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INTRODUCTICN

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 how to 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,
consequerntial or otherwise, of any kind arising from the use of this program material or any part
thereof.

© HEWLETT-PACKARD COMPANY 1977
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Simple keystroke sequences and program listings for converting azimuths
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This program translates, rotates and rescales coordinates from one grid
system to another.

* This program also appears in the HP-19C/29C Applications book, but is
included here for the sake of completeness.





AZIMUTH-BEARING CONVERSIONS

    N N

Azimuth Quadrant
Codes

w E w E

S S

Angle conventions for azimuth and quad-

rant bearings as used in this solution

book are shown above.

Thus azimuths are measured from the

north meridian following North American

surveying conventions. Bearings are

measured from the meridian in the quad-

rant in which the line falls. Quadrant

codes are shown in the above sketch.

Often it is desirable to have a quick,

easy method to convert to or from

azimuths and bearings.

book, for example, some inputs and out-

puts may be in azimuths rather than

bearings, or vice versa, when you desire

the alternate form. The simple key-

stroke routines on the following page

are helpful in making these conversions:

If you have a number of conversions to

perform the calculator program will be

more convenient and faster. Subroutine

1 converts bearings to azimuths. Sub-

routine 2 converts azimuths to bearings.

You may want to separate the two parts

and only key in one section if all your

conversions are in one direction.

In this solutions

Examgle:

1. Convert bearing S 34° 56" 37"W to
an azimuth. 5

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

3. Convert azimuth of 162° 15' 32" to
bearing/quadrant. o

4. Convert azimuth of 39 42' 26" to

bearing/quadrant.

Solution:

1. 34,5637 EMTS
T, fnpd

vii  AZ.

SAM, a1 E ¥EE A7

3 162, 1532 Cep3

’ 17,4422 y¥#  BRG.
2

2. ¥¥¥  QD.

4. J9,422¢ CeR2
39, 4225 wuy .

- === C BR(}.

R-C

!, ity QD.



KEYSTROKE ROUTINES
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STEP INSTRUCTIONS DATA/ONITS KEYS DATATONITS

|AZIMUTHSTO BEARINGS: | Il I I |
1 Azimuth = 0° to 90° a7 (p.us) || NO cALcULATION| I ||BRG (D.Ms)

l Il | I lop = 1
2 Azimuth = 90° to 180° 180 ENTER+|| | 1] |

AZ (D.MS) |8 L -a 0 - | |

. || 1L I ||BRG (D.MS)
l I I llop = 2

3 Azimuth = 180° to 270°|AZ (D.MS) [ENTER*J[ 180 Jl - ” JBRG (D.MS)

| I I I l|op = 3
4 Azimuth = 270° to 360°] 360 Exters|[ 1] i |

az ovs) |Le L -w [ - [ ¢ |
| >n.ms || Il | |IBrRe (D.MS)

| l I 1 llop = 4
BEARINGS TO AZIMUTHS: | I 1l |

5 |Quadrant = 1 BRG (D.MS) || NO CALCULATION]| | llaz (0.3s)

| I I 1l |
6 |Quadrant = 2 180 | enter+|| Il I |

BRG (D.MS) L g ” ~H || - “ £ ]

|

1.ms | I I llaz (D.us)

7.

|

Quadrant = 3 BrG (p.ms) |EntEr+[ 180 [+ || laz @)
Ll I Il

8 |Quadrant = 4 360 [ENTER+|| I Il

BRG (D.MS) L g —|l_+H ” - ” f

I*H-MS ]I ” ” AZ (D.MS) 
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User Instruetions

INPUT
INSTRUCTIONS DATA/UNITS

Kev in the program

steps 01 thru 26 for bear to azimuth

steps 27 thru 45 for azimuth to beari

To convert bearing to azimuth:

input bearing and quadrant

To convert azimuth to bear s, input

azimuth.
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OuUTPUT
DATA/UNITS

AZ (D.MS)

BRG (D.MS

QD

 



 

Bearing to Azimuth

e Bearing

g Quadrant

g
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b
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a
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b
0

0
D
D
D

C
D
O
T
R
M

C
D

J

7 RCL®
< :

¢ rnc

é R!
1 P!

an F.
—e L

23 ¥

a4 _
aE UM **%Azimuth

26 ReE
27 gl plTo0 wLELCD Azimuth to Bearing

 

74 CHE

35 3HEC

26 R-sE *%%Bearing
I <

. s
38 3

2¢ #

a¢ :
A1 1

47 4

47 TKT

44 FIxe ***Quadrant
4= poo   
 

REGISTERS
 

1 2 3
 

7 8 9 180
 

 
.5 17

 

19 20 21 22 23
  24  25 26  27  28  29 
***Print x may be used with or to replace R/S

 



FIELD ANGLE OR BEARING TRAVERSE

 

This program uses angles and/or deflec- Example 1:

tions turned from a reference azimuth and T

horizontal distances, to compute the Field Angle Traverse

coordinates of successive points in a Traverse the figure below starting at
traverse. For a closed traverse, the

area enclosed and closure distance and N 150

azimuth are computed. E 400

Equations:

IlNi+l Nl + HDist cos AZ    

 

 i+l = El + HDist sin AZ fi%fi%

n k-1
DL

Area = Z LATk<1/2DEPk + DEP > 100° 45’ 59" w

k=1 i=1 J

where:

Solution:

DEPk = Ek+l - Ek and LATk = Nk+l— Nk

Remarkes: 156, 6008 ENT?
If the user does not desire to do Field ;gggggg ESB!

