\

BEaal LBL B EMCIE] Beginlabel
BARA2 CLVARS EMI=)(@) Clear variable
BAAA3 THPUT ®X)(0)(B] Prompt for bear:
Baged INPUT @ @@ Prompt for Quas
BEBAT «(dy Swap
BGOEE HR =) Convert to D.dd
Py [ERI4] Swap
BAAAR ENTER — ENTER) Enter
BAEA ENTER  ENTER Enter

[==]

Beaig 2 2
Bagil - = Divide
Bealz 1P EE  Getinteg
Bea13 n FE=F)(Cos)  Pi
BAG14 4DEG Be) Radians t =
BAALS X Multiply =
BOO1E xidy Swap —
BAAI7 LASTx: [EN)[ASTX) Return la s .,*”. cj.i;,,,.wﬁ
BAA1E Multiply &g'ﬁﬂ,‘g;
BAA1S COS cos) Cosine mi‘f”mm%m ‘QM
Eggg? + =Ry Roll regit gﬁwﬁ

i Multiply i o s o
80028 - = Subtract %Eﬁg’nww
PAEZE WIS ERGE)  Comert a“

nh's

\
5
B

Baez4 RTN EE B

CK=506F
= Sl |

Surveying Solutions
for the hp33s

gnd Edition

7
L
o




Surveying Solutions
for the hp33s

@nd 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 of a 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 NCEES test, 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 of problem found in the NCEES tests. 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:

1% h 2YARS When you press (=] to clear the stack or registers,
ey NEVER use option #fiLL By stroking (2). That would clear
3ALL 42 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
without having to remember what the single-letter prompt is asking for (step AAE33 for example, could
have just prompted fi?), The actual keystrokes for input of the step are:

E=)(EO)(EQN) [RED) [AN(RET (ZIRED) (TIRED) (M) RED) (W) (RED) (T (RED) (HRE)(COLON)

Our notation in the program steps will be FB)EIO) 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
LBL Y, 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 ﬂmﬂmﬂﬂ
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 e
degrees (D.dd) before adding or subtracting them. After the o
calculation, change them back to D.ms. Forgetting to change them,
either initially or after the calculation is one of the most common
causes of mistakes 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
S convert it to a different quadrant.
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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.
By taking 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.

65°54'38" - 26°12'16" = 39°4222"

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 of the 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, §? or T2, 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 ]
(right-shift) (X) (times) (1] (selects SF) (] (inputs 1) (@) (adds the 0), the flag options are 12F, &(F, and
ST, 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 of how 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 us to offer the option of working in
either azimuths or bearings during the coordinate
geometry programs.

explained in detail on page 1. Start at the top of
program memory by stroking EUXEQICI(] and
then stroke EX[RA] to begin input of the program
steps. Type in the program steps shown below.

figgel LBL A ENEHE

figaaz SF 1@ EXmME

feges AZIMUTH:  EREIQ) then
before each alpha input

Nggal LBL N [lEa o]

Nepaz 2HR =E)

Neaa3 ENTER

Naag4 ENTER

Noaes 9@

Neggs =+

Hege? P

Neaes 1

Negeg +

Noota §T0 @

Neail Ri

Neai2 ENTER

@13 SIN

Naa14 ASIN BEN

NBais ABS &

Nea1e HHS E=)(5)

N@ai7 STO B

Neaig RCL @

NBB19 RTH

You need to check that the program steps
have been input correctly. If you stroke
&) (F=), and then select PGM by stroking (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

RPN

LBL A
LN=17

This number indicates the size of the
program (in bytes). Hold down the () key and
press the key (SHOW) to see the check
sum.

CK=B0g6 :
Lh=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 LN=81 and CK=1DES.

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
of the LN and Checksums is on page 46.

A couple of things to remember about
this program when you are using it. Step Hp882
changes your Degrees, Minutes and Seconds (D.
ms) input into decimal degrees (D.dd) to use it
for the calculations, and step N88l6 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) BEARING (D.ms)
80000 QUAD CODE

EXAMPLE: CHANGE THE AZIMUTH, 125°23'16", TO
BEARING AND QUADRANT CODE
AZIMUTH; MzEO@:EOE 943644
[T 660
Start at the top of program memory again by BOGIY O =y
stroking EXEQICIC], stroke EWRA) to BoR10 ENTER
begin input of the program steps. Type'in the Baall ENTER
new steps shown below. Chapter 6 of the | pap{2 @
user's manual explains equation input. The BARi3 = =A
key is the colon, and the key is the space. | Ba@i4 IP =
Stroke before stroking the letter key for | BB@IS (=1}t ]
input of the alpha characters. Egg%g 3DEG =&
X
Beeal LBL B E=EE BO0I8 x(dy
BagE2 SF 1@ BEOOQ B2019 LASTx () (ENTER)
BBAB3 BEARING: RSO then BOA28 X =
before each alpha input Bag21 C0S
Baead4 ST0 B Boge2 Rt =]kl
BOOOS QUAD CODE: ER)EO) then BEA23 x
before each alpha input BO024 - =
Bagas 510 @ S]] BEA2S HMS m|E
BBOA? x(3y Beazs RTH =B
Bogas +HR LY 10 CR=B010
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 AZIMUTH (D.ms)




EXAMPLE: CHANGE THE BEARING, N 25°23'16" W,
TO AN AZIMUTH
PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
BEARING! Input the Bearing (D.ms) DE0EERMMERE)
QUAD CODEX | Input the Quadrant Code @EE 3343644
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 DB@el LBL D BEE)  Begin label A
then get some practice using all of the ones Swap
we've put in so far. =3 Convert to D.dd
Swap
This one is different from the first two. =E) Convert to D.dd
In those, you execute the program and they Swap
Add

prompt for the input. In this one, you input the
numbers first and then execute the program.
Again, start at the top of program memory by
stroking EXEQICIE], stroke EMRAS] to
begin input of the program steps.

[>1[Ea]

PROGRAM: ADD OR SUBTRACT IN DEGREES, MINUTES OR SECONDS

Convert to D.ms
End

(to subtract, stroke [F2))

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
Input the 1st angle or azimuth (D.ms)
Input the 2nd angle or azimuth (D.ms) | XEQ([D) Sun or Difference

EXAMF;LE. WHAT IS THAGLE ETWEEN XE

N17°22'41" W AND S 23°15'44" E?

BEARING: ZE0MEEEERE

QUAD CODE: 2RE 1564416 (D.ms)
MDOREREMEAD] (1748657 (D.ms)

NOTE: The angle between S 23°15'44" E and N 17°22'41” W would be 18553
ways the angle right in a clockwise direction from the first direction to the second direction

B3 the answeris al-




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 @1 (5] and to do the reverse, (5],

Exercise 2 (do the 1, 2, 5 and 6 longhand, then complete the exercise with the programs)
Calculate the angles indicated

6
"o LA
S
57194 ’
1. ans’ 2. ans’ 3. ans’ 4. ans’
Calculate the azimuth or bearing as indicated
,\06025'2)// ‘.
\:J/es
v
’ 3
S,
S
“eon /'05037119“
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 1, 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(x/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/2

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 = ZRsind/;

C = 2Rsing/;

BC (or PC), the 'beginning of curve' or 'point of
curvature' both common usage in different parts of the U.S.

8

Curve Nomenclature

The parts of a typical orizontal (circular)

curve are shown above

SECTOR

st

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 of the
curve. M = R(1~cosA/z) = RversA/y

External (E), distance from PI to the middle of the curve.
E = R(secA/3-1) = RexsecA/z

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

Sector area = iR2A/360 = LR/;

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

Seqment area = Sector area - /)R %inA = Sector area - 1/5CReos(45)

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 &

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.

& any station along curve

deflection and long chord

With the instrument at the BC. of the
curve, the deflection angle is turned as the
angle from the P.l. 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
the chord and deflection angles to any
stations to be set.

Be

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 prompt for the offset, if any.
To just calculate centerline stroke or input the width of the offset and stroke 7). 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 for it.



