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TECHNICAL ASSISTANCE
‘The program materi] instructions and procedures contained in this book assume tht the user
as a working knowledge ofbot surveying and thegenera operation ofthe Hewlett-Packard 335
calculators, as well as a working familiarity withthe fundamentals of surveying calculations.
‘Technical assistance islimited to verification ofthe results shown in the various examples used
inthe Owner's Manualforthis product,and isavailable only to those with registered copies of
this product

User Support staff are available between the hours of 6:00AM to 2:00 PM Tuesday through
‘Thursday, 6:00 AM. to Noon onFridays, (Pacific Time).
For assistance, call (559) 297-8025.

We reserve the right to make minor adjustments or changes in the contents of the manuals,
software orpricing from time to time as we sca fit

‘WARNING
THIS SOFTWARE AND MANUAL ARE BOTH PROTECTED BY US.
COPYRIGHT LAW (Title 17 United States Code). Unauthorized reproduction and/
or sales may result in imprisonment of up to one year and fines of up to $10,000 (17
USC 506). Copyrightinfringers may also he subject to civil liability.

 

No xpress o implied warranty is made by IYZig. o heauthowith regard 1 theprocedures and program mle]
offer or tei merchunabily o hee ines for any particularpurpose. Tho procedures and program matcrl re.
‘made available solely on an "ass bass, and the entire risk as to thelr ality and perfomance a wih tho User,
Shouldthe procedures o pogran material prove defciv,thuser (id not IVZig nor any the party) shall bese

and all cost ofall nesscoretion and al icideialo consequential damages, DZ lor thauthor
ll nobe lable fo anyincidentalor consequenil damages in conneetion wih ringouofthe using, we
or performace ofthe keystroke procedures oprogram mac.
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le more difficult because itisn't just one.

 

Describing a book is usually easy . in this case it's a
Kind of book. The intent is for this manual to be an instruction manual on programming your HP35s.

calculator, a book of programs for the calculator, a review course on surveying and engineering
calculations, and a workbook.It's also a Third Printing.

rt. Jet Wi HoassFirst,let's look atthe calculator. What you have Seca
is the xesult of 35 years ofdevelopment by Hewlett
‘Packard in the field ofscientific calculators.

The fist HP3S, in 1972, was an absolute
engineering marvel to engineers and surveyors... it had
the trigonometric functionsbuiltright in. Appendix Gin
‘your calculator's manual took 17% pages just to listthe
programmable functions in the HP35s. You can (should)
use Appendix G as a quick reference to the keystrokes
‘used to accesseach function as you write your programs.

 

 

 

Inthefirst row, the RIS key is used when you are
running a progeam, or STOP as a program step; the right-
‘shifted RIS is PRG, and it is what you press to go into
program mode. The MODE key is most important for
it's two shifted functions, X?y x20. These have menus
for inputting the tests for whether or not#5 relationship
toy or 0. There are 6 options for cach. The use of RCL
and STO should be obvious, as should be the shifted
functions of the 8 key.

  

The lefi-shifted up-scroll keyis FLAGSand has
menu for clearing, setting ortesting various flags. The
shift keys access the extended functions of another key,
and the EQN key you wil probably learn tohate.

  

 

Why? Because the calculator allows us to use user
defined prompts for input rather than just the built-in proms,
and these prompts require that you stroke the RCLkey before
each alphaletter you use in the prompt.

A001
A002
A003

Let's start programming. food. Hits) @@
Looking atthe partial program (above right) all programs start with a LABEL. Step A003 is

typical of a prompt, and it is input just ike an equation. The difference is, with flag 10 set it will prompt
and pause for input, if flag 10 is clear it will evaluate the equation or expression. Theinstruction is also
typicalof the way we write an equation or prompt instruction in our keystroke examples. The actual
keystrokes, in this example,are:

(FC(A) RCE) (2) (CD) (1)BS)(0(SD)()BED)CEC)(HD and! then (ENTER) to complete thestep.

If a prompt requires a space as separator betweenwords, the space key is the right-shifted 0
(20) key. Numbers and symbols do not require stroking RCL before entering them in the equation.
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‘We're going to pretty much walk you through putting in cach ofthe programs in this book, but if
you don't bother reading the User's Guide that came with your calculatorpast the "how to insert the
batteries" and "tumingthecalculator on” parts, atleast looks through chapters 13 and 14 10 get somewhat
familiar with what we're doing here. The first program we want to input is the same one we gave you a
glimpse of on page 1, Label A. It performsazimuthvto-bearing calculations for you.

inputyourfirst program-subroutine
“This ithe first program you will input, and it will be used both as a stand-alone program and as

a subroutine to severalother programslater, All ofthese programs work in RPN and Degree mode.
Make sure that you are in the proper mode before begin 0. Start at
Program Top by stroking GIOICIC] and then BEIEA), to input the program steps in the order shown.
‘The step numbers and instructions should look lik the ones shown.

  

In step AOG2, takes you to the flags ABDI LBL A
‘menu and (I) selects Set Flag. Siroking (J will A902 SF 10
automaticallyinsert 1, and stroking (8) completes the AB@3 AZIMUTH Then stroke EE0
line. Input for step 088 was explained onpage 1. ‘before each alpha input

  

  

. ROBY HHS
Ir 39, the ARG menui ssed bycoking 15%hoooe, 19 EER

butinstead ofscrolling downosejust stoke (£1. fit Ep

Rome =
Ages IP
A816 1
all +
Apl2 STO @

RY
14 ENTER
15 SIN
16
17

vor
oy

 

ASIN
ABS

In the USS. azimuths are defined as the angle IZLE 3H
tothetight from north, and range from 0° to 360°and A819 STO EB
bearings are defined by their quadrant, fiom 0° to 90°. oz Re § =a

Angles are measured right (quad 1) orleft (quad4) of North when in quadrant 1 or 4, or right
(quad 3) andleft (quad 2) from 180° in 2 and 3. When an angle in quadrant 1 (NE) exceeds 90° it
automatically becomes quadrant 2 and mustbe subtracted from 180° to be correct. Mistakes happen
more often in doing angle, or azimuth to bearing calculations than in any other type of
calculation!

PROGRAM: AZIMUTHTO BEARING/QUADRANT CODE

[}
DissiosyAste Directionby Bowing Al 0

  

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES outPUT
CEQ) (A) ENTER)

AZIHUTH [Input the Azimuth (D.ms) = BEARING (D.ms)
8.0000 QUAD CODE      
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ALL of the programs in this manual, use Degrees, Minutes and Scconds (DMS)for input and output.
The second most common error in doing angle or bearing caloulations is forgetting to change to or from
degrees to decimal (or back) during keyboard calculations. Weve reduced your chance of minor errors
already,by taking out the need orthis conversion.

‘With the program completed,try the examplebelow.
EXAMPLE: CHANGE THE AZIMUTH, 1252316", TO BEARING AND QUADRANT CODE
 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES ouTPUT

Input the Azimuth (0. |DED@ADDEER  |54.3644 (D.ms)
AZIMUTH |ms) 2.0008     
 

If it didnt give the correct answer there's something wrong with the program.You can do this with several
examples and assume that the program is correctly input, orthere is an easier (and more acourate) way to
check the program steps.

Esch program has a specific size, measured
byis length, and a checksum. There is a complete
chart on page 14P of the length (LN value) and
ehecksum* (CK) to check your programs against.
The chart also indicates which registers and flags
have been used within the program. Stroke
(2) to open the listofprograms.
Atthis point you should sce [1

 

and hold down [ENTER] to show
*In the earliest release of the HP3Ss calculators the
checksums are not always the same in different
calculators. For this book we will give the LN and
checksum numbers, but you should mot rely on the
checksums (0 agree.
input yoursecondprogram-subroutine

‘We've putin one program 50 far, and checked
(or edited) it uni it has the correct LN number, so this
one should program faster. It has two prompis,the
first for the bearing (has to be between 0° and 90°),
the second for the quadrant code (see illustration on
page).

Input the program. When you are finished,
check it by stroking © (2) to open the list of
programs,scroll to LBL B. You should have:

stroke

BOO! LBL B
Bagz SF 18
BAI BEARING

BOB4 STD B

 

Bage S70 0
8087 2(}y
B008 HHS+
B63 2O)v
BO1G ENTER
Ball ENTER
Belz 2
BO13 +
Bo14 IP
BO1S 1
BB1& *DEG
B17 x
B18 2(0y
B019 LAST»
Bo2G x
Boat Cos
Bo22 Rt
B23 Xx
paza4 -
B02 +HNS
B26 RTH

B283 QUAD CODE

  

Then stroke ED
befors each alpha input

 

If you gotthe right number, youte done, but
you need fo run some practice examples withit.
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If you didn' gettheright LN,the problemisin one ofthe steps. Check for an extra line or a
missing line first. Stroke (SIOIAENTER],then enter program mode (stroke EEA) and scroll through
the program. You will be working on the program line thatisin the X-register (the bottom one; it is an
extrastep and you can delete it by back-clearing it with the key.

If you are missing a step, put the step that is supposed to be proceeding itin the X-register then
type in the new step. When you're finished, do NOT forgetto leave program modeby stroking (€), then
try the program again.
PROGRAM: BEARING/QUADRANT CODETO AZIMUTH

  

 

 

 

 

  
 

 

 

PROMPT INSTRUCTIONS KEYSTROKES outPUT
CENEIETER

BEARING [Input the Bearing (D.ms)
[QUAD CODE mput the Quadrant Code 5] AZIMUTH (©.ms)
EXAMPLE: CHANGE THE BEARING, (EQ) (B] (ENTER)

N 25°23'16" W, TO AN AZIMUTH

PROMPT INSTRUCTIONS KEYSTROKES ouTPuUT
 

[BEARING Input the Bearing (D.ms) IEODEDEE

QUAD CODE input the Quadrant Code
 

334.3644      

 

 

‘You will have noted that the response to a promptin this calculator does ot require that you
ENTERthe input. You stroke the (5) keyinstead, to tell the program that inputis complete and the
program should continue.

‘While that example (above) answeeis still in the X-register, try this;stroke FEQJE)@I@IE. That
should tum your last answerback into a bearing/quad. The HP35s calculator allows us to execute a particular
programstep anywhere in program memory as long as we know the adress ofthat step. What weve just
done is the same conversion you typed in as LBL A, but we have bypassed the prompt and it ran
‘automatically. This is how it will be used as a sub-routine in later programs.

 

 

 

 
 

 

inputyour thirdprogram-subroutine D881
‘Well add the short program(right) to our collection (it adds and D201

subiracts in Dams). This one is differentfrom the first two. In those, D002
‘you executedthe programs and they prompted for input. In this one, you D803
input the numbers first and then execute the program. There are no DB84
prompts. PTE]

DadsINSTRUCTIONS KEYSTROKES OUTPUT pag?
Input the1st angle or azimuth (D.ms) ENTER) Deo 2His EME
Input the 2nd angle or azimuh (D.me) EEQYIENIER] [DIFFERENCE | DAG RTH ENGED

(to subiract,first stroke C23) 0k SUH   

 

 

 

Start at the top of prograin memory by stroking GEE) and then EEA to begin input.
‘You should end up with L¥27, 5 shown inthe chart on page 14P.

Pages



There are several ways to work this example, for instance you could
change both bearingsto azimuths and subtract them . .. but thatis the angle
from § 23°1544" E to N 172241" W, 50 you would have to subtract that
answer from 360°. You could change the SE bearing to an azimuth and add
the NW bearing angle to it.

This is essentially what we do in the solution below, but rather than
run the bearing/quad to azimuth program,we just subtract the bearing value
from 180° and come out with the same result (with less keystrokes and a
better chanceto actually look at the problem before we complicate it).

a
p
t

 

EXAMPLE:
WHATIS THE ANGLE BETWEEN _
N17°2241" W AND §23°1544° £7

|

(EDEIERIER)
 

 

 

INSTRUCTIONS KEYSTROKES OUTPUT

Getthe angle between North and
|

TI(EM(@] ENTER)

S 281544" E DROOEE@E
CEQ)DIETER) 156.4416
 

 

   Add the other angle NOD@DEDESCIEER 174.0657

Now welll start on the "workbook! part ofthis book. You're going to do part ofthe exercises
either longhand or with the calculator, but you want to remember that the calculator. functionsfor adding
and subtracting work in decimal degrees, not D.ms, and pay attention to bringing them back to D.msafter
the calculation as well as changing them before input. The same thing applies to the trigonometric
functions.

