x1310]
[]]Ed
mE
ErolR]
m=)
mmx]
m=z)
m=x1(2]12]

m=
m\x11a)

==)
E=x1012]

Continued on next page |



Continuedfrom previous page

 

3 FS:
C=2¥RX(SIN(D+2))

FS? 1
ABS
FS? |

8 S10 C
|=R¥Dx(x+188)

FS? 2
T=RXTANCD+2)

FS? 2
ABS
F5? 2
STO T
FS? 3
L=RxDx(n+18@)

F5? 3
ABS
FS? 3
STO L
F5? 3
C=2¥RXSIN(D+2)

mal
m@=x11]
m= (x)(310]
[>] then
before each alpha input

mE x1E310]
[a]!
Emx1E310]

=)
=) then
before each alpha input

FEE]
==)
=) al

=) then
before each alpha input

(>1]E3 [ER WA
=)
=]

=)
=) then
before each alpha input

m=(x)E12]
=]
=)

[>]
=) then
before each alpha input

=)
=
[1]

m=(x1(3]
[>] then
before each alpha input

BEEREE
a
[>]

=)
Continued next column  

 

RCL R
FS? 3
TANCD=2)

VIEW
E=TXTAN(D+4)

ABS
S10 E
VIEW E
M=Rx(1-COGCD=22)

AREAS:

PSE
1
RCL R
yd

x

RCL D
360

X

5T0 §
B
xy
SECTOR:

RCLI(R]

m=Ix]13E13E)
M3) (STO) then
before each alpha input

E@x1E13E]

EXIGE]
E05
BEx1E1E)

(RCL) (D]
==]
Eo)

@)o]
=) then
before each alpha input

&)

=](0)
=] then
before each alpha input

9

=)(0)
m\x)01(10]
=) then
before each alpha input

=)
=) [Cos]

RJ

(2)
(el(o]

=]

0]

=) then
before each alpha input

Continued on next page



Continuedfrom previous page

 

 
 

C163 PSE =)
C8164 STOP iE
C8163 RCL D Re]
Coles 2 @
Cale? + E32
Ca168 C05
COI&S RCL¥ R ECL C(R]
COI78 RCLx C
cairl 2 @
e172 = =
airs - =
Calv4 o @
(A173 {dy
C8176 SEGMENT: IE=IET0] then

before each alpha input

e177 PSE IA
A178 STOP R/S
A179 RCL R ECR]
(618d Rx 1
C18] RiL- § RODE
Ca182 @
C183 (Ov
Ca184 FILLET: EREQ) then

before each alpha input

A185 PSE ERE)
C0186 STOP
CA187 MORE=@ STAKE=1 ERE then

before each alpha input

C188 X=? mE]
C8189 GT0 C EE)(C]
A190 XB? m0]
C0191 G10 O EXE)(0)

~ Curve Layout

0a@81 LBL 0 EE]
02882 CF © mz]
06983 CF 1 mx
00084 CF 2 mx
00885 CF 3 [>] [ES [PRER

Bee SF Ex)08 18
080@7 SELECT TYPE

09988 PSE
08889 [Lx
08818 DEFLECTION

=) then
before each alpha input

=)
E10
BEA] then
before each alpha input

Continued next column
 

08811

1
(8882

(8883
4

2
(6813

(6814
R8A15

x20?
SF
CLx
TAN-0S

x20?
SF 2
Clx
CHO-0S

x20?
SF 3
Clx
OFFSET=:

S10 0
RCL R
RCL: R
S10 K
BC STATION:

2
2
n

%
810 C
FS? 1
DEF ANGLE

FS? 2
TAH DIST

m=(=)
mx]
=)
E32) (STO) then
before each alpha input

SIO] then
before each alpha input

mEal
mEx10IE)
@==0]
W2)(SI0] then )
before each alpha input

J
RJ]

ER]

=) then
before each alpha input

©]

=
REIL]

EE
=)(S10) then
before each alpha input

RCO (=](E]

REICIR]
2]

m@Ex1E10]
m=) then
before each alpha input

=) 2]
=) then
before each alpha input

Continued on next page 3



Continuedfrom previous page

F5? 3
CHD DIST

CF 18
F5? 1
HHSCH)

F§? 2
Kx(CxCOSCAY)

