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RRIBIBAGE

This book of programs was developed to fill the gap
in available software for the HP-41C series
calculators used by the field surveyor or party chief.
They are compatable with the HP Survey Pac, and may
be used with or without the Survey Pac module in
the calculator. If used without a Survey Pac, the
additional program "AZ" should be in the program
memory.

In the design of the programs, an attempt was made
to address the field problems encountered on a
day-to-day basis in surveying.

Remote Slope Staking answers a very real need in
the field, as do the Radial Inverse routines, for
'spraying' in a layout.

The programs are assembled into four groups, or
sections, and one set of program cards is used for
each group. Complete instructions and keystroke
examples are included for each group, and most of
the steps have been standardized to aid in remembering
the keystrokes.

The programs are as close to menu-driven as a hand
held calculator can handle, and utilize stack input
prior to execution. Execution is by single keystroke,
and all of the program routines are fully prompted.

The Alignment & Offset routine is a new concept in
tayout programs, giving coordinate solutions directly
from station input, avoiding the necessity of using
a traverse program with side-shots to do the work,
and has a subroutine for Auto Inversing from the
instrument setup point.

Lastly, those who have had to assign the program
alpha labels to the keyboard, instead of typing in
a five to seven letter label, will appreciate the
fact that all of the global alpha commands have been
restricted to two letters, and those letters are
close to each other on the keyboard.
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FIELD
LAYOUT

SPIRAL
CURVES

Radiall 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.

Anﬁmﬁm@mﬁ Ofiffscts B

This roufine calculates the coordinates of any station along
a centerline, or any offset to the station. The coordinates
of the offsets may be calclulated with or without the centerline
coordinates being output.

Anto=lnverse 13

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.

Deflcetion & Chord (O]

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

Alignment & Ofisets 23

Directly calculates coordinates for any station or offset to
the station within the spiral curve system, including the
circular portion.

AT to-Ilnversa 29

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.

‘Eam@m@ Of¢fislelts 85

Solutions Tor direct layout of the entrance and exit spirals
of a spiral curve system by the tangent-offset method.
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Radial Inverse 80

Calculates the distance and angle from a known backsignt
to points with known coordinates for radial stakeout from a
central instrument setup.

TEPO 4%

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

As=builts 49

Calculates the as-built station, offset and elevation of existing
structures, and automatically compares the output to the
design data.

Remote Slope Staking B5

With an EDM, this program allows slope staking along any
alignment composed of tangents and circular curves from a
central instrument location.

Tonmel Tights Bl

This program provides a quick check for 'tights', or
protrusions within the excavation lines of a tunnel during
construction. Qutput is the station, offset and elevation of
any point shot, and the radius, if the point is above the tunnel

* springline.

Triangle Solutieons 69)

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 foliowing
angle. Area, one side and the adjacent angle. Area, and
two sides.

Program Listimgs 78
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Radial inversing has become a standard proceedure 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.
R s
AR/

>
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This program calculates the distance and angle from

a known backsight to points with known coordinates
for radial stakeout from a central instrument setup.

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 their
coordinates.

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

%

radial staking

N= 425,808 The keys used for this routine are shown in the sketch of

E= 358, 0069 the keyboard assignments, and step-by-step instructions
are shown on the next page.

HD = 416,62 W

4RI= setup with known coordinates

390 51+ 33

of backsight point
N= 480, 886n ’

E= 356, gagn setup with known bearing to " o 1
backsight point — — —— I Waw s v, =
HD = 398.512 , B E

‘ﬁi 5 46" / BBBEQ
K- 425, n0g inverse to selected station & B E )
E= 426.0080 E__E B B B #
Hg; 456.09¢ B E % B
‘46; 58 47 B B E E
i Sy
HD = 438.634 §B e e e
‘5;2 8 18- - gy

KEYBOARD ASSIGNMENTS
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There are two options for input with this program; one for known coordinates
at the instrument setup point and at the backsight station, and the other for
when the coordinates of the setup station and the bearing to the backsight are
known. With the exception of the initial input, the operation is the same for
either condition.

To begin the calculator memory should contain the programs "DMS", "STA" and
"LO", and should be sized at 030. Initialize and clear to a fix-4 position

by keystroking [XEQ] {ALPHA] [L] [0} [ALPHA]. The display will now show 0.0000.

For the condition where there are known coordinates for the instrument and
backsight points:
1

Input the N-coordinate of the instrument point ENTERT
2 Input the E-coordinate of the instrument point ©
3 ? . . .
BACKSITE? Input the N-coordinate of the backsite point ENTERT
4 Input the backsight E-coordinate RZS)
or, Ffor backsight bearing known:
1 Input the N-coordinate of the instrument point (ENTERY]
2 Input the E-coordinate of the instrument point (8
3 =? . .
BRG= Input the bearing to the backsight
& QD:? .
Input the quadrant code for the bearing
then:
5 ? . . . .
INV. ONLY? At this point we are only inversing to known coordinates at
points we wish to set, SO answer yes by M
6 Nt E . .
Input the N-coordinate of the new point ENTERT
7 Input the E-coordinate of the new point

&

Output will be the coordinates of the point being set, followed by the HORIZONTAL
DISTANCE, and the ANGLE RIGHT from the backsight to the point that you wish
to set. [f there is no printer attached, stroke until the prompt Nt E
reappears, then repeat steps 6 and 7 until all of the required inverses have
been completed.
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Raciall Inverse

l-3

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

With "DMS", "STA" and "LO" in the memory, and with the calculator in user mode

at size 030, keystroke [XEQ) [ALPHA] [T] [0] [ALPHA].

keystroke:
(11 (0] (0] [ENTER]
(1] [0] [0}
prompt: BACKSITE?
keystroke:
(6] [0] [0] [ENTERH]
(8] (@)
question: INV. ONLY?
keystrokes:
prompt: Nt E
keystrokes:
a2 5]
Bl6EI0 @A

output: N= 425. 0800

E= 350.0000

KD = 418.038

LR1=

39° 51° 33°
prompt: Nt E
keystrokes:

(a1 [0} (0]
B BEIE [A

output:

prompt:
keystrokes:

N= 480,8000
t= 350. 0800

HD = 399.512
&=
205 46

Nt E

(4] ENTERt

EHHILY

output:

prompt:
keystrokes:

N= 425, 0pde
E= 428, 8000

HD = 456.894

4R1=

46° 58° 47°
N+ E

(@l o @

Qo @

output:

prompt:

N= 400, 0688 °
E= 426.800¢

HD = 438,624

P1=

49° ¢ 18°
Nt E

0.0000 will be displayed.

Alternate input, with the
bearing to the backsight
instead of the backsight
coordinates, uses the
same keystrokes and will
give the same output as
shown, after the initiatl
input.

The keystrokes for the
alternate input are:

keystroke:

(1] (0] (0] [ENTER%)
(1 [0 (@]
prompt: BRG=?
keystrokes:
QUoNDnEreE ®r3s
prompt: QD=?
keystrokes:
(a)
question: INV. ONLY?
keystrokes:
prompt: Nt E
. - .« . . etc.

In most cases, if the bearing to the backsight is known, so are the coordinates.
It is mathematically more correct to use the backsi

since the calculator will obtain and stor

places of a second.
to the nearest second.

ght coordinates for input,
e the correct bearing to several decimal
The bearing you would input has already been rounded off
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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 gives the option of calculated offset coordinates, with or without the
centerline coordinates being output.

this routine is started by keystroking

keystroke [E] after input of new station
for solution

signal the beginning of a circular curve
in the alignment with [J]

HEB283
B=42-
B2

BBBB!
’ o

KEYBOARD ASSIGNMENTS

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

Initialize the program by keystroking [XEQ) (ACPHA] [T] [O] [ACPHA]. The display
will show 0.0000. Remember to have programs "LO", “DMS" and "STA" in program
memory. The calculator should be at size 030 and in user mode.

1 begin the station-coordinate routine

(0]
?
2 BEG. STA? Input the beginning station as XXXXX.xx; this can be any
station with a known or assumed coordinate value
4 . L .
3 COORD. Nt E Input the N-coordinate of the beginning station ENTERT
b4 Input the E-coordinate of the beginning station
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5 BRG=? Input the tangent bearing ahead as DD.mmss

6 Qo=? Input the quadrant code for the bearing

7 STA COORDS? At this point you can choose which option you want. If you

want coordinates for the offsets, but do not need the centerline
coordinates, keystroke [N]; If both centerline and offset
coordinates are required, keystroke [Y]

Note: 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".

?
8 STA? input the station at which the coordinates are wanted

(e
The station will be displayed in the form XXX+XX.xx *[R7S)
9 If the answer to step number 7 was NO, proceed at step number

11; if yes, the display will show N= XXXXX.xxxx for the
N-coordinate

*[R/S]
10 If the answer to step number 7 was yes, the display will show
E= XXXX.xxxx for the E-coordinate *[R73]
?
110/5? Input the offset distance. (If left, [CHS])
12 The offset is displayed as 0/S= XX.xxxx *[R7S]
13 The N-Coordinate is displayed as N= XXXX.xxxx *[R75)
14 The E-coordinate is displayed as E= XXXX,xxxx. *[R/S)
0/5?

Repeat step 11 until all of the offsets for this station have
been calculated. Then return to step number 8 for the next
station.

option: If a constant offset is required (3.0' to back of curb on the left
side = 18.5' left, for instance) you can set this constant at step 11 by inputing
the offset and keystroking From then on, the program will prompt STA?
after each calculation instead of 0/S? and will automatically use the offset
which was input at all stations.
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CURVE ROUTINE: To go around the curves, input the station at the beginning
of the curve (B.C. station) at step number 8, and calculate any needed offsets
as in steps 11 through 14.

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

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

is to the left, [CHS|)

[R7S]
17 R? Input the radius of the curve [R/S)
18 Output will show R = XXX.xxxx *[R/S]
19 OQutput: N= XXXX.xxxx (radius point) *[R7S)
20 Output: E= XXXX.xxxx (radius point) *[R75)
21 Qutput: DELTA = DD.mmss *[R7S)
22 Output: EC= *[R/S)
23 Output: XXX+XX.xxx *[R/S]

STA?

Return to step number 8 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., and
when it has exceeded that point reverts to calculations based on the stored
tangent bearing.

The stored bearing is modified to the bearing of the tangent ahead of the curve
as part of the routine when [J] has been stroked. This eliminates the need
for input of the E.C. station unless it is needed for the calculation of offsets.

If the plan stationing gives the B.C. and E.C. stations to the nearest 0.01°,
it is a little more accurate to use the value for the E.C. which was output
during the curve routine (nearest 0.001') to calculate the offsets at the E.C..




P-4

Alignment & Ofisets

A\

In the example below, let's assume that we need to know the coordinates of the
even stations (every 100') at centerline, and the coordinates of the right-of-way

points opposite the B.C. and E.C. stations.
to initialize the program and obtain a display of 0.0000.

as shown:
keystrokes:
(o
prompt: BEG. STA?
keystrokes:
(11 (o] [0} [0}
prompt:  COORD. N¢tE
keystrokes:
{11 (ol (0] [0] [ENTERt
(11 (a1 (0] (0]
prompt: BRG=?
keystrokes:
BIGICIM R AO]6E
prompt: Qo=?
keystrokes:
al
prompt: STA COORDS?
keystrokes:
v} [R/S)
prompt: STA?
keystrokes:
dOma (€
output: 11+80. 060
N= 1,821,877¢
E= 1,857.4112
prompt: 0/S?
keystrokes:
oo E
output:  12499.408
N= 1.163.7553

E= 1,114.8225

i ’a_aap
or
prompt: 0/S?
keystrokes:
(2[5 [ChS)
output: 0/5= -25.808¢
M= 1.178.108]
E= 1,894.3531
prompt: 0/5?
keystrokes:
2[5
output:  g/5: 25,0008
N= 1,149,4825
E= 1.135.2919

Begin with

Then proceed
ot
/“")
/g\\." ,
//*‘ 4
Es.
":,,’7/
L - )
4 s
V7 ./’, s,
e / . )J‘a
. e ’ s
8 . e y /// J€'(~_
e R = 500.00
L 8 = 1791530
P ‘.H L = 150.607
e
¥
%0
\C
At this point, since

12+00 is the B.C. of the
first curve, initiate the
curve routine with

prompt: DELTA?
keystrokes:
HIHIBINIE
prompt: R?
keystrokes:
(31 5] [@
output: R = 356.6080
N= 962.8159
E= 1.401.3943
DELTA =
220 25 @°
EC =
13436.936

ER mER

"R

h T
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Alfgnment & Offscts|a-s

prompt: STA?
keystrokes:
mEoo m
output:  13+88.600
N= 1,23¢.3775
= 1,183.0733
Prompt: 0/s?

Note: it is not a require-
ment 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:
UEGEEMN0EEE
(E]

output:  13+3€.936
N= 1,257.852¢
t= 1,213.10%¢
prompt: 0/S?
keystrokes:
(218
output:  0/8= -25.0060
N= 1,278.92¢7
E= 1,199,6543
prompt: 0/5?
keystrokes:
(2 [5]
output:  0/5= 25,8800
W= §,235.7786
E= 1,226.553¢
prompt: 0/S?
keystrokes:
O@mo m

output: 14+80. 060
W= §,291.7794
E= 1,266.2641
prompt: 0/5?
keystrokes:
OERROAEBIE
(€]
output: 14422.43¢
N=1,383.849¢
E= 1,285.1768
prompt: 0/5?
keystrokes:
| @&
output: 0/5= -235.0000
N= 1,324,924
E= 1,271,7275
prompt: 0/S?
keystrokes:
HIH
output: 0/5= 25,0086
N=1,282.7754
E= 1,298.6262
prompt: 0/S?
keystrokes:
8]
A prompt: DELTA?
keystrokes:

AnHuERE

(curve is to the left)

[RZ3]

prompt: R?
keystrokes:
(5 [0 [@

output: R = 500.0000
W= 1,725.330!
E= 1,016.1893
BELTA =
-17° 15 30*
EC =
15+73.843
prompt: STA?
keystrokes: £
(1] (5] (0] (0] [
output: 15+80. 080
N= 1.356.4709
E= 1,347.0683
prompt: 0/S?
keystrokes:
O6EDGEEDE
output: 15¢73.043
H= 1,462,627
E= 1,398.111¢
prompt: 0/S5?
keystrokes:
23
output: 0/5= -25.8040
N= |, 418.7¢3¢
E= 1,379.0150
prompt: 0/5?
keystrokes:
(2] [s]
output: 0/5= 25,680¢
M= 1,386.4937
E= 1,417.2071
prompt: 0/5?
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keystrokes:
(1l (el (o) [0} [£]
output: 16460, #oe
N=1,423.219
E= 1,415.5891
prompt: 0/8?
keystrokes:
@@ €
output:  17+g6.000

W= 1,499.60829
E= 1,480,049

In this example the coordinates of the centerline
points were output, and specific offsets were select-
ed as the calculations were made. 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. In the
example below, the offset is to be 18.50' left of
centerline equals 3.00' to the back of curb.

The coordinates of the offsets are wanted at 25'
stations from 11400 through the first curve, but
the centerline coordinates are not needed this time.

Initialize the program with [XEQ) [ALPHA] [C] [0] [ALPHA] and keystroke [D]

to call up the first prompt, BEG. STA?.

