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INTRODUCTION 

Programs for your HP-6S Surveying Pac I have been selected to 
provide solutions for many of the day-to-day problems you 
encounter.-

In general, the programs are grouped into. common problem 
areas of traversing, curves, triangles and intersections, field reduc­
tions, predetermined area and earthwork. 

Included in Surveying Pac I are 34 prerecorded magnetic cards, 
a card case, 20 pocket instruction cards, and this instruction booklet 
with program descriptions, formulas, example problems, user instruc­
tions and program listings. 

We are confident that you will find this pac useful, and we 
welcome any comments or suggestions you may have. 

*This pac is written using North American surveying conventions. 
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FORMAT OF USER INSTRUCTIONS 

The following is an example of a set of user instructions (from Field 
Angle Check - SUrlleying 1-25A): 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c::Jc:J 
2 Input Ref Az away from pt RofAz Q:]c:J 
3 If angle right Ang Rt ITJCJ 
4 I f angle left AngLt ~CLJ 
5 If deflection right oefl Rt [Dc:J 
6 If deflection left oefl Lt [§B!]CO 
7 Optional: Compute course brg IT:ICJ Brg 

8 Optional: Compute quod code [M]CJ Quad 

9 Optional: Compute azimuth ~CJ Az 

(Repeat lines 3-9 for each CJc:::::J 
course) CJCJ 

10 Compute angular error CLJc:::::J Ang Error 

11 w:Jc:::::J AngCorr 

If checking traverse between two pOints, the closing reference azimuth is entered 
via key A; angular error is then obtained at line 10. 

To run .nother problem, press [t!) ~ then return to line 2. 

The instructions read from left to right starting with line 1; follow 
any indicated operations in this order. lines having no numbers 
contain special notes to the user and are in parentheses under the 
INSTRUCTIONS column. An example is the comment between lines 
9 and 10. 
Always move sequentially from line to line unless a comment in the 
INSTRUCTIONS column indicates otherwise. Thus, the comment 
after line 9, "Repeat lines 3-9 for each course", means to return to 
line 3 following the instructions indicated until all necessary data has 
been entered. If there were no more courses, the user would proceed 
to line 1 0 for further instructions. 
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Information under the DATA column will be the instruction to 
enter a number or value, even though in many cases there is not a 
comment given in the INSTRUCTIONS column. 

Generally, where an instruction is designated as "Optional", the 
results have already been computed and stored. Thus, skipping 
optional path may save time by not displaying results but does not 
affect calculations. 

The DISPLAY column indicates results where applicable. In some 
cases, the calculator display may show a value which is an 
intermediate factor used in fmal calculations and may be ignored. 

The function keys A through E are used for entering data and 
displaying solutions. Keys to the left are used for data entry and 
those to the right for solutions. Solution keys are always indicated by 
"SOLN". Data is entered by entering the value and pressing the 
appropriate function key. Solutions are obtained by first pressing 
the appropriate function key and then, if the particular solution 
consists of multiple values, pressing the" key successively until 
all the values have been displayed. The .. key is never used for 
data entry. 
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POINTS TO REMEMBER 

Turning the calculator off clears all storage registers, the operational 
stack, and program memory. Neither the storage registers nor the 
operational stack is disturbed when a program is loaded into the 
calculator. 

When running successive problems with one program without 
turning the calculator off, clear the storage registers by 
pressing [IJ ~. To insure that the program restarts execution 
properly, press lim after en ~ . The same rules apply when 
running one program after another unless data is utilized which was 
stored by a previous program. Failure to perform these steps may 
result in incorrect solutions. 

When working with problems which involve the display of degrees, 
minutes, and seconds as output, set the decimal at four places 
(press _ 8 [!] ) to enable full display of minutes and seconds. 

Input degrees, minutes, seconds in the form DDD.MMSS, i.e., 60 
degrees, 05 minutes and 12 seconds is displayed as 60.0512. 

~ may not be used as an equivalent to an input of zero. 

Do not perform manual calculations between program exec:uttan 
steps. In many cases the stack contains values necessary for program 
execution. 

Quadrant codes for bearings ate as follows: NE is 1, SE is 2, SW is 3, 
and NWis4. 

Entering a Program 7 

From the card case supplied with this application pac, select a 

program card. 
Set W/pRGM-RUN switch to RUN. 
Turn the calculator ON. You should see 0.00 
Gently insert the card (printed side up) in the right, lower slot as 

shown. When the card is part way in, the motor engages it and passes 
it out the left side of the calculator. Sometimes the motor engages 
but does not pull the card in. If this happens, push the card a little 
farther into the machine. Do not impede or force the card; let it 
move freely. (The display will flash if the card reads improperly. In 
this case, press § and reinse rt the card.) 

When the motor stops, remove the card from the left side of the 
calculator and insert it in the upper "window slot" on the right side 
of the calculator. 

The program Is now stored in the calculator. It remains stored 
until another program is entered or the calculator is turned off. 
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FIELD ANGLE TRAVERSE 

:his program will accept angles right, angles left, deflections right 
nd deflections left as well as horizontal or slope distances. The 
oordinates of the next point are calculated, and area in square feet 
nd acres are available upon completion of the traverse. Traversing 
>etween two known points is accomplished through a second 
'rogram in which the coordinates of the closing point are entered. 
:his same secondary program, Closure for Field Angle and Bearing 
:raverses (Surveying l-3A), also computes area, closure for bearing 
nd distance, total distance traversed and precision ratio. 

:lope angles are assumed to be entered as zenith angles. To change 
he program to use vertical angles, the following sequence must be 
ollowed: 

I. Enter program 
2. Press_II 
3. Switch to program mode {W/PRGM}-14 should appear in 

the display 
4. Press" (single step) three times-09 should appear in the 

display 
5. Press [!l ~ (delete }-09 should appear in the display 

7. Press "eleven times-04 should appear in the display 
7. Press [!] ~ -31 should appear in the display 
8. Press 00 -05 should appear in the display 
9. Record changed program by inserting blank card in reader 

10. Switch back to run mode 
11. Enter changed program and test 

4= 
¥ 

I e;;; 
~ 

:f: 

~ 
;; 
¥ 

Surveying 1-01B 

Formulas used: 

H Dist = S Dist sin (Znth ang) 
N'+l = N, + H Dist cos Az 
E'+l = E, + H Dist sin Az 
Area = *[(N2 + N1)(E2-E1) + (Na + N2) (Ea-E2) + 

.... + (Nn + N1) (EI - En}) 
Where: N, E = Northing, easting of a point 

Subscript i refers to current point 
Subscript n refers to next to last point 
Numeric subscript refers to point number 
Az = Azimuth of a course 
H Dist = Horizontal distance 
S Dist = Slope distance 
Znth ang = Zenith angle 

9 
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Example: 

UNADJ AREA • 28.&81 SO FT 

.• 10 ACRES 

N 
BEGIN 7E---ii~;; 

Calculated Ending Coordinates N = 149.905 
E = 399.783 

In this example, the Field Angle Trave . 

calculated ending coordinates are estab~~~~a:Cl1S used ~ntll the 
Angle and Be . T . osure lor Field 
coo dina anng raverse program is then loaded and the clostna 

r te~ are entered (N = 150.00 and E = 400.(0) Fr 
the remairung closure information can be obtain . . om there, 

for the Closure program (Surveying lolA). ed-see mstructions 

Closure distance = 0.237 

Error bearing = S 660 19' 43" W 

Distance traversed = 667.147 
Precision = 2814 

l er: 
~ 
:r: 

:r: :r: 
¥ 
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NOTE: If registers for the Closure for Field Angle and Bearing 

Traverse program (Surveying lolA) have been manually 

loaded, variations in the above may occur due to 

rounding. 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c=Jc:::Ji 
2 Begin N [TIc:::J Begin N 

3 Begin E D:Jc:::J Begin E 

4 Input ref IZ away from pt Ref Az [Dc:::J 
5 I f angle right AR ITJc:::J 
6 If angle left AL @!][I] 

7 If deflection right DR CDc:::J 
8 If deflection left OL ~CLl 
9 Input distance (SO or HO) Oist UJc:::J 

10 I f horizontal distance CiJc:::J HOist 

11 If slope distance Zn Ang CLJc:::J HOist 

12 Compute Coords CDc:::J N 

13 CEDc::J E 

(Repeat lines 5-13 for successi.e c:::Jc::J 
coursos. Line. 14 8t 15 should CJc::J 
be executed on Iy after comple· c::::Jc::::J 
tion of polygon tra.erse.) CJc:::J 

14 Optional: Compute sq ft CEDc::::J Sq Ft 

15 Optional: Compute acre. []Z!Jc::J Acr.s 

For closure information Ind/or traverse between two points, proceed to program 

CIosIn for Field Angle III 8e.,lng Tr ...... (Surveying '·3A). 

To ,_at field angle tra.erse go to line 2 
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BEARING TRAVERSE 

BEARING TRAVERSE SURV 1-02A 
BEG N·E BRG QUAD DlST· N·E·AREA ~ 

ZNTH ANG SOlN t:::J 

This program uses bearings and horizontal or slope distances to 
calculate coordinates. 

Traversing between two known points is accomplished through a 
second program in which the coordinates of the closing point are 
entered. This same secondary program, Closure for Field Angle and 
Bearing Traverse (Surveying l-3A), also supplies area, closure bearing 
and distance, total distance traverses and precision ratio. 

Slope angles are assumed to be entered as zenith angles. To change 
the program to use vertical angles, the follOwing sequence must be 
followed: 

1. Enter program 
2. Press. m 
3. Switch to program mode (W/PRGM)-14 should appear in 

the display 
4. Press" (single step) three times-09 should appear in the 

display 
5. Pressl!J ~ (delete)-09 should appear in the display 

6. Press" IO times-04 should appear in the display 
7. Press [!] ~ -31 should appear in the display 
8. Press [!] -05 should appear in the display 
9. Record changed program by inserting blank card in reader 

slot 
10. Switch back to run mode 
II. Enter changed program and test 

Formulas used: 
H Dist = S Dist sin (Znth ang) 
N1+ 1 = N1+HDistcosAz 

EI+l = EI + H Dist sin Az 

Area = ~[(N2+ N1 ) (E2- El) + (N3+ N2) (E3-E~ + 

.... + (Nn + N1) (E. -En)] 
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Where: N, E = Northing, easting of a point 

Example: 

Subscript·i refers to current point 
Subscript n refers to next to last point 
Numeric subscript refers to point number 
Az = Azimuth of a course 
H Dist = Horizontal distance 
S Dist = Slope distance 
Znth ang = Zenith angle 

® 
291.475 
877.668 

G) 
BEGIN 

o 
~ 
1012.309 

200 
BOO 

In this example, the Bearing Traverse program is used until the 
calculated ending coordinates are established. The Closure for Field 
Angle & Bearing Traverse program is then loaded and the closing 
coordinates are entered (N = 352.1 00 and E = 988.220). From there, 
the remaining closure information can be obtained .. see instructions 
for the Closure program (Surveying l-3A). 

Closure distance = 0.195 
Error bearing = N 5° 41' 31" E 
Distance traversed = 402.938 
Precision = 2068 

NOTE: If registers for the Closure for Field Angle and Bearing 
Traverse program (Surveying l-3A) have been manually 
loaded, variations in the above may occur due to 

rounding. 
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UNE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter progrlm c:Jc:J 
2 Begin N CDc::::J Begin N 

3 Bogin E ITJc::::J Begin E 

4 Input bearing Brg CDc::::J 
5 Input quodrant code Quod CDc::::J 
8 Input distance (SO or HOI Dilt CE:Jc::::J 
7 If horizontal distance CE:Jc:J H Dill 

8 If slope distance ZnAng CE:Jc:J H Dill 

9 Compute coords ICDc:J N 

10 []!!]c:::J E 

(Rlpeat lines 4-10 for suCC8llivo c:Jc:J 
oou ..... Lines 11 • 12 should c:::Jc::::J 
be executod only aftar campll· c:::Jc:::J 
tlon of polygon travorlO.1 c:Jc:J 

11 Optional: Compute sq ft []![]c:::J Sq Ft 

12 Optional: Compute ...... CMJc:J AcrIo 

For closure Information and/or trlVlrlO a..-n two points, pr-.I to progrwn 
Closure for Field Angle • Boarlng Tr .. _ (Survey"" 1-3.4 I. 
To restart thil program after an arror or for now dot. prill _ thonm I!i!I 
~~to~~ . 

Surveying 1-02A 15 

Notes 
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CLOSURE FOR FIELD ANGLE AND 
BEARING TRAVERSES 

This program, used in conjunction with either the Field Angle 
Traverse program (Surveying 1-lB) , or the Bearing Traverse program 
(Surveying 1-2A), computes area, closure bearing and distance, total 
distance traversed, and precision ratio. 

Key • ,is used only for entering the closing coordinates in the case 
of a traverse between two points (Le., not a polygon). 

If this program is not used immediately after the Field Angle 
Traverse program (Surveying 1-lB) or the Bearing Traverse program 
(Surveying 1-U), or if the storage registers have been altered or if 
the calculator power has been turned off since either of the t~verse 
programs were run, enter the follOWing data into the specified 
storage registers (this is done by entering the data in the display and 
pressing I!!Ql followed by the register number for each of the five 
parameters): 

REGISTER 
2 
4 
5 
6 
7 
8 

Formulas used: 
Closure distance 

PreCision ratio 

Error bearing 

Where: Nc ' Ec 

NL, EL 

1: Dist 

PARAMETERS TO BE STORED 
Total distance traversed 
2 X area (sq. ft.) 
Correct closing easting 
Correct closing northing 
Calculated ending easting 
Calculated ending northing 

.../(N -N )2 + (E -E )2 c L C L 
1: Dist/Closure distance 

E -E 
tan-1..£..-..b 

Nc -NL 

Correct clOSing northing and easting 

Calculated closing northing and easting 

Total length of traverse 
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Example: 
Values stored in the registers given below are those stored by the 
Field Angle Traverse (Surveying 1-lB) example. 

REGISTER VALUE 

2 667.147 Total distance traversed 
4 53182.000 Area x 2 (sq ft) 
5 400.000 Correct closing easting 
6 150.000 Correct closing northing 
7 399.783 Calculated ending easting 
8 149.905 Calculated ending northing 

Using these values, the closure information is calculated. 

Area = 26,591 sq ft = 0.610 Acres 
Closure distance = 0.237 feet 
Error bearing = S 66° 19' 43" W· 
Total distance traversed = 667.147 feet 
Precision = 2814· 

·These values will not be exact if values are stored manually. This is because 
founding of the input values o r 

UtE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c:Jc:J 
CSklp II .... 2·3 If reg!.ter.'looded c:Jc:::J 
.......... Iyl c:Jc:::J 

2 Input correct clOIing N CI_N CLIc:::J CIOII N 

3 Input oorreel closing E etOIlE ITJc:::J CIOII E 

4 OptIonal: If polygon recall c:Jc:::J .... CDc:::J ScI Ft 

& 0ptI0nII rn::Jc:::J Acres 

8 Compu18 closure dill [I]c:::J Dllt 

7 ComPUte error brg rn:Jc:::J Brg 

8 Compu18 quid oodI rn:Jc:::J Qued 

II Compute totll dllt trevereod ~c:::J Tot Dill 

10 Computl preci.lon r.tlo· CDc:::J Prcsn 

-Flllhing Z .. OI.nd.cate perfect closure 
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INVERSE FROM COORDINATES 

'This program uses coordinates to calculate distance and bearing 
between points of a traverse. The area in square feet and acres, plus 
a summation of distance inversed are also computed. 

F onnulas UIeCI: 

H Dist = v'(NI-NI.1 )2 + (E1-EI.I)2 

Az 

Area 

Where: 

_I EI-EI.1 tan ---
NI-NI.1 

~[(N2+ N1) (E2- E I) + (N3+ N2) (E3- E2) + 

.. , .(Nn +Nd(EI -En») 

N, E "Northing, easting of a point 
Subscript i refen to current point 
Subscript n refen to next to last point 
Numeric subscript refen to point number 
H Dist = Horizontal distance 
Az = Azimuth of a course 

Example: 

BEGIN 

AREA • 20,938 SQ. FT. 

0.481 ACRES 

Surveying 1-04A 

0 3150•000 
325.000 

III 

z 

~® 300.000 

TOTAL DISTANCE INVERSED • 1141.033 

19 
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LINE INSTRUCTIONS DATA KEYS 

1 Enter program CJc=J 
2 Beg N o=Jc=J 
3 BegE o=Jc=J 
4 Next N CDc=J 
5 Next E [I]c=J 
6 Compute distance [TIc:::J 
7 Compute bearing [I]CJ 
8 CEDc:::J 

tRepeat lines 4-8 for successive CJc::J 
courses.) c::Jc:::J 

9 Option.l: Compute area o:::JCJ 
10 Optional: rnJc:::J 
11 Optional: total dist inversed rnJc:::J 

To compute area correctlv. lines 4-8 must be executed for each leg. 
To repeat Inverse From Coordinates go to line 2. 

Notes 
Surveying l-04A 21 

DISPLAY 

Begin N 

Begin E 

Lat. 

Dop. 

Dist 

Brg 

QUid 

Sq. Ft. 

Acres 

Tot Dist 



22 Surveying 1-058 

SIDESHOTS 

This program may be used alone or in conjunction with one of the 
traverse programs (Surveying 1·1B) or Surveying 1·2A). Used u a 
stand·alone program, the reference bearing from a backsight is 
entered along with the coordinates of the occupied point. If used 
with a traverse program, these steps are omitted and data stored by a 
traverse program is used. In either case, the stored data is not 
destroyed, and the traverse operation may be carried out from the 
point occupied. 

Slope angles are assumed to be entered as zenith angles. To change 
the program to use vertical angles, the following sequence must be 
followed: 

1. Enter program 
2. Press:_ III 
3. Switch to program mode (W/PRGM)· 14 should appear in the 

display 
4. Press _(single step) four times· 03 should appear in the 

display 
5. Press [!] ~ (delete). 44 should appear in the display 
6. Press _15 times-04 should appear in the display 
7. Press [!] ~ -31 should appear in the display 
8. Press 00""()5 should appear in the display 
9. Record changed program by inserting blank card in reader 

slot. 
10. Switch back to run mode 
II. Enter changed program and test 

Surveying 1-058 

Fonnulas used: 

H Dist S Dist sin (Znth ang) 
N = N.+ H Dist cos Az 
E = E.+HDistsinAz 
Where: N E Northing, easting of sideshot 

N:, E. Northing, easting of occupied point 

Example: 

H Dist Horizontal distance 
S Dist Slope distance 
Znth ang = Zenith angle 
Az = Azimuth to side shot 

• N 344.322 
~ E 688.412 
... fe (SIDE SHOT NO.2) 

l:!!1s 
• ~ ... § 

Iii ill 0 
_ 4( 2i~ 
Q N :Z: ... 

• 
N 224.616 
E 681.816 
(OCCUPIED POINT) 

-s. 
~~ 

ANG LEFT .o;"}. 
97" 00' 00" \.'0. 