F5? 3
KXCXCOSCCD=2)-R)

FS? 2
OFFSET

FS? 3
OFFSET

3 CF 18
FS? 1
Katt2XRXSINCAY )

FS? 2
KX(CXSINCAD)

FS? 3
KXCxSINC (D=2)-R)

8
xy

4 STOP
SF 18
GTO @
RTH

=)
r=] then
before each alpha input

=a) Clo]
=) Mm
=] then
before each alpha input

=)
=] then
before each alpha input

=)
=) then
before each alpha input

(oJ

w=)
®\x1310)
=] then
before each alpha input

m=) 2]
=) then
before each alpha input

=]
=) then
before each alpha input

m= (x](2]1 10]
m@x1E10]
=) then
before each alpha input

=)
=) then
before each alpha input

=
=) then
before each alpha input

0]

R/S

mw x1]e]
= Q)
=]

- Triangle Solutions 

Some of the equations within the

programs use symbols representing keys that

you may not use often, most commonly, the ~

symbolis input with (ZF), the 58 with and the

SORT with (Z). There are also some equations

used that are too long to show on just one line

within this book's format, and these are

indicated by a ] and a note indicating that they

are all one equation, not two -

lines of input (the insert to RNA

the right shows an example).

  

 
Gogel LBL G EEG)
(0882 CLYARS E=E
(0083 CF 8 BIXEE
(8084 CF 1 m=EaEmm
(088s CF 2 m=ExEE
(8086 CF 3 BEIxI@E
(0087 CF 4 BEE
(0a@8 SF 10 BEE)
(B8A9 TYPE SELECTION WEEREIQ) then

before each alpha input

(6818 PSE =EIRS)
8811 Clx E10
C6812 §1-52-53 EEE] then

before each alpha input

(0813 x20? mE
(@814 SF 1 mI
(0815 Clx E10)
G@ale A3-S1-Al BRET) then

before each alpha input

GABIT x20? mm
(8818 SF 2 m2)
(8819 Clx EI=11)
(8628 S51-Rl-A2 (SIO then

before each alpha input

C021 x20? EE
(B@22 SF 3 mEIx1E]
(8623 Clx E10
GBg24 51-A1-52 [E)(STO) then

before each alpha input

C0025 x20? EEO
Continued on next page 

  



Continuedfrom previous page

SF 4
CLx
51-52-A2

INPUT SIDE 1

FS? 3
INPUT SIDE 1

FS? 4
INPUT SIDE 1

F3? B
INPUT SIDE 1

1 pe

FO
7

0
D
2

fe
0
0

EP
ae

8 FS
INPUT ANGLE 3

F§? 2
510 1
FS? 1
INPUT SIDE 2

F3? 1
STF
F§? 2
INPUT SIDE 1

F§? 2
ST D
FS? 3
INPUT ANGLE 1

B= x1(1(4]
==]
=) then
before each alpha input

==)
m1]
m=x1010]
=] 4
= then
before each alpha input

3)
=) then
before each alpha input

(=) (4)
=) then
before each alpha input

=) oJ
=) then
before each alpha input

m=) (x1E)0]
J

=)
©]

= Ca]
0]

m=x1310]
>]

=)
=) then
before each alpha input

=] @
(J

=) ©

(=) then
before each alpha input

=) ER

=) 2]
=) then
before each alpha input

BE x131(2]
oJ

mBxiE]
=) then
before each alpha input

Continued next column

 

FS? 3
ST0 E
FS? 4
INPUT ANGLE 1

F5? 4
ST0 E

8 F5? 8
INPUT SIDE 2

F$? 8
§T0 F

7 1FS:
INPUT SIDE 3

F5? 1
ST0 H
FS? 2
INPUT ANGLE 1

FS? 2
10 E
F5? 3
INPUT ANGLE 2

FS? 3
S10 G
F5? 4
INPUT SIDE 2

F5? 4
S10 F
FS? B
INPUT ANGLE 2

FS? @
STO G
CF 18

3 F5?F§? 3
188-(HR(E}+
#HR(G)

F5? 3
3HMS
FS? 3

=)

=) 4]
(=) then
before each alpha input

[>]

m3xjE10]
=] then
before each alpha input

m=] (o}

=) MD
=] then
before each alpha input

=) al

= 2]
=] then
before each alpha input

=) 2]

