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NOTLCIE
No express or implied warranty is made by D'Zign Land Survey & Development
or the author with regard to the procedures and program material offered
or their merchantability or their fitness for any particular purpose. The
keystroke procedures and program material are made available solely on an
"as-is" basis, and the entire risk as to their quality and performance is with
the user. Should the procedures or program material prove defective, the
user (and not D'Zign Land Survey & Development nor any other party) shall
bear any and all cost of all necessary correction and all incidental or
consequential damages. D'Zign Land Survey & Development and/or the author
shall not be liable for any incidental or consequential damages in connection
with or arising out of the furnishing, use, or performance of the keystroke

procedures or program material.
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About the book
This book was originally written as an attempt to
make additional programming available to surveyors
and engineers for solving the every-day problems
encountered in the field. The programs do NOT
include Traverse, Inverse, Intersections, etc.

Everyone else has written and rewritten versions
of those, some independent and some using the

routines already contained in Hewlett-Packard's
Surveying Pac.

Almost all software for the 41 series calculator which

has been written to do anything else (EDM slope
staking, topographic pickup, etc.) was put into
modules for marketing. The price for the modules
ranges from $150 for a 4K ROM to over $500 for one

containing 8K of programming. Most of what these
modules do is Traverse, Inverse, and intersections.

Here then, is an effort to make 41 software available

at a price that everyone can afford. As programs
which reside in the calculator in program step form,
they have the added advantage that the user may
customize them to his/her needs, add to them, or
modify the type of output.

A printer is not a requirement, but a convenient

option. If you have access to a card reader, having
the programs on cards is the best way to assure
error-free input of the program steps, and a mag
card programming service is available through the
publisher.

While, in some cases, the programs could have been
made shorter (or faster), and 'fancier' output could

have been obtained through use of Synthetic
Programming, not all of the users would be able to
program the routines into the calculator. Those
of you with experience in synthetic programming
may wish to modify the programs somewhat; please

feel free to do so, since your use of these programs

is what the book is all about.  
_/



 

a

CONTTIBNITS
Radial Inverse 1
This program calculates the distance and angle from a known
backsight to points with known coordinates for radial stakeout
from a central instrument setup.

Alignment Offsets 5
This routine calculates the coordinates of any station along

LouT a centerline, or any offset to the station. The coordinates

of the offsets may be calclulated with or without the centerline
coordinates being output.

AULo-Inversa 12
A combination of the other two routines. If the station to
be used for layout is known, the inversing may be done
automatically as the centerline stations and offsets are
calculated.

Q
Deflection

&

Chord 18
Calculates the layout information for the entrance and exit
spirals of a spiral curve for layout by deflection angle and
chord.

Alignment Offsets 21
Directly Calculates coordinates for any station or offset to

ive the station within the spiral curve system, including the
circular portion.

ATEO=-InVErsa® 27
If the layout is to be from a known point, this program
automatically calculates the horizontal angle and distance to
the centerline or offset points as they are calculated, for
any station within a spiral curve system.

Tangemt Offset 33
Solutions Tor direct layout of the entrance and exit spirals
of a spiral curve system by the tangent-offset method.

\_ J
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Radial Inverse nn
Calculates the distance and angle from a known backsignt
to points with known coordinates for radial stakeout from a

central instrument setup.

Topo 39
This program reduces the field note information for shots
taken to determine the location and elevation of existing
topograpical features.

As=buillts 45
Calculates the as-built station, offset and elevation of existing

FIELD structures, and automatically compares the output to the

LOCATION design data.

Remote Slope Staking 50
With an EDM, this program allows slope staking along any

alignment composed of tangents and circular curves
central instrument location.

Tunnel Tights 56
This program provides a quick check for 'tights', or
protrusions within the excavation lines of a tunnel during
construction. Output is the station, offset and elevation of

any point shot, and the radius, if the point is above the tunnel

springline.

Triangle Solutions 67
Provides for the solution of triangles where any of the following
are the known parts: Three sides. Two angles and the
included side. One side and the two following angles. Two
sides and the included angle. Two sides and the following
angle. Area, one side and the adjacent angle. Area, and

two sides.

TRIANGLES

Program Listings 71

APPENDIX 107

\_ /
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Radial inversing has become a standard procedure in the past few years, and
is used for setting points on all types of surveys, from boundary corners to
footing stakes. The advent of EDM has given us the capability to set accurate
points at known distances without the necessity of chaining. Lower prices of
instruments which have the EDM built-in, and can turn an accurate angle, has

put them within "budget" reach for almost everyone. 2325
350

This program calculates the horizontal distance and oy w33 Cn

the angle right from any known backsight for radial 3% Co
stakeout from a central instrument setup. 5

Radial Inverse

 

  

   

 

 

If the instrument were set, as shown to the right,

on a point with the coordinates of 100/100 and the
backsight has the known coordinates of 600/80, it is
easy to lay out the building corners by inversing to
their coordinates.

This routine gives outputs as shown below when used
with a printer attached, but may be used with or
without the printer. radial staking

 

 

   
     
       

 

   

  

       

N= 425.0008 The keys used for this routine are shown in the sketch of

E= 358.8008 the keyboard assignments, and step-by-step instructions
beain on the next page.

HD = 410.830 —|

{RT= ,

39° 51° 33.1" setup with known coordinates RA DIAL Ink oo \

of backsight point yg —

LLTT L

v roaon setup with known bearing to \

Co backsight point

HD = 398.512

4R1=

42° 5 46.37 inverse to selected station BRARR

ve 425.000 aaa |
E= 428.0008

= = = =

HD = 456.898
= = = =

4RT=

or

san B82
R=

N= 489, 06088 = =

E= 428.0008
»

 

KEYBOARD ASSIGNMENTS
HD = 428.634

&RT=

49° @' 17.6"
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There are two options for input with this program; one using known coordinates
at the instrument and backsight stations, and the other for use when the coordi-

nates of the setup station and the bearing to the backsight are known. With
the exception of the initial input keystrokes (step #3), the operation is the

same for either condition.

Before beginning, the calculator should be sized to at least 030, and the utility
programs "STA" and "AZ", as well as the program "LO" should be in program
memory. The utility program "AZ" may be omitted if the calculator contains
either the HP Surveying Pac or the D'Zign COGO #1 module. If the program
is to be used with a printer attached, program memory must also contain the
utility program "DMS".

1 Initialize the program by keystroking [XEQ] [0]

For the condition where there are known coordinates for the instrument and
backsight points:
2 Input the N-coordinate of the instrument point

3 Input the E-coordinate of the instrument point ©

4 BACKSIGHT? . . .
Input the N-coordinate of the backsight point

5 Input the E-coordinate of the backsight point

or: For the condition with a known backsight bearing:

2 Input the N-coordinate of the instrument point

3 Input the E-coordinate of the instrument pointp p

4 BRG=? . :
Input the bearing to the backsight

=?

5 QD=? Input the quadrant code for the bearing 2
then: £5

?

6 INV. ONLY? At this point we are only inversing to known coordinates,
so answer "yes", by stroking [V]

7 NE Input the N-coordinate of the new point
ENTER%

8 Input the E-coordinate of the new point   C
l

\
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Radial Inve

~

output will be the coordinates of the point being set, followed by the horizontal

distance from the instrument and the angle right from the backsight to the point
Repeat steps 7 and 8 for the next inverse.being set.*

As an example of the keystrokes used with this routine, and using the information
from the illustration on page 1, we have the following:

keystrokes:

Gig) (evn) [0 [©

display: 0.0000

keystrokes:

D0 0 Ew
LW © oO

prompt:

keystrokes:

BACKSITE?

6 [© [Of [Fe
[ [R75]
prompt: INV. ONLY?

keystrokes:

prompt: N+E

keystrokes:

a) Gl
BO &
output: j= 425, a08¢

= 358. saan

HD = 418.038
4RT=
39% 510 33.1

prompt: N+E

*][f a printer is attached,

 

keystrokes:

MO [O [Ew
G1 [581 [@

output:

prompt:

keystrokes:

[A

E= 354. aaad

HD = 338.512

4RT=

42° 5 46.1"

N+E

MD @ 6 [EE
ME ~™

output:

prompt:

keystrokes:

[A]
N= 42%. 8000

E= 428.0006

HD = 456.098
&RT=

46° SA 47.3"

N+E

(4 [0 [0] [ENTER]
[=o

output:

the output is automatic.

[A]
N= 4@e, aden

E= 420.0080

HD = 438.624

4R1=
49° 8 17.6"  

prompt: N+E

Alternate input, with the bear-

ing to the backsight instead

of the backsight coordinates,

uses the same keystrokes and

will give the same output as

shown after the initial input.

The keystrokes for the alternate

input are:

keystrokes:

0 © [@ [EE
Oo ©

prompt: BRG=?

keystrokes:

OODEE EE
prompt: QD=?

keystrokes:

[4 [R73]
prompt: INV. ONLY?

keystrokes:

prompt: N+E

. . . etc.

If there is no printer attached, continue

stroking until the prompt for input of the next point reappears.

J

TSE
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g Alignment Offsets
This routine quickly calculates the coordinates of any station along a centerline,

or any offset to the station. Input is simple and straightforward, and the output
allows the option of calculating the offset coordinates with or without the output

of the centerline coordinates.

The calculator should be sized at a minimum size of 030, and program memory

should contain the programs "LO", "STA" and "AZ" ("AZ" is contained in both
the HP Surveying Pac and D'Zign's COGO 41 module, and need not be re-input
as a utility program if either of these ROMs is plugged into the calculator).
In addition, if a printer is attached to the calculator, the program "DMS" must
also be in program memory.

The keyboard assignments used with this routine are shown below, followed

by this routine's program instructions.

 

 

 

aLIen 0/5
wT

— H| this routine is started by keystroking

[0]

 keystroke [E] after input of new station
AL— for solution

3

      
signal the beginning of a circular curve
in the alignment with

== EH =a

B38

===

BE2868

REA A
Bw —_—

KEYBOARD ASSIGNMENTS

 
a constant offset may be input by key-
stroking after the offset prompt       ~___

1 Initialize the routine by keystroking (XEQ] [0]

2 Begin the station-coordinate routine [0]

?

3 BEG. STA? Input the beginning station as XXXXX.xxx; this can be any
tion wi r m rdi valuestation with a known or assumed coordinate valu

\_ Y,
  



 

 

4 COORD. NtE

5

6 BRG=?

7 QD=?

8 STA COORDS?

Note:

J

Input the N-coordinate of the beginning station IHiTh

Input the E-coordinate of the beginning station RTS

Input the tangent bearing ahead as DD.mmss

Input the quadrant code for the bearing 73

= <
=

o cAt this point you may choose which option you want.

want coordinates for the offsets, but do not need the centerline

coordinates, keystroke [N]; If both centerline and offset

coordinates are required, keystroke RTS

If you select offset coordinates only, and later decide that you would like a particular

centerline coordinate, such as an intersection point, B.C. or E.C., this coordinate may still be

obtained by requesting an offset of "0".

9

10

11

13

14

15

STA?

0/S?

Input the station at which the coordinates are wanted

BJ

The station will be displayed in the form XXX+XX.xxx
if a printer is not attached, keystroke

If the answer to step number 8 was NO, proceed at step number

12, if yes, the display will show N= XXXX.xxxx for the value

of the N-coordinate

if a printer is not attached, keystroke

If the answer to step number 8 was yes, the display will show
E= XXXX.xxxx for the value of the E-coordinate

if a printer is not attached, keystroke

Input the offset distance (if left, [CHS])

if a printer is not attached, keystroke

The offset is displayed as 0/S= XX.xxxx
if a printer is not attached, keystroke

The N-coordinate is displayed as N= XXXX.xxxx

if a printer is not attached, keystroke

The E-coordinate is displayed as E=- XXXX.xxxx

if a printer is not attached, keystroke  
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Alignment Offsets
Repeat step 12 until all of the offsets for this station have

been calculated. Then return to step number 9 for the next

station.

0/Ss?

Option: If a constant offset is required, you can set this constant at step #12 by input of the

offset distance and keystroking fF]. From then on, the program will prompt STA? after each of

the outputs instead of 0/S? and will automatically use that offset distance at each station as

the calculations continue. For a constant offset distance this is a faster form to use.

CURVE ROUTINE: To go around the curves, input the station at the beginning
of the curve (B.C. station) at step number 9, and calculate any needed offsets

as shown for steps 12 through 15.

16 When all of the required offsets at the B.C. station have been
calculated

?
17 DELTA? Input the central angle of the curve as DDD.mmss (if the

curve is to the left, stroke [CHS])

18 R? Input the radius of the curvep

19 Output will show R = XXX.xxxXx
if a printer is not attached, keystroke

20 Output: N= XXXX.xxxx (radius point)
if a printer is not attached, keystroke

21 Output: E= XXXX.xxxx (radius point)
if a printer is not attached, keystroke

22 Output: DELTA = DD.mmss
if a printer is not attached, keystroke

23 Output: EC=
if a printer is not attached, keystroke

24 Output: XXX+XX.xXxX
if a printer is not attached, keystroke

STA?
Return to step number 9 and continue as before. When the

stationing exceeds the E.C. station the program automatically

returns to the tangent ahead for additional stationing, until

the next curve has been input.

This program routine has been designed in such a way that the station which is input after beginning

a curve is compared to the station at the E.C. station, and when it has exceeded that point reverts

to calculations based on the stored bearing of the next tangent.  



 

a A
As an example of the keystroke procedures, we can use the alignment shown

in the illustration below. Assume that we need to know the coordinates of the
even stations (every 100') along centerline, and the coordinates of the

right-of-way points opposite the B.C. and E.C. stations.

keystrokes: prompt: COORD N+tE

(xeEQ] [0] keystrokes:

Doo © LoS
display: 0.0000 J [0 [© [@ 8

keystroke: [0] J >

  

  

  
  

prompt: BEG. STA?

keystrokes:

LW Oo 0 ©  
7
»x

350.00"
22°25'00"
136.936"

  
  

R = 500.00
x A = 17°15'30"

L = 150.607"r
o
x

n
o
g

prompt: BRG=?

keystrokes:

BOE

prompt: QD=?

keystrokes:

J
prompt: STA COORDS?

keystrokes:

J
X0p prompt: STA?

\_ J
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keystrokes:

Wom
output: a, age

N= 1.831.877¢
E= 1.857.4112

prompt: 0/S?

keystrokes:

LO ©

OULPUL: 15am, ae
N= 1.163.7553
B= 1.114.822

prompt: 0/S?

keystrokes:

output: gc. 5gape
N= 1.178.188]
E= 1.894,3531

prompt: 0/s?

keystrokes:

5]

output: .c. 2c gaps
N= 1,149.4825
E= 1,135,291

At this point, since 12+00 is

the B.C. of the first curve,

initiate the curve routine with

prompt: DELTA?

keystrokes:

DEEOEE
prompt: R?  

Alignment Offsets
keystrokes:

Bl [8
output:

prompt:

keystrokes:

13436. 336

STA?

LEO E
output:

prompt:

Note:

13+0€. Baa
h= 1,238,377

E= 1,123.87322

0/s?

It is not a requirement

of the program that the E.C.

station be input. For the

present example, it is input

in order to calculate the 25'

offsets.

keystrokes:

MENGE ELEGEIE
(el

OUtPUL: 3,3a3
N= 1,257.832¢
E= 1.213.1R3¢

prompt: 0/S?

keystrokes:

[5]  

output: g/g: -25 gery
N= 1,278.92¢7
E= 1,199.6342

prompt: 0/s?

keystrokes:

5
output: (coc gan

N= 1,236.776%
E= 1,226.3520

prompt: 0/5?

keystrokes:

Le O™OoO E
output: 4:46.00

N= 1.291.7794
E= 1,266.264!

prompt: 0/s?

keystrokes:

NEEAELDABE
(E]

output: 4400 43¢
N= 1,383.8494
E= 1,235.17%8

prompt: 0/5?

keystrokes:

5 R/S
output: gp,_35gaan

N= 1,324.9234
E= 1,271.7275

prompt: 0/s?

/
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keystrokes: prompt: STA? prompt: 0/S?

5] keystrokes: keystrokes:

output: (Lee | BE © © [E @ ©
N= 1,282.7754 output: output: =a

or aoa 0/5= 25.6804

E= 1,298.6262 - 1,350.4789 Ne 1,386,4937
prompt: 0/S? E= 1,347.8687 E= 1,417.2071

keystroke: prompt: 0/S?
. ?

prompt: 0/5? keystrokes:

prompt: DELTA? Keystrokes: OE oo ©
keystrokes: (1 LOM output: 16405. R98

DOEEOEE Em [E] Ne 1,423.219%
(this is a curve to the left) output: 15+73.042 E= 1,415.5091

R7s) N= 1.402.6287 prompt: 0/s?
E= 1,398.1118

prompt: R? keystrokes:

keystrokes: prompt: 0/S? aj 0] (0 [EE]

& [© [9] 25)I keystrokes: output: 17+60,008

output: - N= 1.499.6033

PR usm [EE RES E= 1,480.0493E- 1,816.1398 output:
DELTA = : 0/5= -25.86088

-17° 15' 30.0" N= 1,418.7528

£C = E= 1,379.8159
15473.642   

In this example the coordinates of the centerline points were output, and specific
offsets were selected as the calculations were being done. Another option
available with this routine is CONSTANT OFFSET.

As a second example, using the same alignment, assume that the requirement

is the offset stakes, on the left side, for the curb and gutter layout. For this
example, assume the offset is to be 18.50' left of centerline, which would be

an offset of 3.00' to the back of the curb.

The coordinates of the offsets are wanted at 25' intervals from station 11+00

through the first curve, but the centerline coordinates are not needed this time.

Input of the information for the beginning station, coordinates, bearing and
quadrant code are the same as in the previous example, until the prompt "STA

COORDS?". This time the answer to this prompt will be "NO". Stroke [N]

\- _/
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. STA COORDS?

keystrokes:

[RS]
prompt: STA?

keystrokes:

ooo E

output: 1.44 age

prompt: 0/S?

keystrokes:

[LEE [F]

output:  p,5- -1g, 5008
N= 1.892.4927

E= 1.842.2639

prompt: STA?

keystrokes:

al & [E

output: 1475, ane
0/5= -18.580¢

N= 1.112.968!

E= 1.856.6167

prompt: STA?

keystrokes:

0&8 OO E

Output: 450. 200
0s5= -18.5088
N= 1,133,437:

E= 1.878.9695

prompt: STA?

keystrokes:

OOo-dBE E  

Alignment Offsets
output: 11475, 0880

0/5= -18. 504
N= 1,153.9@7¢

E= 1,0885.3223

prompt: STA?

keystrokes:

© [9

output: 15.44. nan
0/5= -18.500n
N= 1,174.3764

E= 1,899.6751

prompt: STA?

keystroke:

(sets curve)

prompt: DELTA?

keystrokes:

EOEE
prompt: R?

keystrokes:

5] (0 [R/S

output: R = 134, 00804

N= 962.8159
E= 1.461,3942

DELTA =
22° 25 0.0

EC =
13436. 93¢

prompt: STA?

keystrokes:

[2] [5]

outpul: 15125. ee

0/%= -18.5008
N= 1,195.3724

E= 1.115.543!  

prompt:

keystrokes:

OEE
output:

prompt:

keystrokes:

Wwm@EO™
output:

prompt:

keystrokes:

J G1 [
output:

prompt:

keystrokes:

G1 @

output:

prompt:

STA?

@ ©

12454, Aaa

0/5= -18.504¢
N= 1.215.1773

E= 1.132.8689

STA?

5] [E

12475, aoe

0/5= -18.5808

N= 1.233.698!

E= 1.151.564!

STA?

[0 [Eg]

13+80. 280

0/5= -18.5a6e0
N= 1,278.8372

E= 1.171.9334

STA?

13+25. 708

0/8= -18.5088

N= 1,266.5879

E= 1,192.6750

STA?

When this program is run with a printer attached, and centerline coordinates are not wanted, the

offsets to stations along a curve are printed with a space between the station and the of

distance and coordinates to differentiate the radial offsets from those at 90° to the centerline.

1

i)
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The AUTO-INVERSE routine is a combination of the previous two routines.
When you are going to do a layout, such as the alignment in the example, from
a known instrument setup and backsight location, the radial inverses for ties
to set the points can be automatically generated as the alignment is calculated.

It is far less time-consuming than running the alignment and offset point
coordinates and then calculating the ties by any method. It is much better
than having to key in bearings and distances with curve data through a traverse
and sideshot program, and then still having to calculate the ties.

The keyboard assignments below show all of the keys used for the combination

routine. The initial entry for Auto-Inversing uses the Radial Inverse portion
first, and automatically takes you on to the alignment input portion. The only

difference in the use of this routine will be a "NO" answer to the INV. ONLY?
prompt, instead of "yes" as in the radial inversing example.

 

  

use for input

L
L

—————————
of setup with known 01 "TN LDC

coordinates of the RUTO-INVERSE

backsight point

 

 

|
for setup with HERD! keystroke after new sta-

known bearing to tion has va input
backsight point —loHHEHE

\ 3ee HBE8 keystroke [J] to signal that
Q 3 the last station input was the

=== B.C. station of a curve

aoe
HE=EaE

BE8B28 Na constant offset is set by
== 43a stroking [F]

—

   

  

 

 
  

KEYBOARD ASSIGNMENTS

_/
12

 



 

 

ATEO=IMNTERTSE

For an example, let's assume that a basic traverse has been run and adjusted,
and will be used for laying out our new roadway. We'll use traverse point B
as the first instrument position and point C for the backsight.