Angle Traverse, steps 012 through 026 < ..705‘5 ;“

may be eliminated; if he does not "“"_‘i;;‘% 78

desire to do Bearing Traverse, steps 1313335 ¢

064 through 080 may be eliminated. 113.3455 €582
65.1458 1xx

Angles left and deflections left must be 177.966@ R/S
entered as negative numbers. 224.5158 ¥xx (N

s (W
This program assumes the calculator is 961.6158 #xx (E)

set in DEG mode. -188. 2455 6SR3

324.495%
161.4918 R/S

356.5285 ¢ (N)
R<S

468.6080 rx (E)
87. 3559 CSB2

232.25%4 mx

283.6980@ R-S



2I2. 23 ;tz (N) Solution:

367, 1498 ¥ (E)

-108. 4559 CGET 180, AAAR ENT*
131,295 wny LML
124, BARF R/C 180.0082  rit
149,984 wy () §€.8227 ENTH

P 1,808 CSR4
769,7029 g () 8. 8227 ey

CoRe 182.5088 R-C
2655.8284 ey (Area) 167, 1487 pex (V)

B , prC
g.227 ey (ETTOT DISt.) €03.2529 wxr  (E)

RS (Error AZ) 18,5043 ENTt
4, 8AB@ CSR4

J41,8117 ¥wx

181.94p8 RS

287,5¢57 .  (N)
Example 2:

prc

5708979 yay  (E)
Bearing Traverse

£4.1719 ENTH

7. 8680 CSR4
Traverse the figure below starting at 24,1719 pax

. .lA\.‘fl_- x4

N 100 128.448¢ RS

E 500 191.1688 »x (D)

F8

4&_!‘.639.':? ¥Ey¥ (E)

7. 2651 ENTY

2.08ee CSp4

142, 7389 pax

¢2.1788 ReC

181,836 wx (N)

5A@. 8498 yyp» (E)

ESES

805%.4922 xwx (Area)

kg

1.8778 "; (Error Dist.)

R
2.4219 wx» (Error AZ)

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

enter azimuth with QD = 1.
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User Instructions ’

STEP INSTRUCTIONS DA'T'::,’SJ,TS KEYS Dfl‘flfiflfrs

1 Key in the program. [:::] L;;;]

2 Key in beginning coordinates BEG N ENT* [w L

BEG E Gsp || 1 | 180.00
For Field Angle Traverse: [::::]{ -

e Key in reference azimuth away REF AZ [R/S llrj;;] AZ (D.MS)

from beginning point. [7, J[” - ]

4 Key in field angle: [ }[ : J

Angle right ang. right lGsB || 2 | AZ (D.MS)

or Angle left (=) Fang. left | GSB ][7277] AZ (D.MS)

or Deflection right jeflect.rt| |GSB JL7377J AZ (D.MS)
or Deflection left (=) Ldeflectdf| [6sB |l 3 | |az (p.ms)

5 Key in horizontal distance and compute [ w [i ;J

coordinates HDist IR/s|| | N

R/s||| |E

or T .
For Bearing Traverse: [ ]l -~ ]

3' Key in bearin;;énd quadrant code. BRG (D.MS}) Entt [

QD lese Il 4| |az (D.Ms)
4' Key in horizontal distance and compute [”7"7|[ ”;1

coordinates., HDist [R/s || | |

sl | [e
Repeat steps 3,4,5, or 3',4' for successive | 7~J[m 7]

courses. l , ]I ,,]

6 For closed figure: Compute area, error | }I f]

distance, and error azimuth. lGsB || 5] Area

[R]S [ 7f] Error Dist

*# If azimuth is known rather than bearing, [fiZSV [ T Error AZ
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Store starting

point cgordinates
and 180

Reference azimuth

Angle input

Deflection angle

input

Compute azimuth

*hk

Input horizontal

distance

Compute next coord.

and accumulate area.  

e >
L <

tl -

c~ 7 -

22 RCL
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+
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n

k%

Convert bearing and

quadrant code to

@zimuth.

Area

Setup for closure
K% 
 REGISTERS
 

Beg. 2 Beg. N 3 180 LHD
 

Lat. Dep. Area
9

Bearing
 4 .5 16

 19 20 21 22 23

 24  25  26 27  28 29 
 

***% indicates that "Print X" may be inserted or used to replace "'R/S".

 



INVERSE WITH CLOSURE

This program calculates the distance Solution:

and azimuth of the line joining two

points. For a closed inverse, the area

enclosed and closure distance and

azimuth are computed.

