s
G124

G123
G126

Gl127

G129
G138
G131
G132

G133
G134

G135
I G136

G137
(138
G139
G148
G141
G142

G143
G144
G145
G146

G147
G148
G149
G158

G151
G152
G133
6154
6153
G156

Dx{COSTHHS
{133}
F§7 2
Fx{COS{HHS
{G)))
F§7 2

G128 +

F57 2
STO H
F§? 4
2X{DXF
{HHS ¢
F§? 4
ST0 T
F§5? 4
SQRT{SA{D}+50
{Fi-T)

F57 4

5T0 H

SF 1

SF 4

F§? 1
(D+F+H) =2

F§?7 1

ST0 W

F5? 1

SORTE{ {HxX{H-
Fiy={DxH})
F5? 1

8T0 1T

F§? 1
2XACOSL{T)

F§? 1

FHHS

F§7 1

8T0 1

F§7 1
ACOS{SART{ (Hx
{(H-D))x

yR{C0S
E}))

e [P 70N

ﬂ.'pul‘ as 1 equation
[EQNIThen stroke [REL]
befom each apha input
BE=CA(

input as 1

[EGH]Thar
befors eac

ECE1(
B0
=) ECL
il
input as 1|, § (5=

[EQ7he.l:

before eac
ENC(
[ BCL ] s
B0

input as 1)'§ k

EaM el T
bafors ead

--[

(&= RELI[F]
=00
inpat as 1 equation

[EGH]Then stroke [REL)
before each apha input

B (E0)
BEDD §
B =M

(EGM Then stroke [EEL]
before each ajpha npul

ECE0M
=ElE]
EC=IEm
[E]ECEIED
ECA1EIm
i.'upu‘tas 1 aguation

[EGHThen stroke [RCL]
béfore each gibhs inout
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TECHNICAL ASSISTANCE -
The program material, instructions and procedures contained in this book assume that the user
has & working knowledge of both surveying and the general operation of the Hewlett-Packard 33s
caleulators, as well a3 a working familiarity with the fundamentals of surveying calculations.

Technical assistance is limited to verification of the results shown in the various examples used
in the Owner’s Manual for this product, and is available only to those with registersd copies of
this product.

1
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 or pricing from time to time as we see 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). Copyright infringers may also be subjeet to civil liability.
No express or implied warranty is made by D'Zign or the author with regard 1o the procedures and program maleriol
offered or their merchantability or their fimess for any particalar purpose. The precedures and program material are
made availahle solely on an “s-is" basie, and the entire risk as to their quality and performance ia with the user.
Sheuld the procedures or peogram material prove defective, the user {and nat I¥Zigin. nor any other party) shell bear
any and all cost of all necessary correetion and all incidental or consequential damages, D'Zign andlor the aulhor
shall not be liable for any incidental or consequentinl damages in connection with or arising out of the firmishing, use,
or performance of the keystroke procedures or program material.
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Describing a book is usually easy . . . in this case it's a little more difficult because it isn't just one
kind of book. The intent is for this manual to be an instruction manual on programming your HP33s
calculator, a book of programs for the caleulator, a review course on surveying and enginecring

calculations, and a workbook. It's alse a Third Printing. =rﬂ
i y ‘ HP 353 "
First, let's look at the calculator. What you have SConiic Cletaor | (0]

is the result of 35 years of development by Hewlett
Packard in the field of scientific calculators.

The first HP35, in 1972, was an absolute
engineering marvel to engineers and surveyors.. . it had
the trigonometric functions built right in. Appendix G in
your calculator’s manual took 17'4 pages just to list the
programmable functions in the HP35s. You can (should)
use Appendix G as a quick reference to the keystrokes
used to access each function as you write your programs.

-

In the first row, the R/S key is used when you are
running a progeam, or 310P 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, ¥?y %70, These have menus
for inputting the tests for whether or not #'s relationship
toy or 0. There are 6 options for each. The use of RCL
and STO should be obvious, as should be the shifted
functions of the 8 key.

The lefi-shifted up-scroll key is FLAGS and has
a menu for clearing, setting or testing various flags. The
shift keys access the extended functions of another key,
and the EQIN key you will probably leam to hate.

Why? Because the calculator allows us to use user-
defined prompts for input rather than just the built-in prompts,
and these prompts require that you stroke the RCL key before

AOOL LBL A (ENEEDE
RB6Z SF 18 END@DMEE

i ABE3. ARZINUTH. [EH)Then stroke
each alpha letter you use in the prompt. e o I

Let's start programming B84 RS =

Looking at the partial program (sbove right) all programs start with a LABEL. Step A003 is
typical of a prompt, and it is input just like 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. The instruction is also
typical of the way we write an equation or prompt instruction in our keystroke examples. The actual
keystrokes, in this example, are:

N (D () D () F (O D (D ED DETD ) and then EHIER] to complete the step.

If a prompt requires a space as separator between words, the space key s the right-shifted 0
(zero) 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 each of the programs in this book, but if
you don't bother reading the User's Guide that came with your calculator past the "how to insert the
batteries" and "turning the calculator en™ parts, at least look through chapters 13 and 14 to 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 performs azimuth-to-bearing caleulations for you.

input your first program-subrointine

This is the first program you will input, and it will be used both as a stand-alone program and as
a subroutine to several other programs later. All of these programs work in RPN and Degree mode.
Make sure that you are in the proper mode before beginning by stroking EIEEIGE(T]. Start at
Program Top by stroking [ETS1CI] and then EEI[EE), to input the program steps in the order shown.
The step numbers and instruetions should look like the ones shown.

In step ABE2, takes you to the flags A@8H] LBL A
menu and (0] selects Sst Flag. Stroking (=1 will ABEZ SF 19 EOamE
awtomatically insert a 1, and stroking (&) completes the AR5 AZINUTH EGH) Then stroke (D

line. Input for stepPBE3 was explained on page 1. R004 : ach alpha input
In step A333, the ARG menu is accessed by RGBS EHTER

stroking [EA][TAH]. IP is the sixth item in the menu, AABE ENTER ERTER]

but instead of serolling down to select it, just stroke (&1, ABA7 o6 @0
o fAog - @
0 ABag Ip EERE)
el ABlD 1 @
aiis | ot Apil + E3]
o . RBiZ STO @
qus | omdi2 RE13 R} ED
AAld ENTER (ERTEE]
AB1s SIH EH
Diractions by Azlmuths Disections by Bearings Rale ASIH [EEH
RAL7 RBS
RE1E +HMS

In the U.S. azimuths are defined as the angle -
to the right from north, and range from 0° to 360°and  A919 5T0 B (= ECLI(E]
bearings are defined by their quadrant, fom 0°to 90°, A828 RCL @

Rgal RTH EER)

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

calculation!

PROGRAM: AZIMUTH TO BEARING/QUADRANT CODE

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
(XEQ] [A] (ENTER)

AZIKUTH  |Input the Azimuth (D.ms) BEARING {D.ms)

64060 AUAD CODE

Page 2



ALL of the programs in this manual, use Degrees, Minutes and Seconds (DMS) for input and output.
The second most common error in doing angle or bearing calculations is forgetting to change to or from
degrees to decimal (or back) during keyboard calculations. We've reduced your chance of minor errors

already, by taking out the need for this conversion.

With the program campleted, try the example below.
EXAMPLE: CHANGE THE AZIMUTH, 125°23'16", TO BEARING AND QUADRANT CODE

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
Eidel
Input the Azimuth (D. OEEOEREMEED |74.3644 (D.ms)
AZIKUTH  |ms) 200686

If it didn't 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, or there is an easier {and more accurate) way to

check the program steps.

Each program has a specific size, measured
by it's length, and a checksum. There is a complete
chart en page 14P of the length (LN value) and
checksum® (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 list of programs.

At this point you should see stroke
and hold down [ERNTER] toshow [ 833 |

*In the earliest release of the HP33s calculators the
¢hecksums 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
checksuims (o agree.

input your second program-subrontine

We've put in one program so far, and checked
(or edited) it until it has the correct LN number, so this
one should program faster. It has two prompts, the
first for the bearing (has to be between 0° and 90°),
the second for the quadrant code (see illustration on
page 2).

Input the program. When you are finished,
check it by stroking B8 [2] to open the list of
programs, scroll to LBL B. You should have:

O

If you got the right number, you're done, but
you need to run some practice examples with it.

BOG1
He
BEe3

Boad
BAA3

Bage
Baa?
EnG3
Baa9
Boid
BAtl
B2
B3
B4
BA1S
BALE
E@17
B618
BB19
Ba26
Bozl
Baz2
BOZ23
BBZd
BO23
BBze

LBL B
5F 18
BERRING

5T0 B
AUAD CODE

370 @
iy

Hitg+

#{0y
ENTER
ENTER

IP

T
+DEG
%

oy
LAST=
1

Cos
Rt

b4
+HiHS
RTH

EFEE]
@

Then stroke EED
before each afpha input
=) EEL (E]

[EGH] Then stroke
before sach alpha input
EDE)

&=

[ENTER]
[ERTER)
@
I
EERE
e (s
mEm
ca

E=3)
(FE3) (ERNTER)
=
EE
E3)

=
mEmE
EEY)
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If you didn't get the right LN, the problem is in one of the steps. Check for an extra line or a
missing line first. Stroke [GIG)(A](ENTER]), then enter program mode (stroke 8 EB)) and scroll through
the program. You will be working on the program line that is in the X-register (the bottom one); it is an
extra step 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 it in the X-register then
type in the new step. When you're finished, do NOT forget to leave program mode by stroking (€], then
try the program again.

PROGRAM: BEARING/QUADRANT CODE TO AZIMUTH

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
(REG]) (B (ENTEED
REARIHG Input the Bearing (D.ms) B/S
QUAD CODE |Input the Quadrant Code RZINUTH (D.ms)
EXAMPLE: CHANGE THE BEARING, XEQ]
N 2572316 W, TO AN AZIMUTH

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
BERRING Input the Bearing (D.ms} AEROEAEOEES
QUAD CODE |Input the Quadrant Code [ 334.3644

You will have noted that the response to a prompt in this calculator does not require that you
ENTER the input. You stroke the [®%] key instead, to tell the program that input is complete and the
program should continue.

While that example (above) answer is still in the X-register, try this; stroke XEQJ(AJ[0](2}(2]). That
should turn your last answer back into a bearing/quad. The HP35s caleulator allows us to execute a particular
program step anywhere in program memory as long as we know the address of that step. What we've 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.

fnput your thivd program-subroutine -
We'll add the short program (right) to our collection (it adds and ggg‘li' LE]:; D @
L X ¥

subtracts in D.ms). This one iz different from the first two. In those,

you executed the programs and they prompted for input. In this one, you DAB3 HHS+ ENE

input the numbers first and then execute the program. There are no DER4 x{)y =2
pBBS S+ @EME

prompts
DAAG 2 (dy
INSTRUCTIONS KEYSTROKES | OUTPUT | paa7 4
Input the 1st angle or azimuth (D.ms) | ENTER) DEAS 2HMHS

Input the 2nd angle or azimuth (D.ms) | CEG)(EMERTER) (DIFFERENCE | DABI RTH
{to subtract, first stroke GZJ) OR SUM

Start at the top of program memory by stroking BT[] and then to begin input,
You should end up withLH=27, as shown in the chart on page 14P.
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There are several ways to work this example, for instance you could
change both bearings to azimuths and subtract them . . . but that iz the angle
from 8 23°1544" E to N 17°22'41" W, so you would have to subtract that
answer from 360°. You could change the SE bearing to an azimuth and add

the N'W 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 keysirokes and a
better chance to actually look at the problem before we complicate it).

" _\hﬂ"ﬁ N

EXAMPLE:
WHAT IS THE ANGLE BETWEEN _
N 47°22'41° W AND S 23°15'44" E7 |CEQ(EDENIER]
INSTRUCTIONS KEYSTROKES OUTPUT
Get the angle between North and | )@@ [ERTER}
S23°1544"E AEOOEERDE
(FEG) [C)[ENTER] 156.4416
Add the other angle MAOGEREDE D FED DIEER [174.0657

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

functions.

To change D.ms to decimal stroke X[ to change decimal to D.ms stroke (EI1(E). When you
use the programs, none of this is necessary because it's done for you and you only work in D.ms.

Exercise 1 ((do the first two longhand, then complete the exercise with the programs)
The answer key for the exercises is in the back of the book, beginning on page 44

1. Add the angles, 28°156'34", 102°52'41", and 16°16'08" ans'

= 82 ®

Add the angle, 102°62'41", to a bearing of N 62°45'23" W ans
Subtract 88°15'69" from a bearing of N 01°14'17" E  ans

Subtract 28°15'34 from 102°62'41", then add 16°16'08" ans:

Exercise 2 (do #s 1, 8 5 and 6 longhand, then complete the exercise with the programg) Caleulate

the angles indicated

i o
i
8 gu!ﬂ' "

1. ans’ 2. ans’

Caontfaned on fhe next page
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Calculate the azimuth or bearing as indicated

@5%?13@
6. az’ 8. az’
What are the answers to the following
9, Cosine 17°1523" 10. Tangent 104°5225" 11. Sine 92°00°10

12. Find the Sine of 197°14'23", then find the arcsine of the answer and change it back to D.ms.

editing a program paB9 RTH

We're going to go back and edit the last program, [DHEIH CLYARS EEEIE
LBL D, adding a subroutine to the bottom of it. This [@{]1 [F & e ~Z10E1
subroutine will be used in future programming to clear left- DE{2 (F | L= Y 3 | |
over parbage from previous programs. bA13 CF 2 EAZE
_ bil4 CF 3 AEE
On the caleulator, stroke [ECIEIOIEIE] and DH1S F57 4 EADE

then [FA)[EE] to enter program mode. You should sze: D16 4 ' &
it s SEe

o om 1 =] K BN A
ﬂgggg aHiS ]l DI19 2287 EECEM

Pzl 5F 4 m@
Type in the new steps DA18 through D826, using the gg%é EIJ:: E %%

keystrokes shown at the right. (note that we show the face DE?3 B

value of the keys instead of the function, When you are m—

done, exit program mode and check the LN number for be24 5T0 & /) (REL) (X))

LBLD. Itshould nowbe LH=38. pAes CLETK IEI
D@26 RTH EnE

What did I just do? Because we can address a subroutine direetly, by address, we have just added
a subroutine that can be used at the start of some new programs from now on, instead of each program
having to start with essentially the flagfstack/vars clearing routine. Steps D015 through D020 are
required because one of the programs we are going to input later uses Flag 04 to signal that it is to retain
data, And, you've just learned how to edit a program.