N 160.000 
E 400.000 

N 149.8118 
E 807.926 

(SIDE SHOT NO.1) 

23 
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LINE INSTRUCTIONS DATA KEYS 
1 Enter program c::JCJ 

(Skip lines 2·5 if using in con· c::JCJ 
junction with. traverse progrlm c::JCJ 

2 Input Ref Brg into occ pt Ref Brg CDCJ 
3 Quad CUCJ 
4 OccN CDCJ 
5 Occ E ITJCJ 
6 If angle right Ang Rt o:::JCJ 
7 If angle left Ang Lt [£E!JCO 
8 If deflection right Defl Rt CDCJ 
9 If deflection left Dofl Lt r:EJCL] 

10 Dist IIJCJ 
11 If horizontal distance u:Jc:::J 
12 If slope distance ZnAng u:Jc=J 
13 Compute sideshot coordinates CDc=J 

CMJc=J 
To execute another Side shot from the same point go to hne 6. 
for a different point go to line 2. 
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Notes 
DISPLAY 

H Din 

HOist 

N 

E 
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COORDINATE TRANSFORMATION 

COORDINATE TRANSFORMATION 

OLD N-E ROTATION SCALE 
NEW N-E ANGLE FACTOR 

This program translates, rotates, and rescales coordinates. Traverse 
rotation angle is entered as a positive value for counterclockwise 
rotation and negative for clockwise rotation. The translation factors 
are calculated by entering old and new grid system coordinates for 
the same point; rotation is also about this point. 

Formulas used: 

H Dists 

N 

E 

TN 

TE 
Where: 

Example: 

S v' (N1-Np)2 + (EI-Ep)2 

Np + H Dists cos (AzR ) + TN 

Ep + H Dists sin (AzR ) + T E 

= NTl - Np 

= ETl - Ep 

AzR Rotated azimuth 
~ Rotation angle 
NioEI Northing, easting of current point 

before transformation 
Np,Ep 
H Dists 
S 

Original northing, easting of pivot point 
Scaled horizontal distance 

= Scale factor 
N,E = Northing, easting after transformation 

~l,ETl = Northing, easting of pivot point 
after transformation 

Coordinates before transformation are those computed by Com­
pass Rule Adjustment (Surveying 1-7A). 
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COORDINATES COORDINATES 
IN OLD SYSTEM IN NEW SYSTEM 

N 150.000· N 100.000· 
E 400.000 E 350.000 

N 224.540 N 165.977 
E 561.673 E 515.353 

N 356.577 N 302.698 
E 468.710 E 429.427 

N 232.414 N 187.151 
E 307.327 E 261.767 

• Rotated about this point 

Rotation Angle _3° 00' 00" 
Scale Factor = 1.00 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program CJCJ --
(Skip lines 4·5 if no translation CJCJ 
is desired.' CJCJ 

2 Input N in old system Old N IT:JCJ 
3 Input E in old system Old E ITJCJ 
4 Input N in new system NewN [LJCJ 
5 Input E in new system New E ITJCJ 
6 Optional: Input rotation angle Angle [DCJ 
7 Input scale factor Scale [OCJ 
8 Next N IT:::JCJ 
9 Next E IT:::JCJ 

10 Compute transformed coord CDCJ N 

11 []2[Jc:::J E 

Return to line 8 for next N,E. For new case start at line 2. 
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COMPASS RULE ADJUSTMENT* 

( "'"'"" .... .......- ""'"' 1.QlA ~ UNADJ UNADJ ADJ N ADJ E ~ N E SOLN SOLN e'l 

This program adjusts a traverse by the compass rule. It is intended to 
follow the program Closure For Field Angle and Bearing Traverses 
(Surveying l-3A). However, if the correct coordinates of the last 
point, the computed coordinates of the last point, and the total 
distance traversed are known, these parameters can be used in lieu of 
executing the closure program. 

If this program is not used immediately after Closure for Field Angle 
and Bearing Traverse (SUTlleying lolA) or the storage registers have 
been altered or the calculator turned off since the closure program 
was run, enter the following data into the specified storage registers. 
(This is done by entering the data in the display and pressing 1!!21 
followed by the register number for each of the five parameters). 

REGISTER 
2 
5 
6 
7 
8 

PARAMETERS TO BE STORED 
Total distance traversed 
Correct closing easting 
Correct closing northing 
Calculated ending easting 
Calculated ending northing 

The Inverse From Coordinates program (Suneying l-4A) may be 
used to obtain adjusted bearings, distances and area. 

*This is also know as the Bowditch adjustment 
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To adjust a traverse between two pOints (non-polygon), ~n the 
Closure program (Surveying l-3A) as usual. Then upon entenng the 
Compass Rule Adjustment program: 
Press.. . 
Enter starting northing, press Ii!QJ [!M~IOO 
Enter starting easting, press 'I!!Q) ill I!!QJ 00 
Proceed to line 2 of the operating instructions. 

Note: Coordinates must be reentered in . the same sequence as 
originally traversed, starting at the second pomt. 

Formulas used: 

(~(Dist) 
CL = 1: Dist 

Where: CL 

Co 
llN 
6E 
Dist 
1: Dist 

(6E) (Dist) 
Co = 1: Dist 

Correction to latitude of a course 
Correction to departure of a course 
Closing latitude 
Closing departure 
Length of course to be corrected 
Total length of traverse 

Example: 
Values stored in the registers given below are those stored by the 
Field Angle Traverse (Suneying l-lB) example. 

REGISTER 

2 
5 
6 
7 
8 

VALUE 

667.147 
400.000 
150.000 
399.783 
149.905 

Total distance traversed 
Correct closing easting 
Correct closing northing 
Calculated ending easting 
Calculated ending northing 
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Using these values, the compass rule method of adjustment yields 
the following results: 

POINT UNADJUSTED ADJUSTED 
NO. COORDINATES COORDINATES 

2 N ; 224.515 N ; 224.540 
E ; 561.615 E ; 561.673 

3 N ; 356.529 N ; 356.577 
E ; 468.600 E ; 468.710 

4 N ; 232.337 N ; 232.414 
E ; 307.150 E ; 307.327 

Ending & N ; 149.905 N ; 150.000 
Beginning E = 399.783 E ; 400.000 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c:Jc:J 
2 Unadj N o:Jc:J 
3 Unadj E [IJc:J 
4 Compute adjustad coordinate. COc:J AdjN 

5 [IJc:J AdjE 

Return to line 2 for next point. 
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TRANSIT RULE ADJUSTMENT 

TRANSIT RULE ADJUSTMENT SURV 1-08A 
START UNADJ N UNADJ E A~ A~NE ~ 

This program adjusts a traverse by the transit rule method. It is 
intended to follow the program Closure for Field Angle or Bearing 
Traverses (Surveying l-3A). 

Because of storage register limitation and requirements of the transit 
rule method, it is necessary to enter the unadjusted coordinates 
twice. 

If the storage registers have been altered in any way since one of the 
traverse programs or the closure program was run, store the 
following data in the specified registers (this is done by entering the 
data in the display and pressing [!!Q] followed by the register 
number for each of the parameters). 

REGISTER PARAMETER TO BE STORED 
5 Correct closing easting 
6 Correct closing northing 
7 Calculated ending easting 
8 Calculated ending northing 

The Inverse from Coordinates program (Surveying l-4A) may be 
used to obtain bearings, distances and area from the adjusted 
coordinates. The starting and closing coordinates must be the same. 

NOTE: Coordinates must be reentered in the same sequence as 
originally traversed, starting at the second point. 
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Formulas used: 

CL =l1NILI/~ILI 
Co =liliIDI/~IDI 
Where: CL = Correction to latitude of a course 

Co = Correction to departure of a course 
l1N = Closing latitude 
lili = Closing departure 
L = Latitude of a course 
D = Departure of a course 

Example: 

Values stored in the registers given below are those stored by the 
Field Angle Traverse (Surveying 1-lB) example. 

REGISTER 

5 
6 
7 
8 

VALUE 

400.000 
150.000 
399.783 
149.905 

Correct closing easting 
Correct closing northing 
Calculated ending easting 
Calculated ending northing 

Using these values. the transit rule method of adjustment yields 
the follOwing results: 

POINT NO. UNADJUSTED ADJUSTED 
COORDINATES COORDINATES 

2 N = 224.515 N = 224.532 
E = 561.615 E = 561.684 

3 N = 356.529 N = 356.576 
E = 468.600 E = 468.709 

4 N = 232.337 N = 232.413 
E = 307.150 E = 307.327 

Ending & N = 149.905 N = 150.000 
Beginning E = 399.783 E = 400.000 
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IM'UT KEYS OUTPUT STEP INSTRUCTIONS DATAJUNITS DATAIUNITS 

1 Enter prou',", CJCJ 
2 Compute clOling lit. dep (st"t' CTIc::::J Closing Lit 

3 Optionll: Display Closing CJCJ 
departure c::::LJ1 x;!y I Closing OIP 

4 Un.dj N o::Jc:::J 
5 Un.dj E o:JCJ 
6 Compute wm of absolute values CJc:::::J 

of I.titudes and departures CLlc:::J 
(pre-adiust). CRepeatlinn4-8 CJc:::::J 
until 1M' point has been pro- c:::::Jc:::::J 
cessed, then proceed to line 7,1 CJCJ 

7 Un.dj N CiJc:::::J 
8 Unadj E ITJCJ 
9 Compute adiusted coords CLJc:::J Adj N 

CMJCJ Adj E 

Rtput 11l'1li 7-8 until all coordirmn hlVl been entered and Mijusted. 
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TWO INSTRUMENT RADIAL SURVEY 

TWO INSTRUMENT RADIAL SURVEY SURV 1-09A 
POINT 1 POINT 2 POINT 1 POINT 2 N-E ~ 
N-E N-E BRG-DIST BRG-OIST SOlN t::l 

This program determines the coordinates of a point using a two 

instrument radial survey technique. The coordinates of the two 

instrument locations are entered. The bearing and distance to the 

target point are measured from each of the instrument locations. 

The solution makes two independent calculations of the coordinates 

of the target pOint and outputs the average coordinates of the target 

point. As an optional check, the program outputs the distance 

between the two calculated locations of the target point. 

FonnuIas used: 

N = [(N I + HDI cos AzI) + (N2 + 802 cos Az2)] /2 
E = [(EI + HDI sin AzI) + (E2 + HD2 sin Az2)] /2 

Where: N, E Northing, easting of target point 

N1 , El Northing, easting of first instrument point 

Az, 

Northing, easting of second instrument point 

HOrizontal distance-point of origin is 

designated by subscript. 

Azimuth (converted from bearing)-point of 

origin is designated by subscript. 
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Example: 

N 2000.000 Data at Pt 1 
E 150.004 Bearing 3° 51' 56" 

Quad 1 
w z Distance 1854.218 
fgl! -"!. Data at Pt 2 . .... 

~81 2° 56' 08" ~~ Bearing 
• GO 

!~ Quad 4 "'-z :e Distance 1952.562 

N, 150 Distance between target 
~ pOint solutions = 0.001 E, 25 
E2 250 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program CJc:::J --
2 Nl [AJc:::J 
3 El UJc:::J 
4 N2 [TIc:::J 
5 E2 CL]CJ 
6 Brg 1 IT:Jc::J 
7 Quad 1 CDCJ 
8 Distl IT:JCJ 
9 Brg 2 CE:JCJ 

10 Quad 2 CDc:::J 
11 Dist2 CDCJ 
12 Compute coordinates COc::J N 

13 CMJCJ E 

14 Optional: (straight line distance CJc:::J 
between the two target point c::JCJ 
solutions) [E[]c:::J Distance 

For successive points measured from the same Instrument locations, ret urn to Ii"e 6. 

For new case go to line 2. 
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CURVE SOLUTION - GIVEN ~ & R OR ~ & T 

CURVE SOWTlON-GIVEN 
tolR ORto&T 

c~ RADIUS TANGENT 

Given the central angle and either the radius or tangent distance, this 

program computes four remaining parameters plus the sector, 

segment and fillet areas. 

Formulas used: 

T = R tan(~) 

C = 2Tcos(~) 
R = TItan (~) = C/(2 sin (~» 
L=~IIR/180 
Sector area 
Segment area 
Fillet area 

Where: T = 
C = 
L = 
R= 
~ = 

LR/2 

Sector area - ~ CR cos (~) 

T R-Sector area 

Tangent distance 
Chord length 
Arc length 
Radius 
Central angle 

I 

= 

~ 
! 

LINE INSTRUCTIONS 

1 Enter program 

2 

3 If rldius known· 

4 If tangent known • 

6 Option.l: Compute .... 

a Optlonol 

7 Option" 

a Compute curve solution 

9 

10 

11 

12 

13 

Surveying 1-10A 

R = 223.181 
~ = 45° 30' 23" 
~ = 22° 45' 11" 
C 172.636 
T = 93.602 
L = 177.258 
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Sector area tV) = 19,780 

Segment area (-) = 2,015 
Fillet area (_) 1,110 

DATA KEYS DISPlAY 

c::Jc:J 
6 ITJc:J 
R CDc:J 
T CDc::J 

[IJc:J S.cA ... 

[]1[]c::J Sag Ar •• 

[M]c::J FilA ... 

[IJc::J R 

[M]c:J 6 

[]1[]c:J %6 

[M]c:J C 

[]1[]c::::J T 

[]L[]c:J L 

·Input rldius or tangent, not both. h 

Lines 6-7 """ be .xllCUted .t .ny time .fter initi.1 Plr.m.t... • •• 

been input. 
For _ CI8t go to line 2. 
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CURVE SOLUTION-GIVEN R & T OR R & L 

CURVE SOWTlON-GIVEN 
RITOR Rll 

RADIUS TANGENT LE~ 
SURV 1-11A 

AREA CURVE 
SOlN SOlN 

Given the radius and either the tangent or arc length, this program 
computes four remaining parameters plus the sector, segment and 
fillet areas. 

Formulas used: 

~ = tan- 1 (T/R) sin-l0~C/R)=90L/1rR 
T Rtan~ 

C = 2Tcos(~) 
L '" 1:.1IR/180 
Sector area LR/2 
Segment area = Sector area - ~ C R cos (~) 
Fillet area = T R-Sector area 

Where: T Tangent DIstance 
C Chord length 
L Arc length 
R = Radius 
I:. '" Central angle 

r 
F:¥j 

LINE INSTRUCTIONS 

1 Enter progrlm 

2 

3 If tengent known" 

4 If Ire length known" 

5 Optionll: Compute lrel 

6 Optionll 

7 Optionll 

S Compute curve solution 

9 

10 

11 

12 

13 

"Input tangent or Ire lengtn. not both. 
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R 223.181 
I:. = 45° 30' 23" 
~ 22° 45' 11" 
C 172.636 
T 93.602 
L 177.258 
Sector area (\7) = 19,780 
Segment area (-) = 2,015 
Fillet area (_) 1,110 

DATA KEYS DISPLAY 

c:::JCJ 
Radius D:JCJ 

T CDc:::J 
l CDCJ 

C[]CJ SeeArel 

[IDCJ Seg Area 

CIDCJ Fil Are. 

CDCJ R 

[]2[]c:::J I:. 

@]CJ y,6 

[]2[]c:::J C 

CEOCJ T 

[]2[]CJ l 

Lines 6-7 can be executed any time after initial parameters Ire entered. 
For new else go to line 2. 
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CURVE SOLUTION-GIVEN 6. & C OR R & C 

SURV 1-12A 

m ~ ~ 
Given the chord length. and either the central angle or radius, this 
program computes four remaining parameters plus the sector, 
segment and fillet areas. 

Form_used: 

R C/(2 sin (~» 
6. .. 2 sln' l (~C/R) 
T R tan(~) 
L 6.11' R/180 
Sector area .. LR/2 

Segment area .. Sector area - ~ C R cos ~) 
Fillet area .. T R-Sector area 
Where: T .. Tangent distance 

C .. Chord length 
L .. Arc length 
R= Radius 
6. = Cen tral angle 

Surveying 1-12A 

R = 223.181 
6. = 45° 30' 23" 
~ = 22° 45'11" 
C 172.636 
T .. 93.602 
L .. 177.258 
Sector area (7) 
Segment area (...:::::0.) = 
Fillet area (-) = 

41 

19,780 
2,015 
1,110 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program ClCl 
2 C [DCJ 
3 If centrl' angle known· /). CDCJ 
4 If radius known· R CDc:::J 
5 Optional: Compute lrea CQ:]CJ Sec Artl 

6 Optionll CMJCJ SegAr .. 

7 Optionll [MJc:::J Fil Artl 

8 Compute curve solution CDCJ R -
9 ~c::J /). 

10 rn::Jc:::J %/). -
11 ~c:::J C 

12 ~c:::J T -
13 [M]CJ L 

tho ·Input contrll Ingle or rldlus, nO.t bo f . itial parameters Ire entered. 
Lints 5-7 can be eXlCUted Iny time I ter In 
For now ... go to lint 2. 
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ELEVATIONS ALONG A VERTICAL CURVE 

~= SURV 1-13A 
BEG-END BEG STA- NEXT 
GRADE (%, ELEV. L STATION 

MAX-MIN ELEV-STA Iii! 
SOLN SOl.N f:j 

This program computes elevation at any specified station along a 
vertical curve as well as the elevation at the highest or lowest point 
on the curve and the station at that point. Program inputs are 
beginning and ending grades, length of curve, the station and 
elevation at the beginning of the curve and station at which elevation 
is desired. 

In the program, stations are entered in the form xxxx.xx for station 
xx + xx.xx. For example, 20 + 10.00 is entered as 2010.00. 

Formulas used: 

Elevation at any station .. ~ AZ2 + G1 Z + Eo 
Distance in stations from beginning station to station of lowest 
elevation" -GilA 
Where: Eo = Elevation at beginning of curve 

Z .. Distance in 100 foot stations - measured from 
beginning of curve 

G1 " Grade in % at beginning of curve 
G2 " Grade in % at end of curve 
A .. 100 (G2-G1)/L 
L .. Length of curve in feet 

:t: 
¥ 
$ 
:r. 

:T. 
:T: 

~ ______ L'_:::X :i: 
l-z==i _1 _ 
_____ ----1 REFERENCE LEVEL ~ 
(IN STATIONS' 1 

G1 (Beginning Grade) 
G2 (Ending Grade) 
L (Length of Curve) 
Eo (Elevation at G,) 
Beginning station 

-1.065% 
1.600% 
340 ft. 
614 ft. 
17 + 00.00 

STATION 

18 + 00.00 
19 + 00.00 
20+ 00.00 
20+ 40.00 

ELEVATION (E) 

613.327 
613.438 
614.332 
614.910 

Surveying 1-13A 

Station of lowest elevation .. 18 + 35.87 
Lowest elevation .. 613.276 
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INSTRUCTIONS DATA KEYS DISPLAY 
LINE 

1 Enter program CJc:J 
u:Jt::::J 2 Input begin grade in % Grade 1 

3 Input end grade in % Grade 2 D:JCJ 
4 Input beginning station Beg Sta CDc:J 
5 Input beginning elevation Eo [L]CJ 
6 Input curve length L [Dc=1 
7 Input station Sta CIJCJ 
8 If seeking max or min elev CTICJ 

Compute elev solution COCJ Elev 
9 

~c=1 Sta 
10 

a entered in lines 2·6. lines 7.10 may be repeated If there are no changes In dat 
Lines &10 may be executed any time after initial curve data is entered. 