=)
=) then
before each alpha input

=]

m=@x131(4]
=) then
before each alpha input

BREE

EEE)
r=) then
before each alpha input

=x)

m1]
=x1E]
input as 1 equation
|](S10) then
before each alpha input

=)
[>]
=

Continued on next page



Continuedfrom previous page

FS? B
RASINCCFD)x(
SINCHR(G))

? B
188~(3HR(T)
+3HR(G))

? 2
188-(+HR( I)
+3HRCED)

A IHS
FS? 2
STO G
F5? 2

)

]

]

DXCCSINCIHRCID)
+(SINCIHR(E) ))

FS? 2
S10 F
F§? 2
DX(COSCHRCINI)

FS? 2
Fx(COS{3HR(ED))

F5? 2
+

(0
=)
=)
=)
=)
=) o]
input as 1 equation
r=) then
before each alpha input

=) 0}
=]
=) 0}

(J
=] 0]
input as I equation
[>] then
before each alpha input

EEx1E10]
m=15])
m=) (x](31(0]

CE]
=) a}
m1]
=) @
input as 1 equation
r=] then
before each alpha input

=) @
=)
=]

=)
input as I equation
=) then
before each alpha input

=)

m=]
=) then
before each alpha input

=)
=) then
before each alpha input

=)

Continued next column

 

(8133
(6134
GA13s FS
0136

8137

 

F§? 2
ST0 H
74

2X(DAFyx(COS(
REED)

FS? 4
310 T

FS? 4
S10 H
SF 1

FS? 1
(DHF4H=2

FS? 1
S10 P
F5? 1
SORT((PX(P-F)
+(D¥H))

FS? 1
SIO T
F5? 1
2XAC0SCT)

ACOS(SORT(Px(
P-D))+(FHI))

F§? 1
2
FS? 1
X
F§? 1
HHS

FS? 4
SORTCSACDI+50 ]
(F)-)

]

|

=)

=)
input as 1 equation
=) then
before each alpha input

=) A

=] (4)
input as 1 equation
=) then
before each alpha input

=)

mwa]
m1]
=) Bl
=] then
before each alpha input

=) @
J]

=)
input as 1 equation
=) then
before each alpha input

= JE310]

=) (1
=) then
before each alpha input

m=) @
m=]
=) @

in
mE=E10])
input as 1 equation
(=) then
before each alpha input

=) ER

=) al

=) Ql
=)

Continued on next page



Continuedfrom previous page

 

S
ANGLE 2

RCL G
STOP
SIDE 3

RCL H
STOP
ANGLE 3

R
STOP
CF 18
BX(DXHXSINC
HRD NM

=)

=) iN
input as 1 equation
=) then
before each alpha input

mEXx1E10]
m=]
=) al

=) ER
m0]
=] then
before each alpha input

(Bl

=) then
before each alpha input

=) then
before each alpha input

2)(SQ) then
before each alpha input

=] then
before each alpha input

=) then
before each alpha input

ml
R/S

=) (Jed
input as 1 equation
IR) (STO) then
before each alpha input

mEIx1010])
IR) (SIO] then
before each alpha input

Continued next column

 

GB28] STOP

(8285 RTH

w Required sub-routine

sepai LBL 5
pgaz 2ND SOLUTION

Sppa3 CF 18
Sagad  188-C+HR(I)

sagas RCL G
500806 210 E

Saga S10 G
seal RCL F
seall STO D
copiz  188-(3HR(EM ]

HR(G))
58813 HHS
$6814 S570 1
50813 SINCHR(IN

58816 SINCHHR(G))

seal? +
50818 RCLx D
see19 S10 F
58028 Dx(COSC+HR(IDN)

50021 Fx(COS(3HR(G))

See22 +

58025 SIDE 1

S8826 RCL D
Sa@27 STOP
50828 ANGLE 1

R/S
E=1x13100]

EXEC]
(~>1]E3

EE)
=) then
before each alpha input

E1210]
=) then
before each alpha input

m=15]

(STO)(D]
input as 1 equation

then
before each alpha input

=
IN

=) then
before each alpha input

(=) then
before each alpha input

=
@]

[>] then
before each alpha input

=) then
before each alpha input

=) 10a]
=) then
before each alpha input

Rell]