On the next few pages we are going to look at some various vertical curve solutions. We'll also
write the programs that make them work. The program pages start with Page 1P, 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 programs in this book. After you've read pages § and 9, start typing in the steps for
LBL V¥ on page P1. '
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vertical curves and grades

WVertical curves are usually described as ‘crest’ or 'sag’ verticals,
x as shown to the left.
/
LREST VERTICALS

Z & sheryd megative

L2 ) The form of the curve may be expressed as

\ y= axd o+ bx

' where y is the height of the curve above or below the first tangent point,
and x is the distance therefrom.

‘?.\.3_:

o aburyd positivg %"

The highest or lowest point on the curve is at a point where the
gradient of the tangent is equal to 0%. This is called the "muming point"
of the curve. If both gradients have the same sign, there is no actual
turning 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

didc = O x = -bl2a

Qur program for vertical curves is designed to do quick vertical curve and grade calculations.
The number of entries you make during input tells the program whether you are calculating a grade or a
curve.

Formulas for vertical curves and grades vary with the known values when you begin to solve the
grade or curve. In most vertical curve cases, if you are working from a set 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 (G and the grade out (Ge). In most cases, the intersection point (PVI} is given too. The
following would apply:

If the high or low point elevation and the beginning station (ELp and PVC) are known,

1 Go - Gi 2 GI 2
0oL JBTA - BYO)® + § Tog J(STA — BYC) + (Elbve — Elsta) = 0 {ax* + b + ¢ = 0)
If the high or low point elevation and the intersection station (ELg and PVI) are known,

2| = 200(EIbve — Elg)Ge - G (?1!;)

L = 200(Elbve — Elgl(Ge - Gﬂ( 5;3:' )

Where:

Gi= Beginning grade (grade in), expressed in percent  Flbve = Beginning elevation at BYC

Go = Ending grade (grade out), expressed in percent P¥l = Point of tangent intersection

L = Length of curve, measured in along the horizontal ~ Elpvi = Elevation at the PYI

STA = Station along horizontal with curve elevation  Flp = Elevation at high or Low point of curve
Elsta = elevation at 5TA EYC = Ending station (end of curve)

BYC = Beginning station (point of curve) Elave = Elevation at the EYC
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There is a question that often occurs in tests; but is never used in the real world; Given the High/
Low point elevation, the prades in and out, and either the PVI elevation or the BVC elevation and want
to know the minimum length of curve that will work. Minimum lengths are NEVER used, and the
difference in grades is used to select the required length from a table that takes passing sight distance
into consideration.

If the PVI is given or, if the BVC is given.
. i 1
= —E - & — ELg)(Gp — G
L = 200(ELpy — ELg)(Gyp G:'j( it ) L = 200(ELbvc — ELg)(Gp -‘:I( oGl )

We've not included a program that will do this type of problem but do suggest that the above
formulas ¢an 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 KEYSTRCKES DUTPUT
(] () ENTER]
BEG 3TA Input the station at the B.V.C. 7
BEG ELEY Input the elevation at the B.V.C. &S]
GRADE IH Input the % of grade for the tangent.

(For a curve, input the % of grade for
the Incoming grade) Change sign if
negative

GRRDE QUT No input for a vertical tangent. ®A3]
For a curve, input the % of grade for
the outgeing grade) Change sign if
negative

LENGTH No input for a vertical tangent.
(For a curve, input the langth of the
vertical curve)

When calculating along a vertical curve, the turning point sta- [STATION # A%
tion and elevation are automatically ottput at this point. Stroke |[ELEVATION @ &%
[E75] to cantinue

INPUT STAR Input the next station you want to cal- | [®5] STRTION
culate the elevation for ELEVATION

After writing down the answers, stroke | [EZE)
[75] to continué with the next station

INPUT STR When finished with the calculations =
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EXAMPLE

The vertical curve shown to the 200 vertical curve
right will be used for the example. The —
B.V.C. station is 10450, at elevation 5 A N
106.00. 3 2 ;

. ] 2 = _ﬂ;-—é

We will caleulate the elevations for -
stations at 50 foot intervals along the curve, Lzt —— e
the 0% station and elevation (high/low ' — o — 108
point), in this example the low point. Later, |— —s8
you will also be able to calculate the station |— =%
at which a particular elevation occurs, using 1
((BL)(E}ENTER], after all of the information g §— 1 3 g
has been entered for the vertical tangent or
curve you are working on.

PROGRAM EXAMPLE: CALCULATING ALONG A VERTICAL TANGENT OR CURVE
PROMPT INSTRUCTIONS KEYSTROKES QuUTPUT
[(XEQ] [ENTEE]
BEG STA Input the station at the B.V.C. MEEEm
BEG ELEY Input the elevation at the B.V.C. @&
GRADE IH Input the % of grade for the incoming | CI(E] EZE]
grade. (Change sign if negalive} )
GRADE OUT Input the % of grade for the outgoing | (A
grade Change sign If negative
LEHETH Input the length of the vertical curve, | [Z1(E1E] 11084.5455
Output is highflow point sta & elev 185.5909
RJS
IHPUT STA Input the next station @@l 11@0. 8888
185.5938
RE]
INRUT STR Input the next station MOIEIE 1158.68048
{@83.8758
IHPUT 5THR Input the next station mzEm 1280.088
166.3438
IHPUT STH Input the next station OERE® &E) 1250008
168.50080
3]
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NOTE: Because the calculator does not use menus, as the graphic caleulators do, we use a sort of
vertical menu. You Run/Stop through all of the possible prompts, only inputting data where you know it.

Once you have finished with the vertical curves and grades program, and have checked (and run)
it, we'll put in this next one. It is LBL E, and the program steps begin on page 1P. With this one you can
specify an elevation and it will caleulate the station where that station occurs. Actually, it caleulates two
stations . . . only one of them will be within the curve you're working on, but it's easy to tell which ene to
use. It's also a good idea to run that station, by station, when you've refurned to the curve.

When you press &3] after the caleulation from this program the high/low informatien will be
shown. Stroke again for the INPUT 3TR 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
Hone . . . [Input the elevation (two stations will . STATION
be shown, verify. that they are within (E](ERTER] STATIOH
the curve to be valid answers.
Next output is the high/low paint STATION
g ghiow e ELEVATION
Return to original program
INRUT STR o
|23 T TR R v v e P I ool o Y g e R e B L L A R AR E L0 )
EXAMPLE: FIND THE STATION AT WHICH OEEICIEIE]
ELEVATION 105.65 OCCURS. (XEQ (E](ENTER]
Output s the station(s} at which the 11252860
elevation occurs, 163328100
Cutput is the highflow point 11945433
gnilowp 1755509
(74|

IHFUT STA | Continue with input in main program

Exercise 3
Calculate the indicated stations for a 300 foot vertical curve with a PVI at station 15+00, if the grade in

is 29 and the grade outis—3% The elevation at the PVI is 102.75.

1. BVC station elevation high point station elevation
EVC station elevation

2. Caleulate the elevations for the following stations:

14+20 14+50 15+22 15+350 16+10
3. At what station will the elevation 100.58 occur? &
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There are also times when you have known stations and elevations along two vertical fangents
and need to caleulate the point of intersection between them. This program will calculate the
intersection point when the grades, any starting point, and any ending point are known.

Once the peint of intersection (P.V.L} is known, a curve length may e
be selected and a B.Y.C. station and elevation caleulated. From there, use s o
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 P /’ o
120.00 and the known station at the end is 16+00 at elevation 125.00. "/

The two known grades are a +2.00 percent and a minus 1.60 percent. -
Follow the procedure below to obtain the station and elevation of the point v oflow B oW B8
of intersection.

PROGRAM: CALCULATE VERTICAL INTERSECTION
PROMPT INSTRUCTIONS KEYSTROKES QuUTPUT
BEQ) (HIENIER]

1 Input the first station
ELEY 1 Input the elevation 75|
5IH ¢ Input the second station 73]
TLEY 2 Input the elevation [&7£]
GRROE TH Input the % of grade for the grade in. EA

{Change sign if negative} .

GRADE OUT Input the % of grade for the grade out s FeT STRTION

{Change sign if negative)

ELEYATION

EXAMPLE: FIND THE STATION AND ELEVATION OF THE VERTICAL INTERSECTION

PROMPT INSTRUCTIONS KEYSTROKES OuUTPUT

[HENTER]

5TA 1 Input the first station o@EE

FLEF 1 Input the elevation Eam

A ¢ Input the second station EEE &

EEV 2 Input the elevation oEE

GFADE TN Input the % of grade for the grade in @

{Change sign'if negative)
GRADE 00T Input the % of grade for the grade out MGE G4 %ggﬁlﬁ?ﬂ

{Change sign if negative)
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Exercise 4:
1. Using the information from the example on the preceding page, caleulate a 400" vertical curve to be

used to round the grade along the roadway. Calculate the following:

BVC station elevation high point station

EVC station elevation high point elevation

2. Calculate the elevations for the following stations:

12400 12+50 13+00 13450 14+00
14-+50 15+00 15+50 16400
3. At what stations will the elevations 123.58 and 121.56 accur? &

. You are probably very familiar with circular
circular curves curves, but to better understand what these programs do,
we'll review the definitions, symbols vsed, and the
formulas for calculating the different parts.

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

Central Angle, commonly called Delta (A} or I, it is the
deflection angle measured, at the point of intersection,
between the back and forward tangents. Most often this
is one of the known parts essential to the calculation of
other parts of the curve.

Deflection angle (¢b ), what we call the deflection angle
is one-half the central angle, or the angle, turned at the
BC of the curve, from the PI to the EC. There is also an
angle from the BC to any point on the curve that is called
the deflection angle when calculating stations for
stakeout.

Length of curve (L}, is the distance between the
bepinning and end of the curve measured along the curve.

Curve Nemenclature ArcLlength. ¢ = 100AR(R/180°)
The parts of a typical forlzental (circular)
cirve are shown above Taogent Distance (T), actually a "semi-tangent" to the

curve, it is the distance between the PI and the beginning
or end of the curve and the two tangents are always
equel. T = Btand/2
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Radius (R), the "radius" is normally referred to by its length.

Long Chord (LC), the long chord is the distance between the beginning and end of the curve points of
tangency, and is the | fi le A. '
gency, and is the length for angle LC = 2Rsind/y

Chord (C), Also called the ‘chord', or 'short chord' is the distance from the BC of the curve to any point
on the curve, for angle ¢ C = 2Rsing/y

BC (or PC), the 'beginning of curve' o 'point of curvature’ both common usage in different parts ofthe U.S.
EC {or PT) the 'end of curve’ or 'point of tangency' both common usage in different parts of the U.S.

Middle Ordinate (M), length of ordinate from the middle of the long chord to the middle of the curve.
M = E{1-cosA/s) = RversA/y

External (E), distance from PI to the middle of the curve,
E = RfsecA/z~1) = RexsecA/p

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

Seqment area = Sector area - ;R%inA
= Sector area ~ Y/7CReos(4)

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

Sector area = nRZA/360 = LR/,

Fillet area, the area between the tangents of the curve and the
arc of the curve. Often used for calculating pavement areas at
the returns on street intersections.

Fillst area = RT - Sgctor area

The Circular Curve program . . . The program for
circular curve solutions, LBL C, begins on page 3P and is a
long cne. It uses a series of prompts that let you decide what
known parts you have as you 7] through them.

Curve Area Nomenclature We will also take advantage of the INPUT and PSE functions
The three common measurements foar areas  for the first time, and complete part of the program (and work
of & typical horizontal (Circolar) curve a8 3y vefore going back fo edit and expand it. Some of the

expression (equation) input is longer than our column format will
permit on just one line, but should be typed in as one line.
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This program is ene that requires flexibility in input, and the HP35s doesn't include any functions for
creating a user-defined menu. The program requires input of any two of five different options, so we've
again created a sort of "vertical' menu. Remember that you Run/Stop through #if of the options.

You can solve a curve if you know the Delta Angle or Radius and any one of these parameters;
Length, Chord or Tangent. As you through the prompts each option is presented (in the order
above) for consideration. If for instance, you don't know the Delta value you stroke without any
input. If youare prompted for one of the parameters that is known, input the value and rhex stroke [E55),
You mmust respond lo all of the prompis, one way or the other, until the end of the group and the
program. The calculation then begins automatically.

Another new type of selection 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 sub-routine that lets you stake out the curve. To choose,
input either 0 or 1 and stroke [EZ5],

For now, we'll program steps C881 through C189. This includes the prompt portion, but not the
programming for the stakeout sub-routine, we'll test and run the curve program first and complete the
other routine later. ’

PROGRAM: CIRCULAR CURVES

PROMPT INSTRUCTICNS KEYSTROKES OUTPUT
1 Begin the program
If the CENTRAL AMGLE is known, input it
(D.ms format }, if not known, no input
2 [DELTA Either the central angle or radius must | B2
be input as one of the known parts
If the RADIUS is known, input it, otherwise
no input
3 R2 Either the central angle or radius must
be input as one of the known parts
If known, Input the length of arc, other-
4L wise no input &5
If known, input the chord distance
‘} 1
5 |62 otherwise no input
If known, input the tangent distance I=
&8 otherwise no input Central fngle
R=
7 Radius
L=
8 Arc Lenath
L=
g .
E2 Chord Distance
10 B

Comimeed on next page
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PROGRAM: CIRCULAR CURVES  (Continued from pravious page)

b Tangent Distance
E=
1z ®E] External Distance
M=
13 Hid-Ordinate
Distance
14 FRERS reminder displayed for 1. second | [®5]
15 SECTOR reminder {1 second prompt) SECTOR ARER
18 SEGHEHT reminder (1 second prompf) SEGHENT ARER
12 FILLET reminder {1 second prompt) FILLET RRER
To calculate another curve, input 0, or
40 |1ORE =0 to calculate stakecut for this curve
STRKE=1 input 1 5
Or, to leave the program stroke [€]
FExercise 5:
Complete the curve data for the following: |
L Radivs=  510.23' 8 Radiva= __ 200.00°
Delta = Delta =
Length = Length = 10.26'
Tangent = Tangent =
Chord= 244,77 Chord=
External = External =
Mid-Ordinate = Mid-Ordinate =
2 Sector =
. Radius = 400.00' —_—
—_— Segment =
Delta =
Fillet =
Length =
-_— 4: 1 =
Tangent=  125.16' Radius
Delta = o 116”
Chord = 125
External = Length =
Mid-Ordinate = Tangent =
Sector = Chord = 4DG¢OOJ
Segment = External =
Fillet = Mid-Ordinate =

5

g




Circular Curve Layout F

The most common methad for staking
out a curve is the deflection-offset method,
using chord solutions to each of the station
intervals to be staked.

wyy sbatfon alomg curve

daflection and fong chord

With the Mstroment at the B.L. of Lhe
curve, Lhe deflection angle fs fumed as he
male from the FiL The fag chord Is the
distamee from the BE. to the station being
sat.