For a new case go to line 2. 
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HORIZONTAL CURVE LAYOUT 

Given the curve radius, the point of curvature station (p C) and the 
station on the curve, this program computes deflection angles from 
the tangent and long chord lengths from the point of curvature. 

If regular stationing intervals are used, the short chord will remain 
constant, thus eliminating calculation of the chord for all but odd 
interval stations. 

In the program, stations are entered in the form xxxx.xx for station 
xx + xx.xx. For example, 20 + 10.00 is entered as 2010.00. 

Formulas used: 

Deflection/ft. 90/lTR 
Deflection angle L (Deflection/ft.) 
Short chord 2 R sin (Deflection angle) 
Where: R = Radius 

L = Arc length 

Example: 

Radius = 900.00 Ft. 

Arc Long 
Station Length Deflection Chord 
12 + 57.000 (point of Curvature, PC) 
12 + 75.00 18.00 00° 34' 22" 18.00 
12 + 88.50 31.50 01° 00' 10" 31.50 
13 + 00.00 43.00 01° 22' 07" 43.00 
13+ 25.00 68.00 02° 09' 52" 67.98 
13+ 50.00 93.00 02° 57' 37" 92.96 
Arc length = Difference in stations 

E=3 
e q : 
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LONG CHORD 

UNE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter progI'lIII c::Jc::J 
2 R CDc::J 
3 PCSta CDc::J 
4 Sta CDc::J 
6 Compute deflection Ingle [L)c::J Defl Alii 

8 Compute chord length CDc:::J Chord 

R_"t lillll 4-8 for lUCClUivl stations. PC Sta moy be chonged ony tim. by .XICI/­
tilll lino 3. For now case Ita" It lino 2. 



46 Surveying 1-15A 

TRIANGLE SOLUTION-GIVEN SSS OR SAS 

TRIANGLE SOI..UTION -GIVEN 
SSSOR SAS 

SIDE ANGLE m SURV 1-15A 

~ ~ ~ 

This program computes the area and the unknown sides and interior 
angles of two cases of triangles-one which requires three sides to be 
known and the other which requires two sides and the included 
angle to be known. 

If one case is to be solved immediately after the other, the known 
parameters must be reentered. 

FonnuIas used: 

Area = \2 B C sin c 

A2 B2 + C2 - 2 B C cos a 

Where: A = Length of side A 
B Length of side B 
C Length of side C 
a = Angle opposite side A 
c = Angle opposite side C 

Example: 

3322.312 

AREA • 3,139,488 
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LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c=Jc=J 
2 Side u:::Jc=J 
3 If side angle side Angle CLJc=J 
4 Side u:::Jc=J 
5 If side side side Side [L]c:J 
6 If side side side soln desired CLJc=J Side 

7 If side angle side soln desired CLJc:J Side 

8 [MJc:J Opp Ang 

9 [MJc:J Side 

10 [MJc=J Opp Ang 

11 [MJc:J Side 

12 [lliLlc:J Opp Ang 
--

13 Compute area ITJc=J Area 

For new case start at line 2. 
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TRIANGLE SOLUTION-GIVEN SSA 

......................... SURV 1-16A ~ 
SIDE ANGLE SOUl A SOUl B = ~ 

This program computes the area and the unknown sides and interior 
angles of a triangle in which two sides and a non-included angle are 
the known parameters. Both possible solutions are calculated 
without reentering the known parameters. 

Formulas used: 
Area = ~ BC sin c 
A 

2 = B2 + C2 -2 BC cos a 
Where: A = Length of side A 

Example: 

B = Length of side B 
C Length of side C 
a = Angle opposite side A 
b Angle opposite side B 
c = Angle opposite side C 

Solution A 

.. 21' 31" (KNOWN) .... ~~~"'.: 
AREA -121 .... , 

Surveying 1-16A 

Solution B 

.. 21' 31" (KNOWNI~_L._~::-:::::-__ "-At-
2786.994 

AREA - 2.188.310 
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LItE INSTRUCTIONS DATA KEYS DISPLAY 

1 Ente,progrlm 

2 0 Side 

3 Side 

4 Input Ing opposite 2nd side Anglo 

6 If lOIn A deslnod 

8 If lOIn B desinod 

7 

B 

9 

10 

11 

12 Option.: Compute .re. 
If .temlte solution desinod. go to line 6 0' 6. 
°Fo, oblique t,iongl .. input longest side first • 

For new .... stlrt It line 2 . 

r---:J[:::J 
ITJ[:::J 
ITJ[:::J 
o::J[:::J 
CLJ[:::J Side 

CQ.:J[:::J Side 

~[:::J OppAng 

~[:::J Side 

~[:::J OppAng 

[]lD[:::J Side 

IMJ[:::J OppAng 

rr.:J[:::J Arel 
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TRIANGLE SOLUTION -GIVEN ASA OR AAS 

TRIANGLE SOlUTION-GIVEN 
ASAOR AAS 

SIDE ANGlE ~ 
SURV 1-17A 

~m 

This program computes the area and the unknown sides and interior 
angles of two cases of triangles-one which requires two angles and 
the included side and the other which requires two angles and a 
non-included side_ 

If one case is to be solved immediately after the other, the known 
parameters must be reentered_ 

Formulas used: 

Area 
A/sin a 
Where: 

Example: 

= ~BCsina 
= B/sin b = C/sin c 

A = Length of side A 
B Length of side B 
C Length of side C 
a Angle opposite side A 
b Angle opposite side B 
c = Angle opposite side C 

101· 00' 00" 

F:B 
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LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program CJCJ 
2 Angle CDc:J 
3 If angle side angle Side ITJc::J 
4 Angle CDC] 
5 If angle angle side input side CJc::J 

opposite second angl. Side [IJc:J 
6 If angle side angle soln desired o::JCJ Side 

7 If angle angle side soln desired CIlc:J Sid. 

8 ~CJ OppAng 

9 ~c:J Side 

10 ~c::J OppAng 

11 []2§]c:J Sid. 

12 [MJCJ OppAng 

13 Compute .re. CDCJ Ar •• 

For MW case stan .t hne 2_ 
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BEARING-BEARING INTERSECT 

BEARlNG·BEARING INTEASECT SURV 1-18A 
POINTN 1 POINT 2 UHf 1 _ lINE 2 N-E Is::! 

·E N-E BRG-OlJAD BRG-OUAO 500.1 1::9 

This program computes the pOint of intersection coordinates of two 

lines for which the bearing of each line is known and the coordinates 

of a point on each line are known. 

Formulas uaed: 

N = «EI-Nl tanAz l)-

(E2-N2 tan Az2» I (tan Az2-tan Az 1) 

E = EI-Nl tan AZI + N tan AZI 

Where: AZI Azimuth of line I 

AZ2 Azimuth of line 2 

Nl.El Northing, easting of point I 

N2.E2 Northing, easting of point 2 

N, E Northing, easting of intersect point 

NOTE: Program will not give a solution if one of the bearings is due 
east or west 

Example: 

N, • 3&0.000 

E, • 260.000 

Nz • 

E2 • 800.000 
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LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter program c::Jc::::::J 
2 N, ITJc::J 
3 E, ITJc::::::J 
4 N2 o:Jc::::::J 
6 E2 o:Jc::J 
8 Brg 1 [IJc::::::J 
7 OuMll CDc::J 
B Brg2 ITJc::::::J 
9 QuMl2 L[Jc::::::J 

10 Compute intersect coord CDc:::::J N 

[li]c:::::J E 

For .-cue lurt It lino 2. 
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BEARING-DISTANCE INTERSECT 

BEARING-DISTANCE INTERSECT SURV 1-19A 
POINT 1 POINT 2 UNE 1 UNE 2 N-E ~ 

N-E N-E BRG-OUAO DIST SOLN e:i 

This program calculates the coordinates of the point of intersection 
of two lines-one of known bearing through known coordinates and 
the other of known length from a pOint of known coordinates_ Both 
solutions are computed. 

The far solution is obtained by entering the bearing from point I, 
and the near solution by entering the bearing into point I. 

Formulas used: 
E2-E1 tan- 1 
N2 -N1 

h Dist 12 sin 1/1 
b v'Dist

2
2 _. h2 

N Nl + «Dist12 cos 1/1) +b) cos (Az
1

) 

E El + «Dist12 cos 1/1) + b) sin (Az
1

) 

Where: Az 12 = Azimuth of line from point I to point 2 
AZI Azimuth of line I 
1/1 Angle between line I and line from point I to 

h 
b 

pOint 2 
Perpendicular distance from point 2 to line I 
Distance from point of intersection to the point 
where the perpendicular (h) intersects line I 
Length of line 2 (the known distance) 
Northing, easting of point I 
Northing, easting of point 2 

DiSt12 = Distance from point I to poinf2 

Example: 

(NEAR SOLUTION- I 
BEARING ENTERED AS aw,' 

N - 342.031 
E - 2IiO.0I1 

N, 
E, 

I 

/ 
I 

/ 

LINE INSTRUCTIONS 

1 En.r prGgrom 

2 

3 

4 

5 

8 

7 

8 

9 Compu. int.nICt coord 

10 

/ 
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".-
I 
I 
I 
I 

,/ 

/ 

I 
I 
I 
I 

DATA KEYS DISPLAY 

c:::Jc:::::J 
N, CTIc:::::J 
E, CTIc:::::J 
N2 CIJc:::J 
E2 CDCJ 

Brg 1 CDc:::J 
Quid 1· CUCJ 
01't2 CQ:]c:::J 

CDCJ N 

[IDc:::J E 

*There C8II be two solutions. To «>bUln the 'n .. r' solutIon, Inter thl belrong "' 
Into point 1; for the 'fer' solution, In.r the beerlng II IWIY from point 1. 
For MW cue 1IIr! It Cine 2. 
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DISTANCE-DISTANCE INTERSECT 

DISTANCE-DISTANCE INTERSECT 

POINT 1 POINT 2 UNE 1 
SURV 1-2OA 

N-E N-E DlST LINE 2 
DIST ~ ~ 

aven two lines, each of known length and originating from two 
Down points, this program computes the intersection coordinates. 
here are two possible solutions; this program calculates the one 
>und by proceeding in a clockwise direction from the fIrSt known 
oint to the second known point. The other solution is found by 
,versing the entry of the known point coordinates. 

ormulas used: 

_I Distil 2 + Distl
2 - Dist2

2 
cos 

2 (Dist l ) (Dist l2) 

E2 - El 

N2 -N l 

I = Nl + Dist l cos (Az - q,) 
: = El + Dist l sin (Az - q,) 

'here: q, 
DiSt12 
Dist l 
Dist 2 
Nl,El 
N,E 
Az 

Angle between line 1 and line 1~2 
Distance from point I to point 2 
Known distance along line 1 

= Known distance along line 2 
Northing, easting of point 1 
Northing, easting of intersection point 
Azimuth of line from point I to point 2 
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Example: 

N • 139.068 
E • 199.892 
• 
~ 

~~ !H 
I' .. .., 

~ . 17.382 
Ez • 1.7.7.7 

NOTE: Computed solution is always clockwise from point 1 
to 2. For alternate solution, start at Point 2. 

UNE INSTRUCTIONS DATA KEYS DISPLAY 

, Enter_om c:J~ 
2 NI CI:J~ 
3 EI [TIc:J 
4 N2 o:J~ 
5 E2 ITJ~ 
8 Dill' CD~ 
7 Dill 2 CLJ~ 
8 Compute intersect coord [DC] N 

9 ~~ E 

For new co .. lterl II Iono 2. 
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DISTANCE FROM A POINT TO A LINE 

DISTANCE FROM A POINT TO A LINE SURV 1-21A 
BASE LINE OFFSET 
N-E 8RG-OUAD N-E 

N-E DIST 
SOlN SOLN 

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

Fonnulas used: r=:---=-=:--=---;:-= 
DistBo v'(No-NB)2 + (Eo-EB)2 

Dist BI ...; (NO - NI)2 + (EO _ EI)2 

Eo - EB + No ctn (AzBI ) + NB tan (AzBI ) 

ctn (AzBI ) + tan (AzBI ) 

El EB + (NI - NB) tan (AzBI ) 

Where: DistBO Distance from base pOint to offset point 
DistB I Distance from base point to intersection pOint 
Distlo Distance from intersection point to offset pOint 
No, Eo = Northing, easting of offset point 
NB, EB = Northing, easting of base point 
N I' EI = Northing, easting of intersection pOint 
AZB I = Known az from base pOint to intersection point 

F: 3 
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Example: 

N 750.001 
E 1119.998 

#jtJIJ eri' 0.c-
11 

, l('.I' 
i.# 

''!b~ ~.t:~ ~.~II}. 
'I "'1t! 0" "". \ 'fI' ;I,'~ 0'1 \ . 

~~~c..~ , 
"-, ..... ~ 

N 350.000 
OFFSET E 1420.000 

BASE N 150.000 
E 320.000 

LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 Enter progrllTl c:::Jc:::J 
2 B_N DJc::::J 
3 B_E CDc::::J 
4 Brg [IJc::::J 
& Qu..:! CDc::::J 
8 Offst N CIJc::::J 
7 Offst E CDc::::J 
8 Compute intenect coord o:Jc::::J N 

i 9 ~c::::J E 

10 Compute disWK:es o::Jc::::J Off Dist 
I 

11 [MJc::::J I 
Int Dist I 

For new case start at line 2. 



60 Surveying 1-22A 

TAPING CORRECTIONS 

( 

T~ CORRECTIONS SURV 1-22A 1 
LBS PULL TEMP ~ Z~ANG.t.s'M1 ~J 

This pr~~ will apply corrections for tension, temperature, slope, 
correction mdex and sag to yield a corrected horizontal distance as 
measured with a steel tape. Inputs are slope distance and either zenith 
angle or difference in elevation for each unsupported successive 
length. Tape constants are stored in the program; however, the pro­
gram can be customized for any tape by changing the constants 
stored in the program. 

The specified tape constants stored are: 
Tape Standardization Tension 20 lbs. 
Tape Standardization Temperature 68°F 
Tape Correction Index 0.000 ft/lOO ft 
Tape Unit Weight 0.014lbs/ft 
Tape Coefficient of Thermal Expansion 6.45 x 10-6 -b­

F 
Tape Area x Modulus of Elasticity 3.0 x 105 lbs. 

To customize the program for any tape, use the following sequence 
to change the stored tape constants: 

I. Enter program 
2. Switch to program mode (w/PRGM}-OO 00 should be 

displayed 
3. Press III five times-OO should be displayed 
4. Press I!J ~ two times-33 03 should be displayed 
5. Press keys to enter tape standardization tension e.g., 
m 00 (1bs.) 

6. Press. four times-OS should be displayed 
7. Press l!J~three times-51 should be displayed 
S. Press keys to enter tape area x modulus of elasticity e g 
[!)@~@(32 x 10" Ibs.) .. , 

9. Press III five times-OO should be displayed 
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10. Press I!J [@ four times-Sl should be displayed 
11. Press keys to enter correction index per 100ft e.g., 

8 @) m [!] ~ (-0.012 ft/lOO ft) 

12. Press _ eleven times-OS should be displayed 
13. Press I!J ~ two times - 12 should be displayed 
14. Press keys to enter tape standardization temperature e.g. 

00 I!J (69° F) 
15. Press _ seven times - OS should be displayed 
16. Press I!J [@ six times - 51 should be displayed 
17. Press keys to enter coefficient of thermal expansion 

e.g. 00 00 I!J ~ ~ 00 (669 x 10- 81 Oft) 
IS. Press _ twelve times - 04 should be displayed 
19. Press I!J [DEL] four times - 33 06 should be displayed 
20. Press keys to enter unit weight of tape e.g. 8 @)'m 00 

(.OISlbs/ft) 
21. Record changed program by inserting blank card in reader slot 

22. Switch to run mode 
23. Enter changed program and test 

NOTE: The total number of keys pressed to enter tape constants 
must not exceed 30. The above examples show 23. 

To change program to accept vertical angles instead of zenith angles, 

use the following sequence: 

I. Enter program 
2. Press. II 
3. Switch to program mode (W/PRGM) - 14 should be displayed. 
4. Press" four times-04 should be displayed 
5. Pressl!J~one time-31 should be displayed 

6. Pressfil 
7. Record changed program by entering blank card in reader slot 

S. Switch to run mode 
9. _Enter changed program and test 



62 Surveying 1-22A 

Formulas used: 

Cc CI L/l00 

Cp L(P - Po)/AE 

CT = CxL(T-To) 

Cs W2 L3 /24p2 

Corrected S Dist S Dist +Cc + Cp 
+ C

T 
+ C

s 
H Dist (Corrected S Dist) sin (lnth ang) 

H Dist v'(Corrected S Dist)2 _ (6 Elev)2 

Where: P = Tension on tape in pounds (pull) 

Po = Standard tension in pounds 

A = Cross section area of tape in square inches 

E = Modulus of elasticity for the tape material 

Cx = Coefficient of thermal expansion for the tape 

T = Temperature at time of reading in of 

To = Standard temperature in of 

W = Weight of tape per foot in pounds 

L = Distance between supports in feet 

Cc .. Index correction 

Cp = Correction for tension 

CT .. Correction for tempera ture 

Cs = Correction for sag 

lnth ang = Zenith angle 

Example: CI = Tape correction index in ft/l00 ft. 

lNTH ANG KNOWN 
Pull = 25 lbs 
Temp .. 88°F 
S Dist .. 100' 

loth Ang .. 88° 00' 00" 
H Dist .. 99.941 
S Dist .. 75.35 
lnth Ang .. 90° 00' 00" 
H Dist .. 75.355 

1: H Dist = 175.296 

HOIST 

6ELEVKNOWN 
Pull = 25 Ibs 
Temp = 88°F 
S Dist = 100' 
6 Elev= 3.49 
H Dist = 99.941 
S Dist = 75.35 
6Elev=0 
H Dist .. 75.355 
1: H Dist .. 175.296 
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utE INSTRUCTIONS ~TA KEYS DISPLAY 

1 Enle, prog, .... CJCJ 
2 Optional .fle, first entry Pull ITJCJ 
3 Optional .fle, fi,st entry Tomp CDCJ 
4 SOilt CDc::J 
5 If zenith .ngle known ZnAng o:JCJ H Ollt 

6 Option.lllft" line 51 rn.Jc::J tHOll' 

7 If olevltion diff known tJ.EI,v o:Jc::J H Ollt 

B OptioNI (.fte, line 71 rn.Jc::J t H Ollt 

Retu,n to line 2. 3. or 4 for next length. 

For new c .... pr ... ill ~ .nII .tlrt It line 2. 



64 Surveying 1-23A 

EDM SLOPE REDUCTION 
GIVEN ZENITH ANGLE 

EllM SLOPE ~.GIVEN 
ZENITH ANGLE 

S DlST ZNTH ANG m Ir-r SURV 1-23A 
m-I~ A~~ ~ 

This program reduces Slope distance to horizontal distance at the 

instrument elevation and at sea level and gives the difference in 

elevation between two stations. The program will correct for the 

differences between the heights of the instruments and the heights 

of the targets. Corrections due to the curvature of the earth and the 

refraction of light are obtained by multiplying a derived constant 

times the hOrizontal distance. The value used for the coef. 
ficient of refraction is 0.071. 

Fonnulas used: 

Zl = Z - c + r + Sin -1 [6 Sin (Z - 2c + r jl 
S Dist J 

H Dist = S Dist sin (Z - c) [..JL] 
cosc 1 R+E 
S Dist 

6 Elev = -- cos Zl + (HI OM - HT Rft) 

= ~~s~ 10- 7 S Dist sin Z from S Dist sin Z 180 c 
2R 1T 

= 2 X 10- 7 S Dist sin Z from 0.071 S Dist: Z I!O 

Where: S Dist = Slope Distance 

Z = Zenith angle 

Zl = Zenith angle corrected for c & rand 6 

H Dist = Horizontal distance 

6 Elev = Difference in elevation 

c = Zenith correction due to earth's curvature in. 
degrees 

r = Correction due to refraction in degrees 

R = 20,906,000 ft. (radius of earth) 

E = Elevation of instrument 

6 = Height of DM-Height of Reflector-Height of 

Theodolite + Height of Target 

Example: 

~:~~t_ 
Elev at Instrument 
Zenith Angle 

:l: Height ofDM 
Height of Reflector 

Height of Theodolite 

--

:l: 
Height of Target 
Horizontal Distance (E) 

Horizontal Distance (SL) 
Elevation Difference 

:l: LINE INSTRUCTIONS 

1 Ental' program 

;; 
2 

3 

4 

6 

II 

7 

8 
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------
H DIST 

ISEA LEVELl 

S Dist 
E 
Znthang 
HIDM 
HTRft 
HTTheo 
HTTgt 
H Dist 
H Dist 
6Elev 

DATA 

S Dill 

E 

ZnAng 

HI OM 

HT Rft 

HTThoo 

HTTgt 

" = 10,000 ft. 
= 5,000 ft. 
= 75° 00' 00" 
= 5.12 
= 5.75 
= 5.96 
= 5.34 
= 9657.810 
= 9655.501 
= 2590.681 

KEYS 

CJc::J 
IT:Jc::J 
[Dc::J 
ITJc::J 
CDC] 
CDc:::J 
[I]C] 
[I]c:::J 

DISPLAY 

:}: ~--~.~. • ~ horizontal dlltance CDC] H Dilt (EI 

10 CoInpo.- H Dill (_ 1 .... 1) []![Jc:::J H Dilt (SL) 

11 
Computo _ dlfforenco []![Jc:J lJ. Elev 
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EDM SLOPE REDUCTION 
GIVEN 6. ELEVATION 

E~~. 
S DIST HI OM HT AFT 

SURV 1-24A 
AEl£V ~ ~ 

Taking into consideration the curvature of the earth, this program 

reduces slope distance to hOrizontal distance at the instrument 

station elevation. The program assumes the slope distance between 

two points having known elevations was measured using an 

ElectrOnic Distance Measuring Instrument. As options, the program 

will reduce the slope distance to a horizontal distance at sea level, 

and to a horizontal distance at any specified elevation. The value 

used for the radius of the earth is 20,906,000 feet. 

Where: S Dist 

El 
HI OM 
E2 
Ht Rft 
R 
E 
H Dist 

.. Slope Distance 

.. Elevation of Instrument Station 
= Height of Instrument 

= Elevation of Reflector Station 
= Height of Reflector 

= Radius of the Earth (20,906,000 ft.) 
.. Elevation of Horizontal Distance 
= HOrizon tal Distance 
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RFT 
ST~ 

7"~ 

67 