Begin the routine as you did for the RADIAL INVERSE routine, following steps
1 through 5 (page 2). We'll use coordinate input for the example. Initialize,
and input the coordinates of the instrument, as shown below:

keystrokes: D i»

Ozom —

prompt: BACKSITE? c } J
keystrokes: ADJUSTED TRAVERSE LINE oS py

(1 [5] (o] [5] [(enTErd] oe SN,

Ooo
prompt: INV ONLY?

not just inversing this time

      
keystrokes:

500.00"
[x] 1210 17015430"
prompt: STA INV? ]

At this point, you have the

option of inversing to both

centerline and offset points,

or just to the offsets. An

answer of will give

inverses to both, [N] only

to the offsets. For our example,

we will say "NO".

keystrokes:

J
prompt: BEG. STA?

When this prompt is displayed,

begin input of the alignment

in the same way as for the

ALIGNMENT & OFFSET routine.

Follow the steps shown on pages

5 through 7.  
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With the instrument and backsight information already input, as shown on the
previous page, we can re-do the example with the offset constant of 18.5' left.

keystrokes:

@ 0 © ©
prompt: COORD N*E

keystrokes:

(1) [© [0] [9] [ENTER4]
Q © [© [©

prompt: BRG=?

keystrokes:

C8UO0EAOE

prompt: QD=?

keystrokes:

prompt: STA COORDS?

keystrokes:

(¥]
prompt: STA?

keystrokes:

l © © &

OUtPUL: a. nae
prompt: 0/s?

keystrokes:

(1 (8) [1 [5] (chs)
output: 0: _y3 5040

N= 1.292,4997
B= 1.842,2639

HD = 182.511
4RT=
34° 54 514°

prompt: STA?  

keystrokes:

a) [J Bi

output: 425. ae
0/5= -18.5848

N= 1.112.9681

E= 1.856.6167

HD = 159.521

(R=

86° 4° 22.7"

prompt: STA?

keystrokes:

LUE Oo 6

output: 50.008
0/8= -18.5044

N= 1.133.437¢

E= 1.,878.9695

HD = 168.419

4RT=
77° 6° 95.6"

prompt: STA?

keystrokes:

WL J

OUtPUL: 147caa
0/5= -18.5@04
N= 1.153.9@7%
E= 1,18295,3223

HD = 185.141

&RT=
65° 27 94.5"

prompt: STA?

keystrokes:

L200 &  

output:

prompt:

keystroke:

prompt:

keystrokes:

12408, Aa

0/8= -18.5040

N= 1.174.3764

E= 1.899,6751

HD = 173.374

4RT=

68° 27 56.2"

STA?

DELTA?

QEHEE
prompt:

keystrokes:

B&O
output:

prompt:

keystrokes:

output:

R?

= 350.8000

= 962.8159
= 1.481.3942

EC =
[3436.93

STA?

12425, ad

= -18.5004
1.195,3704
1.115.543

HIV = 125,119

ale 7© 



 -
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prompt: STA? keystrokes: Multiple offsets at a station,

kevstrokes: 3 with inverses to the offsets,

y m J [= © and the centerline coordinates

a @ Gs] (0] €] output: 13425. 000 calculated, would result in

output: output such as that below. For

Pp 12456. 006 0/5 -18.5008 multiple offsets, input them

N= 1.266.5875 individually, instead of as a
0/5= -18.5008 -
N= 1,215.1775 E= 1,192.6750 constant. 11425. 008

- N= 1,182,347!
E= 1.132.8689

HD = 268.684 E= 1,871.7641

HD = 282,935 &R1=
(RT= 36° 28 4.3" HD = 178.0886

470 2 47.47 — STA? 4RT=
prompt: J 85° 49° 14.9°

rompt: STA? keystrokes:
promp y 0/5-25.0008

keystrokes: O@3CEOEEIE N= 1,116.6999
DOE © [€] E= 1,851.294¢

output: 12475. 000 output: 13436.936 HD = 153.827
’ &RT=

0/8= -18.5048 . .

0/5= -18.5008 N= 1,273.4474 86° 18° 33.7
= 1,233.698! E= 1,203.1511 A

E= 1,151.5641 ots
HD = 288.423 Caan

HD = 222.828 RT: E= 1,852,233
LRT= ° 1 54,2"

420 30° 12.7 on HD = 282.998
. etc. {R1=

prompt: STA? If we had answered to the 85° 33° 10.9"
] prompt STA INV? the output would

keystrokes: inverse to the centerline and 0/5= -18.5640
aj 3] 0] [0] el the offset. Output at each N= 1,112,981

station would be: E= 1.856.616
output: 13406. 700

te 11+8¢, 8080 HD - 159 521

HD = 188.699 Co
0/5= -18.5008 (RIT: 4RT=

N= 1,250.8372 970 46° 4.5 86° 4+ 22.7"

E= 1.171.9334 Inverses only to centerline,
0/5= -18. 50% without coordinate output would

HD = 244.961 N= 1,092 4987 look like this:

&RT= f= 1.342.263 11456, 8889

39° A 43.0° BE HD = 178.811

- 16D B11 4RT=
prompt: STA? Jr 70 470 22."

94° 54+ 51.4"  
_/





 

~ Spiral Curves
This group of SPIRAL CURVE programs is designed to calculate the data needed
for field layout of a spiral curve.
SPIRAL, (also known as the Talbot spiral).

type most frequently encountered.

The type of spiral used is the BARNETT

It is also the

 

SPIRAL SYSTEM

It uses arc definition, and is the

This is the form of spiral used on interstate highways, and adopted by most
states which use spiral curves in their alignment design.
of spiral used for railroad alignment by agencies such as Washington D.C.'s
METRO and the Bay Area Rapid Transit District (BART) in California.
nomenclature used for the spiral system, and the alignment data from a typical
set of plans are shown below.

form

The

 

 

 

 

 

 

 

 

 

 
       

PTS

ALIGNMENT DATA- &
COORDINATES DESIUN

POINT STATION N B ZURVE DATA PEED

PoT 120499949 25,1911 20,14299%| F| STA= 1401 250.445 oo
= 22°0699" :

Pli-4 9026499 207%100 Tai =4i%.119 Tez = 416.119

wl Ts 10+ |%.-270 W0628.28% 20,249.12 Ls =126% ooo’ Xo = 264.782 |

Zc 1P5t8%.210 mp81111 %0,69b64b| 86, =9711 992, v= op Ib 7
3 CC-CLRVE 4 39200671] %,591.210 >eo Le = 27997[§ NF
¥ [cs 41+8&|.007 311859 30402800] J,= 20b.000Xen = 264.182 see

ST [44+ 40.BO 39,444670| 30,299919|8g2= 2" 11 9a Ygq = S012 7 wD

P-1o 121+21.019 4012487) 20349025 |  
  

~

 
_/
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In the first routine using this program the CHORD and DEFLECTION ANGLE
to any station on the spiral is calculated. The radial angle at the station is
also calculated.

To illustrate this routine, the spiral data on the previous page will be used.
The entrance spiral is shown below, and the curve data for the spiral portions
is the same for both the entrance and exit spirals. Stationing at the CS and
ST will be output by the program after calculations for the entrance spiral have
been completed.

The keys used for this
routine are shown in the

sketch to the right.

The required input is
prompted by the program

as you proceed, and

followed by stroking the
button, except after

input of a new station
for solution.

The program may be used
without a printer, but

for ease of illustration,

the printer output will

be shown.

Step-by-step instruc-
tions are shown on the

next page.

\
 

DEFLECTION ANGLE    

  

WN SOLUTION STATION
any point on spiral

EXAMPLE SPIRAL
A = 22°06'55"

418.175' R = 1460.000'
265.000" Xs = 264.782"
5°11'59.2" Ys = 8.012'
11°42'56.5" Lc = 298.537"

P.I. STA 140+36.445

A

[J
]
w

H
n

n
n

 

 

solve for the
last station input

Boaoa)

==EEA

B38

B=2838d

B22

==58a

go to exit spiral   

 

  
    
  

_/



 

~ Dadlection Chord

Program memory should contain the program "SP" and the utility programs "STA"
and "AZ" before beginning. "AZ" may be omitted if the calculator contains
either the HP Surveying Pac or the D'Zign COGO 41 ROM module. The utility

program "DMS" must also be in memory if the calculator is being used with a
printer attached. Size the calculator to a minimum size of 050.

1 Initialize the program by keystroking XEQ] 3

The program will begin the prompts for type of solution wanted.

2 COORD-0O/STor this prompt no 0
3 TAN 0/52 Answer this prompt no

(v]
+ PI STATION? Input the main P.l. station. If it is not shown on the curve

data provided it can be calculated by inputting the TS station

and adding the Tg distance to it.

?
5 DELTA! Input the system delta. [If curve left RTS

6 R? ,
: Input the radius for the circular curve

ToL Input the spiral length R/S]

Output will be a display of the length of spiral curve, the spiral angle (output
is in the form D.MMSS), and the radius. If a printer is not attached, continue

stroking [R/S]. Output continues with the P.l. station, the central angle, and
the TS and SC stations, followed by the next prompt

8 STA? . . ,
Input the station for which the deflection and chord solution

is required

Output will be the chord, deflection angle and radial angle. Continue stroking
each time if not using a printer until the prompt STA? appears

$ STA? Repeat step 8 until all of the required stations have been

calculated for the entrance spiral. It is normal to also calculate

the SC station last. When ready to calculate the exit spiral,

keystroke

Output will be the stations of the CS and ST, followed by the prompt

2?
10 STA? Input the exit spiral stations for solution in the same manner

as before, repeating step 8 until all of the required stations

have been calculated. The exit spiral can be calculated in

either direction, but the deflection angles and chords are
from the ST, sighting toward the P.I.  



 

 

a J

As an example of the keystrokes used with this routine, and using the information

in the example spiral (page 17) we will calculate the entrance and exit spirals

at the 100'

keystrokes:

stations.

(xq) [ALPHA] [S] [P] [ALPHA]
prompt:

keystrokes:

[RS]
prompt:

keystrokes:

MN RS)
prompt:

keystrokes:

COORD-0/S?

TAN 0/S?

Pl STATION?

UM oGE EL
AEE
prompt: DELTA?

keystrokes:

PRELUDE EE
[R75]

prompt: R?

keystrokes:

A ©
prompt: L?

keystrokes:

DEE
output:

\_

L = 265.8088
5¢ =
5¢ {1° §9.2°

R = 1.460,0000

PI =
148475, 445
CENTRAL « =

22° £' 95.9"

16 =
136+13,279

SC =
138483, 27¢

 

At this point we begin to

calculate the even stations

along the entrance spiral

prompt: STA?

keystrokes:

J Gl (0 [0 [EJ

OUtPUL: 137400. 000
Ch = 81.738
DEFLECTION «=
8° ¢ 53.5"

RADIAL « =
98° 19 47.0"

keystrokes:

BJ © [0] [E
output:

136+87, 8ad
CD = 181.715
DEFLECTION &=
f° 4% 04.4"
RADIAL £ =
910 37 49.0"

keystrokes:

LJ
(2

OUtPUL: 13043. 278
CD = 204.942
DEFLECTION &=
1° 43° 59.7"

RADIAL « =
93¢ 27 59.9-

With the calculations for the

entrance spiral completed, we

can move to the exit spiral

keystroke:

[0]

20

output:

prompt:

keystrokes:

ST =
144446, 807
Cs =
141+81.887

STA?

LM OE momo]
© OT» [E

output:

keystrokes:

141+81.867
CD = 264.983
DEFLECTION &=
1° 43° 59.3"

RADIAL « =
93¢ 27 68.8"

UE o-oo
output:

keystrokes:

142+00. 000
CD = 246.729
DEFLECTION &=
10 38 12.17

RADIAL £ =
92¢ 8' 25.1"

OME ood
output:

keystrokes:

143+00, 606

Ch = 146.802

DEFLECTION «=

ao 3! 55.8"
RADIAL £ =

91° 3' 56.8"

Od dOoOE
output: 144+00. 008

CD = 46.807
DEFLECTION &=

8° I 14.7"

RADIAL « =

98° © 29.3"

 



 

 

~ Alignment

&

Offsets
This routine outputs the coordinates along a spiral curve alignment at any station,

including the circular portion. It not only provides direct output of the centerline
coordinates, but the coordinates of any offsets to the curves may be calculated
at the same time.

In addition to the information about the spiral system which was input in the

last routine, you will need to know the coordinates of the TS and the ST stations,
and the bearings of the entrance and exit tangents. [If these are not given
on the set of plans that you are working from, they can be easily calculated
prior to beginning this routine.

The keys used in this routine are shown in the keyboard assignment sketch
below.

  

 

  

 

 yy! stroke [D] to begin solutions on exit spiral

=|rexstrore [E] after input of station

HE HHA oo is used to begin circular portion of

BERASER the spiral system

=HE8H

B88

Eas   
   

  

 

    
\ ©

= = = = offset erent 5

LE === £
  

 
  

 

\

offset IN
right J SOLUTION STATION

  

% ~~ any point on spiral

3 EXAMPLE SPIRAL
A = 22°06'55"

Ts = 418.175" R = 1460.000'
38,638.388 Ls = 265.000" Xs = 264.782"
30,549.792 8s = 5°11'59.2" Ys = 8.012'

2 Ac = 11°42'56.5" Lc = 298.537"  \_ P.I. STA 140+36.445 J

21
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Begin with the calculator sized at 050, and program memory containing the
programs "SP", "STA" and "AZ" (the latter may be omitted if the calculator
contains a ROM module for the HP Surveying Pac or the D'Zign COGO 41).
If a printer is attached, program memory must also contain the utility program
"DMS". After being initialized the program will begin with the prompts for
type of solution wanted.

1 Initialize the program by keystroking
[XEQ) [ALPHA] [5] [PF] [ALPHA]

2 COORD-0/S?  p cer this prompt yes J
3 BRG=? :

Input the entrance tangent bearing [R/S]

4 QD=? Input the quadrant code for the bearing toward the P.l. of

the system ®’7S)

5 TS NtE
Input the north coordinate of the TS

Input the east coordinate of the TS

6 ?
PI STATION: Input the main P.l. station.

7 DELTA?
Input the system delta. If curve left, [CHS

8 R? Input the radius for the circular curve
P

I Lu Input the spiral lengthp p g

Output will be a display of the length of spiral curve, the spiral angle (output

is in the form D.MMSS), and the radius. If a printer is not attached, continue

stroking [R/S]. Output continues with the P.I. station, the central angle, and
the TS and SC stations, followed by the next prompt

10 ? . . . .
STA? Input the station for which coordinates are required

&

Output will be the station and its coordinates. Continue stroking each

time, if not using a printer, until the prompt O/S DIST? appears.

?

11 0/5 DIST? Any desired offsets to this station may be calculated at this
time. Input the offset distance ([CHS] if the offset is to the
left)

Output will be the offset and its coordinates. An offset to the left will be shown
\ negative offset. J

22
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12 0O/S DIST?

Alignment Offsets
Repeat step 11 until all of the required offsets for the station
have been calculated, or return to step 10 with input of a

new station. When all of the required stations and offsets
have been calculated for the entrance spiral, we can go to

the circular portion, as follows:

?

13 0/5 DIST? Calculate the SC station last. When ready to calculate the
circular portion, keystroke

?

14 0/S DIST? Input the circular radius distance. If the curve is to the
CHleft, 5]

Output will be the coordinates of the radius point of the circular curve. The

circular portion has a slightly different input format than the spiral portion.
The station will be input each time, for each offset. For the centerline station

coordinates, the offset is input as 0.

15 STA?
t tion : :

Input the next static NOTE: different stroke than for spiral

?
16 O0/S DIST? Input 0 for the centerline coordinates, or the offset distance.

If the offset is to the left of centerline,

Output will be the station and its coordinates (or the offset and its coordinates).

?

17 STA Repeat steps 15 and 16 until all of the stations and offsets
have been calculated through the circular portion. Go to
the exit spiral by keystroking

[©]
=?

18 BRG=! Input the bearing of the exit tangent RTS

19 QD=? : ,
Input the quadrant code for the exit tangent in the direction
toward the P.I.

20 ST NtE
Input the north coordinate of the ST

Input the east coordinate of the ST RTS

Output will be the ST and CS stations.

?
21 STA? Calculate the stations through the exit spiral, beginning with

the CS station, by repeating steps 10 and 11 until all of the
required stations and offsets have been calculated.  

23
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As an example of the keystrokes used with this routine, and using the information
on page

stations.

17, in the example spiral, we will calculate the coordinates at even

In addition, to use the offset option, we will calculate the coordinates

for an offset at 20 feet left and right at one of the stations in the entrance,

circular and exit portions of the system.

keystrokes:

Eg) ®
prompt: COORD-0/S?

keystrokes:

J
prompt: BRG=?

keystrokes:

DOOEOE
prompt: QD=?

keystrokes:

[A
prompt: TS NtE

keystrokes:

BIE EGEEL]
(ENTER?)

BoOEMBE
Wel
prompt: INVERSE?

keystrokes:

]
prompt: PI STATION?

keystrokes:

MEMOGEEL]
GME
prompt: DELTA?

\_

 

keystrokes:

DAUEERE
R/S]

prompt: R?

keystrokes:

(1) [a] [e] [a]
prompt: L?

keystrokes:

(23

outpUL: |. 265. pees
S¢ =
S¢ 11 59.2°

R = 1,468, 08480

PI =
148426. 445
CENTRAL =
22¢ 6' 55.8"

18 =
136+18.278
SC =
138+33,278

prompt: STA?

keystrokes:

[a] © [0] [g]

OUtPUL: 37400. 000

N = 38.714,3292
E = 318.519.5314

prompt: 0/S DIST?
We will use this station as

an example for the offsets.

24

 

keystrokes:

D0] (chs)
output:

prompt:

keystrokes:

AE
output:

prompt:

keystrokes:

-26. 0800
8.,787.9434

38.508. 935¢

w
d

oN

0/5 = 20.0004
= 38.721.6149

E = 38,538.2671

0/S DIST?

GERE
output: 138+68.008

N = 36,887.9346

E = 368.484.5411

prompt: 0/S DIST?

keystrokes:

G3] CJ
3

output:  {38+£3.278

N = 238.887.1168

E = 38,458,6462
prompt: 0/S DIST?

After calculating any needed

offsets at the SC, move to the

circular portion of the system

keystroke:

_/
 



 

/

output: racypp:
prompt: 0/S DIST?

keystrokes:

DEED
output: ponric poINT:

N = 39.385.6513
E = 31.857.3792

prompt: STA?

keystrokes:

WBE lo]
prompt: o/s =

keystrokes:

©
output: 39,03. pga

= 138.983.1717
= 38,453.9422 

\_

 

Alignment &Offsets
offset leftrN

 

prompt: STA?

keystrokes:

UEE@-™
prompt: 0/S =

keystrokes:

[2 [©
output: (39:80. 080

0/5 = -20.000¢

N = 38.897.6583
E=30,434.7171

prompt: STA?

keystrokes:

WEE0 [©]
prompt: 0/S =

keystrokes:

DO &

25

 

output: 39.99. 968
0/5 = 20.8008

N = 38,988.6852

E = 30,473.1672

prompt: STA?

keystrokes:

WMOO RE]
prompt: 0/S =

keystrokes:

©
OUtPUL: 1 49488. 008

N = 29,008.1655
E = 38,429.6873

prompt: STA?

keystrokes:

WEINo
prompt: 0/S =

keystrokes:

[0]
output: iyi 00.000

N = 39.898.5919
= 38.412.12735

prompt: STA?

With the circular portion

completed, go to the exit spiral

keystroke: (oJ

prompt: BRG=?

keystrokes:

Dus®@aE

_/
 



 

a

prompt: QD=?

keystrokes:

GE ES
prompt: ST NtE

keystrokes:

BAMA
6 [EER
OEEEMN
BOE RE]

output: oy.

144+46, 887

cs =
141481.887

prompt: STA?

keystrokes:

WEEOL]
BoE E

output: 41.01 ge?

N = 39.179.854¢
E = 36,482.7994

prompt: 0/S DIST?

 
 

Since all of the offsets through

the exit spiral work the same

at any station, we can use the

CS as the example station for

the offset calculations

keystrokes:

2 © Ts RE
output:

0/5 = -28.0804
N = 239.178.1314
E = 18.382.8737

prompt: 0/S DIST?

keystrokes:

(2 [OJ [RS]

output: 5 - 24,009
N= 39.181.5779
E = 38.422.7250

prompt: 0/S DIST?

keystrokes:

LWMEOQH &E

26

 

output: 142+00. 008

N = 39,197.9891
E = 30.481,3422

prompt: 0/S DIST?

keystrokes:

plujalojulie
output: 4.00 gee

N = 39.297.8695
E = 238.396.6796

prompt: 0/S DIST?

keystrokes:

MMML [E
output: 144+089, 668

N = 39,397.8628
E = 38,395.8093

prompt: 0/S DIST?

keystrokes:

DEEABDEG
Bom ©

output: 14. 807

N = 39.44.6697
E = 38.395.975¢

 



 

 

ATEO-IInvEersSa

This routine is similar to the previous one, in that it calculates the coordinates
to the solution station and offsets. In addition, it also calculates the angles
and distances for radial stakeout in the field.

Working from one point on a control line and sighting another, all of the points
which you calculate can be 'sprayed' directly using an EDM for the distances.

        

    

 

144+46807 57

 

   
 

! begin41+818% CS
. .

! instrument 3910 exit spiral
station solutions

solution
| station

A | begin
\ .

Sea N \ circular
13 portion

_JM solution station
E or offset

backsight 38700
— station 31000

Program memory should contain the program "SP" and the same utility programs
that are used for the ALIGNMENT & OFFSET routine (pages 21 - 26) and the
DEFLECTION & CHORD routine (pages 18 - 20). As in the previous examples,
the required input is fully prompted, with the response to the prompt followed
by keystroking except after the input of each new station. The calculator
should be sized at 050 or more.

N
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1 Initialize the routine by keystroking xg) 8 @

2 COORD-0/S? per this prompt yes [1]

=?