= then
before each alpha input

Continued on next page  



Continuedfrom previous page

 

 

vapid STO 0 EA)

Se% Site vaatd CL CTESlan
031 SIE 2 (ESI) shen cD)|YEO1S INPUT LENGTH [EGTONchenCU)
aR RL F olschaiyangSTD |
SAB33 STOP RIS alt calf 29a
58834 ANGLE 2 EET)thenBO) VBBIS RCL §

59835 RCL G vaaza 310 R Baa
and STF , i0z2 410
mr Coe EEL EEXEQI Z

Jos RL vagal LBL ¥ EH
SMI ANGLE 3 CRISTO) chen om|T0002 INPUT STR: EBNUIONthen

before each alpha input gore each aipha pu
Y0ep3 570 5

on ot on owfk EIS
SpRd3 CF 19 Bxo

|

1088s RCL 1 ROM

5aa44 SOSH | inputas1 equation ands 100 Det)
STO RCL -

GHR(T) beforeEeinput YA0Ag x

Sepd4s STO A Yoeeg RCL+ E
Seede SF 10 E10] Yoel RCL S
5A47 AREA TRIE) then Yag1l «(dv

before each alpha input ¥@B12 STOP R/S

50848 RCL A Y8ai3 G10 Y EXE(Y)
Sop49 STOP oo
chRSA RTH ’=](+] equire Su Tamm

‘Vertical Curves ct LiL ‘

Yap! LBL V EEM 28083 ENTER
Yaee2 CLYARS EEE 20084 RCL 0 RSD)

Yaea3 SF 10 Exo

|

28885 RCL- 1 REO=

Yaead CF | E120) 20086 x{}y
¥8aRS INPUT BEG STA [ERIEQ] then Z08ay on (2100)

before each alpha input |7BBBA8 = =]

VBpae STO 5 70889 + =

YBna7 INPUT BEG ELEY ®=RIEIQ] then 260818 570 HM
before each alpha input |ZBBI1 RCL I RCL

Yaees STO E 20812 RCLx L

Y86@A9 GRADE IN: ERE) then 20813 RCL 1 ka
before each alpha input Z2hB14 RCL- 0 RCO=A)

vea1a STO I EM + =
veall Clx B= 28016 ENTER
¥ae12 GRADE OUT: REA) then Z8017 RCL+ R ROHR

before each alpha input 7BB18 STO §

Continued next column A08n1 LBL % = 8

Continued on next page



Continuedfrom previous page

. RCU=IR]) PaR1Y Eel

og i © Dom Faced EEO) she
XapRd = =) before each alpha input

ABBBS ENTER PAB21 lela]

Aa8B6 ENTER PARR =

#8887 RCLX H PARRY 0 Erol)

ABBB8 RCLt I RELHI] PRY N

ABBB9 X PAAR RCL DO (REL (0)

#8618 RCL+ E PAA26 ENTER

%8a11 RCL § PARRY RCL N

RAB12 «(oy es xy

¥A813 8 ol} *
P38 RCL M

ote By ? P0031 RCLX 0 ReLIxJ(Q]

#BAle STOP PAA32 RCL I (Rell (J

%BB17 INPUT STR: I=) (ST0]) then ns RCL- 0 Heel

before each alpha input v

5015 PAA+/-me 1 =
-+

eg KN = PAA38 ENTER
~ Vertical Intersections ————————o——

|

PAA33 RCL- T REL) (=1(T]

EEE PARdA RCLX | (RELIx]CL]

Poot LBL Popd| ROL+ FWile S23 (EE
POE4 INUT STA | EEICIO) hen on rn 

before each alpha input

Pages S10 T
PBB INPUT ELEY 1 [EES] then

before each alpha input

+ Elevation-Find Station

 
POG? STO F TE: EEE

Eaa2 STO HboaTT STA 2 (EIGID)siencD a =

-
x=1:

i he
POLL INPUT ELEY 2 IBIS)vhonBo Emmi RL- 1 EO@Im
Pai? RCL F Coane 10g DEE

i iPARIS STO : EARL? ROL E
Pll GRADE IN: SISO)henBC (EMRI- WH EEm
Pol? 100 ree Eapl4 STO A
PaRls 5 EQRLS ROL Y q

Continued on next column Continued on next page



Continuedfrom previous page

2

Rel)
Ml)
=

EDEE

EDEM
EDEE

EDEIE
EDEN
EDDIE

EERE
EER)
=H  

— Required sub-routine

Hagel LBL H
Haae2 RCL E

&(HEH)

Rel (=1H]
(RCL)
(110](@]
=]
=]

RELI £1(R]

m=]01s]
a]

ENXEQ)(Y]
B=]

End Miscellaneous Programming

|



Coordinate Geometry Programming
 ~ Traverse

0
T@B9 AZ=B BRG=1

S10 7
xh?