~~~~~H~on.I~ST~------r--~ 
(SEA LEVEL) 

Slope Distance 
Height ofDM 
Height of Reflector 

Elevat DM Station 
Elev at Reflector Station 

Specified Elevation 
Horizontal Distance (E1 ) 

Horizontal Distance (Sea Level) 

Horizontal Distance (Es) 

LINE INSTRUCTIONS 

1 Enter Program 

2 -
3 

4 

5 Input elavation at OM station 

8 Input elevation at Rft station 

7 Optional 

8 Compute horizontal distance 

9 Optional 

10 Optional 

For now case go to lone 2. 

DATA 

S Oist 

HIOM 

HT Rft 

E. 

Es 

R 
I 

S Dist 
HIDM 
HT Rft 
El 
E2 
Es 
H Dist 
HDist 
HDist 

KEYS 

= 10,000 ft. 
= 5.12 
= 5.75 
= 1000.00 
= 3590.63 
=2000 
= 9657.834 
= 9657.372 
= 9658.296 

DISPLAY 

ITJc:::::J 

~c:::::J H Oist(SL) 

CIDc::JIH OI.t(Es ) 
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FIELD ANGLE CHECK 

FELD ANGLE CHECK SURV 1-25A 
REFAZ ANGlE DEFL 

LT-RT LT-RT ~A~~ 

This program accepts a reference azimuth and field angles at each 
point in a traverse. The field angles are converted to bearings for 
each leg. At closing, the fmal leg is compared to the reference 
azimuth and the angular error of closure computed. The program 
can also handle traverses between two pOints. 

Fonnulas used: 

Angular error 

Angular correction 

Example: 

ANGLT 
88"63'0." 

(Reference azimuth - 180) - Last 
course azimuth 
- Angular error/Number of angles 

BRG • S 83" 23' OO"W 

Reference Azimuth = 1930 30' 00" 
Last Course Azimuth = 130 29' 52" 
Angular Error = 00· 00' OS" 

Angular Correction (to be applied to interior angles) = 
_00· 00' 02" 
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UtE INSTRUCTIONS DATA KEYS DISPLAY 

1 Ent8r .,...,..,.. c::Jc::J 
2 Input R.f Az _y from lit RefAz CDc::J 
3 If .... right Ang Rt [I]c::J 
4 If .... left Ang Lt []B!]ITJ 
6 If defloc:tlon right Defl Rt ITJc::J 
8 If deflection left Defl Lt ICHS IIT:J 
7 Optional: ComPUte coune big [TIc::J 8'IJ 

8 0ptI0NI: Compute quod code ~c::::J Quod 

9 OptIonal: Compute lZimuth [M]c::::J Az 

(R • .,..t 11_ 3-9 for each c::Jc::::J 
coune' c::::Jc:=:I 

10 Compute 1llllU1" error IT:Jc::J Ang Error 

11 [MJc::::J AngCorr 

If c:hecklng trovene be_n twO points, the closing referenoe ulmuth II .ntered 
vie key A; IllllUIer .rror II then obtelned .t line 10. 

To run enother problem. prill 121 I!fiI then return 10 line 2. 



70 Surveying 1-26A 

STADIA REDUCTIONS 

STADIA REllUCT10NS SURV 1-26A 
STATION ZENITH ROD ROO DIST-EL£V ~ 
EL£V-HI ANGLE INTERVAL READING SOLN ~ 

This program computes the elevation of and horizontal distance to 
points from an instrument station using stadia methods. Required 
inputs are the height of instrument, the zenith angle, the rod reading, 
and the rod stadia interval. 

The program assumes stadia constant = 0, and stadia interval factor (K) 
= 100. 

Slope angles are assumed to be entered as zenith angles. To change the 
program to use vertical angles, the following sequence must be 
followed: 

I. Enter program 
2. Press·EIm III 
3. Switch to program mode (W/pRGM) -12 should appear in the 

display 

4. Press _ (single step) 6 times - S I should appear in the 
display 

S. Press rn [@ -3S 07 should appear in the display 
6. Press' Ell four times - 03 should appear in the display 
7. Press OCr [@ twice - 3S 00 should appear in the display 
8. Record changed program by inserting blank card in reader slot 
9; Switch back to run mode 

10. Enter changed program and test 

Formulas used: 
H Dist = K s cos' (y ANG) 
V = \2 K s sin 2 (y ANG) 
Pt EIev = HI + V-Rod reading + occupied station elevation 
Vert Ang = 90-Znth Ang 

Where: K = Stadia interval 
s = Rod interval 

Vert Ang 
H Dist 
V 

HI 

Example: 

Surveying 1-26A 71 

Vertical angle of line of sight (0° is horizontal) 
Horizontal distance 
Vertical distance 
Height of instrument 

ROD RID 

~GINTERVAL 

-=I~ 
:~I ----I 6 ELEVATION 

: i 
-----------------+---~ 

I. H "I 

POINT ZENITH ROD ROD HORIZONTAL 
NO. HI ANGLE INTERVAL READING DISTANCE ELEVATION 

OccS1L &.2 491.0 
1 93"lr 3.28 7.4 328.91 4811.9& 
2 93"lr 3.32 8.1 330.90 4811.02 
3 90"00' 4.08 8.8 408.00 487.40 
4 91°08' 4.&1 &.2 4&0.83 412.34 
& 88"1&' 1.28 6.2 128.41i 499.42 
8 73"w 1.20 8.2 110.51 &20.39 
7 7&0&0' 1.31 &.2 123.111 &22.09 
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LINE INSTRUCTIONS DATA KEYS 

1 Enter program c:Jc:J 
2 St. EI ITJc::J 
3 HI ITJc::J 
4 ZnAng [I]c::J 
5 Intv o:::Jc::J 
6 I f rod reading * HI Reading CL1c::J 
7 Compute distance and eleyation ITJc::J 
8 Option,1 ~c::J 

For additional points from same instrument station, repeat lines 4·8. 
For new case start at line 2. 
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DISPlAY Notes 

HOist 

PtEI .. 



74 Surveying 1-27A 

THREE WIRE LEVELING 

THREE WIRE LEVELING 

STI'fITlNG!:JACK FORE 
SURV 1-27A 

ELEV-K SIGHT SIGHt R~ SOI.H ~ 

After the initial entry of the starting elevation and stadia interval 

factor (if it is not 1(0), this program uses the Upper stadia halr, 

crosshair, and lower stadia halr readings to provide the elevation 

difference, elevation of fInal point, backsight distances and foresight 

distances. 

If no stadia interval constant, K, is entered, the value used by the 

calculator is 100. 

FormuJas used: 
U+C+L U+C+L 

Elev2 = Elevl+[ 3 ]BS-[ 3 ]FS 

Dist = K [1: BS ~ stadia intv + 1: FS ~ stadia intv] 

Check = 2C-U-L 

Where: U = Upper reading 
C = Center reading 
L = Lower reading 
BS = Backsight 
FS = Foresight 
K = Stadis constant 

Example: 

U,c.L ~STADIA 
NO OF READING 

~::::; STATION BACKliGHT 
ELEV &280.000 

8.281 
1 •• 1011 .181 

7.940 • 1. 

8.11. 
2 7.321 .780 

8.1131 .784 

UII3 
3 8.021 .572 

"" En 
t • 3._ 

U,c.L ~STADIA 
READING INTERVAL ELEV 

FORESIGHT FORESIGIfT OF STATION 

3Ml 
3.320 .171 1284.113 
3.162 .1 • 

5.221 
4.435 .781 1iZ87.874 
3._ .781 

3.172 
2.831 .1541 I2lIl ..... 
2.015 .1548 

t • 2.113 
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Elevation Difference from Sum of Means is 11.064 

j== Final Elevation 5291.064 

Backsight Distance 305.9 er=' F,.-IlU_ 299.3 

J: 
;; 
;; 

INSTRUCTIONS DATA KEYS 1 DISPLAY 
LINE 

c:::Jc:J. 
1 Enter program 

Input starting elevation EI •• D:Jc:J: 
2 

c:::Jc:J 3 Optional: Input stadia inter.al 

factor K D:Jc:J 
4 If bKksight CDc:J 
5 If foresight CDc:J 
8 Input upper reading Upper CIJc:J 

Input center reading Center CIJc:J 
7 

CIJCJ Check" 
8 Input lower reading Lower 

(Repeat lines 4·8 for each set of c:::Jc:J 
f--f- . ) c::::Jc::::J backsight and foresight read,ngs 

CDc:J A EI •• 
a Optional: R.ad el •• difference 

[MJc:J St. Ele. 
10 Optional: Read final el •• 

c:=Jc::::J 11 Optional: Read sum of BS 

[]!!Jc:J BS Dist 
distances 

c:=Jc=J 12 Optional: Read sum of FS 

dis_ []!!Jc:J FS Dist 

(Repeat lines 4·12 for successi.e c:=Jc=J 
stations) c:::Jc::::J ~ " Difference be_n u is I. ed. Allows. ch.ck on 

pper and lower stad .. ,nterval IS d p V 

~ 
accuracy of reading . 2 

For a new case press ill ~ and start at lone . 
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SLOPE STAKING-
GIVEN CENTERLINE TERRAIN ELEVATION 

SLOPE STAKING·GIVEN 
CENTERUIE TERRAIN ELEVATION 

HG DlST- 4i. T ELEV S DlST 
SLOPE HG ELEV VERT ANa 

SURV 1-28A 
HOIST 

Ah SOLN ~ 

U sing a previously located center line and the design cross section 
to provide center line terrain and hinge point elevations, this 
program helps in the setting of slope stakes. The program produces 
a distance for the rod man to move from his present trial point to 
a new trial point which should be very close to the catch point. 

The trial point may be entered by either of two methods-slope 
distance and vertical angle or horizontal distance and elevation 
difference. All input data is measured with reference to the center 
line and its terrain elevation. 

Slope is entered as a ratio to L For example, a I~:I slope is 
entered as 1.5. Cut slopes are entered as positive and fill slopes as 
negative. 

Fonnulas used: 

E = HG Dist + Slope (T Elev-HG Elev + t.h) - H Dist; 

H Dist l + 1 = H Dist l + E (until E <; 0.1) 

t.h = S Dist sin (y ANG) 
H Dist = S Dist cos (y ANG) 
Where: HG Dist = Distance from centerline to hinge point 

T Elev = Terrain elevation at centerline 
HG Elev = Elevation at hinge point 
t.h = Elevation difference from T Elev to trial point 
H Dist l = Horizontal distance from centerline to trial 

point; it is varied until tolerance is reached. 
E = Error term 
S Disti = Slope distance from centerline to trial point. 
V ANG = Vertical Angle 

1 

E;::= 
I Example: 

;; 
;: 
~ 

I 

! 

H DlIT (+1 
FILL 

INPUT 

Horizontal distance to 
hinge pt. 

Slope (ratio of horizon-
tal distance to I) 

Centerline terrain 
elevation 

Hinge pt. elevation 
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H DIIT (+1 
CUT 

FILL CUT 

HG Dist +12 +18 

Slope -1.5 +1 

'i T Elev 5280.00 5280.00 

HGElev 5286.00 5282.00 

TRIAL PT LOCATION (DATA FOR CATCH PT GIVEN) 

Slope distance from S Dist +24.0 +33.1 

centerline to trial pt. 

Vertical angle between Vert AnS _4° 46' +25°01' 

horizontal and slope 
distance line 

Horizontal distance HOist +24.0 +30.0 

from centerline to trial 
pt. 

+14.0 Elevation difference t.h -2.0 

between centerline 
terrain elevation and 
trial pt. elevation 

I 
,I 
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Notes 
LINE INSTRUCTIONS DATA KEYS DISPLAY 

1 En ... program c:::Jc:::J 
2 HGDist [I]c:::J 
3 R .. io to 1; fill (-), cut (+1 Slope GJc:::J 
4 Ii. TEl, ITJc:::J 
5 HGEI .. CLJc:::J 
8 If S Dill a. V Ang known S Dist LLJc:::J 
7 If S Dist a. V Ang known YAng CUc:::J 
8 If HOist a.6h known H'Dist u::Jc:::J 
9 If H Dill a. 6h known 6h UJc:::J 

10 Compute move noqulred to reKh c:::Jc:::J 
catch lit (+ m .... -v from Ii.; c:::Jc:::J 
- move tCIMrd li.I [IJc:::J c.tch Dist 

11 Optionll: Compute H Din to Ii. [IDc:::J Dist to Ii. 
For .-cae otert It line 2. 
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SLOPE STAKING­
GIVEN CENTERLINE CUT/FILL 

SlOPE STAKING·GlVEN 
CENTERlINE CUT/FIlL SURV 1-29A 

HG OIST· 't C OR F 5 OIST HOIST 
.6.h ~ SlOPE V DROP VERT ANa 

Using a previously located center line and the design cross section to 
provide cut or fin at center line and vertical drop from center line 
elevation to hinge point elevation, this program helps in the setting 
of slope stakes. The program produces a distance for the rod man to 
move from his present trial point to a new trial point which should 
be very close to the catch point. 
The trial point may be entered by either of two methods-slope 
distance and vertical angle or horizontal distance and elevation 
difference. All data is measured in reference to the center line and its 
terrain elevation. 

Slope is entered as a ratio to I. For example, a I~: I slope is entered 
as 1.5. Cut slopes are entered as positive and fin slopes as negative. 

Formulas used: 

E = HG Dist + Slope «cut or fill) + V drop + lili)-H Distj 
H Dist;+l = H Dist, + E (until E" 0.1) 
lili = S Dist sin (yANG) 
H Dist = S Dist cos (y ANG) 
Where: HG Dist 

Cut or flU 

V Drop 

Vert ang 

SDisti 
VANG 

Distance from centerline to hinge point 
Depth to final grade at centerline; fill 
designated by negative sign 
Vertical drop from centerline elevation to 
hinge point 
Elevation difference from centerline eleva­
tion to trial point 
Vertical angle from centerline elevation to 
trial point 
Horizontal distance from centerline to 
trial point 
Slope distance from centerline to trial point. 
Vertical Angle 
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~ Example: 
CUT 

FILL 

;; 
; FILL CUT 

INPUT 12 18 
Horizontal distance to HG Dist 

hinge pt. -1.5 

;; 
Slope (ratio to I) Slope 

-3.75 
Centerline cut (+) or 'ic or F -3.75 

fill (-) +0.25 +4.25 
Vertical drop from'i V Drop 

CATCH PT. LOCATION 
24.42 34.73 

Slope distance from 
S Dist 

;; 
centerline to trial pt. _lOa 37' 220 52' 
Vertical Angle between Vert Ang 

horizontal and slope 
distance line 24.0 +32.0 
Horizontal distance 'rom H Dist 

centerline to trial pt. 
-4.5 13.5 

Elevation difference lili 

+ 
between centerline 
and trial pt. 
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Notes 
UNE INSTRUCTIONS DlrrA KEYS DISPLAY 

1 Entar progr .... CJc::J 
2 HG DI.t u::Jc::J 
3 Ratio to I, fill I-l, cut (+) Slope G:Jc::J 
4 ct.eor I LDc::J 
6 V Drop LDc::J 
8 If S DI.t • Vert Ana known SDIot CI:Jc::J 
7 If S Dist • Vert Ana known VAng CI:Jc::J 
8 If H Diot • t.h known H DI.t ITJc::J 
9 If H Diot • t.h known t.h CLlc:::J 

10 Cornpu18 move required to CJc::J 
ruc:h catch pt (+ move ....., c:::Jc:::J 
from ct.; - move towere! ct.) IT:Jc::J o toCl1l:h 

11 Option": Compu18 H Diot to ct. WJc:::J Disttoct. 

For IMW ..... 18ft .t line 2. 
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AZIMUTH OF THE SUN 

AZIMUTH OF THE St.W SURV 1-3OA 
TIME- ~ VERT ANG 

T ZONE HR oo:F LAlTT\JOE 10 SUN ~ ~ 

This program will yield azimuth of the sun from solar observations. 