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.
st output: 11425.068 prompt: STA?
prompt: STA COORDS? 0/5= -18.506¢ .
Kevstrokes: K- 1.112.9681 || Keystrokes:
y : e= 1.05.61¢7 || (01 (2] [0 [0 [E)
[n prompt: STA? . .
prompt: STA? output: 12+84, Bue
' : keystrokes: 0/5= -12,508%
keystrokes: N= 1.174,3764
Do [E mm@@ 13 £= 1,893,675¢
output: 11450, 600 prompt: STA?
output: yy 06 600 2’9: ’}{?5339" keystrokes:
= 1,1315.85 0
prompt: 0/S? £= 1.876.9:0c || (3] (sets curve)
keystrokes: prompt: STA? prompt: DELTA?
OBEOER [Kis keystrokes: keystrokes:
output:  0s5= -18.58 | (1] (1] (71 (8] [E] RREE
Nz 1.092.4957
£= :.042.26]9 OUtDUt: 11475, 006 B m
prompt: STA? 325; 1;;:::2 prompt: R?
keystrokes: = 1,825.3223 || keystrokes:
On@ac (E (31 &l ()
10
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output: output: 12456, 008 prompt: STA?
R = 356,080 .
M= 962.8159 0/5= -1, 56 || KEYStrokes:
E= 1,461,394 Lasas |MBIERE [
E= 1.132.8¢89 ) ca
JELTA = prompt: STA? output: 13+25.hee
Eng % e keystrokes: 0/5= -18.50%¢
N= 1,266.567%
$3¢3¢.936 [I] @ [I] [g E] £= 1.192.675¢
prompt : STA? output: 12¢75.900 prompt: STA?
keystrokes: 0/5= -18.Saue ggg% g
N= 1,233.6981
D][ZHZ]E] [I] E= 1.151.5¢41
output: (225,006 prompt: STA? 13
0/5= -18. 508 keystrokes:
W= 119539 || (1) 31 01 [0 [E] output: 3303
E= 1.115.547; . 0/5= -18,50a¢
prompt: STA? output:  {3+p6, 460 :: :,573_4474
= 1,203, 1511
keystrokes: 0/8= -18, Sea¢
N= 1,250.837; prompt: STA?
[B[Z]E”p] E] €= 1,171,574

If more of the offset 1ine were wanted, simply continuing input of the new stations
would continue the calculations. The curves are input as in the first example,
after calculating the offsets to the B.C. stations as the beginning of each
curve is reached (remember to change the sign of delta on the curves to the
left).

When the program is run with a printer attached, the output in the curve areas
will have a space between the station and the offset/coordinate output, so that
the points which are radial rather than normal to the alignment can be seen
at a glance. When run without a printer, continue stroking the R/S key for
output, until the next prompt appears.

This routine can be used in any of the combinations shown; constant offset coordin-
ates can be generated with or without the centerline coordinates, varied offsets
can be calculated {including multiple offsets for each station), or just
centerline.

One quick way to run just centerline coordinates is to answer "no" to centerline
coordinates output, and then use "0" as a constant offset.

11
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The Auto-Inverse routine is a combination of the previous routines. When you
are going to do a layout, such as the alignment in the example, from a known
instrument setup and backsite location you can inverse the radial ties at the
same time that you calculate your centerline or offset points for the proposed
alignment.

It is Tess time-consuming than running the alignment coordinates and then calcu-
Tating the radial ties by any method, and certainly much better than having
to key in bearings and distances with curve data through a traverse and sideshot
program.

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.

use for input
of setup with known
coordinates of the
backsight point

RUTO-INVERSE

v

@Egjj

“i- keystroke [E] after new sta-
tion has been input

[B] for setup with
backeight porms | BB ==
BREBa |- keystroke (3 to signal that
[ =] ;'-‘g.]:gtsitozt:)ofn alncp‘:th\“v;oas the
(== == W AN ==

B =8 E L

BE228 a constant offset is set by
AR A A J stroking [F}
u‘L‘—"—_

KEYBO0OARD ASSIGNMENTS

13
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For our 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 setup position for the instrument, and C for the backsight.

Begin with qE_Q] [E)] '[0] [ACPHE], and input the coordinates at the instru-
ment point (N=1210, E=930) then select which option you want to use for the
BACKSITE? prompt input. We'll use coordinate input for the example, so:

keystrokes:

MR OO o
Bl 31 [0 /&
prompt: BACKSITE? / V
/

/

keystrokes: ADJUSTED TRAVERSE LINE ’

7/
0[50 [5) [ENTER* & /
. 1190 s,
o N /
prompt: INV ONLY?
keystrokes:

W Rz

prompt: STA INV? 500.00°

17°15'30"
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,
E] only to the offsets.
For our example, we will
say NO.

keystrokes:

M RA

prompt: BEG. STA? \

when this prompt is display-
ed, begin input of the
alignment in the same way
as for the Alignment &
Offset routine. Follow the
steps shown on 2¢1 through

2-3.

>4

14
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With the instrument and backsight information already input, as shown on the

previous page, let's do the 25' sta
first curve, as in the last example

tions at 18.5' left, from 11+00 through the
in section 2.

keystrokes: prompt: STA? output:  12480.008
) [@ [@] (0] keystrokes: :fs; ;;g;g:s
prompt:  COORD N+t | (I 215) [E) E= 1,099.6751
keystrokes: output:  11+25.008 W = 173374
MO0 @ [FNER - L112.368 a-
- 8¢ 27° S6-
ol £= 1,856.6167 orompt.: STA?
prompt: BRG=? W2 = 159.521 || keystrokes:
keystrokes: ‘:zi .2
BEE0@OE prompt: stz || 2
[®’7S] : : prompt: DELTA?
keystrokes: K kes:
prompt : Q? DIOED eystrokes:
keystrokes: 2 [J Gl R3S
: output: 11+50. 800 rompt: R?
a 0/5= -18.5000 prompt: !
. M= 1,133,437 | keystrokes:
prompt: STA COORDS? E= 1,078.9695 35
keystrokes: [R73]
. HD = 168.419 output: R = 350.0000
EB] dRT1= N= 962.8159
prompt: STA? T7® 6 56° E= 1401.3943
. prompt: STA?
keystrokes: ) Kes- BELTA =
O0oeE m eystrokes: 2 5 .
output: 11+80.,080 mm [I] L1 E] 55036.936
output:  11475.000 . ?
prompt: 0/5? - 1050 | pro':pt’ STA
. N=1,153,9070 eystrokes:
keystrokgs. £= 1.885.3223 0 21 B ©
WEGE [f ; tout
. _ WD = 165.144 output: 12425.000
output:  o/5- -18.5000 &R1=
N=1,092.4987 68% 27* 54° 0/5= -18.5000
E= 1,842,2639 Prompt : STA? #=1,195.3700
WD = 162.511 keystrokes: E= 1,115.5431
1= DEAmo E D = 186.119
94° 54 51° R1=
FLAR AN b
15
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prompt: STA? output:  13+25.000 Multiple offsets at a station,
. with inverses to the offsets,
keystrokes: 0/5= -18.5800 | and the centerline coordinates
IIHZ]E][@ [E] W= 1,266.5075 calculated, would result in
. E= 1,192.6790 output such as that below. For
output: 12430.900 multiple offsets, input them
0/5= -18.5088 2; 268.684 individually, instead of as a
g * s constant. 13+80. 600
= 1,215.177% . 4
£ 1,132,089 ¢ uea S‘m? W= 1.236. 7775
prompt: E= 1,183.4733
Wi = 282.9% keystrokes:
- 0/5= -25.0008
1=
e (|DMBGBEBHEEE W= 1,255.9176
keyStTOkes: m E= 1.167.4789
Qi & output:  13¢36.936 HD = 241,877
. 0/8= -18,5000 R1=
output:  12.75.008 W 1,273,447 7 3
0/5= -18.5080 €= 1,203.1511
K= 1,233, 6981 et
£= 1,151.5641 W = 268.42] '
4R1= E= 1198.6676
= 5 3 M
.::h 222.828 prompt: STA? ":; 268,755
‘ =
€° 30 12° If we had answered [Y] to the aqr 9 2
prompt: STA? | prompt STA INV? the output would
. inverse to the centerline and 0/8= -18.5808
keystrokes: the offset. Output at each M= 1250.8372
11 (3] o} [0] [_—E] station would be: §1+96.000 €= 1171.534
. W= 1,081.8776
output: 139060 £ 10574112 HD = 244,961
aR1=
0/5= -18.5006 N e
M= 1,250.8372 ot nrea
E= 1.171.5344 ,3; “ ¢ Unless the centerline coordin-
ates are needed for something
HD = 244,961 _ . else, or have never been calcu-
lﬂi o ::s;”;?;;,ggo lated before, it is quicker
e Q3 E= 1042.2639 to not display them by [N] at
prompt: STA? : the STA COORDS? prompt.
p
keystrokes: Hh = 162.511
g
O3EM FE e 54" SI°
16
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B Deflection & Chord |l-1

This program is designed to calculate the data needed for field layout of a
spiral curve. The type of spiral used is the BARNETT SPIRAL, (also known as

the Talbot spiral). It uses arc definition, and is the type most frequently
encountered.

This is the form of spiral used on interstate highways, and adopted by most
states which use spiral curves in their alignment design. It is also the form
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.

In this first routine, the solution is in the form of chord and deflection angle
to any point on the spiral. In addition, the angle to turn at the calculated
station to be radial to the spiral for setting offsets is output.

The nomenclature used for the spiral system and the alignment data from a typical
set of plans are shown below. Curve data input is for the whole system; The
entrance spiral is worked first, and then the exit spiral.

X
{r
/SP1
.
\‘
te
o
ST
SPIRAL SYSTEM
P T1s
ALIGNMENT DATA- &
COORDINATE S
PNt | STATION v ] . CURVE DATA sreeo
PoT | B0+4a99,49 & 9N | 30,2413 P\ STh 140+ ¥, 445
L= 1t 06 957
Ple v\ozuﬂ] okl dand bW =019 Tha = 41p 118
W18 | Petip ti0 6888 30041 MT | Ly, =168 000 Xy = 16411
z 0 X "
HER SRR 2:.::,:"’:’. % xpon K
~ cc.curve ¢4 34500651 %391%10 Re = 18460.000 ¢ = 298 997 R:;
% [ce 141+8] Bo 34199 | 90402 Boo Ly=teb oo Xsgatia ot [0 0"
6T | 1t4000n | M4sei0] 303%475)03= 9" 1 02T Vg w b0t D w 3
P10 | 191+2.019 43124 001 30,394 02 5

17£18wns As Ao 19
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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.
ST will be output by the program after calculation
have been completed.

DEFLECTION ANGLE

v
e,
@
2
0y Ts = 418.175°
e Ls = 265.000°
P \,/ 8s = 5°11'59,
- -

\\\\\\\\\\\\-solve for the

last station input

go to exit spiral

11°42'56.5" Lc
P.1. STA 140+36.445

Stationing at the CS and
s for the entrance spiral

‘(\\\\‘\\~. SOLUTION STATION

any point on spiral

EXAMPLE SPIRAL

= 22°06°55"
R = 1460.000'
Xs = 264.782'
2" Ys = 8.012'

298,537'

The keys used for this
routine are shown in the
sketch to the left.

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  instruct-
ions are shown on the
next page.

20
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Programs "SP", "STA" and "DMS" must be in the program memory before beginning.
With the calculator in user mode and sized at 050, initialize by keystroking

(S [P][ALPAR]. The program will begin the prompts for the type
of solution wanted.

1 COORD-0/S? Answer this prompt no (N

Answer this prompt no L]

Input the main P.1. station. If it is not shown on the curve
data provided it can be calculated by inputing the TS station
and adding the T distance to it. In this case, it is station

2 TAN 0/S?
3 Pl STATION?

140+36.445
“ DELTA? Input the system delta. If curve left, [CHS)
> R? Input the radius for the circular curve
512 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

?
7 STA? Input the station for which the deflection and chord are

required [E]

Output will be the chord, deflection angle and radial angle. Continue stroking
[R7S] each time if not using a printer until the prompt STA? appears.

?
LK Repeat step 7 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 (D)

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

?

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

as before, repeating step 7 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.

21
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As an example of the keystrokes used with this routine, and using the information
on page lel, in the example spiral, we will calculate the entrance and exit

spirals at even stations.

keystrokes: [xeqQ)
(aLPHA] (S] [P] [ALPHA]
prompt:  COORD-0/S?

keystrokes:

(Nl [RZS]
prompt: TAN 0/S?
keystrokes:

(N [R7S)

prompt: PI STATION?

keystrokes:
1l (@ [@ (31 6] [
ARG RS

prompt: DELTA?

keystrokes:

R EBEE
[R73)

prompt: R?
keystrokes:

(1] (41 (e] [0]
prompt: L?
keystrokes:

@EE RE)
output: L = 265.0800¢
P S¢ = 5.1199
R = 1,460, 0000

Pl =
148436, 445
CENTRRL ¢ =
22° 6* 55°
18 =
136+18.278
SC =
138+83.278

] At this point we begin to

calculate the even stations
along the entrance spiral

prompt: STA?
keystrokes:
M (3] @ el [o] [E]
output: 137+04, 889
(D = 81.738
BEFLECTION «=
8° 9 S54°
RADIRL ¢ =
98¢ 19 47°
keystrokes:
mEE 00 [E
| output: 138+08.008
i €D = 161715
I BEFLECTION «=
| 8e 48 S54°
; RABIAL ¢ =
, 91 37 49
keystrokes:
i
mBEBEMOERED
[€]
outpuls aesaom
€D = 264.902
DEFLECTION &=
1o 43 59°
RADIAL ¢ =
93¢ 27 60"

With the calculations for the
entrance spiral completed, we
can move to the exit spiral

keystroke: (0]

output: ST =
144+46.807
€s =
141+81.807
prompt: STA?
keystrokes:
a@nleiniid
@@ E
output: 141481867
€D = 264.983
DEFLECTION &=
10 43 59°
RADIAL ¢ =
: 930 27° 60"
keystrokes:
M@AEE0 E
output:  142+86.808
C) = 246.729
DEFLECTION &=
1o 30 12°
RADIAL 4 =
93° 8 25°
keystrokes:
Ne3-gE |
output: 143+00. 008
€D = 146,882
DEFLECTION &=
@ 31 5%
RADIAL ¢ =
keystrokes: ER
OO DRI
output: 144+08.000
CD = 45.807
DEFLECTION &=
8 3' 15"
RADIAL ¢ =
9° 6 29°

22
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Alignment & Offsets[a-1

With this routine, output is the coordinates along a spiral curve alignment
at any station, including the circular portion. In addition to direct output
of the centerline coordinates, the coordinates of 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.

‘"‘QQ J,——stroke (D] to begin solutions on exit spiral

/——keystroke [E] after input of station

BB = Egr\ is used to begin circular portion of
¥ the spiral system

\

\
offset left _/,_\/E
\

-~

0s

\
offset
right ~3' SOLUTION STATION

\{ any point on spiral

EXAMPLE SPIRAL
A = 22°06'55"

Ts = 418.175"' R = 1460.000'
« B 38,638,388 Ls = 265.000' Xs = 264.782°

\ 30,549.792 6s = 5°11'59.2" Y5 = 8.012'
Ny Ac = 11°42'56.5" Lc = 298.537"

P.1. STA 140+36.445

23
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With the calculator sized at 050, and with programs “SP", "STA" and "DMS" in
program memory, the program is initialized by keystroking @EQE{EJ[E]

The registers are cleared and the prompting for the type of solution
wanted will begin, as follows:

1 COORD-0/S? .

Answer this prompt yes M [BTS]
2 BRG=? :

Input the entrance tangent bearin

P 9 s [®73]

3 Qo=? Input the quadrant code for the bearing toward the P.I. of

the system 1783
4 TS N+E .

Input the north coorc?mate of the TS ENTER?

Input the east coordinate of the TS

(Answer the prompt INVERSE? no)

Input the main P.1. station. If it is not shown on the curve
data provided it can be calculated by inputing the TS station
and adding the Ts distance to it. In this case, it is station

5 PI STATION?

140+36.445
6 DELTA? Input the system delta. If curve left, [CHS]
TR Input the radius for the circular curve
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.I. station, the central angle,
and the TS and SC stations, followed by the next prompt

9 ?
STA? Input the station for which the coordinates are required 6

Output will be the station and its coordinates. Continue stroking [R/S] each
time if not using a printer until the prompt 0/S DIST? appears.

10
0/5 DIST? Any desired offsets 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 as a negative offset

11 0/S D1ST? Repeat step 10 until all of the required offsets for the station

24
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have been calculated, or return to step 9 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:

1z 0/$ DIST? Calculate the SC station last. When ready to calculate the

circular portion, keystroke K]

13 0/S DIST? Input the circular radius distance. 1f the curve is to the

left, [CHS]

Output will be the coordinates of the radius point of the circular curve. The
circular portion has a slightly different format than the spirals. The station
will be input each time, for each offset. For the centerline station coordinates,
the offset is given as 0.

14 STA? .
Input the next station

?
15 0/5 DIST? Input O for the centerline coordinates, or the offset distance.