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

&g

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 an the outside are input as positive, if the offset is to the inside of the curve, input the offset as
negative,

Initial prompts are for selection of the type of output you want. Input a number for the type you
want, and just stroke for the others. This will be followed by a prompt for the offset, if any. To just
calculate centerline stroke or input the width of the offset and stroke [EE]. The program will
prompt for station and then output the stakeout information. You can run the program again to penerate
a different type, or input another curve and generate the stakeout information for it.

Return fo page 5P and, on the calculator, stioke [GIGI[CITMIEIE] and then FEDEE]L.
Complete the input of program LBL C.

chovd/offast mathod

Simllar to the bangentioffsst method,

that the distance s pulled along the
chord of the curve to a polt opposite the
station being sst. Often uvsad on cwves i
tunnels with the leser fime seb ow the long
ehord.

Fangent/offeet mathod

The tangent distatce s pulled along the Lagent

fise  foami-tangent of the covs) and A

:.e:ryomypofnt Is saf. The offset distance Is
mensured o the station beltg saf, at right

angles to the tangsnt,

L. The instructions on the next page start at a point after the use of the circular
curve program, which calculates the curve. On the papes following we address the
layout of the circular curves (having already stored the required data about the curve),
giving the user these three methods of stakeout to chose from.
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The selection menw vsed 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 pick the one you do want. This
selection will tell the program which type of output you want. At the 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 reminder for "AREAS " in the previous program.

PROGRAM: CIRCULAR CURVE LAYOUT
PROMPT INSTRUCTIONS KEYSTROKES | OUTPUT

After calculation of the curve, begin the curve
1 layout program by responding (11 to the final
prompt in the curve program

Reminder prompt will be displayed for one sec-
ond

To select this option, input any number and

3 |DEFLECTION stroke OR to not use this typs, just stroke
without input

To select this option, input any number and

4 |TAH-08 stroke OR to not use this lype, just stroke
&3] without input

To select this option, input any number and

5 |CHD-05 stroke OR to not use this type, just stroke
[®E] without input

To calculate the layout at an offset, input the
size of the offset (change sign for offsels to the

2 {SELECT TYPE

& |OFFSET= insfde of the curve). For calculations along cen-
terline, just stroke without input
7|80 STATION  [Inputthe station of the B.C.
Input the station you want to calculate layout for,
8 |INPUT STA Output is selection dependent
DEF RHGLE
g |TAH DIST or |Selection dependent prompt
CHD BIST
¥ALUE
10 EEE EET or Selection dependent prompt &3
1 YALUE
12 5]

Returns you to step 8. Input the next station you
IHPUT STH want to calculate and repeat steps 8 through 12,
or stroke [€] to leave the layout program
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Exercise 6-
Complete the curve data for the following, and then calculate the layout information for the stations as

indicated:

1. Layout by deflection and chord

STATION DEFLECTION CHOED
Radivs=  510.2%' 12412.23 B.C.
Delta = 12450
Length = 12+00
Tangent = 13450
Chord= 244,77 14+00
External = 14450
Mid-Ordinate = E.C.
2, Layout by tangent-offset
STATION TANGENT DPIST. OFFSET
Radius=  400.00' 122+24.97 B.C.
Delta = 122+50
Length = 125400
" Tangent = 125.16" 125450
Chord = 124+00
External = 124+50
Mid-Ordinate = ELC.
3. Layout by chord-offset
STATION CHORD DIST. OFFSET.
Radius = 55+24.57 B.L.
Delta= groglgo! 53+50
Length= 237,71 54+00
Tangent = 54+50
Cherd = 55+00
External = 55450
Mid-Ordinate = EL.
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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 inputof the angles.

The notations for angles and sides is familiar to
HP users, but is not the standard, or textbook notation
which you will have leamed in trigonometry (side a
opposite angle A, side b opposite angle B, and side ¢
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. )

b
3
'5:3§> -,
CHGIES \g ¢

Remember, side 1 is wherever you put it,

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 about the trangle. It should be located at a
side where the known information then falls into position
for solution by one of the routines.

The program beping with selection prompts for you to select the TYPE of solution needed. A
brief reminder prompt, TYPE SELECTION, is displayed (one second) and then the 5 type options are
offered. To NOT select one of the types just stroke &S], To select one, input 1 (or any number).

Continue with [B/5] 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

PROMPT INSTRUCTIONS KEYSTROKES QUTPUT
En Begin the program (FEG] (G] ENTER)
2 [TYPE SELECTIOH |APPEARS BRIEFLY AS A REMINDER
Input & number to select this
381-52-53 SOLUTION FOR THREE SIDES KNOWN |option or [E/5] to continue to
next prompt
SOLUTION FOR TWO ANGLES ANp | "Put @ number to select this
4 |R3-51-A1 THE INCLUDED SIDE KNOWN opton or BS] o corfinue to
[ | Input a number ta select this
KNOWMN SIDE AND THE NEXT TWO )
5 |51-A1-A2 FOLLOWING ANGLES KNOWN ﬁg?:g’m to continue to
Input a number to select this
SOLUTION WHEN TWO SIDES AND . -
8 [51-AL-52 THE INCLUDED ANGLE ARE KNOWN [2ption or BS] to continue to
Input a number to select this
TWO SIDES AND THE FOLLOWING AN- X o ]
T (51-52-A2 GLE ARE KNOWN ﬁg::??p‘;;n to continue to
Three input prompts will be shown. Input
8 the value requested after each input
] SI0E |
10 ANGLE 1
1 73] SIDE 2
12 78] ANGLE 2
13 SI0E 3
14 AHGLE 3
15 EE ARER
Appears when there is a second solution
to the S1-82-A2 type. The program will
16 (2HD SOLUTTON again repeat steps 9 through 15 but the | &3]
output will not ba in the same order as
the original input
When finished with the calculations, it will
17 refurn you to the friangle program for next | [EZ5]
calculation, beginning at step 2

Examples are shown on the following pages for each of the solution types individually,
covering the prompt, input and output in each case.
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PROMPT KEYSTROKES QUTPUT
sa |IPUT SIOE | | O EEIEIES]
Bb | IHRUT SIDE 2 BOEEIER]
g [IHRUT SIDE 3 | EICG(EERAE]
8 SIDE 1
&3] | 33648
10 RNGLE 1
1232
1 w3 |SIE 2
95990 side 1, side 2, side 3
12 RHCLE 2 THREE SIDES KNOWN is one of the most
591912 used solutions for triangles, particularly
13 SIOE 3 gince the accuracy of electronic distance.
@) |57450 measurement trilateration has, for the most
ALE 3 part, replaced triangulation in several types
H of surveys. The example begins at the input
@] | 842810 promps.
5 AREA
239138
PROMPT KEYSTROKES QUTPUT
8 |IHFUT AHGLE 3 GJ@E'E'E@%
s [IHFUT SIDE 1 EBDEEEIRSE]
8c |INFUT FIGLE 1 m@mmm@m
9 SILE 1
5.7430
10 AHGLE 1
842318
1 SIDE 2
le 3, side 1, angle 1 B |B3641
angle 3, side 1, angle - E 3
THWO ANGLES AND THE 36.1238
INCLUDED SIDE ARE KENOWN 13 &5 |SI0E 3
This so]ut:im; is also used ;smn &) 96991
secondary solution to some of the il
other routines, after the problem has ad 59[:';1 23
first been reduced fo these three :
known parts. 15 (BZ5) |ARER
239142
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side 1, side 2, angle 2

TWO SIDES AND THE FOLLOWING
ANGLE EKENOWN  has two possible
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,

1
sadazy

le B
59719'07" .‘.\;11’:'30"
&

SIDE & = 9.6802
First Solution Output

Angle 2
el Tl 1
shottae

l

SIE £ = BBT2
Second Solution Qutput
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PROMPT

KEYSTROKES

QUTPUT

INPUT SIDE 1

EBEA0EEERS

IHFUT SIDE 2

EOREEES

INUT AHGLE 2

EEEMEE

SIE |

2743

e

AGLE 1

B4.2823

11

SIDE 2

5.3640

12

AHGLE 2

361238

13

SIE 3

95882

14

AHGLE 3

199

15

fiREA

BEEBBEEERREEE

239139

[y
===
=

UTION

(output will
continue with the second
solulion option)

SIOE 1

B340

RHGLE 1

Bl

SIE 2

apire

RIGLE 2

12846353

SI0E 3

5745

AHELE 3

228637

ARER

EEEEEEEEEEBEE

94381

Note that the output is not in the same order as tha orlginal Input.




UTPUT . .
PROMPT KEYSTROKES o gide 1, angle 1, side 2

g2 |[HPUT SIDE | |EICIEDIEEIEE TWO SIDES AND THE INCLUDED
o |THPUT AHGLE | m@O@EME ANGLE KNOWN is resolved by finding
1 the third side, and then solving the

Be IHPUT SIDE E mm@m tl']anglt ag shclwn on thﬁ PfﬂViUUS page,
9 SIDE 1 lree sides known.

B5)|5.748
10 AHGLE 1

34.2818
14 ®E]|SIDE 2

[®5](8.3640
12 &) (AHGLE 2

&) (36,1231
13 ®Z(SIDE 3

[®R)[9.6800
14 AHGLE 3 |
[ &=59.1911
‘15 &2 |ARER

E2]23.9138

PROMPT KEYSTROKES OUTPUT
sa [IHEUT SIDE | |BID@EEEE

side 1, angle 1, angle 2 g [IHPUT AHGLE 1 E'Czj@jm
ONE SIDE AND THE TWO |8 |IHPUT AHCLE 2 |EIEEOEIEIEE
FOLLOWING ANGLES KNOWN This a SIDE |

solution first solves for the third angle.

5.7458

The remainder of the triangle is solved as
Angle, Side, Angle to determine the

ANHGLE 1

[75] (84,2818

other missing sides.

1 SIDE 2

8.3641
AHGLE 2

12

36.1230

13 SIDE 3

9.6881
AHGLE 3

14

581912

15 AREA

EEEREERBEREEEBE

23.9142
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Exarcise 7

1. Solve the triangle

Side 1

Angle 1

Side 2

Angle 2

Side 3

Anple 3

Area

g, Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

3. Solve the triangle

Bide 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

Page 24



Exercise 7 (Cont'd
4. Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area

52.  Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Avea

6. Solve the triangle

Side 1
Angle 1
Side 2
Angle 2
Side 3
Angle 3
Area
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coordinate geomeiry
The backbone of Coordinate Geometry calculations is the relationship
between coordinates with known values. If the coordinates for one point are
A h NE known the direction and distance to a second point allows calculation of the
‘/ tr 7 \ new points coordinates, or if both points are known, we can calculate the

direction and distance between them.
\ @ 1 } Bearings are input with quadrant codes and the quadrants are
B SE numbered with the same system that has been used by Hewlett-Packard since
the first surveying programs for handheld HPs came out.

The bearing and quadrant code are prompted for, and all input (and
output) is in Degrees,minutes and seconds (D.ms) format. After each input the key is stroked. Qur
programming also includes the option to use azimuths instead of bearings . . . the azimuth is input (D.ms)
and the [E55] key is stroked. These options are presented at the bepinning of each COGO program, and
selected by your answer to the prompt, A7=8 BRG=, where you enter either 0 (work in azimuth) or 1 (work
in bearings) and then stroke the key.

storing/recalling coordinates by point number

A great advantage with the HP335s is the ability to store and reeall coordinates by point numbers.
We used LBL P (for point) for the program that allows you to do both the storage and recalling. The
program uses the INPUT funetions to prompt for the item needed. For instance, the traverse program will
prompt P? at the beginning, followed by the prompts for 1?7 and E?, after each number is input you siroke
5. If you are using LBL P as a stand-alone program for storing or recalling points, make sure Flag 10
is clear before starting. (after verifying the LN# you can modify the program to automatically clear
Flag 10 by inserting the line CF 10 as new line 2).

That's easy, but what if you want to start with an already stored point? The point number is input,
but you stroke (Z] before stroking [EZEl, and the coordinates are recalled. The program steps for LBL P

begin on page 9P.
PROGRAM: STORE OR RECALL POINTS

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 Clsar Flag 10, Begin the program %%@
. . # is stored and prompts
7
2a|P? Tao store a point Input the point # polnt # continue at step 3
OR
To recall a point input the point #as a
negative number # is recalled and parent
If this option is used the program will . " :
2 |P? continue from here. Option 2a will point # CZIEE] f:;gr:;nmwm continua
bring up the additional prompts at 3
and 4
(N2 Input the nerth coordinate north coord [E/5]
] parent program will
4 |E? Input the east coordinate sast coord BB} | o oo here, OR

If just using LBL P to input points, HORTH. COORDIHATE
stroke @1 to view and check coordinates ERST COORDINATE
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Let's clear Flag 10 { BO=]ZI @ ) and try an example of storing points . . .
Point #4, N= 50227, E= 627.45 Point #5, N=204.63, E= 424.56:

EXAMPLE: STORE POINTS

PROMPT INSTRUCTIONS KEYSTRCKES OUTPUT
1 Clear Flag 10, Begin the program %‘;‘I@
P2 (The last used point # will be shown
& # in the x-register) DER Next prompt
i {The last used north coordinate will
3 B be shown In the x-register) Input the | E][E)EZIEE(ZIRE] | MNext prompt
new north coordinate
" {The last used east coordinate will .
4 g ' be shown in the x-register} Input the | EIEIEICEIE] BE] zzammrgrgﬁmh:ﬂ
new east coordinate
5 View and check coordinates E g;ﬁg gg
1 Begin the program XEQ) (P [ENTER]
P? {The last used point # will be shown _ Mext prompt
Za § in the x-register) EEA 40008
N2 (The last used north coordinate will
3 i i be shown in the x-register} Input the | EOEE D EIEIRE] | Next prompt
new north coordinate Jg2.z78a
9 (The last used east coordinate will
4 % : be shown in the x-register) Input the | @MEIEIEEE ff;tfs??m
new east conrdina_te_ '
5 View and check coordinates @ 2ge-an
Okay, now let's try recalling those same points , . .
PROMPT INSTRUCTIONS KEYSTRDKES QUTPUT
1 Clear Flag 10, Begin the program | EDLIZICIE)
p? {The last used point # will be shown - J682.2768
2 ¥ in the x-register) MR §27.4568.
1 Begin the program [¥EQ) (F]ENTER]
p? (The last used point # will be shown 284.6360
aly in the x-register) EAER 424.5600

When LBL F is being used as a subroutine by another program, traverse for instance, you will be
traversing to the next point (which calculates the cocrdinates) and then prompted F? for the number to
store it under. Instead of writing down the coordinates as you go you can just continue with the traverse,
noting the point numbers on your sketch, and then recall them later to note the coerdinate values.
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let's talk about traverse types

A traverse may be thought of as either a
"elosed” or an “open" traverse. For use with this
program, 8 CLOSED traverse may be either of two
types. What we will call the Type A is similar to the
one shown to the right.