Data which are entered here are assumed to be mean values with 

appropriate corrections made where necessary prior to operation of 

the program. Since the result is the sun's azimuth from north it is 

left to the observer to add or subtract the angle turned to a ba~ksite 
to determine the azimuth between two pOints. 

Fonnulas used: 

Az=cos- 1 rsinll-sinl/>sin(V ANG)] 
[ cos I/> cos (V ANG) 

Where: Az = Azimuth from north 

Il = Hr diff (Time + T Zone) + Declination 

I/> = Latitude of observer's position 
Vert ang = Vertical angle to sun 
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Example: N 

AZIMUTH 

Date: 18 July 1973 
Time of observation: 15 hrs 38 min 37 sec (EST) 

Longitude of standard meridian (time zone): 5 hrs 

Declination at 0 hrs. (ephemeris): 21° OS' 36" 

Hour difference in declination (ephemeris) _00° 00' 26.4" 

Latitude (1/»: 43° 00' 34" N 
Mean corrected vertical angle to sun: 33° 34' 49" 

Calculated north azimuth of sun: 268° 07' 54" 

Input all angles as degrees, minutes and seconds in the form 

DDD.MMSS. Times are based on a 24 hour clock and are input as 

HH.MMSS (4 pm becomes 1.6 hours). 

If the declination is North-it will have a positive value, and if the 

declination is South-it will be negative. 

If the declination is on the increase, the hour difference will have 

a positive value, and if the declination is on the decrease, the hour 

difference will be negative. 

UNE INSTRUCTIONS DATA KEYS DISPlAY 

1 Enter progrlm c:::Jc:::J 
2 Input local std. time Time CTIc:::J 
3 T Zone CTIc:::J 
4 Doelin CDc:::J 
6 Hr diff CDc:::J 
8 Lit CDc:::J 
7 V Ang CTIc:::J 
8 Compute north Azimuth of sun CDc:::J SunAz 

For MW ... stert It line 2. 
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PREDETERMINED AREA-LINE THRU A POINT 

~~..J:r SURV 1-318 
REClUIRm POINT 1 POINT 2 BRG-OOAO H-E ~ AAEA- N-E N-E SOlN ~ 

This program solves one of the two cases of specifying the area of a 
land parcel, namely, that of hinging a side. First, the user breaks the 
area into a triangle and then uses this program to hinge the side to 
force the area to a predetermined value. Required inputs are the 
coordinates of the two known points, the bearing of the second side 
and the desired area. Outputs are coordinates of the unknown point. 

In the example below, the coordinates of point 3 are unknown. A 
line passing through point 1 (the hinge point) will intersect at only 
one place on the line 2+3 which satisfies the area requirements. 

Formulas used: 

Area = % (b)(h) 
h asine 
·Area = % (b)(a sin e) 

a 2 Area =--
bsine 

N N2 + a cos (Az) 

E E2 + a sin (Az) 
Where: b Length of line 1-+2 

h .. Height of the triangle 
a Length of line 2-+3 
e Angle 123 
Az= Azimuth of line 2-+3 

Example: 

H, • 1200.000 
E, • 800.000 1 

UNE INSTRUCTIONS 

1 Enlllrpragr .... 

2 

3 

4 

5 

6 

7 

6 

II CompullllOlution 

For MW C8III IWt at line 2. 
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3 H. 1394.864 
7&0.882 

Hz • 1100.000 

2 E.· 800.000 

DATA KEYS 

CJCJ 
A .... ITJCJ 
N, CDc:J 
E, CDCJ 
N2 CDCJ 
~ [I]c::::J 

Bill ITJc::::J 
Qu8d o::JCJ 

CDc:J 
CWCJ 

DISPLAY 

N 

E 
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PREDETERMINED AREA­
TWO SIDES PARALLEL 

~~ SURV1-32A 
REClUIRED BASE 1 ANGlE 10 ANGlE 10 SOlN ~ 

AREA LENGTH SIDE 1 SIDE 2 I:::l 

This program solves one of the two cases of specifying the area of a 

land parcel, namely, that of sliding a side along a fIxed bearing. First, 

the user breaks the area into a trapezoid and then uses this program 

to slide the side to force the area to a predetennined value. 

Computed values include the lengths of the non-parallel sides, the 

length of the second parallel base and the angles formed by the 

intersection of each non-parallel side with the second base (angles 3 
and 4 in diagram). 

In the diagram, base 2 (side 4-3) is the side being moved. 

Formulas used: 

Area = ~ (b
l 

h + b
2 

h) 

b2 bl -h(ctn6+ctnl/l) 

Area = ~ (bl h+ (bl - h(ctn 6 + ctnl/l))h) 

Area = bl h - ~ (ctn 6 + ctn 1/1) Jt2 

h = bl -v'bI
2 -2A(ctn6+ctnl/l) 

rl h/sin 6 
ctn6+ctnl/l 

r2 h/sin 1/1 

6' 180-6 
1/1' 180-1/1 

Where: A Area 

bl Length of base 1 

b2 Length of base 2 

h = Altitude of trapezoid 

6 = Angle between base 1 and side 1 (Angle 1) 
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1/1 = Angle between base 1 and side 2 (Angle 2) 

r I = Length of side 1 

r2 = Length of side 2 

6' = Angle between base 2 and side 1 (Angle 4) 

1/1' = Angle between base 2 and side 2 (Angle 3) 

Example: 

0-

S 

AREA TO BE 
311,000 so. FT. 

to 80" 00' 00" 

BASE 1 • 220.000 

UNE INSTRUCTIONS 

1 Enter progrllTl 

2 

3 

4 

6 

8 Compute IengIh of 2nd base 

7 Compute norl-pllr.lel side 1 

a Compute non..,.r.I.1 side 2 

9 Compute 2nd .... to side 1 

10 Compute 2nd angI. to side 2 

DATA 

Are. 

a .. 1 

Angl 

Ang2 

NOTE: ThiJ program will not dve a panJlelogram. 

(I.e. sides 1 and 2 penIIel) 

For MW .... stert at line 2. 

KEYS DISPLAY 

c::::Jc::::J 
CDc::::J 
u:::Jc::::J 
CDc:::::J 
o:::Jc:::::J 
ITJc:::::J a .. 2 

[]![]c:::J Side 1 

[]![]c:::J Side 2 

[]![]c:::J Angle 4 

[]![]c:::::J Angle 3 
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VOLUME BY AVERAGE END AREA 

\IOlUME BY AVERAGE END AREA SURV ~ 
~i ~i ST~EA I~ ~ ~ 

This program computes end area for any station, volume from 
previous station, and accumulated volume to the present station. 
Inputs are the elevations and distances from the centerline for all 
points of a cross section and the interval from the previous station. 

When entering elevations and distances from center line for a 
particular station, start with center point (0,0). The storage registe" 
must be cleared between successive problems. 

Formulas used: 

Vavg = (Areal + Areal_I) 1/2 

Area 12 [Elev 1 (H Dist2 - H Distn) + 
Elev2 (H Dist3 - H Dist1) + 
.... + Elevn (H Dist1 - H DiStn_l)] 

Where: Vavg = Average volume between two stations 
Area = Cross sectional area at a station 
H Dist .. Horizontal distance from centerline at cross 

section 
Elev = Elevation at a point on the cross section 
I = Interval between stations 
Subscript i refe" to current point 
Subscript n refers to last point 
Numeric subscript refe" to point number 

, 
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Eumple: 
CENTER LINE 

10.0 

. __ -------------t---!LO~--~--~--~;;~iiO LO 

7.0 
=Hi 

r--~ I -10.0 

INTERVAL FROM 
'REVSTA 
S·IIO.0 

7.0 
=wi 

STA 2 

0.0 
0:0 

STAl 

0.0 
w 
-1.0 
-,.:0 

NEGATIVE H DIST _ - POSITIVE H DIST 

AREA INTERVAL VOLUME l:VOLUME 
STA 

(Ft) (cubic feet) (cubic yards) 

I ° 2,700 100 
2 216 25 

597.7 
3 321.5 50 13,437.s 

NOTE: Traverse sections in clockwise direction to insure positive 

area and volumes. 
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UNE INSTRUCTIONS DATA 

1 Enlllr progrlm 

2 If , .. tion hIS zero .... 0 

3 If ,wion hIS zero .... go to 

linea 

4 First .nd list point input 

must be 0 elev .t 0 dlst Elev 

5 Dist 

(Return to line 4 for next pt. 

Continue to line a when cross 

section compl.lII) 

a ComPUIII , .. tion end .... 

(If stetion i, first stetion in 

problem, go to line 4 .nd input 

deto for second stetion) 

7 Intervol 

a Option": Volume from 

previous stetion 

II Optionol: Accumul.1IId volume 

10 Option": Accumullllld volume 

For new <:Me, prlSS m ~ , ond ... rt .t line 2. 

KEYS 

c:::Jc:::J 
CDC:=J 
c:::Jc:::J 
c::JC:=J 
c:Jc:::J 
CDC:=J 
CDC:=J 
c:::Jc:::J 
c:Jc:::J 
c::JC:=J 
CLJc:::J 
c:::Jc:::J 
c:::Jc::J 
c::::Jc::J 
CDc::J 
c:::Jc:::J 
CDc::J 
[];i]c:::J 
r:wc::J 

DISPLAY 

End A ... 

S .. VoI 

Cu Ft 

CuYda 

\ 

== 
F:3 

Notes 
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VOLUME OF BORROW PIT 

C WUJME: BCRQ¥a: 
_ BASt.HT W·L 

'This program calculates volume of fill which can be taken from a 
borrow pit given grid dimensions and elevations at the grid 
intersections. Volume is available for each grid section and also as an 
accumulative volume for all previous sections. 

If several grid blocks have the same horizontal dimensions, the sum 
of the volumes of all these blocks can be calculated at once. This is 
done by entering all of the elevations using the "C" key before 
pressing the "D" key to compute the volume. For example, if three 
rectangular blocks have the same dimensions, the 12 ele.va!ions are 
entered before pressing the "D" key. 

Formulas used: 

Vole. = 12 (Base) (Ht) (Elev) 
Vola = (Width)(Length) (Elev) 
Where: Vole. 

Base 
Ht 
Elev 
VOiD 
Width 
Length 

Volume of triangular grid section 
Base of triangle 

= Height of triangle 
= Elevation of grid section (depth of cut) 

Volume of rectangular grid section 
Width of rectangle 
Length of rectangle 
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Example: 

3.1 

LINE 

1 

2 

3 

4 

5 

6 

7 

a 
9 

.. 
~~2~~ __ ~a~' __ ~2.~8 __ -=a~' ___ 2,.7~ __ a __ ' __ .,2A 

21i1i8.38 
CUFT 

38' 

2821i.00 
CUFT 

38' 

227&.00 
CUFT 

38' 

3.1 a' a' ~_.e.._-f-1l~=~-t~-=~..., 2.0 
1038.00 132.&0 

12' CU FT 12' CU FT 12' 

a' 3.1 a' 2.2 

TOTAL VOLUME: 10,.7. CU FT 
387.33 CU YDS 

INSTRUCTIONS DATA KEYS DISPlAY 

Ente' progr .... ~cw 
If t,iangul., .'e. a ... [TIc::::J 
If t,i."",I., .... Height [TIc::::J 
If 'eet .... I.' .,e. Width CDc::::J 
If reetangul., .re. Length CDc::::J 

Elov c::Dc::::J 
(Input IS mlny elevations_ CJc::::J 
needed to describe eech corne, c:JCJ 
_ing (£J .fter eech CJc::::J 
entryl c:Jc::::J 
Compute grid HCtion volum. o::Jc::::J CuFt 

Compute eccumullted volume CDc::::J CuFt 

Optlonel rn:Jc::::J CuYds 

For next grid section. return to lone 2. 
For new ...... p'es. __ Ind .tert It line 2. 
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ABBREVIATIONS 

E;:=~ (Triangle) - Angle-Angle-Side 
Accumulated 

I 
ADJ Adjusted 

~AL.AngLt Angle left 
ANG Angle 
AR, AngRt Angle right 

~~ 
(Triangle) - Angle-Side-Angle 
Azimuth 
Beginning 

BRG Bearing 
Backsight 
Center stadia reading on level rod; 
also cut or chord length 
Centerline 
Coordinate 

CORR Correction 
DECUN Declination 
DEFL Deflection 

~~ 
Departure 

I DlFF Difference 
DlST Distance 

~F 
Deflection left 
Distance Meter 
Deflection right 
Easting 

EL Elevation 

~~ 
Elevation 
Fill 

FIL Fillet 

:E~ 
Foresight 

I H Height 

¥~::HD 
Horizontal distance 
Height of instrument 
Horizontal distance from centerline to 
hinge point 
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HGELEV 
HR 
HT 
INST 
INT 
INTV 
K 
L 

LAT 
LBS 
LT 
MAX 
MIN 
N 
OCC 
OFFSET,OFF 
PC 
PRCSN 
PT 
QUAD 
R 
REF 
RFT 
RT 
SAS 
SEC 
SEG 
SDIST,SD 
SOLN 
SSA 
SSS 
STA 
T 
TZONE 
TGT 
TEMP 

Hinge point elevation 
Hour 
Height of target; also height 
Instrument (Theodolite or Transit only) 
Intersection 
Interval 
Stadia interval factor 
Length; also lower stadia reading on level 
rod or arc length 
Latitude 
Pounds 
Left 
Maximum 
Minimum 
Northing 
Occupied 
Offset distance 
Point of curvature 
Precision ratio 
Point 
Quadrant code 
Radius 
Reference 
Reflector 
Right 
(Triangle) - Side-Angle-Side 
Section, also sector 
Segment 
Slope distance 
Solution 
(Triangle) - Side-Side-Angle 
(Triangle) - Side-Side-Side 
Station 
(Curve) Tangent distance; also terrain 
Time zone 
Target 
Temperature 

1 

~ 
. TOT 

~~SFRMD 

~UNADJ 
V 

~VERT 
~VOL 

W 
ZA 

:r: ZNTH,ZN 
. A 

o 

;;; 
;;; 
;;; 

Total 
Transformed 
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Upper stadia reading on level rod 

Unadjusted 
Vertical 
Vertical 
Volume 
Width 
Zenith angle 
Zenith 
Difference or change in quantity or mea­
surement; also triangle or central angle 

Rectangle 



T 
~ Program Listings 

_ I ___ PROGRAM LISTINGS 

:r: 1. Field Angle Traverse ............ . 
2. Bearing Traverse ................. . 
3. Closure for Field Angle and Bearing Traverses . :r: 4. Inverse from Coordinates . . . . 
5. Sideshots ................ . 
6. Coordinate Transformation . . . . . . 
7. Compass Rule Adjustment ..... . 

:r: 8. Transit Rule Adjustment ....... .. 
9. Two Instrument Radial Survey ..... . 

10. Curve Solution-Given /:;. & R or /:;. & T . . 
11. Curve Solution-Given R & T or R & L . . 

:r: 12. CurveSolution-Given/:;.&CorR&C .. 
13. Elevations Along a Vertical Curve . . . . . 
14. Horizontal Curve Layout ........ . 
15. Triangle Solution-Given SSS or SAS .. . 

:T: 
16. Triangle Solution-Given SSA ...... . 
17. Triangle Solution-Given ASA or AAS " 
18. Bearing-Bearing Intersect .............. . 
19. Bearing-Distance Intersect .... . 

:r: 20. Distance-Distance Intersect . . . . . . . . . 
21. Distance From a Point to a Line ....... . 
22. Taping Corrections ............ . 
23. EDM Slope Reduction-Given Zenith Angle 

:r: 24. EDM Slope Reduction-Given /:;. Elevation ... 
25. Field Angle Check ........... . 
26. Stadia Reductions . . . . . . . . . . . . . . . . 
27. Three Wire Leveling .............. . 

:r= 28. Slope Staking-Given Centerline Terrain Elevation 
29. Slope Staking-Given Centerline Cut/Fill . . . . 
30. Azimuth of the Sun . . . . . . . . . . . . . . . 
31. Predetermined Area-Line Through a Point 
32. Predetermined Area-Two Sides Parallel . 

JS:::::::!I33. Volume By Average End Area .... .. .. 1 _ 34. Volume of Borrow Pit ......... . 