If the offset is to the left of centerline, [CHS]

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

?
16 STA? Repeat steps 14 and 15 until all of the stations and offsets
have been calculated through the circular portion. Go to the
exit spiral by keystroking

(o]
=7
17 BRG=? Input the bearing of the exit tangent
:7
18 QD=7 Input the quadrant code for the exit tangent in the direction
toward the P.].
19 5T Mt Input the north coordinate of the ST ENTERT
Input the east coordinate of the ST

Output will be the ST and CS stations.
?
20 STA? Calculate the stations through the exit spiral, beginning
with the CS station, by repeating steps 9 and 10 until all
of the required stations and offsets have been calculated.

25
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As an example of the keystrokes used with this routine, and using the information
on page 2<1, in the example spiral, we will calculate the coordinates at even

stations.

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

for an offset at 20 feet ieft and right at one of the stations in the entrance,
circular and exit portions of the system.

keystrokes: XEQ
[ALPHA] 3] [P) [ALPHA]
prompt:  COORD-0/S?
keystrokes:
¥ [rzs
prompt: BRG=?
keystrokes:
RINCEOE
prompt: QD=?
keystrokes:
(4] [R7S]
prompt: TS NtE
keystrokes:
(31 (8] [81 [3] [8]
BIBIENE
Gl E[EeE
LBE
prompt: INVERSE?
keystrokes:
(Nl [R/S]
prompt: Pl STATION?
keystrokes:
(] (@) [0 (3] [6] [1]
(A (3] 5] [R/S]

prompt: DELTA?

|
i

I
i

keystrokes:

(22 ][0 [E
[5) (8] [R7S]

prompt: R?

1keystrokes:

m@EEm

prompt: L?
keystrokes:

26 [RE)

output:

Pl =
14843c. 445
CENTRRL ¢ =
22° & 5%°
15t415 2%
5C =
136483, 278
prompt: STA?
keystrokes:
(] (0l [0 (€]
output: 37444, 060
N = 33.714,3292
E = 38.519.5614
prompt: 0/S DIST?
We will use this station as

an example for the offsets.
For an offset left stroke [CHS]

keystrokes:

(2] [0] [chs]
output: o/ = -26. e
N = 33,787,643
E = 30,508, 955¢

prompt: 0/S DIST?

keystrokes:

output: 0-5 = 79,0640
N = 35,721.6149
A E = 38.538.2071

I prompt: 0/ DIST?
}ikeystrokes:
)
| M3 (81[0] (0] (€]
output: 136+8. 608
N = 18,867,95%4¢c
E = 39,484,543
prompt: 0/S DIST?
1 keystrokes:
OBIEEGRIEED

3 &
34,458, 6462
0/S DIST?
After calculating any needed

offsets at the SC, move to the
circular portion of the system

keystroke: a

prompt:

26
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offset left %——4\

output:  .q,09. 000

0/5 = 20, 608¢
N = 38,908,685
E = 38.473.1672

prompt: STA?
freet Tef keystrokes:
offset ifeft
{ (1] (4 (@) (@) (0]
f prompt: 0/S DIST?
“ .
A N 7/_@ g offset rignt keystrokes:
~ 7
N <0?‘ @ US]
4y output:
o PULS 4av0u.000
<. N . N = 39,004, {£5¢
“E offset right E = 30.429.6873
138+83270
838sc prompt: STA?
keystrokes:
prompt: 0/S DIST? prompt: STA? n (11 [@) (1 [0) [@)
keystrokes: keystrokes: I; prompt : 0/ DIST?
! : ?
DHEQ & fngsfoiolo ' eystrabes.
output: ;ypeu e ! prompt: 0/S DIST? 1 [
RADIUS POINT: || keystrokes: i tout
M= 39,385.6503 | ! output:
: ? (2 [o] ‘ 141+67, 099
£ 3573 | : e o sa15
prompt: STA? | output: {39400, g0 | = 30,412,127¢
. ; 0/6 = -20.0900
keystrokes | N = 36957657 ﬁ prompt ; STA?
U] @ @ @ @ = 304347171 | With  the circu!ar' portion
prompt: 0/S DIST? | prompt: STA? | completed, go to the exit spiral
keystrokes: keystrokes: | keystroke: {D]
[ NEEO w ,
output: ‘ prompt: 0/S DIST? prompt: BRG=?
;1202:233 s keystrokes: keystrokes: _
E = 36.457.9422 | [0 [R/S] fl LINEEE RE)
| !
27
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prompt: QD=2 || Since a1l of the offsets through output: 142+68. 808
keystrokes: the exit spiral work the same )
: at any station, we can use the N = 39,197,969
m m CS as the example station for £= 3@1451_343;
prompt: ST N¢E the offset calculations prompt: 0/S DIST?
keystrokes: keystrokes: keystrokes:
3 i
(3 8 [@ @ [ U@iifl [R/5) ;mm@@@ |
; ou :
(e[ [(ENTERY) PO s = onome | outputs 43ugs, oag
N = 39,176.1314
(3] [0} [3) (9] [5] €= 3.382.8737 | K = 39.297.8695
Ll s (ReS) | £ = 34.39.67%
output: prompt. O/S DIST? I prompt: OIS DIST?
o = | :
144+4¢.807 keystrokes: |.§SE::ICE;S@]@ [
s =
o | @0 g
prompt: STA? output: put: 144450, 806
¢ = .
keystrokes: 2/3 3q2?é?0:g?
* 391813779 N 39.397.8638
(EnlEmE E = 36.422.7250 £ = 36.395.8091
0@ [E prompt: 0/S DIST?
output: o\ cas
141+81.667 keystrokes:
K= 3.0 || (1114 [2] [0) (@) [E]
E = 30.482,799%4
prompt: 0/S DIST?
28
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This routine is similar to the previous one, in that it calculates the coordinates
to the solution station and offsets. [In addition, it 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+468—°7$T<l _——
1 V50T Inw ERSE )
, =E=
! QEBBBJ\
101+81827C5 [y EEa8e begin
instrument 39 BEEHE exit spiral
station 315%98 =aaa solutions
888
B=88 solution
\ S8E88 station
2883
7950 begin
8% 32/5 N \ circular
A portion
.M solution station
E or offset *
backsight 38700
—~ *T station %TOO

l

With programs "SP", "STA" and "DMS" in the program memory before beginning,
and the calculator at size 050, the program can be brought to the top of the

program memory by keystroking [XEQ) [ALPHA] [S] [P] [ALPHA]. Prompts for the type
of solution wanted will begin as follows:

! COORD-0/S?  prswer this prompt yes [v]

2 =7
BRG=? Input the entrance tangent bearing

29
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3 QD=2 Input the gquadrant code for the bearing toward the P.I. of
the system BE
4
TS Mt Input the north coordinate of the TS
Input the east coordinate of the TS [RZS]
5 INVERSE? Answer this prompt yes R7S
6 INST N+t

Input the north coordinate of the setup point

58

Input the east coordinate of the setup point

7 ?
BACKSITE? Input the north coordinate of the backsight station (ERIERD)

Input the east coordinate of the backsight station

5

8
P1 STATION? Input the main P.I. station. If it is not shown on the curve

data provided it can be calculated by inputing the TS station
and adding the Ts distance to it. In this case, it is station

140+36.445 [R7S)
9 DELTA? Input the system delta. If curve left, [CHS] RES)
10 R? Input the radius for the circular curve ®A
ho? Input the spiral length RS

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

12 ? .
STA? Input the station for which the coordinates are required 13]

Output will be the station and its coordinates. Continue stroking [R7S] each
time if not using a printer until the prompt 0/S DIST? appears.

13 i
0/ DIST? Any desired offsets 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 as a negative offset
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14 0/s DIST?

Repeat step 13 until all of the required offsets for the station
have been calculated, or return to step 12 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:

15 0/s DIST? Calculate the SC station last. When ready to calculate the

circular portion, keystroke

Input the circular radius distance. If the curve is to the

left, [E]
Output will be the coordinates of the radius point of the circular curve. The
circular portion has a slightly different format than the spirals. The station
will be input each time, for each offset. For the centerline station coordinates,
the offset is given as 0.

17 STA?

16 0/S DIST?

Input the next station

(RZS]

Input 0 for the centerline coordinates, or the offset distance.
If the offset is to the left of centerline, [CHS] [R7S]

18 0/S DIST?

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

Repeat steps 17 and 18 until all of the stations and offsets
have been calculated through the circular portion. Go to the
exit spiral by keystroking

(0]

20 =7

BRG=? Input the bearing of the exit tangent m

21 Qp=? . . . )
Input the quadrant code for the exit tangent in the direction
toward the P.1.

22 ST N4E

Input the north coordinate of the ST

Input the east coordinate of the ST

55 8

Output will be the ST and CS stations.

23 STA? . . . L
Calculate the stations through the exit spiral, beginning
with the CS station, by repeating steps 12 and 13 until all
of the required stations and offsets have been calculated.
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The keystrokes for this routine are essentially the same as the previous routine.
The difference is that we are also calculating the angle to turn and the distance
to measure to the solution station from a known instrument setup. The added
input is the coordinates of the instrument and backsight stations.

To use the offset option, and demonstrate the output, we will calculate the
coordinates for an offset at 20 feet left and right at one of the stations in
the entrance spiral and circular portions of the system.

keystrokes: (XEQ | keystrokes: outputs | o o
(ALPHA] [S] [P) [ALPHA] ¥ (9] (1] (0] [0] [ENTER® S¢ = 5.1159
—prompt+—-€0ORD-67/5% | Y BH (€] [2) [9) R = 1,460.0008
keystrokest prompt: BACKSITE? PI =
- €40+36,445
- PA-tRes keystrokes: CENTRAL 4 =
-prompt:-————BRG=>| B (0] [0] [ENTERY] 2 ¢ 55°
keystrokes: K 1] (9 (0] [0} I =
ROEEDE G36v15.270
prompt: Q0=? prompt: PI STATION? égs:sz -
keystrokes: keystrokes: "
(@ RANGEEN prompt: STA?
prompt: TS NtE E] E] @ keystrokes:
keystrokes: prompt: oeLTA? || §E (31 (71 [0l (o) [E]
BREGEGE keystrokes: Aﬂ output: 537400, 809
NE ENTER? (22 (1[0 (6] N = §3.714.3292
RBEEaEE BB RA) £ = #2.519.5814
Q@Bei@ prompt: R? HD = 399.819
prompt-— —INVERSER keystrokes: QKRT=
* 26" 24
keystrekess [1] E] @ @ prompt: 58
A prompt: L? We will use this station as
. keystrokes: an example for the offsets.
prompt: INST N¢E?
2 (6 For an offset left stroke [CHS]
32
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| Auge-Tnverse|s-s
keystrokes: output: g39+63.270 prompt: 0/S DIST?
(2] [G] [CHS) [R/3) keystrokes:
output: o5 - 299088 M= o8008 |l g
st N = §8,767.0434 E = 14586462 (CHS] [R7S]
S TN E = g 500.9556 ; output: #39+48.009
HB : 278.172 0/ = -28, 8400
HD = 412.678 ‘;}; o o N = §8.897.6583
+ R= 2 £ = §9.434.7171
60 4 18° prompt: 0/S DIST?
prompt: 0/S DIST? | After calculating any needed WD = 277.758
offsets at the SC, move to the ‘mi ez
keystrokes: circular portion of the system romot 86° 23 365TA7
A0 [R7Y) keystroke: I ) : kp ;
output: 0/5 = 20.9000 prompt:  OfS BIST? | fLYSTrOTES:
N = 38:721-3149 keystrokes: D ﬂ 31 (9] (0] (0] [R/S]
€ = B53.2071 M @60 ®5 Y o prompt: 0/s DIST?
HD = 388.212 output: CIREHAR- keystrokes:
QRI1=
560 4° 17° RADIUS POINT 120 [RFS]
prompt:  0/S DIST? N = §3.305.6513 output :639+60. 009
keystrokes: B = pubr. 3 0/5 = 28,0088
: prompt: STA? M= l;soa.sssz
- BiE 0[O [E keystrokes: E = §5.473.1672
output:g3z.e0. 069 U R RL); HD = 244.243
prompt: 0/S DIST? RT=
N = §3.807,9846 . 81° 35° 20
£ podpe5en | eystrokes: romot : )
prompt: STA?
[@ [R/S] ]
HD = 324,839 output keystrokes:
(R1= put:
680 50 22° $39+09, 008 WA OOQE RS
prompt: 0/S DIST? N = ¥5,983.1717 prompt: 0/S DIST?
E = §0,453.9422
keystrokes: keystrokes:
NEOEEDDEO mexere () BLS)
(E) 84° 9 43°
output: £49+08.000
prompt: STA? %‘ 19.868. 1655
keystrokes: E = §0,429.6873
BR300 R HD = 219.349
Rz
186° 4 42°
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output: o = prompt: 0/S DIST?
prompt: STA? 144+46.,807 keystrokes:
. s =
keystrokes: 141481.807 HA@AMOO FE
“ (4] (1] [0l [0} prompt: STA? output: 144+00.600
prompt: 0/S DIST?

: keystrokes: N = §9,397.8630
keystrokes: m @ 0 E QL E = §9,395.8093
) t BOE @ WD = 375.833

OULPUL: 441408.000 output: 1=
. . . 807 77
N = §9,898.5919 PUt: 141+81.50 185° 34- 33
€ = §8.412.1275 N = 89,179.8546 prompt:  0/S DIST?
= §6,482.7994 k trokes:
ar . BENHE
aw1= HD = 236.114
132¢ 46 24° AR1= [Z] @ II_]
'y . -
prompt: STA? prompt: '520/555 D',‘ST, output: 144+46.807
With the circular portion . -
completed, go to the exit spiral keystrokes: 'E‘ ; :z’;;;gggz
keystroke: )} ﬂ (200 [
output: 142+00.000 I‘l:; 413.823
prompt: BRG=1 N = §9.197.9891 189¢ 32° 57
keystrokes: E = §9.401.3422 | Wnhen the calculations are being
done for radial stakeout with
B m [E m IE] HD = 244.182 this program, it is possible
prompt: QD=? R1= that the whole curve cannot
. 156° 48' 42° be seen from one setup. In
keystrokes: prompt:  0/S DIST? | that event, the portion that
@ is to be sprayed in from the
keystrokes:
rompt : ST NE y ¢ first setup point should be
prompt: B3 0 E completed, and then the program
keystrokes: output: started over for the second
° 143+00.000 setup.
ROoM@AE
161 (7] [ENTERt N=§9.297.8695 [l 1f the first setup included
mm@ [ 5 € = §0,396.679 the circular portion, and the
i second setup will be in the
D@E] Hb = 382.130 exit spiral only, it is not
4RT= necessary to go through all
174¢ 3° 36 of the steps.
34
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Tangemt Offiset "4’}«»1 |

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.

————
= *—ﬂ
. TAN-0/5
The keys used for this
routine are shown in the | e |
sketch to the right. = #\
The required input is 884
prompted by the program |
solve for the =
as you proceed, and i o .
followed by stroking the last station input | (==
R/S button, except | -
after input of a new ‘—E_Bgd

station for solution.

go to exit spiral

Step-by-step  instruct- HE=E8a
ions are shown on the
next page, followed by HE B

a keystroke example.

v SOLUTION STATION
U&; any point on spiral
R, EXAMPLE SPIRAL
N3 A = 22°06°55"
v Ts = 418.175' R = 1460.000'
.- Ls = 265.000"  Xs = 264.782'
8s = 5°11'59.2" Y5 = 8.012°
Ac = 11°42'56.5" Lc = 298.537"

P.I. STA 140+36.445
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4-2 [Tangent Offset

As in the other examples, the program will begin the prompting for the type
of solution wanted when you keystroke [XEQ][ACPHA]} [S][P] [ALPHA]. Remember to
be sized at 050 and to have the utility programs "DMS" and "STA" in program
memory, as well as "SP".

1 COORD-0/S?
2 TAN 0/5?

3 PI STATION?

Answer this prompt no ®
Answer this prompt yes K| EE]

Input the main P.I. station. If it is not shown on the curve
data provided it can be calculated by inputing the TS station
and adding the Ts distance to it. In this case, it is station
140+36. 445

g

?

4 DELTA? Input the system delta. If the curve is a curve to the left,
[R7S)

5 R? Input the radius for the circular curve [RE3)
6 12 Input the spiral length ®RZ3]

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

7 STA? Input the station for which the the tangent distance and tangent

offset are required (E]

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

8 STA? Repeat step 7 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

LY Input the exit spiral stations for solution in the same manner
as before, repeating step 7 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.