In this type of traverse, the line from #1 to #2
is usually a known line which is included in the
traverse. The two points used would be part of a
property or monument line, and the basis of bearings
would be the bearing (or azimuth) of the line. This
type of traverse also closes back to the original point
of beginning, and allows the tumning of a closing
angle, which is turned at the first {and last) point,
foresighting the second point.

What we will consider to be a Type B closed
traverse is ong which begins at one known point and
ends at another known point. For this type (previous
page) the basis of bearings is usually obtained by
backsighting another known point.

Angles may ke tumsad to the left or to

N
o

11=5
Baglia and ends st the same point of known

“WW%%’& Traverse

Type 'B' Closed Traverse

KEF, BEARNG

1
2
Bagina at 4 point with koown

coordinates and can backsight along a
fing with 4 kiown bearing,

Angles may ke furmsd
laft ar right.

Closes at & fnown coordinate and to
a fing of known bearing

An OPEN TRAVERSE is one which, while it may begin at a known point, does NOT close to

any point or line 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 open traverse can not be closed, the Type ‘B’ closed traverse can. When you get to the
end of the traverse, you can use the interfacing features of an inversing during a traverse program
{page. 34) to calculate the distance and bearing from your end point to the coordinates of the point it is
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trying to match, A closure routine is essentially useless in
this case, since it does not enclose an area (even though one
is calculated). The precision, in this case, is the total
distance fraversed divided by the length of the error of
closure.

Often the NCEES test questions will require you to
calculate a small traverse before vou can answer the
question, but the question will be to determine the precision
of the traverse or the area the traverse encloses.

The precision of a closed traverse can be calculated
by dividing the sum of the distances by the distance of the
closure error, We have included a 'closure’ routine, LBL K,
which may be used immediately after running the traverse
caleulations and will complete the needed information. [t
caleulates the error of closure, area and precision.

The programming instructions begin below, and we

Angles may e tumed laft or right, or
g8 deflections faff or right

we

2

N
Coordinates may bs

known or assumed

An Open Traverse

have written them to include the 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 the traverse, do individnal inverses or to be used for inversing layout ties. We recommend
that you read through this whole group before beginning to input the programs, Then take a break on the
program input before tackling the intersections, Program steps for LBL T begin on page 9P,

PROGRAM: TRAVERSE

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 Begin the traverse pragram [¥Ec) (V) (EETER]
Selection Prompt
2 [A7=0 BRG=1 |To work in Azimuth mode, input 0. Towork [([@J or (1], then
in Bearing/Quad mode input 1.
To begin with an already stored point, input shows last
3 |P? the point number and press FOEE #CEIEE or #ILIRE] | - ced
To skip this prompt, input # and press p
4l If starting from a new point, input the Morth &) shows last
' coordinate of the beginning point. northing used
If starting from a new point, input the East shows last
?
5 |E? coordinate of the beginning point. easting used

(Contimied on next page)
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PROGRAM: TRAVERSE (Continued from page 20)

PROMPT

INSTRUCTIONS

KEYSTROKES

QUTPUT

6

£

AZIHUTH

If Azimuth mode was selected
Input the azimuth that defines the
direction of the first course.

[E5]

OR

-

L~

BEARING

6

L=

QuAl CODE

If Baaring/Quad mode was selected (a)
Input the value of the bearing that defines
the direction of the first course.

If Bearing/Quad mode was selected (b}
Input the guadrant code for the bearing
that was just input.

THEN

DISTANCE

Input the distance for this course.

HHHHH HHHN

EEEEEEEEE

P?

Input the point number for the point

B8 8

Returns to the prompt for the direction
of the next course | step 6 ahove)

Continue through the remaining courses
of the traverse, repeating steps § and 5,
until you have finished the calculations of

the coordinates back to the beginning

Now you can run a traverse. Tests don't usually ask you what the coordinates of a given
figure are, they want to know.the precision, or the area, or the ermor of closure. The next
program in this group gives you all of those and throws in the sum of the traverse's legs too.

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

PROGRAM: TRAVERSE CLOSURE

PRCMPT INSTRUCTICNS KEYSTROKES OUTPUT
i Begin the closure output [¥EQ) (K] [EHTEE]}
] CLOSE ERROR reminder prompt g%g%?
] FRCSH 1t reminder prompt| [®%] FRECISION RATIO
10 AREA!  reminder prompt FREA
11 SUM H DIST:  reminder prompt PERIHETER DIST.
When finished with the calculations
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Example/Exercise 8 Calculate the coordinates for
points 2 through 6 in the figure to the right, then
calculate the error of closure, precision and area.

PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
Begin the traverse program FEQ] [(TJEREER

AZ=8 BRG=1 |The example is in BearingfQuad soit's | (1]
easier to work in that mode

P? Input the beginning peint number (0| Mext Prompt

H? Input the Nerth coordinate of the beginning | [@](@] (@) [®E) Next Prompt
point.

E? Input the East coordinate of the beginning | (6](61(0] Next Prompt
point.

BERRING Input the value of the bearing that defines | (2] (&1 Next Prompt
the direction of the first course.

AUARD CODE  |Input the quadrant code for the bearing | (1] [®75) Next Prompt
that was just input.
DISTAHCE  |Input the distance for this course. E1@ @] RE] =
) 679.4439
®75] E=
709.1380
P? Input the point # to be used (ZIRA] Next Prompt

BEARTHG Continue with the traverse, noting the EleTm
coordinates as you go. When finished,
calculate the closure information

1 N:400.0000'  E:600.0000°
Check your results against these: N 21720'00" E 300.0000"

2 N:679.4439  E:709.138¢
Closure Distance: 0.0191' S 80°30°00" E 374.2000'
Closure Bearing: N 27°26'31" W 3 MN:617.6831'  E:1078.2060
Closure Azimuth: 332°23'29" 825°30000" W 179.5000'
Perimeter: 1308.5000' 4 N:455.6650'  E:1000.9293'
Area: 64666.2216 5q ft N 65°18'00" W 188.9000'
Precision: 68424.0051 5 N:534.6041'  E:329.3121'

8 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
to go toward a-known point as you are traversing, and of course, to stake out points from a known
control point and backsite. We'll take these one at a time, starting with just a "traverse by inverse”
program (LBL L, program steps bepin on page 11P). Type in the program, which works like this:

PROGRAM: INVERSING

PROMPT INSTRUCTIONS KEYSTROKES QUTPUT
1 Begin the traverse by inverse program [CIERTER]
Selection Prompt
2z |AZ=8 BRG=1 |Toworkin Azimuth mode, input 0. Towork |[@ or (T, then
in Bearing/Quad mode input 1.
Te begin with an already stored point, input
the point number and press EZEE). Go to shows last
2
3 |P? step 6. For a new point input # and press #EOE or #EIEE] paint # used
EE]go to step 4.
T If starting from a new point, input the North EE) shows last
: coordinate of the baginning paint. nerthing used
If starting from a new point, input the East shows last
5E coordinate of the beginning point. easting used
Ta inverse to an already stored peint, input
the point number and press ELIES]. Go to __ | shows last
2
§ P step 8. For a new point input # and press #EZIEE] or #(RIEE] point # used
gotastep?.
7 [yo If starting from a new point, input the North EE shows last
: coordinate of the beginning peint. northing used
If starting from a new paint, input the East shows last
8 |E? coordinate of tha beginning point. easting used
fa If Azimuth mode was selected AZINUTH
OR
8b If Baaring/Quad mode was salected 5] BERRIHG
10 If Bearing/Quad mode was selacted BUAD CODE
1 DISTANCE
12 HORTHING
13 EE] EASTING
1 E5)
Returns to the step 6 for input of the next
p? point, Inverse will be from the PREVIQUS

point.

Page 32



Example / Exercise 9:
In the examplefexercise on page 31 we caleulated the coordinates for points 1 through &, 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 exactiy the same as the traverse.

2 N 679.4439
I 7, 1 3
il E 10782060

N400 E8293121 3
1 Es00 E 10009203 4
PROMPT INSTRUCTIONS KEYSTRCKES QUTPUT
1 Begin the traverse by inverse program [XEEH (1) ENTEE]
Selection Prompt
2 [A2=8 BRG=1 |Toworkin Azimuth made, input0. Toworkin  |(1], then [E5]
Bearing/Quad mode input 1.
Beginnning with point number 1, stroke EZIESZ. shows last
3 |P? Go to slep 8. MEEIEE point # used
N Inverse to #2, already stored point, stroke D) shows last
6 (P? EZ). Go to step 9b. DR point # used
[f starting from a new point, input the North coordi- | - shows last nor-
7 IH? nata of the beginning point. thing used
If starting from a new point, input the East coordi- shows last
8 |E? nate of the beginning point. easting used
b If Bearing/Quad mode was selected ®5] 21,1954
10 If Bearing/Quad mode was selected A 1
" 2999984
. li=
1 §79.4439
E=
709,1280
P2 Returns to the step 6 for input of the next point.
: Inverse will: ba from the LAST paint.

Continue through the remainder of the traverse, checking your answers with those on page 31.
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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 2 stand-alene
program for staking out points, there is LBL 8, program steps on page 11P, and the instruction set on
page 35. This program (LBL 5) will output the direction and distance from the current traverse point.

another short program to inpuf

weel LBL % EEE ¥815 WER ARefd [ERE@DIE
weg2 CF 148 ENEEOE ®@lé RCL H EELIE
%ee3 CLSTK EEE wely  STO M EFELE
%684 RCL H ELIE w18 RCL I EDOD
4685 STO H ) (EL () @19 S5T0 E EELE
X8ge RCL E EE] %eza  RCL 2
b i b mOEG i b EmE
¥apg HEQD PAS! CCEEEOE@O [«
a9 H- [EGH] #0923 F57 2 BEC=1EE
X i e e ot 4056 VIEW B EED
#1618 E-I ER Then stroke RCL | 4825 F87 2 ECA]E1E
befora each alphafnput | @26 VIEW 0
wEll KEQ TOé2 [ER@MEEE |[ia27 VIEH D =@
ngl2 ST0 D = EL (E] fg28 GT0 TR ERO@OEE
Ke1s =00y [(x=¥) X829  RTH
wpld4 STO A ENEDE] LH=93
PROGRAM: INVERSING — USED DURING A TRAVERSE
PROMPT INSTRUCTIONS KEYSTROKES OUTPUT
1 To do an inverse during a traverse, |EICDAIEER)
set Flag 4 before beginning [E]IENTEE]
2 |pP? Input the point number. If this is an|# or GZl# then
already stored point number, stoke
[Z] hefore and goto step 5
3 [HORTHING Input the Norlh coordinate of the ES)
ending point.
4 \EASTING Input the East coordinate of the
ending point.
5 If Azimuth mode was selected EREl RZIHUTH
OR
5a If Bearing/Quad mode was BEARIHG
selected
5b If Bearing/Quad mode was 25 QuUAD CODE
selected
6 DISTANHCE
7 ®E) HORTHIHG
& ®E] ERSTING
9 (BERRING Retums you to the traverse program
at the proper prompt to continue with
the next traverse course
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PROGRAM: STAKEOUT

PROMPT INSTRUCTIONS KEYSTROKES QUTPUT
1 Begin the slakeout routine FEG] Z1ERTER
2 |p? Input the paint number to be used for the instrument | (&3]
position
3 |H? Input the North coordinate of the instrument position | [R75]
4 |E? Input the East coordinate of the instrument position | [E5]
5 |p? Input the point number to be used for the backsight
position
6 N7 Input the Morth coordinate of the backsight positien | &S]
7IE? Input the East coordinate of the backsight position | EE] BZIHUTH
[ ISTRHCE
This is the azimuth to put Into the instrument
while you sight the backsite point. The distance
may be used to check accuracy.
g (P? Input the paint number to be used for the position &S]
you are staking out
9 (H? Input the North coordinate of the position you are
staking out
10 [E? Input the East coordinate of the pesition you are AZTHUTH
staking out DISTANCE
H Stakeout the point EE]

Returns you to step B for the next point's input

Exercise 10:

Use the stakeout program to calculate the
stakeout ties to the lot and building corners 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 corners are: Southwest comer N
527.9300, E. 1214.0600; Southeast corner
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 the southeast Lot Corner

Distance and azimuth to the building corner
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infersection selutions

The solutions to intersections problems are needed all of the time in surveying. We use an
intersection formula to find out where two lines cross, then make that point the new IP or lot comer. Or,
we need to know how far a point is offset from a given line, and at what distance from the line's origin.
Next to just plain traversing, this is the most used type of calculation in surveying.

We ve included all of the normal solutions,
the type being chosen as part of the input and then
worked by use of flags instead of using up four
separate lables plus one for coordinate input. This
makes one longer progtam, but is actually shorier
than the total of the other five needed the other
way.

The illustration to the right allows using

all four of the intersection types for trying out the
programming afier you have input it. We have left
everything in the *bearing’ format, rather than refer
to “directions’ and distances, but you may work in
either azimuth or bearing for your input and output.

Input for the program begins with prompts
for the beginning and ending coerdinate pairs, in
this case Ny, Ey and N, E; . The point to be output
as the intersection will be Na, Es for the bearing-
bearing, bearing-distance and the distance-distance
solutions.

For all of the distance/offset solutions, the
intersection point will be somewhere along  the
bearing line from points 1 fo 3, or that same line

produced past 3, shown as N6,Es, N7,E7 and Ne, Ee.

The step-by-step program inputfoutput instructions
begin on the next page. We’ve used the program keystroke
instructions to solve some of the various problems as shown
in the table to the right. The user should solve the remaining

Bearing-Offset problems for practice.