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/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 if either 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 |DELTR: Either the central angle or radius must RIS
be input as one of the known parts
If the RADIUS is known, input it, otherwise
9 no input
3R Either the central angle or radius must
be input as one of the known parts
T If'known., input the length of arc, other- 75
wise no input
If known, input the chord distance
) \
5|07 otherwise no input B
If known, input the tangent distance I=
?
6|1 otherwise no input Central Angle
R=
! Radius
8 L=
firc Length
S A2 Chord Distance
i Continued on next page
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PROGRAM: CIRCULAR CURVES (Continued from previous page)

T=
" Tangent Distance
E=
” External Distance
M=
® Hid-Ordinate Distance
14 fRERS: reminder displayed for 1 second
15 SECTOR:  reminder (1 second prompt) SECTOR AREA
16 SEGMENT: reminder (1 second prompt)| RS SEGMENT ARER
17 FILLET:  reminder (1 second prompt)| RZS FILLET ARER
To calculate another curve, input 0, or
18 |MORE=D STAKE=1 f(o calculate stakeout for this curve
input 1
Or, to leave the program stroke
FExercise 3°
Complete the curve data for the following: 3
Radius = 510.22' ) Radius = _ZM
N — Delta =
Length = Length = 10.26'
Tangent = Tangent =
Chord = 244,77 Chord =
External = External =
Mid-Ordinate = Mid-Ordinate =
2. Sector =
Radius = 400.00'
— Segment =
Delta =
Fillet =
Length =
4. Radius =
Tangent=  125.16' aqem
_—_— Delta = onslig
Chord = 1°25"16
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 (4
to the final prompt in the curve program

SELECT TYPE Reminder prompt will be displayed for one

2 second

To select this option, input any number and
3 |DEFLECTION stroke [R7S] OR to not use this type, just

stroke (7S] without input

To select this option, input any number and
4 | TAN-0S stroke (RZS) OR to not use this type, just

stroke without input

To select this option, input any number and
5 |CHD-08 stroke OR to not use this type, just
stroke without input

To calculate the layout at an offset, input
the size of the offset (change sign for
OFFSET= offsets to the inside of the curve). For

calculations along centerline, just stroke
without input

@

7 |BC STATION:  |Input the station of the B.C.
. | Input the station you want to calculate

& |INPUT STATION: layout for. Output is selection dependent

DEF ANGLE
9 |TAN DIST or [Selection dependent prompt

CHD DIST

YALUE

10 gpggg'[ or Selection dependent prompt
1 YALUE
12

Returns you to step 8. Input the next

. | station you want to calculate and repeat
INPUT STRTION: steps 8 through 12, or stroke to leave
the layout program




EXxercise 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 = 510.22' 12+19.2% B.C.
Delta = 12+50
Length = 15+00
Tangent = 13+50
Chord = 244,77 14+00
External = 14450
Mid-Ordinate = E.C.
2. Layout by tangent-offset
STATION TANGENT DIST. OFFSET
Radius=  400.00' 122+%4.97
Delta = 122450
Length = 123400
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 = 55+24.57
Delta= 25915122 52+50
Length = 23771 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 fextbook 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.

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 put it.

The example triangle (above) shows this style 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 of the routines.

The program begins with selection prompts for you to select the TYPE of solution needed. A
brief reminder prompt, TiFE SELECTION, is displayed (one second) and then the 5 type options are
offered. To NOT select one of the types just stroke BZS). 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 get the first of the three input prompts.

The input prompts shown will depend on your selected solution type.

NOTE! There is no solution for a 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 number to select this
3 ($1-52-83 SOLUTION FOR THREE SIDES KNOWN | option or to continue to
next prompt
Input a number to select this
SOLUTION FOR TWO ANGLES AND
4 |R3-S1-A1 option or to continue to
THE INCLUDED SIDE KNOWN next prompt
Input a number to select this
At KNOWN SIDE AND THE NEXT TWO ) -
5 |S1-A1-A2 FOLLOWING ANGLES KNOWN option or to continue to
next prompt
Input a number to select this
i SOLUTION WHEN TWO SIDES AND N :
6 |51-A1-52 THE INCLUDED ANGLE ARE KNOWN option or to continue to
next prompt
Input a number to select this
TWO SIDES AND THE FOLLOWING AN-
7 |81-52-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
. SIDE 1
10 ANGLE 1
1 SIDE 2
12 ANGLE 2
13 SIDE 3
14 ANGLE 3
15 ARER
Appears when there is a second solution
to the $1-S2-A2 type. The program will
16 |2ND SOLUTION |again repeat steps 9 through 15 but the
output will not be in the same order as the
original input
When finished with the calculations, it will
17 return you to the triangle program for next | RS
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.
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PROMPT KEYSTROKES OUTPUT
8a |INPUT SIDE | | mOEm@m@meEa
8b | INPUT SIDE 2 OIDEEERS
8 | INFUT SIDE 3 | mO@m@EIEE
9 SIE 1
R75) |8.3648
10 (73] |ANGLE 1
361232
1 SIDE 2
96800 side 1, side 2, side 3
12 ANGLE 2 THREE SIDES KNOWN is one of the most
591912 used solutions for triangles, particularly since
3 SIDE 3 the accuracy of electronic distance
measurement trilateration has, for the most
5.7438 . L
part, replaced triangulation in several types of
" FGLE 3 surveys. The example begins at the input
842816 prompts.
15 ARER
®/5) | 239138
PROMPT KEYSTROKES OUTPUT
s IIUT ALE 3| EI@OMEmE)
8b | INPUT SIDE 1 GO @EBEIRE)
s |IHPUT ANGLE || BIMDZIEIME]
9 SIE 1
57438
10 ANGLE 1
942818
1" SIE 2
83641
angle 3, side 1, angle 1 2 gzﬁl-gEggz
TWO ANGLES AND THE INCLUDED |13 SIDE 3
SIDE ARE KNOWN Tl}iS solution is also 96801
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. 1912
15 AREA
R73) | 239142




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
Angle 3 36°12'30"
59°18'07" v
SIDE 3 = 9.6802

First Solution Output

2 7
55" Angle 1
36°12'30"

SIDE 2 = 56172
Second Solution Output

PROMPT

KEYSTROKES

OUTPUT

8a | INPUT SIDE 1

b | INPUT SIDE 2

EODMEMGEIRS)

BIOEEEERSE

8c | INPUT ANGLE 2

HEOOE:E

SIDE 1

<z
5

9.7438

i
&

ANGLE 1

=|
T
G

842823

3
5

SIE 2

|
&

83640

|
3
5

ANGLE 2

1z
5

36.1230

2|
53

SIDE 3

2|
)

96802

=]
3
5|

ANGLE 3

99.1987

= |[=l
313
& |5

AREA

iz
&

239139

2|
5

D SOLLTION

(output will continue with
he second solution option)

SIDE 1

83648

ANGLE 1

361230

SIDE 2

38172

ANGLE 2

1204853

SIDE 3

9743

ANGLE 3

RS EHEHENENENENEHENE
2RI R REHR R IR IR
| 3] (19 |19 |19 | |9 |19 |[9) |19 |198) | 199

238637

22

|
N
)

AREA

R/S

94301

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

KEYSTROKES

OUTPUT

INPUT SIDE 1

EIODMEIRA

INPUT ANGLE 1

EEO0@EME)

8c | INPUT SIDE 2

S
o]
)
]
B

@)

SIDE 1

/¢

&)

5748

ANGLE {

842818

SIE 2

83640

ANGLE 2

361231

RN ENEHEHENENE
2R R IR R
5| (13 [[93) [9) | 19) || | &

SIDE 3

2
5

96800

ANGLE 3

591911

SRR
SHEHE

ARER

=
Z|
5|

239138

side 1, angle 1, side 2
TWO SIDES AND 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.

side 1, angle 1, angle 2

ONE SIDE AND THE TWO
FOLLOWING ANGLES KNOWN This
solution first solves for the third angle. |8c

The remainder of the triangle is solved as | g
Angle, Side, Angle to determine the other
missing sides.

PROMPT KEYSTROKES OUTPUT

INPUT SIDE 1

E00MAEIRE

o
&

INPUT ANGLE 1

EBEEmOEzEmE

INPUT ANGLE 2

B
B
8
g
B
B
E

SIDE 1

75) | 57458

!
5

ANGLE 1

=
3|
)

842818

SIDE 2

83641

ANGLE 2

361230

SIDE 3

96801

= |[® |[# |[® @ @ @ |[=
SIS E R R IE
G |13 (9] |19 [19) {19) | o) | |99

ANGLE 3

991912

=]
3|
&

ARER

=]
2|
)

239142

=
i~
55|




Exercise 6°
1. Solve the triangle
Side 1

Angle 1

Side 2

Angle 2

Side 3

Angle 3

Area

Il

2. Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

Il

3. Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

Il
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Exercise & (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

IIf

6. Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

20



vertical curves and grades

Vertical curves are usually described as 'crest’ or 'sag'
verticals, as shown to the right. % ¢ alvays negative
The form of the curve may be expressed as o 2
y = ax? + bx N \\

where y is the height of the curve above or below the first tangent CkEST
. N " IER
point, and x is the distance therefrom. REST VERTICA

The highest or lowest point on the curve is at a point where S
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, @ abays positive /x’
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/dx = O, x = ~b/2a. __5AG 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 (ELy and PVC) are known,

L Go - Gi 2 Gi 2
200L (STA — BYC)? + \ 199~ J (STA — BYC) + (Elbve — Elsta) = O (ax“ + bx + ¢ = 0)

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

1
2| - 200(Elbve — Elp)(Go - Gi) (_077')
Where:
Gi= Beginning grade (grade in), expressed in percent Elbvc = Beginning elevation at BYC
Go = Ending grade (grade out), expressed in percent PVl = Point of tangent intersection

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

STA = Station along horizontal with curve elevation  ELy = 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

i 1
L = 200(ELpvi — ELp)(Gy — Gi) (W

or, if the BVC is given.