To change D.msto decimalstroke
use the programs, none of this is necessary becausei

 

 

 

(ED) to change decimalto Dams stroke EE). When you
done for you and you only work in Dams.

  

Exercise 1 (do the first two longhand, then complete the exercise with the programs)
‘The answerkey for the exercisesis in the back of the book, beginning on page 44

1 Add the angles, 28°1534", 102°52'41", and 16°1608" ans: 

‘Subtract 28°15'34 from 102°62'41", then add 16°1608" ans’ 

Add the angle, 102°6241", to a bearing ofN 62°45'28" W ans:
 

‘Subtract 98°15'59" from a bearing of N 01°1417' E ans:
 

Exercise 2 (do#s 1, 5, 6 and 6longhand, then completo the exercise with the programs) Calculate
the angles indicated

PNG TR
1 anst 2. ans: 3. ans: 4. ans:

Continuedon the nextpage
Pages

 



Caleulate the azimuth or bearing as indicated

   Bw
5. az 8 ar

‘Whatare the answers to the following

9. Cosine 17°1523" 10. Tangent 1045226" 11. Sine 92°0010"

12. Find the Sine of 197°1423", then find the arcsine of the answer and chang it back to Dims.

editing aprogram 0009 RTH
‘We're going to go back and edit the last program, D186 CLYARS

LBL D, adding a subroutine to the bottom of it. This D011 CF 0
subroutine will be used in future programming to clear left-  DR12 CF |
over garbage from previous programs. 0813 CF 2

On the calculator, stroke EAD@@E and oh
DEE] to enter program mode. You should see: DRlE 4

pei? $10 ¥
0018 CF 4
D019 228?
DE2g SF 4

Type in the new steps D018 through DI26, using the haz Hi
8

keystrokes shown at the right. (note that we show the face
value of the keys instead of the function. When you arc L923
done, exit program mode and check the LN mumber for D024 8T0 %
LBLD.It should now be  Lii=80. baz fLaTk

then

 

1
1
1
1
1  

‘What did 1 just do? Because we can address a subroutinedirectly, by address, we have just added
a subroutine that can be usedat the start of some new programs from now on, instead of each program
havingto start with essentially the flag/stack/vars clearing routine. Steps DO1S through D020 are
required because ane of the programs we are going to input later uses Flag 04 to signalthat it is to retain
data. And, you've just leamed how to edit a program.

On the nextfew pages we are going to look at some various vertical curve solutions. Well also
‘waite the programsthat make them work. The program pages start with Page IP, located at the back
of the book,after page 46. They are printed in a non-reproducible blue ink in an effort to help protect
our copyright on the programsin this book. After you've read pages 8 and 9, start typing in the steps for
LBL V on page P1.

Pages



vertical curves and grades
Vertical curves are usually described as ‘crest’ or 'sag’ verticals,

as shown tothe left.

‘The form ofthe curvemay be expressed as
y= arb

‘whereis the height of the curve above or below the first tangent point,
and xisthe distance therefrom.

The highest or lowest point on the curve isat a point where the
gradient of the tangent is equal to 0%. This is called the "fuming point"
of the curve. If both gradients have the samesign, there is no actual
turing point, and the vertical direction is continuous. The gradient of
the tangent may be found by differentiating y with respect to x in the
equation above.

When
dyldx =O, x= -b/2a,

 

Our program for vertical curves is designed to do quick vertical curve and grade calculations.
‘The number of eniries you make during input tell the program whether you are calculating a grade or a
curve.

Formulas for verticalcurves and grades vary with the known values when you begin to solve the
grade orcurve, In mostvertical curve cases,ifyou are working from a se of plans, you would know the
beginning station (BVC) and it's elevation, the ending station (EVC) and it’s elevation, the length and
the grade in (Gand the grade out (Go). In most cases, the intersection point (PVI) is given too. The
following would apply:
Ifthe high or low point elevation and the beginning station (ELg and PVC) are known,

  

v (Go-ai Gi(2)STA - BY)? + (&)en ~ BY) + (Ebrc— Esta) = 0 (ocd + bx + 0 = 0)

Ifthe high or lowpoint elevation and the intersection station (EL and PVI) are known,

% 1 = 200s = Ep)Go + G) (=)

* | = 200(Elbv — Elg)(Go - Gi) (==)

Wh

  

eginning elevation at BYC
nding grade (grade out), expressed in percent PY1 Point of tangentintersection

Length ofcurve, measured in along the horizontal Elpyi = Elevation at the FYI
STA = Station along horizontal with curve elevation ELy = Elevation at high or Lowpoint of curve

EVC = Ending station (end of curve)
BYC =Beginning station (point of curve) Elevc = Elevation at the EVC

Gi= Beginning grade (grade in),expressed in percent Elbve
Go
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‘Thereis a question that often ocours in tests, but is never used in thereal world; Giventhe High/
Low point elevation,the grades in and out, and either the PVI elevation or the BVC elevation and want
to know the minimum length ofcurve that will work. Minimum lengths are NEVERused, and the
difference in grades is used to select the required length from a table that takes passing sight distance
into consideration.

Ifthe PVLis given or,ifthe BVC is given.

 

= 200(ELbvs — EL)(G a ! )L = 200(ELpvi — ELg)Gp —a on ) 1

‘We've not included a program that will do this type of problem but do suggestthat the above
formulas can be input as equations in the equation library in case you need them. rather than include a
program for this one case, we programmed for the day to day vertical calculations that you are more
likely to encounter

  

PROGRAM: CALCULATING ALONG A VERTICAL TANGENT OR CURVE
 

 

 

 

 

 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES ouTPUT

ENTER)

BEG STA Input the station at the B.V.C.

BEC ELEY |mputthe elevation at the B.C. @

GRADE IN Input the % of gradeforthe tangent. [5]
(For a curve,input the % ofgradefor
the incoming grade) Change sign if
negative

GRADE OUT No input for a verticaltangent. EE]
For a curve, input the % of gradsfor
the outgoing grace) Change sign if
negative

LENGTH No Input fora vertical tangent.
(Fora curve,inputthe length of the
verticalcurve)
Whencalculating along a vertical curve, the turning point sta- [STATION @ 87%
tion and elevation are automatically output at this point. Stroke (ELEVATION € 8%
[85] to continue

INPUT STR Input the next station you want to cal- @8) STATION
culate the elevation for ELEVATION
 

Afterwriting down the answers,stroke
(to continus withthe next station

INPUT STA |Wnen finished with the calculations (©
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EXAMPLE
The vertical curve shown to the

right will be used for the example. The
BV.C. station is 10450, at elevation
106.00.

‘We will calculate the elevations for
stations at 50 foot intervals along the curve,
the 0% station and elevation (high/low
‘point, in this example the low point. Later,
you will also beable to calculate the station
at which particular elevation occurs,using

VERTED,after al ofthe information & i i 3
has been entered forthe vertical tangent or
curve you are working on.
PROGRAM EXAMPLE: CALCULATING ALONG A VERTICAL TANGENT OR CURVE

   
 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

(REQ) (VENTER)

BEG STA Input thestation at the B.V.C. DEE 3

BEG ELEV Input the elevation at the B.V.C. ae®

 

 GRADE 1 [Input the % of gradefor the incoming (ICI) G51
grade. (Changesign if negalive)

GRADE QUT [Input the % of gradeforthe outgoing |(4) EE)
grade Change sign f negative
 

 

 

 

 

 

 

 

 

 

 

 

LENGTH Input the length ofthe vertical curve. CA(@1(] 11045455
Output is high/low pointsta & elev 185.5909

THPUT STA [Inputthe next station one @ 1100.0000
105.5938

&5)
INPUT STA [input the next station omea® 1130.000

165.6750
EE

INPUT STR [Input the next station oon &@ 1200000
106.2438

IHPUT STR [Input the next station 1250.000
168.5009
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NOTE: Because the calculator does not use menus, as the graphic calculators do, we use a sort of
vertical menu. You Run/Stop through allofthe possible prompts, only inputting data whereyou knowit.

Once you have finished with the verticalcurves and grades program, and have checked (and run)
it, well putin this next one. It is LBL E, and the program steps beginon page IP. With this one you can
specify an elevation and it will calculate the station where that station occurs. Actually,it calculates two
stations... . only one ofthem will be within the curve you're working on, but it's easy to tell which one to
use. Its also a good idea to run that station, by station, when you've retumed to the curve.

When you press G5) after the calculation from this program the highflow information will be
 

 

 

 

 

 

 

 

 

 

 

 

shown. Stroke (5) agin for the INPUT STR prompt. The example below assumes you are still in the
Vertical curve in the last example.

PROGRAM: CALCULATE STATION WHEN ELEVATION IS KNOWN

PROMPT INSTRUCTIONS KEYSTROKES ouTPUT
[one Input the elevation (two stations will STATION

be shown, verify thatthey arewithin

|

(KEG(EJERTER) STATION
the curve to be valid answers.
Next output is the highiiow point @@ [STATION

" onvow ELT
Return to original program

INT STR
Erere
EXAMPLE: FIND THE STATION AT WHICH DOEGEE
ELEVATION 105.65 OCCURS. (EQ(ENTER)

(Output isthe station(s) at which the TZ
elevation occurs. 16338100

1345455
16550)

 

 

[5]
 

THPUT STA [Continue with input in main program       
Exercise 3
Calculate the indicated stations for a 300 foot vertical curve with a PVIatstation 15+00,ifthe grade in
52% and the grade outis-3% Theelevation atthe PV1 is 102.75.

 

 

1. BVC station elevation high pointstation elevation
EVC stat elevation

2. Calculate the elevationsfor the following stations:

14420 14450 15422 15450 16+10

3. Atwhatstation will the clevation 100.58 occur? &

Page 10



There are also times when you have known stationsand elevations along two

 

1 tangents
and need to calculate the point of intersection between them. This program will calculate the
intersection point when thegrades, any starting point, and any ending point are known.

 

 

 

         
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oncethe point ofintersection (P.V.L) is known, a curve length may “
beselected and a B.V.C.station and elevation caloulated. From there, use x so
the vertical program to calculate the stations along the curve.

‘The example will use the information from the illustration to the
right. The known station at the beginning is 10+00, with an elevation of 7 we
120.00 andthe known station at the end is 16+00at elevation 125.00.

The two knowngrades are a +200 percent and a minus1.60 percent. w
Follow the procedure below to obtain the station and elevation of the point

|

%o 4 2 »  » w
of intersection.

PROGRAM: CALCULATE VERTICAL INTERSECTION
PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

EEE
T Tnput the firststation

EET T Input the elevation 3

2 Tnput he second sialon [5]

Tv Tropa he elevalion TE

AE TT [iputthe % of grade for fe grade in. |GZ)
(Changesignif negative)

[GRRE O07 Input the % of grade forthe grade out FT STRTION
(Change sign If negative) ELEVATION

EXAMPLE: FIND THE STATION AND ELEVATION OF THE VERTICALINTERSECTION
PROMPT INSTRUCTIONS KEYSTROKES ouTPUT

EET

STH T Input the first station nooE®

[CET T Tnput the elevation oan &@

TH Input the second station oro &

ECE Input the elevation

[CRHDE TH Input the % of gradefor the grade in
(Changesignif negative)

GRADE TUT Input the % ofgradefor the grade out I
(Changesignif negative) 121111   
 

Page 11

 



Exercise 4:
1. Using the information from the example on the preceding page, calculate a 400' vertical curve to be
used to round thegrade along the roadway. Calculate the following:

BVC station elevation high pointstation

elevation

 

EVC station elevation high p

2. Calculate the elevations for the following stations:

12400 12450 13400 13450 14400

14450 15400 15450 16400

3. Atwhatstations will the elevations 123.58 and 121.56 occur? &

i You are probably very familiar with circular
circular curves curves, but o better understand what these programs do,

welll review the definitions, symbols used, and the
formulas for calculatingthe different pats.

 

PI, Point of Intersection is the point where the two
tangents intersect.

Central Angle, commonly called Delta (4) or I, it is the
deflection angle measured, at the point of intersection,
betweenthe back and forward tangents. Most often this
is one of the known partsessential to the calculation of
other parts ofthe curve.

