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

procedures or program material. 
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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 wi th or without the Survey Pac modu 1 e in 
the calculator. If used without a Survey Pac, the 
additional program "Al" 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 
layout 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 subrout i ne for Auto I nvers i ng 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. 

iii 



FIELD 
LAYOUT 

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

t\nr~J~~}~~!~~~~e ~d~t~~~~y~s~tion alo~ 
a centerline, or any offset to the station. The coordinates 
of the offsets may be calclulated with or without the centerline 
coordinates being output. 

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. 

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

£nfi~ffiIT21@ffi~ ~ @ir!f§@~§ ~~ 
Directly calculates coordinates for any station or offset to 
the station within the spiral curve system, including the 
circular portion. 

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. 

~~o~f£~~~ I~~~~~~ntrance and exit s~~ 
of a spiral curve system by the tangent-offset method. 

iv 
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FIELD 
LOCATION 

TRIANGLES 

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

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

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

rn@ffi1®~@ ~n®I2)@ ~~ff1fufiffil2 ~@ 
With an EDM, this program allows slope staking along any 
alignment composed of tangents and circular curves from a 
central instrument location. 

~mffiffi@n ~fil2fu~~ ®1l 
This program provides a quick check for 'tights', or 
protrusions within the excavation lines of a tunnel during 
construction. Output is the station, offset and elevation of 
any point shot, and the radius, if the point is above the tunnel 
springline. 

~ITfiff1ffi[£n@ ~®nm~fi®ffi~ ®® 
Provides for the solution of triangles where any of the following 
are the known parts: Three sides. Two angles and the 
included side. One side and the two following angles. Two 
sides and the included angle. Two sides and the following 
angle. Area, one side and the adjacent angle. Area, and 
two sides. 

v 
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1&1 
Radial inversing has become a standard oroceedure 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 [DM built-in, and can turn an accurate angle, has put them within "budget" reach for almost everyone. 
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 layout 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. 
ndial staking 

H= 425.88e~ 
[= 35~,88B~ 

The keys used for this routine are shown in the sketch of the keyboard assignments, and step-by-step instructions 
HD = 418.83e 
,P.T= 
39° SI' 33' 

H= m.988e 
E= m,988~ 

HD = 399.512 
..:p.r= 

42 ° 5' 46' 

H=425.tl8ge 
E= 428.999~ 

HD = 456.998 
..:I1T= 
46° 59' 47' 

H= 49U888 
E= 428.8899 

HD = 438.634 
..:I1T= 
49° S' IS' 

are shown on the next page. 
-

setup with known coordinates 
of backsight point -~ 

setup with known bearing to 
backsight point 

i.,.". to ,.lect.d 't.tiO.~ 

(IrRR VIRL Irtf,' _ 

l~ -1l 

I 

{ II - B~ 

BBBBg 
If3BRgB 
~BgB 

BBBB 
B8BE3 
l3BBg 
BBBE3 -

KEY BOA R 0 ASS I G N MEN T S 



1&1 
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 "OMS", "STA" and 
"LO", and should be sized at 030. Initialize and clear to a fix-4 position 
by keystroking [gg] ~ [!] [Q} ~. The display will now show 0.0000. 
For the condition' where there are known coordinates for the instrument and 
backsight points: 
1 

2 

Input the N-coordinate of the instrument point 

Input the E-coordinate of the instrument point [£] 

I 
I 
I 
I 
I 
I 

3 BACKSITE? Input the 

It Input the 

N-coordinate of the backsite 

backsight E-coordinate 

point IENTERtl I 
I:mI 

or, For backsight bearing known: 
1 

2 

3 BRG=? 

It QO=? 

then: 

5 INV. ONLY? 

6 Nt E 

7 

Input the N-coordinate of the instrument point 

Input the E-coordinate of the instrument point 

Input the bearing to the backsight 

Input the quadrant code for the bearing 

At this point we are only inversing to known 
points we wish to set, so answer yes by 

Input the N-coordinate of the new point 

Input the E-coordinate of the new point 

I ENTERtl 

[8] 

coordinates at 

rn ~ 
I ENTERtl 

00 
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. If 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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1&1 
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 [TIgJ ~ OJ [!!1 ~. 0.0000 wi 11 be displayed. 

keystroke: 

rn [ill [ill [JNITlIT] 

rn [ill [ill [I] 
prompt: BACKSITE? 

keystroke: 

[§J [ill [ill fTIITTIill 
[ID [ill [ill] 

question: INV. ONLY? 

keystrokes: 

ill lID] 
prompt: Nt E 

keystrokes: 

rn rn rn r.::1 [N=T=[R""'t 1 

[lJ rn [ill [AJ 
output: 

prompt: 

keystrokes: 

N= 425. 888~ 
E= 358.888~ 

HD = 418.838 
~RT= 

39° 51' 33' 
Nt E 

rn [ill [ill cr[ E=NT=[=R-:-1t I 
[lJ rn [ill rn 

output: 

prompt: 

keystrokes: 

N= 488.81199 
E= 359.8889 

HD = 398.512 
~P.T= 

42° S' 46' 
Nt E 

rn rn rnl r.:: EN=T=ER7"\t I 

I [!][I] [Q] 00 
output: 

prompt: 

keystrokes: 

N= 425.899~ 
E= 428.8888 

HD = 456.893 
,IIT= 
46° 5~' 47' 

Nt E 

rn [QJ [ill --=1 EN=T=[ R--'t I 

rn rn!]] [AJ 
output: 

prompt: 

N= 4ge.81188 • 
E= 428.8888 

HD = 438.634 
~P.T= 
49° p' 18-

Nt E 

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

The keystrokes for the 
alternate input are: 

keystroke: 

ill rnJ rnJ 1 [NURt I 

ill [Q] rnJ ([J 
prompt: 

keystrokes: 

BRG=? 

11J8rnrnl1Jrn ~ 
prompt: 

keystrokes: 

rn [ill] 
question: 

keystrokes: 

ill [ill] 

I ~ro~Pt: 

QD=? 

INV. ONLY? 

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 backsight coordinates for input, 
since the calculator will obtain and store the correct bearing to several decimal 
places of a second. The bea ri ng you wou 1 d input ha sal ready been rounded off 
to the nearest second. 

3 
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1&1 
This routine quickly calculates the coordinates of any station along a centerl ine, 
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 

RLlGrf. t:= lID 

~;;5~'~;;~~~~' 1 _____ keystroke m after input of new station 
.~~ for solution 

gg&4B~k 
B Bf3g 
~ B ~~ g B ,I signal the beginning of a circular curve 

in the aligl'lllent with Q] 
~BE;t~~ BBBB/ 
BBEtS 

a constant offset lIay be input by key­
stroking [!J after the offset prompt 

g13Bg 
BBBf3 

K [ Y 8 0 A R D ASS I G N M [ N T S 

Initial ize the program by keystroking !!m:J [A!~H!I [II [!!] L!.-~. 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. 

begin the station-coordinate routine 

2 8[G. STA? 

3 COORD. Nt [ 

Input the beginning station as XXXXX.xx; this can be any 
station with a known or assumed coordinate value ~ 

Input the N-coordinate of the beginning station 

Input the [-coordinate of the beginning station 

5 

I [NTERtl 

~ 



5 BRG=? 

6 QD=? 

7 STA COORDS? 

1&1 
Input the tangent bearing ahead as DD.mmss 

Input the quadrant code for the bearing 

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 00; If both centerline and offset 
coordinates are required, keystroke (j) ~ 

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? 

9 

10 

11 O/S? 

12 

13 

0/S1 

input the station at which the coordinates are wanted 

The station will be displayed in the form XXX+XX.xx *~ 

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-coord ina te * ~ 
If the answer to step number 7 was yes, the display will show 
E= XXXX.xxxx for the E-coordinate *~ 

Input the offset distance. (If left, ICHSI) 
~ 

The offset is displayed as 0/5= XX.xxxx *[lliJ 
The N-Coordinate is displayed as N= XXXX.xxxx 

*~ 
The E-coordinate is displayed as E= XXXX,xxxx. 

*~ 

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 instan~you can set this constant at step 11 by inputing 
the offset and keystroking l£J From then on, the program will prompt STA1 
after each calculation instead of 0/S1 and will automatically use the offset 
which was input at all stations. 
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I&SI 
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 

16 DELTA? 

17 R? 

18 

19 

20 

21 

22 

23 

STA? 

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

Input the central~le of the curve as DDD.nmss (if the curve 
is to the left, l..Qru) ~ 

Input the radius of the curve [illJ 
Output wi 11 show R = XXX.xxxx 

*~ 
Output: N= XXXX.xxxx (radius point) * rn:z:sJ 
Output: E= XXXX.xxxx (radius point) 

*~ 
Output: DELTA = DO .nmss * rn:z:sJ 
Output: EC= * rn:z:sJ 
Output: XXX+XX.xxx * rn:z:sJ 
Return to step number 8 and continue as before. When the 
stationing exceeds the LC. 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 LC., and 
when it has exceeded that point reverts to calculations based on the stored 
tangent beari ng. 

The stored bearing is modified to the bearing of the tangent ahead of the curve 
as part of the routine when Q] 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 .. 

7 



1&1 
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 LC. stations. Begin with [TIID ~ m rm 
~ to initialize the program and obtain a display of 0.0000. Then proceed 
as shown: 

keystrokes: 

[]] 
prompt: BEG. STA? 

keystrokes: 

m[ID[ID[ID [ill] 
prompt: COORD. NtE 

keystrokes: 

m[ID[ID[ID I ENTERtl 

[I][Q][ID[ID [ill] 
prompt: BRG=? 

keystrokes: 

[)]~[J[ill[1]mrn 

[ill] 
prompt: QO=? 

keystrokes: 

m [ill] 
prompt: STA COORDS? 

keystrokes: 

[!] [ill] 
prompt: STA? 

keystrokes: 

rn rn [Q] [ID rn 
output: 11+88.888 

H= 1,8el.877t 
E= 1,857.4112 

prompt: O/S? 

keystrokes: 

rn [II [ID [ID rn 
output: 12+81j,~88 

H= I, 163. 7S'.il 
E= 1,114.8225 

fflt'l 

, prompt: 

I keystrokes: 

[1]~ ~ 
output: 

prompt: 

keystrokes: 

rn rn [ill] 

O/S? 

(ill] 
O/S= -25.888P 
H= 1.178.1881 
E= 1,194.3531 

O/S? 

output: O/S= 25.'88~ 
H= 1,149.482'5 
E= 1,135.2919 

8 

At this point. since 
12+00 is the B.C. of the 
first curve. initiate the 
curve routine with Q] 

prompt: DELTA? 

keystrokes: 

rn [1] [J [1] ~ (ill] 
prompt: R? 

keystrokes: 

rn ~ [ID (ill] 
output: R = 35e.ee8e 

H= 962.8159 
E= 1,481.3943 

.ELllt = 
22· 25' 8' 

EC = 
13+36.936 
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1&/ 
prompt: STA? 

keystrokes: 

ill [1] [Q] [Q] m 
output: 13+88.888 

H= I.23Um 
E= 1.183.8733 

Prompt: O/S? 
Note: it is not a requ i re­
ment of the program that 
the E . C . s ta t i on be 
input. F or the present 
example, it is input in 
order to calculate the 
25 I offsets. 

keystrokes: 

rnrnrnrnc:Jl1Jrnrn 
rn 

output: 

prompt: 

keystrokes: 

13+36.936 
N= 1.257. 852i, 
E= 1.213.Um 

O/S? 

rn []] I CHS I [ill] 
output: O/S= -2S.88BfJ 

H= t. 278. 9267 
E= 1.199.6543 

prompt: O/S? 
keystrokes: 

[I] rn [ffiJ 
output: O/S= 25.888e 

N= 1.236.7786 
E= 1.226.5538 

prompt: O/S? 
keystrokes: 

ill [!] [Q] [Q] m 

output: 14+88.888 
N= 1.291.7794 
E= 1.266.2641 

prompt: O/S? 
keystrokes: 

illrnrnrnc:J[!][l1rn 
IT] 

output: 14+22.436 
N= 1.3(13.8494 
E= 1.285.1768 

prompt: O/S? 
keystrokes: 

rnrn ICHSI ~ 
output: 

prompt: 

keystrokes: 

rn rn [ill] 
output: 

prompt: 

keystrokes: 
QJ 

prompt: 
keystrokes: 

O/S= -25.1188P 
N= 1.324.9234 
E= 1.271.7275 

O/S? 

O/S= 25.lIm 
N= 1.282.7754 
E= 1.298.6262 

O/S? 

OELTA? 

IT][ZJ 8 IT] ill []] I CHS I 
(curve is to the left) 
[illJ 

prompt: 

keystrokes: 

rn [ID [Q] [ill] 

9 

R? 

output: R = 58e.B8ep 
N= 1.725.338! 
E= 1.1116.1898 

IEllA = 
-17' IS' 38' 
EC= 
15+73.1143 

prompt: STA? 

keystrokes: ~ 

[I] rn [ID [ID [gJ 

output: 15+88.1188 
N= 1.358.471'9 
E= 1.347.11683 

prompt: O/S? 
keystrokes: 

rnrnrnrn[:J[ID[!]rn 
IT] 

output: 15+73.843 
N= 1.4~2.62g' 
E= 1.398. 1m 

prompt: O/S? 
keystrokes: 

[I] rn I CHS I [ill] 
output: O/S= -25.118(10 

H= 1.418.763f 
E= 1.379.8159 

prompt: O/S? 
keystrokes: 

rnrn ~ 

output: O/S= 2S.118ge 
H= 1.386.4937 
E= 1.417.2871 

prompt: O/S? 



keystrokes: 

rn rn [Q] [2] ill 
output: 16+118.&98 

N= 1.423.2196 
E= 1.415.5891 

prompt: DIS? 
keystrokes: 

[1][1:] [Q] [Q] ill 
output: 17+1I~.99~ 

N= 1.499.6939 
E= 1.489.11493 

1&1 
In this example the coordinates of the centerl ine 
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 coordi nates of the offsets a re wanted at 25' 
stations from 11+00 through the first curve, but 
the centerline coordinates are not needed this time. 

Initialize the program with [IT[] ~ [] lm ~ and keystroke [Q] 
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. 

output: I1t25.888 prompt: STA? 
prompt: STA COORDS? GiS= -IS.58&!: keystrokes: 

N= 1.112.9681 keystrokes: 
E= 1.156.6167 ITl!l][Q)[Q) rn 

(j] [ill] prompt: STA? output: 12+9&. [lee prompt: STA? keystrokes: D/S= -le.598~ 
keystrokes: rnrnrn[Q] m N= 1,174. J764 

rnrn[Q][ID m E= \.999.6751 
output: \1+58.888 prompt: STA? 

output: 
11+9t.8~e O'S= -IP.588~ keystrokes: 

14= I.m.43'i 
prompt: O/S? E= l.m.9m QJ (sets curve) 

keystrokes: promjlt: STA? prompt: DELTA? 
ITlCIDOrn ~ II] keystrokes: keystrokes: 

output: D/S= -18. 58(1~ ITlrnrnrn rn rnrnl::Jrnrn 
14= I.m.m? output: 1I+75.8@8 [ill] E= 1.1142.2m 

prompt: STA? DiS= -lB. 58&~ prompt: R? H= 1.153.98'8 
keystrokes: E= 1.lIe5.3223 keystrokes: 

rnrnrnrn ill [lJ[3][Q) [ill] 
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1&/ 
output: output: 12+58.888 I prompt: STA? 

R : 35e.8(1~~ keystrokes: 
H= 962.8159 O/S= -18. 511~r, 
E= 1,4~1.3943 M= 1.215.1775 rn[J]rnrn rn 

E= 1.132.8m 
output: 13+2S.tllIe 

tELTIl = prompt: STA? 
22° 2'5' e' keystrokes: 0.'5= -18.5(l~~ 

EC = 
13+3t .• 936 rnrnrnrn rn H= t, 266. 5£17<, 

E= I"Cl2.m~ 

prompt: STA? output: 12+75.188 prompt: STA? 

keystrokes: O/S= -18.511~~ 
keystrokes: 

rnrnrnrn rn H= 1.233.6981 rnrnrn morn rnm 
E= 10151.5641 

output: 12+25.888 prompt: STA? rn 
0/5= -18.511e~ 

keystrokes: 

N= 1.195.37jJf rn rn m][ID rn output: 13+3€ .. 436 
E= l.m.S4?: 

output: 
0'5= -18.511t1~ 

prompt: STA? 13+lle.888 H= I.Z73.H74 

keystrokes: 
E= 1.2£t3.1~>!! 

0/5= -18.5£t~~· 

rnrnrnrnJ rn N= 1.258. &37" prompt: STA? 
E= 1.171.53?. 

If more of the offset 1 ine 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 
centerl ine. 