L = 200(ELbve — ELg)(Gy ~ GI)( 010' )
001

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 STR  |Input the station at the B.V.C.
INPUT BEG ELEY |Input the elevation at the B.V.C.
GRADE  Ih: Input the % of grade for the tangent. R/S
(For a curve, input the % of grade for the
incoming grade) Change sign if negative
GRADE QUT: 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 € 8%
INPUT STR: Input the next station you want to calcu- STATION
late the elevation for ELEVATION
After writing down the answers, stroke
to continue with the next station
INPUT STR: When finished with the calculations
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EXAMPLE

200" vertical curve

The vertical curve shown to the right

will be used for the example. The B.V.C. 1 | e
station is 10+50, at elevation 106.00. 28 S gi‘%‘;‘_"*
29 3 o
2o o S
We will calculate the elevations for Ol
stations at 50 foot intervals along the curve, [Sa;
the 0% station and elevation (high/low point), =
in this example the low point. You can also g
calculate the station at which a particular 4'2@
elevation occurs, using [BO(E), after all of i
the information has been entered for the i
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. O@Em
INPUT BEG ELEY |Input the elevation at the B.V.C. om@E
GRADE IN: Input the % of grade for the incoming meO®E
grade. (Change sign if negative)
GRADE OUT: Input the % of grade for the outgoing @
grade Change sign if negative
INPUT  LENGTH Input the length of the vertical curve. @O 11045455
Output is high/low point sta & elev 1855989
INPUT STR: Input the next station oo 1100.6000
1855938
INPUT STR: Input the next station OmEm 1150000
1838758
RIS
INPUT STR: Input the next station o@m@m@ 1200000
1868438
RIS
INPUT STR: Input the next station O@zEmm igg%ggg
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PROGRAM: CALCULATE STATION WHEN ELEVATION IS KNOWN

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
Home ... Input the elevation (two stations will | REQI(E] STATION
be shown, verify that they are in the STRTION
curve to be valid answers.
Next output is the high/low point R/S STRTION.
ELEVRTIOH

ND THE STATION AT WHICH mO@EOEE

EXAMPLE: FI

ELEVATION 105.65 OCCURS
Output is station(s) at which the 11252600
elevation occurs. 18838100
Output is the high/low point 1104.3435

1055989

INPUT 8TA: Continue with input in main program

There are 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 of intersection (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 (EQ)(P].

PROGRAM: CALCULATE VERTICAL INTERSECTION

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
®

INPUT STR 1 |lInput the first station

INPUT ELEY 1 |input the elevation

INPUT STR 2 |Input the second station R/S

INPUT ELEY 2 |Input the elevation

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

GRADE QUT: Input the % of grade for the grade out PVYL STATION
(Change sign if negative) ELEVATION
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The example will use the information from the illustration to the o Lo
right. The known station at the beginning is 10+00, with an elevation of
120.00 and the known station at the end is 16+00 at elevation 125.00.

A{

The two known grades are a +2.00 percent and a minus 1.60
percent. Follow the procedure below to obtain the station and elevation
of the point of intersection. A

EXAMPLE: FIND THE STATION AND ELEVATION OF THE VERTICAL INTERSECTION

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
FEQIP)

THPUT STR 1 |input the first station Mm@

INPUT ELEY 1 |Input the elevation @@

INPUT STA 2 |Input the second station mE@mm@

INPUT ELEY 2 |Input the elevation o@:®E

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

GRADE QUT: Input the % of grade for the grade out oom 14855536
(Change sign if negative) 1281111

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 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
stroked.

A traverse may be thought of as 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
the right.

In this type of traverse, 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
monument line, and the basis of bearings would be the
bearing of the line.

This type of traverse also closes back to the
original point of beginning, and allows the turning of a
closing angle, which is turned at the first (and last)
point, foresighting the second point.

REF. BEARING

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

26

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

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 tumed to the left or to
the right

\— Begins and ends at the same point of known

or assumed coordinates

Type 'A' Closed Traverse

Type 'B' Closed Traverse

Angles may be turned

left or W7

closing angle

Closes at a known coordinate and to
a line of known bearing



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 fm Nor;/,,s, to a ,/w,-,,; of
. . : town coordinates or a line with
begin at a known point, does NOT close to any point or 2 keown bearing

line which allows adjustment of the traverse. \
ight,
right, or 5

. Angles may be turned left or
An OPEN TRAVERSE may also be considered as s 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.

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 NCEES test questions will require you to calculate a small traverse before you can
answer the question, but the question will be to determine the precision of the 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 OuUTPUT

1 Begin the traverse program

Selection Prompt
fAZ=8 BRG=1 |To work in Azimuth mode, input 0. To [@ or (M then
work in Bearing/Quad mode input 1.

~

. Input the North coordinate of the beginning
HORTHING: | P

@

" Input the East coordinate of the beginning
ERSTING: | RN

ES

R/S

If Azimuth mode was selected
AZIMUTH: Input the azimuth that defines the direc-
tion of the first course.

o

OR

If Bearing/Quad mode was selected (a)
BEARING: Input the value of the bearing that defines | &S
the direction of the first course.

o
g

If Bearing/Quad mode was selected (b)

5b |QUAD CODE: | Input the quadrant code for the bearing
that was just input.
THEN
6 |DISTANCE: Input the distance for this course. R/S R;NNNNNNN
E=
EEEEE EEEE
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
8 CLOSE ERROR reminder prompt B%g%%ﬁégn
9 PRCSN 1% reminder prompt PRECISION RATIO
10 ARER:  reminder prompt ARER
1 SUM H DIST:  reminder prompt PERIMETER DIST.

When finished with the calculations
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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
fAZ=0 BRG=1 Selection Prompt
The example is in Bearing/Quad so it's
easier to work in that mode
HORTHING: Input the North coordinate of the beginning | (4] ([@](0)
point.
EASTING: Input the East coordinate of the beginning | (6](0](0]
point.
BEARING: Input the value of the bearing that defines | (2] @)
the direction of the first course.
QUAD CODE:  |Input the quadrant code for the bearing | (1)
that was just input.
DISTANCE: Input the distance for this course. E1@m N=
6794439
R/S E=
789.1380
BEARING: Continue with the traverse, noting the

coordinates as you go. When finished,
calculate the closure
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PROGRAM: INVERSING — USED SEPARATELY

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
4 be sure to clear flag 4 before starting | (@)X (@] XEQ) [
2 AZ=8 BRG=1 Selection Prompt @ or () then
Work in whatever mode is needed
3 NORTHING: Input the North coordinate of the RIS
beginning point.
4 ERSTING: Input the East coordinate of the
beginning point.
5 NORTHING: Input the North coordinate of the
ending point.
s ERSTING: 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 | 7S QUAD CODE
8 R/S DISTANCE
9 MORE=B STAKE=1 | Selection Prompt @) or (RA) or
Work another or radial stake points to leave program
EXAMPLE: INVERSING — USED SEPARATELY N 587.35

Calculate the azimuth and bearing between the
two points shown to the right.