Deflection angle (¢), what wecalthe deflection angle:
is one-half the central angle,or the angle, tumed at the
BC ofthe curve,fiom the PI to the EC. There isalso an
angle from the BCto any pointon the curve thatiscalled
the deflection angle when calculating stations for
stakeout.

Length of curve (L), is the distance between the
beginning and end of the curve measured along the curve.

 

Curve Nomenclature ArcLengh. | = 100AR(2/1809)
The parca of a typical horizontal (cireer)

curve ars shown above. Tangent Distance (T), actually a "semi-tangent" to the
curve, itis thedistance betweenthe PI and the beginning
or end of the curve and the two tangents are always
equal. T = Rtand/2
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Radius (R), the "radius"is normally referred to byits length.

Long Chard (LC),the long chord is the distance between the beginning and end of the curve points of
ency, and is

the
length for angle A.tangency, and is thelength for angle A. 16 = 2Reindly

Chord (C), Also called the ‘chord, or ‘short chordis the distance from the BC ofthe curve to any point

onthe curve,for angle §. C= 2Ringly

BC (or PC), the beginning of curve! or point ofcurvature’ both common usagein different parts ofthe U.S.

EC (or PT)the ‘end ofcurve!or point of tangency’ both common usagein different partsofthe US.

Middle Ordinate (M), length of ordinate from the middle ofthe long chord to the middle of the curve.

M = R{1costly) = Rversdlz
External (E), distance from PI to the middle of the curve.

E = RfsecAly-1) = Rexsechly

Segment area, the area between the arc of the curve and the
Tong chord of the curve.

Segment: area = Sector area ~ Y;R%sinA
= Sector area - YzCRcos(4%)

Sector area, the ‘pie-shaped’area ~ from the radius pointto
the B.C.,along the arc of the curve to the E.C. and back to the

radius point.
Sector area = aR2A/360 = LR/y

Fillet area,the area between the tangentsofthe curve and the
atc of the curve. Often used for calculating pavementarcas at
the retums onstreet intersections.

Fillet: area = RT - Sector area

 

The Circular Curve program . . . The progtam for
circular curve solutions, LBL C, begins on page 3P and is a
long one. It uses a series of prompts that let you decide what
known parts you have as you @&] through them.

Curve Area Nomenclature ‘We will also take advantage ofthe INPUT and PSE functions.

The hae comwion measurements for areas for the first time, and complete part of the program (and work

of a toplal horizontal(cur) Cu 870. wig 3) before going back to edit and expand it. Some ofthe
expression (equation) input is longerthan our column format will
‘permit on just one line, but should be typed in as oneline.
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‘This program is one that requires flexibility in input, and the HP35s doesn't include any functions for
creating a user-defined menu. The programrequires input of any two of fivedifferent options, so we've
again created a sort of ‘vertical’ menu. Remember that you Run/Stop through aifofthe options.

‘You can solve a curveifyou know the Delta Angle or Radius and any one of these parameters;
Length, Chord or Tangent. Asyou through the prompts each option is presented (in the order
above)for consideration. If forinstance, you dor't know the Delta value you stroke without any
input. Ifyou are prompted for one of the parameters that is known, input the value and then stroke (5).
You must respond to all of the prompts, one way orthe other, until the end of the group and the
program.The calculation then begins automatically.

Another new type ofselection menu used in this program allows you to branch . . to either of
two options. The prompt, HORE=8 STAKE=1, will either take you back to the top of the program for
calculation of a new curve or branch you to a subroutine that lets you stake outthe curve. To choose,
input either 0 or 1 and stroke 5).

For now,we'll program steps C801 through C189. This includes the prompt portion, but not the.
programming for the stakeout sub-routine, we'l est and run the curve program first and complete the
other routine later,

  

PROGRAM: CIRCULAR CURVES
 

 

PROMPT INSTRUCTIONS KEYSTROKES output

1 Begin the program [Em]
 If the CENTRAL ANGLEIs known, input it
2 bELTA (D.ms format ), if not known, no input

Eitherthe central angle orradius must
be input as one ofthe knownparts
f the RADIUSis known,input , otherwise

2 no input
? Eithertho central angle orradius must

be input as one ofthe known parts

 

 

 

 

 

 

 

   

 

 

 

If known, input the length ofarc,other-
aL wise no input 8
ser If known, input the chord distance

otherwise no input

If known,input thetangentdistance =
er otherwise no input ez Central Angle

Re
’ Radius
8 L=firc Length
9 = .Chord Distance
wn

 

      
 

Continued on nextpoge

Page 14



 

PROGRAM: CIRCULAR CURVES

_

(Continued from previous pago)
 

1" &E)
T=
Tangent Distance
 3

 

 

 

 

 

 

» External Distance
=

1 Mid-Ordinate
Distance

1“ FRERS reminder displayed for 1 second

[0 SECTOR_reminder (1 second promp?)| SECTOR ARER
1 SEGHENT_reminder (1 second prompt) SEGHENT ARER
1 FILLET reminder(1 second prompt)| FILLET AREA
 

®  To calculate another curve, input 0, or,
to caloulate stakeout for this curve]

STAKE=1 [input 1
Or, to leave the program stroke (C1

  

   
 

 

Exercise 5:
Complete the curve data for the following:

3.
L 510.23"

244.77"

Mid-Ordinate

2 Radius= __400.00"
Delta:

Length =
4

125.16"

 

Mid-Ordinate
Sector

 

Segment =
Fille

  Mid-Ordinate Pages

 



Circular Curve Layout &
‘The most common method for staking

out a curve is the deflection-offset method,
using chord solutions to each of the station
intervals tobe staked.

   
my station song curve

dalaction and long chord.
With the instrament at the BC. of the
curve, the defsction ange Is ned 19 tho
gt from the FL. Th Jong chord Io tho
dita from the BC. to the statlon beng
ot.

Once a curve has been calculated using
the circular curve program, you can contimic
into the layout program to calculate the chord
and deflection angles to any stations tobe set.

The layout program also calculates
solutions for layout by the tangent-offset and
chord-offset methods, and includes an option to
stake the curve at an offset to the centerline
instead of on the centerline itself. Offsets to
the curve on the outside are input as positive, if the offsetis to theinsideofthe curve,inputthe offset as
negative.

Initial prompts for selection ofthe type of output you want. Input a numberfor the type you
want, and juststroke forthe others. "This will be followed by a prompt fortheoffset, if any. To just
calculate centerline stroke or input the width ofthe offset and stroke BE). The program will
‘promptforstation and then outputthe stakeout information. You can run the program again to generate
a different type, or input another curve and generatethestakeoutinformation forit

 

  

Return to page SP and, on the calculator, stroke GRICIMEE and then EES.
Complete theinput ofprogram LBL C.
chordloffuet method
Similar to tho tagentloffset method,
that the distur Is puled song the
chord of the uve to a pot. cqposite tho
station being set. Often used on curves fn
nuns with the leer ne seb on the long

    ay station ig cuss

tamnt/offset moshod
The tage distance 1s pled song th target
I (semi-sanget of the cue md
cenporay polIs sat. The offset distance is
messed To the station baby set, 4 right
gles to the target.

 ‘The instructions on the next page start at a point afte the use of the circular
curve program, which calculates the curve. On the pages following we address the
layout ofthe circular curves (having already stored the required data aboutthe curve),
giving the user these three methods ofstakeout to chosefrom.   
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Theselection menu used in this program lets you &] through the prompts for the types of output
you don't want and, by typing in a 1 (or any number) before

@S]

pick the one you do want. This
Selection will tel the program which type of output you want. Atthe very start of the program the
“SELECT TYPE" reminder will pop up and then go away after being displayed for one second ... . similar
to the reminderfor "AREAS"in the previous program.

PROGRAM: CIRCULAR CURVE LAYOUT
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

PROMPT INSTRUCTIONS KEYSTROKES

|

OUTPUT
Aercalculation of the curve, begin thecurve

1 Tayout program byresponding 1 to he final
prompt in the curve program

2 [seLErt Tipe |Feminder promptbo spayed or onesec

To seleot this option, input any numberand
3 [DEFLECTION [stroke 1ORto not use tis type,just stroke

without input
To select hs oplon,inpany number and

«[rai-0s stroke 5) OR to nt use is type, just iroke
®] without input
To select tis option, input any number and

5 [cHo-03 stroke 5] OR to not use tis typ, just stroke
ED without input
To calculate the layout at an offset, input the
size ofthe offset(changesign for offsets o the

5 |OFFSET= inside of the curve). Forcalculations slong cen-
{erinjust stroke (£5) without input

7 |BC STATION Inputthe station of the B.C.

Input the stationyou want to calculate ayout for
8 |WPUT STR Outputs selection dependent =

DEF ANGLE
o [TADIST or |Selection dependent prompt @

CHD DIST
VALUE

CHORD or -[SHIR Selection dependent prompt
Tn VALUE
2 EB)

Retums you to step 8. Input the next taflon you
IHPUT STR [wantto calculate and repeat steps 8 through 12,

orstroke (C1 to leave the layout program    
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Exercise 6:
Complete the curve data forthe following, and then calculate the layout information for the stations as
indicate

 

1. Layout by deflection and chord.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STATION DEFLECTION CHORD
Radivs= 510.2%" 12+19.23 B.C.

Delta = 12450.

Length= 13400
Tangent = 13450
Chord= 244.77" 14+00

External = 14450
Mid-Ordinate = EC.

2. Layout by tangentoffset
STATION TANGENT DIST. OFFSET

Radius= 400.00" 12245497 BS.
Delta= 122450

Length = 125400
Tangent= 125.16" 123450

Chord = 124+00
External = 124450

Mid-Ordinate = EC.
3. Layout by chord-offset

STATION CHORD DIST. OFFSET
53424.37 B.

25°15'22" 53+50

257.71 54400

54450
swo0

55450
Mid-Ordinate = EC.
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triangle solutions
The triangle shown to the right will be used for

the examples. It should be noted that the output will
vary slightly, depending on the number of places
input,particularly in the input of the angles.

The notations forangles and sidesis familiar to
HP users, butis not the standard, or textbook notation
which you will have leamed in trigonometry (side a
opposite angle A, side b opposite angle B, andside ¢
opposite angle C). The sides and angles are
numbered, in order, going around the triangle as
shown below.

 

b

    
In the example shown below, the assigned

designations go clockwise, if it will better fit the
information available, the labeling may go counter-
clockwise instead,as shown to the left

SS

Remember, side 1 is wherever you put it.

B

The example triangle (above) shows this style of
labeling, compared to the standard notation for sides and
angles.

 

Side I may be assigned to any side that is
convenient to use, depending upon the available
information aboutthe triangle. It should be located at a
side where the known information then falls into position
for solution by one ofthe routines.

 

‘The program begins with selection prompts for you to selectthe TYPE ofsolution needed. A
brief reminder prompt, TYPE SELECTION, is displayed (one second) and then the 5 type options are
offered. To NOTselect one ofthe types juststroke [5]. To select one,input 1 (or any number).

