


INTRODUCTION 

This HP-19C/HP-29C Solutions book was written to help you get the most from your calculator. 
The programs were chosen to provide useful calculations for many of the common problems 
encountered. 

They will provide you with immediate capabilities in your everyday calculations and you will 
find them useful as guides to programming techniques for writing your own customized software. 
The comments on each program listing describe the approach used to reach the solution and 
help you follow the programmer's logic as you become an expert on your HP calculator. 

You will find general information on howto key in and run programs under "A Word about Program 
Usage" in the Applications book you received with your calculator. 

We hope that this Solutions book will be a valuable tool in your work and would appreciate your 
comments about it. 

The program material contained herein is supplied without representation or warranty of any kind. 
Hewlett-Packard Company therefore assumes no responsibility and shall have no liability, 
consequential or otherwise, of any kind arising from the use of this program material or any part 
thereof. 

© Hf:WI leTT-PACKARD COMPANY 1977 
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AZIMUTH-BEARING CONVERSIONS 

N 

Azimuth 

W ~--:i---+---E 

s 

N 

4 

Quadrant 
Codes 

W~--I----E 

3 

s 

Angle conventions for azimuth and quad­
rant bearings as used in this solution 
book arc shown above. 

Thus azi.mutho are measured from the 
north meridian following North American 
surveying conventions. Bearings arc 
measured from tilE: meridian in the quad­
rant Ln which the 11ne falls. Quadrant 
eodcs are shown in the above sketch. 

Often it 1s desirahle to have a quick, 
easy method to convert to or from 
azimuths and bearings. Tn this solutions 

1. Convert bearing S 34° 56' 37"W to 
an azimuth. 

2. Convert bearing N 85° 24' 47"W to 
an azimuth. 

3. Convert azimuth of l62° 15' 32" to 

4. 
bearing/quadrant. 
Convert azimuth of 39° 42' 26 11 to 
bearing/ quadrant. 

Solution: -----,-" 

1. 34. ·~6?-:O ENT~ 
:: !?S'E': 

214. 56?? .'I.'i'_. A~. 

book, for example, some inputs and out- 2. 83.24,17 ~!-!T·r-
puts may he 1n azimuths ratllC'r than 
bearings, or vice versa, when you desire 
the alternate form. The sJmplE~ key-
strolu: routines on the following page 
are helpful in maki.ng thes(: conversions: 
rf you have a number of c.onversions to 
perform the calculator program will be 
more convenient and faster. Subroutine 
1 convc.rts hearings to azimuths. Sub­
routLne 2 converts azimuths to bear.ings. 
Vall may want tel separate tile two parts 
and only key in one section if all your 
cOIlversions are in one dl'roction. 

3. 

4.0038 
274. 3515 

162. 15,j2 
f7 442? . : 

2. 

39. 422E 
39. d226 

GSPl 
fty., A~. 

G':P2 
II:' BRG. 
p/: 
l:t·y., QD. 

r;'SB2 
.~'-~' y.. ERG 
P 'S 
·~·'f.:l QIl. 



2 KEYSTROKE ROUTINES 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

_ .. 
AZI~1UTHS TO BEARINGS: J It I 

----- -

~ Azimuth ~ 0° to 90° 1\'1. CD.MS) 1 NO CALCULATImj BRe (D.MS) 

I II 
--

QD~_l -------- ------

2 Azimuth ~ 90° to 180
0 

180 ~mTERt II 
-

I\Z (D.MS) I g II 
_._-- -

>H - f _. --------- --

I ·>H.HS I 
-- I BRG (D.MS) 

- I I QD ~ 2 - --- -- - -- --- -----

3 Azimuth ~ L80
0 

to 270" A/, 
------

(D.MS) ~N'l'ERt 180 I - ERG (n.MS) 

I JI QD - 3 
--------- ----- --

4 Azimuth ~ 270
0 

to 360
0 

360 bNTERt II - ----- --

AZ (D.MS) I g 'H II - I f 
------

- I >H.MS II I BRG (D.MS) 
-------- - ---- ------

'--- J II QD ~ 4 
---- - ----------

~ ... 
BEARINGS TO AZIMUTHS: 

---- J II 
~~- ~_l~dr_~nt ~ .I J~.HS)_ I NO CALCULATIONII L.--J A7, (D. MS) 

.-

'--- ._-- f---- _._- I I 

6 Quadrant ~ 2 L80 I ENTEHt I I ._- .. .. _--_ .. 

BHC; (D.MS)_I g >H - I f 1 
-

I >11. MS I 

--

AZ (D.HS) 
-

7. Quadrant ~ 3 BHC: (D.HS) IENTER! 180 + 
._---

I A'!._(D. MS) 

e. .. I I II 
1-8 Quadrant ~ If 360 ENTlint. II I _._-_ ... .. _-----

ERG (D.MS) g I >H - [ 
----- '--- ----- .-."-

'--
>H. HS I IAZ (D.MS) ._--_. ----- ----- - ---_ .. 

'-- ._. ----- I-- ._---- I I .. -

I I 
----- 1--._-_ .. _-

I-- I···· ._--
I 

- ----- ._------

I ----- ----_. ._---- ._--

I I 

---

----- .. --_. I--

I I 

1-------

I 
.- - - - -

I I I 

1------ .-.-

_ .. - --- f-- ... _-. _.-

I I I 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Key in the 2r ogram ,-------
[=:J LJ 

(steps 01 thru~_6. t():r._.])_"ari!,~ azimuth~ r I c:.:J 
f---- 1-- steps 27 thru 45 for azimuth to be~rin.&) [-I I_ I 

c=J I=--I ----- -- --

2 To convert bearing to azimuth: BRG (D.MS Lr:Nffl [-I 
-- -- ---

input_p""ring and auadrant AD iGsll1 I 1 I AZ (D.MS) 
1------1 L_--.l .-. __ .-

3 To convert azimuth to ~earings, input I I I_J 
azimuth. AZ (D.MS) I GSllJ I 2 I BRG (D.MS 

------- --
IRIS I I I QD 
I I I l - 1--1 I-- I c-- 1----
i I I- I 
II I I 

-- -- ----,~ 

I I I I "-,. 

I I I I --- --
I I I ] -- -"._ ... --
I J L ___ J ----
L_J L_ I 
I_ I I I 
I I I I ---_.- I---l i--l 

- --- I-l r--l 
L -___ J L __ ~J --
L _J L_..J 
I I I ] 

--"""-- I--l [---1 
--_ .. 

I_J C....:J --
I I I ___ J -- ---".-~ 

__ -0" 

L_-J L __ J 
, -----

--~ -- .. _-------- . . _-- - .. _- I I L __ J 
I I I J --- -------------- -- --

I _J L_J 
-----j ---- -"~----- --- --------j 

I J L __ I 
------ ---- ----- - -- -- ._-" 

I __ I I I - •.. _--
L I I I - -----, .. -------------

I I I - I --- ------- --- -_._--
I J I- I 

- " - -------.- -- .. ----- ---
I -] l-] 
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01 ,:L BL 1 Bearing to Azimuth 
82 ~n:'4 

83 gtV Bearing 

8~ 4H 
@5 g:'( Quadrant 
06 [NT' 
07 ENTt 
OS 2 
09 4 

1ft IN! 
" ! 1J 

12 2 
Jj e 
14 ST!]£> 
J5 
J6 v~v ,;+- . 
17 ., RCL9 
'0 }:" H 

19 CDS 
28 R! 
0' P1 c. 

22 Pi· 
2"7 
0.' 

"" 25 .;tH!18 "~~';;*Azimuth 

26 p.""'? 
')7' *LPL:: A7..imuth to Bearing 
28 FIX4 
29 -tH 
:8 n;TI 
:J SIN 
32 SIN-f 
JJ ~,; ·:'8'7' 

34 CH8 
J5 .HnS 
:36 PiC 'k";;:I~Bearing 
,5 ,.- Pi 
70 
.. 'L' ? 
:::9 0 
4C 4 

41 
.12 ; 

41 INT 
44 FIXe -k:ldQuadrant 
4:: Po" c 

REGISTERS 
0 2 3 4 5 

6 7 8 9 180 .0 .1 

.2 .3 .4 .5 16 17 

18 19 20 21 22 23 

2' 25 26 27 28 29 

***Print x may be used with or to replace Rls 



K 
FIELD ANGLE OR BEARING TRAVERSE 

Example 1: 

Field Angle Traverse 

5 

This program uses angles and/or deflec­
tions turned from a reference azimuth and 
horizontal distances, to compute the 
coordinates of successive points in a 
traverse. For a closed traverse, the 
area enclosed and closure distance and 
azimuth are computed. 

Traverse the figure below starting at 

N1 + HDist cos AZ 

Ei +
1 

~ El + HDist sin AZ 

where.: 

Remarks: 

If the user does not desire to do Vi eld 
Angle Traverse, steps 012 through 026 
may be eliminated; if he does not 
desire to do Bearing Traverse, steps 
064 through 080 may be eliminated. 

Angles left and deflections left must be 
entered as negative numbers. 

This program assumes the calculator is 
set in DEG mode. 

N 150 
E 400 

Solution: 

1511.8888 EHTt 
498.8888 SSBI 
188.9089 tn 
Jll.3955 RIS 
m.3955 nt 
11J. 3455 SSB2 
65.1458 nt 

177.9669 RIS 
224.5158 n. 

RIS 
561.6158 Ut 

-189.2455 GSB3 
324.4955 fU 
161.4918 RIS 
356.5285 ttt 

(N) 

(E) 

(N) 
RIS 

468.6888 fft (E) 
87. 3559 .SB2 

232.2554 ftt 
283.6988 RIS 
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232.3372 'tf (N) 
RiS 

387.1498 ft_ 
(E) 

-188.4559 GSB3 
131. !95~ jH 

124. 88ee RiS 
149.984r ,lit (N) 

R/8 
399.7829 '*' 

(E) 

.'B5 
26558.8284 ,U (Area) 

PlS 
tj.23?1 '" 

(Error 1l1st.) 

RiS (Error A;:) 
246.1844 '" 

Bearing Traverse 

Traverse the figure helow start.Lng at 

N 100 
E 500 

11100 
ESQO 

3 

Solution: 
--,--~---,-. 

188. 8888 E~n 
588. 8888 GSB 1 
188.8888 u, 
86.8223 ENTt 
1. 888e GSB4 

86. 822? t*' 
183.5888 R/S 
187.1482 U, (N) 

P'S 
683.2529 U, (E) 

18.5843 ENTt 
4.8888 GSB4 

341.8117 I"'; 

181. 9688 R'S 
283.5657 '" (N) 

p./S 
578.8939 tU (E) 

.64.1J19 ENTt 
3.8888 GSB4 

244.1J19 Ut 

128.4488 P!S 
151.1888 .. , (N) 

PIS 
461. 6395 tHe (E) 
37.2651 ENTt 
2.8888 GSB4 

142.;;389 WI 

63.1788 PiS 
181.e366 **' (N) 

P/S 
588.8498 ,u (E) 

GSB5 
8855.4922 tU (Area) 

Rl5 
1. 8;;78 ... (Error 1l1,;L. ) 

F:/S 
2.4219 tU (Error AI,) 



STEP 

1 --""-- . 