One quick way to run just centerl ine coordinates is to answer "no" to centerl ine 
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 less time-consuming than running the alignment coordinates and then calcu­
lating 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 

[!) for setup wi th 
known bearing to 
backsight point 

~ BB~III keystroke IT] after new sta­
B~ B ~1I1 tion has been input 

il3 ~ f3 g B R keystroke Q] to signal that 
~ ~ g B the last station input was the 

\ B.C. station of a curve 
BE3~8 

8BB'== 

~~~~J a constant offset is set by 
stroking [] 

KEY 9 0 A R 0 ASS I G N MEN T S 

13 



1&1 
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 [!ffi] ~ !Il [Q] ~. and input the coordinates at the instru­
ment point ~1210. E=9301 then select which option you want to use for the 
BACKSITE? prompt input. We'll use coordinate input for the example. so: 

keystrokes: 
rn [1] rn I]] I ENTERt I 
III rn I]] [£] 

prompt: BACKSITE? 

keystrokes: ADJuSTED TRAVERSE L1NE~ 
rn ~ I]] rn I ENTERt I 
rn rn rn I]] [RlS] ~ " 1190 

?>. 

1;,,/ 
/~ / o""~ / 

/~'1' / 

prompt: INV ONLY? ~ 

/~// 
//;/ 

~ /1, /-,'s. ..... ...~ N57°27'15"[ 11/ II ''>-?o. 
,,,,<:) if.,. r 85.50' ,,/, I ~J~ 

.v '1r<"k=" /' I" .c: 
keystrokes: 
(j) [mJ 

. STA .,...... R = 350.00' . "~," - , prompt. INV? 1210 ~. 6 = 22025'00" ." ~ I R - 500.00 

~ 
'" ~ 6 '" 17°15'30" 

. . /' L = 136.936' I" /' ,,/ \~"'~ L = 150.607' 
At thIS pOInt, you have ~'.; I / .. ,,/ r' 

the option of inversing to '00 Ii II" /' ",," '%-
both center 1 i ne and offset . C. I / /" <? 
poi nts, or just to the B .II , /' c: 

'. I 
offsets. An answer of IIJ ~./. ' 1'/ 
will give inverses to both, ~ 
[!] only to the offsets. I , I 

For our example, we will I~"" I 
say NO. I.~ . ,/ 

lo~ ~I 
keystrokes: /~,~i /. rei 
(j) [ilS] / 

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. 
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1&1 
With the instrument and backsight information already input, as shown on the 
previous page, let's do the 25' stations at 18.5' left, from 11+00 through the 
first curve, as in the last example in section 2. 

prompt: COORD NtE 
keystrokes: 
rn [Q] [Q] [Q] IENTERtl 
rn [Q] [Q] [Q] cm:J 

prompt: BRG=? 
keys t rokes: 

aJrn[!J[Q][Ilrnrn 
[ill] 

prompt: 

keystrokes: 

rnMJ 

QD? 

prompt: STA COORDS? 
keystrokes: 

OOrmJ 
prompt: STA? 

keystrokes: 

rn rn [Q] [Q] ill 
output: 11+18.188 

prompt: O/S? 
keystrokes: 

m [ID [!J rn IillJ 1Il 
output: 01S= -18.5888 

M= 1.192.4987 
E= 1.142.2m 

HI = 162.511 
lRT= 
94' 54· 51· 

prompt: 

keystrokes: 

STA? 

IT) IT][ZJ rn m 
output: 11+25.188 

01S= -18.5888 
11= 1.1IZ.9681 
E= 1.156.6167 

H. = 159.521 
lRT= 
86' 4· 23· 

Prompt: STA? 
keystrokes: 

OJ OJ [[] [ID m 
output: 11+58.188 

01S= -18.5888 
M= 1.133.4376 
E= 1.171."95 

HI = 168.4" 
lRT= 
n' 6· 56· 

prompt: STA? 
keystrokes: 

mmrnrn rn 
output: 11+75 .... 

01S= -18.5888 
M= 1.153.9878 
E= 1.185.3Z23 

HI = 165.141 
lRT= 
68' 27· 54· 

Prompt: STA? 
keystrokes: 

m rn rn:J rn:J rn 

15 

output: 12+t11.188 
01S= -18. 54118 
M= 1.174.3764 
E= 1.199.6751 

HI = 173.374 
lRT= 
68' 27· 56· 

prompt: STA? 
keystrokes: 

Q] 
prompt: DELTA? 

keystrokes: 

[II [II EJ [II rn [ill] 
prompt: 

keystrokes: 
R? 

aJ rn [Q] [ill] 
output: R = ~.1888 

M= 962.8159 
E= 1481.1943 

IELTA = 
22' 25· I· 

EC = 
13+36.936 

prompt: STA? 
keystrokes: 

rnrnrnrn m 
output: 12+25 .... 

01S= -18.5888 
M= 1.195.3788 
E= 1.115.5431 

HI = 186.119 
lRT= 
5]' 7· I· 



prompt: 

keystrokes: 

STA? 

[1][Z] rn [ID [f1 

output: 12+51." 

keystrokes: 

0/$= -18.5188 
M= 1.215.1775 
E= 1.132.1684) 

HI = 212.'35 
"'T= 
47' 8' 47" 

IT! [Il ILl rn III 
output: 12+75 .... 

O/S= -18.5888 
M= 1.233.6981 
E= 1.151.5641 

HI = 222.128 
llT= 
42' 38' 12" 

prompt: STA? 

keystrokes: 

IT! rn [ID [ID [f1 
output: 13+18.'" 

prompt: 

keystrokes: 

O/S= -18.5818 
M= 1.251.8372 
E= 1.171.5334 

HI = 244.961 
"'T= 
39' I' 43" 

STA? 

rn rn III rn m 

output: 13+25 .... 

0/$= -11.5188 
M: 1.2116.5175 
Ea 1.192.'751 

HI a 268.684 
"'T= 
36' 28' 4" 

prompt: STA? 

keystrokes: 

IT!rnrn~Ornrn~ 
ill 

output: 13+36.936 
015= -18.5188 
M= 1.273.4474 
E= 1.283.1511 

HI &: 281.423 
llT= 
35' 31' 54" 

prompt: STA? 

I f we had answered ill to the 
prompt STA I.V? the output would 
inverse to the centerl ine and 
the offset, Output at each 
station would be: 11+18.'" 

16 

M: "181.8776 
E= 1.157.4112 

H. = 188.6" 
"'T= 
'3' 46' 4" 

0/$= -18.5188 
M= 1892.4987 
E= 1142.2639 

HI = 162.511 
llT= 
,., 54' 51" 

1&1 
Multiple offsets at a station, 
with inverses to the offsets. 
and the centerline coordinates 
calculated. would result in 
output such as that below. For 
mu It i pIe offsets. input them 
individually. instead of as a 
constant. 13 ....... 

11= 1.236.3775 
E= 1.183.1733 

015= -25.1888 
M= "255.9176 
E= 1.167.478'.1 

HI = 241.177 
'IT= 
37' 39' 54" 

0/$= 25 .1888 
M: 1216.1374 
E= 1198.6676 

HI = 268.755 
'IT= 
47' 9' 2" 

0/$= -18.5II4l 
M= 1251.1372 
E= 1171.5334 

HI = 244.961 
"'T= 
39' I' 43" 

Unless the centerline coordin­
ates are needed for something 
e I Sf, or ha ve never been ca I cu­
lated before, it is quicker 
to not di sp I ay them by 00 at 
the STA COORDS? prompt. 
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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. 

SPIRAL SYSTEII 

AL.I""/oJMe:,...T ~ATA·_c1 .. 

1'1",.". 
c.oo'"O'r-!·re6 ~ .~TIII»'" 

'" a ~iJI'''''''' 0.1'''' 

~ 'so ..... !1.~ 'bl~1'" ,"" '42""~ r, .. no. '4C~_44f> 

"' .. ''\D2'' ..... ~ ~~IO" Ta, _!.~,:.I ~ !~ .. ,.,.,., 
.s T' ~.'b ,V "''',.~& ",,'''''.'I'!I Ltl _1.o0OQ'". ... .,-..1." 
'Z SC "b •• !I.z1D ".b" II'" "',_ ..... 8.1 •• :"'"1', "I. "Clllllt' 

z-lI;l-a 
.:i .. Cc.C,,-vl .. )"1,"', .... , ~,.~"'0 

Ac. -II ., .... , • ,"-
Flc. _ 1.6oQ ~' r..., • 2. ", .. ,or 

i: eli '4'.&' 1><>' '~.I1'\~'" "!.t<>'Z """ Lit- c. .... ~. Xtc_t6ole ",;.,,' " .... 
6T I~""~""' ~,,,,,,,.,o .... '~"1 .. 8M= " 1I'.,..i '1' ..... ",., ~:'. 

~~10 1.1~1:1.(il1~ .'111"."'11 ~,,,.,Ot 

, 
I 7 ~ (9 ...u '\ ':0, A-"-' A D 19 



To illustrate this routine, the spiral data on the previous page will be used. 
The entrance spiral is shown below, and the curve data for the spiral portions 
is the same for both the entrance and exit spirals. Stationing at the CS and 
S1 wi 11 be output by the program after calculations for the entrance spiral 
have been completed. ~ 

0'" 

\ 

.. 

as ~7 
/;1 
~ L_----;;;;;.._ .... 

DEfLECTION AllGLE ~~ / ~ ~ SOLUTION STATION 
~ Iny point on spiral 

~ ~c,'~\. EXAMPLE SPIRAL 
~ #.o~ 4 = 22°06'55-
~ Ts = 418.175' R = 1460.000' 

",./ 85 = 5°11'59.2" Y5=8.012' 
// ~ ls = 265.000' Xs" 264.782' 

",. Ac 11°42'56.5" lc ,. 298.537' 

DEFLECT-:-[HD 
.l. ,ll:"i 1"'1. 

.JIl -11. 

P.I. S1A 140+36.445 

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

EH~gBB 

8gB~ -~ 

\11 ~H3f3 f38 ~so"e fo, the 

The required input is 
prompted by the program 
as you proceed, and 
followed by stroking the 
ffiZ2] button, except 
after input of a new 
station for solution. ~Bgg 

E3E3E38 
88B8 
E3E3BB 
BBBE3 

-

'~ 
last station input 

go to exit spiral 

20 

The program may be used 
wi thout a pri nter, but 
for ease of illustration, 
the pri nter output wi 11 
be shown. 

Step-by-step instruct­
ions a re shown on the 
next page. 
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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 
[!I!lJ ~ rn [!] ~. The program will begin the prompts for the type 
of solution wanted. 

1 CooRD-O/S? 

2 TAN O/S? 

3 PI STATION? 

.. DELTA? 

5 R? 

6 l? 

Answer this prompt no 

Answer this prompt no 

Input the main P. J. 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 
140+36.445 

Input the system delta. If curve 1 eft, ICHSI 1m] 
Input the radius for the circular curve 1m] 
Input the spiral 1 ength 1m] 

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 ffiZ?J. 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 deflection and chord are 
required ill 

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

8 STA? 
Repeat step 7 unti 1 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 rn:J 

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

9 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. 
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As an example of the keystrokes used with this routine, and using the information 
on page 1-1. in the example spiral, we will calculate the entrance and exit 
spirals at even stations. 

keystrokes: IlW] 
[iiiiiAJ rn [f] lALfHA] 

prompt: 
keystrokes: 

00 1m] 
prompt: 

keystrokes: 

00 [ill] 
prompt: 

keystrokes: 

COORD-DIS? 

TAN DIS? 

PI STATION? 

[!][!][Q]rnrno 
[!] [!] rn [lli] 

prompt: 
keystrokes: 

DELTA? 

rnrn[JrnJrn~rn 
[ill] 

At this point we begin to 
I calculate the even stations 

I 
along the entrance spiral 

prompt: STA? 
I 
I keystrokes: 
I m rn [I] [Q] [Q] ill 

output: 

keystrokes: 

137+89.888 
CD = 8t. 738 
IEflECTION ,= 
8° 9' 54' 

RADIAL, = 
98' 19' 47' 

rn rn [ID (QJ [Q] IT] 
output: 138+8~.888 

CD = 1St. 715 

output: 

prompt: 
keystrokes: 

ST = 
144+46.887 
CS = 
141+81.887 

STA? 

IT1[!]illrnlIT18 
I rnl lID rn IT] 

I 
output: 141+81. 887 

CD = 264.983 

I
I IEflECT ION ,= 

I' 43' 59' 
RADIIiL .. = 

, 93' 27' 68' 

I 
keystrokes: 

rn rn rn [ID [Q] IT] 
DEfLECTIOH ,= output: 142+88.888 
8' 48' 54' CI = 246.739 

RADIAL , = IEFLECTIOH ,= 
91' 37' 49' l' 38' 12' 

prompt: 
keystrokes: 

keystrokes; RADIIiL' = 
R? i 93° 8' 25' 

ill rn [ID [ID rn 0 rn rn I keystrokes: 

rn [!] 00 lID [ill] 
prompt: 

keystrokes: 

rnrnrn ~ 
output: L = m.889~ 

S, = 5.1159 

L? 

R = t.46e.8888 

PI = 
148+36,445 
CENTRAL, = 
22° 6' 55' 

TS = 
136+18.278 
SC = 
138+e3,278 

ill I ill rn rn [Q] [Q] IT] 
output: 

138+83,278 
CD = 264.993 
.EflECTI ON ,= 
l' 43' 59' 

RADIAL .. = 
93 0 27' 68' 

With the calculations for the 
: entrance spiral completed, we 

can move to the exit spiral 

keystroke: 

22 

output: 143+88.888 
CD = 146,882 
.EFLECTI ON .. = 
It 31' 55' 

I RADIAL .. = 
keystrokes: 91' 3' 58' 

ill [!I [!I [QJ [Q] ill 
output: 144+88,888 

CD = 46.887 
.EFLECTION ,= .t 3' 15' 
RADIAL, = 
98 0 6' 29' 

II 
JI , 
, 
JI 

-­.-
-­
J 
I 



I , 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I JB)I 
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 centerl ine 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 TSand 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. 

RLIG,''f. 0/5_ Jr 
J!l ~n~ 

\ 

~stroke rn:J to begin solutions on exit spiral 

't3~ keystroke ill after input of station 
f3gBB 

II L Q] is used to begin circular portion of 
ggf3EH~ 

~BB~8 

~BBB 

8BE38 
B~BE3 

E3I3BE3 
BBBE3 

the spiral system 

\ 
\ 

offset left~~ <...> 
c:,v, 

~7 
~ 

2J 

\ 
8s 

~ 
'~~----------~ 
~ 

I 
offset / 
right ~'-----" SOLUTION STATION 

10 any point on spiral 

EXAMPLE SPIRAL 
A = 22°06'55-

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 



With the calculator sized at 050, and with programs "SP", "STA" and "OMS" in 
program memory, the program is initial ized by keystroking [!!ID 00lQl ~ [!l 
~. The registers are cleared and the prompting for the typ~fUilon 
wanted will begin, as follows: 

1 COORD-DIS? 

2 BRG=? 

3 QD=? 

4 TS NtE 

5 PI STATION? 

6 DELTA? 

7 R? 

8 L? 

Answer this prompt yes 

Input the entrance tangent bearing 

Input the quadrant code for the bearing toward the P.I. of 
the system ~ 

Input the north coordinate of the TS 
Input the east coordinate of the TS 
(Answer the prompt INVERSE? no) 

IENTERtl 
[ill] 

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 

Input the system delta. If curve left, ~ [ill] 
Input the radius for the circular curve [ffi] 
Input the spi ra 1 1 ength [ill] 

Output will be a display of the length of spiral curve, the spiral angle (output 
is in the form O . ...,SS), and the radius. If a printer is not attached, continue 
stroking ~~. 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 ill 
Output will be the station and its coordinates. Continue stroking []ZIJ each 
time if not using a printer until the prompt O/S OIST? appears. 

10 DIS DIST? Any desired offsets may be calculated at this time. Input 
the offset distance ~ if the offset is to the left [ill] 

Output will be the offset and its coordinates. An offset to the left will be 
shown as a negative offset 

11 DIS DIST? Repeat step 10 until all of the required offsets for the station 
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12 DIS OIST? 

13 DIS DIST? 

have been calculated, or return to step g 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: 

Calculate the 5C station last. When ready to calculate the 
circular portion, keystroke Q] 

Input the circular radius distance. 
left, rnrn If the curve is to the 

!ill] 
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 O. 
14 STA? 

15 DIS DIST? 

Input the next station 

Input 0 for the centerl ine coordinates, or the offset distance. 
If the offset is to the left of centerline, rnrn ~ 

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

17 BRG=? 

18 QO=? 

19 S1 NtE 

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 

Input the bearing of the exit tangent 

Input the quadrant code for the exit tangent in the direction 
toward the P.I. ~ 

Input the north coordinate of the 5T 

Input the east coordinate of the 5T 
IEHlERt I 

[Bill 
Output will be the 5T and C5 stations. 
20 S1A? 

Calculate the stations through the exit spiral, beginning 
with the C5 station, by repeating steps 9 and 10 until all 
of the required stations and offsets have been calculated. 
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As an example of the keystrokes used with this routine, and using the information I 
on page 2~l, 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 left and right at one of the stations in the entrance, I 
circular and exit portions of the system. 

keystrokes: ~ 

~[}][!)~ 
prompt: COORD-O/S? 

keystrokes: 

rn [ill) 
prompt: BRG=? 

keystrokes: 

[1J [}] EJ rn ill QJ M 
prompt: QD=? 

keystrokes: 

[!][ill] 
prompt: TS NtE 

keys t rokes: 

[1JrnJl1lDJeID 
r::J DJ eID eID 0-;<1 E=NT=E Rc:-1t I 
[1J[Q]rn[!]rn 
r::J rn rn (1) [lli) 

prompt: 

keystrokes: 

INVERSE? 

[]J [ill] 
prompt: PI STATION? 

keystrokes: 

[}][!][Q]DJrn[:J 
[!] [!] rn [ill] 

prompt: DELTA? 

'I keys t rokes: 
I (1) (1) [:J []] []] 

I keystrokes: 

11 rn []] I CHSI [ill] 
I' rn rn [ill] 
Ii prompt: 

I, output: o!s : -2U~8~6 
R? II H : 3:3,787.{t;3~ 
IE: 3e, 588. 9.5(, 

II keystrokes: 

II ill rn rn [Q] [ill] 
I prompt: 
i 

Iii prompt: O/S DIST? 
L? keystrokes: 

: rn lID Em! ,keystrokes: 

I rn rn rn [illJ 
output: L : 2t5.e&~~ 

5.:5.1159 
~ : t.4t>8.e&~e 

PI : 
148t3~, 445 
CEHTFAL , : 
22· t' 55' 

TS : 
13£+1::,.278 

I output· 0" - "(; 88i1i' 
II . H~ 38~7;!.€,i'49 
" E : 39,538.2e71 
I, 
II prompt: O/S 01 ST? 
I, keystrokes: 

,I ill ~:~ 1~"~ 

prompt: 

H : 3$,887. 984f 
E : 3~,484. 5431 

O/S DIST? 

prompt: 

keystrokes: 

SC : 
138t83.278 

STA? 'keystrokes: 

illllJ rn [Q] [ID rn 
output: 137t{t6.88~ 

prompt: 

H : 38,714.3292 
E : 3~,519.5814 

O/S DIST? 
We will use this station as 
an example for the offsets. 
For an offset left stroke [CltS] 
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output: l3StB3.27e 

H : 38.8B7.llt:: 
E : 3~.45S. 6462 

prompt: O/S DIST? 
After calculating any needed 
offsets at the SC. move to the 
circular portion of the system 

keystroke: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1[5)1 

..... 9' 
:,.'" 

0;,6' 

" '\0-> ~ ~ 
~ 

'-. N "[offset right 

138+83£l..QSC 

prompt: O/S DIST? 

keystrokes: 

m rn w [Q] [ill] 

output: UPCI-'-~~ 

RADIUS POINT' 
H = 39.385. 6S 13 
E = 31,857.3782 

prompt: STA? 

keys t rokes: 

m []] rn [Q] []] []IS] 

__ 39,444.670 
-; 30,395.975 

p ... 
\ ~ \ B 
~ ~ 

,~offset right 

Ii prompt: STA? 

" keystrokes: 

~ IT! rn [2] [OJ [QJ []IS] 
I 

, prompt: O/S 01 ST? 

: keystrokes: 

I rn [QJ I CHsl [ill] 
: output: 139+(11'. eee 

O/~. : -2@.8eee 
H : 3t.e9~.6~~? 
E : 3€t H4.7171 

prompt: O/S DIST? I prompt: STA? 

keystrokes: 

[OJ[lli] 
output: 

Ij : 3~.ge].17!7 

E : 38.453.9422 

keystrokes: 

: ill [1] [ID []] [ID [ill] 
I 

O/S DIST? 
I 
I prompt: 

I keystrokes: 

: rn [Q] [ill] 

I 
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output: 139+ee.eee 
OIS : 28. 8€t€t~ 
H : 38,988.6852 
E : 38 .. 473.lt·72 

prompt: STA? 

keystrokes: 

rn [!] [QJ [QJ [QJ [ill] 
prompt: 

keystrokes: 

[QJ [lli] 
output: 

O/S DIST? 

14e+e~. eee 
H : 3Q ,88e.1m 
E : 3e.429.6B7:i 

prompt: STA? 

n keystrokes: 

Ii rn [!] rn [QJ [QJ [ill] 
I prompt: O/S DIST? 
II 
I, keystrokes: 

I: [ID [ill] 
il 
,I output: 

141 tee. see 
H : 39, e~8. 5919 
E : 3e.412.127~ 

prompt: STA? 

With the circular portion 
completed, go to the exit spiral 

keystroke: 

prompt: 

keystrokes: 

" 0 rn rn rn rn 

BRG=? 



prompt: QD=? 
keystrokes: 

III [ill] 
prompt: ST NtE 

keystrokes: 

lIIrnrnillrn 
c:J f..6] ill IENITRtl 
m!]]rn[2][5J 
c:J [2] ill [5] [BISJ 

output: 
ST :; 
144+46. S87 
CS = 
141+81.887 

prompt: STA? 
keystrokes: 

mrnrnrrurnQ 
lID rnJ ill ill 

output: 141+81.887 

Ii = 3'?1?9.854i 
E = 3@482. 7994 

prompt: 0/5 DIST? 

5, nee a 11 of the offsets through 
the ex lt spi ra I work the same 
at any station, we can use the 
CS as the example station for 
the offset calculations 

keystrokes: 

rn [Q] I CHS I [ill] 
output: 

prompt: 

keystrokes: 

rn [QJ [lli) 
output: 

prompt: 

keystrokes: 

OIS = -28. 88~e 
H = 39,178.1314 
E = 39,382.8737 

0/5 DIST? 

OIS = 29 .1I9~e 
H = 39 .. 1S1.S779 
E = 38.422.7258 

O/S DIST? 

ill rn rn [Q] [Q] m 
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output: 142+98.11118 

H = 39,197.9891 
E = 38,4111.3422 

prompt: 0/5 DIST? 
keystrokes: 

[!][!1 rn rID [Q] m 
output: 143+98.1188 

H = 39·297.Sm 
E = 3~ .. JCj6.6?96 

prompt: O/S DIST? 
keystrokes: 

OJ rn rn [QJ [Q] rn 
output: 

144+89.99& 

H = 39,397.808 
E = 38 .. 395.8093 

• • • • 

• 
• 
• • • 
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1lB)1 
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 EOM for the distances. 

144+46807 ST 

/ 
--141+81807CS It '":,~,",~" B 

--- 8B8B 
8B88 

~ """;,,, 38700 
statIon 31000 

J 

solution 
station 

begin 
LCircular 

portion 

With programs "SP", "STA" and "OMS" 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 mID [AJ,!!!ru rn [£] ~. Prompts for the type 
of solution wanted will begin as follows: 

COORD-DIS? 
Answer this prompt yes 

2 DRG=? 
Input the entrance tangent bearing 
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3 QD=? 

4 TS NtE 

!i INVERSE? 

6 INST NtE 

7 BACKSITE? 

8 PI STATION? 

9 DELTA? 

10 R? 

11 l? 

IW)I 
Input the quadrant code for the bearing toward the P.I. of 
the system 

Input the north coordinate of the TS 

Input the east coordinate of the TS 

Answer this prompt yes 

Input the north coordinate of the setup point 

Input the east coordinate of the setup point 

I ENTERtl 

tml 

(]ZS] 

I ENTERtl 

Input the north coordinate of the backsight station IENTERtl 

Input the east coordinate of the backsight 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 

Input the sys tem de lta . If curve left, [ill] IJUS1 
Input the radius for the Circular curve l1US] 

Input the spiral length IJUS1 
Output will be a display of the length of spiral curve, the spiral angle (output 
is in the form O.MMSS), and the radius. If a printer is not attached, continue 
stroking ~. 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 ill 

Output will be the station and its coordinates. Continue stroking ~ each 
time if not using a printer until the prompt 0/5 0IST? appears. 

13 O/S DISH Any desired offsets may be calculated at this time. Input 
the offset distance ~ if the offset is to the left I:Bru 

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 O/S DIST? 

15 O/S DIST? 

16 O/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: 

Calculate the SC station last. When ready to calculate the circular portion, keystroke Q] 
Input the circular radius distance. If the curve is to the 
left, rnrn ~ 

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 O. 
17 STA? 

18 O/S DIST? 

Input the next station 

Input 0 for the centerl ine coordinates, or the offset distance. If the offset is to the left of centerline, ~ ~ 

Output will be the station and its coordinates (or the offset and its coordinates). 
19 STA? Repeat steps 17 and 18 until all of the stations and offsets 

20 BRG=? 

21 QD=? 

22 ST NtE 

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

Input the bearing of the exit tangent 

Input the quadrant code for the exit tangent in the direction toward the P. I . 

Input the north coordinate of the ST 

Input the east coordinate of the ST 
IENTERtJ 

Output will be the ST and CS stations. 
23 STA? 

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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IITPI 
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: Ci1lil 
1 ALPHA] ~ I1lI ALPHAI 

- prampt: 690RS &IS! 
lteystl"akes: 

ffi--im-

keystrokes: 

I1J OJ [:J rn OJ [1J [ill! 
prompt: QO=? 

keystrokes: 

~ [ill] 
prompt: TS NtE 

keystrokes: 

IHID []] [1] [ID 
EJ [1] rID rID '-:1 E=NT=ER~t 1 

.IfH~ rnrn 
GJ rn rn I1J CRrn 

prampt: INVERSE? 
.J<eystrekes-: 

ill fMjJ 
prompt: INST Nt£? 

keystrokes: 

II rn ill [Q] [Q] 1 ENTERtl 
• II []] rn []] Im1 

prompt: BACKSITE? 
keystrokes: 
., [ID [1] [Q] [Q] [frffW] 

• ill [Q] [Q] [Q] Im1 

prompt: PI STATION? 
keystrokes: 

Q[J][Q][1][]]O 

rn []1 []] [ill] 
prompt: 

keystrokes: 

rnrnEJ[Q][]] 
rn rn [ill] 

prompt: 
keystrokes: 

ill rn []] [ID em] 
prompt: 

keystrokes: 

rn rID rn [W] 
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DELTA? 

R? 

L? 

output: L = 265.8888 
S4 = 5.1159 

prompt: 
keystrokes: 

R = 1.468.8888 

PI = 
'48+36.445 
CENTRAL' = 