Continue with @) through any remaining TYPE SELECTION options until you get the first of
the three input prompts. Which of the prompts you get will depend on the TYPE, and will be in the
same order as that specific type calls for. The instructions are on the next page, and the program steps
(LBL G)begin on page 6P.
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PROGRAM: TRIANGLE SOLUTIONS
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

    calculation, beginning atstep 2  

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 Begin the program EQ) (GI ENTER)

2 [TYPE SELECTION APPEARS BRIEFLY AS A REMINDER
Input number 0 select tis

3 [51-52-83 SOLUTION FOR THREE SIDES KNOWN [option or(E51 to continue to
next prompt
Input a number to select is". SOLUTION FOR TWO ANGLES AND [72+ [pa-si-nt THE INCLUDED SIE KNOWN oponr£51 o core to
Input a number to select isR KNOWN SIDE AND THE NEXT TWO

§ |$1-R1-A2 FOLLOWING ANGLES KNOWN optionorB51 0 cominto

o ls1-R1-52 SOLUTION WHEN TWO SIDES AND |/7Put a number to select tis
THE INCLUDED ANGLEARE KNOWN

oe TWO SIDES AND THE FOLLOWING AN-
7 [p1-se-a2 GLE ARE KNOWN

[Three input prompts will be shown. Input
s ihevaluroquestod after each input

9 SIDE 1

0 ANGLE 1

kd SIDE 2

hd wl ANGLE 2
13 25] SIDE 3

" ER) ANGLE 3

mz AREA
[Appears when there fs a second salution
{o the S1.52-A2 type. The program will

16(2HD SOLUTION again repeat steps 9 through 15 but the EZ)
output will not be in the same order as
the original input
When finshed withthe calculations, twill

” retum you to therangle program fornext G51  
 

Examples are shown on the following pages for each ofthe solution types individually,
covering the prompt, input and outputin each case.
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PROMPT KEYSTROKES OUTPUT

on [IPT SIE | OEIE0ES
wn [IPT SIE 2 DO@DES
sc [IFUT_SIE 3 @OOEEE
8 [SIDE 1

wal [e540
™ wz [AE ©

36.123

ws [SIE 2
& [950 side 1, side 2, side 3

12 |RGLE 2 THREE SIDES KNOWN is one of the most

[ESIEIEH used solutions for triangles, particularly
[% SIE 3

|

since the accuracy of electronic distance
wa [57450 ‘measurement trilateration has, for the most

m wn AEF

|

Pereplaced triangulationin severaltypes
of surveys. The example begins atthe input

84285 |prompts.
[0 [EE

1
PROMPT KEYSTROKES OUTPUT

opr pi3 |ERODE
w [IF SIE || @O0@EEs
so RUT aE 1 |DEOODE@DE
5 SIDE 1

BEE]
0 ALE ©

EH
SIE 2

. EHangle 3, side1, angle 1 Ft

TWO ANGLES AND THE
INCLUDED SIDE ARE KNOWN
This solution is also used as a
secondary solution to some of the
other routines, after the problem has
first been reduced to these three
known parts.

 

©
 

31230
 

nu SIDE 3
 

195801
 

1" ANGLE 3
 

531912
 

5 FRER
     EEEEE

E
E
E
E
E
E
E
R

239142 
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PROMPT KEYSTROKES OUTPUT
wa [WUT SIE |_| mmm@mmneEs
 |IHUT SIDE 2 EEO@@E@E

gc (INPUT AHGLE 2

5

0

[0

side1,side 2, angle 2 2

WO SIDES AND THE FOLLOWING
ANGLE KNOWN has two possible [13
solutions. When this configuration is used ,
both solutions may be output, The second |
solution will not necessarily show the parts
in the same order as the input.

®

@ (output vil
rion [commethesecond

solution option)
® SIE 1

SIDE = 0.6602 83%40

w ws) ALE ©
[US]ETE]

18 SIDE 2

EE) [38172

19 EE) ARLE 2

| [204058
2 SIE 3

EE|5745

2 ANGLE 3

522557 = oe
. &

Second Solution Output wm
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  Noto thathe outputs not n thosameorder as tha arginatInput,
 

 



 

PROMPT KEYSTROKES |OUTPUT side 1, angle 1, side 2
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

& [TPT SIDE 1

|

ENCITIEIEIEE TWO SIDES AND THE INCLUDED
a |[HFUT ANGLE |@@O@mmmE ANGLEKNOWN is resolved by finding

1 Es he third side, and then solving the
&[THFUT SIDE 2 [OOEEEED rangle as shown on the previous page,
° SI0E 1 lnree sides known.

5.740
™ MIGLE ©

[34.2818
El] wa [SIDE 2

ws [8.3640
7 WAI ANGLE 2

ws [36.1231
Ww wa SIE |

w9.6800_|
0) GE RHCLE |
= BA[59.1511
[0 oz AREA

A239

PROMPT KEYSTROKES OUTPUT

aa [IPT SIDE | EIDDE@EES

side 1, angle 1, angle 2 SE—

ONE SIDE AND THE TWO |s [INPUT RICE 2 |Q@EODEHEEE
FOLLOWING ANGLESKNOWN This [5 TOE 1
solution fist solves for the third angle.
The remainder of the triangle is solved as 2.745
Angle, Side, Angle to determine the

|

10 EA) [ANGLE 1

other missing sides. 84.2818
i 10E 2

w|5.3641
7 ANGLE 2

©a36.1230
© wa [SIE 3

6801
W @aANGLE 3

w|59.1912
Ts REA

wm[239142     
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Exorciso 7:
1 Solve the triangle

Side 1
Angle 1 [= Lee
Side 2

Anglo
Sides

Angled
Area

83

Solve the triangle

 

Side 1
Angle 1
Side 2

Angle 2
Side 3

Angle 3
Area

3. Solve the triangle

Side 1
Angle 1
Side 2

Angle 2
Side 3

Angle 3
Area
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Exercise 7(Contd):
4. Solve the triangle

Side 1
Angle 1
Side 2

Angle 2
Side 8

Angle 3
Area

 

52. Solve the triangle

Side 1
Angle 1
Side 2

Angle 2
Side 8

Angle 3
Area

 

6. Solve the triangle

Side 1
Angel [=
Side 2

Angle2 ©
Side 8 sf %

Angle 3
Area
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coordinate geometry

The backbone of Coordinate Geometry calculationsis the relationship
between coordinates with known values. Ifthe coordinates for one pointare
known the direction and distance to a second point allows calculation ofthe
new points coordinates, or if both points are kno, we can calculate the
direction and distance between them.

 

Bearings are input with quadrant codes and the quadrants are
numbered with the same system that has been used by Hewlett-Packard since
thefirst surveying programs for handheld HPs cameout.

  
The bearing and quadrant code are prompted for, and all input (and

output)is in Degrees,minutes and seconds (D.ms) format. After cach inputthe 2] key is stroked. Our
‘programming also includes the option to use azimuthsinstead of bearings... the azimuth is input (D.ms)
and the (8) Keyis stroked. These options are presented at the beginning of each COGO program, and
selected by your answer to the prompt, iZ= BRG=I, where you enter cither 0 (work in azimuth) or 1 (work
in bearings) and then stroke the key.

  

storing/recalling coordinates bypoint number
“A great advantage with the HP33s isthe ability to store and recall coordinates by point numbers.

Weused LBL P (for point) for the program that allows you to do both the storage and recalling. The
program uses the INPUT functions to promptfor the item needed. For instance,the traverse program will
prompt P? at the beginning,followed by the prompts for ? and E?, aftercach number is input you stroke:
A).Ifyou are using LBL as a stand-alone program for storing ofrecalling points, make sure Flag 10
is clear before starting. (after verifying the LN# you ean modify the program to automatically clear
Flag 10 by inserting theline CF 10 as newline 2).

 

‘That's easy, but what if you want to start with an already stored point? The point numberisinput,
but you stroke GZ] before stroking (], and the coordinates are recalled. The program sicps for LBL P
begin on page 9P.
PROGRAM: STORE OR RECALL POINTS
 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Clear Flag 10, Begin the program
: #1stored and prompts|2 i2a |p’ To store a point input the point# point # continue at step 3

®
 To recall a point input the point # as a

negativenumber i #is recalled andparentIf this optionis used the program will |. u one

 

 

       
2p? continuo from hero. Option 2a will programwil contse

bring upthe additional prompts at 3
and 4

3 [i input the north coordinate orth coord B51
fe? Input the east coordinate eastcoora Em |Prentprogamull

fjust using LBL P to Input points, [WORTH COORDINATE
5 siroke Bo view and check coordinates EAST COORDINATE
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Let's clear Flag 10(

 

EXAMPLE: STORE POINTS

 

ZIE@ ) and try an exampleofstoring points ...
Point #4, N= 502.27, E= 627.45 Point #5, N= 204.63, E= 424.56:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      
 
 

PROMPT INSTRUCTIONS KEYSTROKES ouTPUT
1 Clear Fiag 10, Begin the program

F? (The last used point wil be shown
nl in the register) hia Next prompt
0 (The last used north coordinate wil

5 |? be shown in the register) Input the |CYEICZICIZIZIED [Next prompt
now north coordinate
(The last used east coordinate wil£2 ¢ parent program will‘ be shown in the xregister)Input the EIDEEEi boshown inthexe antinue from here

: PR—— a
i Begin the program Emm

Pp (Thelast used point # will be shown Noxt prompt
ng in the xregister) SE 4.0000.

ur (The fastused noth coordinate wil
3 be shown in the xregiste)Input the |CA@EICIEICEIEE] [Next promt+ new north coordinate 502.2700

(The last used east coordinate wil
af be showninthe register) Input the AINAMEEEES [572er™

new east coordinate
5 View and check coordinates. = pstae

Okay, now letstry recalling thosesame pons...
PROMPT INSTRUCTIONS KEYSTROKES outPUT__|

. ior re 0,500 re progr ERED
Pp (Thelast used point # will be shown 502.2700

“ly in the register) BEE s27.4500
i Begin theprogram EOE

p? (The last used point will be shown 284.6300
“le in the xregister) OEE 424.5600

When LBL is being used as a subroutineby another program,traverse forinstance,you will be

 

traversing to the next point (which calculates the coordinates) and then prompted P? for the number to
store it under. Instead ofwriting down the coordinatesas you go you canjust continue with thetraverse,
noting the point numbers on your sketch, and then recall them later to note the coordinate values.
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let's talk about traverse types Joes may be tamed to the ft or toA traverse may be thought of as either a lg
“closed” or an “open” traverse. For use with this
program, a CLOSED traverse may be either oftwo _ /
types. What we will call the TypeA is similar to the
oneshown to the right. 9

  

Inthis type of traverse,the line from #1 to #2 5)
is usually a known line which is included in the «0
traverse. The two points used would be pat ofa,
property or monument line, and the basis ofbearings
‘would be the bearing (or azimuth) oftheline. This i)
type of traverse also closes back to the original point 2
of beginning, and allows the tuming of a closing 47
angle, whichis tumed at the first (and last) point,
foresighting the second point.

   
‘What we wil consider to be a Type B closed

traverse is one which begins at one known point and ju Begs dnd ends at. the sams pot of kno
ends at another knownpoint. Forthis type (previous TSHRUBEER Traverse
page) the basis of bearings usually obtained by
backsighting another known point.

  

Type 'B' Closed Traverse

sages may bo tome
ft or right.

 

   

  

 

     
rm —

)
Jaage5 po rtto
ng with 5 knows bearing, Gigsanon coda ud 9

An OPEN TRAVERSE is one which, while it may begin at a known point, does NOT close to
any point orline which allows adjustment of the traverse.

An OPEN TRAVERSE may also be considered as being an "unfinished"traverse, in that it could
later be used as a portion of a traverse which will be closed.

‘While an opentraverse can not be closed, the Type ‘B’ closed traverse can. When you get to the
end of the traverse, you can use the interfacing featuresof an inversing during a traverse program
(page 34) to calculate the distance and bearing from your end pointto the coordinates of the point it is
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trying to match. A closure routine is essentially useless in
his case,since it does not enclose an area (ever though one:
is calculated). The precision, in this case,is the total
distance traversed divided by the length of the emor of
closure.

Often the NCEEStest questions will require you to
calculate a small traverse before you can answer the
question, butthe question willbe to determine the precision
ofthe traverse or the area thetraverse encloses.

‘The precision ofa closed traverse can be calculated
by dividing the sum of the distances by the distance of the
closure error. Wehave included a ‘closure routine, LBL K,
which maybe used immediately after running the traverse
caloulations and will complete the needed information. It
caloulates the errorofclosure, area and precision.

The programming instructions begin below, and we

Does NOT dose to a poiofcom coordinates or a i with
toon arg

   
3

\... ay beGoo soni
An Open Traverse

  

have written them to includethe use of the closure routine as a part of doing the traverse. Following
that, we have proceeded to the inversing program. That program has been made flexible enough to

 interface with thetraverse, do indi
that you read through this whole group before beginning to input

idualinverses or to be used for inversing layoutties. We recommend
the programs, Then take a break on the

program input before tackling the interscctions. Program steps for LBL T begin on page 9P.

PROGRAM: TRAVERSE
 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 Begin the traverse program (EQ) (TM ERTER)

Selection Prompt
2 [32:9 BRG=1 [To work in Azimuth mode, input 0. To work (2) or CI), then

in Bearing/Quad mode input 1.