101 

Page 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
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FIELD ANGLE TRAVERSE BEARING TRAVERSE 
CODE KEYS 

23 LBL 
11 A 
31 f 
43 REG 

3308 STOB 
3306 ST06 
33 03 ST03 

24 RTN 
23 LBL 
11 A 

33 07 ST07 
33 05 ST05 

24 RTN 
23 LBL 
11 A 
23 LBL 
12 B 
01 1 
08 8 
00 0 
31 f 
02 D.MS+ 
23 LBL 
13 C 
32 f-' 
03 -+D.MS 

34 01 RCL 1 
61 + 

33 01 STO 1 
24 RTN 
23 LBL 

CODE KEYS 
00 0 
24 RTN 
23 LBL 
14 0 
34 RCL 
09 9 

35 07 gx<!y 
32 f-' 
03 -+D.MS 
31 f 
04 SIN 
71 x 
24 RTN 
23 LBL 
15 E 
33 STO 
61 + 
02 2 

34 01 RCL 1 
35 07 9 x<!y 

32 f-' 
01 R-+P 
33 STO 
61 + 
08 8 

35 07 9 x<!y 
33 STO 
61 + 
07 7 

3403 RCL3 
3408 RCL8 

CODE KEYS 
33 STO 
61 + 
04 4 

34 07 RCL 7 
84 RIS 

3404 RCL4 
02 2 
81 
35 9 
06 ABS 
84 RIS 
04 4 
03 3 
05 5 
06 6 
00 0 
81 .,. 
24 RTN 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 IINOP 

CODE KEYS 
23 LBL 
11 A 

3308 ST08 
3306 ST06 
3303 ST03 

24 RTN 
23 LBL 
11 A 

33 07 STO 7 
3305 ST05 

24 RTN 
23 LBL 
12 B 
32 r' 
03 -+D.MS 
24 RTN 
23 LBL 
13 C 
02 2 
81 
41 t 
31 f 
83 INT 

35 21 gx*y 
22 GTO 
01 1 

3509 gRt 
3509 gRt 

42 CHS 
3509 gRt 

CODE KEYS 
83 INT 
01 1 
08 8 
00 0 
71 x 
61 + 

33 01 STO 1 
24 RTN 
23 LBL 
14 0 
33 STO 
09 9 
09 9 
00 0 
24 RTN 
23 LBL 
14 0 
34 RCL 
09 9 

35 07 gx~ 

12 B 
31 f 
04 SIN 
71 x 
24 RTN 
23 LBL 
15 E 
33 STO 
61 + 
02 2 

CODE KEYS 
61 + 
08 8 

35 07 gx~ 

33 STO 
61 + 
07 7 

34 03 RCL3 
3408 RCL8 

84 RIS 
33 03 ST03 

61 + 
71 x 
33 STO 
61 + 
04 4 

34 07 RCL 7 
84 RIS 

3404 RCL4 
02 2 
81 
35 9 
06 ABS 
84 RIS 
04 4 
03 3 
05 5 
06 6 
00 0 
81 .,. 
24 RTN 

14 0 
33 STO 

84 RIS 
3303 ST03 

3509 gRt 
23 LBL 

34 01 RCL 1 
35 07 gx~y 

09 9 61 + 01 1 32 f -, 

09 9 71 x 3508 gR~ 01 R-+P 
31 f 33 STO 

R, Azimuth Itt Area Factor ~ Current E 
R2 l:H Dist Rs Beg E Re Current N 
R3 Previous N Re BegN RII Used 

R, Azimuth R4 Area Factor R7 Current E 

R2 l:H Dist R5 Beg E Rs Current N 

R3 Previous N Re BegN RII Used 
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CLOSURE FOR FIELD ANGLE 
AND BEARING TRAVERSES 

CODE KEYS CODE KEYS CODE KEYS 
23 LBL 44 CLX 14 D 
11 A 35 24 gOy 3402 RCL2 

3306 ST06 03 3 24 RTN 
24 RTN 06 6 23 LBL 
23 LBL 00 0 15 E 
11 A 61 + 3402 RCL2 

3305 ST05 41 t 3403 RCL3 
24 RTN 41 t Bl 
23 LBL 09 9 24 RTN 
12 B 00 0 35 01 gNOP 

3404 RCL4 Bl 35 01 gNOP 
02 2 01 1 35 01 gNOP 
Bl .,. 61 + 35 01 gNOP 
35 9 31 f 35 01 gNOP 
06 ABS B3 INT 35 01 gNOP 
B4 R/S 33 STO 35 01 gNOP 
04 4 09 9 35 01 gNOP 
03 3 02 2 36 01 gNOP 
05 5 Bl .,. 35 01 gNOP 
06 6 31 f 35 01 gNOP 
00 0 B3 INT 35 01 gNOP 
Bl 01 1 35 01 gNOP 
24 RTN 08 B 35 01 gNOP 
23 LBL 00 0 35 01 gNOP 
13 C 71 x 35 01 gNOP 

34 07 RCL 7 
3405 RCL5 

51 -
35 g 

36 01 gNOP 
36 01 gNOP 

51 -
3408 RCLB 
3406 RCL6 

06 ABS 
31 f 
03 -+D.MS 

36 01 gNOP 
36 01 gNOP 
35 01 aNOP 

51 - B4 R/S 
31 f 34 RCL 
01 R .... P 09 9 
B4 R/S 24 RTN 

3303 ST03 23 LBL 

Rl Current Az R. Area R7 Current E 
R2 tH Dist RI BegE Rs Current N 

R3 Closure Dist Re BegN ReUsed 
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INVERSE FROM COORDINATES 

CODE KEYS CODE KEYS CODE KEYS 

23 LBL 02 2 34 06 RCL5 

11 A 24 RTN 33 03 ST03 

31 f 23 LBL 61 + 
43 REG 14 D 34 01 RCL 1 

3305 ST05 44 CLX 71 x 

33 03 ST03 35 24 gx>y 33 STO 

24 RTN 03 3 61 + 
23 LBL 06 6 04 4 

11 A 00 0 34 07 RCL 7 

3306 ST06 
24 RTN 

61 + 
41 t 

B4 R/S 
34 08 RCL8 

23 LBL 41 t 24 RTN 

12 B 09 9 23 LBL 

3405 RCL 5 00 0 15 E 

51 - 81 + 3404 RCL4 

33 STO 01 1 02 2 

61 + 61 + 81 + 
05 6 31 f 36 9 
24 RTN B3 INT 06 ABS 

23 LBL 3308 ST08 B4 R/S 

12 B 02 2 04 4 

3406 RCL6 81 .,. 03 3 

51 - 31 f 06 5 

33 STO B3 INT 06 6 

61 + 01 1 00 0 

06 6 08 8 81 + 
33 01 STO 1 00 0 B4 R/S 

24 RTN 71 x 34 02 RCL 2 

23 LBL 
13 C 

61 -
35 9 36 ~~ RTN 

aNOP 

36 07 gx~y 06 ABS 
31 f 31 f 
01 R-+P 03 -+D.MS 
33 STO 33 07 ST07 
61 + 34 03 RCL3 

Rl Current dep R. Area Factor R7 8RG 

R2 t H Dist RI Beg N Rs QUAD 

Ra Previous N Rs Beg E RI Used 
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Surveying 1-06A 107 

SIDESHOTS 

CODE KEYS 
23 LBL 
11 A 
32 f-I 

03 ->D.MS 
24 RTN 
23 LBL 
11 A 
02 2 
81 
41 t 
31 f 
83 INT 

35 21 gx*" 
22 GTO 
01 1 

3509 9 Rt 
3509 9 Rt 

42 CHS 
3509 9 Rt 
3509 9 Rt 

23 LBL 
01 1 

3508 9 R+ 
31 f 
83 INT 
01 1 
08 8 
00 0 
71 x 
61 + 

33 01 STO 1 
24 RTN 
23 LBL 
11 A 

3308 ST08 

CODE KEYS 
24 RTN 
23 LBL 
11 A 

33 07 ST07 
24 RTN 
23 LBL 
12 B 
01 1 
08 8 
00 0 
31 f 
02 D.MS+ 
23 LBL 
13 C 
32 1-1 
03 -oD.MS 

34 01 RCL 1 
61 + 
24 RTN 
23 LBL 
14 0 
33 STO 
09 9 
44 CLX 
03 3 
00 0 
41 t 
41 t 
61 + 
61 + 
24 RTN 
23 LBL 
14 0 
34 RCL 
09 9 

CODE KEYS 
35 07 9 x;!y 

32 r l 

03 ->D.MS 
31 1 
04 SIN 
71 x 
24 RTN 
23 LBL 
15 E 

3509 9 Rt 
35 07 gx;!y 

32 1-1 

01 R"'P 
3408 RCL8 

61 + 
84 RIS 

3507 gx;!y 
34 07 RCL 7 

61 + 
24 RTN 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
3501' gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

COORDINATE TRANSFORMATION 

CODE KEYS 
23 LBL 
11 A 

33 01 STO 1 
24 RTN 
23 LBL 
11 A 

3302 ST02 
35 07 9 x;!y 

24 RTN 
23 LBL 
11 A 
51 -

3303 ST03 
35 07 9 x;!y 

24 RTN 
23 LBL 
11 A 
51 -

3304 ST04 
01 1 
24 RTN 
23 LBL 
12 B 
32 tl 
03 -oD.MS 

3305 ST05 
01 1 
24 RTN 
23 LBL 
13 C 

3306 ST06 
24 RTN 
23 LBL 

CODE KEYS 
51 -
24 RTN 
23 LBL 
14 D 

34 02 RCL2 
51 -

35 07 9 x;!y 
31 f 
01 R-+P 

3406 RCL6 
71 x 

35 07 9 x;!y 
3405 RCL5 

51 -
35 07 9 x;!y 

32 t 1 

01 R-+P 
34 01 RCL 1 

61 + 
3403 RCL3 

51 -
33 07 STO 7 
35 07 9 x;!y 
34 02 RCL2 

61 + 
3404 RCL4 

51 -
3308 STOB 

44 CLX 
24 RTN 
23 LBL 
15 E 

34 07 RCL 7 

CODE KEYS 
24 RTN 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
135~ "lIJnp 

14 0 84 RIS 

R, Current Az. R4 Area Factor R7 Current E 
R2 I:H Dist Rs BegE Re Current N 
R3 Previous N Re BegN RII Used 

34 01 RCL 1 3408 RCLB 

R, Np ~ TE R7 New N 
Rz Ep Rs ~ Re New E 

R3 TN As Scale Factor RII Used 
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COMPASS RULE ADJUSTMENT TRANSIT RULE ADJUSTMENT 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 61 + 34 01 RCL 1 23 LBL 3408 RCLB 32 f -, 

11 A 02 2 84 RIS 11 A 51 - 61 TF 1 
33 STO 35 07 gx7-y 35 01 gNOP 44 CLX 33 STO 3308 ST08 
09 9 34 05 RCL5 35 01 gNOP 33 01 STOI 61 + 35 01 g NOP 
31 f 51 - 35 01 gNOP 33 02 ST02 08 B 51 -
61 TF 1 33 STO 35 01 gNOP 34 07 RCL 7 35 9 41 t 
84 RIS 61 + 35 01 gNOP 3405 RCL5 06 ABS 33 STO 
84 RIS 

34 05 RCL!; 
33 01 STO 1 

01 1 
31 f 
01 R-+P 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP E:3 33 07 ST07 

51 -
33 03 ST03 

33 STO 
61 + 
02 2 

61 + 
06 6 
35 g 

34 07 RCL 7 33 STO 35 01 gNOP 3408 RCLB 24 RTN 06 ABS 
51 - 09 9 35 01 gNOP 3406 RCL6 23 LBL 3402 RCL2 

34 02 RCL2 34 03 RCL3 35 01 gNOP 3308 STOB 15 E 81 
Bl 71 x 35 01 gNOP 51 - 3405 RCL5 3404 RCL4 

33 03 ST03 33 STO 35 01 gNOP 3304 ST04 32 f -, 71 x 
34 06 RCL6 61 + 35 01 gNOP 24 RTN 61 TFI 51 -
3408 RCLB 01 1 35 01 gNOP 23 LBl 33 07 STO 7 33 STO 

51 - 34 RCL 35 01 gNOP 12 B 35 01 9 NOP 61 + 
34 02 RCL2 09 9 35 01 gNOP 24 RTN 51 - 08 8 

Bl -'- 3404 RCL4 35 01 gNOP 23 LBL 41 t 31 f 
3304 ST04 71 x 35 01 gNOP 13 C 33 STO 51 SF 1 
3406 RCL6 33 STO 35 01 gNOP 24 RTN 61 + 3408 RCL8 
33 02 ST02 61 + 35 01 gNOP 23 LBL 05 5 84 R/S 

31 f 02 2 36 01 gNOP 14 0 35 9 34 07 RCL 7 
51 SF 1 3408 RCLB 36 01 gNOP 34 07 RCL 7 06 ABS 24 RTN 
84 RIS 3306 ST06 36 01 gNOP 51 - 34 01 RCL 1 35 01 9 NOP 
23 LBL 34 07 RC17 36 01 gNOP 33 STO 81 .,. 35 01 g NOP 
12 B 3306 ST05 36 01 gNOP 61 + 34 03 RCL3 36 01 g NOP 

33 07 ST07 84 RIS 36 01 gNOP 07 7 71 x 35 01 gNOP 
34 RCL 23 LBL 35 01 aNOP 35 g 51 - 36 01 g NOP 
09 9 13 C 08 ABS 33 STO 

3308 STOB 34 02 RCL2 33 STO 61 + 
3406 RCL6 24 RTN 61 + 07 7 

51 - 23 LBL 01 1 36 07 gx7-y 
33 STO 14 0 35 07 gx7-y 3406 RCL6 

R, AdjE R. l:J.N/E OiSI R7 Closing E R, EIDepI R. Closing Lat R7 Adj Easting 
R2 AdjN Rs Beg E RaClosingN Ra EILatl Rs Beg Easting Re Adj Northing 
R3 l:J.E/E Oist R. BegN R,Used Ra CloslngOep R. Beg Northing R, 
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TWO INSTRUMENT RADIAL SURVEY CURVE SOLUTION - GIVEN D. 8t R OR l:J. 8t T 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 

23 LBL 
12 B 
32 f- I 

51 SF 1 
02 2 
Bl .,. 
41 t 
31 f 
B3 INT 

35 21 gx¢y 
31 f 
51 SF 1 
01 1 
08 B 
00 0 
71 x 

3609 9 Rt 
32 f- I 

03 -+O.MS 
32 f- I 

61 TF 1 
42 CHS 

35 01 gNOP 
61 + 
24 RTN 
23 LBL 
11 A 

33 01 STOI 
24 RTN 
23 LBL 

33 03 ST03 
24 RTN 
23 LBL 
12 B 

3304 ST04 
24 RTN 
23 LBL 
13 C 
24 RTN 
23 LBL 
13 C 
12 B 
24 RTN 
23 LBL 
13 C 
32 f- I 

01 R-+P 
34 01 RCL 1 

61 + 
33 05 ST05 
3608 9 R~ 
34 02 RCL2 

61 + 
3306 ST06 

24 RTN 
23 LBL 
14 0 
24 RTN 
23 LBL 
14 0 

01 R-+P 
24 RTN 
23 LBL 
15 E 

34 03 RCL3 
61 + 

3406 RCL5 
61 + 
02 2 
81 "'" 
B4 RIS 

34 05 RCL5 
51 -

36 07 gx~V 
3404 RCL4 

61 + 
3408 RCL6 

61 + 
02 2 
81 .,. 
B4 RIS 

34 06 RCL6 
51 -
31 f 
01 R-+P 
02 2 
71 x 
24 RTN 

35 01 gNOP 
36 01 gNOP 

23 LBL 
11 A 

3302 ST02 
32 r l 

03 -+O.MS 
02 2 
81 

3306 ST06 
B4 RIS 
23 LBL 
12 B 

36 07 gxoty 

31 f 
06 TAN 
71 x 

3406 RCL6 
35 07 gxoty 

23 LBL 
13 C 

3304 ST04 
36 07 gxoty 

31 f 
06 COS 
71 x 

3303 ST03 
33 STO 
61 + 
03 3 

3406 RCL6 
31 f 

71 x 
3406 RCL6 

71 x 
09 9 
00 0 
Bl .,. 

3306 ST05 
24 RTN 
23 LBL 
14 0 

3406 RCL5 
34 01 RCL 1 

71 x 
02 2 
81 .,. 

33 07 ST07 
B4 RIS 

3406 RCL6 
31 f 
06 COS 

34 01 RCL 1 
71 x 

3403 RCL3 
71 x 
02 2 
81 .,. 
51 -
B4 RIS 

3404 RCL4 
34 01 RCL 1 

15 E 
34 01 RCL 1 

84 RIS 
3402 RCL2 

B4 RIS 
3406 RCL6 

31 f 
03 -+O.MS 
84 RIS 

3403 RCL3 
B4 RIS 

3404 RCL4 
B4 RIS 

3406 RCL5 
84 RIS 

36 01 gNOP 

35 01 gNOP 

36 01 gNOP 

36 01 gNOP 

36 01 gNOP 

36 01 gNOP 

35 01 gNOP 

35 01 gNOP 

36 01 gNOP 

36 01 gNOP 

36 01 gNOP 

35 01 gNOP 

36 01 gNOP 

36 01 gNOP 

35 01 gNOP 

11 A 12 B 04 SIN 71 x 
33 02 ST02 24 RTN 81 "'" 34 07 RCL 7 

24 RTN 23 LBL 33 01 STOI 51 -
23 LBL 14 0 36 9 24 RTN 
12 B 32 f- I 02 " 23 LBL 

At Point 1 N R. Point 2 E R7 Rt R R4 T R7 Sector Area 

R2 Point 1 E Rs First Calc N R. R2 l>. Rs L R. 
Ra POint 2 N R. First Calc E RII Used Ra C R. %l>. Ra Used 
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CURVE SOLUTION - GIVEN R 81 T OR R 81 L CURVE SOLUTION - GIVEN tJ. 81 C OR R 81 C 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 71 x 24 RTN 23 LBL 23 LBL 3404 RCL4 
11 A 

33 01 STO 1 
24 RTN 
23 LBL 
12 B 

35 07 gx~ 

3304 ST04 
3406 RCL6 

31 f 
05 COS 
71 x 
02 2 

23 LBL 
15 E 

34 01 RCL 1 
84 RIS 

3406 RCL6 
02 2 

15:3 
11 A 

3303 ST03 
24 RTN 
23 LBL 
12 B 

33 02 ST02 

13 C 
02 2 
71 x 
81 
32 f -, 

04 SIN 

34 01 RCL 1 
71 x 

34 07 RCL 7 
51 -
24 RTN 
23 LBL 

81 .,. 
32 f -, 

71 x 
3303 ST03 

71 x 
31 f 

32 f -, 

03 -+O.MS 
02 2 
71 x 

15 E 
34 01 RCL 1 

06 TAN 24 RTN 03 -+O.MS 02 2 31 f 84 RIS 
09 9 23 LBL 84 RIS 81 + 03 -+O.MS 34 02 RCL2 
00 0 14 0 3406 RCLB 3306 STOB 34 03 RCL3 84 RIS 
81 .,. 3405 RCL5 31 f 31 f 35 07 gx~ 3406 RCLB 
35 g 34 01 RCL 1 03 -+D.MS 04 SIN 12 B 31 f 
02 11 71 x 84 RIS 81 84 ·RIS 03 -+D.MS 
71 x 02 2 3403 RCL3 02 2 23 LBL 84 RIS 

34 01 RCL 1 81 ... 84 RIS 81 .,. 14 0 34 03 RCL3 
71 x 33 07 ST07 3404 RCL4 33 01 STO 1 3405 RCL5 84 RIS 

34 01 RCL 1 
36 07 gx~ 

84 RIS 
3406 RCL6 

84 RIS 
3405 RCL5 

3406 RCLB 
31 f 

34 01 RCL 1 
71 x 

3404 RCL4 
84 RIS 

23 LBL 31 f 84 RIS 06 TAN 02 2 3405 RCL5 
13 C 

3305 ST05 
09 9 
00 0 
71 x 
35 g 
02 11 

81 ... 
36 07 gx~ 

81 ... 
3306 STOB 

31 f 
06 TAN 

34 01 RCL 1 

05 COS 
34 01 RCL 1 

71 x 
3403 RCL3 

71 x 
02 2 
81 .,. 
51 -
84 RIS 

3404 RCL4 
34 01 RCL 1 

71 x 
34 07 RCL 7 

51 -

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

71 x 
3304 ST04 
3406 RCLB 

09 9 
00 0 
81 ... 
36 II 
02 11 

71 x 
34 01 RCL 1 

71 x 
3305 ST05 

44 CLX 
24 RTN 

81 .,. 
33 07 ST07 

84 RIS 
3406 RCLB 

31 f 
05 COS 

34 01 RCL 1 
71 x 

3403 RCL3 
71 x 
02 2 
81 
51 -
84 RIS 

84 RIS 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

R, R R4 T R7 Sector Area R, R ~ T R7 Sector Are. 
Rz Rs L R. 
R3 C R. %6 R. Used 

Rz 6 Rs L R. 