INSTRUCTIONS INPUT 
DATA/UNITS 

Kex in.the program. .. --.---- .-------l-----.-
2 __ I--](ey in beginning coordinates _ -------l--JlEG..~ 

BEG E 
--------l--~----

For Field Angle Traverse: ---- -_._---1------1 
3 Kev in r.eferencp .. Q.zimuth away -------f- REF AZ 

__ --l-----'f".r"'onl beginnl.Il1L1'.po",1,,·n,-,t~. _________ -----1------1 

_~_ _~n field angle-; 

_ 0Ilgle right an~. ri"h 

I-- __ "r:_Angll' :left ( ) an~. left 

. --".1':_ Deflection right __ _ -----_ .. - tleflect. ,_t 
_deflectJ.f or Deflection 1 eft (ccl-) ____________ _ 

5 Key in ho_r~zontal dis.tance and comp4t,~e ___ l-_____ ---l 
coordinates _____ _ ____________ ~-HDillj.st 

------- -------- -.------l 
or ---------+-----1 

___ +--,F!Co",rwB~.e'l!aJ;r~in~w~TfJrdla;gv~er~sgje~:~ ___ ._ .. ___ ----.--.--1--1-----1 
~3_'~~K,ey in beariDg~~nd quadrant code. BRG (D,~ 
1------1.-... ---- ----------.---- -------I-@,----I 

4' Kev in horizont_{ll distance and computge __ ---+ ____ ---l 

____ ~C-QQrdiDates--o--_,,_- _____ I HDist 

1---- ---- -------------

Reneat 1:> teps 3-,,3.~----1- or 3 I ,4' J;fQO:r.r.JS>.\IJJ:IC:.cCcee.s.0s.:i.'il"-_+-__ . __ 

1-__ courses. ____ _ 

6 For closed (:!.gure: Compute area. error 

1---- distance, .. and error azimuth. .. -----.-1------1 

------ --------------+------
1--_ _ __ C~-~-- ~z~~~E~ is ~~~ r_~_~~e~ ____ th~?_ bear,_:i::.:n"'g",_-+-. ___ ---1 

1-----11--- enter_azImutll_with QIl_ ~ 1,. ____ _ -----+- .-. ----
----l------.. ---- ... ---------.----------~---__1 

-1----- -----.. -----... ----------+-----1 

---+--- ---------------------------------------1--------1 
1--1----- ---- ----------- ____ -I- ------I 

1--1---- --.----------------.-.---------+-----1 
-_ .. _---- .---.-.-----------+----1 

I--- --... --------.----------- --- _._+------1 

----------.-- _._-------------1-._---1 

--._---- ----------_._---1------1 

KEYS 

L JL_J 
I ENT+I L I 
[GSB II 1 I 
c=J1 I 
I R/S II -l 
I 11-1 
I II I 
I GSll II 2 I 
I GSB II 2 I 
I GSB II:!I 
iGSB II 3 I 
I II I 
II\L~Jl I 
I R/S II I 
I II I 
I II I 
ENTt I I I 
IGSB II 4 I 
I II I 
I R/S 11-1 
I R/S] I I 
I I L I 
I II I 
I II I 
IGSB II 5 I 
IRisJ II 
IRiS] I I 
I II I 
I III 
I II I 
I 11-- I 
I II -_J 
1- II I 
I III 
I ll-~] 
1- IIJ 
I ·-11 ___ 1 
II L I 
I JLJ 

7 

OUTPUT 
DATA/UNITS 

180.00 

AZ (D.~~ 

AZ (D.MS) 

AZ (D.MS) 

AZ m.MS) 

AZ (D.MS) 

N 

E 

~Z (D.MS) 

N 

E 

Area 
Error Dis 

Error AZ 
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0 

6 

.2 

18 

24 

u! :+::"BL! 
@2 FI\'4 
B? CLPG 
134 STDt 
[15 g:y 
86 STD2 
07 
oe 8 
C9 f; 
J f! sr[':J 
f 1 R,/: 
<-::' -1.4 
f7 peL:: 
14 +H 
n:: 

!f CTeE 
• 7 *LPL2 
1 E' ... 1--1 

19 peL,? 
2C -:.,/.{ 

')? ~h'f1,~' 

')7 .;:I...PL."? 
2. 4H 
')r" pel4 

::7 ,tLE'LC 

+ 

::q tLBL E' 
48 ST[!6 
4' -:.HI'1S 
42 p 'c 

44 peL 4 
45 
4E 

v ... \! 
,.;-1 

47 ST+6 

Lat. 

Beg. 
7 

ncp. 
.3 

19 

25 

Store starting 
point coordinates 
and 1800 

Referenc.c azimuth 

Angle input 

Deflection angle 
input 

Compute azimuth 

Input horizontal 
distance 

Compute next coord. 
and accumulate area. 

5[1 
•• '-' 
52 
5] 
5.::1 
55 .. 
-'!::' 
C;7 

50S' 
59 
6[' 
61 . , 
t·,:: 
n ,,"-
64 
c. 

f( 
67 

68 
69 
7(J 
71 
77 
r.: 
77 I ,_, 

74 
7r 

76 
7-:0 

7e 
79 
B8 
S! 
0., 
v.:.. 
07 
<""-" 

8.1 
o. 
", 
o' ~,t. 

07 
\"i 

eg 
89 
9f 
o. 

92 
9:! 

, 
• 
~ 

PCL 7 

ST+8 
;;'1"'/ '" ,. '_,I.. t 

F:CL2 
" 

PiS 
F'J~r ..,. 

\.·L: 

peL , • 
+ 

P"'-',:· 
*LP~ • 

l.·~'! :',;- . 

~"T,}9 

,\'::! 
EN;!' 
::-',lT1' 
Ld: 

L 

~ 

rUT 
~ " , 

peL:! 

V'" V ,";-, 

,'CD 

CDS 
PCL9 

4H 
~.' 

GrOB 
*LBL~ 

peLS 
ilPe: 
p/s 

P~L 
peLf 

+P 
Pl,: 

~Tf)9 
p/s 

REGISTERS 
2 Beg. N 3 L80 
8 9 

Area Bearin£ 
.4 .5 

20 21 

26 27 

4 AZ 
.0 

16 

22 

28 

~onvert hearing and 
quadrant code to 
pzimuth. 

Area 

Setup for closure 
*"/,* 

5 >:HD 
.1 

17 

23 

29 

)'o'o~ 'indicates that I1Pr int X" may he inserted or used to replace 11Rls". 



INVERSE WITH CLOSURE 

This program calculates the distance 
and azimuth of the line joining two 
points. For a closed inverse, the area 
enclosed and closure distance and 
azimuth are computed. 

Equations.: 

HD ~ I (N
l

. --~N~-. ~) ?~. -+ (E. - E ')T""~-
1-1 1 i-I 

E - E 
AZ = tan- 1 i i-I 

Area 

where DEP 
k 

N. - N .. 1 
1.. ]-

( "nEP k 

Ek+1 - Ilk and 

N . - N 
k+1 k 

Exmnpl~: Inverse the figure below 
starting at 

N 100.00 
E 200.00 

3 350.000 

225.000 4 
170.000 

Begin 

1 
N 100.000 
E200.000 

325.000 

150.000 
300.000 

Solution: 

1 tie. aei!~ 
2BB.BBe~ 

15B. eB~e 
30e. ~~Be 
111. 80:34 

63. 26i?5 
J5B.~B~~ 
7':'.r::: ~~vi' ... '.:...~'. 

201. ~564 

7 B7Jf 
225.BB08 
17&. Bg@f 
!99. F"1 ~j. 

2J1 .ets€. 
~e(!.8{,fi0 

2e0.hOffe 
128. 5a9f 

, .. 
.i bt,. :B:~ 

2~937. 5f[-fi 

;~. fillll!? 

36':. ~[1C<L;' 

9 

Ej.P'f-

GSE~ 
£"IT1-

~EE'2 
j:.'-';: H Dist 
P_/: 

t·~,'· AZ 
tNT.' 

J?SE'': 

:+:*~ H Dist 
F.·-'"S 
.t~:., AZ 

E.~~.t. 

bEE;~' 

i:i."_ H Dist 
/:!,"-E: 

.tH AZ 
~V""-

GSB2 
t,":,~· H Dist 
p, 
"l:,~: AZ 

;;;E? 
t .• • Area 

r" 
;-Y" Error • Dist , 
t.~-,~ Error, AZ 
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STEP INSTRUCTIONS 
INPUT 

DATA/UNITS 

1 Key 2~-.!'-.9£raIl1___ ____________ _ ___ _ __ _________ __ _ ______________ _ 

2 Enter b_eilil1_n~I1.8. _ _"_oorc!ina~s ________ . _ _ _ __ JlllG N_ 

. --- ------

3 r-

r---

Enter coordinates of next DO~.and ________ _ 

compute_horizontal distAncp Ann A'; ,th 

---N--­
E --

4 _________ g~_peat s~_gp __ :J._i9r successive COJlrses 
5 For ___ ~lqsed figure, CUlIlPute area, err~ __________ _ 

1_---t-~d=i.~s.-t:;c,.:J.]!:e~, and_ err:Q:r. ~tezcl,·"m"'u"'-th,, ________ I_---___/ 

------------------------------ -------_ .. 

-- -----------------------+------1 

----------------.--------1_--___/ 

-- .... -

-- ---------

---- ----------------------+-----

---------- -------l 

---jl---------------.----------------+------

----------------- --

--------------- - ----

--- ._------ ------------------- -

---- ... ------------------ - . - ... - ---------

. --- ---------------- -------------- ---

---------- --------

--------- . 

--- ---------

----- -----

--1------- ----------- ----

KEYS 

I Ir~ 
~NT£I LI 
bsLII 1 I 
~NTtl [ .1 
I CSB I [ 2 I 
I Rls II I 
I II I 
I CSB II 3 I 
I Rls II I 
I Rls II I 
I II I 
I I [ I 
[ II I 
I II I 
I II I 
I II I 
I II I 
I II I 
[ II I 
I II I 
I II I 
I I [ I 
I II I 
I II I 
I II I 
I I [ I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
[ I [ I 

I II I 
I II I 
I II I 
I II I 
I II I 
I II I 

OUTPUT 
DATA/UNITS 

1--------

H Dist--

AZ (DMS) 

-------

Area 

!ITK9_L p_t~ t 
E~_r_~_r __ .A~ __ 

1-----

.... 