36
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Offsct]4-3 |

As an example of the keystrokes used with this routine, and using the information
on page 4-1, in the example spiral, we will calculate the entrance and exit

spirals at even stations.

keystrokes: [XEQ] || At this point we begin to output: ST =
r——] [ALPHA] calculate the stations along 144+46,807
ALPHA @ ALPHA the entrance spiral. While s =

prompt:  COORD-0/S? | any station may be calculated, 141+81.807

keystrokes: we will calculate the 100 even || prompt: STA?

y ) : stations for this example .

W [R75) X sTA? keystrokes:

prompt: ?
prompt: TAN 0/5? . QI@EOlEm ]
keystrokes. I @ [E

keystrokes: m@@@ [

M [R73) output: 141+81.887
output: 137+88.000 TD = 264,782t

prompt: PI STATION? TD = 81,7294 T 0§ = -8.0119
keystrokes: Tos = 8.2352 prompt: STA?

: prompt: STA? K
eystrokes:
(131 [0) 31 (8] (1] keystrokes: ' 1
AEE w7 WO ©
mm@@@ E] - 142+08.000
prompt: DELTA? output: '
) : output: 138+60.960 TD = 246.6544
keystrokes: TD = 181.6969 T0/5 = -6.4734
T 0§ = 2.5851 prompt: STA?
(22 Lo BlE prompt: STA? K .
R/5) Kevstrokes eystrokes:
cystrokes: (1 [4] (3] [0] [0] [E]

rompt: R?

o WE)EEE R tput: 143+00.009
keystrokes: (€ o e et 295
[@E O RS tout: 10/ = -1,3629

output: [33+83,278 prompt: STA?
prompt: L? TD = 264.7818 ) )
keystrokes: T0/5 = 8.0118 keystrokes:
[E [E] [:5:] [m] With the calculations for the m m @ @ @ [E
output: L = 25.9000 entrance spiral completed, we output: (44+00.000
6= 5.1159 can move to the exit spiral 1D = 46.8072
R = 1,4686,6000 T 0/5 = -8.0442
ol = keystroke: )
140436, 445
CENTRAL ¢ =
22° 6 55
1§ =
136+18.278
SC =
138+83.278
37
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& Radial Inverse|s-1

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.

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.

The calculator should be sized at 050. If the calculator has been off, and
a printer is not attached, the numbers will 'flash' by ... in this case SF21
and proceed with the keystrokes as shown below

350
425 ~7
420 in keystrokes:
/ it 70’ {key in [®c)

sl (7]
[a) (xey in as [A))
prompt: INST NtE
keystrokes:
(1] (0] (9]
() [0] [a]
prompt: BACKSITE?
keystrokes:
(6] (0] [0]
(0]
/"’E B E =] B prompt: NtE?

// ! [ S— | 84 keystrokes:

calculate [4] [2] (5] [ENTERE
EHBIUNTY)
tput: 425.0089
outpd 359. 6680
HD = 410.830
4RT1=
initialize 39¢ 51° 33
prompt: NtE ?

39




@z[ﬁl@(ﬂi@ﬂ IversSe

keystrokes: | keystrokes:

keystrokes:

(4] (0] [0) [ENTERY] (4 (2] [5] [ENTERF] (4 [0 [0] [ENTERY]
BEO @A AE0n K @ A
output: 4gp. a0 output: 425, gaee output: oq go0e
356. 8008 426.8008 420.8008
HD = 399.512 HD = 456.898 HD = 438.63¢
4RTI= 4R1= RI=
205 46 46 56° 47° 49¢ 8" 18°
40
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[C Tepo[1-1

The easiest introduction to the use of this program group is the routine where
it is used to do a topographic survey, After input of the information needed
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 at the
shot.

If a printer is attached, the input can also be shown as part
of the output by 'toggling' between the I and J keys. This 2= 94,8235
establishes a flag status condition which prints out the stack Y= 286.5408

after input, but before beginning the calculations for the X= -5.0000
solution.

T= 127.1625

STR 8475.23
The stack-print option may only be used with a printer attached, AT 163,95 RT

or a "nonexistent" will be displayed when the program reaches ELEY = 88.44
the PRINT STACK command.

The baseline for the topo may be two points along a traverse line, or along
the existing alignment of a road or highway. The instrument and backsite do
not have to be on centerline with this program. They can be at any convenient
offset to the baseline or centerline, and they can be at different offsets,
if that is more convenient. One or the other can even be at a station or offset
in a curve (both can be if it is the same curve).

In the case of a simple baseline, assign the instrument point a station, such
as 0+00, and the backsite the station equivalent to its distance from the

instrument. The use of the station-offset output allows rapid plotting of the
topo in the office. e

keystroke [J] to enable
/SQ =a ‘l/—stack—print option

stroke [A] after input// 8889&

tﬂ | . ] l.

=Y~Y=]=) stack-print option

LBBQQ.

KEYBOARD ASSIGNMENTS

43



-2 T@L@@ @]

To begin, the calculator should contain both of the utility programs "“STA" and
“DMS", as well as “TT", and be sized at 045. Initialize the program with the

keystrokes

[[][_I[_Fﬂ\l_\'_] The program will begin with a prompt

for the station at the instrument location.

1 INST. STA.?

2 OFFSET?

3 ON CURVE?

4 B.C. STA?

5 RADIUS?

6 DELTA?

7 H.I.?

8 BKSITE STA?

3 OFFSET?

10 ON CURVE?

Input the station which (or opposite which) the instrument

occupys

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, [CAS] [/73)

This prompt will be answered NO, [N] unless the instrument
is on (or opposite) a station which is in the curve. If the
setup is in a curve, answer [Y], and answer the additional

prompts for curve data.
Enter the station at which the curve starts [R7S)
Input the radius of the curve RE5)
Input delta (DD.MMSS). If curve left, [CH3]

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 for the purpose of the particular

survey m
Input the station of the point that will be the backsight
point
Input 0 if on centerline, or the offset distance if not.
1f the offset is left, m m

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. If the

a4
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[C Topo]i-3

answer is yes, but the instrument was not on the curve, the
program will prompt for the curve data as shown above in steps

4 thru 6

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 [¥] will bring up the prompts shown at steps 4 through
6. Shots taken within the area of the curve will be shown
as radial offsets to the curve stations when output. If there

11 CURVE AREA?

is no curve area involved, answer N]
?
12 SHOW GRADE? Answer this prompt no, [N [R73)

13 INPUT SHOT* This is the prompt to begin input of the shots. Input the
horizontal angle

ENTER¢
Input the vertical (zenith) angle ENTERY
Input the measured slope distance [EEIEEI]

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 [CHS] prior to keystroking [A]
* If a printer is attached, and the print-stack option is wanted,
to record the input data @]
* You can halt the print-stack option by keystroking i

Output will be the station, offset and elevation at the shot. Return to step
13 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.

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 gets slightly Tonger when you have
passed the curve area with the shots.

45
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Cl

N57°27'15" ,As an example of how the program works, and to practice

85.50' v

27} ,Ji‘?qy /
" 777%7\% L
, '// ; . /

/ ////~ g
pa Sl

. I
350.00' 7/ //7

2°25'00" ;
/

i / /

/’f /

!

vl

]

<
/
/

rex
ity
- N

/
I
10+00 POT
INST. STA.?

prompt:
keystrokes:
(12 [0l [l [R/S)
prompt: OFFSET?
keystrokes:
(2[5 [ChS] [R73)
prompt: ON CURVE?
keystrokes:
N [R7S]
prompt:
keystrokes:

2ifel(@ R

H.I.?

* With printer attached

the keystrokes and input used, we can do part of
the little topograpic survey shown to the left.

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 about the
topography to start designing his footings.

One of the advantages of this program is that there
is no need to run a traverse just to do a topo.
Any baseline can be used, as long as it can be related
to the street for plotting. For the example we will
assume that the instrument 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.

This has us already tied to the alignment for plotting
of the topography, and we can use an assumed height
of instrument of 200. The program will number the
shots as they are taken so that the only field notes
which will be required for plotting is a list of
the shots showing what was shot.*

To begin, initialize the program with [XEQ)
L » and begin answering the prompts.

prompt: BKSITE STA? prompt: B.C. STA?
keystrokes: keystrokes:
dEoo &/ (] (2] [o] (@
prompt: OFFSET? prompt: RADIUS?
keystrokes: keystrokes:
0 (rzs) GlGEIM@
prompt: ON CURVE? prompt: DELTA?
keystrokes: keystrokes:
N R3] RARIGARE RS
prompt: CURVE AREA? prompt: SHOW GRADE?
keystrokes: keystrokes:
v] L

46
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T@g@cﬂ[ -5

prompt:  INPUT SHOT

keystrokes:
EBEONDEE
(ENTERY]
ooOmEQa
(ENTERT)
Blulnlk
[ENTER?]
] [CHS] [A)
output: 1
T= 85.1025
2= 91.1510
Y= 57.3008
X= -5,9008
STR 11+88.14
AT 81.04 LT
ELEV = 193.75

prompt: INPUT SHOT
keystrokes:
DORLAGEGIE
B 0EGE
BREMm
[ERTERY)
B [EF] (A
output: 2
T= 182,2539
2= 92.8730
Y= 63.7000
X= -5.0000
STR 12+04.70

AT 88.42 LT
ELEV = 192.64

A11 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 [J] 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 [T]. 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 stack is printed the T register contains
the horizontal angle, the 1 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 5

T= 135.1009 T= 132.5445
2= 92.3508 2= 94.3638
Y= 25.0008 Y= 92.4000
X= -5.9600 X= -5.9000
STR 12+13.64 STR 12+441.72
AT 44,97 LT AT 182,93 L7
ELEV = 193.87 ELEV = 187.58
4 6

T= 134.2630 1= 136.8250
2= 93.2000 2= 95.0248
Y= 43,6008 Y= 186.5009
X= -5.0000 ¥= -5.0000
STR 12422.52 STR 12450.63
AY 60.47 LY AT 112,37 LY
ELEY = 192.46 ELEV = 185.64
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As-builts[2-1

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 canbe 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 the
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 Jocations without having to be at an exact station where the grade
is known,

instrume . .
T/O:“,,,,;'g,,“:;x: The routine can carry one grade break or vertical

curve at a time, together with the entrance and

4 exit grades.
@ l o
2 As shown in the sketch to the left, the instrument
tangent May occupy a station that is within the area of

profile

grade the vertical curve, but the elevation which you

input when prompted PROFILE EL? will be the
elevation of the vertical tangent at the instru-
ment station, rather than the elevation on the
vertical curve.

A4
(1 ora® *

{AS-BUILTS

The keyboard assignments
are the same for this
routine as in the last

ilg:g?’ as shown to the begin solution

The input information may .
be output as part of the halt stack-print -—_‘///)

solution as before, by

switching the flag status ////
with keystrokes of

(input not printed) and enable stack-print -

[J) (input printed), when

the printer is attached.
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Cl

Begin with the calculator sized at 045 and with programs "STA", "DMS" and "TT"

1

2

10

11

INST. STA.?

OFFSET?

ON CURVE?

B.C. STA?

RADIUS?

DELTA?

H.1.?

BKSITE STA?

OFFSET?

ON CURVE?

CURVE AREA?

SHOW GRADE?

rogram memory.

i[ir]theg

To initialize the program, keystroke [XEQ]

, and the program will begin with the prompt for the setup Tocation.

Input the instrument station

If the instrument is on the centerline or baseline, enter
0. If on an offset, enter the offset distance. If offset

left, [CHS]

This prompt will be answered NO, [N] unless the instrument
is on (or opposite) a curve station. If in a curve, answer
[Y], and answer the additional prompts for curve data.

Enter the station at which the curve starts
Input the radius of the curve
Input delta (DD.MMSS). If curve left,

Input the elevation at the height of the instrument.

SEEEEE

Input the backsight station.

Input 0 if on centerline, or the offset distance if not.
If the offset is left, [CHS]

5

If the backsight station is on a curve, answer m 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.

5

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 4 through
6. If there is no curve area involved, answer @

v [r/s)

Answer this prompt yes
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[C As-buflts[3-3

13 PROFILE EL?

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 GRADE?

8 B

Input the % of grade. If negative, [CHS)

15 SPRINGLINE? Answer this prompt NO Dﬂ m

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

a vertical curve within the work area answer M

THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES:
17 BVC STA? Input the beginning station of the vertical curve
18 LENGTH? Input the length of the vertical curve [R7s)

19 GRADE 0QUT?

Input the % of grade leaving the vertical curve. If negative

b
)

0 *
20 INPUT SHOT This is the prompt to begin input of the shots. Input the

horizontal angle

ENTER¢
Input the vertical (zenith) angle ENTERT
Input the measured slope distance [m

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' rod ([CHS)
for minus rod) A

Output will be the station, offset, elevation and finished grade at the shot.
Return to step 20 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.

*1f the printer is attached, the input can be shown, when wanted, by using [I]
(not shown) and [J] (shown) keystrokes.
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This program routine is used much the same way as TOPO, and areas including
horizontal curves can be incorporated in the same way. 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
troe 11 bCc i left, and we will 'as-built' the top of curb at
e 4 eutter t the 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 1is set up at station 13+42,
| backsighting station 11400, 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 curQlfor station 13+42. We input this after the prompt PROFILE EL?.
- X ! ; : N-90~

0 ——height of instrument 89.59—— —+—— : <
e B aamantEAL R e i e ety S frommmmeneeeees 8-
- JRNY 4 \, N S N ST N JUPPPR ...
§— g— — : & : 2
§ . . ..‘L.._- ------- N o — 1 ———— P v R : .......
......... R P RS - S SO S,
R , i , 2
AN : " 5 %0
S T _.‘jsb = S A T
- S I M ,___.'fffl’.'_'.'f.*”"_'_'._.._'.'.'.'_'_'.f:.'f.'f.:'.'.'.ff_".'.'.'.'_'__'_'_"_Z'.E'.:
- i 300 V.C. i e -
T 8 A ['— T : Bl
y 7 + + : +~70~
13 +50 14 . +50 15 +50 16
For this example we will assume an H.I. 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
170°43'40" 90°05"' 20" 108.73 5.00
174°34°' 38" 89°35'25" 184.76 5.00
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To begin, initialize the program prompt: PROFILE EL? | [8] ] (3[4
with [XEQ) m 0l keystrokes:
[ALPHA], and begin answering y ) ENTER$
the prompts. BEE66 {(s] [chs] (@
prompt: INST. STA.? prompt: GRADE? | output: |
keystrokes: keystrokes: gial;‘g?i?s
MGEE &/ Q6 S RA) ELEV = 84.21
orompt: OFFSET? prompt: SPRINGLINE? GR = 84.28
keystrokes: keystrokes: prompt: INPUT SHOT
v keystrokes:
[ X i)
prompt: ON CURVE? prompt: VERT CURVE? ninjniainejy
keystrokes: keystrokes:
o 0 BE0LQED
prompt: W12 prompt: BVC STA? (ENTERY]
keystrokes: keystrokes: el (8] -] 3

: [ENTER#$]
BEEEE &y | DRO0 RA 6 i E

prompt: BKSITE STA? prompt: LENGTH? tout &

) keystrokes: output: 2
keystrokes: y ST 14+49,31
OmomO ®3 Gl@@ RA AT 17.52 LT

prompt: OFFSET? prompt:  GRADE OUT? EEE! ;48:542
keystrokes: keystrokes: prompt:  INPUT SHOT
[0 [R75) [ R keystrokes:

. 2 A1l of the required setup

prompt: ON CURVE? information has been input at m m G] [:] E [g
keystrokes: this point, and we have the | [3] [8]
IE prompt for shot input. @ @ E:l m m @ @

prompt: CURVE AREA? prompt:  INPUT SHOT

. keystrokes:

I&]ystrokes. E{[}]@Elm@ nipjosinin|
[R7S) {ENTER®]
prompt: SHOW Grape? || (31 [5] ENTERY] | (5] [cAS) (A]

keystrokes: @OEmE output: 3

v ENTER¢ STA 15¢25.93

’ AT 17.46 LT
ELEV = 85.91
GR = 85.91
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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 dore, 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 usful 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 {a minus sign indicates
that the point is closer to centerline) to go 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
left shows the keyboard
assignments used with the
slope staking procedure.

stroke [B] after shot SLQPES’,TP,KE
input to begin slope T—

stake solution — -
use [C] to change POVT
input as needed E\V’B,B

keystroke [T] to halt l
stack-print option [

stroke to enably(
stack-print option

all other commands are

accomplished with the 1
73] key —— ||

Each time [B] is stroked,
the half-width is dis-
played. The displaywill
show W/2=0.00 the first
time, and the correct
distance is input,
followed by [R/S). In
the same manner, the
original slope ratio will
be displayed as SR=0:1
and the correct ratio is
input. These may be
changed at any time, by
inputing a new value when
they are displayed.
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C]

To begin, the calculator should be sized at 045 and have the programs "TT",
“STA" and “DMS" in the program memory. Initialize the program by keystroking

[XEQ) [ALPHA] [T] [T} [ALPHA] to display the first prompt.