Equations:

< o
o

DY
)

 

= - 2 _HD =V(N, -N,)% + (B, E,

=
y
N

e
Y

0
"

.

) RE -

A7 = tan~! i Ei—l

N
’ N
Y

o
a

U
a
g

b
e
a

P
N

V
e

~
o

e
,

n

=]

k-1 .
IE @ERE O

Area = LAT LDEP. + DEP . ~_“ee%¢..

k k J 2RI, 5554
j=1

where DEPk = Ek+l - Ek and (7@, BRRR

LAT, = N- Ny

o
U

™
a
o
n

S
lExample: Inverse the figure below (@A,

starting at 226, Y
B
a
D 0
%l

N 100.00 3  350.000
E 200.00 325.000 -   

e - lg
ca

l
" [a

cq
]

A0
V]

20
1.
55
64

225000 4
170.000

150.000
300.000

N 100.000
Begin £500.000

Tl L

- - -

H Dist

AZ

H Dist

AZ

H Dist

AZ

H Dist

AZ

Area

Error, Dist

Error, AZ



10 User Instruetions

INSTRUCTIONS

Key in program

Enter beginning coordinates

Enter coordi

c ute horizo

Repeat step 3 f

For closed figure

distance, and error

INPUT

DATA/UNITS

OuUTPUT

DATA/UNITS

H Dist

AZ (DMS

Area

rror Dis

rror
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*%% AZ/Error AZ

Area

HD/Error Dist.

g+  p-C

  
 REGISTERS
 

1 BEG E 2 BEG N 3
 

LAT DEP Area A E
 16

 19 20 21 22 23

 
24  25 26 27  28  29
 

L. 11 .HNxkxk Print XH may replace
or be used with "R/S"
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SIDESHOTS

This program is used to make sideshots

or radials from a point. Two methods

may be used for a sideshot, 1) input a

bearing and distance and calculate the

point coordinates, or 2) input the

point coordinates and calculate the

azimuth and distance to the point.

Equations:

N = Np + H Dist cos AZ

= Np + H Dist sin AZe

|

Example:

_
—

3
.
2
v
.
L
L
.
I
N

w
e
o
'
e
9

 
N100

E120

 

Solutions:

116, 86688 INTY
188, aeae CSRI
4.1742 ENT#
1.8668 CSB?
4.1742 oy
€2.8788 PS5
171.8558 ¥nx

RS
184, 6455 i
23. 1488 ENT*
2.0808 cSB2

154,4352 1y
44,8008 E-S
£9.3642 1

R-&
199, 1384
106, 6RAC ENTY
128.08068 CSB2
68.827¢ 1xx

R-+C
266.321¢ xx

AZ

AZ

H Dist

AZ



User Instruetions

INPUT
DATA/UNITS

STEP INSTRUCTIONS

2 |Enter hub coordinates N

E
*

3a |For bearing sideshot: - BR

rant; D

enter horizontal distan

coordinates.

*1f

enter azimuth with QD = 1.

3b |[For inverse si

sideshot point and compute hori

zimuth

Bl

|
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13

OUTPUT
DATA/UNITS

Dist

AZ (D.MS
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-4 S
)

v,

1
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o

7c
LR
-

JE
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20

48

41
42
47
44

+
0  

Bearing to Azimuth

conversion routine

AZ

make

|Az| <360°

AZ

I
y

P
y
P
y

T
y
N
y

P
y
R

C
N
o
T

P
y
b
R

N
0

 
 

 

KEREN

AE

AN AE

Dist AZ

*%% Dist

 

 

 

 

 

      

*ARATZ

45

4

Q
40
49

REGISTERS

0 1 o 2 NQ 3 180 4 5

6 7 8 9 .0 A

.2 .3 4 .5 16 17

18 19 20 21 22 23

24 25 26 27 28 29  
*%% "Print X" may replace or be used with "R/S"
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COMPASS RULE ADJUSTMENT

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:

Correct closing easting.

Correct closing northing.

Total distance traversed.

Calculated ending northing.

Calculated ending easting.~
N
o
L
b
L
o

The Inverse program may be used to

obtain adjusted bearings, distances and

area.

Equations:

c = (AN) (Dist)

L XDist

CD = (AE) (Dist)

xDist

Where: CL = Correction to latitude of

a course.
CD = Correction to departure of

a course.

AN = Closing latitude.
AE = Closing departure.