R3 C R, %6 Re Used 
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ELEVATIONS ALONG A VERTICAL CURVE 

CODE KEYS 
23 LBL 
11 A 
41 t 

33 01 STO 1 
24 RTN 
23 LBL 
11 A 

35 07 g x<,¥ 
51 -
05 5 
00 0 
71 x 

3303 ST03 
44 CLX 
24 RTN 
23 LBL 
12 B 

3306 ST06 
24 RTN 
23 LBL 
12 B 

33 02 ST02 
24 RTN 
23 LBL 
12 B 
33 STO 
81 
03 3 
24 RTN 
23 LBL 
13 C 

3406 RCL6 
51 -
43 EEX 
02 2 

CODE KEYS 
81 or 

23 LBL 
01 1 

3304 ST04 
41 t 
32 f -1 

09 Yx 
3403 RCL3 

71 x 
35 07 gx<ty 
34 01 RCL 1 

71 x 
61 + 

34 02 RCL2 
61 + 

3305 ST05 
44 CLX 
54 RIS 
23 LBL 
14 0 

34 01 RCL 1 
42 CHS 
02 2 
81 or 

3403 RCL3 
81 ... 
22 GTO 
01 1 
23 LBL 
15 E 

3405 RCL5 
54 RIS 

3404 RCL4 
43 EEX 
02 2 

CODE KEYS 
71 x 

3406 RCL6 
61 + 
24 RTN 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 aNOP 

. , 

!l: 
I 

Fit! 

HORIZONTAL CURVE LAYOUT 

Surveying 1-14A 115 

CODE KEYS 
23 LBL 
11 A 

33 01 STO 1 
35 9 
02 1r 

71 x 
35 9 
04 l/x 
09 9 
00 0 
71 x 

33 02 ST02 
24 RTN 
23 LBL 
12 B 

3303 ST03 
24 RTN 
23 LBL 
13 C 

34 03 RCL3 
51 -

34 02 RCL2 
71 x 

3304 ST04 
31 f 
04 SIN 

34 01 RCL 1 
71 x 
02 2 
71 x 

33 05 ST05 
44 CLX 
24 RTN 
23 LBL 
14 0 

CODE KEYS 
3404 RCL4 

31 f 
03 .... O.MS 
24 RTN 
23 LBL 
15 E 

3405 RCL5 
24 RTN 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
3501 gNOP 
35 01 gNOP 

CODE KEYS 
35 01 gNOP 
35 01 9 NOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 SNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

R, Grade 1 R4 No of Stations R7 
RJ Beg Elevation Rs Elev at St. R. 
R3 Al2 Re BegSta R. 

R, Radius R4 Oefl Ang R7 
RJ Oefl/Ft Rs Chord Rs 

R3 PC Sta R. R. Used 
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TRIANGLE SOLUTION -GIVEN SSS OR SAS TRIANGLE SOLUTION - GIVEN SSA 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 
11 A 

33 01 STO 1 
B4 RIS 
23 LBL 
12 B 
32 .-1 
03 -+D.MS 

3306 ST08 
B4 RIS 
23 LBL 
11 A 

3302 ST02 
B4 RIS 
23 LBL 
11 A 

3303 ST03 
B4 RIS 
23 LBL 
14 D 

34 01 RCL 1 
3402 RCL2 

31 f 
01 R-+P 
32 f -I 

09 Vx 
34 01 RCL 1 
3402 RCL2 

02 2 
71 x 
71 x 

3406 RCL8 
31 f 
05 COS 
71 x 

51 -
31 f 
09 Vx 

3303 ST03 
23 LBL 
13 C 

3402 RCL2 
3403 RCL3 

31 f 
01 R-+P 
32 f -I 

09 Vx 
34 01 RCL 1 

B4 RIS 
32 f -I 

09 Vx 
51 -

3402 RCL2 
3403 RCL3 

02 2 
71 x 
71 x 
81 .,. 
32 f -I 

05 COS 
31 f 
03 -+D.MS 
24 RTN 

3304 ST04 
3403 RCL3 
34 01 RCL 1 
3303 ST03 
35 07 "x<ty 
33 01 STO 1 

13 C 

B4 RIS 
3305 ST05 
3402 RCL2 
34 01 RCL 1 
3302 ST02 
35 07 gx~ 
33 01 STO 1 

13 C 
3306 ST08 

B4 RIS 
23 LBL 
15 E 

3402 RCL2 
3403 RCL3 

71 x 
02 2 
81 

3408 RCL8 
32 f -I 

03 -+D.MS 
31 f 
04 SIN 
71 x 
24 RTN 

35 01 gNOP 
35 01 "NOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

23 LBL 
11 A 

33 01 STO 1 
B4 RIS 
23 LBL 
11 A 

33 02 ST02 
B4 RIS 
23 LBL 
12 B 

33 05 ST05 
B4 RIS 
23 LBL 
13 C 
31 f 
51 SF 1 
22 GTO 
01 1 
23 LBL 
14 D 
32 .-1 
51 SF 1 
23 LBL 
01 1 

3402 RCL2 
32 f -I 

09 ..;x 
3405 RCL5 

32 f -I 

03 -+D.MS 
34 01 RCL 1 

32 f -I 

01 R-+P 
3508 gR~ 

32 f -I 

09 vx 
51 
31 f 
09 Vx 
31 f 
81 TF 1 

35 01 gNOP 
42 CHS 

3509 gRt 
81 + 

33 03 ST03 
3402 RCL2 

31 f 
01 R-+P 
32 .-1 
09 Vx 

34 01 RCL 1 
B4 RIS 
32 f -I 

09 Vx 
51 -

3402 RCL 2 
34 03 RCL3 

71 x 
81 .,. 
02 2 
81 .,. 
32 f -I 

05 COS 
31 f 
03 -+D.MS 
B4 RIS 

3402 RCL2 
B4 RIS 
44 CLX 

3405 RCL5 
B4 RIS 
31 f 
02 D.MS+ 

34 03 RCL3 
B4 RIS 
44 CLX 
01 1 
08 8 
00 0 

35 07 IIX~ 
32 f -I 

02 D.MS+ 
B4 RIS 
23 LBL 
15 E 

34 01 RCL 1 
34 03 RCL3 
3405 RCL5 

32 f -I 

03 .... D.MS 
31 f 
04 SIN 
71 x 
71 x 
02 2 
81 + 
B4 RIS 

35 01 gNOP 
35 01 aNOP 

R, Side3 R. Angle R7 
R2 Side2 Rs Angle R, 
R3 Side 1 Re Angle Re Used 

R, Side 1 R4 R7 
R2 Side2 Rs Angle 2 R, 

R3 Side3 R, Ra Used 
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TRIANGLE SOLUTION - GIVEN ASA OR AAS 
F:3 

BEARING - BEARING INTERSECT 

Surveying 1-18A 119 

CODE KEYS 
23 lBl 
12 B 

CODE KEYS 
02 O.MS+ 

3405 RCl5 

CODE KEYS 

B4 RIS 
3406 RCl6 

E:3 CODE KEYS 

23 lBl 

CODE KEYS 

22 GTO 

CODE KEYS 

23 lBl 
3304 ST04 

B4 RIS 
23 lBl 
12 B 

32 f -, 

02 O.MS+ 
3306 ST06 

32 r' 

B4 RIS 
23 LBl 
15 E 

34 01 RCll e:~ 
11 A 

33 01 STO 1 
B4 RIS 
23 lBl 

01 1 
34 05 RCl5 

42 CHS 
3305 ST05 

15 E 
3404 RCl4 
34 03 RCl3 
3406 RCl6 

3306 ST06 
B4 RIS 
23 lBl 

03 .... O.MS 
31 f 
04 SIN 

34 03 RCl3 
34 07 RCl7 

71 x 

11 A 
3302 ST02 

B4 RIS 

23 l8l 
01 1 
B4 RIS 

71 x 
51 -

34 02 RCl2 
11 A 3403 RCl3 71 x 23 lBl 23 lBl 34 01 RCll 

33 03 ST03 35 07 gx4b{ 02 2 12 B 14 0 3405 RCl5 
B4 RIS 81 81 .,. 33 03 ST03 32 f·l 71 x 
23 lBl 
12 B 

33 07 STO 7 
3404 RCl4 

B4 RIS 
35 01 NOP 

B4 RIS 
23 lBl 

03 .... O.MS 
31 f 

51 -
33 07 STO 7 

33 05 ST05 32 f -, 35 01 NOP 12 B 06 TAN 51 -
B4 RIS 03 .... O.MS 35 01 NOP 3304 ST04 3306 ST06 3405 RCL5 
23 lBl 31 f 35 01 NOP B4 RIS 3500 9 lST X 3406 RCl6 
14 0 04 SIN 35 01 NOP 23 l8l B4 RIS 51 -
01 1 71 x 35 01 NOP 13 C 23 lBl 81 .,. 
08 8 B4 RIS 35 01 NOP 32 f·l 14 0 B4 RIS 
00 0 33 01 STO 1 35 01 NOP 03 .... O.MS 41 t 3405 RCl5 

3404 RCl4 
32 f -, 

3404 RCl4 
B4 RIS 

35 01 NOP 
35 01 NOP 

31 f 
06 TAN 

01 1 
35 23 gx=y 

71 x 
34 07 RCl7 

02 O.MS+ 34 07 RCl7 35 01 NOP 3305 STO 5 22 GTO 61 + 
3406 RCl6 

32 f -, 
3405 RCl5 

32 f·' 
35 01 NOP 
35 01 NOP 

3500 9 lSTX 
B4 RIS 

02 2 
44 ClX 

B4 RIS 
3501 gNOP 

02 O.MS+ 03 .... O.MS 35 01 NOP 23 lBl 03 3 35 01 gNOP 
3305 ST05 31 f 35 01 NOP 13 C 35 23 gxay 35 01 gNOP 

23 lBl 04 SIN 35 01 NOP 41 t 22 GJO 35 01 gNOP 
13 C 33 07 ST07 35 01 laNOP 01 1 02 2 35 01 gNOP 
01 1 71 x 35 23 gx=y 3406 RCl6 
08 8 B4 RIS 22 GTO 42 CHS 
00 0 3405 RCl5 01 1 3306 ST06 

3404 RCl4 B4 RIS 44 ClX 23 l8l 
32 .-' 34 03 RCl3 03 3 02 2 

35 23 gx=y B4 RIS 

R, Side 1 R4 Angle 1 R7 Used 
R2 Rs Angle 2 Rs 
R3 Side 3 Rs Angle 3 RII Used 

R, Point IN R4 Point 2E R7 Used 

R2 Point IE Rs line 1 TAN (AZ) Rs 

R3 Point 2N Rs line 2 TAN (AZ) RII Used 



120 Surveying 1-19A 
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BEARING-DISTANCE INTERSECT DISTANCE-DISTANCE INTERSECT 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 
11 A 

33 01 STOI 
84 RIS 
23 LBL 
11 A 

33 02 ST02 
84 RIS 
23 LBL 
12 B 

33 03 ST03 
84 RIS 
23 LBL 
12 B 

3304 ST04 
84 RIS 
23 LBL 
13 C 
32 f -, 

03 .... O.MS 
84 RIS 
23 LBL 
13 C 
02 2 
Bl + 
41 t 
31 f 
B3 INT 

35 07 gx~ 
35 21 gx,iv 

22 GTO 
01 1 

3509 gRt 
3509 gRt 

42 CHS 

3509 gRt 
3609 aRt 

23 LBL 
01 1 
44 CLX 
01 1 
OB B 
00 0 
71 x 
61 + 

3306 ST05 
84 RIS 
23 LBL 
14 0 

330B ST06 
84 RIS 
23 LBL 
15 E 

3404 RCL4 
3402 RCL2 

51 -
3403 RCL3 
34 01 RCL 1 

51 -
31 f 
01 R .... p 

33 07 ST07 
44 CLX 

35 24 ax>( 
03 3 
OB 6 
00 0 
61 + 

3406 RCL5 
51 -

34 07 RCL 7 
32 r' 
01 R .... P 

36 07 gx~ 

32 f -, 

09 ..;x 
3406 RCL6 

32 f -, 

09 ..;x 
35 07 ax4!:y 

51 -
31 f 
09 Vx 
61 + 

3406 RCL5 
35 07 ax~ 

32 f -, 

01 R .... P 
34 01 RCL 1 

61 + 
84 RIS 

35 07 ax~ 
3402 RCL2 

61 + 
84 RIS 

36 01 gNOP 
36 01 aNOP 
36 01 gNOP 
35 01 gNOP 
:Hi 01 gNOP 

F:3 
Iii:;; 

23 LBL 
11 A 

33 01 STOI 
84 RIS 
23 LBL 
11 A 

3302 ST02 
84 RIS 
23 LBL 
12 B 

33 03 ST03 
84 RIS 
23 LBL 
12 B 

3304 ST04 
84 RIS 
23 LBL 
13 C 

33 05 ST05 
84 RIS 
23 LBL 
14 0 

3306 ST06 
84 RIS 
23 LBL 
15 E 

3404 RCL4 
34 02 RCL2 

51 -
34 03 RCL3 
34 01 RCL 1 

51 -
31 f 
01 R .... P 

33 07 ST07 

32 r' 
09 -.IX 

34 05 RCL5 
32 r' 
09 -.IX 
61 + 

3406 RCL6 
32 r' 
09 -.IX 
51 -
02 2 
Bl .,. 

34 07 RCL 7 
34 05 RCL5 

71 x 
B1 
32 f -, 

05 COS 
51 -

34 05 RCL5 
32 f -, 

01 R .... P 
34 01 RCL 1 

61 + 
84 RIS 

35 07 9 JQty 

34 02 RCL2 
61 + 
B4 RIS 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

35 01 gNOP 
35 01 gNOP 
3501 gNOP 
3501 gNOP 
3501 gNOP 
3501 gNOP 
3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 9 NOP 
35 01 gNOP 
35 01 gNOP' 

R, Point IN R. Point 2E R7 Oilt 1 .... 2 
Rz Point lE RI Line lAz R. 
R3 Point 2N R. Line 2-D 1st R. USed 

R, Point 1 N R. Point 2 E R7 Oist 1 .... 2 

Rz Point 1 E Rs Dist 1 Ra 
R3 Point 2 N R. Dist 2 Rg Used 
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DISTANCE FROM A POINT TO A LINE TAPING CORRECTIONS 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 23 LBL 3303 ST03 23 LBL 33 02 ST02 22 GTO 
11 A 13 C B4 RIS 11 A B4 RIS 01 1 
31 f 3304 ST04 23 LBL 3303 ST03 23 LBL 23 LBL 
43 REG 

33 01 STO 1 
B4 RIS 

B4 RIS 
23 LBL 
13 C 

15 E 
3404 RCL4 
3408 RCL8 

F:~ 02 2 
00 0 
61 -

13 C 
3306 ST06 

B3 

16 E 
41 t 
71 x 

23 LBL 3305 ST05 51 - 03 3 00 0 42 CHS 
11 A B4 RIS 34 06 RCL6 43 EEX 01 1 3406 RCL6 

33 02 ST02 23 LBL 3403 RCL3 06 6 04 4 41 t 
B4 RIS 14 0 51 - B1 71 x 71 x 
23 LBL 34 02 RCL2 31 f B3 34 03 RCL3 61 + 
12 B 
32 f-' 
03 .... O.MS 

34 01 RCL 1 
34 03 RCL3 

71 x 

01 R .... P 
B4 RIS 

34 01 RCL1 

00 0 
00 0 
00 0 

B1 
41 t 
71 x 

31 f 
09 Vx 
23 LBL 

31 f 51 - 3408 RCL8 41 t 02 2 01 1 
06 TAN 33 07 ST07 61 - 43 EEX 04 4 33 STO 

33 03 ST03 34 06 RCL5 34 02 RCL2 02 2 81 61 + 
B4 RIS 3404 RCL4 3403 RCL3 81 "- 42 CHS 06 6 
23 LBL 34 03 RCL3 61 - 61 + 34 02 RCL2 B4 RIS 
12 B 81 31 f 33 01 STO 1 01 1 34 06 RCL6 
02 2 61 + 01 R .... P B4 RIS 61 + 24 RTN 
B1 .,. 
32 f-' 

61 -
3403 RCL3 

24 RTN 
36 01 gNOP 

23 LBL 
12 B 

61 + 
3406 RCL6 

36 01 gNOP 
36 01 gNOP 

B3 INT 41 t 3601 gNOP 06 6 71 x 36 01 gNOP 
B3 
04 4 

35 9 
04 'Ix 

35 01 gNOP 
36 01 gNOP 

08 8 
51 -

3306 ST06 
44 CLX 

36 01 gNOP 
36 01 9 NOP 

35 22 9 xC;;;y 61 + 35 01 gNOP 06 6 B4 RIS 36 01 gNOP 
22 GTO 42 CHS 36 01 gNOP 04 4 23 LBL 36 01 gNOP 
01 1 81 .,. 36 01 gNOP 05 6 14 0 36 01 gNOP 

34 03 RCL3 3308 ST08 35 01 ~NOP 43 EEX 32 f-' 36 01 gNOP 
42 CHS B4 RIS 42 CHS 03 .... O.MS 

3303 ST03 3403 RCL3 08 B 31 f 
23 LBL 71 x 71 x 04 SIN 
01 1 34 07 RCL 7 34 01 RCL 1 3406 RCL6 
B4 RIS 61 + 61 + 71 x 

R, Point 1 N R4 Point 2 N R7 Used R, Used R4 R7 
R2 Point 1 E Rs Point 2 E R. Point 3 N R2 Used Rs 1: H Oin R. 
R3 Point 3 E R. R. Used ~ LbsPuIl R. S Oist R. 
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EDM SLOPE REDUCTION - GIVEN ZENITH ANGLE 

CODE KEYS CODE KEYS CODE KEYS 
23 LBL 51 - 33 STO 
11 A 34 06 RCL6 61 + 

33 01 STOI 02 2 02 2 
84 RIS 43 EEX 24 RTN 
23 LBL 42 CHS 23 LBL 
11 A 07 7 15 E 
02 2 71 X 34 01 RCL 1 
00 0 61 + 3404 RCL4 
09 9 33 02 ST02 31 f 
00 0 24 RTN 05 COS 
06 6 23 LBL 81 .. 
43 EEX 
03 3 

13 C 
B4 RIS 

3~ 01 STOI 
34 02 RCL2 

61 + 23 LBL 3404 RCL4 
3500 ~LSTX 

81 
13 C 
51 -

51 -
31 f 

33 05 ST05 33 06 ST06 04 SIN 
24 RTN B4 RIS 71 X 
23 LBL 23 LBL B4 RIS 
12 B 14 0 3405 RCL5 
32 11 51 - 81 .. 
03 -+O.MS B4 RIS B4 RIS 
41 t 23 LBL 34 01 RCL 1 
31 f 14 0 3402 RCL2 
04 SIN 61 + 31 f 