B
1
2 oF 2

TB813 NORTHING:

4 970 Y
2 STO N

STO U
T0017 EASTING: 

10004 FZIHUTH:
Jagas Fs? 2
JaBB6 EQ B
JBBe7 HR

510 A
JBBa9 DISTANCE:

510 D
810+
Byrdvyx

B
1
2
35
4 510+ HN

JBBLS #Ov
6 S10 0
7 S10+ E
8
9
B

RIL L
RCL 0 

Ha
B12)
=x12)2]
Ex)
0}

=) then
before each alpha input

m0]
mJ0lz]
=) then
before each alpha input

=) then
before each alpha input

Ql
=)

m3]
=) then
before each alpha input

=)

=)

=) then
before each alpha input

©]

m=]

(QJ)

J)

Continued next column

 

 

Jag + =
JAB22 RCL+ H
JAB23 x
JAB+
JABS STO+ G
JAB26 RCL 0 Re]
JAB2? STO+ MH
JAB28 VIEW N EI
JAB29 VIEW E =) 0]1(E)
JBA38 GT0 J EXE]
a3 R (=1[E3)

~ Traverse Closure

Keeal LBL K EEK]
KBee2 RCL E
KBe@3 RCL- X RE(=)X]
KBea4 RCL N
KB@es RCL- Y R=)
KBBBE vyx¥8,r E=4)
Kaa? STO D (E0)(0]
KBoBE »{>v
KBaas 13a 81)
K@nig +
KBal1l HHS =) (5)
Kani2 STO A
KBei3 Fs? 2 m@x1EE]

14Keald4 KER HN
KeaCLOSE ERROR

KBa16 PSE
Kgal7 F5? 2
KBa1s VIEW B
KBal9 Fs? 2
KBa28 YIEW @
KB82l RCL Z
KB822 x=0?
KBB23 YIEW A
KBe24 VIEW D
KBg2s RCL §
KBA26 RCL: D KBB27 STO P
KBB28 PRCSN RATIO 1:

=) then
before each alpha input

=]
mii)
m=) (0)
=x1E12]
m=)

=D
(J

=) then
before each alpha ry (

Continued on next page



Continuedfrom previous page

KBaz9 PSE
KBa3a VIEW P
KBa31 RCL G
KBa32 ABS
KBas3 STO A
KBa34 ARER:

KBa33 PSE

Inversing

|6ea1 LBL L
Laaa2 CF 2

SF 18
18669 AZ=A BRG=1

Leela S10 2
[Ball Xa?

SF 2
16813 FS? 4
|6614 RCL Y

FS? 1
L6@16 NORTHING:

FS? 1
16621 EASTING:

Lea22 ST0 I
LBL R

RBBA2 MORTHING:

ST0 J
ROGA4 EASTING:

=)
=)0](r]

=)

(=) then
before each alpha input

(3) (R/S

Continued next column

[a]
@=x12]
@x1010]
=)
m=x1210]
=)
mEx1211)
mJ]
=) then
before each alpha input

==]
m=x]1)
E=x1314]

m1E11)
=) then
before each alpha input

=) (41

=)
ERNE) then
before each alpha input

(1
EHR]
=) then
before each alpha input

=) then
before each alpha input

Continued next column  

keade VIEW A
Keea7 SUM H DIST:

KBaas PSE
KBa3g VIEW S
Kbada CF 2
Kaa4l STOP
Kea42 RTN

RO8AS STO K

RO@2
ROA:
Re@22 VIEW 0
RAA23 RCL 2
RAB24 X=R?
RA823 VIEW A
Rea26 VIEW D
RO@27 FS? 4
RAB28 GTO J

 
ROB29 MORE=8 STAKE=1

RAB30 XK?
Rea31 GTO R
RAB32 X=0?
RE833 CF 3
R@a34 CF 18
RAA33 GTO L
REa36 RTH

=)
[>] then
before each alpha input

=)
=o]
E=x]1(21(2)