-----

---

------

-------

------

-----

--------

------

1------

---
---



0 

6 

.2 

18 

24 

e~ tLPLl 
132 ,~~g4 

{J? CLPG" 
04 ST01 
!?2 .V::!'i' 

ff ST02 
e: P/{' 

Ott .:LF~2 

89 peL? 
10 
! , peu 
12 
17 ST+? ..... ' 
14 STO? 
" X:\·' 
16 PCLE. 
f 7 
, n peL:? _ c' 
f q 

2(3 STfE 
21 0' f -.;, 

"? X"' v 
! ... , 

07 0 
L.'_ L 

24 
0, peL? .~ 

26 
27 
2E' '~T+g 

OQ PCL9 >---' 

20 PC. B 
31 tLBLe .,., .,.p .. .'.:... 
.""33 p,/.r: 
3d y"\.' 

, .... ! 

J:: ,~C-l?'": 

.:6 I"'TrlO 
'-" ; '-'-" 

77 , 
,-'I ,) 

3P 6 
70 0 
4f + 
4! tLBL9 
d2 4H~S 

4J PS 
44 *LF~? 
4:: peLS 
JE ?B~ 

47 R ... -·c 

4.9 peL 
, 

49 peLf 

JAr 

se ~Toe 
.:::' R·,·-S 

?'d-J, HD/Error Dis t. 

?',** AZ/Error A'L 

~t~?"?"Arca 

REGISTERS 

BEe: E 2 BEG N 3 

7 DEP 8 
Area 

9 
A E 

.3 .4 .5 

19 20 21 

25 26 27 

.'- ','" "1'· x" ",', rl.nt may rcpJac_e or be: used with !IRiS" 

11 

4 5 

.0 
AN 

.1 

16 17 

22 23 

28 29 
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SIDESHOTS 

This program is used to make sidec;hots 
or radials [rom a point. Two methods 
may be used for a sideshot, 1) input a 
hearing and distance and calculate the 
point coordinates, or 2) input the 
point coordinates and calculate the 
azimuth and distance to the point. 

Solutions: 

Equatibns: 

N100 
E120 

N 
E 

NO + H Dist cos AZ 
NO -f H Dist 51,n A7, 

Nl10 
ElBa 

I1B.8888 ENTt 
188.8088 (;S81 

4.1742 ENIt 
1.8800 (;8B2 
4.1742 *u 

62.0388 RIS 
171.8~58 *H 

R/S 
184.6455 **j 

25.1408 EHTt 

A7. 

N 

E 

2.8888 (;582 
154.4552 n* AZ 
44.8988 Rig 
69, 3942 **t N 

RlS 
199.1384 n* E 

188.8888 EHTt 
128. 8888 (;883 
1;8.8276 *** 

RiS 
268.3216 *** 

H Dist 

AZ 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1,_ Key_iJ}_ 1::h~ p);Qgram - --------
[ .. 1 [ ._1 

2 Enter hu]) ____ c()9_~dina tes N IENTt[ I I 
--------

E [cSBUI I 1 [ 
- ------ 1---. 

* 
--- --

3a For bearing side~h9t: Enter bearjng and ql!ad BRG !D .MS [Ellnl L-.-J 
[GSB [ I 

---

1 rant; 
-

QD 2 I','? _Ul,}1S) 

~_t:l: ~_ ~_~_ .h9_!:t ~O}! t: ~1. ___ gJ_~_tanc e and comuute :point H Dist [ Rls [ I [ N 
coordinates. IRIS I I I E -- ---- -- -------

*H 9.Z inHl t h _ i ~ _ JS,IlUwIL.r:.al:ne.L-.tba n bearing, I I I I 
enter azimuth with QD = 1. I [ I [ 

--- i---- -- --_. _._---.. _--

I I [ I 
- -- -----

3b ~r invers~ sideshot: enter cOQrdjnates of N [ ENTt[ I [ 

sideshot point and compute horizontal distallce .. _E _____ IGSB I I 3 I ~ Dist 
----------

azimuth IRIS I [ I AZ (D.MS) 
I I I I 

4 Repeat sten 3 for a]] desired sidesbots --
I [ I [ 

--- ---- _ .. __ .. 
I [ I [ 

- ------- --- f----- -----... -

----- ------------- ----- -------- -c------ I [ I [ 

---- -- ------
I I I I f-------

[ [ [ [ 
---- -- --

c---- -- I I I I f--------
I I I I c-----

I I I I 
1--

f--- -------- --------- . - ----

c-- 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 I 
------ ------ ----------- - - - -- ----------- -------- - - ------

I I I I 
--- -- ------

I I [ I 
-- - .... ------

[ [ I I -- ---- -- - ------------------------ ---------- ---------- - ----

I I I I 
- - - --

I I I I 
- - ------------------------- ------

I I [ [ 
- ---- - ----------------------------- ----_._--

I I [ [ 
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81 .LBLl 50 + ·k·k'~N 

02 FV;'4 51 P/S 
OJ CLRG 52 .\"~~' 

04 STel 57 PCLl 
0: g:r 54 + *~":*E 

86 ST02 55 PiS 
R' - , 1 56 HBU 
08 ,? 57 RCLl liE 

C9 0 "0 '_1..! 

10 STOJ 59 x:r 
11 (I,.c £8 RCL2 AN AE r·,'" "_, 

12 .tBL2 Bearing to Azimuth -, 
tl Dist A7, 

1] \'~.-' conversion routine -0 .:.p ,.r; t·,:: ,"'I'n', Dist 
14 "'H 6? R.·'·S 
15 v ... • .. ,,+-I (4 GT09 
If fliTt -" t ... ! p.-.,.,? 
17 

" flirt 
18 ., 
19 
213 IIIT 
21 PCL] 
?? v .,., P4-.... ! 

24 \'..,.! 
,,+-1 

25 R·J 
2£ PCU 
.,7 .\ ., 
28 COS 
29 X AZ 
313 make 
7' jAzj :S-360o ,-' ~ 

70 ~R -'':'' 

J.,5 .;.-p 
34 tLBL9 AZ 
25 x:r 
36 x.>C? 
27 GT08 
70 J ... '\..' 
.]9 6 
40 0 
41 + 
42 HBL8 
4J ST04 
44 ;HMS "k"""AZ 
45 R .. /S 
46 PCL4 
47 XtY 
43 ~R 

49 RCL2 

REGISTERS 
0 Ef) 2 N 3 180 4 5 

6 7 8 9 .0 .1 

.2 .3 .4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 

ick,', "Print X" may repJace or be used with IIRls" 
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COMPASS RULE ADJUS1JI1ENT 

This program adjusts a traverse by the 
compass rule. It is intended to follow 
the program "Field Angle or Bearing 
Traverse" (with closure). However, if 
the correct coordinates of the last 
point and the total distance traversed 
are known, these parameters can be used 
in lieu of executing the closure 
program. 

If this program is not used immediately 
after "Field Angle or Bearing Traverse" 
(with closure) or the storage registers 
have been altered since the closure 
program was run, enter the following 
data into the specified storage reg­
isters: 

Register Parameter: 
1. Correct closing easting. 
2. Correct closing northing. 
5. Total distance traversed. 
6. Calculated ending northing. 
7. Calculated ending casting. 

The Inverse program may be used to 
obtain adj usted bearings, distances and 
area. 

Equation_~: 

C 
D 

(LIN) (Dist) 
):Dist 

(liE) (Dis t) 
Wist 

Where: c ~ Correction to latitude of L 
a course. 

C Correction to departure of n 

liN 
lIE 

DIst 

IDist 

a course. 
Closing latitude. 
Closing departure. 

Length of course to be 
corrected. 

Total length of traverse 

Example: 

667.147 Total distance traversed 
400.000 Correct closing easting 
150.000 Correct closing northing 
399.783 Calculated ending casting 
149.905 Calculated ending northing 

POINT UNADJUSTED 
NO. COORDINATES 

2 N 
E -

3 N 
E 

4 N 
E -

Ending & }N 
Beginning E 

Solution: 

224.515 
561. 615 

356.529 
468.600 

232.337 
307.150 

149.905 
399.783 

151:. fi~l!e C:"'~p2 
4gB. Beg!) S;~;! 

667.147(' 3i,~::: 
149. 9050 S~C't~ 
399. 783f c:-:- --

224. 515f' [f.r!"~ 
56~.61.5[: ;;St:2 

P."'-? 
5~71.E;29 .*.'::f 

468. 60ef G'E'F2 
356. ::773 ,ll:_~~' 

;>/'8 

4~~'. 7104 .t.t:t-
2?2, 337f E~T.t. 

,:1?7, 151![' GSE? 
23L', d14.? .t,.'.t 

F: -": 
?i?7. :26 7 .t::+-~-
149.9a5f Ev ... ·f. 
35"9. 7 :?:?r G5'?2 
158, f!;ji?B -~'j". 

p.o. 

4€lB. e!}i3'? ~.~.~ 

Adj. N 

Adj. E 

Adj. N 

Adj. E 

Adj. N 

Adj. , 
L 

Adj. N 

Adj. E 
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STEP INSTRUCTIONS 

~'--__ ](~~_n __ j;he program 

INPUT 
DATA/UNITS 

2 Store data _ __ _ _ f BegN_ 

Note: If ~~~~ __ P_~_()gE_~!!l_ is E~~ _i~!TI:~~_~ate~~_ __ Beg E __ 

following __ ' __ ~¥JeJ-d Angle or BCal;:LnR. _rfX_?ygJ'_~H~~_~,-___ LHDi 1":r 

thef>~ ___ ygJucs are already stored in----.th£. _______________ ~:_. L_A_T_ 

----

3 

corr~ct ~Js_ters. 

Initialize 

Cl DEP 

4 _ C"ml'u_te_ adj us ted coordina'::.te,::,sc'.' ________ +"U."n."ad"'i iL"N'---I 

_ _______ Unadi. E __ 

-----------------+------1 
---------+------

-- ------------------

_____ -.?'~N. E, Coordin~j:~~s_~~~_!: be reentered in the ___ -----t----------
f--.-- same sequenc~ ____ a_s originaL~y ___ ~x§.~~rs<?_cl~ ______ _ 

__ ~tar_~_l]_g ___ at the ~e~o_~_~___.P~_~~_. __ _ 

1--- -

---1-------

1-----

1---- - -

1----

---- -

1---

f-----

--------

--------f-- ----

---------r--------
------+-------

KEYS 

[_[I_I 
U;TO [ I 2 

[~I 1 

15'1'Q11 5 

I STO [ [ 6 

I STO II 7 

[ GSB [ [ 1 

I ENTtII 
[ GSB [ I 2 

I R/S II 
I [ [ 

I [ I 
I I [ 
I I 
I I 
I I 
I [ 

I I 
I [ 

[ 

I 
I 
[ 

I 
I 
I 

[ [ 

[ [ 

[ I 
II 
[ I 
[ I 
II 
I [ 
[ [ 

[ [ 

II 
II 
II 

1 

OUTPUT 
DATA/UNITS 

- ------

_ Ad; N.. __ 
Adj E 

--------

f------

1------­

f------

-- --------

-----

-----

f-----

f------

------

- - ----------



0 

g~ -~LS:_1 

BZ P'C~l 

07 BT08 
e4 PCl? 
Ij.'5 

;]f. peL5 

e~ STJ3 
~·c PCL2 
i (. ReL6 

12 RelS 
<7 , . 

14 ST;]4 
Ie: PCL2 
1 t. STU5 

RTN 
1 e tLBL2 
<q v~</ 

". 