[To begin with an already storedpoint,input hows last
3(P? the point numberand press CZIEE) HELIER or #[DEE) oint # used

To skip this prompt,input # and press P
ali W starting from a new point,input the North |) shows last

coordinateof the beginning point. northing used

se If stating from a new point,input the East zg shows last
! coordinate of the beginning point. easting used     
 

(Continued on next page)
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PROGRAM: TRAVERSE (Contmedompee 29)
 

PROMPT INSTRUCTIONS KEYSTROKES ouTPUT
 

If Azimuth mode wasselected
AZIMUTH |Input the azimuth that defines the =

direction ofthe fist course.
&
 

or
 

If Bearing/Quad modewas selected (a)
6 [BEARING [Input the value of the bearing that defines E28)

the direction of thefirst course.
If Bearing/Quad mode wasselected (b)

6 [QUAD CODE Input the quadrant codeforthe bearing E21
that wasjust input.

 
 

 

THEN
 

7 [DISTAHCE [input the distanceforthis course.

 

(HNHHE. HHA

 

|EEEEE EEEE
 

8p? Input the point numberforthe point
 

 

Returns to the prompt for the direction
of the next course ( step 6 above)
 

Continuethroughthe remaining courses|
of the traverse, repeating steps 5 and 6,
until you havefinshed the calculations of
the coordinates backto the beginning      
 

Now you can run a traverse. Tests don'tusually ask you whatthe coordinates of a given
figure are, they want to know. the precision, or the area, or the error of closure. The next
‘program in this group gives you all of those and throwsin the sum ofthetraverseslogs too.

Calculate the traverse, closing back to the beginning point, then do the closure routine.

PROGRAM: TRAVERSE CLOSURE
 

 

 

 

 

 

 

 

     

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

7 Bogin the closure output ERE
5 CLOSE ERROR reminder prompt| EZ) DUEL

’ FROST 1¢_remindor prompt &31 PRECISION RATIO
0 RER_reminger prompt] G5) ®
Tn SIH DIST? reminder prompt FERIFETER DIST.

[When firished with the calulatons___|(€1 
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Example/Exercise 8: Calculate the coordinates for
points 2 through 6 in the figure to the right,then
calculate theerror of closure, precision and area.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      
 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

[Begin the traverse program XQ) (Deemm

(370 BRG=1

|

The example is in BearingiQuad soits

|

(1) (8)
easierto work in that mode

Pp? Input the beginning point number mo Next Prompt

iH? Input the North coordinate of the beginning| (2)()(0) ES) Next Prompt
point.

] Input the East coordinate of the beginning (E(@)(@) Next Prompt
point.

BEARING Input the value ofthe bearing that defines (DZ Next Prompt
thedirection ofthefirst course.

DUAD CODE [Input the quadrant codeforthe bearing (1) (®ZE) Next Prompt
that wasjust input.

DISTAHCE [Input the distance for this course. IO@EE =
679.4439

(75) =709.1380
& Input the point # to be used @ Next Prompt

BEARING Continue with the travarse, noting the (<EQ0) (K] ENTER)
coordinates as you go. Whenfinished,
calculate the closure information

1 N:400.0000'  E:600.0000

Check yourresults against these: N21°20'00" E 300.0000"
2 N:679.4439'  E:709.1380"

Closure Distance: 0.0191 $ 80°30'00"E 374.2000
27°2631" W 3 N:617.6831'  E:1078.2060"

Closure Azimuth: 332°2329" 825°30'00" W 179.5000"
Perimeter: 1308.5000' 4 N:455.6690'  E:1000.9293'

Area: 64666.2216 sq ft N65°18100" W 188.9000"
Precision: 68424.0051 5 N:534.6041'  E:829.3121"

§59°35'00" W 265.9000"
6 N:399.9831'  E:600.0089"
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inversing
Next to traversing, the most used program is probably inversing, referred to as the "reverse

solution” in some countries. There are several uses for inversing . . . as a stand-alone method of
determining the direction and distance between two pairs of coordinate values,to determine which way
0 go toward a known point as you are traversing, and of course, to stake out points from a known
control point and backsite: Weil take these one ata time, starting with just a "traverse by inverse"
program (LBL L,program steps begin on page 11P). Type in the program, which works like this:

PROGRAM: INVERSING
 

 

 

  

 

 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
T Begin the traverse by Inverse program BE CENTER)

Selection Prompt
BRG=1 [To work in Azimuth mod,input 0. Towork |CE1 or (I, then

in Bearing/Quad mode input 1
To begin with an already stored point, input
the point number and press GEA. Goto shows last

|p? step 6. For a now point input # and press| EEE Of #IEEY poink 4 eq
Wsigo tostep 4

ol 1 Staring fom a new poi, input the North zz Shows lest
? coordinate of the beginningpoint nothing used

if staring from a new poiInput the East shows ast
se coordinate ofthe beginning point. easing used

To Inverse to an already stored point, input
the point number and press CE, Go to showslast

sf? step . For a new point input # and pressVEE) OF #0 pinky ugeq
gotostep?.

le if staring from a new poi, input tis North 7 shows last
? coordinate of the begining point. nothingused

le staring from a now poi, input the East 7g shows last
coordinate ofthebeginning point easting used

% If Azimuth mode wasselected AZIHUTH

or
® If BearingiQuad mode wasselected BEARING
To f Boaring!Quad mode was selected QUAD CO0E
El DISTANCE

” HORTHING
13 EASTING

"
Relums to thestep 6 for input ofthe next

bp? point. Inverse wil be from the PREVIOUS
point     
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Example/Exercise 9:
In the example/excercise on page 31 we caleulated the coordinates for points 1 through 6, so we

can use those for an exercise by inversing around the points already stored. Work in azimuth and note
the azimuths and distances. Note that your answers will not be exactly the same as the traverse.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Ngmans
nat 5|isk

N40 E8932 5
1 ea 10009203 4

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

7 Begin the averse inverse program EIOE®
Seloction Prompt

2 [fi2=0 BRG=1 |To workin Azimuth made, input 0. Toworkin  |[L),then [EZS)
BearingQusd modeinput 1
Begining vith point number 1,svoke CED, Shows ast

3 Gotostep 8. DEAE point # used

inverse to #2, already sored poi, sroke 2) shows ast
sp? (EZ).Goto step 9b. DEE point # used

if staring fom anew pont, put the North coord ehows ast no
7 natsofthe beginningpoint, hing used
oe stag fom a now port input he Eat coord 7 Shows last

nats of ihebegining poi casing used
» f Bosring/Qusd mode was selected @& 21.1954
10 If Bearing/Quad mode wasselected |S] 1

i 299.9964

" 679.4439

= 709.1280
=

br Returns to the sep for mput of thenext point.
? inverse ibe fom the LAST pont      
 ‘Continue through the remainderofthe traverse, checking your answers with those on page 31.

Pages

 



A separate program (LBL X, below)let's you inverse to another (known) point while you are
traversing. The result is not saved, and does not affect the traverse in progress. For a stand-alone
program for staking out points,there is LBL S, program steps on page 11P, and the instruction set on
page 35. This program (LBL §) will outputthe direction and distance from the current traverse point.

another shortprogram to input

  
PROGRAM: INVERSING — USED DURING A TRAVERSE
 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT

1 To do aninverse duringa traverse,
set Flag 4 before beginning

2 |p? Input the point number. If tisis an or GZI# then
already stored point number, stoke
2) before [EZ] and goto step 5

3 [NORTHING [Input the North coordinate of the EE)
ending point.

4 [EASTING Input the Eastcoordinate ofthe
ending point.

5 ft Azimuth modo was selected G5) AZIMUTH
or

Sa If Bearing/Quad mode was BEARING
selected

® f Boaring/Quad mode was = QUAD CODE
selected

5 DISTANCE
7 wl NORTHINE
s @ ERSTING
9 [BEARING

|

Retums you to the traverse program
at the properprompt to continue with
the next traverse course        
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PROGRAM: STAKEOUT
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

  

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
Begin the stakeout routine RE(5)EER

7 |p? Input the point number to be used for the Instrument E41
position

3 Input the North coordinate of the instrument posiion_| E51
TE? Input the East coordinate ofthe instrumentposition 175)
5p? Input the point number to be used for the backsight

position
6 |i? Input the North coordinate of the backsight position G81
TE? Input the East coordinate of the backsight position EE] AZINUTH

DISTANCE
This 1s the azimuth to put Into the Instrument
while you sightthe backsite point. The distance
maybe used to check accuracy.

sp? Input the point numberto be used forthe position G21
you are staking out

5 (i? Input the North coordinate of the position you are
staking out

we? Input the East coordinate of the position you are IRZIHUTH
staking out DISTANCE

Ql takeout tho point
Returns you to step 8 for the next points Input     
 

Exercise 10:
Use the stakeout program to calculate the

stakeonttes to the lot and building comers in the
figure on the opposite page if the coordinates of
the control point are N 500.00 and E 1100.00.
Backsight N 702.89 and E 859.33. The coordinates
of the lot comers are: Southwest comer N
527.9300, E. 12140600; Southeast comer
N 504.6886, E 1307.2763 and the building comer
«coordinates are N 553.4100, E 1235.8721.

Backsight Az?
Distance and azimuth to the southwest Lot Corner

Distance and azimuth to thesoutheast Lot Comer

 
Distance and azimuth to the building corner
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intersection solutions
The solutionsto intersections problems are needed all of the time in surveying. Weuse an

intersection formula to find out where two lines cross, then make that pointthe new IP or lot comer. Or,
we need to know howfar a point is offset from

a

given line, and at what distance from the line's origin.

 

Next to justplain traversing,this

‘We'veincluded all of the normalsolutions,
the type being chosen as part ofthe input and then
worked by use of flags instead of using up four
separate lables plusonefor coordinate input. This
makes onelonger program, butis actually shorter
than the total of the other five needed the other
way.

The illustration to the right allows using

all four ofthe intersection types for trying out the
programming afteryou have input it. We have left
everything in the ‘bearing’ format, rather than refer
to ‘directions’ and distances, but you maywork in
cither azimuth or bearing for your input and output.

Input for the program begins with prompts
for the beginning and ending coordinate pairs, in
this case Ny, Ey and Ny, Ey ._ The point to be output
as the intersection will be Na, Bs forthe bearing-
bearing, bearing-distance and the distance-distance
solutions.

For all of the distanceloffset solutions, the
intersection point will be somewhere along ~the
bearing line from points 1 to 3, or that same line
‘produced past 3,shown as N6,B6, N7E7 and Na, Es.

The step-by-step program inputloutput instructions
begin on the next page. We've used the program keystroke
instructionsto solve some ofthe variousproblemsas shown
in the tableto theright, The user should solve the remaining
Bearing-Offsetproblems for practice.

‘This is a program where we suggest that you input
part ofit, takea break, then complete therest at a different
sittingto help reduce program inputerrors.
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’

the most used type ofcalculation in surveying.
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150.00 175.00

 

 

125.00 400.00

 

 

    To be caloulated
 

300.00 200.00

 

 

400.00 150.00 

 

 

To be calculated

 

 

To be caloulated

 

  of
~|

of
of

|
of
8

    To be calculated



PROGRAM: Intersections
 

 

 

 

 

 

 

 

 

 

 

 

  

 

  
 

 
  

  

PROMPT INSTRUCTIONS KEYSTROKES

|

ouTeuT
v Begin the inerseclion program Emam

Tis is the beginning pain, input the point
number and press CAVE]. Go to sep 4. yo shows fast

ap? For a now point input # and press PCIE) of #EIEED oon 4 used
and goto step 4.

. hows last
If starting from a new point,inputthe North °

sv coordinate ofthe begining point @ rortring

f starting from a new point, input the East Shows last
fe coordinate ofthe beginning point. asting used

Tris Is the nding point, input the point yr Shows last
4? number and press CEE] or EA. #EAEE or #EIEA pint used

- owsfastIf starting from a new point, input the North shows
sw Coordinateofthe endingpoint Lal rottingused
LE If tatingfrom a now point, input he East ze shows last

coordinate of the ending point. casting used
AZ=0 BRG=1 Selection Prompt

7 Toworicin Azimith mode, input 0. Toworkin (I, then
BearingiQuad mods input 1.

(AZ-R2=1 If Azi di imuth mode was selected osety, put (0,
[A ioNOTsalt this yp, NO

BRG-BRG=1 fBoaring/Quad modo wasselected put. Stk €5]
1imimode wasselected rosette pn pur C1,

® {oNOTsfcti iy, NO/QuadBLOT! if BoaringQuad modo was selected 1.