22· 6' 55' 

TS = 
036+18.27e 
SC = 
138+83.278 

STA? 

II Ul rn rID rID rn 
,vtll output: !fi37tllll.888 
.",.... 

prompt: 

N = lS, 714. 3292 
E = f.e·,519.5814 

H. = 399.819 
'RT= 
5S· 26· 24" L t,Nt 

DIS DIST? 'x.5f 2~ 
We "il1 use this station as 
an example for the offsets. 
For an offset left stroke ICHSI 

, 
~ 
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keystrokes: 

rn lID rnrn [ill] 
) 

output: OIS = -28.8898 
, .': H = e8,787.8434 

-),.. E = .,588.9556 

'HD = 412.878 
1-' ,j: J- iRT= 

68° 41}' 18-
prompt: O/S DIST? 

keystrokes: 

[II rnl [ill] 
output: DIS = 28.8888 

H = ~8, 721.6149 
E = 11M38.2871 

HD = 388.212 
iRT= 
56° 4' 17-

prompt: O/S DIST? 
keystrokes: 

• rn [ID [ID [ID rn 
output:t38+88.888 

H = Ga. 887.9946 
E = ,8,484.5431 

HI = 324.839 
lRT= 
68' 58' 22-

prompt: O/S DIST? 
keys t rokes: 

II rn [ID 1!][1J [] [II rn 
IT] 

output: ,38+83.278 

N = :S,887.1168 
E = •• 458.6462 

HI = 278.172 
lRT= 
81' 9' 27-

prompt: O/S DIST? 
After calculating any needed 
offsets at the SC, move to the 
circular portion of the system 

keystroke: 
prompt: 

keystrokes: 

ill rn ~ lID [ill] W 

output: -H~r 

RAD illS PO 1 HT 

~. 

H = .Q.385.6513 
E = ,1. 857.3782 

prompt: STA? 
keystrokes: 

II rn I!l lID lID [ill] 
prompt: O/S DIST? 

keystrokes: 

[]][ill) 
output: 

.f39+81}.888 
N = 18,983.1717 
E = i8,453.9422 

HD = 268.772 
lRT= 
84' S' 43-

prompt: STA? 
keystrokes: 

II rn [!][ID rnl l!rn 
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prompt: O/S DIST? 
keystrokes: 

rn lID ~ [illJ 
output: 139+88. 888 

DIS = -28.8888 
N = ,8.897.6583 
E = '8.434.7171 

HI = 277.758 
lRT= 
86' 23' 36-

prompt: STA? 
keystrokes: 

II rn I!l lID lID [ill] 
prompt: 

keystrokes: 

O/S DIST? 

I rn lID [ill) 
! output =139+88.888 

DIS = 28. e81}8 
N = '8.988.6852 
E = ~,473.1672 

HI = 244.243 
,RT= 
81° 35' 29-

prompt: STA? 
Ikeystrokes: 

• rn lID lID [ID [ill] 
prompt: 

keystrokes: 

lID [ill] 

O/S DIST? 

output: ft8+88. 888 
N = .9,888.1655 
E = ,8,429.6873 

HD = 219.349 
lRT= 
186° 4' 42-



prompt: 
keystrokes: 

STA? 

• []] [U rID [Q] ~ 
pro"!pt: 

keystrokes: 

[Q]~ 

OIS DIST? 

output: 441+88.888 

prompt: 

H = ,9.1198.5919 
E = 111.412.1275 

HI = 212.877 
'RT= 
132' 46' 24' 

STA? 
With the circular portion 
completed, go to the exit spiral 

keystroke: 

prompt: BRG=? 
keystrokes: 

[J[Urn[Z]rn ~ 
prompt: QD=? 

keystrokes: 

Il1 ~ 
prompt: ST NtE 

keystrokes: 

arnrnrnrn 
[J 00 (]] I=EN=T=ERc:-,t I 
.~ll1rnrn 
l:J rn mill ~ 

output: ST = 
144+46.887 
cs = 
141+81,887 

prompt: STA? 
keystrokes: 
.[]][1JlBl[1JEJ 
rIl [0] rn rn 

output: 141+81.887 

H = a9,179.8546 
E = ... 4112.7994 

HD = 236.114 
'RT= 
152' 55' 11' 

prompt: OIS DIST? 
keystrokes: 

• rn rn [Q] [Q] rn 
output: 142+98.888 

H = '9.197.9891 
E = ".411.3422 

HI = 244.182 
'RT= 

156 0 48' 42' 
prompt: OIS DIST? 

keystrokes: 

III rn rn [Q] [ID rn 
output: 143+1111.11811 

H = 19.297.8m 
E = ,8,396.6796 

HI = 382.138 
'RT= 
174' 3' 56' 

34 

prompt: OIS DIST? 
keystrokes: 

• [!][!l em em m 
output: 144+119.l1li8 

H = 19.397.8m 
E = 88. m. 8893 

HI = 375.833 
'RT= 

185 0 34' 33' 
prompt: OIS DIST? 

keystrokes: 

Mrnrnrnoo 
[J rIl [Q][Z] rn 

output: 144+46.887 

H = 19.444.6697 
E = r8, m. 9758 

HI = 413.823 
'RT= 
189' 32' 57' 

When the calculations are being 
done for radial stakeout with 
this prograM, it is possible 
that the whole curve cannot 
be seen from one setup. In 
that event, the portion that 
is to be sprayed in from the 
first setup point should be 
completed, and then the program 
started over for the second 
setup. 

If the first setup included 
the circular portion, and the 
second setup wi 11 be in the 
exit spiral only, it is not 
necessary to go through a 11 
of the steps. 
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I IF11 
In this routine, the solution is in the form of the tangent distance and the 
offset from the tangent to any point on the spiral. The tangent distance is 
the distance along the entrance tangent from the TS, or back along the exit 
tangent from the ST. The tangent offset is measured at right angles to the 
tangent. 

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

The keys used for th i s 
routine are shown in the 
sketch to the right. 

The requ ired input is 
prompted by the program 
as you proceed, and 
followed by stroking the 
IRIS! button, except 
after input of a new 
station for solution. 

Step-by-step instruct­
ions are shown on the 
next page, followed by 
a keystroke example. 

solve for the 
last station input 

go to exit spiral 

EXAMPLE SPIRAL 
& = 22°06'55-

TRrf-DIS 

Ts • 418.175' R 1460.000' 
ls 265.000' Xs 264.782' 
as 5°11'59.2" Ys 8.012' 
6c = 11°42'56.5" lc 298.537' 

P.I. STA 140+36.445 
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As in the other examples, the program wi 11 beg in the prompting for the type 
of solution wanted when you keystroke [gg] ~ rn 1!J ~. Remember to 
be sized at 050 and to have the utility programs "OMS" and "STA" in program 
memory, as well as "SP". 

1 COORD-O/S? 

2 TAN O/S? 

3 PI STATION? 

4 DELTA? 

5 R? 

6 l? 

Answer this prompt no 

Answer this prompt yes 

Input the main P.l. 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 ~ 

Input the system delta. If the curve is a curve to the left, 
~ Ml 
Input the radius for the circular curve rnnJ 
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 rnm. 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 rn 

1R7~lt will be the tangent distance and the tangent offset. Continue stroking 
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 lID 

Output will be the stations of the CS and ST. followed by the prompt 
9 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 tangent distances and offsets are 
from the ST. sighting toward the P.I. 
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I 1&)1 
d ith this routine and using the information As an example of the keystrokes u~e lW ill calcul~te the entrance and exit on page 4-1, in the, example splra • we w 

spirals at even statlons. 

keystrokes: rxrnJ 
I ALPHA I rn [f] I ALPHA I 

prompt: CooRD-O/S? 
keystrokes: 

00 [ill] 
prompt: 

keystrokes: 

TAN O/S? 

[!] £ill) 
prompt: PI STATION? 

keystrokes: 

rnrn[Q]QJ[ID8 
rn [!] rn ffirn 

prompt: DELTA? 
keystrokes: 

rnrn8[Q][IDrnrn 
[ill.] 

prompt: 

keystrokes: 

rn rn [[] rnl [m] 
prompt: 

keystrokes: 

rn [ID rn cml 
output: l = 265.8888 

S, = 5.1159 

R? 

L? 

II = 1,468.8888 
PI = 
148+36.445 
CENTRAL' = 
22° 6' 55· 

TS = 
136+18.278 
SC = 
138+83.278 

I 
At this point we begin to 
calculate the stations along 
the entrance spiral. WhIle 

! any station may be calculated, 
I we will calculate the 100' even 
~ stations for this example 

I prompt: 

I keystrokes: 

STA? 

I m [i] rn [ill [ill [(I 
I 

I prompt: 

I keys t rokes: 

output: 137+88.888 
TD = 81.7294 
T DIS = 8.2352 

STA? 

I [iJ DJ rID lID [ill lIJ 
I output: 138+88.888 

TD = 181.6969 
I T DIS = 2.5851 

prompt: STA? 
keystrokes: 

rn[1]lID[ID[1]Qrnrn 
,ill 

output: 138+83.278 
TD = 264.7818 
T DIS = 8.8118 

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

keystroke: 

37 

output: 

i 

I prompt: 

ST = 
144+46.887 
CS = 
141+81.887 

STA? 
I keystrokes: 

I [iJ[!J [iJ rID ill 0 
I lID [ill rn lIJ 

I output: 141 +81. 887 

I prompt: 

TD = 264.7821 
T DIS = -8.8119 

STA? 
I keystrokes: 

I rn rn rn [ill [ill lIJ 
output: 

prompt: 

keystrokes: 

142+88.888 
T8 = 246.6544 
T DIS = -6.4734 

STA? 

I rn rn [1] [ill [ill lIJ 
output: 143+88.888 

TD = 146.7959 
T DIS = -\. 3629 

prompt: STA? 
keystrokes: 

rn rn rn [ill [ill m 
output: 144+88.888 

T8 = 46.8872 
T DIS = -8.8442 
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IIB)I 
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 prograllll1ing, and it is therefore avai lable 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: 

m--.,...-----
~ 

initialize---...... 

'+20 _II) 

N 

RR DIRL IN,,"' _ 

~BB(3 

gSE38 
888g 
9E3BE3 
BBB8 

39 

keyst rokes: 
IGTO] (key in IShiftl IRCLl) 

IALPHAl rn [f] IALPHA] 
[i] (key in as [illI!J (0) 

prompt: INST NtE 
keystrokes: 
rn [Q) [Q) r;:'1 EN=T=ER"'""t I 

rn [Q) [Q] t:mJ 
prompt: BACKSlTE? 

keystrokes: 
00 [Q) [Q) Ir=EN=T=ER"""'t I 
I]) [Q) [ill] 

prompt: NtE? 
keystrokes: 
ill rn [i] Ir=EN=T=ER"""'t I 
rn rID [Q] 00 

output: 

prompt: 

425.9899 
359.8888 
HD = 418.838 
ART= 
39° 51' 33" 

NtE ? 



keystrokes: 
rn f]] f]] ~I [=NT=ER~t 1 

~ rn [Q] [!) 
output: 488.8ij88 

358.8988 

HI = 398.512 
,RT= 
42' 5' 46· 

keystrokes: 
rn rn rn "'1 E .... Nr .... ER ... t' 1 

rn rn [ID [!) 
output: 425.8888 

428.8888 

40 

HI = 456.898 
'RT= 
46' 58' 47· 

~I 
keystrokes: 
[!)[ID rn1 ...... 1 EN .... r ....... [RT'>t 1 

rn rn rn1 [!J 
output: 488.8888 

428.8888 

HD = 438.634 
"RT= 
49' S' IS· 
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ICCI 
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 'toggl ing' between the I and J keys. This establishes a flag status condition which prints out the stack after input, but before beginning the calculations for the solution. 

The stack-print option may only be used with a printer attached, or a "nonexistent" wi 11 be displayed when the program reaches the PRINT STACK command. 

T= 127.1625 
Z= 94.11235 
y= 286.5488 
)(= -5.8888 

STA 8+75.23 
AT 163.95 liT 
ELEY = 88.44 

The baseline for the to po may be two points along a traverse line, or along the existing al ignment 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 basellne 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. 
TOPO 

n L .IL 

gRBgB keystroke Q] to enable J.:r8R 8g~J.-;---stack-print option 
stroke. [!J af~er inpu//III (t;}8E3~ III to begln solutlon ~ ~g8B 

8 B Q B keystroke rn to halt 
f3 f:3 ~ ~ stack-print option 

g9E3B 
88R~ 

KEY BOA R 0 ASS I G N MEN T S 
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ICCI 
To begin, the calculator should contain both of the utility programs "STA" and 
"OMS", as well as "TT", and be sized at 045. Initial ize the program with the 
keystrokes rxrnI ~ [!] ill [""l[PHAl. The program will begin with a prompt 
for the station at the instrum~cation. 

INST. STA.? 

2 OFFSET? 

3 ON CURVE? 

4 B.C. STA? 

5 RADIUS? 

6 DELTA? 

7 H.I.? 

8 BKSITE STA? 

9 OFFSET? 

10 ON CURVE? 

Input the station which (or opposite which) the instrument 
occupys 

If the instrument is on the centerl ine or basel ine, enter 
O. If on an offset, enter the offset distance. If the offset 
is to the left, ~ ~ 

This prompt will be answered NO, 00 unless the instrument 
is on (or opposite) a station which is in the curve. If the 
setup is in a curve, answer [!], and answer the additional 
prompts for curve data. ~ 

Enter the station at which the curve starts 

Input the radius of the curve 

Input delta (OO.MMSS). If curve left, ~ 

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 ~ 

Input the station of the point that will be the backsight 
point ~ 

Input 0 if on centerl ine, or the offset distance if not. 
If the offset is left, ~ ~ 

If the backsight station is on a curve, answer [!]. If not, 
answer 00. If both the instrument and the backsight are 
on the curve, the curve data has been input already and need 
not be repea ted; if th i sis the ca se, answer NO. I f the 

44 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
l 
l 
l 
t 
l 

------------------------------------------------------------------~~ 

ICC I 

11 CURVE AREA? 

12 SHOW GRADE? 

13 INPUT SHOT* 

* 

* 

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 centerl ine alignment which will fall within the scope of the topo, answering rn wi 11 bring up the prompts shown at steps 4 through 6. Shots taken withi n the area of the curve wi 11 be shown as radial offsets to the curve s ta t ions when output. I f there is no curve area involved, answer I!l MJ 
Answer this prompt no, 

This is the prompt to begin input of the shots. 
horizontal angle 

Input the vertical (zenith) angle 

Input the measured slope distance 

OO[mJ 
Input the 

I ENTERtl 

! ENTERtl 

I ENTERtl 
Input the rod reading. With the EDM, it is the height of the rod at the prism, and it is a minus rod. Unless the rod is inverted, all rods are minus rods and the rod is input as a minus by ~ prior to keystroking [!J 
If a printer is attached, and the print-stack option is wanted, to record the i npu t da ta Q) 
You can halt the print-stack option by keystroking DO 

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 ~ 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 longer when you have passed the curve area with the shots. 
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ICCI 
N57°27'15"E ,As an example of how the program works, and to practice 

85.50' ../ the keystrokes and input used, we can do part of 
~ ~/.J"'.1 ~the little topograpic survey shown to the left. 
/1f}J 6. 9 / 
I' /I,'l~ ""-.'.J6~ I The survey is going to be used by an architect, who 
, , .> I 'ilJ? 'C, ,is designing a residence for the lot that is shown 

I /' /,/~, l/I(Shaded), and he needs to know enough about the 
'R '='/3'50:'O~: ,II ~//J " topography to start designing his footings. 
A :; 22°25'00" I / 
L :; 136,936" ! I' / ~ne of the advantages of this pr~gram is that there 
"// ' , .. i /1 I 1S no need to run a traverse Just to do a topo. 
/, 1//1' /) I Any basel ine can be used, as long as it can be related 

" ,I' / "'I' ,,' to the street for plotting. For the example we will 
~2. +00 B. c.l ~I assume that the instrument is set over a right-of-way 
'/1/1 11 //1 1 J pin at 25' left of 12+00 B.C., and the backsight 

, I" I is at 10+00 on center1 ine. 
____ .. ~I I I ,I 25' 25' 

This has us already tied to the a1 ignment for plotting 
I " of the topography, and we can use an assumed height 
I ~1: I of instrument of 200. The program wi 11 number the 

• I ~ gi' shots as they are taken so that the only field notes 
~ "'. which will be required for plotting is a list of 
~ I:? gl the shots showing what was shot.· 

! ~i"'f To b~n, initial ize the program with [!mJ ~ 
10+00 POT 1 ' [!] 1!I ~, and begin answering the prompts. 

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

keystrokes: 

[1] [l] rID rID [jjEJ 
prompt: OFFSET? 

keystrokes: 

III []] ~ [jjEJ 
prompt: 

keystrokes: 

00 [ill] 

ON CURVE? 

prompt: H.I.? 

keys t rokes: 

rn lID [Q] I]fiJ 

* With printer attached 

keystrokes: 

rn []J []J rID ~ 
prompt: OFFSET? 

keystrokes: 

I]) [jjEJ 
prompt: ON CURVE? 

keystrokes: 

00 1m] 
prompt: CURVE AREA? 

keystrokes: 

III [ill) 
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keystrokes: 

[1][l] lID lID [ill] 
prompt: RADIUS? 

keystrokes: 

[1] rn [Q] [ill] 
prompt: DELTA? 

keystrokes: 

rnrnG]rnrn [ill] 
prompt: SHOW GRADE? 

keystrokes: 

00 [ill] 

I 
J 
I 
J 
J 
I 
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J 
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I<C I 
prompt: INPUT SHOT 

keystrokes: 

[IDrnc:Jrn[Q]rnrn 
I ENTERtl 

rnrnc:Jrnrnrn 

rnrmJoo 
output: 

I ..... E=NT .... E .... RtT11 

I ENTERtl 

T= 85.1825 
Z= 91.15111 
y= 57. 3118e 
X= -5.811118 
STA \1+88.14 
AT 81.84 L T 
ELEY = 193. ~ 

prompt: INPUT SHOT 
keystrokes: 

[I]rnJrn8rnrnrnrn 
I ENTERtl 

[2][Il 8 [Q] ill [1] 
I ..... E=NT=[,....Rt~1 

[IDrnQ[I] 
I ENTERtl 

rn~oo 
output: 2 

T= 18Z.253'i 
Z= 92.117311 
y= 63.7888 
X= -5.PU8 
STA 12+84.78 
AT 88.42 L T 
ELEY = 192.64 

All of the required setup information has been input 
at this point, and we have the prompt for shot input, 
as shown to the left. 

At this point you can keystroke Q] to have the angles 
and slope distances output, along with the solution 
of the shots, if your pri nter is attached. Thi s 
output can be returned to the 'solution only' form 
at any time by keystroking [!]. 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 ;s printed the T register contains 
the horizontal angle, the Z register contains the 
zenith angle, the Y register has the slope distance 
and the X register the rod. 

The keystrokes to the left are typical input, and 
additional shot solutions are shown with the print­
stack input. 

3 

T= 135.1881l 
Z= 92.3588 
y= 25.811911 
X= -5.1l8I8 
STA 12+13.64 
AT 44.97 LT 
ELEY = 193.87 

4 

T= 134.2638 
Z= 93.21811 
y", 43.68811 
X= -5.81119 
STA 12+22.52 
AT 611.47 L T 
ELEV = 192.46 

47 

5 

T= 132.5445 
Z= 9<4.36311 
y= 92.48811 
X= -5.8988 
STA 12+41.72 
AT 182.93 LT 
ELEY = 187.58 

6 

T= 136.8258 
Z= 95.8248 
y= 186.58811 
X= -5.88119 
STA 12+58.63 
AT 112.37 LT 
ElEY = 185.64 
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ICCI 
The program is used in essentially the same way for taking as-built shots, except 
that the shots are usually taken with more accuracy. It can be used, for instance, 
for determining the location of building slabs as they are poured on the lots 
in a subdivision, or as-built shots on curb and gutter. 

This routine will also be useful for checking the forms prior to pouring 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 locations without having to be at an exact station where the grade 
is known. 

on vertic.1 cline he routlne can carry one grade break or vertlcal 
(

instn8ent st.tion T . . 

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

I ~I As shown in the sketch to the left, the instrument 
may occupy a station that is within the area of 
the vertical curve, but the elevation which you 
input when prompted PROFILE El? will be the 

The keyboard assignments 
are the same for this 
routine as in the last 
(TOPO), as shown to the 
right. 

The input information may 
be output as part of the 
solution as before, by 
switching the flag status 
wi th keys trokes of [!] 
(input not printed) and 
Q] (i nput pri nted), when 
the printer is attached. 

I 
elevation of the vertical tangent at the instru­
ment station, rather than the elevation on the 
vertical curve. 

RS-8UIUS 

gg9B 

begin solution ~~~ ~ ~ 
SaB,·lB 

halt stack-print II! -. g g R 
,:g80~ 

enable stack-print ~/"1111 ~ ~ ~ ~ 
'R~RE--4 
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ICCI 
Begin with the calculator sized at 045 and with programs "STA". "OMS" and "TT" 
in I~[P PA'tgram memory. To initial ize the program. keystroke l!ml ~ [!] 
DO H. and the program will begin with the prompt for the setup location. 

INST. STA.? 

2 OFFSET? 

3 ON CURVE? 

4 B.C. STA? 

5 RADIUS? 

6 DELTA? 

H.I. ? 

8 BKSITE STA? 

9 OFFSET? 

10 ON CURVE? 

11 CURVE AREA? 

12 SHOW GRADE? 

Input the instrument station 

If the instrument is on the centerl ine or basel ine. enter 
O. If on an offset. enter the offset distance. If offset 
left. lCHSI ~ 

This prompt will be answered NO. 00 unless the instrument 
is on (or opposite) a curve station. If in a curve, answer 
[!], and answer the additional prompts for curve data. ~ 

Enter the station at which the curve starts 

Input the radius of the curve 

Input delta (OO.MMSS). If curve left. ~ 

Input the elevation at the height of the instrument. 

Input the backsight station. 

Input 0 if on centerl ine. or the offset distance if not. 
If the offset is left, ~ ~ 

If the backsight station is on a curve. answer [!]. If not, 
answer 00. 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. ~ 

This prompt will appear when neither the instrument nor 
back sight are on a curve. I f there is a curve in the centerl i ne 
alignment which will fall within the scope of the work, 
answeri ng [!I wi 11 bri ng up the prompts at s te~ 4 through 
6. If there is no curve area involved. answer UU ~ 

Answer this prompt yes 
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ICCI 
13 PROFILE El? 

14 GRADE? 

15 SPRINGlINE? 

16 VERT CURVE? 

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. ~ 

Input the S of grade. If negative, ~ 

Answer this prompt NO 

If the grade is a straight slope, answer [!]. If there is 
a vertical curve within the work area answer ill ~ 

THE NEXT THREE PROM?TS APPEAR IF THE ANSWER (above) WAS YES: 

17 BVC STA? 

18 LENGTH? 

19 GRADE OUT? 

20 INPUT SHOT* 

Input the beginning station of the vertical curve 

Input the length of the vertical curve 

jnpuf the % of grade leaving the vertical curve. If negative, 
CHS 

This is the prompt to begin input of the shots. 
horizontal angle 

Input the vertical (zenith) angle 

Input the measured slope distance 

[ill] 

Input the 

IENTERtl 

IENTERt) 

[ENTERtl 

Input the rod reading. If you are sighting directly to a 
point, and slope chaining to it, input O. An inverted rod 
is a 'plus' rod, and a normal rod is a 'minus' rod (~ 
for minus rod) 00 

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 ~ for each part of the output each time unti 1 the INPUT 
SHOT prompt is shown. 

*If the printer is attached, the input can be shown, when wanted, by using DO 
(not shown) and Q] (shown) keystrokes. 
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ICCI 
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. 

11'-6· j A typical section for a street is shown to the 
t 6' i left, and we will 'as-built' the top of curb at 

~
8' ~~: ~l~~~.r r. the face of curb on the left side of the street 

! for our example. The centerline profile for the 
.1 /'o.~~ ~ street is shown below, and we will assume that 
~ ~ the instrument is set up at station 13+42, 
~ UPlCAl SECTlOll i backsighting station 11+00, both on centerl ine. 

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 BVe 
-0.63 + 0.15, and we have an elevation of 83.99 for the vertical tangent at 
top of curb for station 13+42. We input this after the prompt PROFILE EL? 
4---- ' ····-··~··-··..!..-..··-··~··.--i-··-~·-~·90-

I -- --height of instrument 89.59- --4-- : a:i 

:~=-.~~:: . -.. -r=::::::':::-:i~~::---------- f ·--~:::::=~:-r=::::::::=:T:::=::::::--- ~ ---
.~ .. --. 

~ .... . ' 

- ·i U=~:::·i~:::::~: F:::::::"'-:::::l:::::·::::u U iuu:::=~ :.;;;= 
, ~ I \Q 