/ N 702.56

E 90257 \

E 49174
PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 be sure to clear flag 4 before starting | (2 (X121 XEQ) [T
2 |AZ=8 BRG=1 Select azimuth output @
3 |NORTHING: Input the North coordinate of the DEEAOEAEERS)
beginning point.
4 |ERSTING: Input the East coordinate of the AOOMO@IO@EEE
beginning point.
5 |NORTHING: Input the North coordinate of the EHEEOOEEAES
ending point.
6 |ERSTING: Input the East coordinate of the ME@OEARA fi=
ending point. 1853831
D=
4266300
MORE=B STAKE=1 |Selection Prompt @D or @IRA) or to Returns to
Work another or radial stake points leave program prompts for
next input
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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, mEx101E
set Flag 4 before beginning jm]
2 |AZ=8 BRG=1 Selection Prompt @) or (1) then
Select the same mode that you are
using for the traverse
3 | HORTHING: Input the North coordinate of the end- | RS
ing point.
4 |ERSTING: 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 | [R/S QUAD CODE
6 DISTANCE
7 Returns you to the traverse program | RZS) Next direction prompt

And, you can use the inverse program for stakeout. If
you have pre-calculated coordinates for the points you want to
stake, as shown to the right. A general procedure would be to
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 HORE=A
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
the next point. Note that the HIFE=H STAKE=]  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 . ..
RO0058 for the rest of the program, instead of L#### as
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 | 1) (X](Z] (@) XEQ) (1)
fiz=B BRG=l  |Selection Prompt @ or (1 then
2 Work in whatever mode is needed
NORTHING: Input the North coordinate of the be-
3 ginning point.
4 |ERSTING: Input the East coordinate of the be-
ginning point.
5 NORTHING: Input the North coordinate of the end-
ing point.
o |EASTING: Input the East coordinate of the end-
ing point.
7 If Azimuth mode was selected RZIMUTH
OR
7a If Bearing/Quad mode was selected | [®/S BEARING
7b If Bearing/Quad mode was selected QUAD CODE
8 DISTANCE
9 HORE=B STRKE=] | Selection Prompt
Work another or radial stake points
10 NORTHING: Input the North coordinate of the next
point to be staked
" ERSTING: Input the East coordinate of the next
point to be staked
HORE=8 STAKE=1 | Selection Prompt @] or MRA) 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 of the 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. Next to just plain traversing, this is the most used type of calculation in surveying.

solutions, the type being chosen as part of the

N3

input and then worked by use of flags instead of T‘\

using up four separate lables plus one for
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
for your input and output.

Input for the program begins with
prompts for the beginning and ending coordinate
pairs, in this case Ny, E; and Ny, Eq . The point
to be output as the intersection will be Ns, Es
for the bearing-bearing, bearing-distance and the
distance-distance solutions.

N5 400.00
We've included all of the normal o E5 150,00
‘\‘\§\¢_/—E&‘

!

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 Né,E6, N7,E7 and Ne, Es.

The step-by-step program input/output
instructions begin on the next page. We’ve used the
program keystroke instructions to solve some of the
various problems as shown in the table to the right.
The user should solve the remaining Bearing-Offset
problems for practice.

This is a program where we suggest that you

input part of it, take a break, then complete the rest at a
different sitting, to help reduce program input errors.
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150.00 175.00

125.00 400.00

To be calculated

300.00 200.00

400.00 150.00

To be calculated

To be calculated

@ N| O O] K| B N

To be calculated




PROGRAM: Intersections

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 Begin the intersection program @
3 [BEG MORTHING: :)rz::: the North coordinate of the beginning
3 |BEG EASTING: :)r::;’?;]tt the East coordinate of the beginning o
3 [END NORTHING: lnput the North coordinate of the ending 7
point.
4 [END ERSTING: Lnor?#tt the East coordinate of the ending
Selection Prompt
5 |AZ=B BRG=1  |To work in Azimuth mode, input 0. To @ or (A} then
work in Bearing/Quad mode input 1.
AZ-Az=1 If Azimuth mode was selected To selectthis type, nput
OR s ,
6 BRG-BRG=1 '?'; ring/Quad d s selected to NOT select this type, NO
Depending on 5 earing/Quad mode was selecte input. Stroke
AZ-DIST={ If Azimuth mode was selected To selecthis type, input ()
OR OR pe, f
7 BRG-DIST=1 . to NOT select this type, NO
Depending on § If Bearing/Quad mode was selected input. Stroke
o= To select this type, input 1
8 [DISTDIST=L | NOT select this type, NO input.
RAZ-08=1 If Azimuth mode was selected To selectthis type, input ()
OR OR pe, ,
9 BRG-0S=1 . to NOT select this type, NO
Depending 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 of intersection you want to 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 point to
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 PROMPT KEYSTROKES OUTPUT
an input example, use the figure | 41, | BEARING: mEOEmE
below for the input.
1o |QUAD CODE:
2a | BEARING: EROEEOERE)
. B=
2 |QUAD CODE: 153030
Q=
: 1 g0
D=
‘ 235467
N=
i 3768543
E=
e e ga \’ 2379569
E2 400.00 D=
. 29951
This example uses the B=
input as bearing and quad code R/S 224518
with the matching output. =
R/S g
20000
Returns to the intersection
program for new calculations. To
leave the program stroke
PROGRAM: Intersections (continued) BEARING — DISTANCE Selected
Again  working the PROMPT KEYSTROKES OUTPUT
problem as an input example, | 4 |AZ[HUTH: mEOEOE
use Azimuth for the input on
the figure below. 1b {DISTANCE: AQEEOEOERSE ?’; 530
y
2 B
B e
i R 3768043
E=
3 ¢ 2379569
I
o fi=
o 5 R 147450
2 b=
& § 3 2995130
M 150,00 Returns to the intersection
‘\m 212500, program for new calculations. To
E2 400.00 leave the program stroke
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PROGRAM: Intersections (continued) DISTANCE - DISTANCE Selected

Working the problem as
an input example, use the figure
below and select azimuth for
the directions.

E1175.00
. N2 125.00 5
E2 400.00

PROMPT KEYSTROKES OUTPUT
1| DISTANCE: 2EMEO0ERE@ESE
N . Bz
2 |DISTANCE: 2D@MOEMEES 153830
D=
: 2354670
N=
: 3768943
E=
¢ 2379589
A=
s R 147.1450
D=
i 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-
culated the offset to the second
point as the example (N6, E6).
We‘re going to use the other
two in the exercise.

90° Typical @ Offsets
«E6
~

~—
WM 150.00 ~—
E1 175.00 o~e
N2 125.00 5
2 40000

leave the program stroke

PROMPT KEYSTROKES OUTPUT

1a |RZIMUTH: LEOE@EE ?3.3@30

“’ Yoo

z '1{54.7571

s 554.6444

fa RIS ?Es.aaea

® ks 333.4926
Returns to the intersection
program for new calculations. To
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calculating missing sides

It sometimes happens that 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 are forcing a closure.

One side missing is the most obvious example of solving for a
missing part. We have everything except the 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. #3

The illustration to the left shows the basic principles involved,
and we can use the formulas
P (sinB) - x (cos B)
e AT

B=(=5

OF o x (ash) - y (sinh)
B A

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

sin(B-A) =Y (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 4
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 b

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
STk inversed side will yield the same
I bearing and distance, regardless of b
the configuration A Unknown sides not
A c | included in the figure
| >
E—"
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 &
shown to the right. This figure may now be solved as a triangle, or as % <.
an intersection problem (in the case illustrated, use bearing-distance). g
§
=
Once the unknowns are resolved, re-assemble the 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 shown in 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 not the 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 the figure shown to the right, solve for the unknowns,
then calculate and close the boundary.

1. What is the bearing of line 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
2
3
4
5. What is the area of Lot 85?
woo~ =2 Sq. Ft.
6. Calculate the coordinates for point #6, the B.C
and E.C. of the curve in the figure to the right.. s
750,
7. Calculate the curve data for the curve Z001p & Neaattd

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 easiest to 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 s?uares 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.

calculate the distance to the far side of the v- |
ditch, work the slopes to get an elevation for that
point.

| -
Okay, turn the slopes into azimuths, ¢ / Groud Elev = 507.97'

Frofile Elev = 501.49'
V3 p

7
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, e
stop and stroke EX[RZS] to go into program mode. The calculator will
have stopped at the point that is causing the problem.

NONEXISTENT

In the case shown, "NIHERISTENT" will indicate that you have a label missing . . . You didn’t input
a program that the calculator is looking for yet. "0IVIEE Ef & would usually mean that an equation or
program step is trying to divide by an empty register, and "INVALID EGH" tells you that something is
wrong with an equation, maybe an extra parentheses or a missing one. Correct the error and try
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.