2tJ STOt 
.}~ RCL2 

2': ST+5 
24 Xt'r' 
::5 $Ti.7 
2E peL i 

28 ST +e 
.,0 4F' 
7:} STD9 
7i PC~2' 

'36 -" 
?? S'T +5 
38 PCt..6 
:9 S;C2 
t.e ReL" 
41 STO~ 

42 ReLS 
4;:' R/S 

44 PC~S 
4r: p .. -.. ~. 

6 Closing LA'!' 

.2 

18 

24 

*'I'dllpr Lnt X" 

initialize 

Jleg 

6N 
mist 

ex > y) 
< 

*** Adj E 

E 2 

A 7 1 . C. OSlUg DEP 
.3 .4 

19 20 

25 26 

may be used to 

Dist 

REGISTERS 

Beg N 3AE/I:DLst 

Adj E 
9 

Dist 
.5 

21 

27 

replace "Rls" 

17 

4 ~E/mist 5 ):IJD 

.0 .1 

16 17 

22 23 

28 29 
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CURVE SOLUTIONS 

Civen va.l UC5 for any of the fol1cHoJing 
pairs, this program computes the re-
maining parameters plus 
ment, and fillet areas: 
R; A and T; Rand '1'; R 

the sec:tor, scg­
t\ and C; 1\ and 

and L; Rand C. 

~A tan-I (TIR) .10- 1 (~C/R)~90L/.R 
T R tan ('CiA) 
C 2T cos (~A) 
K T/Lan (~A) ~c:1 (2 .in C,A» 
L All HjJ80 

Sec. tor areCl = LiZ/2 
Segment area = Sector area-~5.CR cos (121'1) 
Fillet area = T R·'"Sector area 

Where: T 
C 
J. 
R 

f1 

Tangent di.stance 
Chord length 
Arc: length 
Radius 
Central angl(;\, 

FILLET 
~ ARC LENGTH ~EA 
~ PI (1~3585y SEGMENT AREA ______ 

p2; 9 . PT 

RADIUS 

R ~ 223.181 
A ~ L~5 0 ,)0' 23" 
!'ii\= 22° 45' I I II 

C 172.636 
l' ~ 93.602 
L ~ 177.218 
Sector area = 19780.36 
Sngmcnt area = 2015.00 
Filkt area ~ 1109.87 

Solution: 

-::.':1">' 1 iJ 1,-, 
':"'':'',-' • .i'.'.(..' 

(,T"'~ 

t;.SB; 
223.1810;u 

PE 
0" -:-1:;"-:'':' 
.:...:..., '.". _ j -I-f-

p ·s 
172. :5.'360 t·U: 

P"S 
17?:?'5E:4 .+:."!-,.y: 

P,-'S 

R 
C 

6/2 

T 

c 

19(,B@.?5t7 -t-'-f:, Sec lor Area 
P. "S 

2{!14.9959 *.1::+: S(\gmcnt Area 
P -s-

1 W9. B?t35 ·t:·t:·"t· F Lllet Area 



STEP 

Vs('r Ins •• ou(·. ions 

INSTRUCTIONS 
INPUT 

DATA/UNITS 

1 ~ in the Pl"9gram __ _ 

f-~--- Initializ_e _ _ _ __ -+-- -
~ ~tore data for anyone of tlle following pairs:-:_I-----=I1 __ --j 

11 , C ---- ------ ---+ --'R"----__ _ 

11, R C -- ----- -------t-~---
f--- __ 11, T T ----- ------- ---+----"-----j 

_1-_ _ __ R, T ___________ 1-___ ~L~____j 

f--- -- _ll...L __ ----- --------- ---- --------j 

_ 1-- ____ --'R, C; __________________ -+-_ 
L_ R=u=n~ ___________________ / __ _ 

--I- -------- -------- -+- ----j 

--- -------- ---- -+--------

-1--- ---- ----- ---- --- -/----

--- ---- ---- -- ---+------
------------ ---------+- -----

1--- ------ ---- ---- --- -----1-- ----

1---- ---- ------------ ---- +----

--------------- ----- -----t-
+---- --- ------------

-1--­

t---

--------- ---

---- ---------

---- ----

----i------ -

---- ---

---- ------- - -- ---+-----
---+--- -------- ----

--- -1------

1---- --------- --------- -- ---1 

1-- 1--------- -------

t--- I--- ------ ----- ------ ---- ---

--1--

t--- ----- --- --

----------------- -- ---+---
-------

------------

----- --------- ------ --- -----

--

-- --- ----- -+---

KEYS 

II r _-I 
I - f I lB-EC;J 
[siolll I 
I STo_1 L_2 I 
ISTol1 3 I 
I STO II 4 I 
I STO II 5 I 
I II I 
I II I 
I GSB II 1 I 
I R/S II I 
I R/S II I 
I R/S II I 
I RjS II I 
I R/S II I 
I R/S II I 
I R/S II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 
I II I 

19 

OUTPUT 
DATA/UNITS 

1-- ------\ 

\-----

-------1 

---- -

---

R 1------'-'- --
_ 11/2 __ _ 

I---T_ 

I--_-"C_--I 
L __ ----=c_---I 

Sector A i---=--=-=-=- ---
~j5ment~ 

Fillet A I--- - c~---I 

------ ---

--- ---

f------

-- ---- -

- ---

----j 

1----- -

-----

--

------i 

1------ ----/ 

-

\------­

\-------­

I- ---- --

-------

---

I--- ----

1-----
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pelt 
.;.f-! 

2 
(l~ .:. 
[If. C-T;l t 

a;' ,'.'oc';' 

f3~' GTD9 
r9 peL.? 
1 g peL! 

SIN 

17 x 

16 BT02 
17 RCL4 
:e peL! 
1 q TRN 
2[: 
21 :'(i[F) 

?? ST02 
')7 .,:LBL.J 
24 peL2 
':"::: p c·c 

26 peL! 
27 P,/.S 
28 

](' STC'4 

]4 peL 1 
?~ COS' 
-36 ;.: 

3e P.C~2 

48 peLt 
41 cas 
42 

44 
4~ 
4£ 
4" 
48 

p' , , 
0 

C 

r-- 4:' PCLt 

o 
6 

.2 

18 

24 

1 6/2 
7 

.3 

19 

25 

have 1\, c.alculate R 

R f (C,A) 

f (T,A) 

.\ 

PCL2 

.'54 peL2 
e-e" "T· ... ,j 

.:J).-",'i 

60 
61 
62 
5] PCL4 
6.! L ,';;,\' 
6,'] 

6E P. "C 

, .LBL9 
(.e PC~ ~ 

69 peL2 

c 

;',0 peL" 
~c- ,~'CL2 

80 
31 

:") 

:?4 ,\'#JI1 

,or STOt 
BE PCL4 
e~ peL2 

P9 T4N-' 
91] ,~·:'il],? 

Qf .':TOI 
92 GTf]-~ 
9.7 P .(' 

REGISTERS 
2 

H 3 C 
8 9 

4 .5 

20 21 

26 27 

:;'d:Sec: tor area 

'do"fll..l et arCa 
lave R. c.a]_(~tl'late 1\ 

f (I.,R) 

f (C,R) 

f ('I', R) 

4 
T 

5 I. 
.0 .1 

16 17 

22 23 

28 29 
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;r 
HORIZONTAL CURVE LAYOUT 

This program calculates various field 
data for layout of an horizontal cir­
(~ular curve. The required -j nf orma t.i on 
on the c.urve is the PC sUItion and the 
radius or degree of curve. With tllis 
data one computes successively the arc 
lcngtll, deflection angle from tangent 
to chord, the .1 oug chord from PC to 
current station, and the short chord 
from prev.iolls station to current 
station. 1n addition, the tangent off­
Hot and tangcllt distance are avai_Lalll_c 
if desired. 

rf the centra.l angle is knmoll1 the program 
also \.JiJ 1 compute thc' total aYC length 
from PC to PT, the station PT and the: 
lengtll ()f the tangent from PC to 1)1. 

In the program, stations arc (>ntered in 
tIle form XXXX.XX for station 
XX+XX.XX. For example: 20 + 10.00 is 
entered as 2010.00. The dcgrec of 
curve D, (or central angle suhtending 
an arc of 100 ft.) is entered in 
degrees wl_th n negative sign, Always. 

PC Dcf t(~ct_ions 

PI 

STA PT 

Field daUl output for PC dC'fll'ctions 
cnJlsist or: 
ST/\-cllrrcllt stat Ion 
ANC-ueflC'ction angle from till1?,cnl to 

Long chord. 
te-long chord from PC to current station 

SC-Short chord from previous station 
to current station 

j A-centra_L angl~ 
PI-point of interse~tion ()f tangents 

PC,PT-ends of c.urve 
L-i\rc length 
R-raciius 

Tanglmt Offset.s and Distances ----- ---. -~--- ---------~ ---

A 

F.LC'lJ data output for tang(;llt offsets 
consist :J[: 

STA-currrcll L sta tion 
,[,D-tangl'nl distance 
TO-LangC>llt offset 

'I'-ciistance from PC to PT 
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(HORIZONTAL CURVE LAYOUT) 

Example: 

Compute field data for a curve with a 
o central angle of 35 30' and degree of 

curve of 12°30'. The PC station is 
7 +85.40. 

Solution: 

785.4000 EUTt 
-12.3000 G581 
785.4800 H.f 

peLl 
458. J662/:l./: 

800.0808 GSB2 
14.6080 tH 

R./S 
0.5445 Ut 

R'S 
14.";994 tH: 

R'c 
14.5994 ././.1' 

RCLS 
O.2J2~ .;:.;:./ 

RCL9 
14 .. 5975 f./:.i 

JOe. 0000 GSB2 
114.6fJOe .;:.;:.t 

R'S 
7. B94.5 *H 

R ..... S 
114.3818 u.t 

II'S 
99.8018 tH: 

RCLS 
14.2516 .t·u 

RCL9 
11"3.4098 .H./ 

(PC) 

(R) 

(For STA. 8) 
(L) 

(ANG) 

(LC) 

(SC) 

(TO) 

(TD) 

(For STA. 9) 
(L) 

(ANG) 

(LC) 

(SC) 

(TO) 

(TD) 

1888.81188 
214.6888 

13.2445 

212.6454 

99.8818 

49. J252 

286.8455 
35.J880 

284.8888 

1869.4888 

146.7242 

1869.4800 
284.0800 

1:.4508 

279. 479B 

69.:!.'!.T:" 

G582 (For STA. 10) 
tU (L) 
/\/5 
u.t (ANG) 
II'S 

u* (LC) 
R/S 

*u (SC) 
PCL8 
lH (TO) 

RCL9 
tH (TD) 

G58? 
tn (L) 
R'c .,' -.J 

*H (PT) 
R'5 
tH (T) 

GSB2 (Field data: PT) 
l.U (L) 
R', 
l.f.j (ANG) 
(\ .-"r:-
!'.' .... 