This is a program where we suggest that you input
part of it, take a break, then complete the rest at a different

sitting, to help reduce program input errors.
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PROGRAM: Intersactions

PROMPT INSTRUCTIONS KEYSTROKES ouUTPUT
1 Begin the inlerseclion program FERN (D (ENTER]
This is the beginning point, input the point
e SR e s (S,
and go to step 4.
shows last
I starting from a new point, input the North
3 N2 coordinate of the beginning point. EE) E::;Ing
If starting from a new point, input the East | shows last
3 (B coordinate of the beginning point. easting used
This is the ending peint, input the point _ shows last
4P number and press GREE or EXE] #CAES or #OEE | oot # ysed
. hows last
If starting from a new point, input the North STOWE
5|7 coordinate of the ending peint. EX) northing
used
8 E? If starting from a new point, input the East ) shows last
coordinate of the ending point. easting used
AZ2=0 BRG=] |Salection Prompt
1 To work in Azimuith mode, input 0. Towork in |0, then [EZE]
Bearing/Quad mode input 1.
F';P.;HZ=1 If Azimuth mode was selected To select this type, Input (11,
Ba EF{E'BRE'I OR to NOT select this type, NO
Depe mmgm' 7 If Bearing/Quad mode was selected fnput. Stroks
!;I)E;DISHI g;zlmuth mode was selected To select this type,input (1,
Bb (ERC-DIST=] . to MOT select this type, NO
Depending on 7 If Bearing/Quad mode was selected input. Stroke
Ta select this type, Input (11,
. To select this type, input 1
g | DIST-DIST=1 te NOT salect this typs, NO
to NOT select this type, NO input. input. Stroks
%H;-DS=1 g;zimuth mode was selected Toselectthis type, Input (11
8d ERG-03=1 ta NOT select this type, NO
Deponding on 7 If Bearing/Quad mode was selected input. Strob

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 want to do. Separate instructions are given for each
type of intersection selution (on the following pages),.as examples, and will use either azimuth or
bearing input. If you chose a different input than that shown in the example, the only difference will be
the prompts for the directions. Output, in ll cases will be the bearing (or azimuth) and distance from the
beginning point to the intersection point, the coordinates of the intersection , then bearing {or azimuth)
and distance 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 400.00

This example uses the input
as bearing and quad code with the

matching output.

PROGRAM: Intersections (continued) BEARING — DISTANCE Selected

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

E2 46000

Fage 38

PROMPT KEYSTROKES OUTPUT
%a [BEARTHG DEROEEE EE
ob (GUAD CODE o &3
10 |BEFRING ADOEEDDE
106 |(RD CHE | DDEE) -
1 Eﬂﬂﬁ
12 &R Deseens
s Beanaa
1 €5) E o589
13 &) 554513
2 e
K %95139
18 |P? ﬁﬁﬂiﬂ?ﬁﬂﬁfﬁ"
leave the program stroke (€]
PROMPT KEYSTROKES OUTPUT
o |R2IHUTH MEOEEE B
100 |DISTRICE DEEOEDEEE 111;’3539
" 555.45?2
2 o
12 2095
" &) e
15 asian

[E5] Returns to the intersec-
tion program for new calcula-
tions. To leave the program
stroke (€]




PROGRAM: Intersections {continued) DISTANCE — DISTANCE Selected

Working the problem as an
inpwt example, use the figure
below and select azimuth for the
directions.

PROMPT KEYSTROKES OUTPUT

s [DIsTANCE DEDEHODEM0NE

10 (DISTRICE AEEOEDEEE T;m
12 (RZ3] 355.46?8
" - Fema
“ E oy
' sl s
"i Fostan

Returns to the intersec-
lion program for new calcula-
lions.  To leave the program

stroke (€]

NOTE: The last two types may have 2 possible solutions. For the 2nd solution in Bearing-Distance,
just reverse the direction of the beating and re-run the caleulation. For the 2nd solution on the Distance-

Distance type, run it backwards.

PROGRAM: Intersections (continued) BEARING — OFFSET Selected

Far this one, we've
calculated the offset to the second
peint as the example (N6, Eg).

We're poing to use the
other two in the exercise.

) 90° Typieat @ Otfasts
=
Et 75.00 N2 125,00 5
£2 400.00

PROMPT KEYSTROKES QOUTPUT
sy |DEDDD@ @ [E
b e
t s
2 fous4dd
I s Hisuan
" &5 s

Relurns to the intersec-
tion pragram for new calcula-
tions. To leave the program
stroke [€]
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calculating missing sides

It sometimes happens that some of the dimensions for a traverse (or deed) are missing. In
order to solve for any missing part of a traverse, we have to first assume that the traverse closes,
because any part we calculate is based upon the information furnished by the other parts, and will
only work on a closed figure. When we calculate our answer, we are forcing a closure.

One side missing is the most obvious example of solving for
a missing part. We have everything except the elosing line.

If, using the traverse program, coordinates are put on each

of the known comers, it is a simple matter to obtain the missing
#2

side’s length and direction by inversing from #4 to #1.

Adjacent missing Parts. It also happens that you are
missing TWO parts of a traverse and need to simultaneously solve
for both parts. You can do this by reducing the traverse to a point
where the difference in latitudes and departures of the known parts
may be used to solve the two missing sides.

#3

The illustration to the left shows the basic principles involved,

B==3 and we can use the formulas

A=Z

- ¥ feos B

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

m(ﬁ-ﬁ),:'fmﬂ)r;rl%wﬁ} = xfﬂﬂ‘);yfﬂw

When we have the sides and need to solve for the missing bearings. If you look at these formulas,
you will notice that they are the formulas for doing a bearing-bearing and bearing-distance intersection.

Additional needed information, from that point on, may be solved
through the use of the Law of Sines. The Law of Cosines is used for

solving distance-distance intersections.

Non-adjacent unknowns also occur. It may be that the missing
parts will fall on sides of the traverse which are mot adjacent to each
other. You can arrive at a solution by re-arrangement of the traverse.
For purposes of femporary coordinate values you can connect the sides
with known bearings AND distances together, making the missing

sides adjacent.

The first step is to ignoré the unknown courses and connect up
all of the courses with bofh 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
may be inversed.

B = B
———Ths lrvarsed side will yleld the same
bearing and diatance, reqardiess of
I the configuration Unkmonv aldes ol
A ¢ Inctuded i the Figure
o
E——"
EzpD

Caleulate coordinates for the points in the rearranged figure and
inverse for a closure (above). Next, the inversed side, combined with the two
sides that contain unknowns, will form a figure Iike the one shown to the .%
right. This fipure may now be solved as a triangle, or as an intersection %,
problem (in the case illustrated, use bearing-distance). E

Once the unknowns are resolved, re-assemble the original figure and
calculate actual coordinates for the angle points.

So, how would something like this happen in the first place? Consider the following exerpt from
a deed written about 50 years ago, when all of the properties in the area were farm lands:

... Thence, N 22°25' E 342.67 feet to a point in that line common to 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
Deed recorded September 24, 1940 in Book 136 of Official Records of Bohunk
County at page 209; thence, along last said westerly line S 47°22° W to the
point of beginning, containing .. .

And there you have a not uncommon source of unknown lines. The distance along Brown's line
iz known but not the direction, and Smith’s line has a direction but not a distance.

When solving a problem like this it’s important to understand that the answers (as in the simple
inverse for closure) are a “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 might give 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 way to check the answers.
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Exercise 11

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

1. What is the bearing of line B-C?

2. What is the distance for lint D-E?

3. What is the area of the enclosed property?

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

Fr# North Coordinata East Coordinate

5. What is the area of Lot 857
ooo 15 Sq. Ft.
0. Calculate the coordinates for point #6,
the B.C and E.C. of the curve in the figure to
the right. B.C. Sta=115+24.96
7 Radius =
Delta =
Length =
Tangent =
Chord =
External =
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 of two curves when the fwo radii and
the point numbers of the radivs points are
known. Use the Distance-Distance option,
with the radii being the two distances, to
solve the problem.

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

line to curve infersection

You need to know the radius of the curve, the coordinates
of its radius point, a known coordinate at any location on the line,
and the direction of the line.

If the line point is on the inside of the curve, the direction
of the line is given toward the point of intersection that you want
to calculate., If oufside the curve, it is often easiest to st a point
on line that 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 of slope staking as a trial-and-error field exercise, as it is done
in the field. On a test it has to be generalized, and unless the illustration includes a grid ata
given scale 30 you can count the squares for distance and elevation, the quick way is to use the
intersection propram. They will have to give you a picture with all of the slopes, distances,

etc. to even formulate a problem.

Olkay, turn the slopes into azimuths,
calculate the distance to the far side of the v-
ditch, work the slopes to get an elevation for
that point.

Using the elevations as the north
coordinates and the distances as the east
coordinates, caleulate the intersection at the
catch point. It's just an azimuth-azimuth
intersection problem.
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trouble-shooting your programs

If you are running & program and encounter an error w T
message, stop and stroke EXIEE) to go into program mede. The I] 'll
calculator will have stopped at the point that is causing the HOHEX ISTENT

problem.

In the case shown, "HINERISTENT" will indicate that you have a label missing . . . You didn’t
input a program that the calculator is looking for yet. "DIVIE B 8" would usually mean that an
equation or program step is trying to divide by an empty register, and "INVALID EQH" tells 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.

If you need to take a break while programming, stroke @) to leave program mode and
then stroke [EA(E] to turn the calculator off. When you come back, turn the caleulator back on
and stroke BXEE) 1o go into program mode. You will be at the same place you left off.

During a programming session you can go to any particular = —
step by stroking [5). This brings up a prompt display like
the one to the right. Type in the step you want to go to (i.e. 3827)
and when you go into program mode you will be at that step.

=)
-
=
1
1
i
i
e

answers fo the exercises

Exercise | (page 5)
1L 147924230 2.90°53'15" 3. N40°07'18" E (az =40°07'18") 4.5 82°58'18" W (az=262°58'13")

Exercise 2 (page 5.6}
L117°4134" 2 140°18'31"  3.63°54'38" 4 117°35'20" 5. 80°1F11"  6.304°2046"E

7.8 78°00'18"E  £.223°49'17" 5, 9550 10.-3.7652  1..9994 12.-17.1423

Exercise 3 (page 10}

1. BVC station _13+50.00_elevation 99.750 high point station 14+70.00 elevation 100.950
EVC station 16+50 elevation 98.23

2. Calculate the elevations for the following stations:

14420 100,74 14+50100.92 15+22 100.72 15+50 10042 16+10 09,32
3. At what station will the elevation 100.58 occur? 14+03.37 & 15+36.63

Exercise 4 (page 12)
1. BYC @ Station 12+03.56, Elevation BVC 124.11,
high point Station 14+27.78, clevation 126.33, EVC @ Station 16+05.56, Elevation 124.91

2 12400 _124.00 12450 _ 12491 13400 _ 125.60 13+50 12606 14400 _ 12630

14450 126.31 15+00 126,10 15+50 _125.66 16+00 _125.00
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Exercise 5 (page 15)

l. Radius= 510.23 2. Radius= 400.00 3. Radius= 20000 4. Radius= 16,127.45
Delta=  27°4525" Delta=  34°44'59" Delta = 25621 Delta = 1°25'16"
Langth = 247,18 Langth = 242600 Length = 026" Length = 400.01°
Tangent = 126.07 Tangent = 125.16' ‘Tangent = 513" Tangent = 200.02'
Chord = 244,77 Chord = 23550 Chord = 1028 Chord = 400.00
External = 1534 External = 19.12 External = 007 External = .24
MidOrdinate= ~ 14.90'  MidOdinaste=  18.25'  MidOrdinata= 007 MidOrdinata= 1.24,
Sector= 48,519.380" Sector= | 026,000
Segment= 2 070,360' Segment = 0.450'
Fillt= 1,544,120 Filet=  p230'
Exercise 6 (page 18)
STATION DERECTION oaorn, STATION TANGENT  OFFSET
Radiuse  HIEZY° E+H823 BL o8 o 2 Radius= 400.00" 12143407 000 .00
Bellam  ppogatyes 12480 480" 2077 Dela=  34%H55" 122450 1503 [¥13
Lesph= 24718 13400 408" 8069 Length = 24260 123400 TR 53T
Tangent= 126,06 13450 FRagiaza 134T Tangen = 12516 123450 11345 1643
Chards 244,77 00 OB 5 Ta.63 Chord= 2385907 124400 160.3% 3356
Exsmal= 534 14450 12°57'25" 228,81 Extemal= 1903 124450 FITEFS 5642
MidOrbinsiom 14,89 W+E64 L 13°52'42" 24477 Mid-Ordinate = 1325 | 12447757 E.C. 228400 7134
3 STATION CHORD M5T.  QFFSET
Redius= 38631 53+24.37 0.00r 0.0
Dela= 3515722 53450 2367 6.95
Length = n3Lmn F4HH 7188 15.72!
Tongem= =~ 12275 54450 13376 18.08°
Chord= ~— 23358 S5O0 T73.56 1358
Extermal = 19.03 55450 4l 4%
Mid-Ordinate = 18,14 S5+6208 E.C. 23398 .00
Exercise 7 {page 24)
L Side1 12.163 2. Qide 1 29.682 3 3idel 15 4. Sidel 65467
Anple 1 T6°03'56" Angle 1 75%14°51° Angle 1 B4°28'18" Angle 1 84°28'18"
Side 2 18364 Side 2 239162 Side 2 218384 Side 2 1094502
Angle2 3792435 Angle 2  60°19'18" Angle 2 Angle2 3217000
Side 8 19.432 SBided 33.0374 Sided 252745 Side 3 1220028
Angle 3 66°31'29" Angle 3 44925'51" Angle3 S°1912"  Angle3
Area 1083941 Area 343,240 Area  163.0263 Area  3,566.0253
5. Hidel 13249 6. Sidel 32416
Angle 1 7o°ZTOE" Angle 1 B7I1FSI"
Side 2 24,6097 Side 2 38,1001
Angle 2 40°10°30" Angle 2 41°32'56"
Bide 3 27.8020 Side 3 4R.8168
Angla 3 60°2724" Angled  51°1313"
Avea  220.6965 Avea 6168048
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Exercise 10 (page 35)
Backsight Az?  310°07'54"

Distance and azimuth to the southwest Lot Corner
117.4208 76°14'26"

Distance and azimuth to the southeast Lot Corner

2073293 88°42'16"

Distance and azimuth to the building comer

145.9927 68°32:26"

Exercise 11 (page 42)
1. What is the bearing of line B-C7 _8 40°08'17.6"E

2. What is the distance for line D-E? _199.0998

3. What is the area of the enclosed property? 132.944.6772 sq ft

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

Pr# North Coordinate East Coordinate
2 5529356 904.2714
3 605.0925 9776177
4 517.8285 1039.7095

5, What is the area of Lot 857
Sq. Ft.

6.577.70

6, Calculate the coordinates for point #6, the B.C
and E.C. of the curve in the figure to the right..