3 BRG=! Input the entrance tangent bearing

4 QD=? Input the quadrant code for the bearing toward the P.l. of
the system

+
5 TS NIE Input the north coordinate of the TS

Input the east coordinate of the TS

?

6 INVERSE! Answer this prompt yes [Y]

7 INST NtE Input the north coordinate of the setup point

Input the east coordinate of the setup point

?
8 BACKSITE? Input the north coordinate of the backsight station

ENTER

Input the east coordinate of the backsight station

9 PI STATION? :
Input the station of the system P.I.

R73]
10 DELTA? Input the system delta If curve left, [CHS

11 R? . .
Input the radius for the circular curve

12 L? .
Input the spiral length

Output will be a display of the length of spiral curve, the spiral angle (output
is in the form D.MMSS), and the radius. If a printer is not attached, continue
stroking [R/S]. Output continues with the P.l. station, the central angle, and
the TS and SC stations, followed by the next prompt

?
13 STA? Input the station for which the coordinates are required

a

Output will be the station and its coordinates, followed by the horizontal distance
from the instrument to the point and the angle from the backsight to the point.
Continue stroking each time if not using a printer until the prompt O/S
DIST? appears.

N
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a

14 O/S DIST?

ATEo-Inverse

Any desired offsets may be calculated at this time. If the
offset is to the left, [CHS

Output will be the offset and its coordinates, followed by the horizontal distance
and angle to the point. Offsets to the left will be shown as negative

?
15 0/S DIST? Repeat step 14 until all of the required offsets for the station

have been calculated and inversed, or return to step 13 with
input of a new station. When all of the required stations
and offsets have been calculated for the entrance spiral, go
to the circular portion, as follows:

?

16 0/S DIST? Calculate the SC station last. When ready to calculate the
circular portion, keystroke @

?

17 0/S DIST? Input the circular radius distance. If the curve is to the
left,

Output will be the coordinates of the radius point of the circular curve.
Remember, the circular portion has a different input format than the spirals.
The station will be input each time, for each offset.

?18 STA? Input the next station [R73]

?
19 0/S DIST? Input 0 for centerline, or the offset distance. If the offset

is to the left,

Output will be the station and its coordinates (or the offset and its coordinates)

with the horizontal distance and angle.

?
20 STA! Repeat steps 18 and 19 until all of the stations and offsets

have been calculated through the circular portion. Go to the
exit spiral by keystroking ©

=?

21 BRG=? Input the bearing of the exit tangent RTS

22 QD=? Input the quadrant code for the exit tangent in the direction
toward the P.I.  

\_
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ro 2
BST NIE Input the north coordinate of the ST

Input the east coordinate of the ST

Output will be the ST and CS stations.

 

   

24 STA? Calculate the stations through the exit spiral, beginning with
the CS station, by repeating steps 13 and 14 until all of the
required stations and offsets have been calculated and
inversed.

As an example, and to demonstrate the added
EXAMPLE SPIRAL keystrokes for this routine, we will calculate

A = 22°06'55" the ties to points 20 feet left and 20 feet right
Ts = 418.175’ R = 1460.000"' at one of the stations in the entrance spiral

Ls = 265.000' Xs = 264.782" and circular portions of the system.
8s = 5°11'59.2" Ys = 8.012'
Ac = 11°42'56.5" Lc = 298.537" Keystrokes for the exit spiral are the same as

P.I. STA 140+36.445 for the entrance spiral, and the radial

inversing is automatic. The curve data is
shown to the left.

keystrokes: (xeq] keystrokes: keystrokes:

(Aired) (3) (7) (Aewr] (3) (8) (6) 3) [] 3) (El [© [@ ENE]
prompt: COORD-0/S? [J 3] BNOOE

keystrokes: Gl) GEA) 06) prompt: Pl STATION?

M oommE keystrokes:
prompt: BRG=? prompt: INVERSE? (J@OJB3IE CE]

keystrokes: keystrokes: (aE)

AOEOE 1] R735] prompt: DELTA?

prompt: QD=? prompt: INST N+tE? keystrokes:

keystrokes: keystrokes: Adore

[A] BENDO [5]
prompt: TS NE BOE AGE] prompt: R?

prompt: BACKSITE?    
\_
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keystrokes:

WEEN
prompt: L?

keystrokes:

AEE
output:

prompt:

keystrokes:

L = 265.0042
5¢ =
5° 11 59.2"

R = 1,468,0008

PI =

148+3¢6. 445
CENTRAL « =

22° &' 55.8"

TS =

136+16.278

SC =
138+383.278

STA?

MBE]
output:

prompt:

keystrokes:

(2) [0] [cHs]
output:

prompt:

137+64, 808

N

E

15,714,7292
78.519.5814

HD = 399.819

4RT=
58° 26' 24.2"

0/S DIST?

R/S

0/5 = -28.0940
N = 33,787.8434
E =

HD = 412.874

4RT=
68° 4a° 13.1"

0/S DIST?  

ATEO=-[nVEers®@

keystrokes:

(2) [9]
output: _

0/5 = 20.8008

N = 35.721.5149

E = 38,538,287!

HD = 388.212

&RT=

56° 4' 16.5

prompt: 0/S DIST?

keystrokes:

[@ [0]
output: 138+04, 804

H = 38.887.9846

E = 38.484.5421

HD = 324.839

&RT=

68° 5° 22.4"

prompt: 0/S DIST?

keystrokes:

[4 OJ

output: 35:23. 278

N = 33.,887.11€8

E = 308.458.6462

HD = 278.17%

&RT=
§1° 9 27.4"

After calculating any needed

offsets at the SC, move to the

circular portion of the system

keystroke:

output: CIRCULAR:
prompt: 0/S DIST?

keystrokes:

[Jae]
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output:

RADIUS POINT:
N = 39.385.6513
E = 331.857.3782

prompt: STA?

keystrokes:

LBB Mo0E
prompt: 0/S DIST?

keystrokes:

(0)
output:

139+04, 868
N = 33,983.1717
E = 38,453.9422

HD = 268.772
dRT=
84° 2° 43.3"

prompt: STA?

keystrokes:

WBE] 0] [0]
prompt: 0/S DIST?

keystrokes:

@©
output:

139+64. Bea
0S = -20.0008
N = 283.897.6553
E = 38.434,7171

HD = 277.758
&RT=
86° 23 35.5%"

prompt: STA?

keystrokes:

WELLE
prompt: 0/S DIST?  

/



 

a

 

keystrokes:

DO E&I
output:

prompt:

keystrokes:

[D000] RE]

129+0@. 800
0/5 = 20.0008
N = 38,908.6852
E = 28,473.1672

HD = 244.242

(RT=
81° 35° 26.8°

STA?

in the exit spiral only,

 

prompt:

keystrokes:

[© [773]
output:

prompt:

32

0/S DIST?

148+6e, 680
N 39,880.16355
E 38,429.6873

HD = 219.349

&RT=

186° 4 42.4"

STA?

. etc.  

After all of the required

offsets have been calculated

in the circular portion, go

to the exit spiral by keystrok-

ing [D] and answering the

prompts for input of the exit

bearing, quadrant code and

cocrdinates.

The keystrokes used for the

AUTO-INVERSE routine are the

same as for ALIGNMENT & OFFSET,

on pages 25 and 26.

When the calculations are being done for radial stakeout with this routine, it

is possible that the whole curve cannot be seen from one setup. In that event,

the portion that is to be sprayed in from the first setup point should be completed,

and then the program started over for the second setup.

If the first setup included the circular portion, and the second setup will be

it is not necessary to go through all of the steps for
the entrance spiral and circular portions of the system.
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Tangent Offset
In this routine, the solution is in the form of the tangent distance and the offset
from the tangent to any point on the spiral. The tangent distance is the distance
along the entrance tangent from the TS, or back along the exit tangent from
the ST. The tangent offset is measured at right angles to the tangent.

To illustrate this routine, the spiral data below will be used. The entrance
spiral is shown below, and the curve data for the spiral portions is the same

for both the entrance and exit spirals. Stationing at the CS and ST will be
output by the program after calculations for the entrance spiral have been

 

 

 

completed.

The keys used for this
routine are shown in the ( TRAN-0/5

sketch to the right.

The required input is
prompted by the program

as you proceed, and

followed by stroking the solve for the

[R/S]button except after last station input
input of a new station
for solution.   
The step-by-step key- go to exit spiral
stroke instructions are

shown on the next page

and are followed by an (HERA
example of the input

| = & == |

8 =S

and output using this

~
©
+
©
™
~

Tangent-Offset routine.

/

/
SOLUTION STATION

  

 

  
  

  

 

  

  
       
   

  

 

2 any point on spiral

Ro, EXAMPLE SPIRAL
\g A = 22°06'55"
> = 418.175' R = 1460.000'
- = 265.000" Xs = 264.782"

= 5°11'59.2" Ys = 8.012°
11°42'56.5" Lc 298.537"

P.I. STA 140+36.445  
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Begin with the calculator sized at 050, and program memory containing the
programs "SP" and "STA". If the calculator is being used with a printer attached,
the utility program "DMS" must also be in program memory, and unless the
calculator contains the HP Surveying Pac or the D'Zign COGO 41 module, memory
must also include "AZ".

1 Initialize the program by keystroking ®]

2 COORD-0O/S? Answer this prompt no (VJ
?

3 TAN 0/5? Answer this prompt yes

4 PI STATION? Input the main P.l. station. If it is not shown on the curve

data provided it can be calculated by inputting the TS station

and adding the Ts distance to it.

Input the radius for the circular curve (R75)

?
5 DELTA! Input the system delta. If curve left, [CHS

6 R?

7 1? Input the spiral length° pirel fens [873]
Output will be a display of the length of spiral curve, the spiral angle (output
is in the form D.MMSS), and the radius. If a printer is not attached, continue

stroking [R/S]. Output continues with the P.l. station, the central angle, and
the TS and SC stations, followed by the next prompt

?
8 STA! Input the station for which the the tangent distance and

tangent offset are requiredg q

Output will be the tangent distance and the tangent offset. Continue stroking
each time if not using a printer until the prompt STA? appears.

?
9 STA? Repeat step 8 until all of the required stations have been

calculated for the entrance spiral. It is normal to also calculate

the SC station last. When ready to calculate the exit spiral,
keystrystroke [0]

Output will be the stations of the CS and ST, followed by the prompt

?
10 STA? Input the exit spiral stations for solution in the same manner

as before, repeating step 8 until all of the required stations

have been calculated. The exit spiral can be calculated in

either direction, but the tangent distances and offsets are
from the ST, sighting toward the P.I. 
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calculate the 100' station

keystrokes: (xEQ]

51
prompt: COORD-0/S?

keystrokes:

Kl
prompt: TAN 0/S?

keystrokes:

ul
prompt: Pl STATION?

keystrokes:

LEOGEIEL]
AEE
prompt: DELTA?

keystrokes:

BEO0EEE
[R75]

prompt: R?

keystrokes:

MA Eo] RES]
prompt: L?

keystrokes:

EEE RE)
output: | - 25.gga

54 =
50 {1+ sa 2-

. etc.

prompt: STA?

keystrokes:

WWMo E   
NS

For the keystroke example,

Tangent Offset
using the curve data shown on page 33, we will

the entrance and exit
TANGENT-OFFSET method of stakeout.

s for

output:
137+00. 800
TD = 81.7294
T 0/5 = 8.2352

prompt: STA?

keystrokes:

WGEIE ll) [E
output:

138+88. 000
TD = 181.6969
T 0/8 = 2.5851

prompt: STA?

keystrokes:

OEEEEMEA
[eJ

output:

138+83.278
TD = 264.781¢
T 0/5 = 8.68118

This completes the calculation

of the entrance spiral. This

routine does not calculate the

circular portion of the system,

so we move to the exit spiral

keystroke:

[©]
output:

57 =
144446, 807
Cs =
141431.867

prompt: STA?

keystrokes:

MEE]
EloT ©
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spirals using the

output:

141+81.807
TD = 264.7821
T 0/8 = -8.8119

prompt: STA?

keystrokes:

WHEbe [FE
output:

142480. 888
TD = 246.6544

T 0/5 = -6.4734

prompt: STA?

keystrokes:

[JAE] 0] [9 [E]
output:

143+80, 868

TD = 146.7939
T 0/8 = -1.3629

prompt: STA?

keystrokes:

a0) [E]
output:

144+@e. 004

TD = 46.8872

T 0/5 = -8,0442

prompt: STA?

keystrokes:

WEAEED
(B10 @ [8

OUTPUL: ged. 807
TD = 8.8802

NOTE : T 0/8 = -9.4564E-

"zero" is sometimes output,

as above, as a very small num-

ber in scientific TT)

g 
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This routine may be used to calculate the angle right and horizontal distance
to any point of known coordinates, from an instrument setup station and backsight

station which have known coordinates, and is similar to the RADIAL INVERSE

routine included with the program "LO".

It has been included in this section because the capability is already in the
programming, and it is therefore available for use with other field problems
when the program "SP" is in the program memory, instead of "LO".

The calculator should be sized at 050, and if used with a printer, memory should

include the utility program "DMS". "AZ" should also be in the program memory,
either as a subroutine program or by having the HP Surveying Pac or D'Zign's
COGO 41 ROM in the calculator.

If the calculator has been off, and a printer is not attached, the numbers will

'flash' by. If this happens, reset flag 21 by keystroking 2 Oa].

 350  

  

 

 

  8 [RAvIAL IM|)    

LyHHBE

/ | Raa
calculate | HA EB8 ABS

100 | = = = =

| =e ee)

initialize—1 = = = =

       
 — 
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to the top of program memory.

Radial Inverse

Unlike the other routines in this program group, the RADIAL INVERSE routine
is accessed by using "GTO" (shift, RCL) instead of "XEQ" to bring the program

It may also be accessed by "XEQ" if you then
ignore the first prompt (note that the calculator is in ALPHA mode) and clear
ALPHA by stroking [ALPHA].

then:

keystrokes:

[a]
prompt:

(key

keystrokes:

A)
INST N¢tE

Mo©
Hoo
prompt:

keystrokes:

BACKSITE?

Ce) (0) [9]
J

prompt:

keystrokes:

NtE?

AEE
BIE [A

output:
425.6000
356. gang

HD = 418.838
dRT=
39° 51' 33.1°

 

prompt: NtE?

keystrokes:

[4] [9] [9]
GEO @

output: 488.0800

350.0808

HD = 398.512
dRT=
42° 5 46.3"

prompt: N4E?

keystrokes:

LEE
Wl

output: 45,gese
420.0008

HD = 456.898
R=
46° 58° 47.3"
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prompt: N+E?

keystrokes:

[A [©
[Wl [A

output: 489.6000

420.8000

HD = 438.634

LRT=

49° 8' 17.6"

prompt: N+E?

Continue with the input of

any other coordinates which

may be wanted. The north-

coordinate is entered, the

east-coordinate input, and

followed by the keystroke [A].

This routine is useful if the

coordinates for offsets were

calculated prior to knowing

where they would be set from.
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If a printer is attached,

of the output by

The easiest introduction to the use of this program group is the routine where
it is used to do a topographic survey.
to establish the baseline, the input of the horizontal and vertical (zenith) angles,

slope distance and rod for each shot gives output in terms of the station along
the baseline, offset (left or right), at the shot, and the elevation of the shot.

the input can also be shown as part T= 127.1625

'toggling' between the | and J keys. This 2= 94.8215
establishes a flag status condition which prints out the stack Y= 205.5406
after input, but before beginning the calculations for the solution. X= -5,A000

The stack-print option may only be used with a printer attached,

or a "nonexistent" will be displayed when the program reaches

the program step with the PRINT STACK command.

The baseline for the topo may be two points along a traverse line, or along
the existing alignment of any road or highway.
do not have to be on centerline with this program. They can be at any convenient
 

that

as 0+00,

instrument.

stroke [A] after
to begin solution 
\_

offset to the baseline or centerline,

is more convenient.

in a curve (both can be if it is the same curve).

One or

In the case of a simple baseline,

and the backsite the station equivalent

The use of the station-offset output allows rapid plotting of the

topo in the office.

 

  

  

keystroke [J] to enable
Ser —stack-print optionSESE) p P

input BEES |

| =8a89 IN
| E333 e3 keystroke [I] to halt
{ as Ee stack-print option

KEYBOARD

HER 8

~
TOPO

After input of the information needed

STR 8479.23

AT 163.95 PT

ELEY = 88.44

The instrument and backsite

and they can be at different offsets, if

the other can even be at a station or offset

assign the instrument point a station, such

to its distance from the

 

 

 

  

 

   
ASSIGNMENTS  

/
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Before beginning, the calculator should be sized to 045 (or larger). This program
group uses the program "TT".

1 Initialize the program by keystroking (eq) [Acer] (7) [1] [ALPHA]
?

2 INST. STA.? Input the station which (or opposite which) the instrument

occupys

2?

3 OFFSET! If the instrument is on the centerline or baseline, enter 0.

If on an offset, enter the offset distance. If the offset is

to the left, R/S

?
4 ON CURVE? This prompt will be answered NO, [N] unless the instrument

is on (or opposite) a station which is in the curve. If the

setup station is within a curve, answer [Y], and answer the
additional prompts for curve data (marked *)

* ?
5 B.C. STA? Enter the station at which the curve starts

x ?
6 *RADIUS? Input the radius of the curve

* ?7 *DELTA? Input delta (DD.MMSS). If curve left, [CHS RTS

8 H.1.? Input the elevation at the height of the instrument. This
can be found by taking a shot at a benchmark, measuring

up from the known elevation of the setup station, or may
be an assumed height of instrument RTS

?
9 BKSITE STA? Input the station of the point that will be used as the backsight

point

10 OFFSET? Input 0 if on centerline, or the offset distance if not. If

the offset is left,

11 ON CURVE? If the backsight station is on a curve, answer [Y]. If not,
answer [N]. If both the instrument and the backsight are
on the curve, the curve data has been input already and

need not be repeated; if this is the case, answer NO.

R/S

\_
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TePo
If the answer is yes, and the instrument was not on the curve, the prompts

at steps 5 through 7 (*) will now appear. If neither the instrument nor the
backsight were on a curve, but there is a curve in the alignment, it is included
in the calculations by the response to the next prompt.

2?

12 CURVE AREA! This prompt will appear if the neither the instrument nor

backsight are on a curve. If there is a curve in the centerline
alignment which will fall within the scope of the topo, answering
[Y] will bring up the prompts shown at steps 5 through 7.
Shots taken within the area of the curve will be shown as
radial offsets to the curve stations when output. If there
is no curve area involved, answer [N] RTS

?13 SHOW GRADE?, prompt NO, NM [R7S
xk

14 INPUT SHOT This is the prompt to begin input of the shots.

hori t nglorizontal angle ENTER

Input the tical (zenithpu e vertical (z ) angle ENTER

Input the measured slope distance

2 © C — ~ =
)
™

ENTER

Input the rod reading. With the EDM, it is the height of
the rod at the prism, and it is a minus rod. Unless the rod

is inverted, all rods are minus rods and the rod is input as

a minus by prior to keystroking

=

x % If a printer is attached, and the print-stack option is wanted,

to record the input data

xx You can halt the print-stack option by keystroking 0

Output will be the station, offset and elevation at the shot. Return to step

14 for the next shot. If using the calculator without a printer attached, keystroke

for each part of the output each time until the INPUT SHOT prompt is
shown.

NOTE: When there is a curve in the alignment the program executes a subroutine
for solution, after first determining that the shot falls within the curve area.
After the solution is calculated, it is then compared to the EC station, and if

it it exceeds the curve area is recalculated as an offset to the exit tangent.

For this reason the program running time also becomes slightly longer when
you have passed the curve area with the shots.  
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As an example of how the program works, and
to practice the keystrokes and input used, we
can do part of the little topograpic survey shown

to the left.

N57°27'15"E

The survey is going to be used by an architect,
who is designing a residence for the lot that is
shown (shaded), and he needs to know enough

 

ag limw

   

  

 
\_

 
* With the printer attached.
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’ Ve about the topography to start designing his
= 2707500" ” / footings.

L = 136. 936':A One of the advantages of this program is that
yy. vo there is no need to run a traverse just to do
/ ,// a topo. Any baseline can be used, as long as

124 x it can be related to the site for plotting. For
00 B.Cy the example we will assume that the instrument

iyi? 7 / is set over a right-of-way pin at 25' left of 12+00

, ’ B.C., and the backsight is at 10+00 on centerline.
Loci) 25'[25! 9

= This has us already tied to the alignment for
vo plotting of the topography, and we can use an| g pog

wl | assumed height of instrument of 200. The program
iN I & - will number the shots as they are taken so that

| [8] the only field notes which will be required for
of = a

| & Ss! plotting is a list of the shots' descriptions.*
I

| 8 NI
P= Begin by initializing the program with

10400 POT
prompt: INST. STA.? prompt: BKSITE STA? prompt: B.C. STA?

keystrokes: keystrokes: keystrokes:

WE) Rs] (J (© (0) [0] [R/S] [J [2) [0] [0] [R/S]
prompt: OFFSET? prompt: OFFSET? prompt: RADIUS?

keystrokes: keystrokes: keystrokes:

AE [©] EEO
prompt: ON CURVE? prompt: ON CURVE? prompt: DELTA?

keystrokes: keystrokes: keystrokes:

0 (A) 22 EE]
prompt: H.1.? prompt: CURVE AREA? prompt: SHOW GRADE?

keystrokes: keystrokes: keystrokes:

20 © [¥] mM

_/
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prompt: INPUT SHOT

keystrokes:

BHULOMEE

DoEA

BELGE

[5] [cus] [A]
output: {

T= 835.1825

= 91.1518

Y= 57.3000

X= -5.00800

STR 11+88.14

AT 81.84 LT

ELEY = 193.75

prompt: INPUT SHOT

keystrokes:

NOEUREBEE

BEAL EE]

EEE

EB GE @
output: 2

T= 182.2539

2= 92.8734

Y= 63.7066

X= -5.0000
STR 12+84.76
RT 36.42 LT

ELEY = 192.64

Topo

All of the required setup information has been input
at this point, and we have the prompt for shot input,

as shown to the left.