1 INST. STA.? Input the instrument station

2 OQFFSET?

left, [CHS)

3 ON CURVE?

(RS}

If the instrument is on the centerline or baseline, enter

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

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 for curve data.

4 B.C. STA? Enter the station at which the curve starts
5 RADIUS? Input the radius of the curve

6 DELTA? Input delta (DD.MMSS). If curve left, [CHS]
7 H.I.?

8 BKSITE STA? Input the backsight station.

9 OFFSET?
If the offset is left, [CHS]
10 ON CURVE?

Input the elevation at the height of the instrument.

If the backsight station is on a curve, answer [Y].

5886 EE

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

5

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.

11 CURVE AREA?

This prompt will appear when neither the

5

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 ste
6. If there is no curve area involved, answer

12 SHOM GRADE? o\ c or this prompt yes

ﬁ 4 th rough

¥} [Rzs]




| —— A ——— A —— —— | L — .

|C Remotse Slops @@@kﬁmlgas

6(,),\1 ~ 7 -
o .

13 PROFILE-EEY 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 GRADE? Input the percent of grade. If negative, [THS]

15 SPRINGLINE? Answer this prompt NO M [RF3]

?

16 VERT CURVE? If the grade is a straight slope, answer [N]. If there is
a vertical curve within the work area answer [Y] [R7S)

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

17 BYC STA? Input the beginning station of the vertical curve

18 LENGTH?

Input the length of the vertical curve. In the case of a
grade-break instead of a vertical curve, input 0 [R7S)

19 GRADE OUT? Input the Eercent of grade leaving the vertical curve. If

negative,

R73)
- This is the prompt to begin input of the shot information.
- v <
t(ﬁ BD VD A “Input the horizontal angle P /A\_\\ FERTERT =
,anut, the xm}—(—tmtw } v o TR
o ' o
Input the rod reading. EH&EE for 'minus'“(nonnﬂ)‘ rod B
21 W/2= 0.00 Input the correct half-width value, if different from the
value which is displayed R75)
22 SR=0:1

Input the correct slope ratio value, if different from the
value displayed [E]

the display will now give the distance to the catch point. If the distance
is considered to be within acceptable tolerance, . or if it is not, return
to step 20 and input the next trial shot information.

23 To change the POVT value, input the new elevation H ﬂ'
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For the keystroke procedure example, we can assume the same setup and alignment
conditions as we had on pages 50 and 51, 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"_#'-01

3 . '

n| == e C U T S e 2o
/ S ' L)) Smmnaas:
TYPICAL FILL SECTION 4 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 inputing the other number and
keystroking /{/ The half-width and the slope ratio also change, and these
can be changed be inputing the new number when they are displayed.

To begin, with the calculator prompt: ON CURVE? prompt: OFFSET?

sized at 045, initialize the . .

program with [REQ) keystrokes: keystrokes:

[ALPHA] , and begin answering  [N] (0]

the prompts. prompt: H.I.? prompt:  ON CURVE?
prompt: INST. STA.? keystrokes: keystrokes:

keystrokes: QOEGE & 0

WM E ks prompt: BKSITE STA? prompt: CURVE AREA?
prompt: OFFSET? keystrokes: keystrokes:

keystrokes: DNQO R L)

@ Rl
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prompt: SHOW GRADE?
keystrokes:
Y [R7s]

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:
E@EOGEE RE
prompt: GRADE?
keystrokes:
WG Chs) R7S)
prompt: SPRINGLINE?
keystrokes:
(N [RS]
prompt: VERT CURVE?
keystrokes:
0 [R7s
prompt: BVC STA?
keystrokes:
Q@6 0@ Rz
prompt: LENGTH?
keystrokes:
BININNIES;
prompt:  GRADE QUT?
keystrokes:

(4 RA)

The required input information
has been completed, and we take
a shot. We will use the
following data for the keystroke
example:

horizontal angle = 158°22'%55"
vertical angle = 92°49'(Q5"
slope distance = 115.74*
the prism is at 5.00'

prompt: INPUT SHOT
keystrokes:
AEEDRE
(8] 5] (ENTERY]
DEAEOMEE
(0 (3] (ENTER4)
naraluio)

(ENTERY]

(5] [Cus) (8]

display: W/2= 0.00
keystrokes:
BIGNTS

display: SR= 0:1
keystrokes:
(3] [R73)

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
stope is ‘up' toward centerline,
move in and up. Assume the
following data:

horizontal angle = 160°11'30"
vertical angle = 92°02'15"
stope distance = 113.87'
the rod, again is at 5.00°

keystrokes:
MdOmomm
(ENTERY]
D20 E
(ENTERY]
LAOGEHEE
(8] [cHs) (B
display: W/2= 26.00
keystrokes:
(R/S]
display: SR= 3:1
keystrokes:
(R/3)
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
FILL 4.2

AT 12.7
STA 14+449.06
AT 38.56 LT
ELEV = 89.54
GR = 84,76
The next example will be in
a ‘'cut' portion of the align-
ment, and we'll use this data:

output:

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.
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keystrokes:
EBROEE @
prompt:  INPUT SHOT
keystrokes:
NERORZ A
(ENTERY]
BOHEaEMA
[ENTERY]
NEEEHEaM

ENTER+
5] (cH3) [B)
display: W/2= 26.00
keystrokes:

B0 [RA]

display: SR= 3:1
keystrokes:
OEE RE
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*
vertical angle = 87°24'00"
slope distance = 188.24°'
the rod, again is at 5.00'

keystrokes:
noEOOnNmEE
(ENTER?]
BIEZCORA
[ENTERY
QEEHEE
[ENTER?

5 [cas) [8]
display: W/2= 30.00

keystrokes:

[R/S]
display: SR= 1.50:
keystrokes:

[RZ3]
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 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

output:  (ur 8.9
AT 13.4
STR 15+24.98
AT 43.34 RT
ELEY = 93.13

GR = 84.23
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This section of programs originated as a program for tight-checking, and is
capable of carrying both a horizontal curve and a vertical curve alignment at
the same time.

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 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.

& stroke [A] after shot TIGKRTS

\& 1 input to begin slope 1 GHT
oreak CROWN stake solution

averbrea

5 s ““eeeae

" —_—
g ol keystroke [T] to halt , 88 =
N —SPRINGLINE— - - —— stack-print option I
excavation pay )ine—ed a BE

trok t ble the

: Sk p it eptron e Moo
jo—— RIB as ac

CENTERL INE

(=] ii;fa (=]
all other commands are
accomplished with the 58 &'=3
mvm\ (R75] key ———— L"

l——nugn -9 0'——4

L ..

TYPiICAL TUNNEL SEcCTiIon

&-0— 4

The typical section shown above gives the basic nomenclature of the tunnel,
and the dimensions which will be used for the keystroke example. The keystrokes
used for this routine are also shown above, and input is the same as in the
pProvious 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. 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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Begin with the calculator sized at 045, with programs "TT", "“STA" and "“DMS"
in the program memory. The prompting will begin when you initialize with the

keystrokes [XEQ]

1

INST. STA.?

Input the instrument station &3

2 OFFSET? If the instrument is on centerline, enter 0. If on an offset,
enter the offset distance. If the offset is left of centerline,
[Rzs]
3 ON CURvE? This prompt will be answered NO, [N] unless the instrument
is on (or opposite) a curve station. If in a curve, answer
[Y], and answer the additional prompts for curve data. [RZS)
¢ B.C. STA? Enter the station at which the curve starts
?
5 RADIUS? Input the radius of the curve
?
6 DELTA? Input delta (DD.MMSS). If curve left, [CHS)
?

7 HL3 Input _the elevation at the height of the instrument.
8 BKSITE STA? Input the backsight station. (R3]
9 OFFSET? Input 0 if on centerline, or the offset distance if not.
If the offset is left, [CHS]
10 ON CURVE? If the backsight station is on a curve, answer m. 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. R73)
11 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 4 through

6. If there is no curve area involved, answer [%]
12 SHOW GRADE? Answer this prompt yes m
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13 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.
14 GRADE? Input the percent of grade. If negative, [CHS]
s SPRINGLINE? 4 o this prompt YES 0

?
16 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

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

a vertical curve within the work area answer M
THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES:
18 BVC STA? Input the beginning station of the vertical curve
19 LENGTH? Input the length of the vertical curve. In the case of a
grade-break instead of a vertical curve, input 0
20 GRADE QUT?

-

Input the percent of grade leaving the vertical curve. |
negative, hﬁ] [

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

&

21 INPUT SHOT

Input the horizontal angle ENTER®
Input the vertical (zenith) angle [ENTERY]
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

&

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 21 for the
next shot.

63




[4-4 "Tmmm@ﬂ Tights @

For the keystroke example, we will use the dimensions of the tunnel shown in
the section on page 61, and the profile information shown below. For the
horizontal 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"

; height of instrument 105.4:3 . : .
..... eeeae [ SR . : :
. [] » H .
..... —r et ML Foommene ‘ :
/AR \ Rieeeamenaenne SR S 4
AN . \ W S S
100 =2.0g+ o
...-.._8-..--__. ..... g'-...-....h ............ dor o
e oo B e e T
[ve) o E
.—...-.8_......—......? ..... :
95 —3 = '
3 . B [, ebe : ——ha
+50 10 +50 l& +50 12 +50

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.I. 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, and programs “TT", “STA" and “DMS" in the
progam memory, you can begin once the setup and backsight points are known.
Keystroke [XEQ] [ALPHA] [T] [T] [ALPHA] to begin the prompt sequence.

prompt: INST., STA.? prompt: H.I. =2 prompt: ON CURVE?
keystrokes: keystrokes: keystrokes:
OEE RE DoEHEE (N [RZS]

prompt: OFFSET? prompt: BKSITE STA? prompt: CURVE AREA?
keystrokes: keystrokes: keystrokes:
[0 (0l [0 v [Rz3)

prompt: ON CURVE? prompt: OFFSET? prompt: B.C. STA?
keystrokes: keystrokes: keystrokes:
(N [R7S) @ Q0 EEnl

R73)
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prompt: RADIUS? || at 9+50 is 100.27, and prompt: VERT CURVE?
. springline is 9' higher, so .
keystrokes: the grade to input is 109.27 keystrokes:
njujolulis eystrokes: ]
prompt: DELTA? m @ @ D @ [E] prompt: BVC STA?
keystrokes: prompt: GRADE? keystrokes:
A@BOTEEE@ || eystrokes: ululojogus
2 prompt: LENGTH?
prompt: SHOW GRADE? prompt: SPRINGLINE? keystrokes:
keystrokes: keystrokes: ¢.f:i e D@ R
¥ R7S) Y] [RZS) FEade prompt:  GRADE OUT?
prompt: PROFILE EL? prompt: HELGHTT keystrokes:
For tight-checking you will keystrokes: ro-ae T 3
always use the SPRINGLINE rompt : INPUT SHOT
elevation for input at this || [9] prompt:
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

Input of these, following the 0 with [A] we get the output shown STA 9482, 14
to the right, indicating that the point is tight by half a foot, AT 6.58 LT
since the radius should be 8'. The spot is marked with a dot ELEV = 112.39
of paint, and we begin taking shots around it, looking for the GR = 99.63
outltine of “0" tight, so that we can paint it. RAD. = 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 Angl

e = 77°29'30"
Slope Distance = 30.9' and the Rod = 0
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keystrokes: The keystrokes to the left are typical for input
f he sh hi k 1 i
DEEOIIm (t)igr?:sy. of the shots which are taken for locating
Additional shots, with their stack-print input, which
@ HREEG are relative to this particular area are shown below.
ENTER When the shots are taken on the rib, the distance
left or right of the centerline (the offset distance)
%@ Lo is used to determine whether or not the area is tight.
output: "~ In common practice the whole perimeter of the tight
put: area is painted, like a contour line of "0" tight,
STR 9+79.38 and at least one or two spots on the tight are painted
‘E" 7'?13 12 to show the depth of material to be removed. It
G;EY ;9 Y is generally better to paint a little "loose", that
;“n .~?98 is, a little more than necessary, to insure that
o the whole tight is removed in one shot.
1= 170.2919 = 166.2115 T= 167.3740 = 163,9218 T= 162.2645
= 735.1820 2= 87,4815 2= 88.3155 = 98,2710 2= 79.2509
Y= 35.5000 Y= 34.2008 Y= 35.9660 = 28,9880 Y= 26.8088
X= 9.6008 X= 0.0000 %= 6.6000 X= 0.0004 X= 8.0809
STR 9+83.87 STR 9+83.21 STR 9+84.59 STA 9477.76 STR 9+75.12
AT 5.68 LT AT 8.86 LT AT 2.59 LT AT 8.83 LT Ay 7,95 LT
ELEY = 114.44 ELEY = 106.82 ELEY = 111.34 ELEV = 105.20 ELEY = 118.35
GR = 99.39 R = 99.61 GR = 99.58 GR = 99.71 R = 99,77
RAD. = 8.15 RAD. = 8.08 RAD. = 8.11
Ny ,; !
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D Triangle @@ﬂ@@ﬁ@@@lﬂ, -1

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 ¢ 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 can 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 in 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 designations
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 utility program "DMS" must be
in the program memory if the program is being used with a printer attached.

Bring the program to the top of program memory by keystroking [XEQ] [ALPHA] [T}
[R] [(ALPHA] , after which the keystrokes are as shown for each of the solution
types. It is not necessary to re-enter the program for each triangle solution
and each solution of additional triangles may be calculated by simply starting
with the keystrokes to input the next problem.
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1-2 ][Tﬁ-ﬁ@mﬂ@ Selutions

D

S-1, S-2, S-3 THREE SIDES KNOWN:

1 Input the length of side one

2 Input the length of side two

3 Input the length of side three
EXAMPLE keystrokes:

(8] (2] [-] (e (8] ENTER?
NOECMEEIE
Q@G EBIGE (Al

A-3, S-1, A-1 TWO ANGLES AND THE INCLUDED SIDE:

1 Input the value for angle three (D.MMSS)

2 Input the length of side one

3 Input the value of angle one (D.MMSS)

EXAMPLE keystrokes:
(el (81 [ (21 [0l [2] [2] NTER®
(812 [ el 5] ENTER?
(el (81 (131 (6] (31 (8]

ENTERt
ENTER?

(&]
output:

$-1 = 82.658
al=

68¢ 36' 29.9°
§-2 = 115.458
2=

42¢ 3 7.8
§-3 = 114.893
1=

69¢ 28* 22.3°

area = 4,442,681

]
output:

82.650

5-1
-1
68° 3o' 36.0°
s-2 = 115,458
@2 -

° 3 8.0
s-3 = 114,893
a-3

69

¢ 28 22.0°

area = 4,442,595

70
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]_D Triangle @@ﬂm@ﬁ@mgﬂ -3

S-1, A-1, A-2 ONE SIDE AND THE TWO FOLLOWING ANGLES KNOWN:

1 Input the length of side one

2 Input the value of angle one {D.MMSS)
3 Input the value of angle two (D.MMSS)
EXAMPLE keystrokes:

BROBEE
EBEGOGEG
: e HEOOED [

S-1, A-1, S-2 TWO SIDES AND THE INCLUDED ANGLE KNOWN:

ENTER$
ENTER¢
[c]

output:

s-3 = 114,893
a-3 =
69° 28" 22.8°

area = 4,442,595

1 Input the length of side one ENTERT
2 Input the value for angle one (D.MMSS) ENTER?
3 Input the length of side two (5]
EXAMPLE keystrokes: output:
S-1 = 82,650
Al =
B2 & [e] [5] ENTER+ 68° 36 Jo.e-
@ E] B] ]E ENTERY S‘g = 115,458
ad =
DEMLEBEE (o] e
s-3 = 114,892
a3 =
69° 20 22.2-
area = 4,442,681
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-4 l[‘i?zfﬁ@mﬂ@ Selutiecms D

S-1, S-2, A-2 TWO SIDES AND THE FOLLOWING ANGLE KNOWN: There are two possible
solutions for a triangle with this configuration of known parts, and both
solutions are output.