~~~~::~I~=.=E·~~::::~t=;·~:;::~u~~j~~:~··~~~ru: 
..,... ..... _.-:-r-- I ._.---l-- 1 "-"~"---+-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: 

1 

2 

3 

horizontal vertical slope rod 
angle angle distance reading 

168°24'55" 90°15'00" 87.34 5.00 

170°43'40" 90°05'20" 108.73 5.00 

89°35'25" 184.76 5.00 
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1<c1 
To begin, initialize the program 

with mID I ALPHA I m rn 
~, and begin answering 
the prompts. 

prompt: INST. STA.? 
keystrokes: 

rn [1] [!] rn [ill] 
prompt: 

keystrokes: 
[ID [ill] 

prompt: 
keystrokes: 
[ffi[ID] 

OFFSET? 

ON CURVE? 

prompt: H.I.? 
keys t rokes: 

rn1 rID 8 []] [ID 1m) 
prompt: BKSITE STA? 

keystrokes: 

OJ OJ [ID [ID ~ 
prompt: 

keystrokes: 

[ID[IDJ 
prompt: 

keystrokes: 

OO[ffi] 

OFFSET? 

ON CURVE? 

prompt: CURVE AREA? 
keystrokes: 

OO[ffi] 
prompt: SHOW GRADE? 

keystrokes: 
[!) [illJ 

prompt: PROFILE EL? 
keystrokes: 

[ID [1] 8 [2] [2] [lli] 
prompt: 

keystrokes: 
GRADE? 

rn 0 rn [ill] 1m) 
prompt: SPRINGLINE? 

keystrokes: 
[]] [ill] 

prompt: VERT CURVE? 
keystrokes: 
[!][ffi) 

prompt: BVC STA? 
keystrokes: 

OJ [)] [ID [ID [ill] 
prompt: LENGTH? 

keys trokes: 

I [JJ [Q] [Q] [ill] 
prompt: GRADE OUT? 

keystrokes: 

m[mJ 
All of the requi red setup 
1nformation has been input at 
this pOint, and we have the 
prompt for shot input. 

prompt: INPUT SHOT 
keystrokes: 

ill [ID [ID [J [Z][!l 
rn rn Irr[=NT=E=R"""t I 
[!J[ID[!]illrn 

I ENTERtl 
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[8][1]ornrn 
i IENTERtl 
1m ~ IAl 

output: 1 
STA 14+27.56 
AT 17.54 IT 
ElEY = 84.21 
GR = 84.28 

prompt: INPUT SHOT 
keystrokes: 

rnrnr:ID8rnrnrn 
IENTERtl 

[2][IDO[IDrnrn 
rool E-N-IE-R-t I 

UJ[Q][ID8[l][JJ 
'-:1 E=NT=E=R~t I 

[SJ [Q!SJ IA1 
output: 2 

STA 14t49.31 
AT 17.52 IT 
ElEY = 84.42 
GR = 84.42 

prompt: INPUT SHOT 
keystrokes: 

DJ[l]rn[J[JJrn 
[JJ [j] r:1 E=N=TE=R~t I 

[8][21 Q rn rn 111m 
1 ENTERtl 

rn[IDrn[J[l](j) 
1 ENTERtl 

rn (Q!S] l!I 
output: 3 

STA l';t25.93 
AT 17.46 LT 
ElEY = 85.91 
CR = 85.91 
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ICCI 
Setting slope stakes along an a1 ignment 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 accomp1 ished from each instrument setup. 
It is still a 'trial and error' procedure, but it has some distinct advantages. 

One advantage is that the catch pOints may be located at the high and low points 
of the existing terrain, as well as in-between. This is not usually done, even 
though it provides better control of the slopes, because it requires the 
additional calculations for the extra station grades in the field. 

Both the instrument and backsight points may be at any offset to (or on) a known 
station on the alignment being staked. The input includes the profile of the 
finished grade, and calculates the station, offset and the cut or fi 11 at any 
poi nt 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 be~shot. When the distance is within acceptable (±0.2') 
accuracy, stroking ~ outputs the cut or fill information. 

stroke rn:J after shot 

input to begin slope I~~~'~' ~~~~~ stake solution ~ 

use (g to change POYT ~ 
input as needed~B8 

keystroke OJ to halt III !eB 8 
stack-print option ----rrr--~g r: f3S 

I~f BBB 
stroke Q1 to e~able the ~\ 8 E3 B {3 
stack-prlnt oPtlon~ III 

88Bg 
9888 

a 11 other conmands 
accomplished with 
~ key----~ 
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The illustration to the 
left shows the keyboard 
assignments used with the 
slope staking procedure. 

Each time rn is stroked, 
the half-width is dis­
played. The display will 
show "/2=0.00 the fi rst 
time, and the correct 
distance is input, 
followed by~. In 
the same manner, the 
original slope ratio will 
be displayed as SR=O:l 
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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ICCI I 
To begin. the calculator should be sized at 045 and have the programs ''IT''. I 
"STA" and "OMS" in the program memory. Initial ize the program by keystroking 
[!mJ ~ ill [!) ~ to display the first prompt. 

INST. STA.? 

2 OFFSET? 

3 ON CURVE? 

4 B.C. STA? 

5 RADIUS? 

6 DELTA? 

7 H. I.? 

8 BKSnE STA? 

9 OFFSET? 

10 ON CURVE? 

11 CURVE AREA? 

12 SHOW GRADE? 

Input the instrument station 

If the ~nstrument is on the centerl ine or basel ine. enter 
O. If on an offset. enter the offset distance. If offset 
left. ~ M 

This prompt will be answered NO. D!l unless the instrument 
is on (or opposite) a curve station. If in a curve. answer 
ill. and answer the additional prompts for curve data. ~ 

Enter the station at which the curve starts 

Input the radius of the curve 

Input delta (OO.MMSS). If curve left. ~ 

Input the elevation at the height of the instrument. 

Input the backsight station. 

Input 0 if on centerline. or the offset distance if not. 
If the offset is left. ~ ~ 

If the backsight station is on a curve. answer [!]. If not. 
answer 00. 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. ~ 

This prompt will appear when neither the instrument nor 
backsight are on a curve. If there is a curve in the centerl ine 
al ignment which will fall within the scope of the work. 
answeri ng [!) wi 11 bri ng up the prompts at s te~ 4 through 
6. If there is no curve area involved. answer L!J lBLS] 

Answer this prompt yes 
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14 GRADE? 

15 SPRINGlINE? 

16 VERT CURVE? 

------~ 

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. ~ 

Input the percent of grade. If negative. ~ 

Answer this prompt NO 

If the grade is a straight slope. answer 00. If there is 
a vertical curve within the work area answer oa ~ 

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

17 BVC STA? 

18 LENGTH? 

19 GRADE OUT? 

Input the beginning station of the vertical curve 

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

Input the f~~ent of grade leaving the vertical curve. If 
negative. rnrn 

29 :INPUT SUBL ,This is the prompt to begin input of the shot information. 
H1 I--' [) V v \\:v1nput the horizontal angle H~-" 1\ iOO£RTF=:..-

21 W/2= 0.00 

22 SR=O:l 

-I-nput- the nrHeal (zenith) !lig1-e 

Input the rod reading. ~for 'minus' "(normal) rod ~ 

Input the correct half-width value. if different from the 
value which is displayed rnrn 
Input the correct slope ratio value. if different from the 
value displayed ~ 

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 infonmation. 