At this point you can keystroke to have the angles
and slope distances output, along with the solution

of the shots, if your printer is attached. This output
can be returned to the 'solution only' form at any

time by keystroking [TJ]. Neither key disturbs the
stack, but it is generally more convenient to switch

just before or just after input, since it does erase

the prompt.

When the print-stack option is selected, the stack
is printed as follows:

The T register contains the horizontal angle, the
Z register contains the zenith angle, the Y register
has the slope distance and the X register the rod.

The keystrokes to the left are typical input, and

additional shot solutions are shown with the

print-stack input.

 
3 3

T= 135.1004 T= 132.5445
Z= 92.3568 2= 94.3630
Y= 25.080080 Y= 92.4600
X= -5.00800 X= -5.0008
STR 12+13.64 STR 12+41.72
AT 44.97 LT
ELEY = 193.87

4

T= 134.2638

2= 93,2000

Y= 43.6800

X= -5.80080

STR 12+22.52
AT 6@.47 LT

ELEY = 192.46
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AT 1682.93 LT
ELEY = 187.58

b

T= 136.8250
Z= 93,8248

Y= 186.5080
X= -5.0000

STA 12+58.62

AT 112.37 LT

ELEY = 185.64

_/
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~ AS-Dbuiles

The program is used in essentially the same way for taking as-built shots, except
that the shots are usually taken with more accuracy. It can be used, for instance,
for determining the location of building slabs as they are poured on the lots
in a subdivision, or as-built shots on curb and gutter.

This routine will also be useful for checking the forms prior to pouring concrete,

and is generally quicker than elevation-offset shots on complex structures.
In the case of a structure as-built, the shots should be taken with a butt chain,

and slope chained directly to the instrument head from the point or corner being
checked.

In the case of a curb and gutter as-built, the routine will carry the profile
grade information and output finish grade at each shot in addition to the elevation
of the shot for quick comparison. This means that the shots can be taken at
convenient locations without having to be at an exact station where the grade
is known.

instrument station The routine can carry one grade break or vertical
on vertical curve . .

curve at a time, together with the entrance and
exit grades.

B
V
C

E
v
C

As shown in the sketch to the left, the instrument

tangent may occupy a station that is within the area of
profile the vertical curve, but the elevation which you

input when prompted PROFILE EL? will be the
elevation of the vertical tangent at the instrument
station, rather than the elevation on the vertical

curve.

  

   

—

AS-BUILTS
 

  The keyboard assign-
ments are the same for

this routine as in the

last (TOPO), as shown . .

to the right. begin solution ——

   
  

The input information

may be output as part

of the solution as before,

by switching the flag
status with keystrokes of .

(J (input not printed) enable stack-print —
and (input printed),

when using a printer.

N /
45

halt stack-print       



 

r
This program routine is used in the same manner as TOPO, and areas including
horizontal curves can be incorporated in the same way. The main difference
is that we are also carrying the existing alignment information in the program
memory.

For this example, we'll use a straight section of alignment, since the new

keystrokes are those which deal with the vertical alignment.

    

   

 

17'-6" | A typical section for a street is shown to the
Type 11 PCC left, and we will 'as-built' the top of curb at the

Curb & Gutter ¢ face of curb on the left side of the street for

our example. The centerline profile for the street

is shown below, and we will assume that the

instrument is set up at station 13+42, backsighting

TYPICAL SECTION station 11+00, both on centerline.

There are two things to do before beginning.

First, we will want to input the elevation of the profile grade for the curb,
rather than the centerline, so, using the typical section,

top of curb = centerline grade - (17.5' x .02) + 0.5'
= centerline profile + 0.15'

Second, the grade on the vertical tangent at 13+42 needs to be calculated; we're

going 42' at -1.5%, and -.015 x 42 = -0.63. Take centerline grade at the BVC

-0.63 + 0.15, and we have an elevation of 83.99 for the vertical tangent at top

of curb for station 13+42. We input this after the prompt PROFILE EL?.
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- AS=Dbuilts

To begin, the calculator should be sized at 045 and program "TT" must be in

the program memory.

1 Initialize the program, keystroking

?
2 INST. STA.? Input the instrument station

R/S

?

3 OFFSET? If the instrument is on the centerline or baseline, enter 0.

If on an offset, enter the offset distance. If the offset is

to the left, [CHS [R73]
?

4 ON CURVE? This prompt will be answered NO, [N] unless the instrument
is on (or opposite) a curve station. If in a curve, answer

[¥]. and answer the additional prompts (marked*) for curve

data.

5 *B.C. STA?
Enter the station at which the curve starts

6 *RADIUS?
Input the radius of the curveb

7 *DELTA?
Input delta (DD.MMSS). If curve left, [CHS

8 H.I.? :
Input the elevation at the height of the instrument. RTS

?

® BKSITE STA? Input the backsight station. RTS

?

10 OFFSET? Input 0 if on centerline, or the offset distance if not. If
the offset is left,

?

11 ON CURVE? If the backsight station is on a curve, answer [Y]. If not,
answer [N]. If both the instrument and the backsight are
on the curve, the curve data has been input already and

need not be repeated, and this prompt can now be answered

NO.
R/S

12 CURVE AREA? This prompt will appear when neither the instrument nor

backsight are on a curve. If there is a curve in the centerline
alignment which will fall within the scope of the work,
answering will bring up the prompts at steps 5 through

7. If there is no curve area involved, answer [N]

R/S

N _/
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13 SHOW GRADE? Answer this prompt YES. Additional prompts for input of
profile grade information (markedt ) will follow 0]

?

14 PROFILE ELT¥ Input the finished grade elevation at the instrument station.
If the instrument is at a station which is located within a
vertical curve, input the elevation of the tangent profile grade.

?
15 GRADE? * Input the % of grade. If negative, [CHS] R7S

?16 SPRINGLINE?+ Answer this prompt NO
NJ

17. VERT CURVE? the grade is a straight slope, answer [N]. If there is a
vertical curve within the work area answer [Y]

THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES

18 BVC STA? Input the beginning station of the vertical curve RTS

19 LENGTH?
Input the length of the vertical curve 73

?

20 GRADE OUT? Input the % of grade leaving the vertical curve.
is n Iv HSis negative, [CHS] R/S

21 INPUT SHOT This is the prompt to begin input of the shots.
horizontal angle ENTERT

Input the vertical (zenith) angle ENTER

Input the measured slope distance

=
—_
—

~
~

3
o
O

©
o
D

5
=e

—
Q
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o
O

Q
.

o
a

ENTER%

Input the rod reading. If you are sighting directly to a point,

and slope chaining to it, input 0. An inverted rod is a 'plus'

rod, and a normal rod is a 'minus' red ([CHS] for minus rod ~
—

Output will be the station, offset, elevation and finished grade at the shot.
Return to step 21 for the next shot. If using the calculator without a printer
attached, keystroke [R/S] for each part of the output each time until the INPUT

SHOT prompt is shown.

If the printer is attached, the input can be shown, when wanted, by using

(IJ (not shown) and (shown) keystrokes.

\_ _/
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As-builts
For this example, we will try two shots. Assume an H.l. elevation of 89.59,
and that the shots were:

horizontal vertical slope rod

angle angle distance reading

1 168°24'55" 90°15'00" 87.34" -5.00'

2 170°43'40" 90°05'20" 108.73" -5.00'

keystrokes: prompt: SHOW GRADE? prompt: [INPUT SHOT

[ALPHA] keystrokes: keystrokes:

prompt: INST. STA.? I] OEEE

keystrokes: prompt: PROFILE EL?

nEE@ keystrokes: DODGE
prompt: OFFSET? J B13E

keystrokes: prompt: GRADE? BOOB.

[0] keystrokes:

prompt: ON CURVE? OG 5] A]

keystrokes: prompt: SPRINGLINE? output: |

(N] keystrokes: STR 14+427.56

prompt: Wr | nis
keystrokes: prompt: VERT CURVE? GR = 84.26
E00 9 keystrokes: prompt: [INPUT SHOT

prompt: BKSITE STA? [7] keystrokes:
keystrokes: prompt: BVC STA? ay DEHM™GEMA

1] [Oo] [0] [0] keystrokes:

prompt: OFFSET? [1 (3) [0] (9) EOL] EE]
keystrokes: prompt: LENGTH?

[0] keystrokes: WOEEE

prompt: ON CURVE? 0) [©
keystrokes: prompt: GRADE OUT? 5) LY

Iv] keystrokes: output: 2

prompt: CURVE AREA? [a] HAC
keystrokes: Now, with all of the required ELEY = 84.42

® wrthe promor for input of one
the shot data
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Setting slope stakes along an alignment prior to construction is one of the most

time-consuming processes in construction surveying. This routine allows the

staking of a large area to be accomplished from each instrument setup. It is
still a 'trial and error' procedure, but it has some distinct advantages.

One advantage is that the catch points may be located at the high and low points

of the existing terrain, as well as in-between. This is not usually done, even
though it provides better control of the slopes, because it requires the additional

calculations for the extra station grades in the field.

Both the instrument and backsight points may be at any offset to (or on) a
known station on the alignment being staked. The input includes the profile
of the finished grade, and calculates the station, offset and the cut or fill at

any point shot.

Once input, the 'half-width' and slope ratio are carried as constants, but may
be changed when desired. This feature is useful in cases such as a change
from cut to fill at the station shot, or to 'flatten' the slope before and after

reaching a daylight area.

After each trial shot, the program displays the distance needed (at that same

elevation) to reach the actual catch point for the station being shot. When

the distance is within acceptable (*0.2') accuracy, stroking outputs the
cut or fill information.

 

 
 

The illustration to the

stroke after shot SLOPE STRKE left shows the keyboard
input to begin slope we r—— assignments used with
stake solution — - the slope staking

procedure.
use to change POVT
input as needed — ===HS 

Each time is stroked,

  
  

keystroke [1] to halt [| SEESFE Yecnspies_ - . — — -

stack-print option || 88888 W/2=0.00 the first time,
=HEA and the correct distance

~ i [ followed b
stroke to enable the 's_ Input. y

stackeprint option —— = SEE ggeeen
H=8- slope ratio will be

An displayed as SR=0:1 and

all other commands are HE Ee the correct ratio is  accomplished with the [LE = a= input. These may be
[R/S] key — — L changed at any time, by

inputting a new value

when they are displayed.

_/
  



 

Remote Slope Staking

Begin with the program "TT" in the program memory, and the calculator sized

to at least size 045.

1 Initialize the program, keystroking XEQ)

?
2 INST. STA.? Input the instrument station R/S

?

3 OFFSET! If the instrument is on the centerline or baseline, enter 0.

If on an offset, enter the offset distance. If the offset is

to the left,
R/S

4 ON CURVE? This prompt will be answered NO, [N] unless the instrument
is on (or opposite) a curve station. If in a curve, answer
[¥). and answer the additional prompts (marked*) for curve
data.

* 2? .

S B.C. STA? Enter the station at which the curve starts

6 *RADIUS? .
Input the radius of the curveP

7 *DELTA? MM . lefInput delta (DD SS) If curve left, [CHS

8 H.l1.? .
Input the elevation at the height of the instrument. RTS

2?
9 BKSITE STA! Input the backsight station. RTS

?
10 OFFSET? Input 0 if on centerline, or the offset distance if not. If

h :
the offset is left,

?
11 ON CURVE! If the backsight station is on a curve, answer [¥] . If not,

answer [N]. If both the instrument and the backsight are
on the curve, the curve data has been input already and

need not be repeated, and this prompt can now be answered

NO. RTS

?
12 CURVE AREA? This prompt will appear when neither the instrument nor

backsight are on a curve. If there is a curve in the centerline
alignment which will fall within the scope of the work,
answering [Y] will bring up the prompts at steps 5 through
7. If there is no cur ea in ris no curve area involved, answer [N]

N J
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?
13 SHOW GRADE! Answer this prompt YES. Additional prompts for input of

of K af
profile grade information (marked t) will follow

Input the finished grade elevation at the instrument station.
If the instrument is at a station which is located within a
vertical curve, input the elevation of the tangent profile grade.

14 TPROFILE EL?

+
?

15 "GRADE? Input the % of grade. If negative, [CHS

+

16 'SPRINGLINE?
Answer this prompt NO ™

+ ?
17"VERT CURVE} If the grade is a straight slope, answer 5 If there is a

vertical curve within the work area answer

THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES

?
18 BVC STA? Input the beginning station of the vertical curve RTS

19 LENGTH?
Input the length of the vertical curveP ’

20 GRADE OUT? Input the % of grade leaving the vertical curve. If the grade
is negative,

21 INPUT SHOT This is the prompt to begin input of the shots. Input the

horizontal angle

Input the vertical (zenith) angle

Input the measured slope distance

Input the rod reading. A normal rod is a 'minus' rod, so

22 W/2= 0.00 Input the correct half-width value, if different from the value
which is displayed

23 SR=0:1 Input the correct slope ratio value, if different from the value

displayed R/S

NOTE:
If the printer is attached, the input can be shown, when wanted, by using

(OJ (not shown) and (shown) keystrokes.

\_ /
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~ Remote Slope Stakime
The DISPLAY will now show the distance from the shot to the actual catch point.
If the distance is considered to be within acceptable tolerance, [R/S], or if it
is not, return to step 21 and input the data for the next trial shot.

When the decision has been reached to hold the current shot, and you stroke
(R/S). the output will be the CUT (or FILL) and the horizontal width ("run")
of the slope, followed by the STATION, OFFSET, ELEVATION of the shot, and
FINISHED GRADE for the top or toe.

24 To change the POVT value, as when changing from a cut
section to a fill section, or a different shoulder condition,
input the new POVT elevation

For the keystroke procedure example, we can assume the same setup and vertical

alignment conditions as we had on page 46, where we did the as-built on the
curb, but use the additional information in the section shown below for slope

staking.

26'-0" 30'-0"
 

8'-6" 17'-6" 17'-6" , 8'-6" 4'-0"
 

   
 

 

 
TYPICAL FILL SECTION £ TYPICAL CUT SECTION

For a fill condition we have a centerline grade (on the vertical tangent) at the
instrument of 83.84 (BVC - 42' @ -1.5%). To adjust this to the shoulder profile
for slope staking, we have to go 17.5' @ -2%, +0.5' for the curb, and 8.5' at
+4%. This gives us a total of +0.49. The grade for input then, will be centerline
POVT at the instrument +0.49 = 84.33.

In the 'cut' condition we have the same adjustment figures, but a ditch has
been added at the toe of the slope, and we must go an additional 4' at 2:1 (-),

or -2'. This gives a total correction in cut of -1.51' to be applied to our instrument

POVT, so our grade input in a cut will be 82.33.

When you are staking a fill area and come to a daylight section where the slope
of the existing terrain causes the fill to become a cut, or the reverse, you can

change from the fill POVT to the cut POVT by inputting the other number and
keystroking [€]. The half-width and the slope ratio also change, and these
\ be changed be inputting the new number when they are displayed.  
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keystrokes: (xeq]

prompt: INST. STA.?

keystrokes:

LEME
prompt: OFFSET?

keystrokes:

[© [R75]
prompt: ON CURVE?

keystrokes:

[4]
prompt: H.1.?

keystrokes:

BELEE
prompt: BKSITE STA?

keystrokes:

DDO
prompt: OFFSET?

keystrokes:

[©]
prompt: ON CURVE?

keystrokes:

[0
prompt: CURVE AREA?

keystrokes:

0)
prompt: SHOW GRADE?

keystrokes:

©
prompt:

\-

PROFILE EL?  

Assume that we will be in a

fill section for the first

shots, and input the POVT for

the top of the fill:

keystrokes:

BEOEE
prompt: GRADE?

keystrokes:

[0 1 (3) [cos]
prompt: SPRINGLINE?

keystrokes:

0
prompt: VERT CURVE?

keystrokes:

M GE
prompt: BVC STA?

keystrokes:

[1B
prompt: LENGTH?

keystrokes:

GJ]
prompt: GRADE OUT?

keystrokes:

[@ FS
The required input information

has been completed, and we take

a shot. We will use the follow-

ing data for the keystroke

example:

horizontal angle = 158°22'55"

vertical angle = 92°49'05"

slope distance = 115.74'

the prism is at 5.00'
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prompt: INPUT SHOT

keystrokes:

MEEEEEE

DEUMBEOE

DDEOOA

5)
display: W/2= 0.00

keystrokes:

2 [6]
display: SR= 0:1

keystrokes:

display: -1.01

The minus sign indicates that

you are short of a catch point

at the elevation of the ground

(amount of fill) this shot.

Just as in any other method

of slope staking, the 'lay of

the land' determines where you

try your next shot. If the

slope is 'up' toward centerline,

move in and up. Assume the

following data:

horizontal angle = 160°11'30"

vertical angle = 92°02'15"

slope distance = 113.87"

the rod, again is at 5.00'

This information will be used

for the second try, and input

as shown on the next page.

_/
 



 

 

keystrokes:

OPHOMGE

[ENTERT]
OEUMNENE

[ENTERT)
LOE

[ENTERT]
ECs) (@

display: W/2= 26.00

keystroke:

(&35)
display: SR= 3:1

keystroke:

[&73)
display: -0.10

This is close enough for slope

staking, so we accept this as

the catch point. Instead of

input for a new shot, keystroke

(RI)
output: FILL 4.2

AT 12.7
STR 14+49.86
AT 38.56 LT
ELEY = 88.54
GR = 84.7

The next example will be in

a 'cut' portion of the align-

ment, and we'll use this data:

horizontal angle = 192°20'40"

vertical angle = 87°23'40"

slope distance = 188.24"

rod reading = 5.00'

Before input of the shot data

we have to change the POVC to

the ‘cut' toe elevation.  

Remote Slope Stakind

keystrokes:

EBEADEGE ©
prompt: INPUT SHOT

keystrokes:

DEoEDODEAE
[ENTERT]

plujalujalu
[ENTER]

NEEOEME
[EATER]

(5) [cus] [8]
display: W/2= 26.00

keystrokes:

Bl RS]
display: SR= 3:1

keystrokes:

WE RY
display: -3.15

Again the indication that the

shot is short of being the right

distance from centerline for

a catch point at the elevation

of the shot. You have to go

a greater distance out, go to

a lower (less cut) elevation,

or a combination of both.

This aspect of slope staking

is always confusing, but is

a little easier to understand

if we assume that the existing

ground is level, and take the

next shot about 3.15 feet

further from centerline. This

would give your second shot

the following data:

horizontal angle = 193°19'30"

zenith angle = 87°24'00"

slope distance = 188.24"

the rod is still at 5.00'
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keystrokes:

LEE LOEE]
[ENTERY]

BOLEA

[ENTERT)
LEEEM

[ENTERF]
[5] [chs] [8]

display: W/2= 30.00

keystrokes:

73)
display: SR= 1.50:1

keystrokes:

73)
display: -0.02

This is the catch point. If

we had printed out the first

shot, it would have shown the

same cut information (CUT 8.9

AT 13.4), but it was only at

40.20 feet from centerline.

13.4 + 30.00 is 43.4, and that

is the distance needed to have

a catch point at this shot's

elevation. The new shot should

be at that distance if the cut

is the same.

Instead of input for a new shot,

keystroke

’
cut 8.9

AT 13.4

STA 15+24,98
AT 43.34 RT

ELEY = 93.13

GR = 84.23

output:  
_/
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- Tunnel Tights
This is the program routine that is responsible for the "TT" designation as
a label. The program originated as a program for tight-checking in tunnels,
and to make it the most effective routine possible for that work, is capable of
carrying both a horizontal curve and a vertical curve (or grade break) alignment

at the same time.

A "tight" is any portion of the excavated tunnel which still projects into the
excavated area payline, and the basic technique for checking tights is to measure

the distances with a rag-tape, from the head of the instrument.

In order to reach the crown (the arch portion above springline) and upper rib

area, the zero end of the tape is fastened to a rod, or a powder pole, which

is held in place by the rodman while the instrument is sighted onto the end
where it touches the side of the tunnel.

Tights in tunnel excavation must be removed as the tunnel progresses, or going
back later to remove them becomes very costly. This program allows complete
breakdown of the shots at the time they are taken, and lets the field crew paint

the tights as they do the check.

The typical section shown on the

opposite page gives some of the
 

 

  

 

 

stroke at the end TIGHTS basic nomenclature used to describe
of shot input to begin — the parts of a tunnel. Note some
tunnel tight solution ==0<=4 of the things which are in the way

| Pacana when you are trying to do the shots.

keystroke [I] to halt es = The dimensions shown for the
stack-print option BEAR height, width, and crown radius are

—adasH those which will be used for the

stroke to enable the 1] Aaa keystroke example.
stack-print option

BE84 The keystrokes used for this routine  n Y J 8 3 are shown in the illustration to the

Accomp iahedwith the  —1TE8 8 2%3 left, and input will be the same as
- —[R75] key “= in the previous routines using this

program, with the exception that we

now input the springline.

 

A response of YES to the SPRINGLINE? prompt brings up additional prompts
that are needed for reduction of the field data. Another difference when using
this routine is that the springline elevation is used as profile grade, but the
finished grade which is output will be the grade at the tunnel invert.

\_ _/
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1

10

11

12 

To begin, the calculator should be sized at 045 and have program "TT" in the

program memory.

Initialize the program, keystroking [ALPHA]

?INST. STA.? Input the instrument station R/S

?
OFFSET? If the instrument is on centerline, enter 0. If on an offset,

enter the offset distance. If the offset is left of centerline,

CHS

?
ON CURVE? rng prompt will be answered NO, [N] unless the instrument

is on (or opposite) a curve station. If on a curve, answer
yes []. and answer the additional prompts (marked *) for

curve data.