If you need to take a break while programming, stroke to leave program mode and then
stroke [E1(C) to turn the calculator off. When you come back, turn the calculator back on and stroke
B[RS 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 e
by stroking @M (XEQ) (1. This brings up a prompt display like the one to
the right. Type in the step you want to go to (i.e. 88127 and when you go [ 1 —
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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Youwll 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. Read



chapters 6 and 7 in your user’s manual and you’ll find that any of the —
equations that are listed, photogrammetry for instance, can easily be
input into the calculator’s equation library, and ready for solution by | EGBN LIST TOP
the solver, or just by executing the equation. Go into equation mode by
stroking [E)(ST0Q), 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°4134"  2.140°18'31"  3.63°54'38"  4.117°3520"  5.80°13'11"  6.S04°2046" E
7.878°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= ~ 27°4525"  Delta=  34°44'59" Delta=  295621" Delta= ~ 1925'16"
Length= ~ 247.18'  Lemgth= 24260’ Length = 10.26' Length=  400.01'
Tangent= 12607 Tangent= 125.16' Tangent = 5.13" Tangent = 200.02"
Chord= 24477 Chord = 238.90° Chord=  10.26' Chord = 400.007
External = 15.34' External = 19.12' External = 0.07" External = 1.24'
MidOrdinate=  14.90'  Mid-Ordinate = 1825  MidOrdinate= 0.07 Mid-Ordinate = 124,
- Sector = W Sector = 1,026.000' -
Segment= 2070360’  Segment=  Q4sa'
Fillet= 15441200 Fillet= 0230
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Exercise 4 (page 13)

Radius =

Length=
Tangent =
Chord=
External =
Mid-Ordinate =

I Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

4. Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3

TANGENT

STATION DEFLECTION CHORD STATION DIST. OFFSET
510.23' 12+19.23 BL. 0° 0.00' 2. Radius = 400.00" 122+34.97 0.00" 0.00'
Delta= 2704525 250 Ta3a0" 2077 Delta= 34°4459" 122+50 15.03' 0.28'
24718 13400 4932'06" 80.69' Length= 242.60' 123400 64.74' 5271
26,06 50 72052 oAt Tangent=~ 125.16' 123450 11345 16.43'
24477 14400 10°08'59" 179.82' Chord= 23890 124+00 160.39" 33.56"
5.4 14450 2os7125" 22861 External =~ 19.12 124+50 20482 5642
189 1064 K. 15242 24477 Mid-Ordinate= 1825 | 124+7757E.C. 22800 713¢
3. STATION CHORD DIST.  OFFSET
Radius= 38631 5342437 0.00' 0.00
Delta= 35°15'22" 53450 2467 695
Length = 237711 54+00 73.85" 15.72
Tangent= ~ 122.75' 54450 12376 18.08"
Chord= "~ 233 55400 17356 13.98°
Extemal =~ 19.0. 55450 22241 348
Mid-Ordinate =~ 18.14 | 55+62.08 E.C. 23398 0.00"
Exercise 5 (pages 19 and 20)
12.163 2. Sidel 29.682 3. Sidel 15
76°03'56" Angle 1 75°14'51" Angle1  84°28'18"
18.364 Side 2 23.9162 Side2 21.8384
37°24'35" Angle2  60°19'18" Angle2  36°12'30"
19.432 Side 3 33.0374 Side 3 25.2745
66°3129' Angle 3 44°25'51" Angle3  59°19'12"
Area 343240 Area 163.0263
65.467 5. Sidel 18.249 6. Sidel 32.416
8402 Angle 1 79°22'06" Angle 1 87°13'51"
109.4502 Side 2 24.6097 Side 2 38.1001
32°17'00" Angle 2 40°10'30" Angle 2 41°32'5
122.0028 Side 3 27.8020 Side 3  48.8168
63°14'42" Angle 3 60°27'24" Angle3 51°13'13"
3,566.0253 Area  220.6965 Area  616.8048

Area
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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 12+50 __124.91 13400 __125.60 13+50 __126.06 14+00 __124.91

14+50 __126.31 15+00 126.10 15+50 _125.66 16+00 _125.00
3. elevation 123.58 @ _11+79.00 and 121.56 @ _10+78.00 (neither one is in the vertical curve)

Exercise 7 (page 32)
To the southwest Lot Corner azimuth = 76°14'26", distance = 117.43"
To the southeast Lot Corner ~ azimuth = 88°42'15", distance = 207.33" 5457.4442
To the building corner azimuth = 68°32'26", distance = 145.99' orseest

Exercise 8 (page 39)
Assume that the coordinates for point E are 5000, 5000 k =
A

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

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

3. What is the area of the enclosed property? 132,944.6772 sq ft

5033.4292
51962733
5266.1786)
(5000.0146)

Tempora
Inverse to E
266.1786"
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?7

657770 Sq. Ft.
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O 641.8363
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So17431 ¢ .
D
P8

Exercise 8 (Continued)

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 5,
«
jus = 300.00
Radius = 20500
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, what is the station
at the intersection of the curve and line?
116+68.66
LBL U... for “undoing flag settings”
Ugeal LBL U

This one was suggested by a user, and is added in,
here at the end of the book, because it is a great idea. There 1188a2 CLx

are times when one or more flags are left set after using a 1/6aa: 8

program and can affect the next program you want to use. leea4 CF 1

Lgge5 CF 2

To insure that you have all flags clear before starting a \@ees CF 3

new calculation, simply stroke (XEQ)(UJ. The program quickly \leea? CF 4
clears all used flags that might still be set. LN=24 (K=2781 1/aaas RTN

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 your test.

Software by D'Zign
P.0. Box 430
Tollhouse, CA 93667
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Miscellaneous Programming

- Circular Curves

9 18
Copa7 DELTA:
Coaes CF 10

R

6 F5?
(0827 D=Lx188:(nxR)

Cae28 Fg? 2
(8829 ABS
Con3p Fs? 2
810 D
o032 k?
Cae33 CF 2

F§? 1
(0835 R=Lx188:(mxD)

8836 F$? 1
(8837 ARS

(o038 FS? 1
Cee39 ST0 R
0648 307

iF 1
(0ad2 INPUT C

=HE
BEx@O
[>1[E3 |l
BXEAE
==E)

L1 [ES [WR e KN
EETO) then
before each alpha input

[L>1[E3 (A [ [N
=&

[Eirelto1]
@\
@XM
EOR]
=EEO
ExmME
Ra@]
RAI®]

3]

B\EIEIOE]
[S1]enjum]

EXE1(Z)
B)EQ) then
before each alpha input
BEXIEIE)
=)
m\EIE]
Eeljis1]

m\E0l
BxEE

BIE0
B)EIS) then
before each alpha input
@10
=
B0

Bl i3]

=EEO
m\x20
[S1[ea]te]

Continued next column

@43 F5? 2
C8844 2xASINCC=(Rx2))

Coe43 FS? 2
0046 ABS

F§?
8861 D=ATANCT=R)%2

(oge2 F5? 2

(8863 ABS

[oged F5? 2

Coaes 810 D

CoB66 Ked?

Coee? CF 2

Coee8 FS? 1

C0869 R=T=TANCBSXD)

(878 FS? 1
(8g71 ABS

a7z FS? 1
[ee73 10 R
(oar4 Xe0?
oer5 CF 1
(oe7e CF 1
cemry CF 2
£aer8 RCL L

BXEE]

) ETO) then
before each alpha input
BEXEE
=
BEXEEZ]

el [a]

=0
BExEZZ

BExE0)
BEIA) then
before each alpha input
BEXEO
=
BEXIEMOM
EOIR)

=E0
BExEMmM
=l
BEXGEE

@) EA) then
before each alpha input
@z
=0
BEXEE@
[Eiel]ioa}

=0
P
BEXxEOM

B EIO) then
before each alpha input

L=1[E3[Exlun]

=EE0
BExMa
=EEOm
BExME

Continued on next page '



Continued from previous page

RCL T

£#07

[o0g6 SF 3

087 F5? 1
T=RXTAN(D=2)

F8? 1

fiBS

F8? 1

3§70 C
L=RxDx(n+188)

F8? 2
fBS

F§? 2
T=RXTAN(D=2)
F5? 2

fiBS

F§? 2

8 T

F§? 3
L=RuDx(n+188)

F8? 3
C=2XRXSINCD=2)
F§? 3

fiBS

F§? 3

o121 810 C

o122 F$? 3

3 F8? 1
C=2xRX(SINCD=2))

mEO
@O

= (]

= then
before each alpha input
L>1[Ed]
=
mEIxEm
BXEM

=]] then
before each alpha input
BXEOM
1]

=
IBIEQ) then
before each alpha input
BIXE@
=
BEXEE
Lo1[Ed[Ea]
B)EQ) then
before each alpha input
BEXEE
=
BEIxEE
\BIxGEIE

= then
before each alpha input

BEXIEE
BEQA) then
before each alpha input
BEXEE
1]ea]
BEXEE
BEXEE

Continued next column

RCL R
57 3
TAN(D=2)
F§? 3

X

F§? 3
ABS
F§? 3
510 T
RCL D
+HHS
870 1
VIEN 1
VIEW R

7 YIEW L

YIEW ©
YIEW T
E=TXTAN(D=4)

ABS
5T0 E

VIEN E
H=Rx(1-C0S(D<2))

* Dy
SECTOR:

EOR®)
BEXEE

R ETO) then
before each alpha input
BXIEE
BIXEE
1]
BXEE

L=1]00]

= then
before each alpha input
=)

]

BEEE

= then
before each alpha input
&=

m@©
BIxOAE
= then
before each alpha input
=)

=) [€os)