=)

Rel
(Rel) (=X

(Rel) (=10]
=(4]
Erol @]

(celal

=(5]

Ex1E12)

Ex1E1E2)

m=](0]D)
m=)(x1(3])4]
&NXeQ) 1]
2) (SIC) then
before each alpha input

==]
&jXQI(R]
m=]
mx1(213)
m=x]2]10)
XE)(L]
EE 2



 — Intersections

Igaal LBL I

SF 10
18889 BEG HORTHING:

810 ¥
16811 BEG EASTING:

§T0 &
16813 END NORTHING:

510 U
18015 END EASTING:

 
16832 FS? 6
18833 AZ-fz=1

16834 FS? 2
18835 BRG-BRG=1

16836 x20?

En
=)
mxi2]]
=) il
= 2]
m2)
mwa
m=]
=) then
before each alpha input

=) then
before each alpha input

=) then
before each alpha input

[>] then
before each alpha input

Ql
=]

=]
E=x(4)

=(=10l)
=) then
before each alpha input

m@=10l)
mEx102)
Eze)
mEx10e]

=]
mEx13E16]
=) then
before each alpha input

Ex]
FB)(EO) then
before each alpha input

mE
Continued next column

 

18637

 

5 1
8 Clx

F5? 6
AZ-DIST=1

F§? 2
BRG-DIST=1

#28?
SF 3
Clx
DIST-DIST=1

mE x1010]
®E=10]
=) Cel
(r=) then
before each alpha input

=) (2)
=) then
before each alpha input

m1)
Ex]
E=l0]
=) then
before each alpha input

m=10)
=x14)
E11)
mx1E]e]
m2)(SC] then
before each alpha input

mEx1E12]
=) (SIG) then
before each alpha input

=a)
Ex]
EE(=11]
m@(x13E]0]

=x1E10]

[1[EI [ERED

m5]

RIE]

(1a

Mell
=

Continued on "Nyx



Continuedfrom previous page

18873
10876 FS
18877

S10 K
? 4

DISTANCE:

FS? 0
SXSINC)

FS? 8
510 G
F5? @
SXCOS()

FS? 8
S10 D
FS? 1
P-T

FS? 1
STO K
F§? 1
188-(K+d

3) 4]
=) then
before each alpha input

=)
=]

=) Cle]
r=) (o}
=) then
before each alpha input

=) 0}

m1]
= M

r=) al
J

m=) (x13)
3) then
before each alpha input

=]

= (al
=) then
before each alpha input

=) (4)

= C10]
=] 0}
=] then
before each alpha input

=) (0)

=) (oJ
=) then
before each alpha input

=) (o]
>]

= (1
=] then
before each alpha input

=) BR

mEx1E10]
=) then
before each alpha input

Continued next column

 
18129 

F
19124

F§? 1
S10 H
F5? 1
(SXSINCKD )=5INCH)

— x S
E
o
m

[
a
n
— =("2

? 3
STO

SXCOS(J)

F5? 3
SART(L-M)

F3? 3
+
FS? 3
S10 D
FS? 4
SRC5SRID)-50(E)

FS? 4
2X5XD

F5? 4

=(x13)

=x1310]
r=) then
before each alpha input

mEx1E10
©]

=]
=) then
before each alpha input

=)

=)
WR) (STO) then
before each alpha input

=)

=)
=)(EI0) then
before each alpha input

=(x]1E13E]

=x1E13E]
R21 (ST0]) then
before each alpha input

=x1313E]
=) then
before each alpha input

m=)(x1(3]

m=(x1(3]
oJ

m=) (x1(314]
W=)(SIO) then
before each alpha input

=x1314]
(r=) then
before each alpha input

mEIx1E104]
=]
m=x1314)
[EB] (Cos)
m@=@x13104)

B@x1E104)

Continued on next page 7]



Continuedfrom previous page

A15@ RCL T —_—

8131 F5? 4 m@E14] Weeal LBL MW EN(EW)

we Required sub-routine

  