1 Input the length of side one ENTERT
2 Input the length of side two ENTERT
3 Input the value for angle two (D.MMSS) 3]
. output:
keyStrOKes' “rsgp:‘o[u“on: second solution
RE6EE §-1 = 82,658 s-: = 115.458
- -1 = a1l =
ENTERY) "0 36 2000 420 3 8.0
OmELEE(E .
§-2 = 115.45¢ $-2 = 56,370
Lﬂﬂﬂ f-2 = 2=
mmm@m@@ 42° 3 8.0° 118° 39 37.2°

[E s-3 = 114,893 §-3 = 82.650
-3 = 3=
69¢ 29° 22.8° 27¢ 17 14.8°

area = 4,442,595 area = 2,187.42¢
AREA, S-1, A-1 THE AREA, ONE SIDE AND THE ADJACENT ANGLE KNOWN:

1 Input the area ENTERT
2 Input the length of side one ENTER®
3 Input the value of angle one (D.MMSS) [
EXAMPLE keystrokes: output:
$-1 = 114,893
Al =
69¢ 28" 22.8°
(M@ [TE [0 1] [ENTER: .
§-C = .
DO@EE 6 E ENTER® a-2=3 s
68¢ 3o 38.0°
2 00E (2 ’
- s-3 = 115.453
114.893 PRI
AREA = 4,442.6010° ° 3 8.0
ARER = 4,442,601
12
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D Triangle @@Hm@ﬁ@m{ﬂ -5

AREA, S-1, S-2 THE AREA, AND TWO SIDES KNOWN:

1 Input the area ENTER
2 Input the length of side one
3 Input the length of side two 3]
EXAMPLE keystrokes: output:
S-1 = 114,893
-l =
690 20° 22.3
AAREZNE DO
8 §-2 = 82.658
e Dn@OE@mE 2=
& 68 36' 29.9°
B 20650 (&)
g s-3 = 115.45¢
\l.ﬂ‘n al=
AREA = 4,442.601c° 42° 3 2.8°
AREA = 4,442,681

When the printer is attached, the output is as shown in the above examples.
The known information is printed in capital letters and the calculated are in

lower case.

There is no solution for a case of three angles known, because this produces
an infinite number of similar triangles. At least one side must be known in
addition to the angles in order to arrive at a solution for the triangle.
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PROGRAMMING ON CARDS $8.50

TO SAVE YOURSELF THE TIME INVOLVED IN TYPING
IN THE PROGRAM STEPS, AND TO INSURE THAT THE
PROGRAMS WILL WORK PROPERLY, SEND 20 BLANK
CARDS AND A SELF-ADDRESSED STAMPED ENVELOPE
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 CAN BE
INSERTED DIRECTLY INTO YOUR BOOK.

o land survey&
DﬂZﬂm development
P. 0. BOX 1370 « PACIFICA, CA 94044
' (415] 355-8942
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i The Program mﬁ@@ﬁm@l

This solutions book is intended to help in the calculations of required field
information. In order to best accomplish this aim, it is important that the program
steps be keyed in properly.

KEYING IN A PROGRAM

1. Before beginning to key the program steps into the calculator, keystroke
[shift] [CTO] [-] [:] to prepare the calculator for the new program.
Set the calculator to program mode by pressing the [PRTHM] key.

2. LABELS are marked with a diamond (e) as a visulal aid. When keying
in the program ignore the diamond, and key in LBL by keystroking [shift]
[CBL] (the STO button), followed by either the lable number of v

the lable name [ACPHA]

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

L Functions which do not appear. on the keyboard may be keyed into the
program by stroking [ALFHA], spelling out the function, and again
stroking [ALPHA]. The character & in the listing is the [X] button (to
multiply) and the character printed as / is the divide button.

UTILITY PROGRAMS

The program listings on page 76 are subroutines which are used by the other
programs. These subroutines must be in the program memory in order for the
other programs to work properly. In addition, the program listed below must
be in program memory if the programs are being used in a calculator which
does not contain a Hewlett-Packard Survey Pac module.

@1eLBL "AZ- 15 R-D
82 “BRG=?" 16 *

83 PRONPT 17 XOY
84 “Q=7" 18 LASTX
#5 PROMFT 19 *

86 XOY 20 C05
87 HR 21 Rt

88 XOY 22 %

89 ENTERt 23 -

18 ENTER? 24 FS? 18
12 25 RIN
12 / 26 WS
13 INT 27 RN
14 PI 28 LEND.

75
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BleLBL “STA"
B2 10 27
93 1

B4 -

85 ENTER?
96 ENTER?
@7 INT

83 vy

9% FRT
CREN
1+

12 CLA

13 =+

14 RSTD 28
15 CLA

16 "2

17 R370 29
18 CLR

19 CF 29
28 FI% 8
21 RRCL Y
22 RRCL 28
21 18

24 577

25 ARCL 29
26 FIN

27 Fl 3
28 PRIL ¥
29 AVIEN
36 5F 29
31 RCL 27
R FIN
330LBL -DM5*
34 §T0 23
35 KON

36 STi 24
37 DN

38 51025
19 RN

49 STO 26
41 RN

42 ENTER?

When executed "STA™ will
change the output form
to XXX+XX.xxx, the form
which is normally used
by surveyors.

When used with a printer
attached, “DMS® changes
the output of angles to
the form DD°*MM'SS", as
a way to distinguish the
angle as degrees minutes
and seconds, rather than
decimal degrees.

41
44
45
4
47
48
49
56
54
52
53
54
55
56
i
5%
59
6d
61
62
63
44
£5
66
67
62
69
°

7t
72
73
74
7%

~r

[47]
-

73
79
8@
81

83
24

IRT

LF 29
FiZ @
T
ICL

¥

HES
ST0 22
3
SEPCOL
3
HECOL
Y
RCCOL
RCCOL
6
RECOL
SKPCOL
koL 22
INT
REY

bR
RCCHR-
FoL 22
FRC
186

¥

Fix
HEE

L
HiCHR-
FREUF
RCL 26
kCL 29
kCL 24
RCL 23
FIx 4
SF 29
FTH
END

-1

“ N\
r . - N ']
B 1 L ‘f"‘
Y
:- _ Ve -
40
_ ! \[/
J e .
1. L. .
i < L B
-4 / U /7
!
Pas
T -
G NN
A - s
AT
N
[ N
i
- -
Y oNoiE
output as written will
give the answer to the
nearest 0.1" of angle.
If the nearest second of
angle is all that will
be required, delete step
number 72,
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81eLBL ~LO" initiate program, set flags 36 RST0 Y

82 CLRG to correct status 37 ROFF

83 CF 98 38 x=y? 1f the answer to the inverse
64 5 1 B9 CF B oy et e
85 CF 86 48 RTN wanted. inverses centerline
86 CF 97 41eLBL 86 if flag 04 is clear.

87 [t @9 42 FS57 89

8g CF 11 41 RTK

09 CF @2 44 RCL 82

18 CF 8e 45 RTN

11 CF 85 “.LBL c inverse routine for input with
12 CF 18 47 ST0O 86 backsite coordinates known.
13 55 83 48 RIH

14 SF 21 49 S70 85

15 5F 84 58 “BACKSITE?-

16 FIx 4 91 PROMPT input of north [ENTER] & east
1? CU: 52 RCL 96 coordinate for inverse routine
18 PTN 53 - backsite setup.

19¢LBL 81 set registers for ALPHA re- 54 KOy

28 ~v- sponse status question 55 RCL 85

21 ASTO X % -

22 AN 5 K-P

23 "INV, ONLY?" question on inverse to coordi- S8 CL¥

24 PROMPT nate anput only, or to output §9 ¥{}Y back aumutﬁ calcutated for
25 A3T0 Y of station-offset routine. 68 (@ 1nverse routine.

26 ADFF 61 364

27 ¥=Y? 62 +

28 SF 86 controts prompts for inverse 63 HMS

29 F37 8¢ only routine (answer Y to the §4 STD @1

18 GTG 17 question above sets flag 06) 65 SF @7

31 -y 66 YEO 81

32 ASTO X 67 610D

33 AON 68¢LEL B

34 -STR INY?- 69 ST0 86

35 PROMPTY 78 RIN

77
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71 STO 85 inverse routine with backsight

72 XEQ °*AZ* bearing known.

73 ST0 01

74 SF @7 will inverse when flag 07 is

75 XEQ @l set.

;g’Lthn STR? alignment routine input.

78 PRQH&T . sets beginning station.

79 STO @3

88 -COORD. NfE-

81 PROMPT

82 STO 68 beginning coordinates stored.

83 RDN

84 STO 87

32 ésg .22- converts tangent bearing to
8 azimuth and stores for use in

87 ;;' the alignment routine.

88 ASTO X

89 AN

9@ “STA COORDS?-

91 PROMPT status question for the output

92 FSTO Y of the centerline coordinates

93 AGFF

94 X=Y?

95 CF 83 retards the display of coord-

96 =STA?" inates on centerline when set.

97 PROMPT

98¢LBL E calculate coordinates for the

99 ST0H 26 solution station 1nput.

160 FS? 68

181 GT0 @2

182¢L8. 14

163 FS? @7

184 SF 11

185 FS™ 04

106 CF 11

187 CF @85

16¢ ADY

189 XEQ =STA- sub-routine changes X register

110 FI¥ 4 number to XXX+XX.xxx output

111 RCL 03
12 -

113 RCL 08
114 WP

115 %Y
116 P-R
117 RCL 87
118 +

19 XY
128 RCL 88
121 +

122 £5? 83
123 GTO 04
124 XEQ 98
1256LBL 04
126 FC? 03
127 ADY
128 STO 18
129 X¢)
138 STO 89
131 %OY
132 F5? 84
133 CT0 63
134 F37 07
135 XE6 A
136eLBL 03
137 RCL 08
138 R

139 99

148 FS? 85
141 CHS
142 +

143 F3 89
144 STC 17
145 087"
146 FS7 89
147 “R>-
146 FC7 01
149 GTG 17
156 FS? 89

output coordinates subroutine.

calculates inverse to coordi-
nates in X/Y registers,
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151 GT0 17
192¢LBL 18
153 FS? @9
154 ST0 04
159 FS7 81
156 XEQ 86
197 =0/5= -
158 F5? 89
159 “f = -
168 ARCL X
161 AVIEN
162 P-R
161 RCL @9
164 +

165 FS7 @9
166 STO @9
167 X1>Y
168 RCL 18
169 +

178 FS” 89
171 STO 18
172 XE@ 98
173 ADY
174 F5° @9
175 RTH
176 F5? @7
177 XEQ A
178 FS? 01
179 GT0 16
188 GT0 03
181 RTN
182¢LBL 17
183 FS? 86
184 =Nt E-
185 PROMPT
186 610 18
187 RTN
188418 F
189 SF @1
198 ST0 @2

constant offset vs being used.

label offset or radius.

output of coordinates.

inverse to X/Y register coords

input of known coordinates for
solution,

191 GT0 83
192 RTN
193¢LBL A
194 F5? 86
195 ADY
196 FS? @6
197 XEQ 98
198 FS? 86
199 ADY
208 RCL 86
201 -

282 XOY
203 RCL 85
284 -

285 R-P
206 F1¥ 3
207 “HR =
268 RARCL X
289 AVIEW
218 CLY,
211 X0y
212 %@a?
213 360
214 +

215 §70 1t
216 ENTERt
217 ENTERt
218 94

219 /

220 1

221 +

222 INT
222 570 12
224 2

225 /

226 INT
227 188
228

229 -

238 ARS

inverse to coordinates in the
X/Y reqisters; output is the
angle right from the backsight
and the distance to the point
from the instrument location.

output inversed distance.

calculate horizontal angle to
solution station or point from
the backsight azimuth.
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231 WG
232 FIX 4
233 RCL 12
234 RCL 11
235 RCL 61
236 KR

237 -

238 ENTERt
239 CLY
248 XOY
241 X<(@?
242 Jod
247 +

244 HMS
245 “(RT="
246 FC? 59
247 ARCL X
248 AVIEMW
249 FS? 55
250 XEd DM5"
251 AV
252 FS7C 11
253 GT0 83
254 FS? 68
259 GT0 12
256 F5? 81
257 GT0 16
258 GT0 83
259 RIN
260eLBL J
261 SF @9
262 RDY
263 RCL 28
264 S10 15
265 "DELTA?"
266 PROMPT
267 ST0 14
268 X@?
269 SF 85
276 ¥EQ 83

output horizontal angle right.

changes the X-register angle
to the form DD°MM'SS™.

signals beginning of curve 1n
the alignment.

prompt for central angle of
the curve.

flag 05 is set when A is neg-
ative (indicates curve left}.

271 RCL 14

272 RCL 08

273 HAS+

274 8

275 XOY

276 X(@?

277 368

278 HMS+

279 ST0 68

286 RCL 14

281 °DELTA == output central angle.
282 FC? 35

283 ARCL X

284 AVIEN A (OD.mmss)

285 F§7 55

286 YEQ "DHS™ subroutine for DD°MM'SS™ form.
287 HR

288 ARS

289 KCL 84

290 * calculate curve data.
291 PI

292 »

293 168

294 /

295 STO 18

296 RCL 13

297 +

298 STO 16

299 RCL 14

308 HR

361 RCL 18

382 / calculate £ = L/A .
383 ST0 19

384 RCL 16

305 “EC =" station at end of curve output
3086 AVIEN

387 XEQ “STR" print in XxX+xX.xxx form.
308 FIX 4

389 RCL 17

310 188
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3t - 351eLBL 02 ending loop for fixed offset
312 RCL 14 calculate radial from radius 392 RCL 20 nPut on curved ares.
313 HR point for offset calculation, 353 RCL 83
314 4+ 354 X(=y?
315 8 355 CF o8
316 XY 356 RDM
317 %@? 357 FC? @8
318 368 358 GT0 18
319 + 359 SF o8
320 RCL @4 360 Ay
321 P-p 361 XEQ -STA"
322 RCL 089 362 FIX 4
323 + 363 RCL 15
324 ST0 @7 364 -
325 ¥y 365 RCL 19
326 RCL 19 366
327 + 367 RCL 17
328 ST0 @8 368 188
329 CF 89 369 - |
330 SF g 370 + i
331 RCL 16 i e
332 ST0 @3 372 XG0y
333 610 16 373 %{Y?
334 RN 374 360
335.[9[_ 15 Output of coordinates, 375 +
336 CF 09 376 ST0 21
337 "H= - 377 RCL 04 :
338 ARCL ¥ 378 FC7 @@
339 FC7 03 379 GT0 12
340 AVIEN 380eLBL 13 output coordinates - 02 ang
341 °F= - 381 P-p 12 Tabel subroutine.
342 ARCL ¥ 382 RCL @9
343 FC7 03 383 +
344 AVIEN 384 xOOY 3
345 ADY 385 RCL 10 :
346 FC? 87 386 +
347 610 12 387 F3> 99 i
348 FC7 04 388 GT0 15
349 XEQ R inverse to coordinates in the 389 YEQ 98
356 GT0 12 MY registers. 398 ADv
81




391 57 87
392 XE@ A
393eL8L 12
394 FS? 82
395 GT0 16
396 FS? 81
397 SF 82
398 RCL 21
399 =0/87"
488 FC? 81
481 PROMPT
482 FS? 61
403 RCL 82
404 -0/5= *
485 ARCL X
486 AVIEKW
487 FC7 85
488 CHS

offset subroutines 1n curved

alignment area.

489 RCL 04
410 +

411 XEQ 13
412 GT0 12
413 RN
414¢LBL 16
415 CF 82
416 -STA?-
417 PROWPT
418 RTN
419+LBL 98
420 "H= *
421 ARCL Y
422 AVIEN
423 k= -
424 ARCL X
425 AVIENW
426 RN

output coordinates.
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BleLBL *5P-

2
83
84
@
e
87
G
B9
10
1
12
13
14
15
16
17
18
19
20
21
2
2]
24
29
26
27
28
29
38
3
32
33
34
33

(F 8z
& 21
27
CLFG
Fix 4
(F @l
A
IR
-18
810 12
-42
S10 13
215
TC 14
1329
<70 19
-9368
STD 16
-756AB
510 17
685440
€10 18
6894724
S0 19
CF 22
CF 83
CF 14
(F 15
{F 85
{F 86
CF 97
(F 98
{F 89
XEQ 21

Tmtialize and

store spiral constants

reset status of flags.

clear.