Dist = Length of course to be

corrected.
XDist = Total length of traverse

Examgle:

667.147 Total distance traversed

400.000 Correct closing easting

150.000 Correct closing northing

399.783 Calculated ending easting

149.905 Calculated ending northing

POINT UNADJUSTED

NO. COORDINATES

2 N = 224.515

E = 561.615

3 N = 356.529

E = 468.600

4 N = 232.337

E = 307.150

Ending & }N = 149.905
Beginning)E = 399.783

Solution:

  

Adj. N

Adj. E

Adj. N

Adj. E

Adj. N

Adj. E

Adj. N

 

408, PdEe ¥we Adj. E
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User Instruetions

INPUT
INSTRUCTIONS DATA/UNITS

Store data Be

Note: If this program is run immediatel Beg E

following "Field Angle or

h Cl LAT

correct registers. Cl DEP

Initialize

Compute adjusted coordinates Unadj N

Unadj E

*N.E. Coordinates must be reentered in the

same sequence as originally traversed

starting at the second point.

OUTPUT
DATA/UNITS
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AE
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AN

rYDist
 

(x > y)

STT
Vx2 + y2 = Dist

fc:‘c:‘:Adj N

k%% Adj E  
 

REGISTERS
 

1 Beg E 2 Beg N SAE/IDist 4 AE/IDist S YHD
 

® Closing LAT "Closing DEP|" Adj E 9 Dist
.0

 
2 .3 4 5 16 17

 

18 19 20 21 22 23

 
24  25 26 27  28  29
 

*%&"print X" may be used to replace '"R/S"
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CURVE SOLUTIONS

Given values for any of the following

pairs, this program computes the re-

maining parameters plus the sector, seg-

ment, and fillet areas: A and C; A and

Ry A and T; R and T; R and L; R and C.

Equations

= tan™! (T/R) = sin™! (%C/R)=90L/7R% > |

T = R tan (%4)

C = 2T cos (%A)

R = T/tan (%A)=C/(2 sin (}4))
L = Am R/180

Sector area = LR/2

Segment area = Sector area-}CR cos(k4)

Fillet area = T R-Sector area

Where: T = Tangent distance

C = Chord length
L = Arc length

R = Radius

A = Central angle

FILLETs

)|

ARCLENGTH AREA
177.e B )~ SEGMENT AREA

pc & PT
. CHORD (172.636)

|
(22°45'12")

—V2A__

    
    

 

  

  

 

SECTOR
AREA

RADIUS
(223.181)

(45°30'23")

 
= 223.181

= 45° 30"
A= 22 45"

= 172.636

= 93.602

177.258

Sector area = 19780.36

Segment area = 2015.00

Fillet area = 1109.87

23"

ll"

O
>
™

Solution:

a7
[N |

§n

07T

  

¥¥# Sector Area

¥¥# Segment Area

¥¥%¥ Fillet Area
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User Instruetions

INPUT OUTPUTINSTRUCTIONS DATA/UNITS DATA/UNITS

-

Key in the program

Initialize

Store data for any one of the followin irs:
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-
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=
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£ (T,N0)

A2

calculate R EL

 

P
v

a
d

F
a

X

-

-~

& o
n

 

.
y

g
N
y

P
y

O
y

U
g

g
g

T
l
g

:

L
B
y
N

e
U
]
P
a
1

L
y

0
N

o L8O
]

 

.
)

O
D

S
l

D
)

A
l
T
T
y
e
Y

L
(
L
N

4
I"
"\
'
©
n

 

 
   

L

  

Lol
**Sector area

rk*Segment area

hra.<*x*Fillet area

have R, calculate A

A= f (L,R)

> Il £ (C,R)

> I £ (T,R) 
 

REGISTERS
 

3 ¢
 

9

 
5 16 17

 18 20 21 22 23

 

24  25 26 27  28 29 
 

fo ot
WRKN may be inserted or used to replace "R/S"
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HORIZONTAL CURVE LAYOUT

This program calculates various field

data for layout of an horizontal cir-

cular curve. The required information

on the curve is the PC station and the

radius or degree of curve. With this

data one computes successively the arc

length, deflection angle from tangent

to chord, the long chord from PC to

current station, and the short chord

from previous station to current

station. In addition, the tangent off-

set and tangent distance are available

if desired.

SC-Short chord from previous station

to current station

A A-central angle

PI-point of intersection of tangents

PC,PT-ends of curve

L-Arc length

R-radius

Tangent Offsets and Distances

If the central angle is known the program

also will compute the total arc length

from PC to PT, the station PT and the

length of the tangent from PC to PI.

In the program, stations are entered in

the form XXXX.XX for station

XX+XX.XX. For example: 20 + 10.00 is

entered as 2010.00. The degree of

curve D, (or central angle subtending

an arc of 100 ft.) is entered in

degrees with a negative sign, always.

 

PC Deflections

Field data output for tangent offsets

consist of:

STA-current station

Th-tangent distance

TO-tangent offset

T-distance from PC to PI

 

Field data output for PC deflections

consist of:

STA-current station

ANG-deflection angle from tangent to

long chord.

LC-long chord from PC to current station



22

Examgle:

HORIZONTAL CURVE LAYOUT

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

The PC station iscurve of 12030'.

7 +85.40.