22 RCL- J Re=O Wpee2 RCL Z

18153 FS? 4 m=x13104]) Waaa3 X=a? m=) (106)

Bi54 $10 C WGERd AZIMUTH: ERED) then
| 155 F5? 4 BEIx1E1E before each alpha input

156 +HMS (>1]ES] Wepas F5? 2 =x131(2)

ar F5? 4 mEx1E104] |peRe XEQ B

1158 570 A Waea? HR &=(5)

A159 RCL C WpBa8 RTH =x]

60 RIL D ELD) = Required sub-routine

Bisl Byrdvyx =a]

gle2 RCL* Y Maal LBL HM EE

A163 S10 H MeeA2 FS? 6 mEx1E]1E])

1164 x(dv taee3 YIEW A mE) (01(A)

165 RCL+ X peed FS? 2 mEx131Z]

66 5710 E Maeas RCL A

67 HEQ H MpeBe FS? 2 m\Ex13E12)

68 VIEW D =)(al(D] Mepa7 HEQ N

69 VIEW H (=n[IN Mapas F5? 2 m@Ex1E12]

78 VIEW E m=E] 1pae9 VIEW B mE(0](E]

71 ROL E Maei@ FS? mEx1E12)

@i72 RCL- 0 RCO=IS) Mpa11 VIEW 0 mE

A173 RCL N Mpa12 RTH mE

A174 RCL- U REO=)
73 yyx30a Fr =a]

76 510 D El ([@]
77 2ldy

A178 18a EE]
79 +
88 HHMS EE
gl 510 A

1182 XEQ M
1183 VIEW D EoD

i a it 6 Aa End Coordinate Geometry

18186 RTN BEE Programming  
Is



 

 

New HP35s Solutions Book. All of the same programs that are
in this hp33s book, but it can also store points!! Allows storage
and recall of up to 800 coordinates pairs .

The HP35s calculator allows direct addressing and that
eliminates several subroutinés, leaving a bunch of labels
available for future programs. We will have free downloads
(PDFs) of additional programming for this calculator on our
website (www.SoftwareByDZign,com) soon. Stock # 3511

 

 
SOFTWARE FOR THE hp 49g+ and HP50g  

 

CALCULATORS aneHR

e All of the products are on a standard 64 = Tmae|
Megabyte SD card, leaving approximately 8 Ed |
62 Megabytes of backup/storage memory ES|
for the user. All angular addition,
subtraction, multiplication and division are |
done directly in Degrees, minutes and
seconds format.

e D’Zign handles all of the software support
directly and updates are available to users
as a basic service from D'Zign.

eo NOTE! HP49G+ calculators will need to
have the operating system updated
(instructions and software included with
our products) The currently available
products are all updated Ver. 2 editions.

fam usw ree Ee an
COWIE LAY LE WH pn

     

  

 

hp 49g+/HP50g Basic Cogo Pac Stock # 5031
Our basic pac, designed for students taking the required course in Coordinate

Geometry,is also perfect for doing the everyday office calculations for surveying. In
addition to ALL of the normal cogo programming, including pre-determined areas,
intersections, and rotation/transformation, it solves vertical, circular and spiral curve

problems with just a few keystrokes. PC transfer/translation programming is also
available to users (Convertor, stock #3050).

hp 49g+/HPS50g Surveying Pac Stock # 5081
All of the programming of the hp49g+ Student Pac (above), plus Field Stakeout

solutions, curve through three points, curve common to three tangents, differential, trig
and three-wire leveling, 2— and 3-point resection and more. A special conversion
program does calculations and/or conversions in Foot-Inch-Fraction or metric units
directly, output is in any other format selected. PC transfer/translation programming is
also available to users (Convertor, stock #5050).

hp 49g+/HP50g Transportation Pac (TRANSpac) Stock # 5083
All of the programming of the two hp49g+ Pacs above, plus the most powerful and

functional Alignment/Offset program ever designed. Handles tangents, both circular
and spiral curves, angle points and equation stations. Another program takes the hard
work out of Slope Staking by allowing the user to slope-stake large areas from one setup
point, calculating all of the information for the slopestake and the reference point. PC

transfer/translation programming is also available to users (Convertor, stock #5050).  Vv,



 

 
\. $42.00 U.S.
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