*B.C. STA? : ;Enter the station at which the curve starts

*RADIUS? :Input the radius of the curve

* ?DELTA? Input delta (DD.MMSS). If curve left, [CHS ATS

H.1.7 Input the elevation at the height of the instrument.

2?
BKSITE STA? Input the backsight station. R/S

?
OFFSET? Input 0 if on centerline, or the offset distance if not. If

the offset is lef CHe offset is left,

ON CURVE?

CURVE AREA?

If the backsight station is on a curve, answer [Y]. If not,

answer [N]. If both the instrument and the backsight are
on the curve, the curve data has been input already and

need not be repeated, and this prompt can be answered NO.

R/S

This prompt will appear when neither the instrument nor

backsight are on a curve. If there is a curve in the centerline

alignment which will fall within the scope of the work,
answering [YJ] will bring up the prompts at steps 5 through

7. If there is no curve area involved, answer [N] [’75]  
_/
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13

14

15

17

18

20

output will be the station, offset and elevation of the shot, followed by the

invert grade at the station. If the shot is above springline, the radius at the

shot will also be output, so that it may be compared to the design radius to

determine whether the shot is 'tight' or not. Return to step 22 for the next
shot.

THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES:

Tunnel Tights
?SHOW GRADE? ,= his prompt yes J

?

PROFILE EL? Input the SPRINGLINE elevation at the instrument station.

If the instrument is at a station which is located within a

vertical curve, input the elevation of the SPRINGLINE tangent
profile grade.

?
GRADE! Input the percent of grade. If negative, [CHS RTS

?
SPRINGLINE! Answer this prompt YES

HEIGHT?
Input the height of the springline of the tunnel above the
invert. This is the same as the difference in elevation between
the springline and the invert

Ee
l

w
v

?
VERT CURVE? |¢ grade is a straight slope, answer [N]. If there is a

vertical curve OR grade break within the work area answer

AL RTS

?

BVC STA? Input the beginning station of the vertical curve R/S

?

LENGTH? Input the length of the vertical curve. In the case of a grade-
break instead of a vertical curve, input 0

?

GRADE OUT: Input the percent of grade leaving the vertical curve. If
negative,

R/S

INPUT SHOT
This is the prompt to begin input of the shot information.

Input the horizontal angle
pu ontal ang ENTER

Input the vertical (zenith) angle ENTERT

Input the measured slope distance
ENTER

Input 0, since you are sighting directly to the zero end of
the tape and there is no rod correction

=  
/
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For the keystroke example, we will use the dimensions of the tunnel shown in

the section on page 56, and the profile information shown below. For the horiz-
ontal alignment, we'll use a centerline that has a curve to the right beginning
at station 10+02.17, with the following curve data:

RADIUS = 1000.00', DELTA = 42°16'22", LENGTH = 737.80'

7 height of instrument 105.43 ;
| ) i ' ! :
- Arr - mann Serve rere cma anaae

: !
C.Ve

       
    

J, cmecrc cmmeece—~~eeecveeccteaban cc ccccrocnsennn

   

CENTERLINE PROFILE

Assume that the instrument is set up at station 9+50, backsighting 8+00, and
that a rod shot at a nearby benchmark gives us an H.l. of 105.43. We want
to do a tight-check in the vicinity between stations 9+50 and 10+50.

With the calculator sized at 045, program 'TT' in program memory, and the setup
and backsight points known, begin the prompt sequence by stroking [XEQ]

 
[ALPHA]

prompt: INST. STA.? prompt: H.l. =7 prompt: ON CURVE?

keystrokes: keystrokes: keystrokes:

CEO] LELUAE (N]
prompt: OFFSET? prompt: BKSITE STA? prompt: CURVE AREA?

keystrokes: keystrokes: keystrokes:

©] (8) [0] [0]
prompt: ON CURVE? prompt: OFFSET? prompt: B.C. STA?

keystrokes: keystrokes: keystrokes:

| [©] Blujojaisinio)   N n)
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Tunnel Tights
prompt: RADIUS? at 9+50 is 100.27, and spring- prompt: VERT CURVE?

. Tine is 9' higher, so the grade
keystrokes: to input is 109.27 keystrokes:

J (0] oJ [0] keystrokes:

. ? .prompt: DELTA? 0 [93 prompt: BVC STA?

keystrokes: prompt: GRADE? keystrokes:

WEEE keystrokes: (1] [0] [9] [0]

prompt: LENGTH?

. 2? .prompt: SHOW GRADE? prompt: SPRINGLINE? keystrokes:

keystrokes: keystrokes: [0] [0]
prompt: GRADE OUT?

. 2? .prompt: PROFILE EL? prompt: HEIGHT? keystrokes:

For tight-checking you will keystrokes:
always use the SPRINGLINE romot: INPUT SHOT

elevation for input at this [9] P pt:

point. The invert profile grade   
We have the instrument set, backsighted and ready, and we have the calculator
primed with the necessary information about the tunnel. The next step in a

tight-check is to take shots at anything that looks like it sticks out more than
the material around it. If it isn't tight, the area isn't.

Checking one spot, we get the following data:

Horizontal Angle = 168°34'15", Zenith Angle = 78°09'35",
Slope Distance = 33.5', Rod = 0

After input of these, following the 0 with [A] we get the output STR 9+82.14
shown to the right, indicating that the point is tight by half AT 6.596 LT
a foot, since the radius should be 8'. The spot is marked ELEY = 112.36
with a dot of paint, and we begin taking shots around it, GR = 99.63
looking for the outline of "0" tight, so that we can paint it. RAL. = 7.47

A second shot yields a radius of 8.17', so it is outside of the tight area, and

the "0" point lies somewhere between the two shots. Since the difference is

+0.7', and our second shot is *0.2' too far, the next shot is taken at about

2/7ths of the way back to the first shot. We get:

Horizontal Angle = 166°11'40", Zenith Angle
Slope Distance = 30.9' and the Rod

77°29'30"
0  

_/
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The keystrokes to the left are typical for input of
any of the shots which are taken for locating tights.

Additional shots, with their stack-print input, which
are relative to this particular area are shown below.
When the shots are taken on the rib, the distance
left or right of the centerline (the offset distance)
is used to determine whether or not the area is tight.

In common practice the whole perimeter of the tight
area is painted, like a contour line of "0" tight,
and at least one or two spots on the tight are painted
to show the depth of material to be removed. It

is generally better to paint a little "loose", that is,
a little more than necessary, to insure that the whole

tight is removed in one shot.

keystrokes:

MEEOOO

DOLEEE

Blojajo
[oJ [4

output:
STR 9479.34
AT 7.26 LT
ELEY = 112.12
GR = 99.68

RAD, = 7.98

= 176.2918 T= 166.2115
= 75.1928 2= 87.4815
= 35.5804 Y= 34.2008
= 9.0000 X= 8.0000

STR G+83.87 STA 9483.21

AT 5.68 LT AT 8.86 LT
ELEY = 114.44 ELEY = 106.82

GR = 99.59 GR = 99.61
RAD. = 8.15

= 167.3746 = 162.5214 T= 162.2645
= 88.3139 z= 98.2714 2= 79.2504
= 35.9008 = 28.9008 Y= 26.8008
= §.0008 = 8.0000 X= 8.00080

STR 9484.59 STR 9477.76 STR 9475.12
AT 7.59 LT AT 8.83 LT AT 7.95 LT
ELEY = 111.34 ELEY = 185.20 ELEY = 118.35
GR = 99.58 GR = 99.71 GR = 99.77

RAD. = 8.88 RAD. = 8.11
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HP-41CV/CX Geometrics Solutions

COMBBOUND, FULLY ILLUSTRATED . . . . . . . . . . . . $21.00
(California residents please add $1.37 Sales Tax)

STREET INTERSECTIONS e CUL-DE-SACS e¢ BULBS e KNUCKLES

Now you can have all of the answers at your fingertips. Solve all
of the everyday design and field problems on your HP-41 series
calculator without tedious calculations! No more going back and
forth between intersection, traverse and curve solution routines!

One of the programs in this new solutions book gives quick solutions
for CURVED CUL-DE-SACS, including those with offset center points
(like the one shown). If you know the the width of the street and
the lengths of the radii, you can calculate the CURVE DATA, PCC
and PRC stations and offsets in minutes. You won't believe the ease
of the input and the speed of this routine until after you've tried it!

If you also know the coordinates of the street alignment radius point,
and you've selected a coordinate location for the center of the
cul-de-sac, the simple keystrokes shown in example one give you the
curve data AND coordinates of all of the curve points in just minutes!

OR, with the keystrokes shown in example two, select a backsight
on any known point, and you can calculate all of the radial inverses
for FIELD LAYOUT in minutes. And you select the hub offset distance
and the maximum spacing between hubs. The program automatically
divides the curves and performs the inverses from the instrument!  

About the boelk
This is the second in a series of solutions books

designed to aid the surveyor and engineer with
calculations encountered on a day-to-day basis.

Surveyors favor the Hewlett-Packard 41 series over
other available hand-helds, but no new software for

the 41 has been generally available since the first
survey applications book, and most of those
programs are outdated.

 

These solution books are presented as an alternative

to high-priced ROMs, most of which contain more
traverse, inverse, intersection etc. programs.
They have the added advantage that the user may

customize them to his/her needs, add to them, or

modify the type of output.

A printer is not a requirement, but a convenient

option. If you have access to a card reader, having

the programs on cards is the best way to assure
error-free input of the program steps, and a mag

card programming service is available through the
publisher.

Most of the sub-routines included in the utilities

programs may be used in other programs besides
those contained in this book.   Curvec Cul-¢le-Sae J

 

63



 

HIP-81CWV/CX

Geometrics Solutions
 

ey

WIDTH?

OFFSET?  >

prompts
(| erstrokes

(XEQ) [ALPHA] [€] (3) (<] (ALPHA)
LAYOUT?

J [R73]
SHOW COORDS?

J
INTER-X N+4E

(51 (a) (oJ

(21 (0 [0]
RADIUS N+E

Bolo
BEA

RADII?

MEE FE [EWE
EI © [EATER
GE [ETeRs
MQ FS

2 E RA)

WE RE

EXAMPLE

< output™

= 20.008
DELTA =
58° 14° 58.7"

RADIUS POINT:
N= 443.2985
E= 512.2041

N= 450.8087
E= 493.3634

46.190
14.008

ARC 2=
0/5 2=

R = 38.0000
DELTA =
288° 42+ 21.3"
= 186.171

ONE
solving for coordinates and curve data

ou

 

 
R = 48.008
DELTA =
44° 48° 49.5"

L = 31.286
T= 16.492
CH = 38.495

ARC I= 17.689
0/8 1= 22.849

N= 483.2423
E= 464.9827

RADILS POINT:
N= 469.7678
E= 428.1224

x= 454.7487
= 465.2260m

ARC 2= 51.745
0/8 2= 14.8080

 
_/  



 

 

Software by ID'Zign
P.O. BOX 1370 = PACIFICA, CA 94044

[415] 355-8942

a output
prompts ( Ny

keystrokes1)

[XEQ) (ALPHA) () (2) (C) (ALPHA) R = 28.0688 & = 40.09

 

DELTA = DELTA =?LAYOUT? + 580 14° 58.7° 440 48° 49.5
HUB OFFSET? R75] |": 28.333 L = 31.286

T= 11.143 T = 16.492
MAX SPE? 1 RIS] cy = 19.469 CH = 30.495

IH ARC 1= 31.758 ARC 1= 17.689
SHOW COORDS? w 0/5 1= 24.386 0/5 1= 22.949

INTER-X N+E HD = 41.000 HD = 41.008
5] [0] (0] {RT= RT=

5] 0 (0) 318° 59° 8.3° 38° {6' 39.0"

BACKSITE N+E
RADIUS POINT: RADIUS POINT:1 [ENTER¥] 2

(J [0] (ENTER) HD = 58.688 HD = 78.600
(2 (0 [0] RI= (RI1=

RADIUS N+E 318° 59* 8.3" 38° 16 39.8"

Blojo
172 173

BIEGl HD = 69.486 HD = 49.934
RADII? {R1= dRT=

MBE (xs) 322° 18° 48.3" 8° @' 9.7"

(20 HD = SI.148 2/3

  
 

3] (ENTERT] £RT= HD = 43.58%

327° 24 11.8" (RI=

WI RA) 160 53° 21.6"
WIDTH? ARC 2= 46.194

@ R73) 0/5 2= 14.008 HD = 57.951

RT=
OFFSET? Je 32 2.9

aE = 33.0000
DELTA = ARC 2= 51.745

280¢ 42° 21.3° (0/5 2= 14.908

L = 186.171

{16.7%

u EXAMPLE TWO

solution for radial field layout J
  

_/
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- Triangle Solutions
This program solves triangles when three parts are known, including two solution
routines where one of the known parts is the area. When the printer is attached
the output is designed to indicate which parts of the triangle were input as known,
and which are calculated.

The program does not use
a standard ‘textbook!
notation for the angles
and sides (a opposite A,

b opposite B and c oppo-
site C), but instead starts

with any side being called
"side 1" and goes around
the triangle.

The next part is angle 1,
then side 2, followed by

angle 2, side 3 and angle

3.

 

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 example triangle (above) shows this style of

labeling, compared to the standard notation for sides

and angles. In the example, the assigned designa-
tions go clockwise. If it better fits the information
available, it can go counter-clockwise instead, as
shown to the left.

 

There are seven types of solution available within the program, and each is
identified in terms of which parts are already known. For example, the solution

for a triangle with three known sides is identified as S-1, S-2, S-3. This is

also the order in which the parts are input.

The calculator should be sized at 030, and the program "TR" must be in the

program memory. If used with a printer attached, the program memory must

also contain the utility program "DMS". Initialize the program by keystroking

Ed) M ® [Aes
Follow the keystrokes shown with each solution type. It is not necessary to
restart the program each time, for solution of additional triangles; simply begin

the keystrokes for the next problem.

\_ _/
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a

S-1, S-2, S-3

THREE SIDES KNOWN

1 Input side one

2 Input side two

[ENTERA]
3 Input side three

EXAMPLE: A

   keystrokes:

2EE
[ENTERT]

WEILBEEE
[ENTERT)

WOEUEBNGE
[A]

tput:
outpu 5-1 = §2.65#

a-1 =
68° 36 29.97

5-2 = 115.452
3-2 =
420 3° 7.8

5-1 = 114.892
a-3 =
69° 2¢' 22.1"

area = 4,442.68!  

A-3, S-1, A-1

TWO ANGLES AND
THE INCLUDED SIDE

1 Input angle three

[ENTERT)
2 Input side one

[ENTERF]
3 Input angle one

EXAMPLE:

keystrokes:

CBEOEE
(ENTER)

EOEE

CIEIMLGIEE]
(8)

output:
3-1 = 82.654
R-1 =
62° If l@.a-

5-2 = 115.458
a-2 =
42° I 8.4

£-3 = 114.892
H-3 =
69° 2u' 22.8"

area = 4,442.59%
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S-1, A-1, A-2

ONE SIDE AND THE TWO
FOLLOWING ANGLES

1 Input side one

[(ENTER?Y]

2 Input angle one

[ERTERT]
3 input angle two

©
EXAMPLE:

 

keystrokes:

EEEHEE
[EXTER]

EEDEDEE
[EXTER]

AEDEGE EE

output:

"
w
o
n

n
o
n — —
_

rm
w
n

.
“ N
N

area = 4.442.595  



 -

S-1, A-1, S-2

TWO SIDES AND
THE INCLUDED ANGLE

1 Input side one

(ENTERT]
2 input angle one

[ENTERT]
3 input side two

[J
EXAMPLE:

   keystrokes:

(8) [2) CJ [8] (5)
[ERTERE)

HEOEEE
[ERTERF]

NDEDEEE
@

output:

|
O
D
=

> J or

I
o

U
n

|

6

@
u
y

|
|

r
o
P
O

4

o 4 J =

a
C
d

"
n
o
n — — -
~ 0 £1
4

69° 28° 22.2°

a
A

area = 4,442,681  

S-1, S-2, A-2

TWO SIDES AND
THE FOLLOWING ANGLE

1 Input side one

ENTER4

2 Input side two

(ENTERE)
3 Input angle two

EXAMPLE:

keystrokes:

[J

(el [2] CL [el [8]
[ERTERT)

LOEM™BEE
[ERTERT]

M0GEI0EE

output:

[E

st solution:

= 82.658

There are two possible solutions

for a triangle with this

configuration of known parts,

and both solutions are output

when this routine is used.

NOTE: The output for the first

solution shows the correct input

information (caps, lower case),

but the second solution has

been transposed, and the angle

which was originally input will

not be indicated.

With the above exception, all

triangle solutions output

indicate which parts were input

(by printing in capitals) and

which were calculated (printed

in lower case letters)

second solution

§-1 = 113.453
a-1 =
42° 3° 8.0"

5-2 = 56.578
a-2 =
110¢ 39+ 37.2"

§-3 = 82.659
a-3 =
27° 17" 14.8"

area = 2,187.42¢
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1

2

3

1

2

3 
\

AREA, S-1, A-1

THE AREA, ONE SIDE, AND
THE ADJACENT ANGLE KNOWN

Input the area (Sq. Ft.)

Input side one

[EATER]
Input angle one

©

   114.893

AREA = 4,442.6010'

AREA, S-1, S-2

THE AREA AND TWO SIDES KNOWN

   

EXAMPLE:
Input area (Sq. Ft.) keystrokes:

vert) WPAPLEOQO
Input side one

LUMLEGELE
Input side two

6 BAUE0
J

8
2
.
6
5
0

 

114.893

AREA = 4,442.6010'
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EXAMPLE:
keystrokes:

wjujujulajojufs)
[ERTERT]

DDEODEEE
[EATER]

plafalujulale
©

output: = 114.8935-1
A-1
69° 29 22.8"

s-2 = 82.659
3-2 =
68° 3¢' 30.8"

115.4585-3

a-3
42° 3 8.9"

AREA = 4,442,681

output:

= 115.458

° 17.8

AREA = 4.442.681  
_/



 

 

Program Listings

The following pages contain the program steps which must be keyed into the
calculator in order for the programs to function properly. Since this book has

been written with the intention of providing help in the calculations needed
for surveying, it is important that the programs provide correct answers when

used.

For those users who have card readers, D'Zign provides a card-programming
service. We will program your cards for you and return them in a labeled card
holder which can be inserted directly into the book. The cost for the service
is $8.50, and you provide the blank cards.

To take advantage of this option, send 20 blank magnetic cards and your check
for $8.50 to D'Zign land survey & development, P.O. Box 1370, Pacifica, CA
94044.

KEYING IN A PROGRAM

1. Before beginning to key the program steps into the calculator, keystroke

(670) (J CJ to prepare the calculator for the new program. Set
the calculator to program mode by pressing the key.

2. Labels are marked with a diamond ( 4) in the program listings, as a visual
aid. When keying in the program ignore the diamond, and key in LBL
by keystroking (the STO button), followed by either the
label number or the label name [ALPHA] .

3. Symbols or characters shown with quote marks indicate that they are alpha
characters, and must be input as program steps in alpha mode.

y. Functions which do not appear on the keyboard may be keyed into the

program by stroking [ALPHA], spelling out the function, and again stroking
[ALPHA]. Some of the functions, such as FC?01 must be input partly in
alpha. Stroke (F(J[@ [3] : again stroke [ALPHA], and the display
will prompt FC? —, at which time you stroke the 01. The character
* in the listing is the [Xx] (multiply) button, and the character printed

as / is the divide button.  
_/
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a

These are programs which are used as sub-routines by the other programs.
For the main programs to function properly these sub-routines must also be in
program memory while the other programs are running, as noted below.

B1eLBL "STR"
82 CF 29
83 FIZ @
84 CLA
85 STO 27
86 1 E2
87 /
88 ENTER?
89 INT
18 ARCL X
11 -
12 “F+°
13 FIX 3
14 1 E2
15 *
16 18
17 X07?
18 “H@"
19 ARCL Y
28 RCL 27
21 AVIEW
22 SF 29
23 FIX 4
24 RTN
25 END

A card containing the utility programs is included in the set of cards available
through the card-programming service from D'Zign, using the versions of the
routines which are shown here.

~

UTILITY PROGRAMS

"STA" is a short program that changes the number in the
x-register to stationing (in the form XX+XX.xxx) when called
up by the other programs. The listing for this program, shown
to the left, contains 24 steps.

The two programs shown on the opposite page are also called
up by the different main programs as they are working, and
should be in program memory, except under the following
conditions:

"AZ" need not be input if the calculator contains either the
Hewlett-Packard Surveying Pac or the D'Zign "COGO 41"
module. A similar routine by the same name is already
contained in both of these ROMS.

"DMS" must be in the calculator memory if the calculator is
used with a printer attached. It is not necessary when no
printer is used. It changes the number in the x-register to
the printed form DDD°MM'SS" when called during output of
solutions. Other than input by the use of a card reader, this
routine CANNOT BE PUT INTO MEMORY UNLESS A PRINTER
IS ATTACHED WHILE PROGRAMMING.

Some variations of "DMS" are shown in the appendix, one of
which can be used without a printer, and groups the output

into the form DDD MM SS in the display. The other version
does both, but again, cannot be input into the calculator unless

a printer is attached while programming.