Hi (Le) 
p.c 
/:l/ (SC) 



23 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Key in the program. [I I __ I 
-----_._. ._---- -

2 J;nput _beginning station of curve PC lENTtl I I ~c; __ ----

--.l Input radius R IGSB- I I 1 I - ----- --- I--- -
or de~~_e of curve (as __ a n~gative numl;>er_t ___ -D(D.MS) @B~ I 1 I .-

---- 1----- --

--- - ---- ----- --- ._--_. -------- I I I I I- --~ 

3' ~-,"s o~ __ cf_egree of curve are available if IRCL I I 1 I R 
---- --

f-- desired. IRCL I I 2 I _D __ --- - - ---- --- -- --

4 _Il1pU t ___ s ta t i_Qu STA ___ IGSB I I 2 I ~rc.len" ------ -----

IRIS I I I ~an~ 
f - ----- -- - ----- - -- .-

IRis I I I ~g-,,~ 
c- -- .. _- ._-- ----

IRiS I I I ~ t .. <:ll<>l: 
4' Tange~_~ o~_fse_~ , TO, and tangent <!i~tance, I I I I --_ ..... - ---

I __ TD. ar_e a_yailable if desir~d_. __ -1---- --
~CL I 8 I TO 
jRCL I I 9 I TD .. ---- ----- -- -.-~ ---_. --

s Iupu t __ ceD,t rJtl "ngle_ ,1\ (D. MS) PSB I I 3 I Arc. lengt 
---- 1-----:----""-

-- f---- ---- --_ .. -- IRIS I I I ~_:!-on PT - -

-- ---- - -----
IRis I I I T, length 

I I I I -- _ .. ---- --- --- --- ---
- ------ - - ---- -- I I I I --

---- ._-- --- I I I I 1----
- f--~ ---- I I I I C----~ 

--f-- . __ . ------ -------- -- 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 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 I I ---- ---- --- ---- -- -.--

--_. - ------ ----_. --- ----- ---- ------- I I I I 
---~ 

I I I I - -- ----- ---- -- _ .. - - - ----

I I I I -- .. -- - ----- ---- .. _- ----

I I I I ._- .----. ---- -- --- ---

I I I I 
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el ·+tBLt 
82 eLPG 
O? ,r: V;'4 
(34 : .. ' ,'0': 
85 G·~Be 
tE 8TOl 
U;-' Pi 
OE 
no 
'-"-

" , 
12 8r02 
17 po! 

STO? 
1 .r: .~TC4 

RTII 
17 nELl] 

[H5 

16 

18 
19 
28 
21 

23 
0.' 
L't 

1/,\' 

8 
25 EEX 

2,s RTN 
29 .~:LBL2 

JC PCL4 
7f ST.2 
:2 RJ 
-:-: ST04 
34 peL.! 

-56 P.-··S 
,7 GSf9 
.:'8 
79 8707 
40 "HW 
41 p/S 
42 peL? 
4.5 SIN 
44 peL! 
4.5 
4E ~ 

CTtl.:­- ; \."-

.58 
51 

Store R&D 52 
5".? 
54 
00 
,', 
0" _,t-
O" 

58 
29 
Eff 
61 

Input PC 62 
n 
£4 
6.5 
66 
67 

CalcuLI te It from 1) 
6B 
(,9 
?O 
?1 
7., 
.. c 
77 

74 
7.5 
"" (t, 
..,...,. , .. 
70 i ,_, 

rnput station 79 
no 
c,'~ 

n< 
Ci 

?2 
.C!"Z 
n, 
0" 

85 
~t~ ~',-1, n." 

Calculate L C": 
n" 0, 
,138 
.00 

96 
CaLcuLate LlNC 91 

:?2 
0,-
}4 

Ca 1 c.ulalc LC 

SIN 
y 

ST08 
peLS 
peL? 

""cs 

:?T09 
PC~:' 
p . ."c 

-' ~, 

RCI-4 
PC .2 

GSB9 

SIN 
peL! 

0 

RTN 
UBL9 

9 
,J 
o· 
.. I 
~ 

peL! 
~ 

RTN 
.L8L3. 

.H , 

STOt 
GSF9 

p .... f 
peL' 

+ 

P'.' 
peLf 

TIlN 
PfU 

P ."c--' 

Calcula te TO 

Calcula te 'fD 

dsp LC 

:I~~'dCalculate. SC 

90 
TrJ\ 

Input n 

**;', 

Calcula te. PT 

Calcu1 a tc 'I' 

4" 
48 

t---4? ReL7----i--------.=;t;:c""'--------'----__ ---j 
REGISTERS 

0 H 2 Ft/lJellecl 3 PC 4 S '['i\ Current 5 l.C 
6 A/2 7 

IINC; 
8 

TO 
9 

TIl 
.0 

.2 pn,v. Stu. 
.3 .4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 
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BEARING-DISTANCE AND 
BEARING-BEARING INTERSECTION 

This program computes the coordinates of 
tile pc)int or intersection of two Lines: 
l) one of known bearing through known 
coordinates and the other of known 
Length from a point of known coordinates; 
or 2) when the bec1r .Lng of each :U l1e j s 
known and the coordinates of a point on 
each I-ine arc known. For the f:lrst case, 
hoth solutions may he computed. 

b:q Uti t ions: 

Az J ) = tan -I ~~~. 
N~ - N] 

h D.iHtl? sincp 

/-~- ----r---.. 
h = ~J)isti - h-

N Nj + «DLstl? 

where: AZ I /' 

COH¢)+b) sin (Az,) 

Az imuth of 1 inc from 
po inC 1 to point 2 
Az-imuth of linc' 1 
Angl(, betwC'el1 1 i IH' ] and 
l.in(, from PUillt 1 to 
point 2 

11 Pcrpcndil:llJar distnnce 
from point 2 to line J 

b Distance Croill point of 
intersection to tIle 
po Lnt \vhcrc tlHc perpendi­
cular (11) jnLersects lim'_ 
I 
Length of I :illC 2 (the 
known d1stanc(') 
Northing, easling of point 
I 
Norrhing. l'<.lsLing of point 
2 

D1~;tl)= Distanc.e I-rolll puint I to 
po_Lnt 2 

N 

E 

Di.st 

A~j 

1\'/,,) 

NIEI 
N;d~~, 

N,E 

Dist 

N, + Di.st (co::; ALI) 

EI + D1st (sin ;\7, I) 

D-ist I? sln (AZ 2 - A1: 12 ) 

Azimuth of llne from point 
1 to point 2 

AzJmuth of lIne I 
Azimuth of line 2 
Northing, cas t -i ng of po Lnt l 
Northing, c·.Jstlng of point 2 
Northing, c'asting of intc'rsC'ct 
pO_lnt 

1)istancc fYc)m pOiJlt 1 to intc'r­
sec t _1 on 
Distance from pO_lnt 1 to point 
2 

N ~ 598.5457 
E 505.2631 

N, 350.000 
E, . 250.000 

N, 400.000 
E, 600.000 
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'5r.OOOO f}!T1 
250.80B8 &:'?B1 
400, oooe tNT-! 
600. ooeo p."'-": 

4':., 45.50 1:"'.''''-.f. '-.1, . , .oooe GSP2 
':Ie: Jt]'?f3 P.JTt 

4. 0000 GSP.? 
GS£'4 

oqo 
,j •. C<. 54-':~ ,ft~· N 

P .. c 

505, 2f?1 .j::':.f. E 

Example 2: 

(FAR SOLUTION· 
AZIMUTH ENTERED AS 
AWAY FROM POINT 1) 

(NEAR SOLUTION· 
AZIMUTH ENTERED I 

AS I 

TOWARD POINT 1) ! 
N ~ 342.0311 : 

E 250.0:90~7~~===::=::::=o;;:'''' 'P\ N, 350.000 
N, ~ 300.000 E, ~ 600.000 

E, -- 200.000 

Solution: 

.'500,OOt!Ef [Nit-
280.00@@ GSPI 
,"3~O. (Joee ENT-,. 
68(], f)oec- D ,·c 

·JO. f)fJf1i? ENT'+' 
1 ooeo GSB2 

."350. f][fl]f] ,ST07 
G8B.'5 

co';' -:>no,::- .~:.,:,¥: '.'." ,-'. .... '.'-,,-, 
D .. , 

66S. 6t3E'9 iii 

JOe. 1]0130 ENT-t" 
2U@. O@Cq ~CDf 

'_'L.' , 
"350 fJOOf LHT-~ ,-,,-

SOC. Cf38C' ,. ,'0:-

~I] . l]f)@1] EfF'"-+ , [1[:II]C' ':C"o') 

?~;C CfI~1f! C STU' 
t;SB,'5 

7 c2 e?J 
, 

I.H 
R ,.-t::-~ 

2~J!. 390;-' :4::+:."+.-

N [ 

E[ 

N? 

E2 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Kev_in _t~gram -_ .. _- - f---- --. I J 1_1 
- -

2 Enter:. _coordinates of PQillLl. N1 IENTt I I J ._-- E1 -- f------
[GSB I I 1 I - t-- ---- - -- -- --- --- ---_ .. - I---

_ 3. l'n~or-Cililrdinat€1LOf ..point .2--- _____ N2 iENJ'=tJ [ I - - 1-------

- - .--- . - -- - ._- E2 IRIS. I I --I 
--

.IL .Ent= hearing an d_--4lJ..a..d ran t of ---line ] BRG 1 __ IENTt I I I --

--f-----. --- .------._--_.--.--.- nn 1* IGSB I I 2 I AZ 1 ro.d) 

- ~o~ __ tore th~ az;i.muth Qf liu_p 1) AZ* (D.d) ISTO I [ 5 I --. 