36
7
18
39

F5~ 89
¥l 22
Fs” 83
xEQ 17

4620 81

41
42
43
44
45
46
L7
48
49

59 -

51
32
52
54
53
36
97
38
59
68
61
62

63 .
64 2

65
66
67
68
69
79

“P1 STATION "
PEINPT

STH 96
-DELTRY"
PRONPT

X< 87

YEG 28

H

2

<

ST 85
)|
lp')-
FROMPT
(F 04
ST 28
-L:?-
FROMPT
ST 40
EHTERS
ST+ 82
kCL 20

o

<

/

ST 88
R-T
L1041
HMS

1 E2

irput of spiral data for
spiral curve,

P.1. station

Central Angle

1S curve to the left?

1A /2

Input value for circular
curve radius.

input length of spiral.

Ls

station

0 (radrans)

6 (degrees)
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99
190
161
192
163
184
185
186
187
198
189
119

Pl Za
£-1
HE%
CLA
kil 28
FIN
FiH

=
L=

HRCL Y
fivY1EM
":.i.s='
FC™ 99
fRCL X
RYIEW
Fs? 85
XEQ °DME-
-Rzu
BRCL 2
RYlEW
(Lo
Aoy

)
L7019
]
)
FCL 40
ST 82
XEQ 69
RCL 41
KCL 28
P-R
kDN
FIN

+

kCL 85
TAN

*

Kt

Radius

QuUTPUT OF SPIRAL DATA:

Length

Spiral Angle { )

Radius

T.s., S.T.

Lg

to solution loop.

Yo - R(S1n )

116 STD
117 &7+
118 FCL
119 ECL

132 STG
133 RCL
134 £TL
135 o

136 KIN
137 CLR

138 Pl = °

)
82
85
41

a7
85
a1

139 RYIENW

140 FIN

141 XEQ °*STR"

142 CLA
143 FI¥

144 “CENTRAL « ="

4

145 AYIEN

146 RCL

156 CLA

85

1.5., total tan length

T.5., S.T.

S.T. station

output P.1. station

output in form XXX+XX.xx

output 4
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151 RRLL X
152 F3? 55
153 ¥EQ “DMS-
154 FI7 55
155 AYIEN
136 CLh
157¢LBL 15
158 XEQ 89
15% Xisy
168 FCL 41
lel TaW
162 ~

163 -

1b4 F37 82
165 CHE
166 ST0 42
167 @

163 PCL 81
169 RCL 449
17 +

171 §70 83
172 FCL AL
173 RCL 42
174 +

175 RCL A1
176 ADY
177 ~75 =*
178 F5™ @2
179 *37 ==
138 AYIEW
181 RCL 81
182 XEQ -STR-
133 LA
{R4 =50 ==
185 F37 @2
136 =05 ==
187 RYIEW
188 RCL 083
189 XER -STq"
199 RdY

output in form DD*MM* S5
when printer is attacheg

computes T.S., S.P.]. &
S.C. stations

'S this an exit spiral?

Output entrance spiral
begin and end stations

or

Output the exit spiral
begin and end stations

131 “37p?"
132 PROMPT
193¢LBL D
134 %F 88
195 LA
196 F3? 99
197 ¥EQ 22
{93¢LBL 18
199 piL 87
289 FCL 01
291 <70 @7
202 ¥/
283 570 94
R4 PCL 49
289 [HG
286 370 49
287+

288 =70 @2
249 SF @2
218 L7415
21elBL E
212 <10 92
212 0F 81
214 apy
215¢LBL 19
216 SF A4
217 PCL 82
213 -

219 F5°C 22
228 GT) @9
221 FCL 84
222 F A2
221 Xin?
224 5F 92
229 RS
226 FCL 03
227 RCL 82
228 -

229 ARS
238 ¥:=y?

87

prompt for input of the
New station for which a
solution s wanted.

SWitch to exit spiral

set solution station.

compute field data for
solution station.

end of spiral,

negative interval to the
station requested.




231 610 89
232 500Y
233 6T0 @7
2340LBL 80
235 SF 08
2360LEL 87
237 FC 02
238 CH5
239 ST+ 82
240 RUL 82
241 RIL 01
242 -

243 RCL 48
244

245 Ktz
246 RCL 41
247 IR
248

249 ST 88
259 ¥ED 89
251 F57 81
252 B0 84
253 p-F
254 XY
255 HMS
2560LEL 84
257 F1% 3
258 REL 02
259 ¢

260 RIN
261 ST0 27
262 RON
263 ST0 38
264 RIN
265 §T0 31
266 RDN
267 ST0 32
268 RON
269 F57 55
270 ¥EQ “STA*

end of spiral.

stop

exit spiral?

solution loop.

scglution for deflection

angle and chord.

output solution station

271
272
273
21
275
276
277
278
279
250
281

282 "DEFLECTION £=*

283
284
289
286
287
238
239
299
291
292
293
294
293
296
297
298
299
300
381
382
183
304
385
386
387
388
389
318

RCL 32
PCL U
RCL 38
kCL 27
FI4 3
.‘:D = -
ARCL 2
F3? 14
RYTEM
#DN
FIX 4

F3?7 14
AYIENW
FS? 14
XEQ 83
CHS
RCL 80
k-0
HAS
HMS+
“a
HMS+
“RADIAL & =-
F37 14
RYIEW
F3? 14
XEQ 83
HR

ST0 38
FC? 83
ADY
CLb
F53? 83
L7023
F3? 83
G0 23
=3TA?"
FS7 14
PRONPT

output long chord.

output deflection angle

6 (radians)

output radial angle to

turn at solution station
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3 FERC R
M2 6T 19
J13eLRL 89

4 (5 22

315
316

a9

2
ST0
B
STa
ST

328eLBL

321
322
323
324
125
326

5
327

32

729

130
33
17
133
334
335
134
137
134
17
340
14|
W2
343
44
345
346
347

l 37
318

358

FiL
RCL
Yts
18

ST+
CLY
AU
RCL

14
ST-
fLe
k1IN
FiL
FrL
ST
FDN
+
570
Y3
G0
FoL
RCL
RCL

ABS
*

!

43

>~
d 1T O WO QD

i~ <]

-
ad

IND 43

43

a2
83
83

4
43

49
92
0t

348 LASTX
349 RCL 08

compute Y and X valuyes

Tooping point

Toeping control register

N0+

352 s

353 ETH
3%4elBL 83
395 CLA
336 F5° 55
337 ¥EQ -DMs-
338 ARCL X
399 FC™ 55
I68 AYIEK
Iol FTH
I62¢LBL 21
363 -y
364 RITD X
163 AON

366 ~COORD-0-S2-
367 FROMPT

372 F52 05
73 XED 22
374 F52 @9
375 670 16
376 v
377 ASTO X%
378 RON
79 “TEN 0-5%-
336 FROMPY
331 RSTO Y
332 HOFF
383 ¥=y?
184 SF 63
3395 FS? 83
186 GT0 17
337 SF 14
188 PTH
389¢LBL 16
399 -y-

89

y

set up for the type of
selution wanted.

Change to output form of
DD*MM'SS" when a printer
is attached.

coordinate solution with
offset option.

tangent/offset solution.




391 RATO X
392 AN
397 ~[NYERZE""
394 FROMPT
395 R3TQ Y
396 ROFF
397 X=7?
198 SF @6
399 F5° 86
408 XEu 28
481 GT0 61
402 RTH
4@3eLbL 17
494 ¢

485 STO 44
406 ST0 13
497 ST0 39
498 GTO 81
489 RTN
4180LBL a
411 SF 15
41201BL 2¢
413 ~[NST NAE-
414 PROMPT
415 ST0 49
416 RDH
417 STD 48
418 "BACKSITE?"
419 PRONPT
428 RCL 49
421 -

422 XY
423 RCL 48
424 -

425 R-P
42¢ CLR
427 XOY
428 X9?
429 368
438 +

1s radial inversing to
the calculated coordi-
nates wanted?

establishes loop for use
of radial inverse with-
out spiral calculations.

input of the coordinates
at the instrument.

instrument £

instrument N

input of the coordinates
at the backsight.

431 HM3
432 510 45
433 "Nt E-
434 F5° 19
435 PROMPT
436 GT0 @1
437 RN
433¢LEL A
439 HDY
449 (LA
44] ARCL Y
442 F57 93
443 AVIEN
444 CLA
445 ARCL X
446 F5? 59
447 HYIEN
448 ¥EQ 03
449 “Nt &7
450 PRONPT
451 FTH
452¢L8L 83
453 RDY
454 RCL 49
455 -

456 ¥OOY
457 RCL 43
458 -

459 k-P
460 FIx 3
461 “HD = *
462 ARCL X
463 AYIEN
404 CLZ
465 XY
466 X(8?
467 350
468 +

469 ST0 46
470 ENTERt

backsight azimuth.

prompt for next pair of
coordinates for direct
inversing.

inverse from instrument
to the coordinate pair
in the Y and X registers

output of the inversed
distance to the solution
coordinates.

inversed azimuth.
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471 ENTER? 511 SF 19

472 93 512 ¥E0 AZ- input of tangent bearing

477 S13CF 19 and quadrant code.

474 | S14 ST0 39

475 + 519 =TS NtE* coordinate input,

76 INT 516 F5" 83

477 ST 47 97 =57 NEE"

478 2 518 FPoMpPT prompt for  coordinate

479 519 STD 33 Input when exit spiral.

43@ INT 929 FIN

431 1ah 521 ST 44

432 » 522 FTH

37 - 923¢LBL 23

434 QRS 524 KCL 39

435 KNS 525 PCL 38

436 FIX 4 526 HR

437 RCL 47 927 £57 @7 f

435 RCL 46 528 TH:

439 PCL 49 929 F3” 83

438 HR 938 [H5

491 - 531 +

492 ERTER? 932 €70 37

433 L3 933 fIL 3

434 XY 934 P-E

495 xi@? 539 RCL 44

436 Ini S36 +

497 + 537 870 35

490 HMS 838 %Y

499 *;RT=" angle right to point to 939 KL 33

S9R FC? S5 be set {from instrument) 540 +

981 ARCL X 9541 STO 36

9582 AYIEM 542 FI1X 4

583 F5? 55 43 N = output north coordinate

584 XEQ “DNS" change output to form of 944 F37 83 or

985 RTN DD°MM'SS"  when printer 545 T = = output tangent distance

586eLBL 3@ is attached 546 APCL 35

587 SF @7 547 RYIEW

588 TH: 548 "F = - output east coordinate

589 KTN 949 FS7 83 or

910eLBL 22 g -7 05 = - output of tangent offset
91



941
532
933
554
999
956
557
558
959
960
361
962

ArcL 36
RVIEN
57 85
wEQ 83
koL 37
RCL 38
Fs5? 87
XEQ 2
F3? 88
CHS
+
STa 32

5630LBL 24

764
963
566
567
368
569
578
an
572
573
574
979
976
577
578
579
530
581
982
583
584
585
336
987
588
989
590

ADY

RCL 32
-STR?*
F§? 83
PRONPT
-0-5 DIST?*
PRONPT
-O/S =
F5? 89
“RADIUS POINT -
FC? 89
ARCL X
F37 55
HYIEN
p-F

RCL 35

+

F5 89
§T0 35
%Y

RCL 36

+

F37 89
ST0 36
N = -
ARCL Y
AVIEN

offset option with the
coordinate solution will
calculate the coordinate
pair for an offset to
the spiral centerline.

output 0/S N coordinate

991 "¢ = *
592 ARCL X
593 AYIEN
594 F5? 66
595 XE@ 28
596 FS? 09
597 670 32
598 GT0 24
399 RTH
6BdeLBL J
»81 SF 89
692 “CIRCULRR: "
683 F5? 35
684 AVIEW
685 GT0 24
586¢LBL 31
687 CHS
588 130
689 +

018 RTH
611eLBL 32
h12 “STA?"
613 PROMPT
old4 ADY
615 FS? 55
616 XEQ “STA"
617 FI5 4
618 RCL 83
ol9 -

526 R{L 32
621 FC7 07
622 138
623 FC? 07
024 -

625 ROY
626 158
627 *

628 Pl

029 7

630 RCL 28

output 0/S E coordinate

set radius point of the
circular portion of the
spiral system.

prompt for solution at
next station.

output as form XXX+XX.xx

s.c., C.S.
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»d]
532
633
534
CR]
536
637
618
619
b4
4]
hd?
hd3
nd4
nd5
t4h
nd?

Far @7
CHS

+

FiL 28
'UfS -
PROMPT
ARCL ¥
X282
RYTEMW
Fi7 @7

prompt for next offset

h45 FCL 26
ndd ¢

658 "N = *
651 BRCL Y
552 AYIEN
893 "E = °
#9594 RRCL X
653 AYIEW
556 F37 86
657 FED 83
58 CF A9
n39 70 32
ntd ETN
nh1+LEL 28
662 FL7 B9
667 XEQ B3
nhd ETH

output 0/S N coordinate.

output 0/S E coordinate.
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@1eLBL ~TT"
82 FIX 4
A3 SF 21
84 SF 01
85 CF @2
86 CF @3
07 [F 84
88 CF 85
89 CF @8
18 CF 10
11 CF 11
12 SF 86
13 CLRG

14 1.99981
15 CHS

16 STD 41
17 = LT°
18 AST0 31
19 = RT"
20 ASTO 32
21 -+.

22 AST0 32
23 "+p-

24 ASTO 34

initialize and clear

counter register begin
constant storage

store alpha for output

25
2%
27
28
29
30
3
32
Rk
W
35
3
37
38
3
48
4
42
43
44
45
4
47
4

<INST. §TR.7"

PRONPT input setup information
STO 85

ST0 36

“OFFSET?-

FPROMPT

STO @6

XEQ 16

“0N CURYE?"

PROMPT

AsSTo ¥

ROFF

®=7?

YEQ 09

FC7 @4

¥EQ 81

*H.I, = 7"

PROMFT height of instrument
sTo 1

“BKSITE STA?"

PROMPT input backsight infor-
SIO 03 mation

“QFFSET -

PROMPT

95
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49
5
51
52
52
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

78
71
72
73
74
73
76
7
78
79
80
g1
82
83
84
85

&
83

ST0 o4
Ate 16
*ON CURYE?"
PROMPT
A5T0 ¥
AGFF
x=\?
XEQ 82
FCL 83
kCL 84
PCL 86
xOY
fCL 85
p-P
CLx
XY
xa?
30

+

ST0 @2
ENTER?
ENTERT
90

/

1

+

INT
ST0 88
9

<

!
INT
188
*

HBS
HNS
ST0 @2
FOL 83

calculate backsight az

setup for sta./offset
computation

(D.mmss)

89 RCL 64

96 RCL 82

91 KCL 08

92 2

93 X=Y?

94 XEQ 17

95 CLX

96 4

97 X=Y?

98 XEQ 18

99 RDN
166 RDN
ief 1

182 -

183 96

184 »

185 +

186 ST6 21
107 F3? ot
188 AEQ 20
189¢LBL 19
118 XEO 16
111 =SHOW GRABE?" in grade be carried?
112 PROMPT
113 ASTO Y
114 ROFF
115 ¥=v?
116 XEQ 87
117 GTO 18
118 RTH
119¢LBL 28
120 XEG 16
121 =CURVE AREA?* any of the alignment on
122 PRONPT a curve?
123 ASTO Y
124 AOFF
129 ¥=Y?
126 XEO 68
127 FIN
128¢LBL 17
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129 RDN
138 RDN
131 CHE
132 186
133 HMS+
134 STO 21
135 FS? 81
136 XED 28
137 610 19
§38¢LBL 18
139 RDN
148 RDN
141 CHS
142 2o
142 HNG+
144 ST0 2
145 GT0 19
1460LBL 82

147 £S? @1

148 XEQ 08

149 FC? 81

156 XEQ 85

151 RTH

152¢LBL 68 input of curve data if
153 CF 81 any of the alignment is
154 "B.C. STR?" on a curve

155 PROMPT

156 S70 15

157 “RADIUS?-

158 PROMPT

159 €70 14

168 -DELTR?"