Solution:

5. 4608
2.3088
3. 4088

-8 et

113, 4892

ENT?
ESE!
X¥¥

0L
¥EE

GSR2
¥y

F-%

¥y

R
¥¥¥
gfg

¥

RCLE

¥¥%

RCLE

¥¥x

? 6SB2
¥¥¥
Rt

¥i¥

Rs&

¥¥i#

R:&
¥¥¥

RCLE

Y5y

RCLS

¥X¥

(PC)

(R)

(For STA.

(L)

(ANG)

(LC)

(8C)

(TO)

(D)

(For STA.

(L)

(ANG)

(LC)

(sC)

(TO)

(D)

1884, AAAAR CCSEZ
214.6680 ¥4

RS

13.2445  ¥xx

R-8
212.6454 xxx

k-5
99,8818 ¥yx

RCLE
49,3252  #¥x

RCLS
20€,2455 ¥y
35,3088 CSEZ

284.8888 x¥y

R-5
1869, 4888  ¥xx

146.7242 x¥y

1869, 4868 CCR2
284, 8808 ¥y

P2

I7. 4588 ¥¥y
p-C

4788 ¥y

rE7337

(For STA. 10)

(L)

(ANG)

(LC)

(SC)

(TO)

(D)

(L)

(PT)

(T)

(Field data: PT)

(L)

(ANG)

(LC)

(sC)



 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

v ° 23N ‘ l N ® ‘ XUser Instruetions

INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS DATA/UNITS

1 Key in the program.

2 Input beginning station of curve PC PC

3 Input radius R

or degree of curve (as a negative number) -D(D.MS)

3' Radius or degree of curve are available if R

desired. D

4 Input station STA L(Arc.leng

def. angle

long chord

short chor

4' |Tangent offset, TO, and tangent distance,

TD, are available if desired. TO

TD

5 Input central angle A(D.MS) Arc. lengt 

 

station PT 

 

T, length 
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REGISTERS
 

0 1 R 2 Ft/Deflect|® PC 4STA Current }°> LC
 

.0 A6 A/2 7 ANG 8 10 ° 1
 

.2 .3 4 5 16 17
Prev. Sta.
 

18 19 20 21 22 23

 

24 25 26 27 28 29       
 

**%% indicates that "Print X" may be inserted or used to replace "R/S".
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BEARING-DISTANCE AND

BEARING-BEARING INTERSECTION

This program computes the coordinates of

the point of intersection of two lines:

1) one of known bearing through known

coordinates and the other of known

length from a point of known coordinates;
or 2) when the bearing of each line is

known and the coordinates of a point on

each line are known. For the first case,

both solutions may be computed.

Equations:

Bearing-Distance 

-1Az, = tan E, - E;

No =Ny
h = Dist;2 sind

 
b Il /Dist% - h-

N = N; + (Dist;, cos¢)+b) cos (Az;)

E = E; + ((Disty» cosd)+b) sin (Azq)

where: AZ,-> = Azimuth of line from

point 1 to point 2

AZy = Azimuth of line 1

¢ = Angle between line 1 and

line from point 1 to

point 2

h = Perpendicular distance

from point 2 to line 1

b = Distance from point of

intersection to the

point where the perpendi-

cular (h) intersects line

1

Dist, = Length of line 2 (the

known distance)

N,;E; = Northing, easting of point

1

NpE-» = Northing, easting of point
2

Distj,= Distance from point 1 to

point 2

Bearing—Bearing

= = N; + Dist (cos AZl)

= E; + Dist (sin AZy)

Dist = Dist 1o sin (AZ. - AZ;-)

sin (AZ~ - AZy)

-
1

 

where:

AZy- = Azimuth of line from point

1 to point 2

AZy = Azimuth of line 1
AZ» = Azimuth of line 2

N1E; = Northing, easting of point 1

N-E- = Northing, easting of point 2

N,E = Northing, easting of intersect

point

Dist = Distance from point 1 to inter-

section

Dist, = Distance from point 1 to point

2

Example 1:

   E = 505.2631   
N, = 400.000

= .000
N, = 350.000 E. 600
E, = 250.000
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Solution: Solution:

18R, BARE ENTY
2he. R

  Example 2:

(FAR SOLUTION-
AZIMUTH ENTERED AS N == 693.2096

AWAY FROM POINT 1) = 668.6089
-

  
  

(NEAR SOLUTION- /
AZIMUTH ENTERED ¢

~

 

AS ) I
TOWARD POINT 1) Il

N = 342.0311 ,I LINE 2 DISTANCE = /I

E = 250.0907 350.000

N, =300.000 , = 600.000
, = 200.000
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User Instruetions

INSTRUCTIONS
INPUT

DATA/UNITS

N1

El1l

N2

E2

*

AZ* (D.d

QD 2

AZ 2 (D.d)

-I
[ENT+ |
[GSB| |

[
[:

|
(,.