All of these utility routines may be called up by programs which

you write yourself by including steps which execute them as

part of your program. Use of some of the other subroutines

contained in the appendix may also enhance some of your own

programming.  
_/
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BleLBL "AZ"
#z "BRG=?"
83 PROMPT

84 =QD=7"
85 PROMPT
86 XY

87 HR
a8 XY
89 ENTERt
18 ENTER?
1 2
12 7
13 INT
14 PI
15 R-T

16 *
{7 XO
18 LASTX

19 *
28 COS
21 Rt
22 %
23 -
24 F5? 18
25 RTH
26 HHS
27 RTH

81+LBL “DMS”
82 S70 23
83 RDN
84 STO 24

85 RDN
86 STO 25

87 RIN

88 S10 26
89 RDN
18 ENTERt
11 INT
12 CF 29
13 FIX 8
14 ACY

19 -
16 188

17 *
18 ABS

19 STO 22
28 3
21 SKPCOL
22 6
23 RCCOL
24 9
25 ACCOL
26 ACCOL

27 6
28 ACCOL
29 2
38 SKPCOL
31 RCL 22

32 INT

33 ACK
34 39
35 RACCHR
36 RCL 22
37 FRC
38 108
39 *
48 FI¥ 1
41 ACY
42 34

43 ACCHR
44 PRBUF

45 RCL 26
46 RCL 25
47 RCL 24
48 RCL 23
49 FIX 4
a8 SF 29
91 RTH
92 END
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ILO

LO occupies 114 registers of program memory and should be used with
the calculator sized to at least 030. The program contains 801 bytes
of programming, and may be stored on 8 tracks of magnetic cards.

Subroutines used with this program are "STA" and "AZ", both of which
are contained in the UTILITY program group. If the calculator is used
with a printer attached, the subroutine "DMS" must also be in the program

memory. "AZ" is contained in the HP Surveying Pac and a version of
this subroutine is also contained in the D'Zign module "COGO 41". If
either of these modules are in the calculator, it is not necessary to enter

"AZ" again as a subroutine.

@1eLBL "LO" INITIALIZE PROGRAM, SET 26 ROFF

82 CLRG FLAG STATUS 27 X=Y?

83 CF 00 28 SF 86 CONTROLS PROMPTS FOR

84 CF 81 29 FS? 86 INVERSE ONLY ROUTINE

85 CF 86 38 670 17
86 CF 87 3 ey
#7 CF 89 32 RSTO X
88 CF 11 33 AON
89 CF 82 34 "STA INY?-
18 CF 08 35 PROMPT
11 CF 85 36 RSTO Y
12 CF 10 37 ROFF
13 SF 83 38 X=Y? INCLUDE CENTERLINE IN
14 SF 21 39 CF 04 INVERSE CALCS?

15 SF 04 48 RTN
16 FIX 4 41¢LBL 86
17 CLX 42 F5? 89
18 RTN 43 RTN

19+LBL 01 SET REGISTERS FOR ALPHA 44 RCL 82
28 "y* RESPONSE STATUS 45 RN
21 RSTO X 464LBL C INVERSE ROUTINE FOR USE
22 AON 47 STO 06 WHEN THE COORDINATES OF

23 "INV. ONLY?" INVERSE ONLY TO 48 RDN THE BACKSITE ARE KNOWN
24 PROMPT COORDINATES INPUT, OR 49 STO 85

25 RSTO ¥ WILL ALIGNMENT COORDS 98 “BRACKSITE?"
BE CALCULATED FOR INV?  
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51 PROMPT
52 RCL 86
33 -
34 XOY
95 RCL 85
3 -
97 R-P
98 CLX
59 XOY
68 X(8?
61 368
62 +
63 HNS
64 STO 61
65 SF 87
66 XEQ 81
67 GTO D
68¢LBL B
69 STO 86
76 RDN
71 STO 85
72 XEQ “RAZ°
73 ST0 81
74 SF 87
75 XEQ 81
76¢LBL D
77 “BEG. ST
78 PROMPT
79 STO 83
86 "COORD.
81 PROMPT
82 ST0 88
83 RDN
84 STO 87
85 XEQ "AZ"
86 STO 60
87 -Y*
88 ASTO X
89 AON

CALCULATE BACK AZIMUTH

FOR INVERSE ROUTINE

INVERSE ROUTINE WITH

BACKSIGHT BEARING KNOWN

ALIGNMENT ROUTINE INPUT
A?*

NtE"

BEGINNING COORDINATES

STORED

CONVERT TANGENT BEARING

TO AZIMUTH AND STORE

98 “STR COORDS?"

91 PROMPT
92 RSTO Y
93 ROFF
94 X=Y?
95 CF 83
96 "STR?"
97 PROMPT
98¢LBL E
99 STO 26
188 FS? 08
181 GTO 82
182¢LBL 18
183 FS? 87
184 SF 11
185 FS? 84
186 CF 11
187 CF 85
188 RADY
189 XEQ “STR"
118 FIX 4
111 RCL 83
112 -
113 RCL 68
114 HR
15 XOY
116 P-R
117 RCL @7
118 +
119 XOY
128 RCL 88

121 +
122 FS? 83
123 GTO 84
124 XEQ 98
125¢LBL 84
126 FC? 83
127 RADY
128 S10 18
129 XOY
138 STO 89

ARE THE COORDINATES OF

THE CENTERLINE POINTS

WANTED?

CALCULATE COORDINATES

FOR STATION SHOWN BY

INPUT

OUTPUT IN FORM XXX+XX.X

OUTPUT COORDINATES
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131 XOY
132 FS? 04
133 GTO 83
134 FS? 87
135 XEQ A
136¢LBL 83
137 RCL 68
138 HR
139 98
140 FS? 85

141 CHS
142 +
143 FS? 89
144 STO 17
145 "0/57"
146 FS? 89
147 “R?*"
148 FC? 81
149 GT0 17
150 FS? 89
151 GTO 17
152¢LBL 18
153 FS? 89
154 STO 84
135 FS? 81
156 XEQ 86
157 =0/8= =
158 FS? 89
159 R= *
168 ARCL X
161 RYIENW
162 P-R
163 RCL 89
164 +
165 FS? 89
166 STO @9
167 XOY
168 RCL 18
169 +
178 FS? 89

CALCULATES

COORDINATES

REGISTERS

CONSTANT

USED

OFFSET

INVERSE TO

IN X & Y

BEING

LABLE OFFSET OR RADIUS

171 ST0 18
172 XEQ 98
173 RADY
174 FS? 89
175 RTN
176 FS? 87
177 XEQ RA
178 FS? 81
179 GTO 16
188 GTO 83
181 RTN
182¢LBL 17
183 FS? 86
184 *Nt E°
185 PRONPT
186 GTO 18
187 RTN
188¢LBL F
189 SF 81
198 STO 82
191 GT0 83
192 RTN
193¢LBL RA
194 FS? 86
195 RADY
196 FS? 86
197 Xea 98
198 FS? 86
199 RADY
288 RCL 86
281 -
282 XOY
283 RCL 85
284 -
285 R-P
286 FIX 3
287 “HD = ©
288 ARCL X
209 AYIENW
218 CLX

OUTPUT OF COORDINATES

INPUT KNOWN COORDINATES

FOR SOLUTION

OUTPUT OF THE INVERSED

DISTANCE

~

 
 



 

 

211 OY
212 X(8?
213 368
214 +
215 STO 11
216 ENTER?
217 ENTER?
218 98
219 /
228 1
221 +
222 INT
223 STO 12
224 2
225 /
226 INT
227 180
228 +
229 -
238 RBS
231 HNS
232 FIX 4
233 RCL 12
234 RCL 11
235 RCL 81
236 HR
237 -
238 ENTER?
239 CLY
248 XOY
241 X(@?
242 368
243 +
244 HNS
245 *(RT="
246 FC? 55
247 ARCL X
248 AYIEN
249 FS? 55
250 XEQ “DMS

CALCULATE HORIZONTAL

ANGLE TO STATION OR

POINT

OUTPUT HORIZONTAL ANGLE

251 ADY
252 FS2C 11
253 GT0 83
254 FS? 08
255 GT0 12
256 FS? 81
257 GTO 16
258 GTO 83
239 RTN
268¢LBL J
261 SF 89
262 ADY
263 RCL 28
264 STO 15
265 "DELTA?"
266 PROMPT
267 STO 14
268 X(8?
269 SF 85
278 XQ 83
271 RCL 14
272 RCL 68
273 HMS+
274 @
275 XOY
276 ¥(@?
277 368
278 HMS+
279 STO @8
288 RCL 14
281 “DELTA ==
282 FC? 55
283 ARCL X
284 AVIEW
285 FS? 55
286 XEQ “DMS*
287 HR
288 RBS
289 RCL 084

ANGLE TO DD°MM'SS" FORM 298 *

SIGNALS BEGINNING OF

CURVE IN THE ALIGNMENT

CENTRAL ANGLE OF CURVE

SET IF CURVE IS TO LEFT

OUTPUT CENTRAL ANGLE

CALCULATE CURVE DATA
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291 PI
292 +
293 188
294 /
295 STO 18
296 RCL 15
297 +
298 STO 16
299 RCL 14
308 HR
381 RCL 18
382 /
383 STO 19
304 RCL 16
385 “tC =*
386 AYIENW
307 XEQ STA"
308 FIX 4
389 RCL 17
318 180
31 -
312 RCL 14
313 HR
314 +
35 8
316 XOY
317 X<@?
318 360
319 +
328 RCL 84
321 P-R
322 RCL 89
323 +
324 S10 67
325 XOY
326 RCL 10
327 +
328 STO 88
329 CF 09
338 SF 88

CALCULATE & = L/A

END OF CURVE STATION

PRINT AS XX+XX.xxx

CALCULATE RADIAL FROM

RADIUS POINT FOR OFFSET

CALCULATION IN CURVE

331 RCL 16
332 S10 83
333 GTO 16
334 RIN
J354LBL 15
336 CF @8
337 “N= ©
338 ARCL Y
339 FC? 83
348 AVIENW
341 “t= ©
342 ARCL X
343 FC? 83
344 AVIEW
345 RADY
346 FC? 87
347 GTO 12
348 FC? 04
349 XEQ RA
358 GTO 12
351¢LBL 82
352 RCL 20
353 RCL @3
354 X(=Y?
355 CF 68
356 RDN
357 FC? 88
358 GTO 180
359 SF 08
368 RADY
361 XEQ STA"
362 FIX 4
363 RCL 15
364 -
365 RCL 19
366 *
367 RCL 17
368 188
369 -
378 +

OUTPUT OF COORDINATES

ENDING LOOP FOR FIXED

OFF SET INPUT ON CURVES
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371 0
372 XOY
373 XY?
374 368
375 +
376 ST0 21
377 RCL 04
378 FC? 00
379 GTO 12
386eLBL 13
381 P-R
382 RCL 89
383 +
384 XOY
385 RCL 18
386 +
387 FS? 80
388 GT0 195
389 XEQ 98
396 RADY
391 FS? 87
392 XEQ RA
393eLBL 12
394 FS? 82
395 GTO 16
396 FS? 81
397 SF 82
398 RCL 21

SUBROUTINE TO 02 and 12

ROUTINES

CURVED ALIGNMENT AREA

SUBROUTINE

399 0/57
480 FC? 81
481 PROMPT
482 FS? 81
483 RCL 82
484 “0/5= ©
485 ARCL X
486 AYIEN
487 FC? 85
488 CHS
489 RCL 64
418 +
411 XEQ 13
412 GT0 12
413 RIN

414¢LBL 16
415 CF 82
416 "STR?"
417 PROMPT
418 RN
419¢LBL 98
420 “N= ©
421 ARCL Y
422 RYIEM
423 “t= ©
424 ARCL X
425 RYIENW
426 RTN

OUTPUT COORDINATES
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SR

SP occupies 189 registers of program memory and should be used with
the calculator sized to at least 050. The program contains 1327 bytes
of programming, and may be stored on 12 tracks of magnetic cards.

Subroutines used with this program are "STA" and "AZ", both of which

are contained in the UTILITY program group. If the calculator is used
with a printer attached, the subroutine "DMS" must also be in the program
memory. "AZ" is contained in the HP Surveying Pac and a version of
this subroutine is also contained in the D'Zign module "COGO 41". If
either of these modules are in the calculator, it is not necessary to enter
"AZ" again as a subroutine.

@1eLBL °SP" 26 CF 22 RESET STATUS OF FLAGS82 CF 82 INITIALIZE AND CLEAR 27 OF 83

83 SF 21 28 CF 14
84 SF 27 29 CF 15
85 CLRG 30 CF 85
86 FIX 4 31 CF 86
87 CF 81 32 CF 87
8s 2 STORE SPIRAL CONSTANTS 33 CF 88
89 ST0 11 34 CF 89
16 -10 35 XeQ 21
11 S70 12 36 F5? 85
12 -42 37 XEQ 22
13 S70 13 38 FS? 83
14 216 39 XEQ 17
15 STO 14 48+LBL 81 INPUT OF SPIRAL DATA

16 1326 41 “Pl STATION?"
17 STD 15 42 PROMPT P.1. STATION

18 -93¢68 431 STO 86
19 STO 16 44 "DELTA?"
28 -75668 45 PROMPT CENTRAL ANGLE

21 S70 17 46 X(@?
22 685448 47 XEQ 38 IS CURVE TO THE LEFT?

23 S10 18 48 HR
24 6394728 49 2
25 ST0 19 50 /

81

 



 

 

51 STO 85
52 CF 81
53 “R?*
94 PROMPT
95 CF 84
56 STO 26
57 °L=?*
58 PROMPT
59 STO 40
68 ENTER?
61 ST+ 82
62 RCL 20

63 /
64 2
65 /
66 STO 08
67 R-D
68 STO 41
69 HNS
78 1 E2
71 RCL 20
72 /
73 R-D
74 HMS
75 CLA
76 RCL 28
77 RIN
78 RDN
79°L="
88 ARCL Y
81 AVIENW
82 "5¢ = ©
83 FC? 35
84 ARCL X
85 RVIEM
86 FS? 35
87 XEQ -DMS"
88 "R="
89 ARCL 2
98 AYIEN

18/2

© (RADIANS)

6 (DEGREES)

RADIUS

OUTPUT OF SPIRAL DATA

LENGTH

SPIRAL ANGLE

RADIUS

91 CLD
92 ADY
93 FS? 81
94 GT0 15
95 8
96 STO 81
97 RCL 480
98 STO 82
99 XEQ 89
188 RCL 41
181 RCL 28
182 P-R
183 RDN

104 -
185 RDN
186 +
187 RCL 85
188 TAN
189 #
118 Rt
11] +
112 ST0 42
113 RCL 86
114 XOY

15 -
116 STO 81
117 ST+ 82
118 RCL 85
119 RCL 41
128 -
121 2
122
123 ST0 21
124 D-F
125 RCL 20
126 *
127 RCL 480
128 2
129 *
138 +

T.S., S.T.

Ls

TO SOLUTION LOOP

T.S., TOTAL TAN. LENGTH

T.S., S.T.

TA/2
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131 +
132 ST0 87
133 RCL 86
134 RCL 01
135 8
136 RDN
137 CLR
138 “PI = *
139 AVIEK
148 RDN
141 XEQ “STR"
142 CLA
143 FIX 4

S.T. STATION

OUTPUT P.1. STATION

OUTPUT IN FORM XX+XX.xx

144 “CENTRAL ¢ ==
145 AVIEN
146 RCL 85
147 2
148 *
149 HMS
158 CLR
151 ARCL X
152 FS? 39
153 XEQ “DMS®

154 FC? 55
155 AVIEN
156 CLD
157¢LBL 15
158 XEQ 89
159 XOY
168 RCL 41
161 TAN
162 /
163 -
164 FS? 82
165 CHS
166 S70 42
167 8
168 RCL 61
169 RCL 48
176 +

OUTPUT CENTRAL

OUTPUT AS DD°MM'SS" IF

PRINTER ATTACHED

COMPUTES T.S., S.P.I.

& S.C. STATIONS

IS THIS AN EXIT SPIRAL?

DELTA

171 ST0 83
172 RCL 81
173 RCL 42
174 +
175 RCL 81
176 RADY
177 =16 ==
178 FS? 82
179 =ST ==
180 RYIEN
181 RCL 81
182 XEQ °STR"
183 CLA
184 “SC =*
185 FS? 82
186 “C3 =*
187 AYIEN
188 RCL 83
189 XEQ “STR*
196 RADY
191 =STR?"
192 PROMPT
193¢LBL D
194 SF 88
195 CLR
196 FS? 85
197 XEQ 22
198¢LBL 18
199 RCL 87
288 RCL 81
281 STO 87
282 XOOY
283 STO 61
284 RCL 48
285 CHS
286 STO 48
287 +
288 STO 62
209 SF 82
218 GT0 15

OUTPUT ENTRANCE SPIRAL

BEGIN AND END STATIONS

or

OUTPUT THE EXIT SPIRAL

BEGIN AND END STATIONS

PROMPT FOR INPUT OF THE

NEW STATION FOR WHICH

A SOLUTION IS WANTED

SWITCH TO EXIT SPIRAL
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211eLBL E
212 STO 82
213 CF ol
214 ADV
215¢LBL 19
216 SF 84
217 RCL 82
218 -
219 FSC 22
228 GTO 08
221 RCL 84
222 CF 82
223 ¥(8?
224 SF 82
225 RBS
226 RCL 83
227 RCL 82
228 -
229 ABS
238 X<(=Y?
231 GTD @8
232 XOY
233 GTO 87
234+LBL 08
235 SF 088
236¢LBL 87
237 FS?C @2
238 CHS
239 ST+ 82
240 RCL 82
241 RCL 61
242 -
243 RCL 48
244 /
245 X12
246 RIL 41
247 D-R
248 *
249 STO 68
258 XEG 89

SET SOLUTION STATION

COMPUTE FIELD DATA FOR

SOLUTION STATION

END OF SPIRAL

NEGATIVE INTERVAL TO

THE STATION REQUESTED

END OF SPIRAL

STOP

EXIT SPIRAL?

SPIRAL SOLUTION LOOP

251 FS? 81
252 GT0 04
253 R-P
254 XOY
255 HNS
256¢LBL 84
257 FIX 3
258 RCL 82
259 0
268 RDN
261 STO 27
262 RDN
263 STO 38
264 RDN
265 S70 31
266 RDN
267 S10 32
268 RDN
269 FS? 35
278 XEQ "STR"

271 RCL 32
272 RCL 3
273 RCL 38
274 RCL 27
275 FIX 3
276 “CD = *
277 ARCL 2
278 FS? 14
279 AVIENW
288 RDN
281 FIX 4

SOLUTION FOR DEFLECTION

ANGLE AND CHORD

QUTPUT SOLUTION STATION

OUTPUT LONG CHORD

OUTPUT DEFLECTION ANGLE

282 "DEFLECTION &="
283 FS? 14
284 RYIEN
28% FS? 14
286 XEQ £3
287 CHS
288 RCL 880
289 R-D
298 HMS

B(RADIANS)
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291 HNS+
292 98
293 HMS+
294 “RADIAL « =-
295 FS? 14
296 RVIENW
297 FS? 14
298 XEQ 83
299 HR
388 ST0 38
381 FC? 83
382 RADY
383 CLD
364 FS? 85
385 GT0 23
386 FS? 83
387 G70 23
388 STR?"
389 FS? 14
318 PROMPT
311 FS2C 09
312 GT0 19
313eLBL 89
314 CF 22
35 9
316 STO 43
317 8
318 STO 88
319 STO 09
328¢LBL 82
321 RCL 90
322 RCL 43
323 YX
324 10
325 ST+ 43
326 CL¥
327 RDN

OUTPUT RADIAL ANGLE TO

TURN AT SOLVED STATION

COMPUTE Y AND X VALUES

LOOPING POINT

328 RCL IND 43 LOOPING CONTROL REG.

329 /
330 14

331 ST- 43
332 CLX
333 RDN
334 RCL 08
335 RCL 09
336 STO 88
337 RDN
338 +
339 ST0 89
348 DSE 43
341 GTO 82
342 RCL 09
343 RCL 82
344 RCL 81
345 -
346 ABS
347 *
348 LASTX
349 RCL 68
350 1
391 +
352 *
353 RTN
354¢LBL 83
355 CLA
356 FS? 35
357 XEQ@ "DMS"
358 ARCL X
359 FC? 5%
368 AVIENW
361 RTN
362¢LBL 21
363 °Y*
364 ASTO X
365 AON
366 "COORD-0/5?"
367 PROMPT
368 ASTO Y
369 ROFF
378 X=Y?

y

SET UP FOR THE TYPE OF

SOLUTION REQUESTED

COORDINATE SOLUTION

WITH OFFSET OPTIONS
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371 SF 85
372 FS? 85
373 XEQ 22
374 FS? 85
375 GT0 16
376 °Y*
377 RSTO X
378 AON
379 "TAN 0/57" TANGENT/OFFSET SOLUTION

380 PROMPT
381 ASTO Y
382 ROFF
383 X=Y?
384 SF 83
385 FS? 83
386 GTO 17
387 SF 14
388 RTN
389¢LBL 16
398 °Y*
391 ASTO X
392 AON
393 "INVERSE?" IS RADIAL INVERSING TO

THE CALCULATED COORDI-394 PROMPT
395 ASTO Y
396 ROFF
397 X=Y?
398 SF 06
399 FS? 86
400 XEQ 20

481 GTO 61
482 RIN
483¢LBL 17
404 8

485 STO 44
4086 ST0 23
487 STO 39
488 GTO 81
489 RTN

410¢LBL a

NATES WANTED?

411 SF 15
412¢18L 20
413 “INST NtE-
414 PROMPT
415 STO 49
416 RDN
417 STO 48

418 “BACKSITE?" INPUT BACKSIGHT N,E

419 PROMPT
428 RCL 49
421 -
422 XOY
423 RCL 48
424 -
425 R-P
426 CLX
427 XOY
428 X(8?
429 360
438 +
431 HNS
432 STO 45
433 “Nt E°
434 FS? 15
435 PROMPT
436 GTO 681
437 RIN
438¢LBL R
439 ADY
440 CLR
441 ARCL Y
442 FS? 55
443 AVIENW
444 CLA
445 ARCL X
446 F5? 55
447 AVIEN
448 XEQ 83
449 "Nt BE?"