®

22

3EO@

=

@

= then
before each alpha input
Continued on next page



Continued from previous page

8163 PSE EEE]

8164 STO0P

Caies RIL D €@

(8166 2 @

ale7 + Ea)

(8168 C0S

C0I69 RCLx R EAIEIR]

C0I78 RCLx C EEEIE)

cairl 2

(a172 = 3

a173 - =

o174 ]

0a175 20y

(o176 SECHENT: EGIO) rhen
before each alpha input

(8177 PSE EEE)

o178 STOP

08179 RCL R EER]

(1808 RCLx T [zeN |E3 [Nl

caigl ROl- § EDEE

co182 ©

(0183 »(y

(8184 FILLET: BEQ rhen
before each alpha input

0185 PSE BERE)

(6186 STOP R/S

(8187 MORE=D STAKE=l EDED then
before each alpha input

0188 ¥=0? 2E

o 39 GTU C EEEQC)

(8199 X087 @0

€0181 10 0 EEE D]

—~Curve Layout

0agal LBL 0 =0

Qoge2 CF @ mExalel

0083 CF | BEEEO

0@an4 CF 2 ExEE

(0865 CF 3 ExEE

886 [CI[E3junlaiua]

08806 SF 18
0887 SELECT TYPE

08809 CLx
08818 DEFLECTION

ERIE) then
before each alpha input

ERE)
=IO
G then

before each alpha input
Continued next column

£
OFFSET=:

gm0 0
RCL+ R

9 RIL= R

510 K
BC STATION:

ST C
F§? 1
DEF ANGLE

F§? 2
TAN DIST

w10
C@EZ]EIEI

==l

@m GT0) then BCO)

before each alpha input

BEO

) |E3]ul]
=0l

ME)EIS] then

before each alpha input
mEOm
BX01E)
==
S then

before each alpha input
©

E3]

AR

=) then

before each alpha input
RCL
23]
=

=

REOEIM
=EQ
WG} then
before each alpha input
REIEIED

[Eie) [N

13}
m-
e [E3i]
@

EE0
@G then
before each alpha input
BExEE
FREQ) then
before each alpha input
Continued on next page

3



Continued from previous page

08816
feat?

(0
Read7

F§?

CHD DIST
CF 18
F§? 1
HHHSCRY

3

F§? 2

Kx(CXCOSCAY)

F5? 3
KxCxCOSC(D=2)-R)

*{y
STOP

SF 1@

F8?

1

CHORD

F§? 2
OFFSET

F§? 3

OFFSET
CF 18

6 FS? 1

Kx{2xRxSINCR))

F§? 3
K¥CXSINC(D=2)-R)

RTH

38 F5? 2
Kx(CXSINCR))

0@

BIxEE
EBEQ) then
before each alpha input
BP0
L] m

= then
before each alpha input
BEIEZE

) EO) then
before each alpha input
BEXEE
EEEQ) then
before each alpha input
©@

R/S
BEXO0m
BExEm
[ER)EA) then
before each alpha input
BEXEE@

) ETO) then
before each alpha input
BEXEE

(=] then
before each alpha input
BEXZE0@
BEXEM
B)E0) then
before each alpha input
BEXI3E

=) then
before each alpha input
@G

=) then
before each alpha input
©

R/S
[L=1]Ed [mn]en o]
BExERQ@
=3

~Triangle Solutions

(61
Goea2

LBL G
CLYARS

8 &F 10
TYPE SELECTION

PSE
CLx
§1-52-53

x#0?
SF 1

CLx
A3-51-A1

x0?
g 2

CLx
§1-A1-A2

x#8?
SF 3

CLx
51-A1-g2

»#0?

Some of the equations within the
programs use symbols representing keys that
you may not use often, most commonly, the *
symbol is input with G5), the S8 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,
indicated by a ] and a note indicating that they
are all one equation, not two
lines of input (the insert to
the right shows an example).

and these are

ASINCCF<D)x(
SINGHR(G)N)

EHG
==E
BIXE@
=13 [ [

=1 [E3 | ]
BII2E
BEIxZE
BIXMNEE)
=) then
before each alpha input
=)

B
BERIED) then
before each alpha input
m\EEIa
BExIOmM
B=m
B)EQ) then
before each alpha input
BEE0
\BIx0@
==0

) ETO) then
before each alpha input
mEEO
L>1]E3jun]
==

=) then
before each alpha input
mEEOM

Continued on next page



Continued from previous page
(o826 SF 4
00827 Clx
Gop28 §1-52-A2
x0?

58
5 18
F§? 1
INPUT SIDE 1
F$? 3
INPUT SIDE 1
F§? 4
INPUT SIDE 1

F$? @
INPUT SIDE 1

[
=
=3
-
=
w3
k BSE
T O D 0 e 50 00 57 e

8 F§?
INPUT ANGLE 3

Fs? 2
510 I

Fs? 1
INPUT SIDE 2

oe34 F$? 1
SF

FS) 2
857 INPUT SIDE 1
510 D
F87 3
INPUT ANGLE 1

BEI0IE)
Ba=m

E)ES) then
before each alpha input
mEEOm

Lo 1[E3 [mn o]
BEIxmMOm
@EXaEOM
B)EQ) then
before each alpha input
BEXEIE

B EIO) then
before each alpha input
mBIIE1E)
IR)(EO) then
before each alpha input
Bz
BIE) then
before each alpha input

EB)EQ) then
before each alpha input
BEXxIEE@

un]
=EXHEMM
WEREQ) then
before each alpha input
X130
BEIXGEIEZ

MR EIQ) then
before each alpha input
@EXIEE

o

BEXEIE)
EE) then

before each alpha input

Continued next column

Goes2 F5? 3
GoBs3 ST0 E

G0a64 FS? 4
60865 INPUT ANGLE 1
F§? 4

ST E
F§? B
INPUT SIDE 2
F§? @
ST0 F
F§? 1
INPUT SIDE 3
F§? 1
510 H
6 F5? 2
INPUT ANGLE 1

Gae78 F5? 2
STg E

F§? 3
INPUT ANGLE 2

Fs? 3
810 G

F§? 4
INPUT SIDE 2

(0886 FS? 4
ST0 F

38 F5? @
INPUT ANGLE 2

3 F§? 3
lBU—(-lHR(E)+]
HHR(G))

(8895

F§? 3
08896 3HMS
Goes? FS? 3

mEXE

®

=) @

=) then
before each alpha input
BXEE

1]
B30
EEQ) then
before each alpha input
Lo [E [Ea ]
[L=1[E3[Enlun]
MERED) then
before each alpha input
mExIEO
mxIE]

= then
before each alpha input

BXIEE)
()] then
before each alpha input
BE)

L= [ES[a]ea]

=) then
before each alpha input
BIXIE)
B\BIXEI0)
EREQA) then
before each alpha input
BXE0E
BIx20E
BEXEE

input as 1 equation
M EQ) then
before each alpha input
BIXxEE

m=EE
BEXEE

Continued on next page



Continued from previous page

"

F$? @
ASINCCF=D)x( ]
STHCHHR(EN D)

7 0
180~ (3HRCT) }
+HR(G))

7F 2
188-(3HRCI) }
HHR(ED)

DX¢(SINGIHRCID)
+(SINCHRIE))

F§? 2
ST F
v]

F§? 2
Dx(COSCHHRCIDD)

F§? 2
Fx(COSCHHR(GD))

(0131 F5? 2
+

31
o132

]

[uN]

L=1]E3]
mEIxm@
BEIxE
BxE
L=1[E3[Ea x|

input as 1 equation
MR EO) then
before each alpha input
BEIxE@
m=E

= ©

[N ]
BExEE

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

BEIHEE
=13
BXIE

1]

L1 [E KR[N

=1 [E3|N[E]
BEXEE

input as 1 equation
= then
before each alpha input
\BIXHEE
m=E)
B\BEGEE2)
BEXGEE

input as 1 equation
=) then
before each alpha input
B\ExEE
BEEE

=) then
before each alpha input
BIXEE

[(=]] then
before each alpha input
BExEIE

Continued next column

(0133
(0134
(0135
0136

(0137

F5? 2
570 H

F57 4
2%(DAFYX(C0S¢ ]
SHREDD)

F§? 4
ST T
Y]

FS? 4
SORT(SA(D)+5A ]
F-D

FS? 4

810 H

& 1

o 4

FS7 1
(D4F+H)<2

F8? 1
10 P

3 1

SQRT(((PX(P-F))]

3(0XHD)
7 1

ST T

F$ |

2XALOS(T)

ACOSCSARTC(Px( J
P-DY3:(FRH)Y)