|,

|
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

g Z — -
21
85

? |

~ S
5

N

|
b

—
—
—
—
—
—
—
—

e
t
e
t
e
t
S
t
i
t
e
t
b
t
s
s

e
t
e
t
e
t
e
)

e
t
)

e
t
e
t
)
)
)
\

e
t
e
t
)
\
e

L

0 % o
|

27

OuTPUT
DATA/UNITS
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REGISTERS
 

180 A7,
 

AZo Dist 2 used o
 

.3 4 .5 16 17
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24  25 26 27   28 29  
*%%!"Print X" may replace or be used with '"R/S"
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DISTANCE-DISTANCE INTERSECTION

Given two lines, each of known length

and originating from two known points,

this program computes the intersection

coordinates. There are two possible

solutions; this program calculates the

one found by proceeding in a clockwise

direction from the first known point

to the second known point. The other

solution is found by reversing the

entry of the known point coordinates.

Equations:

b = cosl Dist;,% + Dist1? - Dist,?
 

2(Disty) (Disty2)

AZ = tan" ! E, - E;

N, - Nj

N = N; + Dist; cos (AZ - ¢)

E = E; + Dist; sin (AZ - ¢)

where: ¢ = Angle between line 1 and

line 1-2

Dist;, = Distance from point 1 to

point 2

Dist; = Known distance along line 1

Dist, = Known distance along line 2

NyE 7 = Northing, easting of point 1l

N,E = Northing, easting of inter-
section point

AZ = Azimuth of line from point

1 to point 2

Example:

139.0558
199.8925

 

N, = 17.382
E, = 147.747

Sblution:

rres

179, 1690 ENT?
132,370 £OPY
95, £R10 ENTH
26,8730 GSE?
17,3828 ENT?

147.7470 GSET
179,558 yxy N

R
199,892 w¥v Rel et
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OUTPUT

DATA/UNITS
INPUT

DATA/UNITS

0ZQ-O2o=0z
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REGISTERS
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18 20 21 22
  24  25  26  27  28   

*%% "Print X" may be used to replace "R/S"
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OFFSET FROM A POINT TO A LINE

Given the point of known coordinates with Example:

a line of known bearing passing through

it and a second point of known coordin- N750.0009
ates, this program calculates the offset E1119.9982

distance from the second point to the

 

 

line, the distance from the intersection ‘mqk

to the first known point, the coordin- ‘%2

ates of the intersection, and the <§5¥;

azimuth from the point of intersection \?’%5

to the second point. \ «;

»

Equations: N350.000
sasg 150.000 OFFSET £4420.000

/ ) > E 320.000
Dist = N - N + (E. - E*5t80 (N~ Np) (Ey= Ep)

Solution:

 

 

 

i = - 2+ (E - zDlstBI /(NO NI) ( 0 EI)

- E_+ +Nl _ EO B NOctn (AzBI) NBtan (AzBI)

ctn(AzBI) + tan (AZBI)

= + (N, - AEl Eq ( I NB) tan ( ZBI> 11105008 4i g
T poa I

Where: DistBO = Distance from point to i ;f_ 0.D

offset point anc gac f:
Dist = Distance from base point TS = L1.D

BI . . . Bz
to 1ntersectlion polnt _

DistIO = Distance from intersec- Seiinowed 0. AZ

tion point to offset
point

NO’EO = Northing, easting of

offset point

NB,EB = Northing, easting of

base point

NI’EI = Northing, easting of

intersection point

AZBI = Known AZ from base point

to intersection point
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INPUT OUTPUTSTEP INSTRUCTIONS DATA/UNITS DATA/UNITS“1 Key in the pr
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bearing to azimuth
conversion routine

AZ

make |[AZ| < 360°

%%x%xazimuth

 

ce +

SICHS
& z

<7 ST
54 RS
S5 RCLE
€
s7 pCLS

o
I d

72 ORCLZ
73 ORCLE
74 -
75
e RS
TRy
78 R
79 4P
gg Xy

1 re
dd ke W

gz 4+
7 sty
ot i

84 F
c tep i

fut g

8¢ PRCL2
&+
ge RCL4
gs K=y
o EToe
81 RCLT
92 §T-5
93 wLELE
94 PRCLE
¢ =
af %
az ¢ CT08

 

ale st ot N
N AN 4N 1

Heat J_E
4N AN 1

“**offset distance

6 I.D. 0O.D.

I... E calculated

150

AZ-180 results

AZ + 90  
REGISTERS
 

 

 

 

      

0 1 N, 2 Eq 3 Ny 4 Eq 5 BRG/AZ

6 QD 7 180 8 tan Az |® used o N 1By
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 replace '"R/S".

***intersect distance

 



EARTHWORK

VOLUME BY AVERAGE END AREA 

Routines labeled 1 and 2 calculate the

end area for any station, volume from

previous station, and accumulated

volume to the present station. Inputs

are the elevations and distances from

the centerline for all points of a

cross section and the interval from

the previous station.