INPUT INSTRUMENT N,E

BACKSIGHT AZIMUTH

NEXT COORDINATE PAIR?

RADIAL INVERSE TO INPUT 458 PROMPT

COORDINATES ONLY
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451 RTN
452¢LBL 83
453 RADY
454 RCL 49
455 -
456 XOY
457 RCL 48
458 -
459 R-P
468 FIX 3
461 “HD = *
462 ARCL X
463 AVIENW
464 CLX
465 XOY

466 X<8?
467 360
468 +
469 STO 46
478 ENTERt
471 ENTERt
472 98
473 /
474 1
475 +
476 INT
477 STO 47
478 2
479 /
488 INT
481 180
482 +
483 -
484 RBS
485 HMS
486 FI¥ 4
487 RCL 47
488 RCL 46
489 RCL 45
498 HR

491 -
492 ENTER?
493 CLX
494 XOY
495 X(8?
496 368
497 +
498 HMS
499 *(RT=* ANGLE RIGHT FROM INST.
588 FC? 55 TO INVERSED POINT.

OUTPUT OF THE INVERSED 581 ARCL X
DISTANCE TO COORDINATES S@2 AVIEN

9583 FS? 55
984 XEQ “DMS-
585 RTN
506¢LBL 30
587 SF @7
588 CHS
9589 RTN
S10eLBL 22
511 SF 18
512 XEQ °AZ° INPUT OF BEARING AND

513 CF 18 QUADRANT CODE

514 ST0 39
515 TS NtE* COORDINATE INPUT
516 FS? 08
517 ST NtE*
518 PROMPT EXIT SPIRAL PROMPT FOR
519 STO 33 COORDINATE INPUT

528 RDN
521 STO 44
522 RTN

523e¢LBL 23
524 RCL 39
525 RCL 38
526 HR
527 FS? 87
528 CHS
529 FS? 88
538 CHS
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531 +
532 ST0 37

933 RCL 31
534 P-R
935 RCL 44

536 +
537 ST0 35
538 XOY
539 RCL 33
940 +
541 STO 36
942 FIX 4
943 °N = *
544 FS? 83
945 *1D =
546 ARCL 35
947 AVIEN
548 °E = * OUTPUT EAST COORDINATE
949 FS? 83 or
55@ *T 0/G = ® OUTPUT TANGENT OFFSET

951 ARCL 36
952 RYIEM
553 FS? 86
554 XEQ 83
955 RCL 37
556 RCL 38
997 FS? 87
958 XEQ 31
959 FS? 88
568 CHS
9561 +
562 STO 32
563eLBL 24
564 RADY
965 RCL 32
966 "STR?"
567 F5? 83
568 PROMPT
569 =0/S DIST?DFFSET OPTION AFTER THE

578 PROMPT SOLUTION AT CENTERLINE

QUTPUT NORTH COORDINATE

or

OUTPUT TANGENT DISTANCE

S571 0/5 = *
572 FS? 89
573 “RADIUS POINT:*

974 FC? 89
575 RRCL X
576 FS? 359
9577 AVIENW
578 P-R
579 RCL 35
580 +
581 FS? 89
582 STO 35
583 XOY

584 RCL 36
985 +
586 FS? 89
587 S10 36
588 °N = °
589 ARCL Y
598 AVIENW
991 EE ="
592 ARCL X
593 AYIEN
594 FS? 86
595 XEQ 28
596 FS? 89
597 G10 32
598 GT0 24
9599 RTN
600¢LBL J SET RADIUS POINT

681 SF 89 CIRCULAR PORTION

682 “CIRCULAR: *

683 F3? 35
664 AYIEW
685 GTO 24
686¢LBL 31
687 CHS
668 136
689 +
618 RTN

OUTPUT O/S N-COORDINATE

OUTPUT 0/S E-COORDINATE

FOR
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611eLBL 32
612 =STR?"
613 PROMPT
614 RADY
615 FS? 55
616 XEQ STR"
617 FIX 4
618 RCL 83
619 -
628 RCL 32
621 FC? 07
622 186
623 FC? @7
624 -
625 XOY
626 188
627 *
628 PI
629 /
638 RCL 28
631 /
632 FS? 87
633 CHS
634 +
635 RCL 20
636 "0/5 =
637 PROMPT

638 ARCL X
639 X28?
648 AVIEN
641 FC? 87
642 CHS
643 +
644 P-R
645 RCL 35
646 +
647 XOY
648 RCL 36
649 +
658 “N = °
651 ARCL Y
652 AVIEN
653 °t = *
654 ARCL X
655 AYIEN
656 FS? 86
657 XEQ 83
658 CF 89
659 GT0 32
668 RTN
6614LBL 28
662 FC? 89
663 XEQ 83
664 RTN
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TT occupies 125 registers of program memory and should be used with
the calculator sized to at least 045.

of programming, and may be stored on 11 tracks of magnetic cards.

@1eLBL °TT"
82 FIN 4 INITIALIZE AND

83 SF 21
84 SF 61
85 CF 82
86 CF 82
87 CF o4
#8 CF 85
89 CF 08
16 CF 10
11 CF 11
12 SF 86
13 CLRG

14 1.99961 COUNTER REGISTER
15 CHS
16 STO 41
17 = LT*
18 RSTO 31
19 * RT"
28 ASTO 32
21 +
22 RSTO 33
23 "+0"
24 ASTO 34
25 "INST. STR.?"

CLEAR

91

The program contains 1227 bytes

26 PROMPT INPUT SETUP INFORMATION

27 S10 85

28 STO 38

29 OFFSET?"

38 PROMPT

31 STO 86

32 XEQ 16

33 “ON CURVE?"

34 PROMPT

35 RSTO Y

36 ROFF

37 %X=Y?

38 XEQ 09

39 FC? 81

48 XEQ 81

41 “H.I. = 7"

42 PROMPT HEIGHT OF INSTRUMENT

43 STO 11

44 “BKSITE STR?"

45 PROMPT INPUT BACKSIGHT DATA

46 STO 83

47 "OFFSET?"

48 PROMPT

49 STO 84

56 XEQ 16  



 

 

51 “ON CURVE?"
52 PROMPT
93 ASTO Y
54 ROFF
35 X=Y?
56 XEQ 82
97 RCL 63
58 RCL 84
59 RCL 86
68 -
61 XOY
62 RCL 85
63 -
64 R-P
65 CLX
66 XOY
67 X(8?
68 368
69 +
76 STO 87
71 ENTERt
72 ENTERt
73 98
74 /
31
76 +
77 INT
78 STO 88
79 2
86 /
81 INT
82 184
83 +
84 -
85 ABS
86 HMS
87 S10 82
88 RCL 83
89 RCL 84
98 RCL 82

CALCULATE BACKSIGHT AZ

SETUP FOR

COMPUTATION

STA/OFFSET

(D.mmss)

91 RCL 68
92 2
93 X=Y?
94 XEQ 17
95 CLX
96 4
97 X=Y?
98 XEQ 18
99 RDN

186 RDN
101 1
102 -
183 98
104 =
i85 +
186 STO 21
187 FS? a1
188 XEQ 28
189¢LBL 19
118 XEQ 16
111 “SHON GRADE?"

112 PROMPT
113 ASTO Y
114 ROFF
115 X=Y?
116 XEQ 67
117 GTO 18
118 RTN
119¢LBL 28
128 XEQ 16
121 “CURYE RARER?"
122 PROMPT
123 ASTO Y ON
124 AOFF
125 X=?

126 XEQ 08
127 RIN
128¢LBL 17
129 RDN
138 RDN

WILL GRADE BE CARRIED?

IS ANY OF THE WORK AREA

CURVED ALIGNMENT?
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131 CHS
132 188
133 HNS+
134 ST0 21
135 FS? 81
136 XEQ 26
137 GT0 19
138¢LBL 18
139 RDN
148 RDN
141 CHS
142 368
143 HNS+
144 STO 21
145 FS? 61
146 XEQ 20
147 GTO 19
148¢LBL 82
149 FS? 01
156 XEQ 08
151 FC? 81
152 XEQ 85
153 RTN
154¢LBL 08
155 CF 81
156 “B.C. STR?"
157 PROMPT
158 STO 15
159 RADIUS?"
168 PROMPT
161 STO 14
162 "DELTA?"
163 PROMPT
164 HR
165 X(8?
166 SF 85
167 STO 13
168 ABS
169 PI
178 *

INPUT OF CURVE DATA IF

ALIGNMENT IS ON CURVE

171 RCL
172 +
173 188
174 7
175 RCL
176 +
177 S10
178 RCL
179 ABS
188 2
181 /
182 TAN
183 RCL
184 *
185 STO
186 -
187 STO
188 RCL
189 ST+
198 RTN
1914LBL 45
192 RCL 19
193 RCL 18
194 RCL 44
195 -
196 R-P
197 XOY
198 RCL 13
199 -
208 XOY
281 P-R
202 RCL 43

283 +
204 ENTER?
285 GTO 11
286 RTN
287+LBL 81
288 RDN
289 CLX
218 RCL 14

4
13

14

4

43
15
44
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211 PI
212 *
213 RCL 15

214 RCL 85

215 XEQ 83
216 RCL 86

217 XEQ 04
218 STO 686

219 XOY

220 RCL 15
221 +

222 ST0 85
223 RN

224¢LBL 85
225 RCL 14

226 PI

227 ¢
228 RCL 15

229 RCL 83
230 XEQ 83

231 RCL 04

232 XEQ 04

233 STO 84
234 XOY

235 RCL 15

236 +

237 STO 83

238 RIN

239¢LBL B

240 CF 06

241 SF 18

242 XEQ R

2434LBL 35

244 RCL 38

245 °N/2= *

246 ARCL X

247 PROMPT

248 STO 38

249 SF 88

258 RCL 36

REMOTE

PROMPT

SLOPE  STAKING

FOR HALF-WIDTH

94

251 ENTERt

252 INT
253 X=Y?
254 CF 88
255 RDN
256 CF 29
257 FIX 8
258 FS? 08
259 FIX 2
268 “SR= *
261 ARCL X
262 °h:1°
263 PROMPT
264 SF 29
265 FIX 2
266 ST0 36
267 RCL 48
268 RCL 88

269 +
278 RCL 12
271 -
272 S10 37
273 RBS
274 RCL 36
275 ¢
276 RCL 38
277 +
278 ST0 39
279 RCL 21
288 X(9?
281 CHS
282 -
283 CHS
284 STOP
285 FIX 1
286 CLA
287 RADY
288 “FILL *
289 RCL 37
298 X<8?

PROMPT FOR SLOPE RATIO

OUTPUT OF CUT OR FILL

IN SLOPE STAKE ROUTINE  
_/



 

ERRATA

On page 95, Please add the steps FS? 05
 

& CHS between steps 321(+) and 322(RTN).

Add FC? 05 after step 314(LBL 04).

291 “CUT *
292 RBS
293 ARCL X
294 AVIENW
295 RCL 36
296 *
297 = AT"
298 ARCL X
299 RVIEN
306 CF 10
381 RCL 21
382 RCL 35
383 ENTERt
384 GTO 11
385 RTN
386¢LBL 83
387 -
388 CHS
309 180
310 »
31 XOY
32 /
313 RIN
J14¢LBL 084
315 CHS
316 RCL 14
317 +
318 P-R
319 CHS
326 RCL 14
321 +
322 RN
J23¢LBL 07
324 SF 82

DISTANCE TO CENTERLINE

325 "PROFILE EL?"
326 PROMPT
327 ST0 20
328 “GRADE?"
329 PROMPT
336 100

INPUT OF VERTICAL GRADE

DATA 1F GRADE 1S TO BE

CARRIED AS PART OF THE

CALCULATION

331 /
332 STO 10
333 XEQ 16
334 “SPRINGLINE?-
335 PROMPT IS THIS A TUNNEL?
336 ASTO Y
337 AOFF
338 X=Y?
339 XEQ 88
340 XEQ@ 16
341 “VERT CURVE?"

342 PROMPT
343 ASTO Y
344 ROFF
345 X=Y?
346 XEQ 89
347 RTN
348¢LBL 16
349 -Y-
350 ASTO X
351 RON
352 RTN
353¢LBL 88
354 CF 86
355 SF a3
356 "HEIGHT?"
357 PROMPT
358 CHS
359 STO 08
368 RTN
J61¢LBL 09
362 SF 04
363 =BYC STA?"
364 PROMPT
365 STO 16
366 "LENGTH?"
367 PROMPT
368 STO 17 LENGTH OF VERT.

369 -GRADE OUT?"
378 PROMPT OUTGOING GRADE (%)

INPUT VERTICAL DATA

INPUT BEGINNING STATION

OF VERTICAL CURVE

CURVE
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371 180
372 7
373 ST0 89
374¢LBL 10
375 RADY
376 RADY
377 =INPUT SHOT"

INPUT OF FIELD DATA FOR378 PROMPT
379 RTN
380¢LBL C
381 STO 20

SOLUTION OF SHOT

382 "INPUT SHOT"
383 PROMPT
384 RTN
385¢LBL R
386 ISG 41
387 FIX 8
388 CF 29
389 FS? 86
390 XEQ 44

391 SF 29
392 FIX 4
393 FS? 11
394 XEQ 99
395 FIX 2
396 STO 81
397 RDN
398 XOOY
399 HR
480 XOY
481 P-R
482 RCL 11
483 +
484 RCL 81
485 +
486 STO 12
487 RDN
488 XOY
489 HE
416 RCL 67

COUNTER REGISTER

CALCULATE SOLUTIONS

96

411 +
412 XOY
413 P-R
414 RCL 85

415 +
416 ST0 18
417 XOY
418 RCL 86
419 +
428 ST0 19
421 XOY
422 RCL 15
423 FS? 81
424 GT0 11
425 XY?
426 G10 11
427 -
428 XOY
429 FS? 85
438 CHS
431 RCL 14
432 -
433 CHS
434 R-P
435 CHS
436 RCL 14
437 +
438 XOY
439 RCL 14
448 =
441 PI
442 «
443 188
444 /
445 RCL 15
446 +
447 RCL 42
448 X(=Y?
449 GTD 45
458 RIN

LENGTH  



 

 

451 XOY
452 FS? 85
453 CHS
454 XOY
455 ENTER?
456 GT0 11
457 RIN
458¢LBL 99
459 FS? 55
468 PRSTK
461 RTN
462¢LBL 44
463 CLA
464 ARCL 41
465 FS? 35
466 RYIEN
467 RTN
468eLBL 11
469 RDN
478 XEQ 12
471 CLX
472 XOY
473 RND
474 ST0 21
475 XY?
476 GTO 13
477 CHS
478 “AT ©
479 ARCL X
488 RRCL 31
481¢LBL 15
482 FC? 18
483 AVIEN
484 “ELEY = ©
485 ARCL 12
486 FC? 18
487 RVIENW
488 FS? 82
489 XEQ 14
496 FS? 18

PRINTS COPY OF STACK

WHEN PRINTER IS PRESENT

OFFSET DISTANCE

OFFSET LEFT OUTPUT

ELEVATION AT SHOT

491 GTO 35
492 GTO 180
493 RTN
494+LBL 13
495 "AT °
496 ARCL X
497 ARCL 32
498 GTO 15
499¢LBL 12
S08 CF 29
501 106
582 /
583 ENTER?
984 INT
985 XOY
986 FRC
987 188
568 *
909 FIX @
518 °STR *
S11 ARCL Y
32 FIX 2
913 18
S14 XOY?
S15 SF 88
516 RDN
517 RND
518 FS? 88
519 ARCL 34
528 FC? 08
921 ARCL 33
522 CF @8
523 ARCL X
524 FC? 18
525 RYIENM
526 XOY
527 108
528 #
529 +
538 SF 29

OFFSET DISTANCE

OFFSET RIGHT OUTPUT
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531 STO 35
532 RIN
533¢LBL 14
534 RCL 35
935 FS? 84
536 GTO 21
9374LBL 26
538 RCL 35
539 RCL 30
40 -
541 RCL 10
M42 +
943 RCL 28
S44eLBL 24
945 +
546 STO 40
947 RCL 08
548 +
549 “GR = *
556 ARCL X
551 FC? 180
952 AVIEK
953 FS? @3
954 XEQ@ 25
995 FS? 18
556 G10 35
557 GTO 18
558 RIN
939eLBL 22
568 RCL 17
51 -
962 X)Y?
563 GT0 26
964 G10 23
965 RTN
566¢LBL 21
567 RCL 16
568 RCL 17
369 +
978 XY?

971 XEQ 22
572 XOY
573 RCL 16
574 RCL 17

575 2
376 /
377 +
578 ENTER?
979 RCL 30
580 -
981 RCL 18

582 *
583 RCL 28
984 +
985 XOY
586 RCL 16
387 -
588 RCL 17

989 2
998 /
991 -
592 RCL 89
593
594 GT0 24
595 RIN
596¢LBL 23
597 -
598 ENTER?
599 ENTER?
688 RCL 89
681 RCL 18
682 -
683 100
684 +
685 RCL 17
686 /
687 *
688 2
689 /
618 RCL 18
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611 100
612 «
613 +
614 +
615 180
616 /
617 RCL 16
618 RCL 38
619 -
628 RCL 18
621 ¢
622 RCL 20
623 +
624 GTO 24
625 RTN
626¢LBL 25
627 RCL 12
628 RCL 40
629 XY?
638 RTN

CALCULATE

SHOT ABOVE

RADIUS WHEN

SPRINGL INE

631 -
632 ENTER?
633 =
634 RCL 21
635 ENTER?
636 *
637 +
638 SQRT
639 FIX 2
648 = RAD. = *
641 ARCL X

642 AYIEN

643 RTN

644¢LBL J
645 SF 11
646 RTN

647¢LBL I

648 CF 11
649 RTN

658 END.

ENABLE STACKPRINT

CANCEL STACKPRINT
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TR occupies 80 registers, contains 559 bytes of programming, and may be stored
onto 5 tracks of magnetic cards. This program uses "DMS" as a subroutine,
and should be used with the calculator sized to at least 030.

@1eLBL TR" 26 STO 89
82 SF 21 INITIALIZE AND CLEAR 27 RDN

03 SF 27 28 RDN

84 CLRG 29 +
85 FIX 4 38 +
86 CLX 32
87 CF 08 327
@8eLBL 06 RESET FLAG STATUS 33 S10 67
89 CF oi 34 X12
18 CF 82 35 LASTX
11 CF 83 36 RCL 82
12 CF 04 37 #
13 CF 85 38 -
14 CF 86 39 RCL 89
15 CF 87 48 RCL 04
16 RTN 4] *
17¢LBL RA S-1, $-2, S-3 42 /
18 SF 81 S1 CAPITALS WHEN SET 43 SORT

19 SF 82 S2 CAPITALS WHEN SET 44 ACOS

28 SF 82 S3 CAPITALS WHEN SET 45 2

21eLBL 11 46 *
22 STO 84 47 ST0 85
23 RDN 48 SIN
24 STn 82 49 RCL 89
25 RDN 50 *  
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S1 STO 88 91eLBL 03
52 RCL 87 92 RCL 01
53 X12 93 XEQ 08 CALCULATE A2
54 LASTX 94 STO 83
95 RCL 89 95 RCL 85 A3

56 * 96 RCL 89 sl
S57 - 97 P-R
58 RCL 82 98 X(OOY
59 / 99 STO 88
68 RCL 84 188 RCL 83
61 / 181 1
62 SORT 182 P-R
63 RCOS 183 RDN
64 2 104 /
65 # 185 STO 82 S2

66 STO 83 186 Rt
67 RCL 85 187 =
68 XEQ 06 CALCULATE MISSING ANGLE 108 +

69 STO 81 Al 109 STO 84 S3
78 GTO 81 118 GTO 81 OUTPUT SOLUTION
71 RTN 111 RTN
72¢LBL B A-3, S-1, A-1 112¢LBL C S-1, A-1, A-2
73 SF 81 S1 CAPITALS WHEN SET 113 SF 61 S1 CAPITALS WHEN SET

74 SF 64 Al CAPITALS WHEN SET 114 SF 84 Al CAPITALS WHEN SET

75 SF 86 A3 CAPITALS WHEN SET 115 SF 85 A2 CAPITALS WHEN SET

76eLBL 18 LOOP FOR SECOND soLuTion 116 HR
77 SF 13 WITH 2 SIDES AND FOLLOW- 117 STO 83 A2
78 FS? 68 ING ANGLE KNOWN 118 RDN

79 XEQ 67 119 HR
80 “SECOND SOLUTION" 126 STO 81 Al

81 FS?C 08 121 RDN
82 AYIEW 122 STO @9 sl
83 CF 13 123 RCL 83
84 HP 124 RCL 81
85 STO 61 Al 125 XEQ 68 CALCULATE A3

86 RDN 126 RCL 89
87 S10 89 S1 127 RCL 81
88 RDN 128 XEQ 04
89 HR 129 GTO 83 SOLVE AS ASA

99 STO 85 138 RTN
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1314LBL 85
132 RCL 89
133 RCL 81
134 HNS
135 RCL 82
136 GTO 68
137 RIN
138¢LBL D
139 SF 01
148 SF 82
141 SF 04
142¢LBL 08
143 STO 82
144 RDN
145 HR
146 STO 81
147 RDN
148 STO 89
149 RCL 81
150 RCL 82
151 P-R
152 RCL 89
153 -
154 R-P
155 ST0 04
156 RCL 89
157 RCL 82
158 RCL 84
159 GT0 11
168 RTN
161LBL E
162 SF 13
163 “FIRST
164 AVIEN
165 CF 13
166 XEQ 87
167- HR
168 STO 83
169 RDN
178 STO 82