* Radius = 300
Delta = 37°48'00"
Length = 197.92
Tangent = 102.71
Chord = 194.35
External = 17.10 8 What is the station at the intersection of the
Mid-Ordinate = 16.17 curve and line?  116+68.66
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—Vertical Curves and Grades

vagl LBL V
Yoaz XEQ DO1O
yeea sSFla
Yaa4 BEG STA

YBas ST0 &
Ye86 BEG ELEY

¥ge7 STO E
Y808 GRADE IH

yeas sT0 I
yaie Cl=x
ygit GRADE 0UT

vaiz2
Yo13

Yo14 LENGTH

ST0 L
2287
7 5F 1

8 RCL §

9 S§T0 R

]

570 §

FS? 1

GTO VO36
[HPUT STA

5T0 §
RCL- R
RCL 1
166

CL 5§
Oy
STOF

GTO vo24
RCL L
ENTER
RCL D
RCL- 1
2{)y
Vo4l 5@

H
¥o3l ECU E
x

= EE ()
EE (B
Il]-IIIIZIIII
(EGH] hen stroke BEL)
m»chliphl!npur
=) RED S
(EQNIThen stroke [REL)
before esch alpha input
() (RS (KD
(ECGH Then stroke (ECL)
before sach alpha input
FEED M
EEIm
(EGH] Then stroke [EEL)
before each alpha inpurt

EEl D
EE=m

(EGH] Then stroke [BEL)
before each alpha input

EEDD

[=3] [(ME0E] (1
B~ )M
EIIED

(=] [RELY (]

@

EEDE)
ENCA1EI0
[GI0) (V)@ (5161
l'?lm stroke m
bofora each alpha input
ER(E)
EDEE
EED

MEm

£3]

(=]

ECLIFICED
EDE]

(=5

(L75]
E@@EEE]
ECLI

(ERTER)

[ELE]
EcLE=IM

=)

=@

Va43 < =

ye44 STO N (] [REL ()
Ya45 RCL I FELO
Y846 RCLx L L@
ved7 RCL I ED
Yg48 RCL- 0 EIEE
yad49 + =

V@56 ENTER
v83l RCL+ R ECLI(F1(E]
vgsz 570 § EEE)
v853 RCL- R L=
¥a3d 168 e
¥a33  +

¥@56 ENTER [ERTER]
Y857 EHTER
Y858 RCLx H [EDCEE]
¥859 RCL+ 1 EELI I
Veed x 3]

Y86l RCL+ E EELICE(E]
¥g62 RCL § [ECLI(5]
V863 xldy =0

Yaed @ @

Va65 570 § EENE)
vaee R @

¥as7 STOP B

Yas8 IHPUT STR (EEnen stoke (FCL)

befora each afpha input

Y869 STO § ) EE(E]
Ya70 GTO Y853 CECEEEEE
¥a871 RTH
—Elevation — Find Station

Eagl LBL E (=) (el (E]
Eadz STO H [ EC )
EBB3 RCL L BN
EBBd x=87 () (HOTEN (8]
E0BS GTO EB47 GEE@EE
E@de RCL O
EBB7 RCL- 1 EELIE=I
EBBE lo@ OImm]
Egg9 + =

EG18 RCL® L EOED
EALL STO Y ) E ()
Edte RCL E ELE)
E@L3 RCL- H L =1E]
EGL4 STO A (i FELDE)

(Cantiaed o nett pagel
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mmmmmmim
O O I O D I O
T Tl b o i i i
— T D QD =) O N

EBz2
EBZ3
EB24
EB25
EB26
EB27
EB28
EB29
E030
EB31
E032
EB33
Ef34
EB35
EB36
EB37
E03d
E@3Y
EB40
E041
Ef42
EB43
EB44
EB43
EB46
E@47
Ed4d
EB49
EoSa
E@gl
EQ52
EBS53
EB54
EBSS
Eds6

RCL ¥

§T0 K
RCLX A
570 K
RCL I
188

570 X
xl
RCL- K

510 K
RCL X
/=

+
RCL* Y
RCL+ R
ST0 §
RCL %
L T
RCL- K
RCL= Y
RCLt R

RCL §

GTO Y036

RCL E
RCL- H
RCL 1
1a8

+/=

RCL+ R
5105
YIEN 3

EBS7 0

EB58
EB39

Page 2P

§T0 §
RTH

ELX)
Z

Ed}
EECE]
ELGIE)
BRI
Em
mEm
&l
EED X
E
EIEE)
@

8 FC0 (K
Em

a)

@
EDEI)
EDDE
) (5)
ELx

va)
EOEIE)
ENET)
ENDE
) Em
EDE)
E=9)

)

(A1 30
10 (M@IEE
(E30) (X
EDE
EDEIME
ED()
@
@

@

)
EEOCOE
EEIE
EEE
)

(I LI (5)
() (G

——Vertical Intersections

Haal LBL H (F=) (EC) ()
Hag? XEG DBlA  Eu@IEI(L©E)
HO@3 SF 18 B mEm
Ha@d STA | ﬁmmﬁ
Haps STO T III
Haas ELEY I Lrﬁmmw
Haay STO0 F {F_'I -
Haag STH 2 Eﬂcﬁﬁfwm
HBB9 RCL- T EUEIL

Hate STO W %Eﬂl -
Hail ELEY 2 mm?&gﬁ:mpm
Hat2 RCL F [EELIE]

Hol3 =40y [E3 |

Hat4 - =l

Hals STO H EDL‘EI -
Hals GRADE IH ?a::mm
Hat? 1e@ oo

Halg = =

Hat9 s70 I [P (ECLI ()
He2a GRADE 0OUT Eﬁﬂ?a::mm
Hazl L@@ @

Hazz2 + =

Haz3 ST0 O [FE) (R O]

Haz4 RCL H [EEL)(E)

Hazs RCL O [FELI(@)

Ha2é ENTER (EFTER]

Haz7 RCL N [EELI(ED

HB28 xidy» ==yl

Haz29 = =

HB3@ RCL+ N (RET] (£1 ()
HB31 RCLx O EL) @

Ha3z RCL I EEL
HB33 RCL- 0 [EEL(=1(E)
Ha34 + =

HB3s +/-
Ha3e RCL+ T (ECL (211
Ha37? ST0 K ([EETD D
Ha3g EHWTER [EFITER]

HB39 RCL- T EI=Im
Had4a RCLx 1 EDEIT
Ha41 RCL+ F EEOEIE

(Crontinued on next poge)



HBd2 RCL X EELIE)
HB43 ={dy E=a
HB44 RTH () (RE3)
—Circular Curves
ceal LBL C () FEQ) (€]
teez WEQ DBLO EFER@momom
cap3 SF 10 E=0cIm
Céad DELTH (ECH] Then stoke [ECL)
bafore each slpha inpw
£ogs CF 1@ EEEEE
Cag6 HHS? EE
Coe7 ST0 D L= [Ewatin]
£oes x=a? @) FRE) (1]
cegg sF 1 EN=Mmm
cale IHPUT R B EE
call =87 () (RRE) (1]
cale sr 2 EN=ME
cets RCL D D (E)
celd4 RCL R EOE]
cals x 3]
Cale =07 [F=) 4CDE) (1)
caly o | ENCEI0
Ca1g x=0? = HOE (1)
calgs CF 2 ECEE
CB20 x#0? (FE8) W) (1)
cazt SF 3 EN0E
ca22 THPUT L ENEEA)
£023 F§? 2 EEEE
(024 LX180:(AXR)  EDmonsiote EX)
before wach alpha input
Cp2s F57 2 EEE
CAz6 ABS EC)
caz? F57 2 ECA]E](E)
cezs ST0 D =) E
ca29 »#0?7 () (EE) (T
cesa CF 2 EA)EIE
cesl Fs? 1 I!]-D:ID:I
CA32 Lx180+(nxD) EEE)Then srove L]
anuﬁﬂmmhnd
€033 F57 1 B~ 130
Cé34 ABS =G
£835 FS57 1 E~EO
Ce36 STO R (=) [EE ()
C37 2207 B FOEE (1]
£838 CF 1 e~ 2I0]

£a39
040
cod1

ce4qz
co43
cod4
£045
Codb
cadq7
ce4s
ca49

cose
cest
cesz
£A53
Cas4
CAss
Ca36

[HPUT C
Fs5? 2
2%ASTHCC
{Rx23)
F§7 2
ABS

F57 2
ST0 D
x#07

CF 2

F§57 1
C=(2x5IH
(=23}
F§? |
RBS

F57 1
STO R
%207

CF |
INPUT T

Cos7 FS?

cass

Cos9
Ch6o
Cosl
co62
ce63
Co64

CB65 FS

Ca66

coev
foes
Cogd
Cavo
car!
cere
£o73
cavd
cars
care
cer?
cevs
cev9

? 2
ATANCT=RI%2

F§7 2
ABS
F§? 2

870D

2#8?
CF 2
71
T+TANCB.5%D)

F§? 1
ABS
F57 1
5T0 R
xt@?
CF 1
CF 1
CF 2
RCL L
x0?
SF 1
RCL C

z287?

B E=A(E]
B
input &s 1 equation
[EQH] Then stroke [EED)
bafore each alpha inpul
BE=EE
BEEEIE
EEDm
E RS )
EC=EE
B~ @0l
Input as 1 equation
(EGH] Then stroke (FEL)
before each alpha inpul
EmC~]EI
[ e
B0
FEH)EIE)
(P (ODE] (1]
B~z
() Z=¥] (10
E [~ EE)
ﬁﬂiﬂmﬁﬂﬂﬂeﬁﬁﬂ
each alpha input
MMIIIEDED
(-[ea)
EAEIE
=) R(E)
(B8 (WGEE) (0]
EEIEE
ECEO
input as 1 aquation
(ECH) 7hen stroke (ECL)
befors each alpha inpet
E=]EE
=)
E=Em
) EEO (E]
(B3] (MOTE] (1]
ENEm
B0l
B AE@E
E
(9 (RAE0E] (1)
EC~ME
EEUE
[PE3) (W] (1)

{Continued on mex pagel
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Coge
£osl
cagz
coss
coB4
Ca8s

foge
ces?
Cogs
£age
£ase
cagt

cese
ce93
cegd

5F 2
RCL T
x207
SF 3
FS? 1

RxTRH(D=2)

F§? 1
ABS

F§7 1
§to T
F§7 1

2XRx(SIH
(p=2))

F§? 1
ABS
F§7 1

£e9s ST0 C

Ca9s

Cegr
cegs
£a99
claa
cial
ci1a2

C103
clog
C1e3
Clas

RxDx(n=180)

F57 2
ABsg

F§? 2
§T0 L

F57 2
RXTANCD=2)

F5? 2
fBS

F§? 2
8510 T

Cle7 FS?

C1o8

c1e9
cLiag

il
ull g el
e Pt e e
e A3 A

far N R R W B N
e i o e i o i
PO Pl == e e o s
R =R == RN T o |
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Fs? 3
ABS

F§? 3
570 L
F§? 3

2uR%SIN

(0+2)
F§?
ABS
F§?
510
F§?
RCL
F§?

L u)

(S5 - IL o I

? 3
RxDx(n+188)

B0
ELM
() (EEE] (1)
(B~
ER=0E0)
(EGH] Then stroke (B
mrseacﬁamhalnpﬂ
ENCA10E0]
()
EICAEO
(B (el (T
(B 2300
inpui as 1 equation
(EGH] Then stroke [EED)
before each alpha inpuf
E~]E0
I
B30
() (RCT (€]
[EGH) Then stroke [ECL)
before each slpha inpwl
ECA]E]E)
EEFE]
B ~)(3](Z]
E=REUL
ENCAEE
[EGH] rhan stroke
bafore each alpha input

ENCEIEEm
[E=
ECAEIERD
ENEDD
ENCAIEE]
(EGH] Then siroke [
befors aach a{uhempul
EAEE]
EE
EEIEE
([ EC (]
E~]EE)
input as 1 equation
[EGH] then stoke (EEL)
bafare each alpha input
ER =306
[E=ED
E=E=]E10E]
[ kel ()
E~)E10E]
[RCLI[E]
L) [ [E N R

TAN(D=2)

F§? 3
X
F57 3

et —

X
510 3§

SECTOR

FSE
STOP
RCL D

Then stroke (RCL]
belore each alpha input
&) ~E1E)
=l

ECEIE)

(=] izA]
E~)E1E]
EE RS
ELIE]

FE(E)

(=) EED (T
EEI

B E(E]
ENEm
EE)EIE]
=] L3 [l

[EGEH] Then stroke (ECL)
hefore each aloha fnpu!

(E=) (2]

(=) (&I (E)
EEE]
Input 8s 1 equalion
[ECH) Then strake (RCL]
bafare aach alpha inpel
B
[FEEC M)

[E) RO
EIAMEG
[EGH] then stroke
before each alpha inpul
= =R

(= 1] [ereL1]

[ECL(ED

(=) &)

E3}

[E(E)

EX 3]

[E3]

[E3]

(i) (RCLI(E)

@

[EGE) then stroke
Dbefore each alpha inpul
E)E)

®3)

RELI(®)

@

=

(Contimed on néxt page)



C165 COS e

G166 RCLx R ELEE

G167 RCLx C EEOEIE)

Cleg 2 zl

G169 4 =

Cive - =

civl @ |

G172 aldy !Il

£173 SEGHENT (EGHD) Then stroke [REL)

before each alphs input

G174 PSE ENE=Y)

C175 STOR EE]

G176 RCL R FELEm

C177 RCLx T [EEDEIT

C178 RCL- § EELI=ICE

179 @ (a1

G188 xidy [EX] |

c18l FILLET (ESE] Then stroke (FEL)
before each alpha input

(182 PSE () (x=25)

(183 ST0P

184 MORE=8 STRAKE=1 [(Eck)vnen svoke ECL]
before sach slphs input

(185 ==07 . EESEIE]

G186 GTO C1980 B CrmEEmT

C187 ==@? oo [EEE[]

£188 GTO c@Bl =, EE@EEEIE

C189 RTH EE

(190 SF 18 EC0Em

C191 CF @ B A0

c19z2 cF |1 EAE

(193 CF 2 EC=IEE

(194 CF 3 EAEE

(195 SELECT TYPE [ Then stroke (EEL)
before each alpha input

(196 PSE EE

(197 CLx EE=Im

£198 DEFLECTION (G Then stroke [ECL)
before each algha input

G199 =207 (=) (FSE] (1)

c260 SF | ENCmm

c2al Cl=x E=1m

£202 TAN-08 (ECH] Then stroke [ECL
befars aach alpha nput

(203 =+#07 () (FSTEl (1)

£2e4 SF 2 EA1MeE

(265 Clx FEEIm

;286 CHD-05 (EEH] Then stoke (RELD
before sach alpha inpul

czev
f2a8
£2e9
ca1e

Cetl
celz
Cals
c21d
fels

fele
cetv
£218
ce19
W]
c221
c222
€223
c22d
0225

t2ze
caz27
c228
£229
£238
cz3l
czaz
£233
€234
(235
£236

£23v
c23se

£ess
fzde

£2d1
C242
£243

C244
2435

zt0?
5F 3
Clx
OFFSET

§T0 0
RCL+ R
RCL: R
870 K
BC STA

§T0 B
RCL+ L
5T0 H

RCL D

Z

RCL* L
510 F

5F 14
IHPUT STA

RCL- B
510 J
RCLx F
ST0 A
SIH
RCLX R
2

*

5T0 ©
Fs? |
DEF AHGLE

F§? 2
TAN DIST

F§? 3
CHD DIST

CF 18
Fs? 1
+HUS{A)