To select thistype, input (1),~ [To sslectthis type, input 1gc |DIST-DIST=1 to NOTselect this type, NOto NOT select this typo, NO Input. [120ete)
fi | 1Azimuth mode was selected A——_

a. {oNOTslctti iyo, NOet , |I¥BearingiQuad mode was selected |'sughe   
 

 

At this point you have input the beginning and ending coordinates, selected the type of input
(azimuth or bearing) and the type of intersection you wantto do. Separate instructions are given for each
type of i

 

rscetion solution (on the following pages),.as examples, and will use either azimuth or
put. If you chose a different inputthan that shown in the example, the only difference will be:

the prompis forthe directions. Output, in all cases will be thebearing (or azimuth) and distance from the
‘beginning point to the intersectionpoint, the coordinates of the intersection , then bearing (or azimuth)

anddistance to the ending point.
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PROGRAM:Intersections (continued) BEARING — BEARING Selected
 

Working the problem as an 
input example, use the figure be-
 low for the input.
 

 

 

 

 

 

 

 

e2 fo000
 This example uses the input

as bearing and quad codewith the
 ‘matching output.

 

    
 

PROGRAM:Intersections(continued) BEARING - DISTANGESelected
Again working the

problem as an input example,
use Azimuth for the input on
the figure below.

 
HR
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PROMPT KEYSTROKES OUTPUT

5a [BERING DEOL @
ow me |D@
10a [BERING ODOAEDDE

wwEF DE [

" Fam
b=

” wl 2554673
IE

" a3
=

" hat zn95
B=

"® © 24510
@ i

3
" 295130

@) Retums o he intersection
18 |P? program fornew calculations. To

leave the program stroke (C1

PROMPT KEYSTROKES OUTPUT

s [rim DRODDE EE

100 [DISTAVE DEEOE0EE fom
B=

" Ell
IE

” 37a

" rn
Fe

“ = 1471450

" Bsn  ton program for new cacula-
ions. To leave the program
stroke (€) (@5] Retums to theintersec-  
 

 



PROGRAM: Intersections (continued) DISTANCE - DISTANCESelected
 

 

 

 

 

 

 

 

 

 

 

 

‘Workingthe problem as an. PROMPT KEYSTROKES OUTPUT
input example, use the figure
below and select azimuth for the 9 [DISTRICE DEEDODEDE
directions.

10 DISTHEE apeono@e f.

7 b:” 46m
i

» = 68943
=

" 295
f=

* = 1471450
b=

. a [2505130
Returnsto the ntersec-

iodo ion program fonew calcula
ions. Toleave the program
stoke (1
 

NOTE: The last two types may have 2 possible solutions. Forthe 2nd solution in Bearing-Distance,
just reverse the direction of the bearing and re-run the calaulation. For the 2nd solution on the Distance-
Distance type, run it backwards.
PROGRAM:Intersections (continued) BEARING - OFFSETSelected
 For this one, we've

 

 

 

 

   
 

       
 

 

   
calculated the offsetto the second PROMPT KEYSTROKES OUTPUT

int as the le (Né, E6).
points the example (Ne, E6) o [rem DODODE @ (fy,

We're going to use the i
othertwo in the exercise. 10 = am

We
" © 147571

E
|] = B54

® = 05300
Sotp 0 tts

fx “ = -
Relurns to the intersec-ion program for newelo:

hs Pos onTecoropen  £2 10000
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calculating missing sides
It sometimes happensthat someofthe dimensions for a traverse(or deed) are missing. In

orderto solve for any missing part ofa traverse, wehave to first assumethat thetraverse closes,

becauseany part we calculate is based upon the information furnished by theotherparts, and will

only work on a closed figure. When wecalculate our answer, weareforcing a closure.

One side missing is the most obvious example ofsolving for “
missing part. Wehave everything exceptthe closing line.

I, using the traverse program, coordinates are put on each
of the known comers, it is a simple matter to obtain the missing,
side's length and direction by inversing from #4 to #1.

  
  
2

Adjacent missing Parts. It also happens that you are
‘missing TWO parts ofa traverse and need to simultaneously solve

for both parts. You can do this by reducing the traverse to a point *
where thedifference in latitudes and departures ofthe known parts
‘maybe used to solve the two missing sides. 23)

The illustration to the left shows the basic principles involved,
peed and we can use the formulas

feos 2)

 

These formulas solve for missing lengths of two adjacent sides,
and may also be re-written in the form

ppsLR0B) xl

A

)

‘When we have the sides and need to solve forthe missing bearings. IF you lookat these formulas,
you will notice that they are the formulas for doinga bearing-bearing and bearing-distance intersection.
‘Additional needed information, from that pc on, may be solved
through the use of the Law ofSines. The Law of Cosines is used for
solving distance-distance intersections.

Non-adjacentunknowns also occur. It may be that the missing
‘parts will fall on sides of the traverse which are not adjacent to cach
other. You can amive at a solution by re-arrangementofthe traverse.
For purposes of temporary coordinate values you can connect the sides
with known bearings AND distances together, making the missing
sides adjacent.

The first step is to ignore the unknown courses and connect up Ea
all of the courses with both known bearings and distances. Simply
rearrange the figure, leaving out the unknown sides.
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As you can see below, it doesn't matter which part goes where,the figure leaves one side which
‘maybe inversed.

5

Tiised ie il ytd the oan| besing nd datance, rgardins of A
contain x —

4 ¢ 1 hud ths gre

| °
—

£
£0

Calculate coordinates for the points in the rearranged figure and
inverse for

a

closure (above). Next,the inverseside, combined with the two

 

sides that contain unknowns, will form a figure like the one shown to the 3 &

right. This figure may now be solved as a triangle,or as an intersection 3

problem (in the case illustrated, use bearing-distance). 1

Oncethe unknowns are resolved,re-assemble the
calculate actual coordinates forthe angle points.

 

inal figure and

So, how would something

like

this happen in the fist place? Considerthe following exerpt from
a deed written about 50 yearsago, when allofthe propertiesin thearea were farm lands

 

... Thence, N 22°25’ E 342.67 feet to a point in that line commonto the
property now or formerly owned by George W. Brown, as shown in that
certain Grant Deed recorded May 16, 1923 in Book 243 of Official Records of
Bohunk County at page 22; thence along said common line 435.96 feet to the
most westerly line of the Smith property as shown in that certain Quitclaim
Deedrecorded September 24, 1940 in Book 136 of Official Recordsof Bohunk
County at page 200; thence, along last said westerly line S 47°22’ W to the
point ofbeginning, containing...

And there you have a not uncommon sourceofunknown lines. The distancealong Brown's line
is known butnotthe direction, and Smith's line has a direction but not a distance.

Whensolving a problem like this it's important to understand that the answers (as in the simple
inverse forclosure)are 2 “forced” solution, It is only as accurate as the other information that was used
to calculate it. The answer is not ‘real’ by any definition but is a solution based on the known
information. A look at Brown's deed mightgive a bearing for that line, but was written at a different
time and not necessarily based on the same basis of bearings. Without more information being known
there is no wayto check the answers.
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Exercise I

Using the figure shown to the right, solve for the unknowns,
then calculate and close the boundary.

1. Whats the bearing of line B-C?

2. Whats thedistancefor lint D-E?

3. Whatis the area of the enclosed property?

  

   4. Caloulate the coordinates for Lot 85,
shown to the left.

Pe# North Coordinate East Coordinate

wo Sq.Ft
6. Calculate the coordinates for point #6,

 

the B.C and E.C. ofthe curvein the figure to
the right. B.C. Sta=115+24.96

7 Radius =

  
Mid-Ordinate

Calculate the curve data for the curve
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curve to curve intersection

The intersection program will
calculate the intersection point along the
arcs oftwo curves when the two radii and
the point numbers ofthe radius points are
known. Use the Distance-Distance option,
with theradii being the two distances, to
solvethe problem.

Input is ALWAYS counter
clockwise, as seen from the intersection
point.

 

line to curve intersection

You need to know the radius ofthecurve, the coordinates
ofits radius point, a known coordinateat any location on the line,
and the direction oftheline.

Ifthe line pointis on the inside ofthe curve, thedirection
ofthe line is given toward the point of intersection that you want
to calculate... If outside the curve, it is often easiest to set a point
on linethat is inside the curve to avoid confusion.

Both of these problems can also be solved by calculation
as triangle problems, although the intersection is quicker.

 

slope staking
Surveyors tend to think ofslope staking as a trial-and-errorfield exercise, asit is done

in the field. Ona test it has to be generalized, and unless the illustration includes a grid at a
given scale 50 you can countthe squares fordistance and elevation, the quick way is to use the
interseotion program. They will have to give you a picture with all ofthe slopes, distances,
etc.to even formulate a problem.

Okay, turn the slopes into azimuths,
calculate the distance to thefar side ofthe v-
ditch, work theslopesto get an elevation for

that point.

Using the elevations as the north
coordinates and the distances as the cast
coordinates, calculate the intersection at the
catch point. Its just an azimuth-azimuth
intersection problem.

 

sz 5) ot

Page d3



trouble-shooting your programs
If you ae running a program and encounter an error

message, stop and stroke EXE] to go into program mode. The
calculator will have stopped at the point that is causing the
problem.

 

In the case shown, "MHEXISTENTwill indicate that you have a label missing . . . You didn’t
input a program that the calculator is looking for yet. DIVIE BY 8”would usually mean that an
equation or program slep is trying to divide by an empty register, and "INALID EM" tell you that
something is wrong with an equation, maybe an extra parentheses or a missing one. Correct the
error and try running the program again. If the program is correct, the LN and CK numbers (see
chart on page 44) should be the same as shown in the chart.

ed 10 take a break while programming, stroke (€) to leave program mode and
SJ to tum the calculator off. When you come back, tum the calculator back on

MEE to go into program mode. You willbe at the same place you left off
If yo

then stroke
and strok

  

 

 During a programming session you can go to any particular peg
step bystroking ENFERIE). This brings up a promptdisplay like
the one to theright. Type in thestep you want to go to (i.c. $027)
and when you go into program mode you will beatthat step.

  

 

 

answers10 the exercises
Exercise | (page 5)
L147°2423" 2.905315" 3. N40O718"E (az =40°0718") 4.582818" W (az = 262°58'18")

 

Exercise 2 (page 5,6)
LTA2 140C1831° 3.605438" 41173520" 5.809131" 6.S042046'E.
STOVE £23917" 9.9550 1037652 11.9994  12-17.1423

Exercise 3 (page 10)
1. BVCstation 13+50.00_ elevation 99.750
BVCstation 16+50_ clevation 98.25
2. Calculate the elevations for the following stations:

14420 100.74 14+50 100.92 15422 100.72 15+50 100.42 16+1099.32

3. Atwhat station willthe elevation 100.58 occur? 14+03.37 & 15+36.63

pointstation 14+70.00_ elevation 100.950

 

 

 

Exercise 4 (page 12)
1. BYC@ Station 12+05.56, Elevation BVC 124.11,

highpoint Station 14+27.78, clevation 126.33, EVC @ Station 16+05.56, Elevation 124.91

2 12400 12400 12450 12491 13400 _I2560__ 13+50_12606  14+00_12630

1445012631 1540012610 15+50_125.66_ 16+00_125.00
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Exercise 5 (page 15)

 

 

  

    
 

   

     
    

   
    

 

 

 

  

51023 2 Raus= 40000 3 Resius= 20000 4 Radiua= 1612745
2745725" Delta= 344459" Delta= 295621" Delta= 175716"
27.18 2260 Leugth= 1026 Length= 40001"
12607 12516 Tangent 513 Tangon 20007

TIMI Choa 73890 Chord 026" Chord = 0000"
538 Buomal= 1902 Extemal= 007 Extermal= L2@
1490 MéOunaio= 18.25 Mid Ornate 0.07 ¥dOriinat 124,

Soctor= qB519880  Sector= 1026000"
Sopment= 200360 Segment= 0450

Flle= 1sagi0 Riles 02300
Exercise § (page 18)

Rutue 025 msasec ow 2 Ram ao| mes ow oor
Sor? Dela=
Sos Length maw 3
Soar Tonge= mn
Toa Conte
Tamar Eur=
Tans Miorinte=

sy or ow
EL Era

aL
[Hd
TT

Bena aT
MidOndine = 7%

Exercise 7 (page 24)
LSidel 12163 2 Sidel 29.82 3 3ide1 15 4 Sidel 65467
Angle1 76 Angle 1 Angle FTE Angle 1 328
Side2 18360 Side2 29162 Side? 218380 Side2 1094502

Angle2 F723 Angle? SPI9TS" Angle? 3G1Z30 Anglez 3217007
Sided 19432 Sided 30374 Sided 252745 Sides 1220028

Angle 3 G&3129 Angled TBST Angle SPIT Angled GRIea”
Area 1083941 Area 343240 Area 10.0263 356.025

5 Sidel 18249 6 Sidel 3416
Angle 1 ToTO6 Angle1 BT
Side? 248057 Side2 381000

Angle 010 Angle2 4173756"
Sides 278020 Side3 88168

Angles G22" Angled SPIE
Area 7206965 Area G163048
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Exercise 10 (page 35)
Backsight Az? 310°07'54"

Distance and azimuth to the southwest Lot Corner

117.4298 76°1426"

Distance and azimuth to the southeast Lot Comer

207.3293 88°42'16"
Distance and azimuth to the building comer

 

145.9927 68°3226"
 

Exercise 11 (pags 42)
1. Whatisthe bearing of line B-C? _S$ 40°0817.6" E

2. What is the distance for line D-E? 199.0998   3. Whats the areaofthe enclosed property? 132.944.6772 sa ft

4. Calculate the coordinates for Lot 85,
shownto the left.
 

 

 

 

Pi#

|

Norh Coordinate

|

Bast Coordinate

2 552.9356 904.2714

3 605.0925 977.6177

4 517.8285 1039.7095      
5. Whatis the area ofLot 857

6577.70___ Sq.Ft.