2

S-1, A-1, S-2
S1 CAPITALS WHEN SET
S2 CAPITALS WHEN SET
Al CAPITALS WHEN SET

s2

Al

s1
Al
s2
CALCULATE S3

SOLVE AS SSS

S-1, S-2, A-2

SOLUTION: *

RESET FLAGS

A2

s2

171 RDN
172 STO @9
173 RCL 83
174 SIN
175 RCL 82
176 *
177 RCL 89
178 /
179 ASIN
188 STO 85
181 RCL @3
182 XEQ 08
183 STO 81
184 RCL 85
185 RCL 89
186 RCL @1
187 XEQ 04
188 XEQ @3
189 186
198 RCL 65
191 -
192 RCL 63
193 +
194 CHS
195 188
196 +
197 HNS
198 RCL 82
199 RCL 63
208 HAS
201 XEQ 86
282 SF 88
283 SF 83
284 GTO 10
285+LBL 87
286 SF 81
287 FC? 88
288 SF 82
289 FC? 80
218 SF @5

Sl

A3

CALCULATE THIRD ANGLE
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211 RN
212¢LBL 088

213 +
214 COS
215 CHS
216 ACOS
217 RN
218+LBL 81
219 FIX 3
228 SF 13
221 FS? 81
222 CF 13
223 *5-1 = ©
224 ARCL 89
225 RAVIEN
226 RCL 81
227 HAS
228 FIX 4
229 SF 13
238 FS? 84
231 CF 13
232 *A-1 = ©
233 FC? 55
234 ARCL X
235 AVIEN
236 FS? 3%
237 XEQ “DMS*
238 ARDY
239 FIX 3
248 SF 13
241 FS? 82
242 CF 13
243 *S-2 = *
244 ARCL 82
245 AVIEN
246 RCL 83
247 HNS
248 FIX 4
249 SF 13
258 FS? 85

Ax = Cos~![-Cos(Ay+Az)]

QUTPUT SOLUTIONS

PRINT AS DD°MM'SS"

251 CF 13
252 "R-2 ="
253 FC? 35
254 ARCL X
255 RYIEM
256 FS? 59
257 XEQ "DMS" PRINT AS DD°MM'SS"

258 RADY
259 FIX 3
268 SF 13
261 FS? 83
262 CF 13
263 5-3 =
264 ARCL 04
265 RYIEN
266 RCL 85
267 HNMS
268 FIX 4
269 SF 13
278 FS? 86
271 CF 13
272 “R-3 ="
273 FC? 55
274 ARCL X
275 AYIENW
276 FS? 55
277 XEQ “DMS"™ PRINT AS DD°MM'SS"

278 ADY
279 RCL 88
288 RCL 04
281 *
282 2
283 7

284 FIX 3
285 SF 13
286 FS? @7 WAS AREA INPUT?

287 CF 13
288 “ARER = -
289 ARCL X
298 AVIEN

 

 



 

 

291 ADY
292 FIX 4
293 RADY
294 XtQ 86
295 RIN
296¢LBL 89
297 RDN
298 RIN
299 RIN
JegeLBL 04
381 STO 01
382 RDN
383 ST0 89
384 RDN
385 STO 85
386 RIN
387+LBL F
388 SF 07
389 SF 81
318 SF 04
311 HR
312 STO 81
313 SIN

FILING AND STORAGE

AREA, S-1, A-1

AREA CAPITALS WHEN SET

S1 CAPITALS WHEN SET

Al CAPITALS WHEN SET

314 XeQ 82
315 STO 82
316 XEQ 85
317 RIN
318¢LBL G
319 SF @7
328 SF 81
321 SF 82
322 S10 82
323 XeQ 82
324 RSIN
325 ST0 81
326 XEQ 85
327 RIN
J28eLBL 82
329 XOY
338 STO 89
331 +
332 /
333 2
334 =
335 RIN
336 END

S2

AREA, S-1, S-2

AREA CAPITALS WHEN SET

S1 CAPITALS WHEN SET

S2 CAPITALS WHEN SET
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APPENDIX

We often are asked, "How do you store coordinates by point number without

X-function in a 41?" There are a number of ways this can be done, but this

little routine is one of the easiest.

PIN (point in) assigns the next consecutive number in the counter register to
any coordinate pair when the N-coord is in the Y register and the E-coord is

in X. POUT (point out) replaces the coordinate pair into the Y and X registers

for whatever point number is in the X register when executed.

These two routines (©1983, Ted J. Kerber), combined with short programs

that tap the subroutines of the HP SURVEYING PAC, give you a complete traverse
and inverse package. It may also be extended into storage of three-dimensional
coordinates by using similar steps to store the Z register, and have the elevation

of the point reside there.

The number of points you can store by this method is only limited by the total

number of available registers (it requires two registers per point number), and

this is dictated by how many registers you have to use up with the other routines.

In the example listings, with the calculator sized at 120, we're storing

N-coordinates in registers 20 thru 69, and E-coordinates in registers 70 thru

119 (a total of 49 points), with register 17 used as the counter. Begin with

0 in register 17.

You can custom fit the routine to your own needs by varying step 19 (first
E register), steps 26 and 38 (first N register) and step 43 (difference between

registers). Data cards can be used to input or dump the coordinates for later

use. You can recall and use the coordinates without having to look at them
by adding a PRINT/DON'T PRINT flag in front of the "AVIEW" steps.

@l1eLBL PIN" 15 CLA 29 KIN 43 58
#2 RCL 17 16 ARCL Y 38 STO IND 19 44 +
83 1 17 RYIEN 31 RTH 45 STD 19

84 + 18 RIV 32¢LBL "POUT" 40 RDN
85 FIx 8 19 7a 33 FIX 8 47 RCL IND 19
86 CF 29 26 + 34 CLA 48 CLA
87 CLA 21 $70 19 35 ARCL X 49 RRCL Y
88 ARCL X 22 RIK 36 AYIEW 98 RYIENW
89 AYIEM 23 STO IND 19 37 FIX 4 51 CLA
18 S10 17 24 CL¥ 38 24 92 HRCL X
11 FIX 4 25 RCL 17 39 + 93 AYIEK
12 CLA 26 24d 48 ST0 19 94 ADY
13 ARCL 2 27 + 41 RCL IND 19 55 ETN

14 AVIEN 28 S10 19 42 x{3Y 56 END  
_/
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The program steps listed below are a different version of the utility program
"DMS" that divides the register display into groupings of DD MM SS when the
subroutine is called up, but no printer is attached, as well as printing out as

DDOMM'SS" when the printer is attached.

This routine contains functions which are in the printer itself, rather than in

the calculator, and a printer must be attached in order to input the program.

 

81¢LBL "DMS"
82 XEQ 00
83 FS? 30
84 XEQ 01
85 FC? 35
86 XEQ 82
87 XEQ 83
88 RTN
B9¢LBL 00
18 STO 23
11 RDN
12 STO 24
13 RIN
14 STO 25
15 RDN
16 STO 26
17 RDN
18 CLA
19 ENTER?
28 INT
21 CF 29
22 FIX 8
23 RN
24¢LBL 83
25 RCL 26
26 RCL 25
27 RCL 24
28 RCL 23

29 FIX 4
38 SF 29
31 CLA
32 PIN
33eLBL 082
34 ARCL X
3 -
36 108
37
38 ABS
39 STO 22
48 INT
41 °F °
42 ARCL X
43 RCL 22
44 FRC
45 188
46 *
47 FI¥ 1
48 F -
49 ARCL X
58 AYIENW
31 RTN
92¢LBL 81
93 ACX
9%-
3% 198
36 *

108

97 ABS
98 STO 22
39 3
68 SKPCOL
61 6
62 RCCOL
63 9
64 ACCOL
65 ACCOL
66 6
67 ACCOL
68 2
69 SKPCOL
78 RCL 22
71 INT
72 ACX
73 39
74 ACCHR
75 RCL 22
76 FRC
77 198
78 x
79 FIZ 1
88 ACX
81 34
82 ACCHR
83 PRBUF
84 RTH

NN

 



 —~
DMS - SOME VARIATIONS

~

Another version (shown to the right) which may be ¢ . . +
used as a replacement for "DMS" will divide the 8) Lr DH5™ 29eLBL 82
register display and printout . . but the printout 82 XEQ 08 38 ARCL X
will NOT contain the ©,' or " symbols. 83 XEQ 82 3 -

84 XEQ 83 32 108
This is handy if you know that you will not be using 85 RTN 33 *
a printer, and still works if you happen to hook up
to a printer while using the programs in the future. B6¢LBL 00 34 ABS
The output just isn't quite as 'fancy’. 87 STO 23 35 STO 22

All three versions of "DMS" pre-store and recall the 4 RD 3% Nr
stack when operating, which is part of the reason for 89 570 24 37 *F

the length of the subroutine. If that is not required 18 RDN 38 XEQ 81
for a particular operation you want to program, those {{ S70 25 39 ARCL X

steps could be deleted.
12 RDN 48 RCL 22

If you wish to substitute either of these routines for 13 STO 26 41 FRC
the one Jiven in the utility programs you will also 14 RDN 42 180
ave to do some minor editing o e main programs. yg pig 43 +

Go through and remove all of the conditionals "FS? 55" 16 ENTERt 44 FIX 1
which occur just prior to XEQ DMS calls. In the {7 INT 45 *} -

. hg Co
version on the opposite page that conditional isn't 18 CF 29 46 XEQ 81
required, and in this last version the subroutine isn't

affected by whether or not the printer is attached. 19 FIX 8 47 ARCL X
28 RTH 48 AYIEK

Finally, if you're into synthetics, the degree symbol 214BL 83 49 RTN
may be constructed as BeeeBCe (hex 7F 10 00 00 22 RCL 26 SaeLBL 81
00 C2 43 00) or, in another form commonly used, as :
geer #(hex 7F 10 00 00 70 A1 CO 00), which actually 23 RCL 29 91 18
produces a little square, instead of using the printer 24 RCL 24 52 XOY
accumulation functions. The ' symbol is hex F2 7F /
27, and the " is hex F2 7F 22, where the F2 is the 25 RCL 23 33 XY?
append. 26 FIX 4 24 “}8-
A ; . bear, OMS 27 SF 29 99 RTN

program for printing out bearings (uses " " as
a subroutine) is shown on the next page. 28 RTH 36 END

Those who would rather have a character of some kind between the digits can
substitute a colon or a comma (or the character of your choice) in place of the

space, at steps 41 and 48 in the routine on the opposite page, or steps 37 and

45 in this version.  
\_ J
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This program requires 22 registers of memory, and contains 159 bytes of
programming.

It is designed to be used with the version of "DMS" on page 108 and requires

that a printer be attached while programming. You will also need to modify DMS
slightly; in the version on page 108, insert FC? 14 between steps 82 and 83
(ACCHR and PRBUF) and in front of the CLA at steps 18 and 31. This program
may also be used with the UTILITY version of "DMS" by adding the FC? 14 step
between steps 43 and 44.

In use, the bearing is in the y-register and the quadrant code is in the x-register.
It may be executed with XEQ B=- as a program step in another program, or by

keystroking [ALPHA] [shift] [=] [ALPHA].

 
81eLBL “B-" 26 RTH 91 XEQ “DMS®
82 SF 14 27+LBL 82 52 FS? 35
83 CLA 28 =5° 53 XEQ 88
a4 XY 29 F5? 39 94 "HW"
85 XEQ IND Y 38 XEQ 89 99 XEQ 65
86 PTN 31 XEQ “DMS* 36 RTN
@7¢LBL 81 32 FS? 39 97+LBL 84
88 “N- 33 X¥EQ 87 38 “N®
89 FS? 35 34 "HE" 99 FS? 59
18 XEQ 86 35 XEQ 85 68 XEQ 86
11 XEQ “DMS* 36 RTN 61 XEQ “DMS*
12 FS? 3% 37+LBL 86 62 FS? 35
13 XEQ @7 38 78 63 XEQ 68
14 "FE" 39 ACCHR 64 "HW"
15 XEQ 85 48 RDN 65 XEQ 85
16 RTN 41 RN 66 RTN
17¢LBL 09 42¢LBL 97 67¢LBL 85
18 83 43 69 68 FS? 39
19 ACCHR 44 RCCHR 69 PRBUF
28 RIN 45 RIN 78 FC? 35
21 RTN 46 RTN 71 AVIENW
22¢+LBL 88 47¢LBL 83 72 CF 14
23 87 48 =5- 73 XOY
24 ACCHR 49 FS? 35 74 RTN
25 RDH 98 XEQ 89 75 END
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A version of the bearing printout program which will work with the "short &
simple" version of "DMS" (page 109) is shown below.

BEARING OUTPUT

Modify the DMS program by adding the conditional FC? 14 in front of the CLA
at step 15 and between steps 47 and 48 (ARCL X and AVIEW).

This is the no-frills version of both the bearing and angle output, but it does
the job . . . . it keeps us from thinking that it is a decimal instead of D°MM'SS".

@l1eLBL "B-- 13+LBL 82 25¢LBL 64
82 SF 14 14 5° 26 “N*
83 CLA 15 XEQ DMS" 27 XEQ “DMS-
84 XY 16 "HE" 28 "HW"
85 XEQ IND ¥ 17 XEQ 85 29 XEQ 85
86 RTN 18 RTN 38 RTN
@7¢LBL 01 19¢LBL 83 J1¢LBL 89
88 “N- 28 -5* 32 AYIEN
89 XEQ “DMS* 21 XEQ "DMS" 33 CF 14
18 "HE" 22 "HR" 34 XOY
11 XEQ 85 23 XEQ@ 85 35 CLA
12 RTN 24 RN 36 RTN

One for the road. The little program to the right @1eLBL "Dx" 89 FIX 4
is for use with a 41CX that has a printer attached. 82 CLA 18 ATINE

It may be executed manually or by inserting an execute 83 FIX 6 11 AYIEN
command at the beginning of each program. What does #4 DATE 12 ARDY

It do? 85 ADATE 13 CLY¥
It labels your calculations with the time and date, to 86 AYIEN 14 CLR
help keep all of the little strips of paper straight! 87 CLA 15 RTN

a8 TIME 16 END.85-23-1927
12:46:15 PM  
\_ _
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46¢LBL C
47 STO @6
48 RIN
49 STO 85
58 “BRCKSITE?"«
51 PROMPT
52 RCL 86
53 -
54 XOY
Corl 85

73 “a

74 SF @7
75 XEQ 81
76eBLD
77 "BEG. STA”¢—Change ? to .
78 PROMPT
79 STO 83
80 -COORD.
81 PROMPT
82 STO 88
83 RDN
84 STO 87
c XEQ AZ"

 
ADY

FS?
XE®@ 98

55

 

cLA
«INST. RAT" Someone once told me that a program is never
FS? 55 finished . . . It's true, there is always something
AVIEMW else that you wish it would do, so you keep

FS? S55 revising it. That was the case with "LO", for

XE@ 98 instance.

ADY
=change ? to : Cynthia (my Party Chief) was working on a

footing layout, and cussing 'cause using "LO"
Fs»? 5S would have been a quick way to calculate it, but
AV IEW it doesn't do corners.

Ss? 55
xea 9g She had figured out that she could trick it into

doing an angle point by using the curve routine
and giving it an 'almost zero' radius, but these
footing corners were mitered. She could get the
offsets, but still had to use the Surveying Pac
to bearing-bearing the corners later.

Along those same lines, she pointed out that |

gripe about the fact that the intersection routines
in the Surveying Pac don't print out the input
(no way to check wrong input strokes), but

didn't print the input on mine either. We'll look

at that first, and then [I'll get back to the
corner-turning problem.

We inserted steps, as shown above, to get the output of the input. 4BL
To print out the bearing it was necessary to have a version of the "B-"

program memory.

It, in turn uses

T. AT
2.964,3580

INST. A
N= 2.56
E= 1,659.7848

BACKSITE
N= 3.819.25¢6#4

E= 1.448.589

BEG. STA.

12408, 888
N= 2.815.478
E= 1,545.60]

BEARING

in memory, and we also had to add an azimuth to bearing routine to HE
That was called "AtB", and is shown to the right. Mop

, STO
"B-" as a subroutine, which then uses "DMS", etc. gg

It isn't fast, but it prevents errors by catching them before they happen.

Now we had the printout as shown to the left (the example :
is with coordinate and backsight coordinates input for INT

layout, keystroke ). Another example of the output gTi =

is shown on the next page, where we solved the corner- 2

turning problem. s
INT

So, back to that. We added two new labels to the program, 12a

H and I. LBL "H" works in the same way as "J", except *

that it treats the point as an angle point instead of as -—

the B.C. of a curve. ABS
HMS

LBL "I" does the mitered corners that Cynthia wanted. ¥X<2>%¥
To make it work, it was necessary to again do a little RTH
editing to the main program, adding the FS? 19 and RCL END§ 13° 25 45.87
steps as shown, and a CF 19 in Label E to stop the miter
process when the next station was input.

1B"
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457¢LBL |
458 SF 19
459 RCL 08
468 STO 27
461 ¥ENQ 56
462 RCL @0
463 HR
464 RCL 27
463 HR
466 -
467 2
468 /

469 STO 12
478 CNS
471 ST0 13
472 XEQ 83
473 RTH
474¢1BL 58

THE KEYSTROKES

BEG. STA.
6+00. 000
N= 564.0800
E= 500.0008

BEARING:
N 8° 15 8.0%

8+00. 8690
0/5= -3.00080
N= 568.4385
E= 497.0318

0/5= 1.0086
N= 499.8565
E= 508.9897

0/5= 6.56088
N= 499.8672
E= 586.4327

-
  

95 CF bo

 

   

96 "STA?"
97 PROMPT

475 "Y* 493¢LBL 85 WEoF 19
476 RSTO X 494 RCL 20 a 197 08
477 RON 495 STO 63 (36eLEL 83
478 "INPUT BRG?* 496 RCL 89 137 Fel a8
479 PROMPT 497 STO 87 138 Pres 19
489 RSTO Y 498 RCL 18 aE ET
481 ROFF 499 STO 08 141 CHS 19
482 X=Y? 988 =STAR?" 142 + 12
483 GTO 08 281 RTH wy 19

484 “DEFL. <7" od2¢LBL H 157 “uo

485 PROMPT 983 XEQ 58 158 £52 89
159 "k=486 ST+ 00 584 RCL 08 2 ARCL X Fs 19

487 "BEARING: - 285 RTH 161 AVIEN “FF M*~

488 AYIENW 986¢LBL 09 162 PR a 1o

489 RCL 80 587 EQ “AZ aR N{ ber 13
490 XEQ °“AtB- 288 STO 68 “75 £52 99 FS? 19

491 XEQ "B-- 989 XEQ 85 ~ 7
492 ADY 518 RTH

EDITING

9482.00 1432.009 1+20.008
0/5= -3.0808

INPUT BRG? INPUT BRG? LL] N= 647.7329
oN [R/S] J [R75] E= 520.7057

DEFL. &? BRG=? 6] C13]

BEARING: WE] aD=? R75] est,1047
N 53° 15' 0.8°E (a [R/S E= 523.9108

0/8? (3) [CHS] [R/S] BEARING: 0/8= €.5089
0/$= -1.6099 M N 36° 45° 8.0°N N= 653.4169
N= 582.8117 0/5? GJ R/S E= 528.3177
E= 503.9758 0/5= -3.8008 M

N= 611.6764
0/5= 1.8009 E= 547.6304
N= 588.5980
E= 512.6% 0/5= 1.0890 M

N= 618.8647
0/5= 6.5608 M E= 553.2287
N= 577.5542
E= 517.8128 0/5= 5.5080 M

N= 689, 748¢
E= 568.9267 
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The south end of the wall was considered 0+00 for the calculations, and the

stations were arrived at by adding the distances along the face of the wall.
For the example, an assumed coordinate of 500/500 was used. The example
keystrokes (page 113) indicate the procedure. Label "H" works the same way
but does not miter the corner. Note that the mitered corners have an M at
the offset to show that they are mitered rather than right-angle offsets.

N1=508. 4385
E1=497.08318

N 8.1500 E
HD=83. 2427

N2=582.8117
£2=508. 9758

N 53.1508 E
HD=48.2426

N3=611.6764
E3=547.6304

N 36.4508 W
HB=45. 8681

N4=647.7329
£4=520. 7857

N 53.1583 E
HB=9. 5008

N5=653.4169
£5=528.3177

S 36.4468 E

HB=54. 4999

N6=689. 7486
£6=568.9263

S 53.1468 NW
HD=53.8876    N7=577.5542
E7=517.8128

 

§ 8.1588 W
HD=79.3876

TYPICALOo
N8=499. 8673

Dreicay

£8506. 4327

THE

FOOTING

 
INVERSED
TRAVERSE  



OTHER SOFTWARE FOR THE HP-41CV/CX

CARD PROGRAMMING SERVICE Save yourself the time
involved in typing in the program steps (and insure that the
programs will work properly). Send 20 blank cards with your
check or money order ($8.50 per set)

We will program your cards for you and return them in a labeled
card holder which may be inserted directly into your book.

Programming on cards, Surveying Field Solutions $8.50

COE 41
This is the ROM you've been needing. Complete traverse, inverse
. . everything the others have and more! Coordinate storage
and retrieval option by point number. No need to pre-divide to
mean angles before input.

The closure routine includes automatic angle check and adjustment.
The compass and transit corrections are automatic, at the touch
of a button. X-memory is not required!

All of the normal intersection routines are included, plus LINE
TO SPIRAL and CURVE TO SPIRAL. Bearings and azimuth may
be input, or defined by input of the point numbers at either end
of an existing line.

DESIGNED TO SELL FOR UNDER $200! available mid 1987

 

California residents Software by D'Zigm
please add 6.5% tax

P.O. BOX 1370 PACIFICA, CA 94044

[415] 355-8942 



$21.50

41 417

ISBN 0-9616846-3-1
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