23 To change the POVT value. input the new elevation 
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ICCI 
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. 

2"-0" 

8'-'" 17'-6" 17'-'" 8'-'" ~'-O 

J ,r-: 41. 
11_ 

TYPICAL Fill SECTIOI TYPICAL CUT SECTIOI 

For a fill condition we have a centerline grade (on the vertical tangent) at 
the instrument of 83.84 (BVe - 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 th~ fill POVT to the cut POVT by inputing the other number and 
keystroking 11IIH' / The half-width and the slope ratio also change. and these 
can be changedr6e inputing the new number when they are displayed. 

To begin, with the calculator prompt: ON CURVE? prompt: OFFSET? 
sized at 045. initialize the keystrokes: keystrokes: program wi th !MID I AlPHAI ill 
ill IAlPHAI. and begin answering 00 [ffi] [ID [lli] 
the prompts. prompt: H.I. ? prompt: ON CURVE? 

prompt: INST. STA.? keystrokes: keystrokes: 
keystrokes: lID [I)O[ID[I) EmJ 00 [lli) 
[IJ[l]rn[ZJ [ill] prompt: BKSITE STA? prompt: CURVE AREA? 

prompt: OFFSET? keystrokes: keystrokes: 
keystrokes: [IJ[!][Q][Q] 1m] 00 [ill] 
rw [RlS) 
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ICCI 
prompt: 

keystrokes: 
rn [ill] 

prompt: 

SHOW GRADE? 

PROFILE EL? 
Assume tha t we wIll be ina 
fill section for the first 
shots, and input the POVT for 
the top of the fill: 

keystrokes: 
[ID rn 0 [l] [l] [RZS1 

prompt: GRADE? 
keystrokes: 
IT] c::J rn illfS] (]EJ 

prompt: SPRINGlINE? 
keystrokes: 
[j] [ill] 

prompt: VERT CURVE? 
keys trokes: 
ill [ill] 

prompt: BVC STA? 
keystrokes: 
IT] [l] [Q] [Q] (]EJ 

prompt: 
keystrokes: 

LENGTH? 

[l] [0] [0] [1US) 
prompt: 

keystrokes: 
[!][ill] 

GRADE OUT? 

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' 92'49'05" 
slope distance' 115.74' 

the prism is at 5.00' 

prompt: INPUT SHOT 
keystrokes: 
mrn[ID8[1][1] 
rn rn (fiTffiJ 
rnl1Jc::J[!J[j] 
au rn \ENTERt\ 
rn m rn [::Hl][!J 

rrl E=NT=E=R71t I 

keystrokes: 
IT](~][ID [:] ITJ ITl rn 

{EHTERt\ 
rn I1J [J [Q] [1][1] rn 

{ EHTERt\ 
mmllJ[][IDrn 

'""I E=NT=E=R-'-'t J 

rn \CHS\ rnJ 
display: W/2= 26.00 

keystrokes: 

[ill] 
display: SR= 3:1 

display: W/2= 0.00 keystrokes: 
keystrokes: [ill] 

-0.10 ~][ID [ffiJ 
display: 

keystrokes: 
1lJlm] 

display: 

SR= 0:1 

-1.01 
The minus sign indicates that 
you are short of a catch point 
at the elevatIon of the ground 
(amount of fill) this shot. 

Just as in any other method 
of slope staking, the 'lay of 
the land' determines where you 
try your next shot. If the 
slope is 'up' toward centerline, 
move in and up. Assume the 
following data: 

horizontal angle' 160'11 '30" 
vertical angle' 92'02'15" 
slope distance = 113.87' 

the rod, again is at 5.00' 
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display: 
This is close enough for slope 
staking. so we accept this as 
the catch poi nt. Ins tead of 
input for a new shot, keystroke 

[ill] 
output: FILL 4.2 

AT 12.7 
STA 14+49.86 
AT 38.56 LT 
ELEY = 88.54 
GR = 84.76 

The next example wi 11 be in 
a 'cut' portion of the align­
ment, and we'll use this data: 

horizontal angle = 192'20'40" 
vertical angle' 87'23'40" 
slope distance' 188.24' 

rod reading· 5.00' 

Before input of the shot data 
we have to change the pove to 
the 'cut' toe elevation. 



keystrokes: 

[ID 111 EJ (1) (1) ill 
prompt: INPUT SHOT 

keystrokes: 
11][2] [2] EJ [2] [U][!] 

IENTERtl 

lID m [:J [II Q][!J 
IrP['II'NT .... [ .... RT'1t I 

illIIDlEEJ[II(!J 
l'"'E=NT=E=R":'"'It I 

rn ICH51 1!1 
display: W/2= 26.00 

keystrokes: 
(1) [Q] [ill) 

display: 
keystrokes: 

rn [:J []] [m:J 
display: 

5R= 3:1 

-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 ha ve 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 1 ittle 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. 
vert1cal angle· 87°24'00. 
slope distance· 188.24' 

the rod, again is at 5.00' 

keystrokes: 

rnrn[l][::JUJrnrn 
IENTERtl 

IENTERtl 

uH8] lID EJ 111 rn 
I .... E=NT=E=R..,....t I 

rn ICH51 [ID 
display: W/2= 30000 

60 

ICCI 
keystrokes: 

[ill] 
display: SR= 1.50:1 

keystrokes: 

display: 
[ill) 
-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 poi nt at thi s 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: CUT 8.9 
AT 13.4 

STA 15+24.98 
AT 43.34 RT 
ElEY = 93.13 
GR = 84.23 
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ICCI 
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 rag­tape, 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. 

i 
i 

INVERT J 
!'--....,--~ 

L .. -O·----i~--.·- 00--1 
TYPICAL 

strote I!J after shot 
input to begin slope 
state solution ----""""-

;-~~~~~ 

11
"'888 B B 

te}5trote m to ~i1t I 88 - 8 
sud-print option ~ 8 r ~ 8 

888 
strote QJ to enable the ~l f3 E3 E3 8 stick-prInt optlon~ III 

8888 
ill other c_nds ire 

B BB 
iccOIIplished with the B E3 B E3 I!m key ----~ 

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 provious 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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ICCI 
Begin with the calculator sized at 045, with programs ''IT'', "STA" and "OMS" 
in the program memory. The prompting wi 11 begin when you initial ize with the 
keystrokes [IDI] ~ ill ill ~. 

INST. STA.? 

2 OFFSET? 

3 ON CURVE? 

4 B.C. STA? 

5 RADIUS? 

6 DELTA? 

7 H.I.? 

8 BKSITE STA? 

9 OFFSET? 

10 ON CURVE? 

11 CURVE AREA? 

12 SHOW GRADE? 

Input the instrument station 

If the instrument is on centerline, enter O. If on an offset, 
enter the offset distance. If the offset is left of centerl ine, 
(gill Iill1 

This prompt will be answered NO, 00 unless the instrument 
is on (or opposite) a curve station. If in a curve, answer rn, and answer the additional prompts for curve data. ~ 

Enter the station at which the curve starts 

Input the radius of the curve 

Input delta (OO.MMSS). If curve left, ~ 

Input_the elevation at the height of the instrument. 

Input the backsight station. 

Input 0 if on centerl ine, or the offset distance if not. 
If the offset is left, ~ ~ 

If the backsight station is on a curve, answer [!]. If not, 
answer [!). 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. Iill1 

This prompt will appear when neither the instrument nor 
backsight are on a curve. If there is a curve in the centerl ine 
alignment which will fall within the scope of the work, 
answeri ng [!] wi 11 bri ng up the prompts at ste~ 4 through 
6. If there is no curve area involved, answer uu ~ 

Answer this prompt yes 
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ICCI 
13 PROFILE El? 

14 GRADE? 

15 SPRINGLINE? 

16 HEIGHT? 

17 VERT CURVE? 

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 profil e grade. [Bl.S] 

Input the percent of grade. If negative, ~ 

Answer this prompt YES 

Input the height of the springl ine of the tunnel above the invert. This is the same as the difference in elevation between the springline and the invert ~ 

If the grade is a straight slope, answer 00. If there is a vertical curve within the work area answer [!] [Bl.S] 
THE NEXT THREE PROMPTS APPEAR IF THE ANSWER (above) WAS YES: 
18 BVC STA? 

19 LENGTH? 

20 GRADE OUT? 

21 INPUT SHOT 

Input the beginning station of the vertical curve 

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

Input. the [CHSjnt of grade leaving the vertical curve. If negatlve, [RZS] 

This is the prompt to begin input of the shot information. Input the horizontal angle 

Input the vertical (zenith) angle 

Input the measured slope distance 

IENTERtl 

[fNWfiJ 

I ENTERtl 
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 I tight I or not. Return to step 21 for the next shot. 
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ICCI 
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 i~strument lOS.4}---- ---:---- -'----

I, • 

.,..----.:.-. ! -'--r-- . : ............ +-

... ·::::~.-·T==:3?:=~;";1c.:~~~~=t=~=-E::::··:··t: 
0.. : ~ : - 1· : 

~ ....... ~._;~~!== ........ t: ... m--:--=~:-· .. ···-·····i~:·-..... · .. +· ............ + 

. - .. t .... _ ...... _: ..... _... .'-- .. ---... ~ .. -.- ...... ---- .. 1-. 
.:; I • ~ : 

=~~=:=~~~~=~~~~~~=~~~~~=~~~1--- .. ~~~~~~--~~~:~~:~=~- .. -=T .. -...... -·~~~~=::=~-~·----~:r~ 
~ 0 : : : ,., i - .. -·~ .. · .. - .... s:'·-...... ·-.. t-...... ·-·: .... --·· .. ·-· .. ··-.... ---"--"-"-T' 

95-.t.--.-··:::-·~·-.··--.... .. -·~--.- I ------.~ 
I I • : ' : I 

-·· .. ~--.... ·-·i·····-.... -·· .... : ....... - ..... - -i .. ·-.. -·-.. -+ .. ---.. ·· .... ~·-·-·--- .. -+-
+50 10 +50 11 +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 [!mJ ~ [!] [!] ~ to begin the prompt sequence. 

prompt: INST. STA.? prompt: H.I. • ? prompt: ON CURVE? 
keystrokes: keystrokes: keystrokes: 
[ID rn [ID [ill] ill [ID rn Q III rn [ill] 00 [lli] 

prompt: OFFSET? prompt: BKSITE STA? prompt: CURVE AREA? 
keystrokes: keystrokes: keystrokes: 
[ID[ill.] rnJ [ID [Q] [ill.] rnrnzsJ 

prompt: ON CURVE? prompt: OFFSET? prompt: B.C. STA? 
keystrokes: keystrokes: keystrokes: 

00 rmJ [ID[ill] ill lID [ID I1J El UHll 
[ill] 
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ICCI 
prompt: RADIUS? at 9+50 is 100.27, and prompt: VERT CURVE? 

keystrokes: springline is 9' higher, so keystrokes: the grade to input is 109.27 
ITHID [Q] [Q] 1m] keystrokes: [!] [ill] 

prompt: DELTA? [I] [ID rn GJ [1HZ] [ill] prompt: BVC STA? 
keystrokes: 

rnlIlornrnlIlrn 
[ill] 

prompt: GRADE? ! 
keystrokes: 

keystrokes: I [U[Q][Q][Q] [ill] 
I rn ICHSI [ill] prompt: LENGTH? 

prompt: SHOW GRADE? prompt: SPRINGLINE? keystrokes: 
keystrokes: keystrokes: c· III rnHID [ill] 
ill [ill] 

prompt: PROFILE El? 
For tight-checking you will 
always use the SPR INGLINE 
elevation for input at this 
point. The invert profile grade 

rn (lliJ 

prompt: 

keystrokes: 
[!] [ill] 

n ')1-. prompt: GRADE OUT? 

tfEIGHT? keystrokes: 

r. rn ~ 
prompt: INPUT SHOT 

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 [!) we get the output shown 
to the right. indicating that the point is tight by half a foot, 
since the radius should be 8'. The spot is marked with a dot 
of paint, and we begin taking shots around it, looking for the 
outline of "0" tight, so that we can paint it. 

STA 9+82.14 
AT 6.58 IT 
£lEV = 112.38 
CR = 99.63 

RAD. = 7.47 

A second shot yields a radius of 8.17', so it is outside of the tight area, 
and the "0" poi nt 1 ies somewhere between the two shots. Si nce the di fference 
is ±0.7'. and our second shot is ±0.2' too far, the next shot is taken at about 
2/7ths of the way back to the first shot. We get: 

Horizontal Angle = 166°11'40". Zenith Angle = 77°29'30" 
Slope Distance = 30.9' and the Rod = 0 
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keystrokes: 

UlEIDEIDEJmmrn 
IEHTERtl 

rnlIlc:Jrnrnrn 

output: 

T= 178.2918 
Z= 75.1828 
y= 35.5888 
)(= 8.8888 

STA 9t83.87 
AT 5.68 LT 
ELEY = 114.44 
GR = 99.59 

RAJ. = 8.15 

. \ I 

~I E=HT=E=R ........ I 
IEHTERtl 

00 

STA 9t79.38 
AT 7.28 LT 
£LEY = 112.12 
GR = 99.68 

RAJ. = 7.98 

T= 166.2115 
Z= 87.4915 
y= 34.28811 
)(= 8.Il88i 

STA 9t83.21 
AT 8.116 LT 
ELEY = 186.82 
GR = 99.61 

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

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

In common practice the whole perimeter of the tight 
area is painted, like a contour line of "0" tight, 
and at least one or two spots on the tight are painted 
to show the depth of materia 1 to be removed. It 
is generally better to paint a little "loose", that 
is, a little more than necessary, to insure that 
the whole tight is removed in one shot. 

T= 167.3749 T= 163.5218 T= 162.2645 
Z= 89.3155 Z= 98.2719 Z= 79.2588 
y= 35.9888 y= 28.9888 y= 26.8888 
)(= 8.888i )(= 8.H88 )(= 8.8888 

STA 9+84.59 STA 9t77.76 STA 9+75.12 
AT 7.59 LT AT 8.83 LT AT 7.95 LT 
ELEY = 111.34 ElEY = 115.28 ELEY = 118.35 
GR = 99.58 GR = 99.71 GR = 99.77 

RIiD. = 8.88 RAJ. = 8.11 
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1[0)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 I textbook I 
notation for the angles 
and sides (a opposite A, 
b opposite Band c oppo­
site C), but instead 
starts with any side 
being called "side 1- and 
goes around the triangl e. 
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. 

ill 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 al ready known. For example, the solution 
for a triangle with three known sides is identified as S-I. 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 [!m:J ~ [!l 
I!l ~, after which the keystrokes are as shown for each of the solutlOn 
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. 

69 



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

2 

3 

EXAMPLE 

Input the length of side one 

Input the length of side two 

Input the length of side three 

keystrokes: 

OOlIlEJrnill 
rnrnrnEJrnrn[§] 
ITIIT1[!Jr:J[i)[2][3] 

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

IENTERtl 

IENTERtl 

IAl 

Input the value for angle three (D.MHSS) 

2 

3 

EXAMPLE 

Input the length of side one 

Input the value of angle one (D.MMSS) 

keystrokes: 

[6.HID Q rn [ID rn III 
IllrnO[ID[ID 
rn [8][J rn [II rn 

70 

I ENTERtl 

IENTERtl 

I ENTERt I 

IENTERtl 

[!) 

output: 

5-1 = 82.658 
.-1 = 
6So 36' 29.9" 

S-2 = 115.458 
.-2 = 
42° 3' 7.8" 

5-3 = 114.893 
.-3 = 
69° 29' 22,3" 

IENTERtl 

I ENTERt I 

III 
output: 

5-1 = 82.658 
A-I = 
6S0 36' 38.8" 

5-2 = 115.458 
.-2 = 
42° 3' 8.11" 

5-3 = 114.893 
A-3 = 
69° 28' 22.8" 

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

2 

3 

EXAMPLE 

Input the length of side one 

Input the value of angle one (D.MMSS) 

Input the value of angle two (D.MMSS) 

keys trokes: 

[IDllIorn~ 

lIJ[j]ornrnrn 
[1][Z] 0 [ID rn []] [ijJ 

IENTERtl 

IENTERtl 

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

2 

3 

EXAMPLE 

Input the length of side one 

Input the value for angle one (D.MMSS) 

Input the length of side two 

keystrokes: 

[IDllIornrn 
[]]1]][Jrn[§]rn 
rnill~[Jrn~[ijJ 

71 

IENTERtl 

I ENTERt I 

[]] 

I ENTERt I 

I ENTERt I 

[£) 

output: 

5-1 = S2.65e 
A-I = 
68° 36' 38.0" 

5-2 = 115.4~e 
A-2 = 
42° 3' 8.8" 

5-3 = 114.893 
a-3 = 
69° 28' 22.9" 

area = 4.442.595 

I ENTERtl 

I ENTERt I 

ill] 

output: 

5-1 = 82.6511 
A-I = 
68° 36' 38.11" 

5-2 = 115.458 
a-2 = 
42° 3' 7.8' 

5-3 = 114.893 
a-3 = 
69° 29' 22.2" 

area = 4.442.681 



• • 
S-l, 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. 

2 

Input the length of side one 

Input the length of side two 

3 Input the value for angle two (D.MMSS) 

EXAMPLE keystrokes: 

lIIrnGJoolID 
I ENTERt I 

mrnlIDGJrnlIDlII 
IENTERtl 

rnrn8IIDD]IID[ID 
II] 

output: 
first solution: 
S-I = 82.658 
i-I = 
68° 36' 29.2" 

S-2 = 115.4Se 
A-2 : 
42" 3' 8.e" 

s-3 = 114.893 
i-3 = 
69" 28' 22.S" 

[fNTJRtJ 

IENTERtl 

II] 

!>ftond so lull or, 
5-1 = 115.458 
a-I = 
42" 3' 8.8" 

s-2 = 56.579 
i-2 = 
118° 39' 37.2" 

5-3 = 82.659 
i-3 = 
27° 17' 14.S" 

area = 4.442.595 irfa = 2,187.42-: 
AREA, S-l, A-I THE AREA, ONE SIDE AND THE ADJACENT ANGLE KNOWN: 

2 

EXAMPLE 

Input the area 

Input the length of side one 

Input the value of angle one (D.MMSS) 

AIlEA • 4.442.6010' 

keystrokes: 

rn [!][!) rn [:J 00 rID rn 
ITHII rn c:J 1II rn rn 
m[2J0rnrnJrnrn 

72 

I ENTERt I 

rooIifil 
II] 

fINfilffi 
[Din-Iff] 

II] 

output: 

S-I = 114.893 
A-I = 
69° 2~' 22.0" 

s-2 = 52.65e 
a-2 = 
68· 30' 38.S" 

s-3 = 115.45:3 
a-3 : 
42° 3' 8.e" 

AREA = 4.442.691 

• • • • • • • • • • • • 
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AREA, S-l, S-2 THE AREA, AND TWO SIDES KNOWN: 

2 

3 

EXAMPLE 

Input the area 

Input the length of side one 

Input the length of side two 

keystrokes: 

rn rn rn [Z] 0 1iI [ID ill I EHTERt I 

ill ill [!J 0 [ID rn rn I EHTERt I 

[ID[z]DliI[S][ID [6] 

.RE •• 4.442.6010' 

IEHTER+I 

IEHTERt I 

[i] 

output: 

s-\ = \14.893 
,-I = 
'" ze' 22.3" 

S-2 = 82.65@ 
I-Z = 
68' 36' 29.9" 

5-3 = 115.455 
1-3 = 
4Z· 3' 7.8" 

AREA = 4,442.6e1 

When the pri nter 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. 