F§7 2
Kx(CxCOS
(an

[E)EGEIT]
ENCmeE
EI=100

[EGH] Then stroke [RCL)
tefore each alpha input
() (LS
EDFIE
EDFEE
(EGH] Then stroke
before each alpha inpul
[} EETI(ED
ELEmD

[E EEO ()

[EELIE)

@

=]

ECLIE]L]

[E9) EEL )
BRG]

[EGH] Then stroke [ECL]
bifore each alpha inpul

EDEE

mE Rl
[ELIFEIE

[ ) [CieiN [N ]
[EEL=IED

z

®

ENEELD )

B A]E0)
[EGH] Than stroke
befons each alpha inpul
Em =) (3102)
[EGH) Then stroke
before each afpha input
EEICAEE
[EGH] Than stroke [ECL]
bafors each alpha input
B EZIEE
B E0)
[EE3H] Than stoke
tafore each alphsa fnput
ENCEIEE
Input as 1 equation
[EGH] Then siroke [BEL)
before each alpha inpul

(Comtimerd on nest page)
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246 FS7 3 1)
tas 1 equation
Ll EE?;?E’% (ECH) Then stroke [FEL]
before each ajpha inpel
£248 @ ]
C249 xidy =)
£258 STO0P EE
c251 SF la E=m0m
£252 F57 1 EC~EI0)
G253 CHORD (EGH) Then stroke (BEL)
before each alpha inpul
cead Fs57 2 --EEIEI
C2535 OFFSET [EGH) Then stroke [FEL)
sﬁ:maaﬂha.tm‘m#wf
£256 F§7 3 ECEME
C237 OFFSET [ESH) hen stroke (BCL)
balare each alpha inpuf
258 CF 18 EAEIME
£259 F57 1 [EIED
B Kx(2xpx ut a5 1 equation
£260 Igﬂgg ReSIN 0 o o 1)
before each alpha input
c26l F572 E=EE
input as 1 equation
Leb E:gfxﬁlﬁ (ESH] then stroke [ETL
before each alpha inpul
C263 FS57 3 EL~EE
¥y inpurt as 1 equation
L26d E"(g..g;ﬂm [ECH) Then stroke [RCL)
bafora each alpha fnput
C265 @ (@]
266 z{}v E3)
C267 STOP 753
C268 GTO C224 EEEl@EE
£269 RTH
—Triangle Solutions’
GOl LBL G () FEG) (6]
Goe2 XEQ Dale Q) B ]
GAB3 CF 4 E=EE]
GA64 5F 1@ EEmEm
G605 TYPE SELECTION (EGHvhen stroke
tafore each alpha input
GBE6 PSE &= )
GO CLx @E=10
G808 51-52-53 (ESH) o stroke (BEL]
before each alpha lnpid
GOBY x#8? [ E) (1)
Gale sk 1 B~
GBILCLx =00

Pﬂgl:lﬁ?

A3-51-A1

x#0?

§F 2

Clx
SI-A1-R2

x#8?
5F 3
CLx
51-A1-52

x*h?
SF 4
Clx
§i-52-R2

x#07

SF 8

SF 18
F§? 1
XEQ G227
FS? 3
REQR G227
F§? 4
HER G227
FS? @
HER G227
F§?
570
F5?
510
F§?
5710
F§?
ST
Fg?
{ED
F§?
§T0
F§?
%EQ
F5?
5T0
F§7
RER G227
Fs? 2

P T = 63 o i 0 D2 P00 D S o P O TP e
™
L3t
—_

(EQH] Then stroke [EEL]
before each aipha input
(=) FemEl (7]
EC~)0E1E
=10

[EGN] then siroke
hefore sach alpha inpud

() (MoDE) (1]
EN~1ME
E=0

[EGIN] Then stroke
bufors wach alpha fnpot

7 (MOBE) (1]
ENCA]EE)
‘=0
(B Then stroke [FCL)
* bofore each alpha inpl
() (RB0E) (11
EEMm
EE@Am
EEm
E@EIEZEE)
ENCEE]
)
ENCA1EE
EQEEERE
EE=Em
ER@E@E DT
EC=1EIm
(=1 | [
E(AEE
) (EEL ()
EYCA1EIE
[=1](=N]i]
ENEEm
EED DT
B =)E30E)
EE@EIEIEE])
E=1EE

EAEE

[T ¥ e i LT T



6855
GB56
Gas?
G058
6039
LYY
tosl
G062
6063
G064
6063
GB66
Goe?
G068
GA69

Gove
6o71
cave
Gara
Ga74
GO73
GB76
H

Geve
Ga79
Gaga
GBSl
Gaaz
G083
Gag4
60835

G086
cosr
Goga
6689
6899

Gagl
Gase
Ga93
6094
G935

510 D
F§7 3
AEQ
F§? 3

570 E

F8? 4

REQ G229

F&§7 4

870 E

F§? @

AEQ G231

F§? @8

§TO F

F§7 1

[NPUT SIDE 3

F$? 1

5T0 H

F§? 2

REQ G229

Fs? 2

570 E

F§? 3

IHFUT AHGLE 2

F5? 3
ST0 G
F§? 4
JEQ
F§7 4
5T0 F
F&? @
THPUT

F§? @
8T0 G

CF 18
F§? 2
180-(HMSICE)+
HHS2(G))
F5? 3
2HHS

F$? 3
510 1
F$? 3

ANGLE 2

() [REL (D)
EEIEE
Em@ZIEDE
EN=1EE
EEDE)
ENCEIE
) @ @
BEIFEIEE
EREA(E]
EN(E]E]E)
FER B EIEID
EIA)Em
(] (FEL) [F)
E=E00
(EQH] Then stroke [REL)
befare each alpha input
ENCEEal
=) EDE
....lﬂﬂﬁﬂ

ﬂﬂﬂnhnmwwiil
before each alph frpul

EA1EE)

) (FE0 (E)

ENCAIEE

EER)EIE)ET)

BN ~1(FE)

) EDE)

EC=]Em

[ECH] Then stroke [FEL]
befora each alpha input

EN=EIE

L= iz [

B EEEE

EA)EE

anmn 1 uqmﬂon

l] Then stroka (1

bafﬂmu:ﬂ amhaﬁ:,um

lllllﬂﬂﬁﬂ

IIIIIEDED

GA96
697
6098
6699
Gl1ee

Glol
Glez
6183
G1e4
G183
Glae

Gla?
Glag
G189
GI1O
GI11
Gliz
Gi13
G114

GILS
G116
GI17
G118
GITY
Glze

Gi21
6122
6123
G124

G125 F§

G126
G127

5F 2

F§7 3

CF 3

F5? 8
RSTHCCF+DYRESTH
(HHSH (G D)
Fs? @

3HHS

F57 @

570 1

F57? @
188-(HHS+ (D)
+HHS+{G))

F5? @

+HHS

FS? @

870 E

F§? @

SF 2

F§? 2
180-C(HNS» (1)
+HNSHCE))

Fs? 2

SHHS

F§? 2

8T0 G

F§? 2
Dx{SIHCHHE+(1) )+
(STHCHHSACGI D)

F§? 2
S5TOF
F§7 2
DX(COSCHNS+
(1))
72
Fx{COSCHNE
(6)))
Fg? 2

GI28 +

G129
Gl3g
Glsl

F§? 2
§T0 H
F§? 4

EEIME
EC=EE
ECAEE
ENC=E0]
input as 1 equation
[EGH] then stroke
bafore each alpha inpul
E)~EE]
=)&)
E=]EE

= RE
E=]E)E)

Input as 1 equaiion

Then stroke ([ECL)
balore pach alpha inpul

E~]E10)
BEiE

B Em
(= ECE)
5]
B0
ECEE

ul a5 1 equation

Then stroke [BEL]
before gach alpha inpul

ERCAEE)

(=1 Ed

B~ )E1(E]
EEDE]

BN =EE
Input as 1 aquation
Than stroke
before each alpha input

EC-E1E

EECLIE]

EA1E(E]
fas T equaﬂm

Then shoke (B
bmsaahatmakpm
ECEIEIE)
input as 1 equation

Then stroke [REL)
before each slpha inpuf

ENCEE
52
EC=EIE
ENEDE
ENCEM

(Cantined an mext page)
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G132

G133
G134
G135
G136

G137
Glas
G139
Gl4a
G141
G142

G143
G144
G143
G146

G147
G148
G149
G15@

GL3!
G132
G133
G194
61535
G156

G137
G158
6159
G160
Glel
G162
G163
G164
G163
G166

Gl167

Page 8P

2X(DXFIR(COS
CHHSHCED D)
F57 4

5T0 T

F§? 4
SORT(SO(D)+5A
(F)-T)

Fs7 4

STD H

5F 1

5F 4

F§? 1
(D+F+H) 52

F&§?2 1

S5TO H

F§? 1
SORTCCCHXCH-
FY)=(DxH)))
F§? 1

510 T

F§? 1
2XACOS(T)

F§? 1
JHHS
F§? 1
5T0 1
F§? 1
ACOS(SART((Hx
(H-D))=
(FxH)))
F&§7 1

2

F57 1

b

F57 1

+HHS

F§? 1

5T0 G

F5? 1
[ga-(HHS+ (1)
+HHS2(G))

F57 1

it as 1 equation
Then stroke (1]
before sach alpha inpil

EC21EE]
FEELM

B~ ]EE]

tas T equaltion
Then stroke

belors esch alpha inpuf
ECA]EE)
(FE) (REL [H]
EC00m
B~
ECAE0

[EGH] Then shoke [REL)
bafore each alpha il

ENCA1EM

=) D)
ENC~1Em
input as 1 equation
[EER) Then stroke (ECL)
befora each aipha inpul
ECEmD
EEE ()
E=Em
[EXER) Then stroke [RCL]

hafore sach alpha fnput
ECEO
[=1]E1]
EC~EI0]

FE R
ECA1EI0O0

%ﬂ 1 equation
Than siroke
before each alpha inpet

E~)E10)

zl
ENCA)E

[E3]

A Em

L= 1]EX]
ENA1E0)
EEIE
ECEEMm
inpurt as 1 equation
(EGH Then stroka (FEL]
beforg each alpha input
ENCEM

R e e e e e I e N e e W I [ oM
L = Y === R N = T P N LY o ey . < RN Y . . ]

G198
G199
G280
G2al
G2ez

G203 €

G2o4

FHHE
F§? 1
570 E
cF 1
SF 18
SIDE 1

RCL D
sTop
AHGLE 1

RCL E
§TOP
SIDE 2

RCL F
STOP
ANGLE 2

RCL G
STOP
SIDE 3

ANGLE 3

RCL 1

STOP

CF 18

8.5 (DxHxSIHN
(HiS2¢1)))

570 A
SF 18
ARERA

RCL A

STOP

F57 0

REQ G2z

GT0 GBgl

RTH

2HD SOLUTION

Fla
188-CHHE+{1))

BEm
ENCA1Em

=) EC(E)

EC~ 1M
B
(EGIH] Then stroke
bafors aach sipha inpul
FEE)

(#5)

[EGH] Than stroke [ECL]
befare each alpha inpet
FEELHED

(EGH] Then stroke (ECLY
hafore each aipha inpul
EDE)

[®5]

[EGH] Then stroke [EEL]
befare each alpha inpul
[FEELIE)

(&5

[EGH]) Then simke [HEL)
before aach alpha inpud
[RCLI(H]

(73]

[ESH) Thon siroke
before each slpha inperl
ELm

[#5)
BN
input as 1 equation
(EGH) Then stoke
before each alpha input
EEA)
EA)HEm
(EGH] hon stroke (BT
before each alpha inpa!
[RELICAD

(5]

ENCA]E0)
FESIEIEZOE]
GO [E]@Em
(EGH] ihen stoke
before each alpha ingul
ENCA1@EmE
[EEIN] Then strake [BEL]
hefore each alpha fnput

(Cantimued o next paga)



G285 RCL G ELE Pegs GT0 PRI EOE@OIE

G286 STO E EEDE PRO6 RCL P EOE
6207 RY 0 PRO7 ST0 J  EMEUL)
s omn O 20
6209 G = ©
R o POLE [H,E)  EEmoniois BT
L]
G211 §T0D EEND PEIL STO(Y)  EDELC]
6212 180-(HHS3(E) inpwastoquston  PBI2 RTH )
+HHS 2 (6)) EoRimensike B0 PRIS RCL P EDED
G213 2HNS EEE) Fél4 RBS [[=1]5A]
G2td o101 BEND  poiE Rl EDC)
G215 STHCHHSH(1))  ERimnsimio B ppi7 [{,7) EGE] o ek )
6216 SINCHHS#(L))  ECMIMmansvobe BED pgig () pafce doch aphe e
bafore each alpha inpot |, ALY
516 R = P30 SN mED
6218 RCLX D D = (D ()
6219 §T0 F s Po2l LASTx
0220 DX(LOSCHNSS  inputes toquaton  [022 L0311 [ECHImon seoto O
) EaM thon siroko BCL) PB23 X =
(201 FX(COSCHNG)  impatosoquation  PB24 STO B EEEDE
{G))) (EGED) Thon stroke BCD) PB25 RTH
6222 + berocachaphaiput PA26  IHPUT P ENEN(E)
Paz7 ST0 J  EDEDD
s e SIOm g2y [H)E] e
=t~ before each alpha input
6225 GT0 G172 co@mmmea 029 sT0L))  EEIC] v
ol Ee
ol . o (RECL
G2z7 INPUT SIDE I (CHUmarawose B0 po32 RTH
G228 RTH
6229 INPUT AHGLE | EGivnonshore D) — Traverse-
berwumdwbhdmur
6230 RIN (B ) 1081 LBL T EGEG T
6231 INPUT SIDE 2 mmm T892 XEQ DOIE  CEODIEME)
£232 RTH EmaEm M 1003 SF 10 m-mmn_ru
€233 INPUT AWCLE 3 Emansimts iy 1004 AZ=0 BRG=L B
0234 RTH batorssoch siha st 1995 S0 2 ot oo
o 806 x#0? @) 600 (1)
——Poinl Storage and Reeall —————88 —— iggé %Eafa g%gtﬂ
POOI LBL P (B8 () () PRBI  EQE@ED
Pe2 INPUT P EE=2E 1010 RCL E [EED(E]
Poe3 RCL P EDE 011 STO W (0 D (W)
PaB4 x(B? ) (ROEE (3] Tate §T0 0 (&) FEL 0]
(Contivnned on next pagel
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Te21 F§? 2
T822 XEQ BpA!L
STO A
T024 HHSH
T825 DISTAHCE