Equations:

I
V avg =(]Areai‘ + ‘Areai_ll)-i

Area = %[Elev; (H Dist, - HDist) +

Elev, (H Distg - HDist;) +

+ Elev_ (H Dist; - HDist)
n n—

Where: V avg = Average volume between

two stations

Area = (Cross sectional area at

a station

H Dist = Horizontal distance

from centerline at

Cross section

Elev = Elevation at a point

on the cross section

1 = Interval between

stations

Subscript i refers to current

point

Subscript n refers to last

point

Numeric subscript refers to

point number

VOLUME OF BORROW PIT 

Routines labeled 3-6 calculate the vol-

ume of fill which can be taken from a

borrow pit given grid dimensions and

elevations at the grid intersections.

Volume is available for each grid

section and also as an accumulative

volume for all previous sections.

35

If several grid blocks have the same

horizontal dimensions, the sum of the

volumes of all these blocks can be

calculated at once. For example, if

three rectangular blocks have the same

dimensions, the 12 elevations are entered
before pressing GSB 6.

Equations:

Vol
A

Vol

Where: VolA

 

L, (Base) (Ht) (Elev)

(Width) (Length) (Elev)

= Volume of triangular
grid section

Base = Base of triangle

Ht = Height of triangle

Elev = Elevation of grid section

(depth of cut)

Vol = Volume of rectangular

grid section

Width = Width of rectangle

Length = Length of rectangle

Example 1:

CENTER LINE 10.0
8.0 30.0

7.0
-21.0
 

 

 

-1.0
-10.0

INTERVAL FROM
PREV STA
S = 50.0

 

-—H DIST = 20.0—

 
   

7.0—= 6.0
-18.0 30 58%

00 STA 2 00 '

=10.0 700 ELEV =70
Voo 00 -

INTERVAL 120 0.0 -2.0
' 12.0fi::2&0

 STA 1 
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Solution:

CLRE
0.9000 6SB2
0.0008 ENT?
8.8888 (5B1
B.6BAA ENTH

18.980A £SB1
-2.A48R ENT#
12.888R 5SB1

7.88RR ENTH

28.9RBR £SBA
6.88AA ENTY

-3.ARAA §5B1
7. Bo8q ENT%

-18.bhA8 6SB1
-2.08488 ENTH
-12.8P#B (GSB1
p.Bpge ENTH

-14.80R4 csal
@.000@ ENTH

g.808p 65B1
25.8PRa 5582
100, 8882 x4

RCLE
18P.BPAD k¢

RCL4
216.8080 *xx

P.Ggag ENT4
9.0080 €581
@.aa@8 ENT4
12.8098 6SBY
-1.4008 ENT?

14. 8988 6SB1
-1.4908 ENTA

15. 8388 6581
18, #4208 ENTH
30. aaRa £SB1

8. 483@ ENTH
6.448a 6681
7.0089 ENTA

-21.8888 6581
4. 888G ENT4

-17. 8828 651
-1. 8468 ENTH

-10. daae 6sp1
B.0aqg ENT?

-8. d4dg 6581
d.9e9p ENT#
@ phAas 6SBde

SP. 203 CSB2
597. 6852 sk

RCLS
497.6852 wyy¢

RCL4

221,508 hx

1st Sta.

Starting at 0/0 &

Going CCW.

Reinput 1lst Elev &

Dist.

1st INT.

Vol.

Vol.

Area

(total)

(internal)

2nd INT.

Vol.

Vol.

Area

(total)

(internal)

31 

Example2:
12" 2.3 25’ 2.9 25’ 2.7 25’ 2.4

616.00
59.38 2625.00 2275.00

cu FT 2CSU FT CU FT CU FT

35’ 35’ 35’ 35/

25’ 3.1 25’ 3.3 25’ b0

3.4 815'29'-

v ' 1035. , 832.50
2% 12 ehe 12

3.8 25’ 3.6 25’ 2.2

cLZ
12,8000 ENTH
35.88608 6583
2.38R8 GSB5
3.1808 G3BS
3. 4890 6585

6Sp6
616.8888 *¥x G. Vol.

25.6899 ENTH .
35. 8789 £SB4 12.46@88 ENT4
2.2aan GSRS 25. @?U& GSB"

3. 48an CSRS 3.8n8@ G5BS

3.1098 CSBS 3.49R8 CSBS
2,9@éé SBS 3.6082 £SBS

2.9082 C5BS 36088 CSBS
3.499R £SBS 3.3888 GSBS
3.3%08 GSBS5 3.3889 GSBS
3.3498 GSBS 2.088¢ (SBS
2.7888 GSBS c.2aam gggg
2.7088 GSBS C Vot

. aaay g;gi 18457. 8758 kx A.Vol.

7459.3750 xx+¢ G. Vol.