73 



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 ($8.5.0 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. 

1(}SJt77~an(}'\\ land survey 81. 
.LW ~JJ~ll development 
P. o. BOX 1370 • PACIFICA, CA 94044 
......... ----------[415] 355·8942 
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I I 
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. 

1. 

2. 

3. 

KEYING IN A PROGRAM 

Before beginning to key the program steps into the calculator. keystroke 
~ ffiIQ] c::J EJ to prepare the calculator for the new program. 
Set the calculator to program mode by pressing the ~ key. 

LA BElS are marked with a diamond (.) as a visulal aid. When keying 
in the program ignore the diamond. and key in lBl by keystrok ing CiliIIT] 
["!JIT] (the STO button), followed by either the lable number off L.:A,-,-,=-~:....:.::..:...:..J 
the lable name IALPHAI. 

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

II. Functions which do not appear on the keyboard may be keyed into the 
program by stroking I ALP H A I. spelling out the function. and again 
stroking IALPHAI. The character * in the listing is the [Xl button (to 
multiply) and the character printed as I 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. 

8ttLtL "AZ" 
82 "BRG=?" 
83 PIWPlPT 
84 "QD=?· 
8S PROPIPT 
86 XOY 
87 HR 
88 XOY 
89 EHTERt 
18 EHTERt 
II 2 
12 I 

13 IHT 
14 PI 

75 

15 R-D 
16 * 
17 XOY 
18 lASTX 
19 * 
28 COS 
21 Rt 
22 * 
23 -
24 FS? 18 
25 11TH 
26 HPIS 
27 RTH 
28 .EHD. 



_I 

I I. - ". "-' .- - , 
'} r" ::. :"J 

::. (.:. i-
I '- "'t-

81tlK ·SHi" 
'-V 

When executed "SlAM will 43 PH 
/ l~-'; ~ 

82 ~,iCl 27 change the output fo". 44 CF 29 '- - • fl3 '.10 to XXX+XX.xxx, the fo". 45 F I!-: 8 '1-" , .v 
il4 which is no~lly used 

4t He:·: by surveyors. J---
85 EWERt 47 - J • 86 EHiERt 48 IO~ of f " 

il? un 49 1" '. 1_ r 
"I , \./ / 

88 ::; ~y 58 AE:S 
B'3 FP~ 51 STO 22 "f C • 18 I~~ 52 3 /I" 

I-II * 53 St,PCOL . , 

12 CUl 54 t, "i , /;. {,r." __ " 

13 "t" 55 ACCOL A • 14 AS TO 28 56 9 -1 I t-
IS CA 57 A(~OL .~ 

16 "'3" 58 ACCOL • 17 A';TO 29 59 6 
18 CLA tie ACCOL 
19 CF 2'3 61 "j 

~ 

28 FI:': Ii • f 
, 

62 ':n'COL -' , ! • 21 APCL Y 63 ~'CL 'l'l 
~'" 

22 ARCL 28 &4 Iii! 
23 10 65 Hi"" 
24 :x:~'n tit 3'3 • 25 APCL 29 67 ACCHP' 
26 FIItj 68 pel 22 
27 FI:' 3 69 FRC NOH: • 28 APCl x 7e lilO output as written ,,111 

29 AYIEW 71 ,. glve the answer to the 

3il ':.F 29 72 F l'~ nearest 0.1 " of angle. 

31 ~'CL 27 73 140: If the nearest second of • 32 Wl 74 34 angle 1 s all tha t "i 11 

33tlBL "8I1S" When used with a printer 75 A,~CHR' 
be requlred, delete step 

34 STO 23 attached, -(J4S· changes 76 PRBUF 
number 72. 

!-' • 35 RDIl the output of angles to 7? pel l' '-~b 

3b STO 24 the (0". 00· ... ·S5· • as 
78 Rel 25 a way to distinguish the 

37 ~'Dtj angle as degrees .inutes 79 peL 24 
38 STO 25 and seconds, rather than 88 RCl 23 • 39 RDH deci .. l degrees. 81 FIX 4 
48 STO 26 82 SF 29 
41 PDH 83 PTH 
42 EHTERt 84 EH£! • 76 • 



BltlBl "lO" 
82 Cl~'G 

83 CF 88 
84 CF 81 
85 CF 86 
86 cr 87 
87 CF 99 
88 CF 11 
89 CF 82 
18 CF 8B 
11 CF 85 
12 (F 18 
13 SF 83 
14 SF 21 
15 SF 84 
16 FI>: 4 
17 CU': 
18 PHI 
19t1Bl 81 
28 "y-
21 ~STO X 
22 ~OH 
23 -IN','. ONlY?-
24 PPOI1PT 
25 ASTO Y 
26 ~OFF 
27 '1=Y? 
28 SF 86 
29 F:." 86 
38 GTG 17 
31 -y-

32 ASTO X 
33 /lOtI 
34 "STA IH','?" 
35 PROI1PT 

Initlate program, set flags 
to correct status 

set reglsters for ALPHA re­
sponse status questlon 

QUE>stlon on lnverse to coordl­
nate lnput only, or to output 
of stat lon-offset routlnp. 

controls prompts for lnverse 
only routlne (ans"er V to the 
question above sets flag 06) 

77 

36 ASTO V 
37 AOFF 
3B >'=Y? 
39 CF 84 
48 PTN 
4ttlBl 86 
42 FS'l 89 
43 InH 
44 pel 82 
45 11TH 
46tlBl C 
47 STO 86 
48 PDtl 
49 STO 85 

1 f the ans"er to the 1 nverse 
only was no, questlons whether 
or not centerllne lnverses are 

wanted. inverses centerllne 

lf flag 04 is clear. 

inverse rout,ne for lnput WIth 
backsite coordlndtes known. 

58 "BACKSITP" 
51 PROI1PT lnput of north [ENTER] & edst 
52 Rel 86 coordlnate for inverse routlne 
53 - backslte setup. 

54 )«)Y 
55 pel 85 
56 -
57 ~'-p 

58 elX 
59 X<~Y 
68 X<8') 
61 36f1 
62 + 
63 HI1~. 

64 STO 81 
65 SF 87 
66 XEO 81 
67 GTO D 
68tlBl B 
69 STO 86 
78 PDN 

back aZlmuth calculated for 
lnverse routine. 



71 STO 85 
72 liEQ ·RZ· 
73 STO 81 
74 SF 87 
75 liEv 81 
7'tlBL D 
77 ·BEG. STR?· 
78 PRO"PT 
79 STO 83 
88 "COORD. HtE" 
81 PRO"PT 
82 STO 88 
83 RDN 
84 STO 87 
85 liEQ ·RZ· 
86 STO 88 
87 "Y" 
88 ASTO li 
89 AON 
98 ·STR COORDS"" 
91 PRO"PT 
92 ASTO Y 
93 ROFF 
94 li=Y? 
95 CF 83 
96 ·STR?· 
97 PRO"PT 
98.lBL E 
99 STO 28 

188 FS? 88 
181 GTO 82 
182tLBL 18 
183 FS" 87 
184 SF 11 
185 FS~' 84 
186 CF 11 
187 (F 85 
18e RD~' 

189 liEQ "STil" 
118 FIX 4 

Inverse routIne with backsight 
bearIng known. 

wIll Inverse when flag 07 is 
set. 

alIgnment routine input. 

sets beginning statIon. 

begInning coordinates stored. 

converts tangent bearing to 
azImuth and stores for use In 
the alignment routIne. 

status questIon for the output 
of the centerlIne coordInates. 

retards the dIsplay of coord­
inates on centerlIne when set. 

cdlculate coordInates for the 
solutIon statIon Input. 

Sub-routIne changes X regIster 
number to XXX+XX.xxx output 

78 

I 

I 

111 RCL 83 I 
112 -
113 RCL 88 

I 114 Hii' 
115 XOY 
116 P-R 
117 RCL 87 I 118 + 
119 XOY 
128 RCL 88 
121 + I 122 FS? 83 
123 GTO 84 
124 liEP 98 output coordinates subroutIne. 

I 125tlBL 84 
126 Fe" 83 
127 RDY 
128 STO 18 I 129 XOY 
138 STO 89 
131 XOY 
132 FS? 84 I 133 GTO 83 
134 FS" 87 
135 XEQ R calculates inverse to coordi- I 136tlBL 83 nates In x/v regIsters. 

137 RCL 88 
138 HR 
139 98 I 148 FS? 85 
141 CHS 
142 + 

I 143 FS" 89 
144 STO 17 
145 "O/S?· 
146 F~~' 89 

I 147 .\(:'. 
148 Fe? 81 
149 GTO 17 
158 FS" 89 I 

II 
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I 
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I 

I 
I 
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I 
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151 GTO 17 
152tLBL 18 
153 FS? 89 
154 STO 84 
155 FS'J 81 
156 XEQ 86 
157 "O/S= " 
158 FS? 89 
159 "~ = " 
168 IlRCL X 
161 IlYIEW 
162 P-R 
163 RCL 89 
164 + 
165 FS~' 89 
166 STO 89 
167 x~}y 
168 RCL 18 
169 + 
178 FS~I 89 
171 STO 18 
172 XEQ 98 
173 AD~' 
174 FS'l 89 
175 RTH 
176 FS? 87 
177 XEIl II 
178 FS'l 81 
179 GTO 16 
188 GTO 83 
181 RTH 
18ZtLBl 17 
183 FS'i 96 
184 "Nt E" 
185 PRO"PT 
186 GTO 18 
187 RTH 
l88*LBl F 
189 SF 81 
198 STO 82 

constdnt offset '5 be,ng used. 

label offset or rad,us. 

output of coord,nates. 

inverse to X/V reg'ster coords 

input of known coordinates for 
solut'on. 

79 

191 GTO 83 
192 RTH 
193tLBl A 
194 FS? 86 
195 IlDY 
196 FS? 86 
197 XEIl 98 
198 FS? 86 
199 ADY 
298 RCL 96 
281 -
292 X<>Y 
293 RCL 85 
294 -
295 R-P 
286 FI:X: 3 
287 "HD = " 
288 IlRCL X 
289 IlYIEW 
218 CL~: 

211 XOY 
212 X{~? 
213 368 
214 + 
215 STO 11 
216 EHTERt 
217 EHTERt 
218 98 
219 / 
228 I 
221 + 
222 IIH 
223 STO 12 
224 2 
225 / 
2n IHT 
227 IS€! 
228 • 
229 -
238 ASS 

t 
~ r 

,nverse to coord, ndtes 10 the f 
X/V req' sters; output 's the 
angle rIght from the backslght 
and the d'stanre to the pOInt 
from ttle lnstrument locatlon. 

~ 

! 
i 
~. 

output inversed dIstance. ,,' 

~~ ~ ~~: ~~ e s tao;, 'olnonotra Ipo~ ~~ I ~ r~~ I ..••. · ... 
the backs'ght aZimuth. _ 

f· , 
r , 
" f~ 
~ 



231 HilS 
232 FIX 4 
233 RCl 12 
234 RCl 11 
235 RCl 81 
236 HP, 
237 -
238 EHTERt 
239 ClX 
248 XOY 
241 X<8? 
242 368 
243 • 
244 HilS 
245 ".RT:" 
246 FC? 55 
247 ARCl X 
248 AYIEW 
249 FS? 55 
258 ~;EO "DIIS" 
251 ADY 
252 FS?C 11 
253 CTO 83 
254 FS? 88 
255 CTO 12 
256 FS') 81 
257 CTO 16 
258 CTO 83 
259 RTH 
268tlBl J 
261 SF 89 
262 ADY 
263 RCl 28 
264 STO 15 
265 "DELTA?" 
266 PROIIPT 
267 STO 14 
268 X(I!? 
269 SF 85 
278 XEQ 83 

271 RCl 14 
272 RCl 88 
273 HilS. 
274 8 
275 X()Y 
276 X(8? 
277 368 
278 HilS. 
279 STO 88 
288 RCl 14 
281 "DELTA :" output central angle. 

282 FC? 55 
283 ARCl X 
284 AYIEW t:. (OO.omss) 

output horizontal angle rlght. 285 FS? 55 
286 XEQ "DIIS· subroutine for OooMM'55" form. 

287 HR 
288 ASS 
289 RCl 84 

changes the X-reg1ster angle 298. calculate curve data. 

to the form OooMM' 55". 291 PI 
292 • 
293 188 
294 I 

295 STO 18 
296 RCl 15 
297 • 
298 STO 16 
299 RCl 14 

slgnals beg1nn1ng of curve 1n 388 HR 
the a 11 gnmen t. 381 pel 18 

382 I calculate i = LIt:. . 

383 STO 19 
384 RCl 16 

prompt for centra 1 angle of 385 "EC:" statlOn at end of curve output 

the curve. 386 AYIEW 
387 XEQ "STR" prlnt 1n XXX.XX.'X> form. 

388 FIX 4 
flag 05 lS set when t; is neg- 389 PCl 17 
at1ve (,ndlcates curve left). 318 188 
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• • • 311 -
3SItlBL 82 endlng loop for flXed offset 312 peL 14 calculate rad 1 a I from raOlUS 352 pel 28 lnput on curved area. II 313 HR pOlnt for offset calculdtlon. 353 RCl 83 314 + 354 X(=Y? 315 8 355 CF 88 316 X()Y 356 RDN I 317 X(8? 
357 FC? 88 318 368 
358 GTO 18 319 + 
359 SF 88 - 328 PCL 84 361.1 ADV 321 p-p 
361 XEQ "SHlO 322 PCl 99 362 FIX 4 323 + 
363 peL 15 I 324 STO 97 364 -325 X()Y 
365 RCl 19 326 peL 18 366 • 327 + 
367 RCl 17 I 328 STO 88 368 181.! 329 CF 99 369 -

I 
338 SF 98 378 + 

I 
331 PCl 16 

371 9 332 STO 83 372 X< >Y ! 333 GTO 16 373 X{Y' i 
I 334 PTH 

374 361.1 I I 315tlBL IS output of coordlnates. 375 + 
< 
f. 

336 CF 88 376 STO 21 < 337 °N= 0 

377 riCL 84 338 APCL Y 378 Fe? 88 r 
2-I 339 Fe? 83 379 GTO 12 348 AYIEW 

388*LBl 13 output coordlnates - 02 and ~. 
341 "f= 0 

381 P-P 12 label subroutlne. 342 IlRCl X 382 RCl 89 f I ~ 
343 Fe" 83 383 + 

~: 
344 IlYIEW 384 X<)Y 

t: 
345 ADY 385 PCl 18 

." I 346 FC? 87 386 + ~. 

f 
347 eTO 12 387 FS? 88 ji>: 

f·· 
348 Fe" 84 388 GTll 15 ir· 349 XEQ II inverse to Coordlnates 1 n the 389 XfQ 98 

r 
I 358 GTO 12 x/v reglSters. 

398 ADV 

.. 

81 
~. 
~ 

,.~ 



I 

I 
391 FS? 97 489 RCL 84 I 
392 XEQ R 418 + 
3CJ3tlBl 12 411 XEQ 13 

I 394 FS? 92 412 GTO 12 
395 GTO 16 413 RTH 
396 FS? 81 offset subroutInes 1 n curved 414tLBL 16 
397 SF 82 alIgnment ared. 415 CF 92 

I 398 RCL 21 416 "STR?" 
399 "OtS?" 417 PRO"PT 
488 FP 91 418 RTH 
491 PIi'O"PT 419tlBl 98 output coordInates. I 492 FS? 91 429 "H= " 
493 RCL 92 421 AIi'CL Y 
484 "0/5= " 422 R't'IEW 

I 495 APCL X 423 "E= " 
496 A't'IEW 424 AIi'CL X 
497 FC'i 95 425 R't'IEIi 
488 CHS 426 InN • 

I 

• • • • • 
82 • 
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~1.L6L ·Sp· 
~2 C:: 82 
83 sr: 21 
84 ~J 27 
~s CL~'G 
Bli Fr~: ~ 

87 CF 81 
88 3 
89 STO 11 
18 -18 
11 STO 12 
12 -42 
\3 STO 13 
14 216 
IS ~,TD 14 
16 1328 
Ii ~.TO 15 
18 -~36e 
19 STO 16 
28 -75689 
21 SID 17 
22 685448 
23 :TO 18 
24 6894721~ 
25 sro 19 
26 CF 22 
27 C;: 83 
28 (F 14 
29 (J 15 
38 CF 85 
31 CF 86 
32 CF 87 
33 CF 88 
34 CF 89 
35 ,IQ 21 

,n,t'allze and clear. 

store splral constants. 

reset status of flags. 

85 

36 F'~; 85 
37 ~OEQ 22 
38 FS" ~3 
39 ~:EQ 17 
4e.L~:L 81 
41 ·PI STiHI')H'" 
42 PPOI1PT 
43 STI) 86 
44 • ~ELT~?· 
45 PFOI1PT 
46 x,:~') 

47 ~H 38 
48 fiR 
49 2 
59 .' 
51 SrO 85 
52 c:: ~1 
53 ·P?· 
54 F'~'C''''PT 
55 U 84 
56 STC' 28 
57 ·L~?· 

58 PHil1PT 
59 STO ~8 
68 EHTERt 
61 STt 82 
62 ~CL 28 
63 .' 
64 2 
65 I 

66 STu 8e 
67 P-D 
68 ~.TO 41 
69 HI1~. 

78 1 E2 

,nput of sP,ral data for 
splral curve. 

p. I. s ta t i on 

Central Angle 

's curve to the left> 

T,., /2 

Input value for CIrcular 
curve radlUS. 