 

6. Calculate the coordinates for point #6, the B.C
and EC. ofthe curve in the figure to theright.

 

 

 

 

 

 

 

 

 

7 Radiu 300
Delta= _37°4800"

Length = 197.92

Tangent = 102.71

194.35

17.10 § What is thestation at the intersection of the

1617 curve and line? 116+68.66

 



—Vertical Curves aud Grades
voel
Voo2
Ye03
Yoa4

Y005
yeas

¥807
Va08

veeg
velo
velit

velz2
vo13
void

vals
¥o16
ver?
vais
v819
Ya20
voz1
yoa2
yo23
vez4

¥825
vez
vez?
Va28
vez9
V030
va31
832
v833
Ya34
va35
vase
¥037
¥038
ve39
vedo
Vodi
va42

LBL V
XEQ 0010
SF18
BEG STA

$70 §
BEG ELEY

STO E
GRADE IH

STO 1
lz
GRADE OUT

0
$70 8
Fs? 1
GTO ¥036
THPUT STA

$70 §
RCL- R
RCL 1
100

x
RCL+ E
RCL §
2{)y
STOP
GTO Y024
ROL L
ENTER
RCL 0
RCL- 1
Cy
50

 

EEO
EEm
(EG) Thon stroke BCT)before sach aha Input
EEN©
mE

 

 

Va43 =
Yedd STO H
V845 RCL 1
V846 RCLX L
ved? RCL 1
V@48 RCL- 0
¥849 +
Y050 ENTER
¥851 RCL+ R
ves2 S10 §
¥853 RCL- R
ve54 160
¥as55 +
V656 ENTER
V657 ENTER
¥858 RCLX H
¥859 RCL+ 1
Veen x
Ye61 RCL+ E
¥e62 RCL §
V063 xOv
veed 8
Ya65 STO §
vo66 RE
¥867 STOP ES wo

stokeVoss INPUT STR entoe BE

V69 S710 S BEIGE)
¥070 GTO V053

  

  vezi RTH

—Elevation ~ Find Station
E001 LBL E EERE)
E002 STO H 0
E8683 RCL L
E804 x=07 £16)
E605 GTO E047 @@@D
E086 RCL 0
£007 RCL- 1 EDM
E008 100 m@E
E009 + ®
E@18 RCL: L Emo
EBLL STO Y EEOT
E812 RCL E EE
EBI3 RCL- H oe

EOL STOR (Continued on estpage)
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EO
EO
El
EO
EQ
EB;
EO;
EO:
El

  

BoE

 
Pogo 2P

Em
wee
©

@
GEUEIE
EEE)
EEE

 

 

—Vertical Intersections

Hoot
Heg2
003
Rood

Ho85
Ho06

Hoa?
Hees

HBBY
Holo
Hotl

Hotz
HO13
Hold -
Hots
Ho16

Hat?
Hots +
Ho19
He2e

Hoz1
HB22 +
Ho23
Ho24
Haas
Hoz6
Ho27
Ha28
Hez9
HO30
Hest
Hes2
He33
HB34 +
Ha3s
Hose
HO37
Hass
HO39
Ho4d
Ha4t

 

LBL H
REQ DO1G
SF 18
STA 1

§T0 T
ELEY |

$10 F
STR 2 [EGEhen stroke BELbefor cach alpha input
RCL- T ELEM
STOW
ELEY 2

RCL F
zy

 

STO I
GRADE IN

108

 

=
$10 1 Bea
GRADE OUT

108

870 0
RCL H
RCL 0
ENTER
RCL NW EDE
xy

 

RCL+
RCLX 0
RCL 1
RCL- 0

+=
RCL+ T
§T0
ENTER

 
(Continued onetpose)



Hod2
Ho43
Ha44

BLK  EDm
#07 En
RTH mae)

—Cireular Curves
co8l
c002
c83
ceed

£005
£006
£007
£668
£089
cole
coll
cei2
ca13
cad
C015
co1é
cel?
co18
cel9
cee
ce21
co22
C23
ca24

025
C026
ca2?7
£028
C829
£038
ce31
©a32

£033
0834
£635
£036
cas?
038

LBL C
REQ DB1O
SF 18
DELTA

CF 18
His
§T0 D
2207
SF 1
INPUT R
2207
SF 2
RCL D
RCL R
x
2207
oF 1
x07
CF 2
x20?

F§? 2
L180(rR)

F§? 2
ABS
F$? 2
§T0 D
2207
CF 2
FS? 1
Lx188+(nxD)

F521
ABS
F827 1
STO R
2207
CF 1   

£039
£040
co41

C042
£043
0044
£0435
0846
ca47
C048
©6849

£058
c851
£852
£053
£054
£655
£056
057
858

£059
£060
£061
C062
£863
0864
C065
£666

ce67
£068
C069
£070
cor!
£a72
073
card
£075
C076
cer?
£878
©0879

INPUT ©
Fs? 2
2XASINCC:
(Rx2))
F§?7 2
ABS
F8? 2
$70
2307
oF 2
F8? 1
C+(2xSIN
(0:2)
F$? 1
ABS
F§? 1
§T0 R
x20?
CF 1
IPUT T
F$? 2
ATANCT=RIX2

Fs? 2
ABS.
F§? 2
$70 D
#207
CF 2
Fs? 1
T+TAN(B.5%D)

F§2 1
ABS
FS? 1
STO R
2207
CF 1
CF 1
CF 2
ROL L
x#0?7
SF 1
RCL ©
x20?  (Continued on nestpage)
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cogs
081
£082
0083
0084
085

£086
£087
£088
£089
£698
cast

ce92
0093
894
£095
ca96

£097
£098
£899
cles
ciel Fs
C182

c163
clad
C105
cleg
cle?
cies

c189

c
o
o
o
o

Page AP.

SF 2
RCL
2307
SF 3
FS? 1
RXTAN(D:2)

F§2 1
ABS
F$2 1
$10
F§? 1
2XRX (SIN
(0:2)
F821
ABS
F721
§T0 C
RxDx(x:180)

Fs? 2
ABS
F§? 2
870 L

? 2
RXTARCD#2)

Fs? 2
ABS
F§? 2
§T0 T
FS? 3
RXDX(x:188)

FS? 3
ABS
FS? 3

  

sch ph
EEE
EE)
EIEEE
EIEN
EEE
inputas equation
(EGR) Then stroke (BT)beter cach sigha np
EEEE

 

  
 
 

I. rnC122 TAN) EmdeED
£123 F573 EEE

x
F$7 3 mmm
ABS we
£57 3 EEE
sT0 1 EE
RCL D
SHS
S70 1
VIEN ©
VIEN R
VIEN L
VIEN €
VIEN T
TXTAN(D:4)
ABS
STO E
VIEW E
RX(1-C08
(0:2)

ABS
STO 1H
VIEW
SF 1D
AREAS
PSE
x
RCL R

C150»
C151 x
£152 ROL D
£153 360 mE
£l5d = ©
C155 x ©
Ci56 STO § mE
157 0 ©
C158 «Oy = I.mn£159 SECTOR Eenste
C160 PSE mia
cigl STOP
ci62 ROL D Em
cigs 2 @
clad + @

(Continied on nestpage)



zy
FILLET

3 5

5 x=07

£199 x20?
£200 SF |
ceal Clx
£202 TAN-0S

£203 x20?
£204 SF 2
£285 Clx
£206 CHD-0S

T0P
4 HORE=0 STAKE=1

    

  
EGEthen stoke (CL)befor osc alpha input  

cea?
C208
£209
cate

call
c212
cals
cat4
c215

c216
c217
c218
c219
c220
cea
222
c223
c224
225

c226
c227
c228
c229
£230
c23l
£232
£233
0234
£235
236

ces?
238

£239
c248

ced1
c242
£243

C244
245

#40?
SF 3
Clx
OFFSET

$70 0
RCL+ R
RCL: R
§T0 K
BC STR

$70 8
RCL* L
STO H
RCL D
2

ROL: L
S10 F
SF 10
INPUT STA

RCL- B
$70 J
RCLX F
STO
SIN
RCLX R
2
X
$70 C
F§? 1
DEF ANGLE

F$2 2
TAN DIST

F$? 3
CHD DIST

CF 19
F821
HHS CR)

F§7 2
Kx(CxC0$
(RY)

 

BEDE
ERhen srobefor each alpha pet
EIEDE)

 

befor oach alpha input
EDE®
[El]

 

[E—mosacph oot
BEmem
ammo
EEmensoto

 

(Continaed ones page)
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C246
c247

24s
C249
£250
C251
£252
c253

£254
£255

£256
£257

£258
£259
C268

c261
c262

C263
C264

£265
C266
©267
C268
£269

F873
KxCxC0S(
(0:2)-A)

8
xy
STOP
SF 18
F821
CHORD

F§? 2
OFFSET

F$? 3
OFFSET

CF 10
F§? 1
Kx(2xRXSIN
(R))
F$22
Kx(CXSIN
(A)
F8? 3
KxCxSIN
((D:2)-R)
0
{vy
STOP
GTO C224
RTH

  

—Triangle Solutions
Geel LBL G
6002 XEQ DOO
GAO3 CF 4
6084 SF 16
G05 TYPE SELECTION

886 PSE
6667 CLx
6008 51-52-53

6089 #8?
Gal SF 1
6811 CL

Page 6F  

or C034
aycone ep35
E=)

 

 
 

A3-81-A1

220?
SF 2
Clx
S1-At-A2

x20?
SF 3
lx
S1-A1-82

x0?
SF 4
Clx
§1-52-A2

2207
SF 0
SF 10
Fs2 1
REQ G227
F§? 3
REQ C227
F§?7 4
REQ 6227
Fs? a
KEQ C227
F872 1
S10 D
F§? 3
$10 0
Fs? 4
$70 D
Fs? 0
810 D
F8? 2
REQ G.
F§2 2
S101
F821
REQ G,
F§? 1
$10 F
F§? 2
REQ G227
F8? 2

 

EE hen stoke BLbeforooch pha input

ECE)
Emm
BED
EEE
EYED
EEIEm
BEDE
EEREE
CED
@@

  