Sa Fnr..h.eari ng bearing: enter bearing a~ BBG 2 IENTt I I I 
- f-quadran.L_Q£lin.e .2 QD 2 bB I I 3 I AZ 2 (D. d) 

(oL..Siore the_ azimuth of .line 2); and AZ 2 (D.d) ISTO I I 6 I 
- _ ~~ __ inter.sect coordiuates iGSB I I 4 I N 

...5b_ rXgr beal:'i_ng-dJstanc~*: store the distance IRIS I I I E 
f- ' nf ] j ne .~d compllte intersect conrrl··no~n In~ c ~ 2 ISTO I I 7 I 
1-- -t----.. - -

IGSB I I 5 I N 

IRIS I I I E 
-- - --.--- -

I-- -f------- -- I I I I -

t- - - ------ I I [ I 
-"1'>w Bolut.io.n.S- are possible in the bearing I I I I 

-- --<lis.tanc.e case To nhr rh cn] uri nn I I I I 
-. o·,ror ha--hearipg as jnto point t. . for th I I I I , 

- ---.ia.r-so1ution, enter the bearing as aWG-¥-------- I I I I -

- Cr, int... 4 I I I I ._-.. 

I I [ I - --_. ------

I I [ I -- -------

I I I I -- . ----- -

I I I I - - -_._- -_. --
I I I I I-- t------ --.- .. _--

f-- I I [ I .-.-----_.--_._--

[ I [ I ----- - - -_ ... - - -

I- - f--- --- - .. - --... - ----,_.- -- [ [ [ I 
,- -- 1----._- .. -- --- -_.--- -,----- -- -- -

I I I I 
'-- -- -- .. _------ ._. - -------- ---- -_. 

[ I [ I 
c-- 1--._. ------ _ . . - ... _- ----

I I I I 
- 1--- - - - ... _---- .- --- ---

I I I I 
[ I I I -- -- ---- --- --- _. - -- -_ ... -. --

- - 1--- _. -- ._-- -_ .. --- -- --- .. - I I [ I 
- - ---- --- ---- --- --- -_ .. _----- .. - 1--- --. I I [ I 

l-I [ [ I 
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o 
6 

.2 

18 

24 

@1 :tLBLJ 
132 .)T02 
@J PI 
04 STOI 
(35 1 
86 8 
R' -, e 
.,0 STUe -." .. i 

09 11··< .. '-" 

10 STU4 
If PI .-
, 0 STOJ '" 1] IITN 
14 ~LBL2 
15 "SBc 
16 STGS 
11 RTII 
18.,LBU 
19 GSB8 
28 STDE 
21 RTN 
22 *LPLC 
07 t! -+ ~ .. .:.,.._, ,~,f- ; 
"'"l 'H '::'f 

2.'5 v-+v 
(",+-i 

0_ 

.::.t· fNP 
07 ENT1 .::r .,., 

2 
2~ 
JO HIT 
31 PCLO 
70 .:{ ........ 
77 PI 
7.1 _\;~y 

7< RJ ,-".' 

J6 peLO 
";'''':' v 

7Q CO.~ 

J9 y 

40 
" PTN "'1 

42 1:LBL6 
4, RCL4 
44 peu 
40 

46 ReL? 
i-' peL! " 48 
.'" .p 'L~ 

180 
7 

.3 

19 

25 

Store CoordJnatf~s 

Bear ing·'Azimuth 
Conversion 

AZ 

-])ist12 AI':]/ 

50 x:y 
51 x.>e~ 

52 IITN 
5.5 :5 
0' 
·yt f 
55 0 
56 + 
57 PTN 
58 tLBL4 
5g "SBE 
6e RCLf 
61 
62 CHo, 
'7 t,,_, SIN 
" v o't 
'0 b,_' peLf 
66 PCL5 
" Of 

68 SIN 
65 
70 STOB 
71 .LBL9 
72 ReL'S 
77 peLS 
74 -)P 
75 peL! 
76 T 

79 ReL2 
88 + 
81 p.c'S 
,92 *LBL5 
Q7 GSB6 
84 RCLo 

86 CHS 

'.!-H.' 
', ... 1 

90 X2 

.91 ReL? 
G':' ,';"2 

9.] 

94 CH.'? 
Q.~ tV 
9E + 
97 STDB 
98 GT09 

REGISTERS 

N, 2 E, 3 

l)-ist 2 8 used 9 

.4 .5 

20 21 

26 27 

)ist 

b 

16 17 

22 23 

28 29 



DISTANCE-DISTANCE INTERSECTION 

Given two lines, each of known length 
and originating from two known points, 
this program (~omputes the intersection 
coordinates. There are two possible 
so.lutjons; this program calculates the 
one found by proceeding in a clockwise 
direction [rom the first known point 
to the second known point. The other 
solution is found by reversing the 
entry of the. known point coordinates. 

Equations: 

N 'P) 

E - E] + Diat] sin CAZ ¢) 

where: rp 

DiSCI 
Dist? 
Nj;E I 

N,E 

Angle between Uno. 1. and 
lLne 1->-2 
Distance from point 1 to 
point 2 
Known distance along Line 1. 
Known distance aJong line 2 
Northing, eastLng of point I 
Northing, easting of inter-
section po-int 

AZ Azlmuth of llnC' from point 
1. to po Lnt 2 

Example: 

S~lution: 

[,LP~:­

!7?1690 ENT-t 
1.'32.37?@ GS8! 
95.601t) tNTt 
26.f3?3f) GSB2 
!":>. '3B28 ENTt 

14;'.7470 GSB: 
n~.@55StH 

Pc 
199.892.5 *.¥. r· 

N 

E 

29 

N, - 17.382 
E, 147.747 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Xey __ in the program C:=l I _I 1----

2_ Enter distance_s --
ni~r , iENTiI [---:-1 
Dist 2 bsi....1 1 1 1 

----

3 - Enter pojnts 1 and 2* and ca 1 C1llate " , OOLI I 1 

intersertion E 1 bs~ 1 [ 2 1 
- - -

N ? ~NTt 1 1 1 
---- -----

E 2 bs~ 1 1 3 1 N 
-- --- - -- ------

"/5 1 1 1 E - -- " --, .. ---

1 1 1 1 - ---

1 1 1 1 
------- .----

1 I 1 1 
- ---- ------ --

1 1 1 I ------ ---- --
1 1 1 1 -

1 1 1 1 
- --

1 1 1 1 -- ... ----- -- -

1 1 1 1 - ------

1 I 1 1 ---_ .. ----" . 

1 1 1 I 
----- -_ .. _- ----

" 'T'wo ~o' uti on q ~~o .p1.l&Sihle. ___ .Eor.-the- 1 1 1 1 --

~, rprn'lte '0' rp.vp.r ~p rhp ord pr 1 1 1 1 ---- ----- -- --
of pntprina no; 1 and 2 1 1 1 1 -------

1 1 1 1 -------- - ._-------- - --_ .. --_. .._- - ------------- -- -----

1 1 1 1 

I I 1 1 

1 1 1 1 - ---------.----- - -----

1 1 1 1 
------- - ----------- -- ---

1 1 1 1 
-----

1 1 1 1 -- ---- . _ .. 

1 1 1 1 ----- -----

I I I 1 --
1 1 1 1 ----- ------- - -- --------- --------- - _. ----- ---- --

1 1 1 1 --- - - ---------- ---------- ---------- --
1 1 1 1 

---- ---------- --

1 1 I 1 
-- ---

1 1 1 1 - ------------ - -- ----------

1 I 1 1 
- -- ---- ------ -------- - -- ---- ---

I 1 I 1 

------- -
I 1 1 1 f--------- --- - ------ -- -

I 1 1 I 



31 

01 ·f:LBU 
fJ2 ST06 
07 Pi 
;]4 gTGS 
85 RTN 
C6 lLBL2 
a" - ' ST02 
8,13 x:v 
B? STO! 
'" ,~TN J , , tLBL? " 
12 STf]4 

" Pi ~ '-

14 ,~Tf]? 

1.5 prr 4 
.-
10 RCL2 
, " , 
Ie peL, 
19 peLt 
28 
" "p DLstl 2 AZ .:...~ 

,:\.-, .C;TC? 
"7 ,\'2 .:...._, 

24 ReL-] 
25 '·'2 

2t + 
PCL6 

,.:,;, g2 
2? 
.?[I 2 
7'; 

" 
32 ;~cu 

JJ peL '5 
].1 

35 " 
J6 ('.'iC'-! ¢ AZ 
]7 
7C RCL~ --"-

.J9 "'F' 
4f RC'~ ! 
" ., 
't. 

42 P ,-( .,',;.,',-k N 
'" '"'-+1.' 

/'+- ! 

J"; peL: 
Jr:- t 

p/c, .,';i,.,', J'; 

REGISTERS 
0 NI 2 Ej 3 N2 4 E) 5 Dist ~ 
6 

Dist 2 
7 

]Jlol 1) 
8 9 .0 

.2 .3 .4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 

.,'0'0', "Print X" may he us~d to rcplacQ "Rls!! 
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OFFSET FROM A POINT TO A LINE 

Given the point of known coordinates with 
a line of known bearing passing through 
it and a second point of known coordin­
ates, this program calculates the offset 
distance from the second point to the 
line, the distance from the intersection 
to the first known point, the coordin­
ates of the intersection, and the 
azimuth from the point of intersection 
to the second point. 

Dist ~ l(N-=--N)" + (EO- Ell) r-BO 0 . B 

Dist 
BY 

EO-Ell + Noctn (Az lly) + NIl tan (Az fi1) 

ctn(AzBI ) + tan (A'ST) 

E 
1 

Where: llist
BO 

Dist
BI 

Dist 
[(] 

NO,EO 

NB,EIl 

NJ'E r 

AZ
Il1 

Distance from point to 
offset point 
Distance from base point 
to i.ntersection point 
Distance from inter scc-
tion po:int to offset 
point 
Northing, easting of 
offset point 
Northing, casting of 
base point 

Northing, casting of 
intersection point 

Known AZ from hase po Lnt 
to intersection point 

Example: 

9\ \ ~ 
",'Ii ~ 90" \ '" 
~\ ~ 

\. ;A 
,'>() () 
,0 ~ 
\'6 A 

\'6>~ 
\ ~ 

\ >:' .. 
BASE N 150.000 

E 320.000 

N 350.000 
O~~SET E 1420.000 

Solution: 

15/?, !J@W: C"Tr;' 

?~~, 88tH! CT"~ 
':5(3, fBBJ] ~Tr!7 

142@.I?l3[)' .':Tl]4 

.':,? t:1~4E .8-:0': AZ 
1.Cger STCE 

1 SO, .fJ8f!10 <:;-')";;'7 

GSBI 
'71::'.0. {!fiW? t~::t 

.k'.'"C,' 

5(11]. 21e:?' ~.'t '. O. D. 
r;,...c 

99S·.99?~ q',;, T.D. 
~ ,( 

1t..?,~r,;l.":: t~'.¥ O. A7. 
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INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

1 ~~eL in the --prog~9:11l C:=:11_1 
---'" - --. 