TA26 STO D
TA27 STO0+ §
Ta28 CF 19
{EQ TA51
2oy
570 L
S5T0+ H
x{ry
T834 §T0 O
T#35 STO0+ E
T836 RCL L
7837 5£L 0

9 =
Te48 RCL+ N
T841 %
T84z +
STO+ G
RCL 0
ST0+ N
YIEH H
YIEH E
T048 KEQ PA26
T649 GTO TaL7
TA56 RTH
x{ )y
7852 SIH
iy
LASTx
1855 CO§
x{dy

EDE)

=5 (EE0) (T

= ED
(3]
ECA)mEm
B

(=) (HTOE) (€]

ENCAEE
EQIE(@ )
EEECA)
(ES)(E]

{EGH] Then stroke (L)
tefore each alpha input
(B E @)
EFEDEE)
EC=ECEm
EESNENEID
=)

([EE ]

B (EDEE)
=7

(= ELE)
EECDEIED
LA §u}
ED@

&

=
(ECLICEE]
&

€3
EENEG
L4 [ge]]
) E [F)(H)
(B ENED
E=ENEY
EQNDEE)
EODEmm
(B ()
[E2D1}

(5]

(E=F)

(i3] (EETER]
(o]

=7

=

—Traverse Closure

Kegl LBL K
Kga2 RCL N
Keag RCL- ¥
K8ad4 RCL E
kB85 RCL- W
kBB6 KEQ TBGEZ
Keer? 510 D
Keg8 x{dv
Ka@s 18@

Kaig +

KoLl 368

Kélz RHDR
Ké13 ST0 A
Kafd F87 2
Ke15 XKEQ Re8d

Kelé CLOSE ERROR

Kal7 PSE
kolg F5?7 2
K819 VIEW B
Ke2e FS? 2
kg2t
ke2e RCL 2
Kogs =x=8?
Ke24 YIEH A
K025 VIEW D
K626 RCL

Ke27 RCL: D
Kezg ST0

E=)
)
®
B
() ENIER)
=

@

(B8 (ERITER)
Ca]
@EE
EERE
EE
=1

() REQ (K]
(ECL] ()
EEIE
[EELIE]
EU=IH
FER(M(EIEIE]
(=) L (5]
=9

e

3]

EEm

[E5) [FAH1 (5]
ERECLIA)
BN~ 1302
EED (KO 4]

[EQH] mhen stroke [ECL)
bafore each alpha inpul

=)
ENCEIEE
B E ]
EN=]EE]
EH|EDE)
B

(i) (MOEE] (£
EENE
E)ENE
®Ls)
EOEIE]
) [FED (7]

S rmtinroed v e preatel



K829 PRCSH RATIO @]m::rm
aip-‘lulrprd

K@38 PSE ﬂ]l?ﬁi

Ke31 VIEH R ENEE

K@az RCL G FLE]

Ka23 ABS ECD

K@34 STO A EEEIEA)

Ka35 AREA (ELH] then stroke [FET]
buforn pech alha input

K@a3é PSE EET)

KB37 VIEH A ENEE)

KA38 SUM H DIST mmm

K839 PSE EE=y

Ka4a lu’IEH 5 ENEDE

Ka41 CF 2 B =20

K842 CLSTK E=IE

K843 RTH

—Stakeout

seei LBL § XS E

se82 XEO DAL FER BT

5803 CF 19 L] (R [

$004 XEQ Podl [E1:2e] [0 [0 [0 W

5005 RCL H REE)

5006 STOH (=5 EEL(H]

5007 RCL E EELE)

5088 STO0 I () (FEL) (T

5809 XEQ Poal FEQ ()@@

s616 RCL H EELIED

sety sto0 v EED M

5812 RCL E BLOE)

5813 S§T0 K B EED(E]

5014 RCL ¥ ELI

$615 RCL- H L =]

3016 RCL K BELIE]

017 RCL- I ESI=010

5818 XEO Tas2 EEE(MEEEz

3819 ST0 D () D

5020 x(ry E=F]

5821 STO A () ECLA)

5822 x{)v ER

5823 F8? 1 ECEIE0)

5024 GTO Lat2 reiis] LM K0 [N (3]

5823 STOP

5826 XEQ 5649 FEEEI@EE

S@2v STOP CTH |

5028 RTH (B ()

— Inverse

Leal LBL L (= FET )
Legz KEQ Dall e (@M
Lag3 §F |1 B Mo
Lead4 §F 3 E=mE
Laas SF 18 EFE@MCE
Lo REQ LBZ7 EDLEEE
Lea7 CF i@ EEEE
Lo@g F5? 3 =EEEE
Lan9 HEQ 5094 EQIEEEE
Leta CF 3 B (=1EZE
LBll REQ 5885 FEQEIEEE
Lat2 RCL A EIE

LBl3 XEQ AOBY4 EE A
Lel4 F87 2 ®EEEE
Lats VIEW B EEIE]

LBl6 F8? 2 EEIEE
Laly VIENW @ ENEE)

Latg RCL 2 E1E

LO19 x=87 () (0] (6]
Le2a VIEW R EREA]

Laz2l VIEW D ERIE
Lg22 VIEH N ENEIE

LB23 VIENW E EEE

La24 F§? 4 B =]EE
1825 GT0 LB34 EOD@mEm
L826 GTO LBIG E@MEE
Lez7 F§? 2 EEIEE
Le28 RTH

LB29 AZ=0 BRG=1  (ECH)enstoke [ED

bmmchm.rw

LB3e ST0 2 B
LB3l =#@?

L@3z SF 2

L833 RTH -

LB34 CF 4 ENA=EE]
L6335 GTO Lail [GIO) [T
L8336 RTH
— Intersections

1ael LBL I = EIT
1082 HEQ Dola FEE@EOm
1863 CF 4 E=EE
1604 CF @ ENE1EE
1085 CF 18 ECEmeE]
1686 XEG POA e [ [a A (K]
1867 RCL N EDE

(Cmusimred on mext page)
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>0
m
=]
(=R i = B -l o s T
=
o=
f—

AZ=0 BRG=1

z2@?

8F 2
x=0?

SF &
870 2
Clx

F§? 6
AZ-AZ=1

F§? 2
BRG-BRE=1

%87

5F 1

Clx

F&? &
RZ-DIST=1

F§? 2
BRG-DIST=1

x#0?

5F 3

Clx
DIST-DIST=1

x#@7?
5F 4

EE
EELE)

=) D)

UEE) (F@@)
[ECLI(H]
EED
EDE
EEDE
EO=M
EI
ENEE

ESD|
FEQI(M@IEE]
EEE

E=9)

EE]
EEDE)
E=Em
ENCA0Em
(B Then stroke (BEL)
bafar gach alpha inpul
(P (FESE) (1]
ERCAIE
(FE) (AREEN (5]
ElmE
=) ED D
EEmD

B~ 106
(EGH] Tion stroke (EC1]

[EGN) Then stroke [FEL)
belore each alpha input
(B3] (MG5E] (1]
B0
E=m
EAIEE)
[EGIH] Then siroke [BEL]
bofare gach alpha inpul
EAEE
(EGH) Than stroke [BEL)
bafore pach alpha fnput
() (MOGE) (1]

E =] 106E)
EE=m

[EGH] Then stroke [FCL]
bafora each slpha inpul
[ [FOtE] (T])

B ME

1851
1852
1833

1834
18353

1836
1857
1458
1859
1668
lesl
Ia62
1863
1864
1863
1666
[067
[968
1869
la7a
1471
lare
1673
1074
1875
1876
1877
1878
1679

1688
[agl
1agz
1883
1884

18835
1886
1687
1888
1669
1858

CLx

F$? &
AZ-05=1
F§? 2
BRG-05=1

2207

SF 0

CLx

FS? @
REQ 1139
F§? 1
%EQ 1139
F§? 3
KE@ [139
70 C
+HHS

STO A
RCL T
RCL- €
sT00¥

98

870 H

t

180
t/-
§TO K

F$? 4
DISTANCE

F5?7 4
§T0 D
CF 1@
FS? @
SXSINCY)

Fs? @
510 G
5F 1@
F$?7 1
RER 1139
F§7 1

=0
E~1EE)
[ESH] Then stroke [EZ0
before each alpha input
ECAEE
(EGH] Then stroke [EEL)
tiefore each alpha inpel
() (WO0E] (1]
E)=]0m
=0
ENCEE
EEmEE
EA1E0
FEDDmMEmE
BE=Em
EZ(MmMEE
& FEEO©)
(=1]E3]
=) B (A]
FELIT
ENEE
EED
@
)R]

3

Em

=

&l

= FEDE)
EC~EE
(EGH]) Then stroke [REL]
before each alpha input
BECEIEE
FEEDE
EEIERm@
ECSEE

EEDE]
E=ECOOm
ENC=1EM
EENOOEE
ENCAEIO

[Lartimued on wexl page)



P A T s T A0 OO0 = O LT B G Pl s O 0 008 Sl O O] = S0 P v O oD 00 =J O O B O O

P e e et e o e e o e e s o o ks ety s i e et e e o et o o e e
A D G A A T D O P T D T TR0 T Pl b e i i, i e i i e e ) 50 0 O D 50 O OO

510 F
F§? 3
DISTANCE

F§? 3
510 G
F57 4
DISTANCE

F§? 4
§T0 G
CF 19

?
XED }134
XEQD 1177
? 3
YED 1168

F§? 4
aEQ élﬁ?

RPN DD AT ST s =S =D 0D TN W D
= [T e O3 02 CD O e e e T = C3 s — e T
O~ mMmmES o~ S =

=

—_—

(==

=~
-

t

360

RHDR

570 A
REQ 1146

EEIE
ECA1EE
(EQH] Then stroke (EEL)
bafars each alpha ingut
ENCA]EE)
EELE
ENC1E3E

EDMMEE
E=1Em
EDDMEE
EEEE
EED (DEIE]
ECAEE
EEOMEE
ELE)

EIE
EDMEET
ELEE
FEEOE
E=9
EEEE]

=) EEO H)
EQIEEIE
EREDE
() (BN ()
ENEE]
ELE)
(ENEIE
EEL®)
ELET@

=4

FEEQ) (D) ENED
L))
E=3]

MEE

]

EEE]
BT E)
EEE]
EEQME]

YIEH D
CF &
GTO Taatl
RTH

RCL 2
=87
AZIHUTH
F§? 2

AEQ BOBI
HH S+

RTH

F§? 6

VIEW A

F§? 2

RCL A

F§? 2

REQ RBOY

F§? 2

VIEW B

F§? 2

VIEH @

RTH
§A(5)+50¢D)-
sac6)

2x5%D

ACOS

§T0 ¥

RCL T

RCL- ¥

5T0 C

3HHS

5T0 A

RTH
(SxSIHCY) "2

5TO H
50(6)

510 L
SxCOSCYD

B E) D)
ENC=EIE]
e+ NN |00 | K0 (BN
[ [Eie]]

EED

) (HOCEN (6]
[EGH] Thon stroke [FEL]
bafora pach afpha input

B~ EE)
FE 0@
L [EA]

(] ()
ELA1EE]
[EEE)
&= EE

ELA])
ENCIEIE
EEIAIEEIE
EC~1EE
EEIE]
EEEm

[ @Gl

(B9 (REQ)
Input as 1 equation
[ECIH] Then stroke [EEL]
befors aach algha input
(EGH] Then stroke (BEL]
beforg each alpha inpul
[l

=) (C0s)
FERECV)
EEDE

EEEIET
FEEDE)

=[]

[F=lEEL(A)
ENFER

[EGH] Then stroke [EEL)
bafora each alpha fnput
([ ED

[EGH) Then stroke [BCL]
bafore @ach alpha inpul
EEFEE 0]

(ECH) Than stroke [EEL]
befare each aipha inpet

(Cantined on next puge)
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- [EGH] Then siroke [HC = input as 1 equation
: 173 SQRTC(L-H) .'f(:;:;ziu'huﬁal?!l:(l_l:. 18l é?ﬁ?!ﬂ?(K) ) fEFiN]]’nm;;J:n:ae [R_Crl._]
174 + €3} bafore sach ajpha inpu
' S 182 STO D EE D]
v BrH e Has BTN Qo)
[EGH] Then siroke [FCL
1177 P-T [ECH] then siroka [ECL) 1184 SxSINCH) tﬁ%;ahaﬁamﬁ%’
beforg each alpha fput - | 1185 STO G EEDE)
[178 STO K ®ED© 1186 $xCOS(Y) (EQED) hen stroke (CE)
1179 188-(K+Y) [EGH) Than stroke [BEL) f‘Jl'-‘fﬂflU tr_-'n.'!a 9.';11'-';: ot
. voloro onch aphainput | 1187 STO D EGIG)
188 ST0 H ) (REL) (H] 1188 RTH B ()

Maintenance (setting/clearing coordinate registers)

The short program to the right, 781 LBL 7 (~)]Ee1 [Fa ]
when executed, will set coordinate storage 2882 [8,8] (3} (1) (0 (&) [0) (6] EEE)
registers one through 150 as coordinate 7883 5T0 m]m =
registers. It may also be run whenever you
want 1o clear all of the currently stored £0@4 150068 EE]CR0mE)
coordinates. LN =42, ZHAs §T0 mElRCL ]
a6 RCL K ECLIEK]

: -
Yﬂ“mays&ramﬁmﬁtqﬂﬂﬂfﬂ}'of ZEB? S‘E[‘{J) EI
isters (instead of 150) by changing the :
contrl number at step 2004, For istance, 2008 DSE J CoID

if you use the number 200.01, it will setup 2089 GT0 2086 @@EE
200 registers for coordinate storage. Z0i8 RTH

Partially elearing Registers

Apain, looking at the control number at step 2804, assume that you have 43 or so used
coordinate registers and you want to clear all but numbers 1-15 because they ave the basic Control
Paints for your project thet you will be using again tomorrow.

Use the number 150.01501. This means the highest register is 150, you want to stop clearing at
15 (015 because it requires three digits) and you are decrementing by 1 (0] because it requires two
digits). The program will now clear only registers above 15 and below 151.
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LBL| page | LN CK* FLAGS USED REGISTERS USED
of1(2[3[4]5]6]0] [AR[CE[FGH]I[I [KLMpo[FlQR]S|TIUVMXIY|2

Al 2 73 |BiS2

B %3 |EE29

c | 3p |1209 |3202 R

D | 46| 88 |1827 | ]

E | 1¢ | 188 [749E

¢ | 6p [1295 |D515 |

H | 2p | 177 |F3502 ]

1 | 11p | 788 [D599

K | 1op | I71 |9RFC

L | 11p | 118 4832

p | op | 116 [4CSF |

s | 11p | 84 |7819

T | 9op | 246 |95364

v | 1p | 279 |6025 i

X | 34 | 93 [LEBE i

7 | 14p | 41 |DCZ6

+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 still have an error in a line such as
STO A when it should have been STO B. At the time of this THIRD PRINTING we still do not
know if the checksum problem has been fixed in the calculators yet.
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