F§? 1
2
F§? 1
X

F§? 1
HHS

BEXGEE
BEXGEME
input as 1 equation
(>]] then
before each alpha input

input as 1 equation
= then
before each alpha input
BE)XGEIE
BExmMO@
BExOE
m\EIxE0

B2 (E1S) then
before each alpha input
\BIIEmM

™
BEXxIEmM

input as 1 equation
WS then
before each alpha input
BEXEOm
BEXEmM

= then
before each alpha input
L1l
=E

L=1]Ed]

M
BxEmM

input as 1 equation
=) then
before each alpha input

wEIEImM
@
BEXEmMm
=

(] [E3]Ea]un]
=E

Continued on next page



Continued from previous page

GBIB? F§? 1
Gale8 ST0 G

F§? 1
188-CHR(I)+ :l
HREGY)

F§? 1

STl
fNGLE 1
RCL E
sTOp
SIDE 2

G335 oF 10
AR (DXHKSING ]
HRCDY)

(8199 AREA
(6200

B30l
EIxE0
input as 1 equation
[E)ETO) then
before each alpha input

=G0
=BE
BEXE0)

E
BExa@mal

=1 [E3 [H [ K]
E=EIQ) then

before each alpha input
@

=) then
before each alpha input
RCL}(E]

B)EIC] then
before each alpha input
R/S

D) ETQ) then

before each alpha input

= then
before each alpha input

B then
before each alpha input
M
ExEEE

input as I equation
=) EIO) then
before each alpha input
o) [E3]wn]xa (K]

= then
before each alpha input

Continued next column

GAzal STOP

GB282 F57 0 B30
0283 XEQ §
(8204 GT0 G BEXEAG)
6285 RTH =

— Required sub-rouling mmmmmmmmmmmmemmeeeeee
sopat LBL § aes

Spea2 2ND SOLUTION

50063
50094

50005
50806

CF 18
188-(:HR(IY)

1 §T0 D
50012 180-(-)HR(E)+:|
HHRGY)

58813 HMS
Se14 810 I
58815 SINCHRCID)
50816 SINCHR(G))

shaly +
50818 RCLx D

50819 810 F

50820 Dx(COSCHHRCIN
50821 Fx(COSCHR(G)))
oem22 +

50023
5624
50025
5oe26 RCL D

Sam27  STOP
50028 ANGLE 1

RG] then
before each alpha input
\x00E

=) EI0) then
before each alpha input

GoIE]

m=1E)

[Eieljinl}

input as 1 equation

(S1Q) then [RCL)
before each alpha input

m=E]

m

ER)E10) then
before each alpha input

=) then
before each alpha input

€3]

[zem[ES |
EIE

IB)E0) then

before each alpha input

BREQD) then
before each alpha input

B0
) ETO) then
before each alpha input
2]

E)EIO) then
before each alpha input

Continued on next page




Continued from previous page

RCL E
STOP
SIDE 2

50832
500833
58834  ANGLE 2
RCL G

SToP
SIE 3

GHR(DD

-Vertical Curves

Yoea LBL V
Y@aB2 CLYARS
Y@ae3 SF 10
\¥oged CF 1
Y3885 INPUT BEG STA

Yogee ST0 §
yoae?

Y8aes ST0
Yoea9 GRHDE IN:

Y8010 810 I
voall Clx
Y8812 GRADE OUT:

10
BSX(DXHASIN ]

INPUT BEG ELEY

=) then
before each alpha input

R/S

E)ES) then
before each alpha input
R)(E3) then
before each alpha input
IB)EQ) then
before each alpha input
m

R/S
BExE@
input as 1 equation

=) then

before each alpha input
BEIx0C0

Yeai3 10 0

Yaald4 Clx

Y8815 INPUT LENGTH
yaats ST0 L
Yaal? »x0?

Yoaig SF 1

Yaal9 RIL §

Y8e2a 810 R

Yag2i @

Ygaz2 10 §

Ya@e3 Fs? |
Ype24 G0 2

Yoael LBL Y
Y0802 INPUT STA:
Y0803 870 §
Yoep4 RCL- R

Y0805 RCL I
YBB% loa
ooar =

YGBOS X
Y08e9 RCL+ E
Yoaie RCL S

FRIEQ) then Yoall =y

before each alpha input
=)

=
SI[ES]ea]
B0
B2

= then
before each alpha input
=) then [RCL)
before each alpha input
=)

=) then
before each alpha input
un]

==

=) then
before each alpha input

Continued next column

(>
Yaei2 STOP
Y8813 G10 ¥

—~ Required sub-routine
20601 LBL 2
Zoee2 RCL L
20003 ENTER

78604 RCL 0
28065 RCL- I

20010 STU i
20811 RIL I
20812 RCLx L
20013 RCL I
20014 RCL- 0
20815 <

200816 ENTER
20017 RCL+ R
20818 510 §
¥ooei LBL X

[Eiel]te1]
B=Om
R)ETQ) then
before each alpha input
==
(=1[E3unun]
Eo1(®]

@

BEIxIEIOM
[S1cel]val
=EM
EBREQ) then
before each alpha input
EE®
Ea@m

@@

=

EI@EE
R/S

=M

(< [ealva)
ED©
EDEM
G

&

=

M
Ra@m
REE
=

(2]
EHEX

Continued on next page

e



Continued from previous page

fee@2 RCL- R RIEIR]

X0063 108 @@

Aoae4 = =

%0083 ENTER

#B@6 ENTER

X0087 RCLx M RELI X (M)

XBaeg RCL+ I EO®HO@M

#8gp9 X 53]

X001 RCL+ E R HE

Xeai1 RCL §

X0012 »Oy

Xeai3 o ©

X@al4 510 §

X0a15 Ri

Xele S0P

X8e17 INPUT STA: =S then
before each alpha input

X018 810 §

%0019 GI0 X EXEAX

%828 RTN i)

~Vertical Intersecti

peeel LBL P EEE

Paeaz2 CLVARS =>=102)

paae3 Sk 1o B0

Pege4 INPUT STA |  @REID] then
before each alpha input

Pages ST0 T
PaBas INPUT ELEY 1| @ERE then

before each alpha input

Peag7 ST0 F

PGGES TN STR 2 ERIGIO) hen
before each alpha input

Paeas RCL- T EOEM

Pagie 810 M

Paall INPUT ELEY 2 (REID) then
before each alpha input

pPaai2 RCL F

PaRl3 a(y

paat4 - =

paats

ST0 N
PeBl6 GRADE IN: TR then
before each alpha input

Peal7 108 @@
B =

Continued on next column

§10
FOR20 CRADE OUT:
Faze 100

E@eal LBL E

E@81S RCL Y

un]
= then
before each alpha input

[ERIKR IR}
=

Gioilie)]
EnQ
&)

[Ken [E3[xe]
EO@
EE=E@
=

[Zen = |na]
[en[E3|un]

+Elevation-Find Station

EEE]
mEIEE
e [{e1]
k=M
@@
=

[zl |3 (AN}

i [N3]

EAIEIE

q

Continued on next page



Continued from previous page

@
EOEE
EDM
Moo

=

R (=K
[[Zen |3 [wa}
®

EkDREK
[ZenjEawa]
RO FIR)
RCL
B30
EXEA(Z)

=E

= Required sub-routine

Haeal LBL H
Hoea2 RCL E

Hoga3 RCL- H EEIE
Haea4 RCL I ienjun ]
Hoeas 100 0@
Hooas = =

Hoaa? + =

HagEs +/-

Haeao RCL+ R RE®
Haate S10 §
Hoeil VIEW § BEOE
Hae12 @ @

HO013 ST0 §
Hagi4 GI0 Y B[
Hag1s RN [=1[Ea]

End Miscellaneous Programming
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Coordinate Geometry Programming

~Traverse
LBL T
CLYARS
F2
Teea4 gF 18

8885 ST0 §
810 G
Toaes S0 M
TBOB9 AZ=B BRE=1

Tee1e 810 2
Tool1 w07

g 2
8813 NORTHING:

Teat4 810 Y
Toai5 STD N
Tents 810 U
Teg1? EHSTING:

T6818 ST0 X
10819 810 E
Teg28 S0 0
Jaeal LeL J
JBae2 RIL 2
Jone3 x=p?
Joaed AZIMUTH:

JBeag Fs? 2
JogBe KEQ B
Jaae? R

510 A
JBBB9 DISTANCE:
Jaaia 810 D

Jaall sTo+ §
Jaa % B,I"‘)N‘L,Z

=
==E)
B2
%EIEJ@

=) then
before each alpha input
BE0
BEXxME

[>]] then
before each alpha input
=) then
before each alpha input
B

©l

=
BEE

=) then
before each alpha input
EXEE
=E

= then
before each alpha input
o

=@

[Eife]] -

Continued next column

Jaget +
JaB22 RCL+ M
JoB23 x
JoB4 +
JOB2S ST0+ G
JoB26 RCL 0
Jogz7 810+ M
JoB28 VIEW N
JoB29 VIEW E
Jag3a G0 J
JaB3t RTN

-Traverse Closure

Keoal LBL K
Kpee2 RCL E
Koee3 RCL- X
Koeg4 RCL N
KBoas RCL- ¥
KBBo6 yyx28,r
Kege7 ST0 D
KBges x(dy
189

+
KBail +His

2
3
4 SEQ N
K@e15 CLOSE ERROR
6 PSE

7 F§2 2
Keais VYIEW B

F§?