25.9069 ENTH
12.9988 GSR3
3.1988 GSBS
3.482% (SBS
3.8088 GSBS

6SB6
515.9687 ik G. Vol.
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(To convert cubic feet to cubic yards divide
 

by 27.)
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP INSTRUCTIONS DA'TT/’S,I,TS KEYS olef\T/Szers

1 Key in the program [:::] [;::]

VOLUME BY AVERAGE END AREA: JL]
Initialize [£|[rEG|
If station has zero end area go to step 6 [::::][;;;;

Input elevation and distance from the Elev ENTf] [;;,]

centerline Dist bSB ] { l—]

5 |Repeat step 4 working around the section until [W wll I

first Elev. and Dist. have been reinput | ][ o

6 Input interval from previous station and [ l[ ‘

calculate total volume . Int. (ft)| GsB || 2 | Fota% vol.

(Note: input O interval if first station) I H l

7 |For volume of interval RCL | 5 | f?§é3§01'

8 |For area of cross section hQL4J |4 | Area (ft?)

Go to step 3 for a new section, Step 2 for a [ | ’I ]

new case | }I ‘

I
VOLUME OF BORROW PIT | ] l ]

10 |Initialize g Il g |
lla|For triangular area Base ENT+ | | |

Height hSB_J ' 3 I
11b|For rectangular area Width ENT4 | |

Length Gse || 4 |

12 |Input as many elevations as needed to describe [ [ ]

each corner, pressing GSB 5 after each entry Elev bSB I 3 ]

13 [Calculate grid section volume tse |l 6 | Vol (f8)

14 |Calculate accumulated volume k[S l ] A.Vol (ft?

|
[
|
|
|
]
[
[
.
]
]
]
L]   —

—
e
e
e
e
—
e
s
e

—
e
e
e
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@1 xiBL1 Ave. End Area 30 ,E prepare for sub-
B2 5Tx1 routines 3l OENT? routine 5
@3 oL R
nd OT-7 o7 ¥lBLE

eRy 5
e uav ee poc
BT CTva Sc ¥lEBLE

vr ROLE 5TOFLT
FO CTin 3£ X
18 Fi 55 §+.¢2
£ 8Th: 8 R/S ***grid section
12 P £ RC.2 volume
13 ’:'"-'.: 2 RS ***gccumulated
14 prricz volume

15 2
16 :
17 T2
12 RIN
12 ¥WBL2
20 RCL4
21 RCL3
22 ABS
23 ST04
24 +

25 S
26 4
27 =
28 X interval Volume

29 ST0=
I8 8T+£
3 A Clear registers

2 8T
37 &T0!
34 5702

35 <103
36 FOLE Total Volume

37 RIN
38 ¥lEL3
k{ x Borrow Pit routines

40 6

41 =
4 S71.3

43 6109
44 xLBL4
45 X
46 4
47 =
48 ST.3

49 xLBLg
REGISTERS

0 used used used 3 used 4 Area > Int, vol,
6 7 8 9 .0 A

Tot vol

% Vol. used 4 .5 16 17

18 19 20 21 22 23

24 25 26 27 28 29 
 

*%%"PrintX" may be used in place of "R/S"

 



COORDINATE TRANSFORMATION

This program translates, rotates, and

rescales coordinates. Traverse rota-

tion angle is entered as a negative

value for counterclockwise rotation and

positive for clockwise rotation. The

translation factors are calculated by

entering old and new grid system

coordinates for the same point;

rotation is also about this point.

Equations:

_ E.- E
AzR = ¢ + tan~! i p

N.- N
1 p

 

H Dist = SY/(N.- N )2 + (E.,- E )2
S i P i P

N = H Dist cos (AZR) + N
S Tl

t Il H DlStS sin (AZR) + ET1

Where: AZR = Rotated azimuth

¢ = Rotation angle

i1 = Northing, easting of

current point before

transformation

N E = Original northing, easting

PP of pivot point

H Dists= Scaled horizontal

distance

S = Scale factor

N,E = Northing, easting after

transformation

NT ,ET = Northing, easting of

1 ' pivot point after
transformation

Note: The scale factor is taken as

one, unless the new grid system

is to a different scale.

Example:

Coordinates before transformation

are those computed by Compass Rule

Adjustment.

CCORDINATES 1IN

OLD SYSTEM

N 150.000%*

E 400.000

N 224.540

E 561.673

N 356.577

E 468.710

N 232.414

E 307.327

%

Rotation Angle

Scale Factor =

Solution:

.....

CCORDINATES 1IN

NEW SYSTEM

N 100.00%*

E 350.00

Rotated about this point

= -3° 00" 00"

1.00

FOENTS

2 CSRT
i N

39
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User Instruetions

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

Store i

Input N and E of pivot point in old system

Input N and E of pivot point in new system

Calculate transformed coordinates
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D
y

v
Y
T
y
L
R
G
g

T
e
d
k
e

N
G
M
0
g

T
y
)

d
a
e

T
y

k
e

0
5
L
0
i
y

H Dist
S

L
T
e

e
e

S
O
O

HU
N
V
P
R
V
U

r
y

AZR Note sign

convention

)

o<

2
e
L

2
—

2Z
2Z
=
<
n

O
t

. '

REGISTERS
3 N

9

.5

21 



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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