,nput 1 ength of SP lra I. 

statlon 

e (degrees) 



71 I<CL 2~ 
7"j I 
1-:'" , 

n R-D 
74 HW:, 
75 CLH 
76 ~'Cl 28 
77 PDll 
78 F'DH 
7'3 "L = " 
88 ~?Cl Y 
81 IWIEW 
82 "';~ = " 
83 Fe" 55 
84 ~RC l X 
85 AYIEW 
86 FS) 5~ 

87 XEQ "DI1'J" 
88 "R = " 
39 ARCl Z 
98 IWlEW 
91 eLl! 
92 AB'. 
93 FS" &1 
94 GTO 15 
95 I; 

96 STO 81 
97 ~'Cl 48 
98 STO 82 
99 XEQ &9 

188 pel 41 
181 pel 28 
182 P-R 
183 PD~ 
184 -
185 PDN 
186 t 

187 Rel 85 
188 HIll 
189 • 
118 Rt 

RadIus 

OUTPUT OF SPIRAL DATA: 

Length 

Spiral Angle ( ) 

RadIus 

T.S.,S.T. 

to solutIon loop. 

Ys - R(Sln ) 

tl6 

111 + 
112 ';TO 42 
113 ~'CL &6 
114 >:DY 
115 -
116 STI) 81 
117 S T + 82 
118 ~'CL 85 
119 PI~l 41 
128 -
121 '; 
122 • 
123 STO 21 
124 D-P 
125 peL 28 
126 • 
127 ~'CL 48 
123 2 
129 * 
138 t 

131 + 
132 STO 87 
133 RCL 86 
134 pel 81 
135 e 
136 ~'Dt1 

137 CLA 
138 "PI = " 
139 AYIEW 
148 RDH 
141 XEQ "5TA" 
142 CLA 
143 FI:~ 4 
144 "CENTRAL ~ =" 
145 AYIEW 
146 PCL 85 
147 2 
143 * 
14'j H~S 
158 eLA 

T.S., totdl tan length 

T.S., S.T. 

T (:, /2 

e 

S. T. statIon 

output p.1. statlOn 

output in form XXX+XX.xx 

output (:, 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



• 
I 
I lSI ~p!:L X 

IS2 F;' 55 

I IS3 >H' "DMS· 
154 Fe - 55 
155 ~'~; Ell 
156 CLD 

I 157tLBL 15 
153 XE9 89 
159 >::>y 

I 
168 ~'(L 41 
161 T4H 
162 / 
163 -

I 164 F'3:' &2 
165 CH': 
166 STO 42 
167 e 

I 168 Pl~L al 
169 ~CL 48 
m + 

I 
171 STO 83 
172 ~'Cl. el 
173 peL 42 
174 + 

I 175 ~'CL &1 
176 ~D~' 

177 "T~: -" 

178 FS-' 82 

I 179 -;r =" 
la8 AYIEII 
lSI peL 81 

I 
132 XE'l "STP" 
IB3 (H 
184 "'3C -" 

185 FS'I 82 

I 186 "C:, =" 
187 ,WIEII 
188 Rei... 8J 
199 XEg "STR" 

I 198 RD'v 

output 1 n form DO"MM' 5S" 
when prlnter lS attached 

computes 1.S., S.P.I. & 
S.C. stat lons 

15 thlS an eXlt splraP 

S.C. S. T. • ls 

Output entrance splral 
begln and end statlOns 

or 

output the exit sPlral 
begln and end stations 

87 

I ql '·':.TA1 o 

1 q2 P~C'/'fPT 

193tLBL D 
194 ':.F 88 
1~5 CLR 
1% F3" 85 
197 ~:EQ 22 
1Q8tl8L 19 
199 peL 87 
28e ~'CL 81 
2~1 C:,TI] 87 
2e2 ~!y 
2&3 S~O 81 
2e4 peL 48 
2es (~:, 

'::&6 '3:0 48 
ze7 + 
2118 ':.TO 82 
'::&9 ~,F 82 
218 UD IS 
211tLBL E 
212 eTCI 82 
213 CF 81 
214 kDY 
215tLBL 19 
216 St: e4 
217 peL 82 
218 -
219 F':,"C 22 
228 GTO 8e 
221 ~'Cl 84 
222 CF 82 
223 X<~I 

224 SF 82 
225 R8S 
226 peL 83 
227 ~'CL 82 
228 -
229 ~BS 
238 X =y? 

prompt for lnput of the 
new station for which a 
solutlon 15 wanted. 

switch to eXlt SPlral 

set 50lutlon statIon. 

compute fleld ddta for 
solutIon stall on. 

end of spIral. 

negat 1 ve lntena I to the 
statIon requested. 



231 GTO ee 
232 :X:~'Y 
233 GTO 87 
234tlBl e8 
235 SF e8 
236tlBl 87 
237 F';'>C 82 
238 CHS 
239 ST+ 82 
248 Rel 82 
241 Ii'Cl 81 
242 -
243 Ii'Cl 48 
244 I 

245 >:12 
246 RCl 41 
247 D-R 
248 * 
249 STO e8 
258 >:EQ 89 
251 FSi 81 
252 GTO 84 
253 p-p 
254 X<'Y 
255 HMS 
256tl8L 84 
257 FE 3 
258 Rel 82 
259 8 
268 ~'DN 

261 STO 27 
262 RDN 
263 STO 38 
264 RDII 
265 STO 31 
266 RDN 
267 STO 32 
268 IIDN 
269 F'3? 55 
278 XEQ "5TA· 

end of splral. 

stop 

exit splral? 

solutlOn loop. 

50 1 ut lOn for defl ec t lOn 
angle and chord. 

output solutlOn statlon 

88 

271 lIeL 32 
272 pel 31 
273 pel 38 
274 IICl 27 
275 FIX 3 
276 "CD: • output long chord. 

277 AIICL Z 
278 FS? 14 
279 iWIEW output deflectlOn angle 

238 RDN 
281 FIX 4 
282 "DEFLECTIOH ~=. 

283 FS? 14 
284 H"IEW 
285 FS? 14 
286 XEP 83 
287 CHS 
288 RCL 89 e (radlans) 

239 R-D 
298 HI'I~. 

291 HMS+ 
292 Ge 
293 HMS+ 
294 ·RADIAl ~ :. output radldl angle to 

295 F:;? 14 turn at solutlOn statlOn 

296 IWIEW 
297 FS'> 14 
298 XEQ 83 
299 HII 
388 sro 38 
3e1 FC? 83 
382 liD" 
383 CLD 
384 FS? 85 
385 GTO 23 
386 F:3') 83 
387 ('TO 23 
388 ·STiP" 
389 F5~J 14 
318 PRO"PT 

I 

I 

• • • • • • • • • • • • • 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

111 F';'C 8e 
::12 GTC! 19 
313+L8l i19 
114 (' 22 
315 q 

316 STO 43 
317 B 
318 STO 93 
319 STO B9 
328+lBl 92 
321 FCL ee 
122 r;oCl 43 
323 yn 
324 18 
325 ST+ 43 
326 Cl:< 
327 PDf; 
328 RCL IHD ,n 
329 ! 

n9 1~ 
331 ~,T - 43 
332 CL'i 
333 ~'D~ 
334 pel 98 
335 r;oCl i1'3 
336 STI) i13 
137 ~'DN 
138 + 
33'3 STO 9q 

348 [rjE 43 
141 GTO 82 
342 pel 89 
343 RCL 92 
344 pel 91 
345 -
346 flB:; 
347 * 
348 LflSTX 
349 IiCL 88 
359 1 

351 + 
j~,2 * 

:ompute Y and X ,alues 353 PN 
154+L8L 83 
355 CUi 
356 F'j" 55 
357 >:Ei) • DP1S· 
358 APCL X 
359 Fe" 55 
368 AVIEII 

looplng pOlnt 361 PTH 
162+LBl 21 
363 "f" 
364 rno X 
365 AIJN 
366 'COORD-OS" 
367 PPOP1PT 

loqJlng control reglSter 368 ~';TO Y 

89 

369 ~OFF 
379 >,=','? 
371 ~.F 85 
372 F';' 95 
373 XEO 22 
374 F';:' 95 
375 I~ TO 16 
376 "y' 

377 fl'; TO X 
378 fiON 
379 "mH OiS?' 
338 FROI1PT 
381 ASTO Y 
382 AOFF 
383 X=Y? 
384 SF 83 
335 FS'l 93 
386 GTll 17 
337 SF 14 
388 RH~ 
389+LBL 16 
3Qe "f' 

y 

set up for the type of 
~01utlon wanted. 

chdoge to output form of 
OO"MM'SS" when a printer 
i, attached. 

coordlnate solutlon with 
offset optlon. 

tangent/offset solutlon. 



391 fOO X 
392 AON 
393 "IW~ER'T'" 

394 P~OI'lPT 

395 fr;TO Y 
3% AOFF 
397 X=t) 
398 SF 86 
399 F';'i 86 
488 XEIi 28 
481 GTO 81 
482 Rnl 
483tLBL 17 
484 8 
485 STO 44 
486 STO 33 
487 STO 39 
482 GTO 81 
489 RTN 
418tLBL a 
411 SF 15 
412tLBL 28 
413 "INST HtE" 
414 PROMPT 
415 STO 49 
416 RDH 
417 STO 48 
418 "BACKSITE?" 
419 PROI'IPT 
428 IiCL 49 
421 -
422 X<>Y 
423 RCL 48 
424 -
425 fi-P 
426 CLX 
427 X\)Y 
428 X<8? 
429 368 
438 t 

lS radlal inversing to 
the calculated coordl­
nates wanted? 

establlshes loop for use 
of radlal lnverse wlth­
out splral calculatlons. 

lnput of the coordlnates 
at the lnstrument. 

lnstrument E 

lnstrument N 

lnput of the coordlnates 
at the backslght. 

90 

431 HI'IS 
432 sro 45 
433 "~t E" 
434 FS? 15 
435 PROI'IPT 
436 GTO 81 
437 RTH 
43StLBL R 
439 AD',' 
448 (LA 
441 A~Cl Y 
442 FS? 55 
443 'WIEW 
444 ClA 
445 AP.Cl X 
446 FS') 55 
447 iWIEW 
448 W1 83 
449 "tlt p" 
458 PROIIPT 
451 PTH 
452tlBl 83 
453 AD',' 
454 IiCl 49 
455 -
456 )«)Y 

457 pel 43 
458 -
459 Ii-P 
468 Fn: 3 
461 "HD = " 
462 RRCL X 
463 fWIEW 
4ti4 CLX 
465 X<.>Y 
466 WP 
467 368 
468 + 
469 STO 46 
478 EHlERt 

backslght azimuth. 

prompt for next palr of 
coordinates for direct 
inversing. 

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

output of the i nversed 
dlstance to the solutlon 
coordinates. 

inversed azimuth. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I .. 

I 

I 



I 

I 

I 471 ENTERt 
472 q~ 

I 473 I 

474 
475 + 
476 PH 

I 477 STI) 47 
478 2 
479 " 

I 
4:3e HiT 
481 18~ 

432 • 
4,)7 -

'N 

I 434 ~E'S 

4:35 H~S 

486 FI:~ 4 
487 Rel 47 

I 4;:]3 pel 46 
489 pel 45 
4Qe fiR 
4~1 -

I 492 EWERt 
4'33 Cl:-i 
494 >:< >Y 

I 
495 Xi~') 

496 36& 
497 + 
493 H~S 

I 499 "~RT=" 

S8e Fe" 55 
581 HPC l X 

I 
582 rmEW 
583 F'3'i 55 
584 Wi "Dr1S" 
585 PTH 
586tlBl 38 
587 SF 87 
5e8 c~~, 

589 RT~ 
518tl8l 'l'l 

'-'-

angle r'ght to pOlnt to 
be set (from instrument) 

change output to form of 
DDoMM'SS" when printer 
is attached 

91 

511 SF Ie 
512 ~.EI) "IE" 
513 CF 18 
514 S ~rl 39 
515 "T~ HtE" 
516 F'3- 133 
517 "';' HtE" 
518 PPI-,I1PT 
519 STO 33 
528 PDH 
521 sro 44 
522 nH 
523tlBL 23 
524 ~'Cl 39 
525 pel 38 
526 HR 
527 FS) 87 
523 CH':, 
529 F'3'} 8:3 
538 (HS 
531 t 

532 STC' 37 
533 P:~l 31 
534 p-~: 

515 ~'Cl 44 
536 t 

537 STO 35 
538 X(,y 
539 ~:cL 33 
548 t 

541 STO 36 
542 FI:~ 4 
543 "~ = " 
544 F ;" 83 
545 "TD = " 
546 HPCl 35 
547 IW!EW 
548 "E = " 
'j4<l FS':' 83 
558 "T OIS = " 

or 

or 

lnput of tangent bearing 
and quadrant code. 

coordInate input. 

prompt for coordlnate 
lnput when eXlt spnal. 

output north coordlnate 

output tangent dlstance 

Qutput east (oordlnate 

output of tangent offset 



551 AF.'CL 36 
552 AVIEW 
553 FSi 86 
554 Wi 83 
555 F.'CL 37 
556 RCL 38 
557 FS? 87 
558 XEQ 31 
559 FS? 88 
568 CHS 
561 + 
562 STO 32 
563tLBL 24 
564 ADY 
565 ~:cL 32 
566 "STIP" 
567 FS? 83 
568 PRO"PT 
569 "O-S DISP" 
578 PRO"PT 
571 "OiS = " 
572 FS? 89 
573 "RADIUS POIMT " 
574 FC') 89 
575 ARCL X 
576 FS'I 55 
577 AYIEW 
578 P-~' 

579 RCL 35 
588 t 

581 FS~ 89 
582 STO 35 
583 »: >V 
584 F.'CL 36 
585 t 

586 F';~I 89 
587 STO 36 
588 "H = " 
589 ARCL V 
598 IWIEW 

offset optlOn wIth the 

coordInate solutIon wIll 

calculate the CoordInate 

pal r for an offset to 

the spIral centerlIne. 

output 0/5 N coordl nate 

92 

591 "E = " 
592 ARCL X 
593 fmEW 
594 FS? 96 
595 XEQ 28 
596 FS? 89 
597 GTO 32 
598 GTO 24 
599 RTH 
698tLBL J 
681 SF 89 
682 "CIRCULAR" 
683 FS? 55 
684 AVIEW 
685 GTO 24 
686tLBL 31 
697 CH~; 

688 188 
689 + 
618 RTH 
611tLBL 32 
612 "STIP" 
613 PF.'O"PT 
614 ADY 
615 FS? 55 
616 XEQ "STil" 
617 FIX 4 
618 F.'CL 93 
619 -
628 RCL 32 
621 Fe? 87 
622 1:38 
623 FC? 97 
624 -
625 X<)V 
626 188 
627 • 
628 PI 
629 / 
638 RI=L 29 

output 015 E coordi nate 

set radIUS pOInt of the 

clrcular portlOn of the 

splra 1 system. 

prompt for solutlOn at 

next statlOn. 

output as form XXX+XX.xx 

S. C .• C. S. 

I 

I 

I 

I 

I 

I 

• 
I 

I 

I 

I 

I 

I 

I 

I 



631 
632 F':," 87 
633 CH~, 

634 + 
635 pel 28 
636 'O'S = • 
637 PPO~PT 
638 RP.Cl X 
639 XtO? 
648 H',! EW 
';41 Fe'! 87 
642 (H':, 
643 + 
';44 p-p 
';45 F:cL 35 
646 + 
647 X··Y 

prompt for next offset. 

93 

648 P,~L 36 
649 + 
658 'H = . 
651 HPCl Y 
652 H'nEW 
653 • E = • 
654 ilR,~l X 
655 ilYIEW 
656 F3? 86 
657 l:EQ 83 
658 (,F e9 
659 I~ TO 32 
668 ~'TH 

661+l8l 28 
662 Fe -, 89 
661 ~:EP 83 
664 ~'TH 

output O/S N coordlnate. 

output o/s E coordlnate. 
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I 
I 
I 
I 
I 
I 
I 
I 81tlBL "n" 

82 FIX 4 
1:13 SF 21 

I 
84 SF 81 
85 CF 82 
8& CF 83 
87 CF 84 

I 88 CF 85 
89 CF 88 
18 CF 18 
II CF II 

I 12 SF 86 
13 (LPG 
14 I. 99981 

I 
15 CHS 
16 STO 41 
17 ' LT' 
18 ~STO 31 

I 19 " RT' 
28 ~STO 32 
21 't' 

22 ~STO 33 

I 23 '+(4-
24 HSTO 34 

I 

counter reglster begln 

constant storage 

store alpha for output 

95 

25 'lHST. SHl.?' 
26 PRO"PT input setup lnformatlon 

27 STO 85 
28 STO 38 
29 -OFFSET?" 
38 PRO"PT 
31 STO 86 
32 XEQ 16 
33 "OH CURVE?' 
34 PRO"PT 
35 IISTO Y 
36 1l0FF 
37 X='i? 
38 XEQ 88 
39 FC? 81 
48 XE(,l 81 
41 "H.1.=?" 
42 PRO"PT height of In'trument 

43 STO II 
44 "BrS!TE ST~')' 
45 PilO"PT lnput backSlght infor-

4E. STO 83 mat Ion 

47 "OFFSEP' 
48 PPO"PT 



49 5TO 84 
58 XE~ 16 
51 "ON CURYP" 
52 PRO"PT 
53 ASTO Y 
54 1l0FF 
55 x:p 
56 XEQ 82 
57 rCl 83 
58 rCl 84 
59 pel 86 
68 -
61 XOY 
62 peL 85 
63 -
64 p-p 
65 CLX 
66 XOY 
67 X<lP 
68 3i8 
69 + 
78 STO 87 
71 EHTERt 
72 EHlERt 
73 98 
74 I 

75 I 
76 + 
77 IHT 
78 STO 88 
79 2 
88 I 

el IHT 
82 lSI! 
83 • 
84 -
85 ABS 
86 H"5 
37 S10 82 
88 ~'Cl 83 

calculate backsight az 

setup for sta./offset 
computat lOn 

(D./TIllss) 

96 

I 

I 

I 
89 PCl 84 
98 pel 82 
91 I(CL 88 I 922 
93 X:Y' 
94 XHI 17 

I 95 (LX 
964 
97 X=Y? 
98 XEQ 18 I 99 RDH 

189 ~DH 
181 I 
182 - I 183 98 
184 • 
185 + 

I 186 STO 21 
187 FS? 81 
18e XEO 29 
189tlBL 19 I 119 XEP 16 
III ·SHOW GRADE?" wi 11 grade be carned? 
112 PRO"PT 
113 ASlO Y • 114 AOFF 
115 X='j? 
116 XEIl 87 • 117 GTO 18 
118 InN 
1l9tlBL 28 
128 XEll 16 • 121 "CURVE ARER'" any of the alignment on 

122 PRO"PT a curve? 

123 ASTO Y 
124 AOFF • 125 »P 
12£ Wl 88 
127 PTN • 128tLBl 17 

• 



I 

129 RPH 
138 RPN 
131 CHS 
132 18£1 
133 HIIS+ 
134 STO 21 
135 FS" 81 
136 XEP 28 
137 GTO 19 
138tlBl 18 
139 ~PH 
148 RDt; 
141 CHS 
142 36£1 
143 HIIS+ 
144 STO 2 
145 GTCI 19 
146tlBl 82 
147 FS" 81 
148 XEIl 88 
149 FC" 81 
158 XED 85 
151 PTH 
lSZtlBL 88 
153 CF 81 
154 "B.C. STlP" 
155 PIW"PT 
156 STO 15 
157 "RRDIUS"" 
158 PROIIPT 
15~ STO 14 
168 -DEL TIl?" 
161 PP.OIIPT 
162 HR 
163 XdP 
164 SF A5 
165 ST(I 13 
166 PBS 
167 PI 
168 • 