Keeza VIEW @
RCL 2
Kogz2 =07
Keas VIEW A
Keo24 VIEW D
Keazy RO
Keg26 RCL+ D

ST P
Koe28 PRCSN RATIO 1:

=

RCL
ERIEIM
L1 [IRIIN]
mE0IE)
B
==

BEEK]
EaE
RAIEX]
RIE®

= then
before each alpha input
=]
BxIEE
=)

am

1]

MEREIS) then
before each alpha inpu‘ ‘

Continued on next page



Continued from previous page

Ko BS
Ke@a3 510 A
K8a34 ARER:
Keass PSE

Inversing

Leael LBL L
Leag2 CcF 2
Loae3 F 1
57 4

0 1
Loags FS? 3
Leag? CF 1

S 18
L88a9 AZ=0 BRG=1

Leaig 810 Z
1 Xe?
Leai2 SF 2
Loai3 FS?
Loal4 RCL Y
Leais Fs? 1
L8816 NORTHING:

7 810 H
Loaig FS? 4
9 RCL X

F§? 1
Lea21 ERSTING:
Lee22 8710 I

Rege1 LBL R
RBBO2 NORTHING:

,_
=
=
=3
.
-

810 J
ROBA4 EASTING:

=)

@@

=

B)EA) then
before each alpha input
)RS

Continued next column

=EEO

BExXZIE
BEEOm
BEIIGEAE

G} then
before each alpha input
=EEOm
=M@
BExEE

= m

= then
before each alpha input
BEXEE
BEEmM
EBIE0) then
before each alpha input
a

BEER

EREIA) then
before each alpha input
BREQ) then

before each alpha input

Continued next column

Keeds YIEW A
Kea37 SUM H DIST:

Kga3s PSE
Kee39 VIEW §
Koe4o CF 2

Kgadl STOP
Kae42 RN

RAEAS ST0 K
Roeas RCL I
REAA7 RCL- K
R@aa8 RCL H
REga9 RCL- J
REBLE yyxilyr

RAB19 F? 2
RA@26 VIEW B
Reg21 F$? 2
REE22 VIEW @
3 RCL 2
REa24 X=7
RaB25 VIEW A

ROB26 VIEW D
ROB27 FS? 4

RBE30 K+B?
RAE31 GTO R
RoB32 X=4?
ReB33 CF 3
ReB34 CF 18
RAB35 GI0 L
RO836 RTH

8 GI0 J
RBB29 MORE=B STRAKE=1

BIk®E

= then
before each alpha input
=)

BEE
BExERE

R/S

=E

ko
R
EAEM
=(4]

Sl io1}
mEm©
m@)(5)
BEXGEE

BIEEE
BEIXEQD

B EIO) then
before each alpha input
BEEO

B XEQ) ()
mEEeE
BIx@E
=1]Ed|wa [en ]
BEEM
(>1[Ea] 2



—Intersections

S 10
18629 BEG NORTHING:
8 510 ¥
16011 BEG EASTING:
§10 ¥
10613 END NORTHING:

g1 U
10015 END ERSTING:

Clx
18025 AZ=0 BRG=1
10826 »#0?
10827 & 2
10028 #=0?

S 6
1638 §10 Z
16831 CL;

F§? &
16833 AZ-Az=1

16834 FS? 2
16835 BRG-BRG=1

10636 07

[(S1]Ea]un]
==
mxEe]
[]]E3 [P A [Nl
mEx2E
ExEE
mEE
mExmMcn
BRSO then
before each alpha input
mIE then
before each alpha input
EB)EI3) then
before each alpha input
BEQ) then
before each alpha input
@

EIEX

=0

=

==
E(E0) then
before each alpha input

\EO
m@xmE
m=EE]
Bx0lE]
&0l

mxE1E]

=) then
before each alpha input
mxE1EZ

=) then
before each alpha input
mEEam

Continued next column

10837 SF 1
18838 Clx
18839 F5? 6
10848 AZ-DIST=1

log4l FS? 2
Iag42 BRG-DIST=1

16043 #20?

Igdd SF 3
18045 Clx

16846 DIST-DIST=1

18047 %07
Igg48 SF 4
18849 Clx
16830 FS? 6
Ieasl AZ-08=1
16852 Fs? 2
18853 BRG-08=1

16854 %07

0873 -
Bo74 +/-

=00
==0
ExIEIE)

(=] then
before each alpha input
BxEEZ
RS then
before each alpha input
mPEm
mExImE)
=E=0

)5 then
before each alpha input
@IEO
EIxmE
==

X6
M) then
before each alpha input
=i ]Ea]a]wa]
BIEO] then
before each alpha input
mEOm
ExI0E
=E=0
@ExIE3@
@\cxEm
BXGEIE
][]

RCL
K2 1]
Sl i)
mEm@
=

Continued on next\ pge



Continued from previous page

lears ST0 K
lea7e F5? 4
16877 DISTANCE:
16878 FS? 4
CF l@

F5? 8
G=54SINCY)

DISTANCE:

F§? 3
810 G

F§? 4
DISTANCE:

18899 FS? @
SXSINCY)

F8? @
8182 510 G

F5? 8
S¥C05()
570 D
Fs? 1
FS2 1
570 K
F$? 1
188-(k+d)

EXEE

=) then
before each alpha input
BEIxIEME

[Euel [

L= 163 (8 [ (e
B30

=) then
before each alpha input
@3]

L1 [E3 (W [ K]
B30
BExE10

®]
BEXEE

B STO) then
before each alpha input
BEXEE
BXxE1E

m=) then
before each alpha input
mEx13)E)

L1 [E3 A [ [N
@310
ER)EQ) then
before each alpha input
BEXIE0
BEXxIEI0
BRSO then
before each alpha input
BEXEO

o
BExE0)
MBI then
before each alpha input
BEXxE0
B\
RS then
before each alpha input

Continued next column

10113
1e114

18113
18116
18117

10148
18149

F§? 1
510 T

F§?
(SXSINCK))=8INCH)

{
510 D
3

SYCOSC)

F§?
SGRTCL-M)
F§? 3

+

F§? 3
STg D

F§? 4
50(5)+50(D)-50(G)

F8? 4
2x5xD

F§? 4

510 4
F§? 4

mBEx1E1mM
m@\xaEm

=) then
before each alpha input
m=Ex1Em

@l
BEEEE
ME)EA) then
before each alpha input
BEXEE

L1 [E3[ER k]
2)(ETD) then
before each alpha input
BEXEE
BEXEE
EEQ) then
before each alpha input
BXEE

B33

R EIQ) then
before each alpha input
B\BxIEE3
RS0 then
before each alpha input
BEXEE
BEEEE
@
BEXEE
IS then
before each alpha input
BEXIE3ME
MR)ETQ) then
before each alpha input
BEEEE

=

BEEIEME
[S]]een]
BEXxE3E
EXIEIE

Continued on next page



Continued from previous page

8158 RCL T
a 4

et Bt et et et et et et et
OO OS5

o o

o o

=<1

(=1

=m =

=SS
3
=
2
=

DD
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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

o All of the products are on a standard 64
Megabyte SD card, leaving approximately
62 Megabytes of backup/storage memory
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.

e 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.

i

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 #5050).

hp 49g+/HP50g 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).




\ $42.00 U.S.




	Cover
	Contents
	Program Cautions and Comments
	Direction of a Line
	Azimuth to Bearing
	Bearing to Azimuth
	Add-Subtract Degrees, Minutes and Seconds

	Circular Curves
	Circular Curve Layout
	Triangle Solutions
	Vertical Curves and Grades
	Station with Elevation Known
	Vertical Intersections

	Coordinate Geometry
	Traverse and Closure
	Inversing Used Separately
	Used During a Traverse
	For Stakeout Calculations

	Intersections
	Calculating Missing Sides
	Line/Curve to Curve Intersections
	Slope Staking as Intersection
	Equations and the NCEES Test, Solver
	Trouble-Shooting Your Programs
	Answer Key

	LBL U for Undoing Flag Settings
	Program LN and Checksum Chart