161 PROMFT

162 HE

163 X<87?

164 SF A5

165 STQ 13

166 ABS

167 PI

168 *

169
178
171
172
173
174
175
176
177
178

179 +

188
181
182
183
184
185
186
187
188

RCL 14
s

128

/

RCL 15
+

ST0 42
PCL 13
AeS

2

TAN
PCL 14
*

STO 44

STO 43
RCL 15
ST+ 44
PTN

189¢LEL 45

198
191
192
193
194
195
196
197

RCL 19
RCL 18
RCL 44
P-p
XOy
PCL 13

198 XY
199 P-R
288 PCL 43

281
282
202

4
ENTER?
G10 11

204 RTN
285¢LBL 61
286 PIN

287
202

CLX
RCL 14

97
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289 Fl
210 *
211 RCL 15
212 RCL ©5
213 XEG 03
214 RCL @6
215 XEQ 84
216 ST0 86
217 ¥
218 RCL 19
219 +
228 STO 85
221 RIN
222¢LBL 85
223 KCL 14
224 Pl
225 *
226 RCL 15
227 RCL @3
228 YEQ 03
229 RCL 64
236 XEQ 84
231 STO o4
232 XOY
233 RCL 15
234 +
235 ST0 83
236 RN
237¢LBL B
238 CF 86
239 SF 18
248 YEQ A
241eLBL 35
242 RCL 38
243 “W/2=
244 RARCL X
245 PRONPT
246 ST0 38
247 SF 88
248 RCL 36

slope staking

output prompt for slope
staking routine

249 ENTER?
250 INT
251 X=Y?
252 CF 68
253 RDH
254 CF 29
255 FIX @
256 FS? 88
257 FIX 2
258 ~5k= -*
259 ARCL X
268 °H:1"
261 PRONPT
262 SF 29
263 FIX 2
264 STO 36
265 RCL 46
266 RCL 00
267 +

268 RCL 12
269 -

276 ST0 37
271 RBS
272 RCL 36
273 »

274 RCL 38
2715 +

276 ST0 39
277 RCL 21
278 X(@?
279 CHS
288 -

281 CHS
282 STOP
283 FI¥ 1
284 CLA
2895 RDY
286 “FILL -
287 KCL 37
288 X@?

output prompt for slope
staking routine

output of cut or fill
in slope stake routine

98
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289 -CUT -
298 ARS
291 ARCL X
292 RYIEN
293 RCL 36
294 »

295 = AT -
296 ARCL X
297 AVIEN
298 CF 10
299 RCL 21
386 PCL 25
381 ENTER?
382 GT0 11
383 RTH
364eLBL 63
385 -

386 CHS
307 188
398 *

389 XOY
Jie s

311 RTH
3120LBL 04
313 CHS
314 RCL 14
35+

316 P-R
317 CHS
318 RCL 14
319 +

320 RN
321+L8L 97
322 SF 82

323 "PROFILE £L°-

324 PROMPY
325 ST0 29
326 =GRADE?"
327 PROMPT
328 168

distance to centerline

nput of vertical grade
data if grade is to be
carried

329 +

338 ST0 10

331 XEQ 16

332 "SPRINGLINE™"
333 PROMPT

334 ASTO ¥

335 ROFF

336 X=Yy?

337 ¥EQ 88

338 XE@ 16

339 "VERT CURVE?"
348 PROMPT

341 RSTO Y

342 ROFF

343 X=Y?

344 XEa 89

345 RTN

J46¢LBL 16

347 -y

348 RSTO X

349 RON

356 RTN

351¢LBL 98

352 CF 86

333 SF @3

354 “HEIGHT?-

355 PROMPT

356 CHS

357 S0 68

358 RTH

359¢LBL 89

368 SF 04

361 “BYC STR?*
362 PROMPT

363 STo 16

364 “LENGTH?-

365 PROMPT tnput  vertical curve
366 STO 17 Tength

367 "GKABE QUT?-
362 PROMPT

is thrs a tunnel?

input vertical data

"nput beginning station
of vertical curve

outgoing grade

99
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269 108
370 /

371 ST10 89
372¢eLBL 18
373 ADY
374 ADY
375 "INPUT
376 PROMPT
377 KN
378eLBL C
379 ST0 26
388 - IKPUT
381 PROMPT
382 RIN
383¢LBL A
384 15G 41
385 FIX @
386 CF 29
387 FS? 06
388 XEQ 44
389 SF 29
390 FIX 4
391 FS? 11
392 ¥ER 99
393 FIX 2
394 ST0 &1
395 RN
396 XOY
397 HR

398 XOOY
399 P-R
488 RCL 11
491 +

482 PCL @1
483 +

464 ST0 12
495 RDN
4086 XOY
497 HR
408 RCL @7

SHOT- input field data

SHOT*

counter

calculate solutions

409 +

418 XOY
411 P-R
412 RCL 85
413 +

414 STO 18
415 XOY
416 RCL 86
417 +

418 ST0 19
419 XOY
428 RCL 15
421 FS? 81
422 GT0 11
423 XY?
424 GT0 11
425 -

426 XOY
427 FS? 05
428 CHS
429 RCL 14
438 -

431 CHS
432 R-P
433 CHS
434 RCL 14
435 +

436 XOY
437 RCL 14
438 +

439 Pl

440 *

441 164
442 ¢

443 RCL 15
444 +

445 RCL 42
446 ¥{=Y?
447 GT0 495
443 RIN

length
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449 XOY

450 FS7 85

451 CHS

452 ¥OO¥

453 ENTER?

454 GT0 1

435 RTN

4564LBL 99

457 FS? 55 prints stack copy of
458 PR“:TK 1nput data when printer
459 RTN 15 attached

460¢LBL 44

461 CLA

452 ARCL 41

463 F52 55

464 AVIEN

465 RTH

466¢LBL 11

467 RDN

468 XEQ 12

469 CLY

470 XY

471 RND

472 ST 2t

473 XOY?

474 GT0 13

475 CHS

476 AT *°

477 ARCL X

478 ARCL 3t output of offset left
479¢1BL 15

480 FC” 18

481 AYIEW

482 “ELEY = -

483 ARCL 12 output shot elevation
484 FC7 18

485 AYIENW

486 FS57 82

487 XEG 14

488 F5? 18

489 GT0 35
496 GT0 @
491 RN
492+L8L 13
493 "AT -
494 ARCL X
495 ARCL 32
496 G0 15
497+LBL 12
498 CF 29
499 199
5688 /

581 ENTERt
582 INT
583 XOY
564 FRC
585 108
586 ¢

567 FIX 8
568 "STA *
589 ARCL Y
518 FIX 2
51119

512 ¥OY?
513 SF 68
514 RIN
515 RND
516 F57 80
517 ARCL 34
518 FC” 060
519 RRCL 33
528 CF 96
521 RARCL X
522 FC? |8
521 AVIENW
524 XY
5295 196
52t

527 +

526 SF 29

output of offset right

mm
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529 €70 35
538 RN
331eLBL 14
532 RCL 35
533 FS? 04
534 GT0 2!
S354LBL 26
53¢ RCL 35
537 RCL 38
53¢ -

539 RCL 18
340 *

341 RCL 28
5420LBL 24
943 ¢+

544 STO 48
545 RCL 60
046 +

547 *GR = *
548 ARCL X
549 FC? 10
556 AVIENW
951 ¥5? @3
952 XEQ 25
553 £57 18
554 GT0 35
955 GT0 18
3596 RIN
S57eLBL 22
958 RCL 17
959 -

560 X)Y?
561 GT0 26
%62 GT0 23
963 RTN
S64+LBL 21
9635 RCL 16
966 RCL 17
967 ¢+

568 XiV?

569 XE@ 22
578 XOY
571 RCL 16
572 RCL 17
S73 2

574 /

975 +

576 ENTERt
577 RCL 30
578 -

579 RCL 10
580 =

581 RCL 20
582 +

583 ¥
584 RCL 16
585 -

586 RCL 17
587 2

See /

589 -

590 RCL 89
991 «

592 GT0 24
593 RIN
994eL8L 23
595 -

596 ENTERt
597 ENTERt
598 KCL 69
599 RCL 18
608 -

601 108
682

663 RCL 17
684 /

069

666 2

687 7

608 RCL 18
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©09 100
510 *

611 +

612 ¢

613 106
614 /

615 RCL 16
616 RCL 30
617 -

618 RCL 10
619 *

628 RCL 28
621 +

622 G0 24
623 RN
6240LBL 25
625 FCL 12
626 PCL 48
627 Xi1?
628 RTH

calcutate radius when
shot above springline

529 -
638 ENTER?

€31 s

632 FIL 21

633 ENTER?

634 *

635 +

636 SWRY

637 FIX 2

626 *  RAD. = °
639 ARCL X

648 AYIEN

641 RTN

§420LBL J

643 SF 1

rd44 RTN

6450LEL 1

646 CF 11

647 RTN

648 END

output of radius when
shot elevation is above
springtine elevation

enable printstack

cancel printstack
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@leLBL "TR" 34 X12 ‘
92 SF 21 35 LASTX 1
83 SF 27 initialize and clear 36 PCL 82 :
84 CLRG | % :
85 FI¥ 4 38 - %
86 CLY 39 PCL 89 3
87 CF o8 40 RCL 84
@8eLBL 86  reset flag status prior to new 41 ¢
99 CF 81 input for solution 42 7
18 CF 82 47 SORY
11 CF @32 44 AC0S
12 CF 84 45 2
13 CF 85 4t ¢
14 CF @6 47 ST0 85 A-3
15 CF @7 48 SIN
16 RTN 49 RCL 89
17¢LBL A s-1, $-2, S-3 56 ¢
18 SF @1 S-1 capitals when set 91 ST0 88
19 SF @2 S-2 capitals when set 52 RCL 07
28 SF 92 S-3 capitals when set 1 Xt2
21e1BL 1 94 LASTX
22 5T0 B4 -3 55 RCL 89
23 kDN 3¢ #
24 ST0 82 52 57 -
25 PPH 58 RCL 82
26 ST0 89 s-1 59 #
27 kDK 66 RCL 94
28 PIK 6l -
29 ¢+ 2 SOFY
36+ 62 ACOS
3z 64 2
32 v 5
32 STO 67 66 STO B3 A-2
105



67 RCL 05 187
68 XEQ @8  calculate missing angle 168 +
69 STO 81 A-1 189 ST0 64  s-3
78 GTO @1  output solution 110 GTO 81  output solution
71 RTN 111 RTN
72¢LBL B A-3, $-1, A-1 {12e18L C S-1, A-1, A-2
73 SF 81 S-1 capitals when set 113 SF @1 S-1 capitals when set
74 SF 04 A-1 capitals when set 114 SF 04 A-1 capitals when set
75 SF 86 A-3 capitals when set 115 SF 05 A-3 capitals when set
76¢LBL 18  100p for second solution with 2 116 HR
77 SF 13 sides and following angle 117 ST0 83 A-2
78 F57 08 118 PDH
79 XEQ 87  reset flags for output 119 KR
88 -SECOND SOLUTION- 128 ST0 @1  a-1
81 FS7C o@ 121 RDM
82 RYIEM 122 510 89 5.,
83 CF 13 123 RCL 83
84 HR 124 RCL 81
85 ST0 81 A1 125 XEQ 88 calculate A-3
86 RIN 126 RCL 89
87 ST0 89 5.1 127 RCL 81
82 RDN 128 XEQ 84
89 HR 129 GT0 83 solve as AsA
9@ ST0 85 138 RTN
91eLBL 83 131eL6L 83
92 RCL 81 132 RCL @9
93 XEQ 88 caiculate A-2 133 RCL 81
94 STO @3 134 HNS
95 RCL 85  &-3 135 RCL 82 s-2
96 RCL 89 -1 136 GT0 88
97 P-R 137 RTN
98 XY 138eLBL D s-1, A-1, s-2
99 STO 08 139 SF @1  5-1 capitals when set
108 RCL 63 149 SF B2  5-2 capitals when set
181 1 141 SF B4  A-1 capitals when set
102 P-R 142¢(BL 88
183 RDN 143 ST0 82 s-2
104 / 144 FDN
185 ST0 82 s-2 145 HR
186 Rt 146 €70 81 A-1
106




— : 4

147 RIH
148 STO 89
149 RCL 8!
158 RCL 82
151 P-R
152 RCL 89
153 -

154 p-P
155 STO @4
156 RCL 89
157 kCL 82
198 RCL 04
159 610 11
168 RTN
161eLBL €
162 SF 13
163 FIRST
164 AYIEN
165 CF 13
166 XEG 67
167 HF

168 STO 03
169 RDN
178 ST0 82
171 RDM
172 ST0 89
173 RCL 83
174 SIN
173 RCL @2
176 *

177 RCL @9
17¢ 7

179 RSIN
188 STC €5
181 RCL 83
182 XEO 68
183 <10 81
184 BCL 85
185 PCL 89
186 RCL 81

-1
-1
-2

w B

calcutate S5-3

solve as SSS

S-1, S-2, A-2

SOLUTTON: "

reset flags
A-2
5-2

5-1

A-3

reduced to A-3, S-1, A-1 for the
first solution

187 ¥EQ 84

188 XEQ 83 converts parts for the second
189 180 solution

198 RCL 85

191 -

192 RCL 83 sort stack

193 +

194 CHS

195 180

196 +

197 HMS

198 RCL 82

199 RCL @3 calculate third angle
2688 HNS

281 XEQ 86

202 SF 09

283 SF @3

284 GT0 1@

2095¢LBL 87 solve as A-3, S-1, A-1
286 SF 81

207 FC? @88

288 SF 82  S-1 capitols when set
289 FC? 8@ S-2 capitols when set
218 SF 83 a2 capitols when set
211 PN

212+LBL 88 Ax = Cos-l[-Cos (Ay+Az)]
213 4

214 C05

215 CHS

216 RLOS

217 PIN

218¢LBL 81 output solutions

219 FIZ 3

228 SF 13

221 FS? 8] was S-1 1nput?

222 CF 13

222 "5-t =

224 ARCL 03

225 RYIEM

22¢ RCL €1
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227 HMS

228 FI1¥ 4

229 SF 13

230 F37 84 was A-1 input?
231 CF 13

232 *A-1 =

233 FL? 53

234 ARCL X

235 AVIEN

236 F57 39

237 EQ “DMS*print as DDMM'SS¥

236 ADY

239 FIX 3

248 SF 13

24] FS? B2 was S-2 inpur?
242 CF 13

243 =5-2 = =

244 ARCL 82

245 AYIEK

246 RCL @3

247 HMS

248 FIX 4

249 SF 13

256 FS? 85 was A-2 input?
251 CF 13

252 "A-2 = -

253 FC? 99

254 ARLCL X

255 RYIEK

256 FS? 33

257 XEQ “DMS°print as ppeoMM'SS®

258 ADpY

259 FIX 3

268 SF 13

261 F5? 83 was 5-3 1nput?
262 CF 13

263 °5-3 = *

264 RRCL 84

265 RYIENW

266 RCL 85

267 HAMS

268 FIX 4

269 SF 13

278 FS? 86 was A-3 input?
21 CF 13

272 "R-3 =

273 FC? 55

274 ARCL X

275 AVIENW

276 F3? 55

277 SEG "DMS'brint asDDoMM'SS"
278 ADY

279 RCL 88

286 KCL 04

281 &

282 2

283 s

284 FIX 3

285 SF 13

286 FS5? 87 was ARta input?
287 CF 13

288 “AREA = -

289 RARCL X

290 AVIENW

291 AQY

292 FI¥ 4

293 AlY

294 XEQ 86 reset flag status for the next

299 RTHN routine or usage
2906/ BL B89 sort stack

297 RIN

298 RDN

299 RTH

3804LBL B4 fiing and storing
381 STO 81

302 RIH

383 ST0 89

384 RDH

385 ST0 85

366 RTN
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387¢1BL F
308 SF @7
389 SF 81
318 SF 84
KION

312 ST0 81
313 SIN
314 XEQ 67
315 ST0 82
316 XEO @5
37 RN
318¢tBL G
319 SF 87
328 SF 81
321 SF @2
322 STO 82
323 XEQ 82
324 RSIN
325 ST10 81
326 XEQ 85
327 RN
328¢LBL 82
329 XOY
338 STO 89
I3 s

332 /
3332

334 &

335 PTN

AREA, S-1, A-1

area capitals when set
S-1 caprtals when set
A-] caprtals when set

S-2

AREA, S-1, S-2

area capitals when set
S-1 caprtals when set
5-2 raprtals when set
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