169 r.'Cl 14 
178 • 
171 1ge 
172 I 

173 Rel 15 
174 + 
175 STO 42 
176 pel 13 
177 RElS 
178 2 
179 ; 
188 TRN 
181 pel 14 
182 • 
183 STO 44 
184 -
185 STO 43 
186 RCl 15 
187 ST+ 44 
18B PTH 
189tLBL 45 
198 RCl 19 
191 Rel 18 

input of curve data if 192 Rel 44 
any of the alignment's 193 -
on a curve I c;l4 p-p 

97 

195 X{)Y 
196 pel 13 
197 -
198 XOY 
199 P-R 
288 RCl 43 
281 + 
282 EHTER' 
283 GTO 11 
284 PTH 
215tUlL BI 
286 PDH 
287 (LX 
288 I1CL 14 



I 

I 

289 PI 249 EHTERt 
I 

218 • 258 IHT 

I 211 RCL 15 251 X=y, 
212 RCL 85 252 CF 88 
213 X[Q 83 253 RDH 
214 RCL 86 254 CF 29 I 215 X[Q 84 255 FIX 8 
216 STO 86 256 FS'i 88 
217 XOY 257 FIX 2 
21B RCL 15 25B "S~= " output prompt for slope I 219 + 259 AIICL X staklng routlne 

228 STO 85 268 "~: I" 
221 11TH 261 PflOllPT 
222tlBl 85 262 SF 29 I 223 flCL 14 263 FIX 2 
224 PI 264 STO 36 
225 • 265 RCL 48 

I 226 RCL 15 266 RCL 88 
227 RCL 83 267 + 

22B X[Q 83 26B RCL 12 
229 RCL 84 269 - I 238 X[Q 84 278 STO 37 
231 STO 84 271 ASS 
232 X(}Y 272 IICL 36 
233 RCL 15 273 • I 234 + 274 RCL 38 
235 STO 83 275 + 
236 11TH 276 STO 39 

I 237tlBL B slope staklng 277 RCL 21 
238 CF 86 27B )(8' 
239 SF 18 279 CHS 
248 XEQ A 288 - I 241tlBL 35 2BI CHS 
242 RCL 38 2B2 STOP 
243 "1j/2= " output prompt for slope 2B3 FIX I 
244 ARCL X staklng routlne 284 (LA I 245 PROIIPT 285 AD" 
246 STO 3B 286 "FILL " output of cut or fi 11 

247 SF 88 287 pel 37 In slope stake routine 

I 248 FCl 36 283 WP 

98 I 



289 -CUT - 329 / 
298 IlBS 338 STO 18 
291 IlI1Cl X 331 lifQ 16 
292 ll'nEIl 332 -SPRINGlINE~-
293 RCl 36 333 PI10"PT lS thlS a tunne]? 
294 • 334 IlSTO Y 
295 - IH - dlstance to centerllne 335 1l0FF 
296 IlRCl X 336 li=Y1 
297 IlYIEIl 337 HQ 88 
29B CF 18 338 XEu 16 
299 RCl 21 339 -YERT CURVE?-
38e PCl 35 348 PI10"PT 
381 EHlERt 341 1l5l0 Y 
382 GTO 11 342 IlOFF 
383 RTH 343 X=Y? 
384tlBl 83 344 XEg 89 input vertlcal data 
385 - 345 RTH 
386 CHS 346tlBl 16 
397 Ise 347 -Y-
388 • 348 IlSTO X 
389 X<)Y 349 IlOH 
318 / 358 RTH 
311 11TH J51tlBl 88 
312tlBl 84 352 CF 86 
313 CHS 353 SF 83 
314 RCL 14 354 -HEIGHP-
315 + 355 PRO"PT 
316 P-R 356 CHS 
317 CHS 357 sm 88 
318 RCL 14 358 RTH 
319 + 359tLBl 89 
328 RTN 368 SF 84 
321tLBl 87 361 -F'~C STIl?-
322 SF 82 362 PRO"PT lnput beglnnlng stdtlon 
323 -PROFILE El1- lnput of vertical grade 363 STO 16 of vertlcal curve 
324 PROP'PT data lf grade lS to be 364 -lENGTH?-
325 STO 28 car-ried 

365 PPO"PT vertlCal ,nput curve 
326 -GRIlDP- 366 STO 17 length 
327 PRO"PT 367 -G~'IlDE oup-
328 188 368 PPO~PT outgo,ng grade 

99 



I 
I 

369 11111 4119 + I 
3711 I 4111 XOY 
371 STO 119 411 f-R I 372tlBL 19 412 RCl 95 
373 ADY 413 + 
374 ADY 414 STO 18 

I 375 'INPUT SHOT" lnput fleld ddtd 415 XOY 
376 PROI'IPT 416 RCl 86 
377 RTN 417 + 
378tlBL C 418 5TO 19 

I 379 STO 211 419 XOY 
388 'IHPUT SHOT" 4211 RCl 15 
3S1 PROI'IPT 421 FS? 81 
382 RTH 422 GTO 11 I 383tlBL A 423 X)Y? 
384 ISG 41 counter 424 GTO II 
385 FIX 8 425 -

I 386 CF 29 426 X{>Y 
387 FS? 116 427 FS? 85 
388 liEQ 44 calculate solutlons 428 CHS 
389 SF 29 429 RCl 14 

I 398 FIX 4 4311 -
391 FS? 11 431 CH5 
392 XEQ 99 432 JI-P 
393 FIX 2 433 CHS I 394 STO 81 434 JlCl 14 
395 RDH 435 + 
396 X{}Y 436 XOY 

I 397 HR 437 RCl 14 
398 XOY 438 • 
399 P-R 439 PI 
41111 RCl 11 4411 * 

I 481 + 441 lSI! 
482 pel 81 442' length 
483 + 443 I1Cl 15 
4114 S10 12 444 + I 485 IIDN 445 P.CL 42 
486 X,)Y 446 X{=Y'l 
4117 HR 447 GTO 45 
488 RCl 117 448 IiDH I 

100 

I 
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~ 

I t 
f , 

I 
I 

449 XO'l' 489 GTO 35 

I 
458 FS'i 85 498 GTO 18 
451 CHS 491 11TH 
452 )(,)'1' 492tl8L 13 
453 EHTERt 493 "AT " 

I 454 GTO 11 494 RRCL X 
455 11TH 495 flPCL 32 output of offset nght 

456tL8L 99 496 GTO 15 
457 FS'l 55 prl n ts stack copy of 497tlBL 12 

I 458 PRSTK lnput data when prloter 498 CF 29 
459 FTH lS attached 499 188 
468tLBL 44 588 / 

I 
461 [LA 581 EHTERt 
462 flRCL 41 592 IHT 
463 FS? 55 583 )«}y 

464 RVIEW 584 FRC 

I 465 11TH 585 198 
466tlBL 11 586 • 
467 IIDH 587 FIX 8 
468 XEQ 12 588 "STR " 

I 469 CLX 589 ARCL 'I' 
478 x< >Y 518 FIX 2 
471 PHD ~II 18 

I 
472 5TO 21 512 X)'I'? 
473 X)Y? 513 SF 88 
474 GTO 13 514 RDH 
475 CNS SIS PHD 

I 476 "AT" 516 FS'i 88 
477 ARCL X 517 RRCL 34 
478 flRCL 31 output of offset left 518 Fe? 88 
479tLBL IS 519 IlRCL 33 

I 488 FC? 18 528 CF 88 
481 fl'nEW 521 IlRCL X 
482 "ELEV = • 522 FP 18 

I 
483 ARCL 12 output shot e 1 evat 100 523 IlVIEW 
484 Fe? 18 524 X<.)'I' 
485 AVIEW 525 lee 
486 FS? 82 52~ • 

I 487 XElJ 14 527 + 
488 Fj? 18 528 SF 29 

I 101 



I 

II 
I 

529 STO 35 569 X[Q 22 
538 RTII 578 X<>Y 

I 531tLBL 14 571 RCL 16 
532 RCL 35 572 RCL 17 
533 FS? 84 573 2 
534 CTO 21 574 / • 5J5+LBL 26 57!) + 
536 RCL 35 576 EHTERt 
537 RCL 39 577 RCL 38 
538 - 578 - • 539 RCL 18 579 RCL 18 
549 • 589 • 
541 RCL 29 5al IICL 28 • 542tLBL 24 582 + 
543 + 583 XOY 
544 STO 48 584 RCL 16 
545 RCL 88 585 - • 546 + 586 RCl 17 
547 oCR :; ° 587 2 
548 ARCL X see I 

549 Fe? 18 589 - • 558 AYIEW 598 RCL 89 
551 FS? 83 591 • 
552 XHl 25 592 eTO 24 • 553 FS? 18 593 11TH 
'554 &10 35 5CJ4tlBL 23 
555 GTO 19 595 -
556 RTN 596 EHTERt • 557tLBL 22 597 EHTERt 
558 RCL 17 598 I(CL 89 
559 - 599 RCl 19 
568 X}Y? tiel! - • 561 GTO 26 ti81 188 
562 eTO 23 b82 • 
563 RTH 683 RCl 17 • 564tlBL 21 684 / 
565 RCl 16 685 • 
566 RCL 17 686 2 
567 t 687 I • 568 X)\"> 688 !lCl 18 
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6119 loe 
619 • 
611 + 
612 • 
613 lee 
614 / 
615 RCl 16 
616 RCl 31! 
617 -
618 RCl III 
619 • 
629 RCl 29 
621 + 
622 GTO 24 
623 RiH 
624tlBl 25 
625 PCl 12 
626 pel 41! 
627 X>Y? 
628 RHJ 

calculate radlus when 

shot above Sprl ng 1 1 ne 
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629 -
639 EHTERt 
£31 • 
632 pel 21 
633 EHlERt 
634 • 
6]5 + 
636 SQPl 
6]7 FIX 2 
638· RRD. = 
6]9 ilRCl x 
648 AVIEW 
641 11TH 
~42.l11l J 
643 SF II 
644 RT!i 
64StlBl I 
64E, CF II 
647 RlH 
648 END 

output of radlus when 

shot elevatlon is above 

sprlngl ine elevation 

enable prlntstack 

cancel prlntstack 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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I 
81tlBL "TR" 34 >:12 

I 
82 sr 21 35 lilSTX 
83 SF 27 in i t 1 all ze and c 1 ea r 36 PC!.. 82 
94 ClPG 37 * 
85 FI>: 4 38 -

I 
96 Cl>: 39 pel 89 
87 CF 88 48 ~CL 84 
98tlBl 96 reset flag status prlor to new 41 * 
89 CF 81 input for solutlon 42 I 

18 CF 82 43 SQU 
II CJ= 83 44 ReOS 
12 CF 84 45 2 
13 (F 85 46 • 
14 CF 86 47 STO 85 A-3 

15 CF 87 48 SIH 
161HN 49 peL 89 
17tLBL R S-l, S-l, S-3 58 * 
18 SF 81 5-1 capital, when set 51 STO 88 H 

19 SF 82 5-Z capitals when set 52 pel 87 
28 SF 83 5-3 capltals when set 53 Xf2 
21tlBL II 54 lRSTX 
22 STO 84 5-3 55 RCL 99 
23 PDf; 56 * 
24 STO 82 52 57 -
2S PP~I 58 peL 82 
26 STO 89 5-1 59 / 
27 ~'D11 68 pel 84 
28 PDll 61' 
29 + 62 son 
3f. + 63 !leas 
31 2 64 2 
3" . ~ , 65 • 
33 STO Ili' 66 ~.TO 83 A-? 
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I 

I 

I 
67 PCl 115 187 • 
68 XEQ 88 calculate misslng angle IllS + 

I 69 STO 81 A-I 189 STO 114 5-3 
711 GTO 111 output sol utlOn 1111 GTO 111 output solution 
71 IHH III RTH 
n+lBl B A-3. S-I. A-I 112+lBl C S-I. A-I. A-2 I 73 SF 81 5-1 capltals when set 113 SF 81 5-1 capitals when set 
74 SF 84 A-I capltals when set 114 SF 84 A-I capltals when set 
75 SF 86 A-3 capltals when set 115 SF 115 A-3 capltals when set 
76+lBl 111 loop for second solutlOn with 2 116 HP I 77 SF 13 sides and following angle 117 STO 83 A-2 
78 FS' 1111 118 PDIl 
79 XEQ 87 reset flags for output 119 HP. 

I 811 "SECOHD SOLUTION" 128 STO 81 A-I 
81 FS'C 89 121 RDH 
82 R'f1EW 122 STO 119 5-1 
83 CF 13 123 RCl 83 

I 84 HR 124 RCl 111 
85 STO III A-I 125 XEQ 118 calculate A-3 
86 PDH 126 RCl 119 
87 STO 119 5-1 127 RCL III II 88 RDH 128 XEQ 114 
89 HR 129 GTO 113 solve as A5A 
911 STO 115 1381HH 

II 91+LBl 83 131+lBl 85 
92 RCL 111 132 IiICl 89 
93 XEQ 1111 calculate A-2 133 IiICL 111 
94 STO 113 134 H~S (I 95 IiICl 115 A-3 135 pel 112 5-2 
96 pel 119 5-1 136 GTO 118 
97 P-lil 137 PTH 
98 XOY 13S+L6l D S-I. A-I. S-2 II 99 STO 118 139 SF 91 5-1 capitals when set 

198 RCl 113 148 S~ 82 5-2 caDltals when set 

181 1 141 SF 94 A-I capltals when set 

II 1112 P-P 142tLBl 88 
183 IiIDH 143 STO 82 5-2 
184 I 144 ~DH 
185 STO 82 5-2 145 HR 

II 186 lilt 146 s~o 81 A-I 
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I 
I 
I 

147 RDH 
148 STO 89 S-I 

I 149 pel 81 A-I 

150 ~CL 82 S-2 

151 P-P calculate 5-3 

I 
152 ~Cl 89 
153 -
154 F-P 
155 STO 84 

I 156 pel 89 
157 ~CL 82 
158 pel 84 
159 GTO 11 solve as 555 

I 160 PTH 
161tlBL E 5-1. 5-2. A-2 
162 SF 13 

I 163 ·FI~ST SOlUTIOM • 
164 RVIEW 
165 CF 13 
166 XEQ 87 reset flags 

I 167 HF' 
168 STO 93 A-2 

169 ~D~ 
170 STO 82 5-2 

I 171 PDH 
172 STO 99 5-1 

173 PCl 83 

I 174 SIti 
175 PCl 82 
176 • 
177 pel 89 

I 178 " 
179 RSIH 
18e STO 95 A-3 

I 
181 peL 83 
182 XE~ 88 reduced to A-3, 
183 STe, 81 f,rst solutlOn 

184 pel 85 

I 185 pel 89 
186 RCl 81 

I 

5-1, A-I for the 
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187 Wl 84 
188 XEQ 83 converts PdftS for tt,e second 
189 1811 solut:on 

199 ~Cl 85 
191 -
192 ~Cl 83 sort s td ck 

193 t 

194 CHS 
195 180 
196 t 

197 HI1S 
198 ~Cl 82 
199 ~Cl 83 
288 HilS 
281 XEQ 86 
282 SF 88 
283 SF 83 
284 GTO 18 
285tlBl 87 
286 SF 81 
287 FC? 88 
288 SF 82 
289 FC? 88 
218 SF 85 
211 FiN 
212tlBl 88 
213 • 
214 (03 
215 CH~. 

216 flCOS 
217 11TH 
21StlBL 81 
219 FE 3 
228 SF 13 
221 FS'l 81 
222 CF 13 

calculatp thlrd angle 

solve as A-3, 5-1, A-I 

5-1 capltols when set 

5-2 capltols when set 

A-2 capltols when set 

-I 
Ax : Cos [-Cos (Ay+Az)] 

output Solutlons 

was 5-1 lnput' 

223 'S-1 = • 
224 RPlL 89 
225 RVIEW 
22£ ~'CL 81 



227 HilS 
228 FIX 4 
229 SF 13 
238 FS? 84 "as A-J input? 
231 CF 13 
232 "A-l = " 
233 Fe' 55 
234 ARCl X 
235 AI,'IE\! 
236 FS? 55 
237 >:£0 "DI1S"print as OOOMM'55" 
238 ADY 
239 FIX 3 
248 SF 13 
241 FS? 82 "as 5-2 lnput> 
242 CF 13 
243 "S-2 = " 
244 ARCl 82 
245 !lYlE\! 
246 RCL 83 
247 HilS 
248 FIX 4 
249 SF 13 
251i FS? 85 "as A-2 1 nput> 
251 CF 13 
252 "H-2 = " 
253 FC? 55 
254 ARCl X 
255 AYIE\! 
256 FS? 55 
257 XEQ "DI1S'prlnt as OOOMM'55" 
258 AD~I 

259 FIX 3 
268 SF 13 
261 FS'l 83 .. as 5-3 lnput> 
262 CF 13 
263 "S-3 = " 
264 !lRCl 84 
265 !lYlE\! 
266 pel 85 
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267 HilS 
268 FIX 4 
269 SF 13 
278 FS' 86 "as A-3 input? 
271 CF 13 
272 "1l-3 = " 
273 FC' 55 
274 ARCL X 
275 AYIE\! 
276 FS' 55 
277 ~:£Q "DI1S'prlnt asOOOMM'55" 
278 AD~I 

279 Ii'CL 88 
288 RCL 84 
281 • 
282 2 
283 I 

284 FIX 3 
285 SF 13 
286 FS? 87 "as AREA input? 
287 CF 13 
288 "AREA = " 
289 ARCL X 
298 AYIEW 
291 AD',' 
292 FIX 4 
293 ADY 
294 XEQ 86 reset flag status for the next 
295 FTN routIne or usage 
296tLBL 89 sort stack 
297 FDH 
298 RD~l 

299 RTH 
388tlBl 84 fi l1ng and storing 
381 STO 81 
382 FPH 
383 STO 89 
3~4 FDt-! 
385 STO 85 
31i6 Ii'TN 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 
I 



387tLBL F AR£A, S-I, A-I 

388 sr 87 area cap'ta1s when set 

389 SF 81 5-1 cap'ta1s ""en set 

318 SF 84 A-I cap'ta1s ""en set 

311 H~ 
312 SHI 81 
313 SIll 
314 )(E~ 82 
315 STO 82 5-2 

316 WI 85 
317 11TH 
31StLBL C AREA, S-l, S-2 

319 SF 87 area CdD'ta1s when set 

328 SF 81 5-1 cac'ta1s "hen set 

321 SF 82 5-2· a[" ta ls "hen set 

322 STO 82 
323 XEQ 82 
324 IlSIH 
325 5TO 81 
326 XEI) 85 
327 11TH 
328tLBL 82 
329 XOY 
338 STO 89 
331 • 
332 I 

333 2 
334 • 
335 FIN 
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