NB !sTO] I LI ? O>nre data f--
ER bo--I [ 2 [ 

- --- - ---". 
NO [STOJ [ __ 3_ I 

--- ------- ... _ .. _. 
[STO II---Z;-I I - En f---

BRG** ISTO II 5-[ 
- -- -- --- -. -

QD** bro [ I 6 I 
----- -------- -- -

180 [SIO [ [ 7 I 
------ ----

3 Run PSB [ [ 1 I NI 
,,/S I [ I III 

---------- - ._. .. --
,,/S [ [ I O.D. ------ -- - ----
,,/S II I I.D. --
,,/S II I O.AZ* 

*Offset azJ~:uth may be incorrect for I II I 
bearill~_ Q.t. 0, but for these cas~~D~_. I II I 
offset azimuth may be obtained by [ I [ I -
insEection I I [ I -

I II I - --- --
~TO [ [ I **If azimuth is known J:.ather_~.illL hp~rina bill Mo, 5 

-

I [ I [ -_ .... 
1 ~TO [ I 6 J ~--1-------------- -.-.. - --

I I [ [ 
----

I I [ I -- -- - ------

I I [ I - - I-
[ [ [ [ 

---- -- - - - ---,,- --- .... ----

I [ [ I --,,-_._.- --
[ [ I I -
[ II I ----
[ II I 
I I [ [ 

---
[ I [ I _._---
[ I [ 

---

[ 

[ I [ I 
[ II I 

-------- . 

[ I [ I --- --

[ I [ 1 
- ----

I 1 [ - I 
- -- - I--

[ I [ I 
----- -

I [ [ I 
1-------
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B1 ,LBLS bearing azimuth 58 + to 
82 RCL7 conversion toutine 51 CHS 

ro 
83 RCL6 ... 'i. 

84 0 53 ST.@ '-
85 54 R/S :;'o'o'{N 1 

86 INT 55 RCLe 
87 X r" "', x 
88 RCL6 57 PCL9 
89 PCL? 58 + 
10 .>:: rO ST.1 .. ,-," 
'f COS 68 R/$ ;"''*E 1 .. 
12 RCL5 "' RCLJ b. 
17 -.' >H 62 Pc. B 
14 x "' b, -,. - AZ £4 RCL4 --
1£ ,LFLS 65 Re.1 
j7 1 .. 66 -
18 >P make IAZI ~ 360

0 
67 ~p 

19 .p 68 PiS :;b":;"offset distance 
20 gty 69 RCLl 
"' c. ~OB? 78 RC •• 
22 GrO? ,. -" 2? 

, 
72 RCL2 , 

24 6 ?7 , .' RC.! 
25 8 74 -
26 • ?r >p , . 
27 • LBL? 7" 

" 
RIS *-J'*intcrscct distanc c 

28 STOS 77 . , X:y 0 LIJ _ O.D, 
29 ,HMS 78 Ri, . 
Jf RTN :;',:;~:;',azimuth 79 >P 
31 *LBLl 88 x:~' 
?2 GSB9 81 ReLS 
,,:I~, RCL2 82 + 
34 RCLl 83 ).;..f\' 

.. to: 

35 ReLS 84 ~R N E 
36 TAN 85 X:\i 
7" ST08 86 PCL2 En ." 
38 x S7 + 
39 - 88 RCL4 EO E calculated 
4fi STD9 89 .~=r? 
" RCL4 98 GTOB " 42 RCLJ , 

91 ReL? )[;0 
~3 pelS 92 ST-5 1\%-180 results 
44 Q" -,,,:I ,LFLO 
4~ + 94 RCL5 
46 - Qr q -, 
47 peLS 96 I:' 

48 fNH 97 + 
90 49 1 i.;,: 98 Gr08 I\Z j: 

REGISTERS 
0 1 N" 2 En 3 NO 4 EO 5 ERG/ilZ 
6 QIl 7 180 8 tan AZ 9 .0 N .1 EI used 1 
.2 ,3 .4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 

·k*~":: "Printx" may be inserted or used to rt'place "R/S". 



35 

EARTHWORK 

VOLUME BY AVERAGE END AREA 
. -- --

Routines Laheled Land 2 calcu.l ate the 
end area for any station, volume lrnm 
prev_ious station, and accumulated 
volume to the preS2_l1t statlon. [nputs 
arc the elevat-ions and distances from 
the centerl Lne for all points of a 
cross section and tIlE:: interval from 
the prev_l_ous station. 

E~luatl()ns : 

V avg ~(I Arca I 
i 

Elev) 
... + 

Whcy(:: V i-lvg 

Area 

1l Dist 

Kl cv 

+ I Ar~a i-II) ~ 

(11 Diet? - II Dist ) + 
n 

(H D1et3 - H Diet]) + 
KLev (H 0 LsLL - H Diet) 1 

n n-1 

Average V0.1lJL:2. het,.;r(~cn 

two stations 
Cross scct:ional ayca at 
a stat jon 
Horl_zantal distance 
froIll centerJine at 
crOHS spct.ion 
Elevati on at a poinL 
on thc: cross sect_ion 
rntcrval hctH('(,ll 

stations 
SUbSCTipt refers to curn'ut 
poLnt 
Subscript n refers tC) l;lst 
po_lnt 
Numeric e-:;ubscripl refers to 
p(d nL nnmhcT 

VLlLUME OJ! HOImow 1'11' 

Rout i llpe-:; labe.leu 3-6 Cd I nd.:l te the vo \­
llllle' of f-iLI which can be'_ taken from a 
horT()];v pit givl~n grid dimensions and 
l'll.'_valiolls at the grid intersections. 
Volullle' is availablt:: for each grid 
.'-;(~ct-i on nncl a.tso as an accumulative 
vo.lUIllC' for alJ previous sections. 

If several gr:ld bl_()cks have the same 
hor izontal dimensions, the sum of the 
volumes of all these blocks can be 
calculated at once. For example, if 
thrl'.(~ rectangular h,loeks have the same 
dimcnsi()ns, the 12 elevations are entered 
before ])ressing GSB 6. 

Vol
l

) " (Base) (Ht) (Kiev) 

Vol (Width) (Length) (Elt'v) 

Where: Volume of triangular 
grid section 
Base of triangle Base 

lit 
E.l ev 

He,ight of triangle 
Elevation of grid section 
(depth of cut) 

Vol 

Width 
Length 

Volume of rectangular 
grid section 
Width of rectangle 
Length of rectangle 

7.0 
-21.0 

CENTER LINE 

8.0 
ro 

I 
-1.0 
-10.0 

0.0 
-8.0 

INTERVAL FROM 
PREV STA 
S 50.0 

STA 3 

0.0 
0.0 

0.0 
12.0 

-1.0 
14.0 

-H OIST ~ 20.0-·-

7.0 60 
-18.0· 70 

10.0 
30.0 

~~ __ ~-~3.~0+-________ ~ . 
, 20.0-,-

0.0 ELEV ~ 7.0 
STA 2 

+, __ "\ ,:;::.._-+=_..:;10".0 / _____ !...I _ 
-2.0 0.0 

INTERVAL -12.0 0:0 
S ~ 25.0 

-!...I-----~STAI 

-2.0 
12.0 
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Solution: 

cue;: 
a.eeen GSB2 
8. 0688 EIITt 
VJ8BB GS8t 
8.0B88 fllTt 

ill.BilliS GS81 
-2.lJjJIJB Etrrt 
12. 81l11tl GSBl 
7. 81186 fllTt 

28.IJBBJi! GS81 
6.8881/ E/fTt 

-3.88811 GSBl 
7',1WII8 fNTt 

-1B, D6!11l IiSB1 
-2.8Nl8 fllTt 

-12.2Il88 GSB! 
fJ .1I8£1B tifT t 

-lil.88M G581 
". eee0 fNTf 
ij,eaoo GS8l 

25. eM6 GSBC' 
100, l!~a0 ;H 

RCLS 
18.11,llp!'la ~H 

RCL 4 
216, 8l/B~ .Jj'~ 

lueBB ellrt 
0.00l10 GSBj 
0,ilB~e ENTt 

12. 88ge SSBJ 
-1.1I0eB E/ITt 
u, BBIlD GSBl 
-t . 110el! fNH 
15. 9~j0 .S81 
18.0080 fNT1' 
3B. 81180 ~SBl 
8. 09Qa fNrt 
6. ease GSBI 
7.aa1i9 fHTt 

-21.88M GSBl 
4. 888q fNTt 

-17. 'BBB (;Sll1 
-1 . tlrullJ ENTt 

-j e. eliaQ SSB1 
P.09811 fllTt 

-8. W!~ GSBi 
~,0~B0 flIT'" 
1l~~BB GSBi 

~,£!8B8 bSllZ 
59r, 6852 If.*'i 

RWi 
49(,,6852 #t 

RCL4 
321.51IM !f,tJl: 

1st Sta. 
Starting at 0/0 & 
Going CCW, 

Reinput 1st Elev & 
Dist. 
1st INT. 
Vol. (total) 

Vol. (internal) 

Area 

2nd INT, 
Vol. (total) 

Vol. (internal) 

Area 

3,1 

Example 2: 

25' 2,9 25' 2.7 25' 2.4 

2559.38 2625.00 2275.00 
cu FT CU FT CU FT 

35' 35' 35' 

~_~_---l::l3'c.L1 _",25"-' _43~,3!.-~22.5'_-/2,0 
3.4 

CLX 
12.9000 Elm 
35.8980 G583 
2,J8if~ GSB5 
3. I (f~8 GSB5 
3.488~ G585 

GSB6 
616.0080 *",* 

2~. @@@& ENH 
J5.~B~1I GSB4 
2.3~~if GSBS 
3, 4813~ GSB5 
3.i0~8 .BB5 
Z·5&08 GSB5 
2.9000 GS!l5' 
3.19011 GSB5 
3.JeB8 GSBS 
3,3998 GSBS 
2.70811 GSB5' 
2.7~08 GSBS 
2.4888 GSB5 
Z .0008 ~SBS 

(lSB5 
7459, 3759 ~** 

25.08~e fNTt 
12.~880 GSRJ 
J, 1898. GSBS 
:; .4!IP0 C;SfI$ 
J.B'BB GS85 

CSIl6 
51.5.1I@90 ~ 

12' 1035.00 12' 832.50 2' 
CU FT CU FT 

3,8 25' 3,6 

G. Vol. 

fE.80M fN'/'f 
25. 8BQg ~SB4 

3.8B9(1 GSB5 
3.1 a~8 .Sllo 
3. 60Be GSB5 
3620@ eso5 
J.Je~8 GSB5 
3.301111 GSBS 
2. ~08~ GS85 
2.2889 OSBS 

25' 2.2 

asu 
1967.5000 Nt G. Vol. 

R/s 
111457. 81'15/11 ~JI~ A. Vol. 

e;. Vol. 