6055
6056
6057
6058
6059
6060
6061
6062
6063
6064
6065
6866
6067
6068
6069

6070
671
6o72
6073
6o74
6075
676
6o77

678
6879
6088
6081
6082
6083
6O84
6085

6086
6087
6088
6089
6698

6891
6092
6893
6094
6095

870 D
Fs? 3
REQ G229
F§?
$70 E
F$? 4
REQ G229
F$? 4
STO E
F§72 0
REQ G231
Fs? 8
S10
F$? 1
INPUT SIDE 3

Fs? 1
STO H
F§? 2
REQ G229
F$2 2
STO E
F§? 3
INPUT ANGLE 2

Fs? 3
S70 6
F§? 4
REQ G231
F§?
$10 F
F$?
INPUT ANGLE 2

F$2 8
570 6
CF 10
F§? 3
180- (HISCE) +
HHS (6))
F573
HHS
Fs? 3
ST0 1
F$? 3

  
6096
6097
6098
6699
Glee

cial
6162
6163
c1o4
6105
6106

61o7
6108
6109
6110
Gil
G12
Gl13
Gl1d

C115
G16
ol?
G18
6119
Gl2e

cl21
6122
6123
Gi24

6125
6126

Gl28
G29
C130
6131

SF 2
F$? 8
OF 3

hide DIX(SIN inputs 1 equaASTHCCFD)X puto equator
CHHS3(60) EmoniteED

Fs? 0 Em
hls
$70
ST0 1
F$? 0
180- CHS(1)
+Hil$3 (6)
F$? 0
HHS
Fs? 9
570 E
F§? 8
SF 2
$22
180- CANS (1)
+HHS3 CE)
F$? 2
His
Fs? 2
$70 6
FS? 2
DX(SINCHHS (1)
(STHCHNS(6)

   

as 1equation
Theniri (ECTinput  

F8? 2
STO F
Fs? 2
DX(COSCHHS
(1)
Fs? 2
FX(COSCHHS*
(6)))
F872
+
£57 2
STO H
FS? 4

 



6132

6133
6134
6135
6136

6137
6138
6139
Gl4o
Gl4t
Gl42

C143
Gl44
C145
G46

6147
6148
6149
cise

6151
Gl52
6153
C154
6155
C156

C157
6158
6159
C160
G61
6162
6163
G64
6165
6166

G167

Page 8P

2% (DXFIX(C0S
CHHS3(E)))
FS? 4
$10 T
F8? 4
SORT(SQ(DI +50
(F)=T)
F§?
STO H
SF 1
SF 4
F$2 1
(D+F+H) 22

F$2 1
STOW
F8? 1
SORTCC(HX CH
F):(DxH)))

Fs? 1
810
Fs? 1
2%ACOS(T)

[ON
SHS
F§7 1
S10 1
FS? 1
ACOSCSORT CCH
Qhi-D)+
(Fx)
F§7 1
2
F§7 1
x
FS? 1
SHS
FS? 1
570 G
F§? |
180-CHHSH (1)
+HS3 (6)
£57 1  

 
 

HHS
F821
S10 E
oF 1
SF 18 =

Set Eng
RCL D EDD
STOP

    

mele 1 En
RCL E
STOP
SIDE 2

RCL F
STOP
ANGLE 2

RCL ©
§T0P
SIDE 3

RCL H
STOP
ANGLE 8

RCL 1
STOP
CF 18
B.5x(DXHXSIN
CHIS2¢1)))

S70 A
SF 10
AREA

RCL A
STOP
Fs? 9
REQ 6202
GT0 6O81
RTH
2HD SOLUTION

 

befor ach pha input

CF 108
180-CHHSH(1))

 



  
£205 RCL © POs G10 F013 CRm@mm®
£206 STO E P006 RCL P
£207 Ri bois SH 0 mim
6208 HHS pa0s [PUT N EWEEIE
£209 S10 6 P89 INPUT E ENCE
200 RCL F POL HE) EHEI
czil $100 POLL STDC) EEOC)
6212 180+ (HNSH(E) Pol2 RIN Ene

+1846) [A
6213 2HHs
5214 S70 1 5H
6215 SINCHNSH C1) P01?
6216 SUNCHNSH (6) me
6217 +
6218 RCLX D bac
£219 570 F BEDE ne
£220 DX(COSCHNS?  inputes  guadon

(1) (EG Then stroke BC) P23patos achahi poo
6221 Fx(COSCHHSS petwo) $035

 

   

©) [
wz 1 & ne
6223 STOW =
Ged OF0 Poze LL El tr
622s C10 6172 bogy sto EEC)
c226 RTH
6227 INPUT SIDE | Bae a5
6228 RTH
6229 INPUT ANGLE 1 —Traversem————————

6230 RTH 001 LBL T mEam
6231 THPUT SIDE 2 1002 KEG DOI HEOEI@ITE@
£232 RTH 1003 SF19 @mmEm
(233 INPUT ANGLE3 T004 Az=0 BRG=1 EOMmerdokoHCO

0 fiiwon am wa §
~~Point Storage and Recall ————— et i ty BEE

PO0I LBLP sme 1009 EQ POO! CEID@@M
O02 INPUT P EEE oi fo i mn

hos Xb 2a Taiz 570 0 mEPO84 20? @mm (Conteedonnctpoge

Page OF



HHS)
DISTANCE

S70 0
§T0+ §
CF 18
KEQ TOSI
2{dy
§T0 L
STO+ H
#(Oy
$10 0
ST0+ E
RCL L
RCL 0

T038 2

RELY
x
+
ST0+ G
RCL 0
STO+ If
VIEW H
VIEW E
REQ PO26
GTO TO17
RTH
20
SIN
20
LAST
0s
#(dy   

ne)
EEIDE)
EERDEOO
EIDEE@
E
EDD
EEDEE
=
EEC
EENBE
jue}
EE
@

 

1058 xOy
1059 LASTx
1060 x
T061 RTH
T6862 4
1863 x
Teed +
1065
Ta66
1067
1068
T0869
1078
1071
072
—Traverse Closure
Kael LBL K
kea2 RCL N
Kees RCL- Y
Kegd RCL E
Kees RCL- 0
K806 KEQ TO6Z
Kae? S70 D
K008 2()v
Koay 188
Kei +

360Keil
Ka12 RHOR
Kei3 sT0 A
Kat4 Fs? 2

REQ ABBYKa1§
Ke16 CLOSE ERROR

PSEKat?
Kel8 Fs? 2
Ka19 VIEW B
Ke20 Fs? 2
Ke21 VIEW @
Ke22 RCL Z
K023 x=0?
Ka24 VIEW A
K25 VIEW D
Ke26 RCL §
Kear RCL: D Ke2g S70 R

 

=)

  

=)
&

Joa]
@
@
=e
EEE

EAE
CEIE@EE

 

EE
EOE
EHO
EEDE
Continentpz



ke29

Ke3e
Kast
Ke32
Ke33
Ko34
Ka3s

Kase
Kos?
ke3s

Ka39
Kode
Kadi
Kad2
Kod3
—Stakeout
5001
$002
$003
$004
5005
$006
$007
5008
5009
8010
soll
so12
8013
$014
$015
8016
S017
$018
$019
5020
$021
§022
$023
$024
§025 STI
8026
s27
8028

PRCSH RATIO

PSE
VIEW R
RCL ©
ABS
$10 A
AREA

PSE
VIEW A
SUM H DIST

PSE
VIEW §
CF 2
CLSTK
RTH

LBL §
KEQ DOLL
CF 18
REQ POG
RCL I
STO H
RCL E
$10 1
REQ POO
RCL H
$10

    

 

EEE
 —Intersections
1e01
1082
1803
1004
1005
1006
1067

Li
XEQ DOLL
SF 1
SF 3
SF 18
REQ LB27
CF 18   

EERE
EE
EAR

A2=0 BRG=1

$10 2

GTO LB1L
RTH
 

LBL 1
XEQ DOLD
CF 4
CF 8
CF 10
REQ POOL
RCL NH  (Continued an nest pose)
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1808

1023
1824
1025
1626
1627

1028
1029
1030
10831
1032
1033
1034
1035

1036
1037

1038
1039
1040
1841
1842

1043
1044

1045
1046
1847
1048

16849
1856

§10 2
Clx
F$? 6
Az-Az=1

F§2 2
BRG-BRG=1

2207
SF 1
olx
F8? 6
AZ-pIST=1

F§? 2
BRG-DIST=1

%#07
SF 3
Clx
DIST-DIST=1

x07
SF 4

Poge 129

 

EEE
EDEO@DD
EDE
EEN

 [E008(1EEmE

1851
1052
1653

1054
1855

1856
1057
1058
1059
1060
1061
1862
1063
1064
1065
1066
1067
1068
1069
1070
1671
1e72
1073
1074
1075
1076
16877
1878
1679

1080
1081
1682
1083
1684

1085
1086
1087
1088
1089 1090

Clx
FS? 6
AZ-08=1

Fs? 2
BRG-03=1

2207
SF 0
Clz
F$2 8
REQ 1139
F821
XEQ 1139
F$? 3
REQ 1139
$70 C
+HHS
ST0 A
RCL T
RCL- C
$10 ¢
90
STO H
+
180

+e
§T0 K
F§? 4
DISTANCE

Fs? 4
$70 0
CF 16
Fs? 9
SXSINCY)

Fs? 8
STO
SF 16
F$2 1
REQ 1139
F821

 

ERODE
EEC
@=E
BEDE
Em
EEE
EEE
mE
EEE

mE

@
EEE
EmEREE

 
Connie on next pager



1091
1092
1893

1694
1895
1896
1097

1098
1899

$10 P
£8? 3
DISTANCE

F§?
§T0
F$?
DISTANCE

F§? 4
$10 6
CF 10
Fs? 0
XEQ 1184
F821
XEQ 1177
F$? 3
REQ 1168
F$? 4
REQ 1157
RCL C
RCL D

$10
REQ 1146

 

  

  

 

ENE
EE@
E20
GEIMEEI
EWEDD)
=
mE@

DED

 

 

Eo  

  
F§? 2
VIEW 8
F§? 2
VIEW ©
RTH
$0¢5)+SQ(D)-
8006)
2x8xD

    

 

  
  
   

Acos
§70
RCL T
RCL V
$10 C
HHS
§T0 fA
RTH
(8xSIN(¥I*2

STON
$0¢6)

§TO L
SxCOSCY)

   

 

      



  

1173 SQRT(L-M) (EQ) Then stroke (KCL)befor oach alpha inp
ne + @
1175 870 0 EEE
1176 RTH ENED
ee p-1 EH) Thenstroke [EELbelong alpha input
1178 S10 K BEDE
1179 180-(K+Y)  EGHIhonstoke GD)beloro each apha input
1188 STO H ENEDE

   

  

1181
SINCH)
$10 D
RTH
SxSINCY)

S10 6
SxCOSCY)

§T0 0
RTH

(EGE hen stoke BC

 

Maintenance (setting/clearing coordinate registers)
The short program to the ight, 2001

whenexecuted, will set coordinate storage. 72
ters one through 150 as coordinate 750
rs. Tt may also bo run whenever you 5,0

want 10 clear all of the curently stored
coordinates. LN =42. ae

You may set a differnt quantity of 7577
registers (instead of 150) by changinthe
control numberat step Z00d. For instance, 2008
ifyou use the number 200.01, will setup 2089
200 registers for coordinate storage. 2016

  

Partially clearing Registers

LBL Z
[8,8]
870 K
150.009
870 J
RCL K
ST0()
DSE J
GT0 2006
RTH

 

QEEI0LO®
EC

 

Again, looking at the control number at step 2804, assume that you have 45 or so used
coordinate registers and you want to clear all but numbers 1-15 because they are the basic Control
Points for your projec that you will be usingagain tomorrow.

Use the number 150.01501. This meansthe highest register is 150, you want to stop clearing at
15 (015 because itrequires three digits) and you ae decremening by 1 (01 because it requires two
digit). The progrem will now clear onlyregisters sbove 15 and below 151.

Page 14



LBL| page

|

LN CK* REGISTERS USED
i]

2 |73 [152

95 |EE29

3p |1209 [3262

4,6 |80 [1927
1p |188 |749E

6P |1295 [D515

op |177 [F562
786 [0599
171 |3RFC

118 [4832

9p |116 |4CSF

84 [7813

op |246 |9936

1p |279 [6025
34 |93 |IEBE

14P |41 |DC26

 

“In the earliest release of the HP35s calculators the checksums are not always the same in different
calculators. For this book we will give the LN and checksum numbers, but you should not rely on
the checksums to agree.
IF you have the right LN number and the program seems to work, you are probably correct in
your input, however you can have the correct LN number and stil have an error in a line such as
STO A whenit should have been STO B. At the time ofthis THIRD PRINTING we still do not
knowifthe checksum problem has been fixed in the calculatorsyet,
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