G. Vol. 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Key 1.n the program I_I L -] - - - - - -- - - - ---- - -- ---- -

-
-,,-OLUMJo;_BY AVERAGE_IlliD AREA: __ 

----- ----- ---
L_I r ..J --

2 Initialize LiJ I REG I -- --- ---- ----- --- ---- ---- - - --
3 If station has zero end area gQ t~~tep 6 [=--:--J I _I 

---- --- - --- - -----

IENTt I I- I ..it. InJ;1ut _eJgya tiilll and dj st=from.....th'"----- ___ 
E1ev 
--- -----

_c __ ent_erL.i,n~ ___ Dist PSB I I 1 I --- -- --- ------ - --- ------ ---
I I I I 5 Repeat Mep ~ working arQ1Ind __ ~_Becti OD_ until ---- ----

_ ..ill_s t_E1ev. and D_U!1:. __ ~_b_e.en __ rejnpllt ____ I I I I -------

6 I~put_ i~_~_~_rv?l f~o~1~evious _~tat~~ll and ______ I I I I --

calculate total volume lnt. (ft) k;SB I I 2 I Tota1 vol. 
------ --- - ------- ---------------

I I I I 
'yd s ) ---

.(Nol:.e: input Q intenraJ if fir..s..L __ stati on) __ --
7 Fo~ __ yo.lume 0:£ _ int;erval ~CL I I 5 I ~b)~ -- ---- -------

~ Xo!,_?rea of _C!;oss. _§ectio_u _______ ------ iR(:L I I 4 I Area {ft2) ------

~ Go to s -"-"12._3 fo~_ <3._uew _sect~o_n, Step....L.i9r a I I I I 
--

new case I I I I - - ------------ -- --- -- ---- ----- --
I I I I -- - - -------- ---- ----- -----

_ J'.OLUME OJ __ BORROW PIT - ---I-- I I I I ---- -- --
10 Initialize I f I I L I - - --- --- --- --- ---

lla For _ triangula~ <3.re~_. _____ Base ~NTt I I I --- --- ------

- - f--- -- -------------- -- Height bsJU I 3 I 
llb For rectangular area Width ~NTt I I I - r-- - --------- ----- ----

- ---- ------ --------- Length GSB I I 4 I ---
12 Inpl.!!_fls many _eleyatiou!?_ as Jleeded .to d~scrib~_ f--- I I I I 

I f':R C"_1::Lc.orn er pressing GSB 5 after each entry E1ev GSB I I 5 I , 
L:L ~l.c..ula~id sec.tjon 1/:o]llme GSB I I 6 I r:.Vo1 (ftl' 

~- Calculate accumulated volume Ris I I I A.Vo1 (ft 3 
----- ._------- - - ----

I I I I ---------- -- ---- - -

(To ~?nveEt cubic feet to cubic y'ards divide I 1 I 1 
by 27.) I I I I 

I I I I 

f--- I I I I 
I 1 I I f---- --------
I I [ J --

f--- -----
[ I I I 
I 1 I __ -___ 1 

I I [ 1 -

I I I- I -- --
I I I - 1 -- c--
I J [ J 
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01 tiBU Avg. End Area 58 B prepare for sub-r. E'~r1' 02 STx1 routines J~ routine 5 
QJ PCL1 ~" RTN '-'~ 

84 ST-2 t:7 .ILBL.r ,h: 

f~ PJ· 54 + 
Bf v~v i"- , .5~ R/E" 
(37 ST>:8 56 ~LBLt 
e.g peLe 1:;"7 Pc. .? -
f'? ST+2 Sf' x 
1[.1 ,1 59 5+.2 

" STOl 68 R/S :ldd(grid section 
12 p.] " t'l RC,2 volume 
13 STce .~? RIS "/o"'/{accumula ted ._' .... 

14 PCL2 volume 
15 2 
I. 
17 STD.? 
18 ~TN 
19 ILBl2 
21 RCL4 
21 ReL3 
2Z ~BS 
2} 5104 
24 • 
25 5 
26 4 
27 ~ 

28 X interval Volume 
29 5105 
JO ST+£ 
?1 f' Clear registers 
-, 
,.:I.: STOe 
77 BTO! ,,!'-

34 ST02 
J5 <;T03 
36 PCL6 Total Volume 
37 pTII 
38 *LBL3 
39 K Borrow Pit routines 
48 6 
41 -

42 ST.3 
43 Groe 
44 tL8L4 
45 • 
46 4 
47 -

48 ST.;; 
1-_ 49 '#-BU 

REGISTERS 
0 ,"carl 1 on'; 2 us(~d 3 used 4 Area 5 

Int- un1 

6 7 
Tot vol 

8 9 .0 .1 

.2 
L~ Vol. 

.3 
used 

.4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 

~'o'd"Pr:i.ntX" may be used in place of IIR/S II 



COORDINATE TRANSFORMATION 

Th.Ls program translates, rotates, and 
rescales coordinates. Traverse rota­
tion angle is entered as a negative 
value; for count~:rclockwise rotation and 
pos:itive [or clocb.;ri.se rotation. The 
translation factors are calculated by 
entering old and new grid SystE'Jll 

coordJnates for the same point; 
rotat:i,on Is al.so about this point. 

A. _ ¢ + tnn-1 E.- E 
R .. "'-----I' 

H DJst 
s 

N H D:i st 
s 

N.- N 
1 P 

E H Dist s i.n 
s 

Where: AZ
R 

¢ 
NjE j 

N E 
P P 

II Dist 
s 

S 
N,E 

Rotated azi.muth 

Rotation angle 

Nortillng, easting of 
current point before 
transformation 
Original northing, casting 
of pivot point 
Scaled llorizontal 
distance 
Scale factor 
Northing, {;:dS ting af ter 
transformation 
Northing, castIng of 
p:ivot point after 
transformation 

Note: The. sca:Ie factor Is taken as 
one,unless the new grid system 
is to a differe.nt se.ale. 

l'~~ampl~: 
Coordinates before transformation 

an":: those computed by Compass Rule 

Adjustment. 

COORDINATES IN 
OLD SYSTEM 

N 150.000* 
E 400.000 

N 3.'>6.577 
E 468.710 

1:'._.112 . 414 
E 307.327 

COORDINATES IN 
NEW SYSTEM 

N 100.00* 
E 350.00 

* Rotated about this point 

Rotation Ang:le == _3° 00' 00" 
SC'ale Factor 1.00 

Solut.i.on: ------

. 
" . i:j(f{:1g 8T~: 
1. ~(:l!:~ STC'6" 

1513. {}eer: EfJT-f 
4~g. @Fer: !?~~1 
:or. eCB@ nf'r-· 
J5~, r3fJ6l} .;',~=:: 
00' 
.:..t.'+. 54JJl3 ENT .... 

::~1 E":'".!g GSF? 
F· _t> .. '. 97f~ t;f..- N 

C' .cC' 
I.' .. 

515, ?22~ ~: •. »: E 
"35f. 557P :'I'T.fo. 
468. 7![Jf3 r;s~?: 

Jf!2. (77? ~-f_~ N 
p/[ 

4'!9. 4262 ~.-~'.'" E 
2:52. 4:4f E~T,~ 
:-:3':'. -J27:: (',F" 
1~7. !~12 .'-~':": N , 'c-

261. ?,r7,-, 
, D.': "_1 .. E 

39 
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[Tst'r IlIsf."U(-fiOIlS 

INPUT 
KEYS 

OUTPUT STEP INSTRUCTIONS 
DATA/UNITS DATA/UNITS 

1 Key in the program /----- -- t=1 I __ I 
/--- - -------- --

2 Store rotation angle and $J;;lle factor ~~!L.M.SJ- lliio I I 5 I 1-----
la<:alafactoL l1slIa 11 y --:1) S [STO] I 6 I ---- ------

3 Input N and E of 1?i,!ot point in old system N fERn I I I /- ---~ - --- -- - ----- IGSB -] ] I E 1 f----- -

IENTt I I I 4 Input N and E of _pivot point in new §ystem N 
- ------

E IGSB I I 2 I 
---~-- /--------

IENTt I I I 5 Calculate transformed coordinatc;.s I----N--- -----

E ICSB I I 3 I N 
------ -- - -- ----- ----

IRIS ] I I E 
- -- -----

6 Rel'-,,_a_t stelL ~ for all I:mints_ I I I I 
I I I I - - -

I I I I 
I I I I ----- - ----

I I I I . ,--

I I I I 
1----

------ ~~-- ---- f----------- -------

I I I I -- -----~-- /---
I I I I 

~ 1----- - --~ 

I I I I ,-,--- -- ---

I I I I 
----~-- /---------

I I I I ---- 1------- - - -------------

I I I I f---- -- -----f------
I I I I 

------~-

------ ----------

I I I I -- - ---~~~---- ------ ---- -

- ------1---- - --- I I I I 
---~-----

I I I I f--- - 1------ ------ - - -~ 

I I I I - -------
---~ 

I I I I 
1-------

---- -- ---- - ----- -----

/--- -- I I I I -

/--- 1--------- --- I I I I - - --- -
I I I I ------------ - -- -- ----------

I I I I ------- ---

I I I I ---- --- - ~ -------- --------

I I I I 
- ----- t-------

--
I I I I /----- ---- - -------- -- ----------------- - -----------~ --------

I I I I --- --~------

I I I I - - ------------------_ .. ---- - ----- ----~ -----------

I I I I ---- --------------- ---- -- ---- - ----

I I I I 
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~: .tLBL! 
~2 ST02 
g? X:Y 
84 STO! 
85" RTf! 
BE ~:LBL2 
,fJ7 .,)TC4 
oe ~·.V ,., 
99 ST[lj 
1e PTII 
11 *"!"FLJ 
12 PCL2 
1J 
14 It .. \.-' 

',rl 

15 peL! 
1£ 
,~ -:r-P -, 
18 RtL£ 
19 .... H Dist 
20 ' ...... v S 

,',f- I 

21 PCL5 
22 .;~ AZ

R 
Note sign 

?-.J convention 
?' ., Xt'r' 
?< .:..-.' off? 

2f [;:"r 7 "..I ...... 
-~ • *,~* N ':'i 

28 11,·S 
29 v"'v r',j-, 

:>8 RfL4 

" -. + *~'t~'t E 
70 ~·'S ... .' ... 

REGISTERS 
0 Np 2 Ep 3 N'j' 4 E'1'. 5 0 
6 7 B 9 .0 .1 

S 
.2 .3 .4 .5 16 17 

18 19 20 21 22 23 

24 25 26 27 28 29 



NOTES 



In the Hewlett-Packard tradition of supporting HP programmable calculators with quality software, the following 
titles have been carefully selected to offer useful solutions to many of the most often encountered problems in your 
field of interest. These ready-made programs are provided with convenient instructions that will allow flexibility of 
use and efficient operation. We hope that these Solutions books will save your valuable time. They provide you with a 
tool that will multiply the power of your HP-19C or HP-29C many times over in the months or years ahead. 

Mathematics Solutions 
Statistics Solutions 
Financial Solutions 

Electrical Engineering Solutions 
Surveying Solutions 

Games 
Navigational Solutions 

Civil Engineering Solutions 
Mechanical Engineering Solutions 

Student Engineering Solutions 
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