34 01 RCL 1 34 01 RCL 1 05 COS 
71 X 81 ..,. 71 X 

3306 ST06 34 02 RCL2 3406 RCL6 
01 1 3404 RCL4 61 + 
04 4 51 - A.4 AI<:: 

43 EEX 31 f 
42 CHS 04 SIN 
07 7 71 X 
71 X 32 r 1 

3304 ST04 04 SIN 

R1 S Oist/used R4 c R7 
R2 Z,/used Rs (R + EIIR Re 
~ RII Used ~ Used 

~ 
4: 
:f: 

:I: 
~ =r 

Surveying 1-24A 125 

EDM SLOPE REDUCTION-GIVEN t:, ELEVATION 

CODE KEYS CODE KEYS CODE KEYS 
23 LBL 14 0 3404 RCL4 
11 A 3304 ST04 34 05 RCL5 

33 01 STOI 24 RTN 61 + 
02 2 23 LBL 71 X 
00 0 15 E 24 RTN 
09 9 34 01 RCL 1 35 01 gNOP 
00 0 
06 6 
00 0 

32 f- 1 

09 ~3 34 03 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

00 0 34 02 RCL2 35 01 gNOP 
00 0 51 - 35 01 gNOP 

33 05 ST05 
24 RTN 
23 LBL 

32 f- 1 

09 ~ 51 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 

12 B 34 05 RCL5 35 01 gNOP 
33 02 ST02 34 02 RCL2 35 01 gNOP 

24 RTN 61 + 35 01 gNOP 
23 LBL B1 35 01 gNOP 
13 C 34 05 RCL5 35 01 gNOP 

33 03 ST03 34 03 RCL3 35 01 gNOP 
24 RTN 61 + 35 01 gNOP 
23 LBL 81 35 01 9 NOP 
14 0 31 f 35 01 gNOP 
33 STO 
61 + 

09 v'X 
33 06 ST06 

35 01 gNOP 
35 01 9 NOP 

02 2 34 05 RCL5 35 01 gNOP 
33 07 ST07 34 07 RCL 7 35 01 gNOP 

B4 RIS 61 + 35 01 9 NOP 
23 LBL 
14 0 

71 X 
B4 RIS 

35 01 gNOP 
1:l601 I~NOP 

33 STO 34 06 RCL6 
61 + 34 05 RCL5 
03 3 71 X 
B4 RIS B4 RIS 
23 LBL 3406 RCL6 

R1 S Oist R4 Es R7 El 

R2 HI OM + E, Rs R Re 
R3 HT Rft+ E2 As Used ~ 



126 Surveying 1-25A Surveying 1-26A 127 

FIELD ANGLE CHECK STADIA REDUCTIONS 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 
11 A 
32 f- 1 

03 -+D.MS 
01 1 
OB B 
00 0 
51 -
31 f 
61 TF 1 
22 GTO 
01 1 
31 f 
43 REG 

33 02 ST02 
23 LBL 
01 1 

33 01 STO 1 

83 DSZ 
01 1 
32 f-1 

01 R-+P 
31 f 
01 R-+P 
44 CLX 

35 24 gx>y 
03 3 
06 6 
00 0 
61 + 

33 02 ST02 
09 g 
00 0 
81 
01 1 
61 + 

24 RTN 
23 LBL 
14 0 

3404 RCL4 
31 f 
03 -+D.MS 
84 RIS 

34 03 RCL3 
84 RIS 

34 02 RCL2 
31 f 
03 -+D.MS 
84 RIS 
23 LBL 
15 E 

34 01 RCL 1 
34 02 RCL2 

51 -

23 LBL 
11 A 

33 05 ST05 
84 RIS 
23 LBL 
11 A 

33 01 STO 1 
3304 ST04 

84 RIS 
23 LBL 
12 B 
32 r 1 

03 -+D.MS 
09 g 
00 0 

35 07 gx~y 

51 -
33 02 ST02 

32 r 1 

Og ..;x 
34 03 RCL3 

71 x 
01 1 
00 0 
00 0 
71 x 
84 RIS 

34 02 RCL2 
02 2 
71 x 
31 f 
04 SIN 
05 5 
00 0 
71 x 

34 03 RCL 3 

35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 9 NOP 
35 01 gNOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 

31 of 31 f 31 f 3500 9 LST X 71 x 35 01 NOP 
51 SF 1 
24 RTN 
23 LBL 

83 INT 
33 03 ST03 

02 2 

03 -+D.MS 
84 RIS 
32 f- 1 

31 f 
03 -+O.MS 
84 RIS 

3404 RCL4 
51 -

34 01 RCL 1 

35 01 NOP 
35 01 gNOP 
35 01 gNOP 

12 B 
01 1 
OB 8 

81 .,. 
31 f 
83 INT 

03 -+O.MS 
3408 RCL8 

81 

23 LBL 
13 C 

3303 ST03 

3304 ST04 
61 + 

34 05 RCL 5 

3501 gNOP 
35 01 gNOP 
35 01 gNOP 

00 0 01 1 31 f 84 RIS 61 + 3501 gNOP 
31 f 
02 D.MS+ 

OB 8 
00 0 

03 -+O.MS 
32 f- 1 

23 LBL 
14 0 

84· RIS 
35 01 gNOP 

35 01 gNOP 
35 01 gNOP 

23 LBL 
13 C 

71 x 
34 02 RCL2 

51 SF 1 
24 IRTN 

3304 ST04 
84 RIS 

35 01 gNOP 
35 01 9 NOP 

35 01 gNOP 
13501 aNOP 

32 f-1 51 - 23 LBL 35 01 gNOP 
03 -+D.MS 

34 02 RCL2 
35 9 
06 ABS 

15 E 
34 02 RCL2 

35 01 gNOP 
35 01 gNOP 

61 + 3304 ST04 31 f 35 01 gN9P 
35 9 44 CLX 05 COS 35 01 gNOP 

R'RefAz-1SO R4 Bearing R7 
R2 Current Az Rs Rs Counter 
R3 Quad Code Rs RII Used 

R, Ht Instrument ~ Rod Reading R7 

R2 Vertical Angle Rs Sta Elev Ra 

R3 Rod Inter Rs RII Used 
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THREE WIRE LEVELING 

CODE KEYS CODE KEYS CODE KEYS 
23 ~BL 14 D 61 + 
11 /iii. 33 STO 03 3 

33 01 STO 1 61 + 35 08 9 R ~ 
01 1 07 7 84 RIS 
00 0 51 - 23 LBL 
00 0 61 + 15 E 

33 08 STO B 35 00 9 LST X 34 02 RCL 2 
84 RIS 02 2 34 05 RCL 5 
23 LBL 71 x 51 -
11 A 35 07 gx~V 84 RIS 

33 08 STO 8 51 - 34 01 RCL 1 
84 RIS 35 00 9 LST X 61 + 
23 LBL 34 07 RCL 7 84 RIS 
12 B 03 3 34 03 RCL 3 
31 f 81 34 08 RCL 8 
51 SF 1 31 f 71 x 
84 RIS 61 TF 1 84 RIS 
23 LBL 22 GTO 3406 RCL 6 
13 C 01 1 3408 RCL 8 
32 " 33 STO 71 x 
51 SF 1 61 + 24 RTN 
84 RIS 05 5 35 01 gNOP 
23 LBL 35 08 9 R ~ 35 01 gNOP 
14 D 33 STO 35 01 gNOP 

33 07 STO 7 61 + 35 01 gNOP 
84 RIS 06 6 35 01 gNOP 
23 LBL 35 08 9 R ~ 35 01 gNOP 
14 D 84 RIS 35 01 gNOP 
33 STO 23 LBL 35 01 gNOP 
61 + 01 1 35 01 gNOP 
07 7 33 STO 
51 - 61 + 

35 00 9 LST X 02 2 
84 RIS 35 08 9 R ~ 
23 LBL 33 STO 

R, Elev R4 R7 Used 
R2 :E BS Means Rs :E FS Means Ra Stadia Intr K 
R3 :E BS Intervals Ra :E FS Interva,ls Rg 

Surveying 1-2BA 

SLOPE STAKING - GIVEN CENTERLINE 
TERRAIN ELEVATION 

CODE KEYS CODE KEYS CODE KEYS 

23 LBL 
11 A 
84 RIS 
23 LBL 
11 A 

3301 STO 1 
84 RIS 
23 LBL 
12 B 
84 RIS 
23 LBL 
12 B 
51 -
71 x 
61 + 

33 02 ST02 
84 RIS 
23 LBL 
13 C 
84 RIS 
23 LBL 
13 C 
32 1"' 
03 -+D.MS 
31 f 
05 COS 

3500 9 LSTX 
31 f 
06 TAN 

34 01 RCL 1 

71 x 
3304 ST04 
33 05 ST05 

22 GTO 
01 1 
23 LBL 
14 D 

3304 ST04 
33 05 ST05 

84 RIS 
23 LBL 
14 D 

35 07 gx~V 

81 
34 01 RCL 1 

71 x 
01 1 
51 -

33 03 STO 3 
23 LBL 
01 1 

34 02 RCL2 
3403 RCL3 
34 05 RCL5 

71 x 
61 + 
33 STO 
61 + 
05 5 
35 9 

01 1 
84 RIS 
23 LBL 
15 E 

34 05 RCL5 
3404 RCL4 

51 -
84 RIS 

34 05 RCL 5 
24 RTN 

35 01 NOP 
35 01 NOP 
35 01 NOP 
3501 NOP 
35 01 NOP 
35 01 NOP 

35 01 NOP 

3501 NOP 

35 01 NOP 

3501 NOP 

35 01 NOP 

3501 NOP 

35 01 NOP 

3501 NOP 

35 01 NOP 

35 01 NOP 

35 01 NOP 

35 01 NQP 

3501 NOP 

35 01 NOP 

71 x 06 ABS 

01 1 83 . 
51 - 01 1 

33 03 ST03 35 22 9 x<.v 
3508 gR~ 22 GTO 

R, Slope R4 H Dist R7 

R2 Used Rs H Dist Ra 

R3 Used Ra Rg Used 

129 
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SLOPE STAKING -GIVEN CENTERLINE CUT/FILL AZIMUTH OF THE SUN 

CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS CODE KEYS 
23 LBL 
11 A 
84 RIS 
23 LBL 
11 A 

33 01 STO 1 
84 RIS 
23 LBL 
12 B 
84 RIS 
23 LBL 
12 B 
61 + 
71 x 
61 + 

3302 ST02 
84 RIS 
23 LBL 
13 C 
84 RIS 
23 LBL 
13 C 
32 ("I 

03 -+D.MS 
31 , 
05 COS 

3500 "LSTX 
31 , 
06 TAN 

34 01 RCL 1 
71 x 
01 1 
51 -

3303 ST03 
3506 gR~ 

71 x 
3304 ST04 
3305 ST05 

22 GTO 
01 1 
23 LBL 
14 D 

3304 ST04 
3305 ST05 

84 RIS 
23 LBL 
14 D 

35 07 gx~ 

81 .,. 
34 01 RCL 1 

71 x 
01 1 
51 -

3303 ST03 
23 LBL 
01 1 

3402 RCL2 
3403 RCL3 
3405 RCL5 

n x 
61 + 
33 STO 
61 + 
05 6 
35 9 
06 ABS 
83 . 
01 1 

35 22 9 x';; y 
22 GTO 

01 1 
84 RIS 
23 LBL 
15 E 

3405 RCL6 
3404 RCL4 

51 -
84 RIS 

3405 RCL5 
24 RTN 

35 01 g NOP 
36 01 9 NOP 
35 01 9 NOP 
35 01 9 NOP 
36 01 9 NOP 
36 01 " NOP 
35 01 gNOP 
35 01 9 NOP 
35 01 " NOP 
35 01 9 NOP 
35 01 "NOP 
35 01 "NOP 
35 01 "NOP 
35 01 "NOP 
35 01 gNOP 
35 01 "NOP 
35 01 " NOP 
35 01 "NOP 
35 01 "NOP 
36 01 "NOP 

23 LBL 
11 A 

3304 ST04 
24 RTN 
23 L8L 
11 A 
31 , 
02 D.MS+ 
32 ,-1 
03 -+D.MS 
24 RTN 
23 LBL 
12 B 
32 ,-1 
03 -+D.MS 

35 07 gx~y 
24 RTN 
23 LBL 
12 B 
32 ,-1 
03 -+D.MS 
71 x 
61 + 

33 01 STO 1 
24 RTN 
23 LBL 
13 C 
32 ,-1 
03 -+D.MS 

33 02 STO 2 
24 RTN 
23 LBL 
14 D 
32 ,-1 
03 -+D.MS 

33 03 ST03 
34 01 RCL 1 

31 , 
04 SIN 

34 02 RCL2 
31 , 
04 SIN 

3403 RCL3 
31 , 
04 SIN 
71 x 
51 -

34 02 RCL2 
31 , 
05 COS 

3403 RCL3 
31 , 
06 COS 
71 x 
81 .,. 
24 RTN 
23 LBL 
15 E 
32 ,-1 
05 COS 

3404 RCL4 
01 1 
02 2 

36 22 g x';;y 
22 GTO 
01 1 

3608 g R+ 
3508 g R+ 

31 , 
03 -+D.MS 

24 RTN 
23 LBL 
01 1 

35 08 9 R+ 
3608 9 R+ 

42 CHS 
41 t 
03 3 
06 6 
00 0 
61 + 
31 , 
03 -+D.MS 
24 RTN 

3601 gNOP 
3601 9 NOP 
35 01 9 NOP 
35 01 gNOP 
36 01 gNOP 
3601 gNOP 
36 01 9 NOP 
35 01 gNOP 
3601 gNOP 
3601 g NOP 
35 01 9 NOP 
35 01 gNOP 
3601 gNOP 
3601 gNOP 
35 01 gNOP 
36 01 I gNOP 

R, Slope R4 H Dist R7 
R2 Used Rs H Dist Rs 
R3 Used Rs RI Used 

R, Declination (Il I R4 Local time R7 

R2 Latitude (.pI Rs Rs 

R3 Vert ang (hI R. RI Used 
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PREDETERMINED AREA - LINE THRU A POINT 

CODE KEYS 
23 LBL 
11 A 
02 2 
71 x 

33 01 STO 1 
24 RTN 
23 LBL 
12 B 
24 RTN 
23 LBL 
12 B 
24 RTN 
23 LBL 
13 C 

33 06 ST06 
35 07 gx~y 

24 RTN 
23 LBL 
13 C 

33 05 ST05 
51 -

35 08 9 Rj, 
51 -

3509 9 Rt 
35 07 gx~y 

31 f 
01 R-+P 

34 01 RCL 1 
35 07 gx~y 

81 
33 02 STO 2 

44 CLX 
35 24 gOy 

03 3 
06 6 

CODE KEYS 
00 0 
61 + 

33 03 ST03 
24 RTN 
23 LBL 
14 0 
32 f- I 

03 -+O.MS 
24 RTN 
23 LBL 
14 0 
41 t 
02 2 
81 
41 t 
31 f 
83 INT 

35 21 gx*v 
22 GTO 
01 1 

3509 9 Rt 
3509 9 Rt 

42 CHS 
3509 9 Rt 
3509 9 Rt 

23 LBL 
01 1 

35 08 9 Rj, 
31 f 
83 INT 
01 1 
08 8 
00 0 
71 x 
61 + 

CODE KEYS 
3304 ST04 
3403 RCL3 

51 -
31 f 
04 SIN 
35 9 
06 ABS 

34 02 RCL2 
35 07 gx~y 

81 
3302 ST02 

24 RTN 
23 LBL 
15 E 

3404 RCL4 
31 f 
05 COS 
71 x 

3406 RCL6 
61 + 
B4 RIS 

34 02 RCL2 
3404 RCL4 

31 f 
04 SIN 
71 x 

34 05 RCL5 
61 + 
B4 RIS 

35 01 I gNOP 

CODE KEYS 
34 RCL 
09 9 

3404 RCL4 
33 02 ST02 

81 
3304 ST04 

44 CLX 
24 RTN 
23 LBL 
15 E 

34 07 RCL 7 
B4 RIS 

34 03 RCL 3 
B4 RIS 

3404 RCL4 
B4 RIS 

3406 RCL6 
23 LBL 
01 1 
42 CHS 
01 1 
08 8 
00 0 
31 f 
02 O.MS+ 
B4 RIS 

3408 RCLB 
22 GTO 
01 ~NOP 35 01 

r .e Surveying 1-32A 133 '_ r ~ PREDETERMINED AREA- TWO SIDES PARALLEL 

:r E:a 

CODE KEYS 
23 LBL 
11 A 

33 01 STO 1 
24 RTN 
23 LBL 
12 B 

33 02 ST02 
24 RTN 
23 LBL 
13 C 

3306 ST06 
32 f- 1 

03 -+O.MS 
41 t 
31 f 
04 SIN 

33 03 STO 3 
35 07 9 x<ty 

31 f 
06 TAN 
35 9 
04 1/x 

3305 ST05 
24 RTN 
23 LBL 
14 0 

3308 ST08 
32 r 1 

03 -+O.MS 
41 t 
31 f 
04 SIN 

3304 ST04 
35 07 gx<ty 

31 f 

CODE KEYS 
06 TAN 
35 9 
04 1/x 
33 STO 
61 + 
05 5 

3402 RCL2 
41 t 
32 f- 1 

09 Vx 
34 01 RCL 1 

02 2 
71 x 

34 05 RCL5 
71 x 
51 -
31 f 
09 Vx 
51 -

34 05 RCL 5 
81 
33 STO 
09 9 

34 05 RCL 5 
71 x 

34 02 RCL 2 
35 07 gx<ty 

51 -
33 07 ST07 

34 RCL 
09 9 

34 03 RCL 3 
33 01 STO 1 

81 
33 03 STO 3 

R, 2 x Area (2A) R4 Az 2 -+ 3 R7 R, Area/SIN <1 R4SIN <2/Side 2 R7 Base 2 
R2 2A1Base R5 Point 2 E Ra - R2 Bue 1/SIN <2 R5CTN<1 +CTN <2 RatP 
R3Az2-+1 R. Point 2 N RII Used A3 SIN <1/Side 1 R.II Ra Used 



134 Surveying 1-33A 
Surveying 1-34A 135 

VOLUME BY AVERAGE END AREA 
VOLUME OF BORROW PIT 

CODE KEYS 
23 LBL 
11 A 

3406 RCL6 
33 07 ST07 

44 CLX 
3306 ST06 

84 RIS 
23 LBL 
12 B 

33 01 STO 1 
84 RIS 
23 LBL 
11 A 

3302 ST02 
84 RIS 
23 LBL 
12 B 

3303 ST03 
84 RIS 
23 LBL 
11 A 

3304 ST04 
84 RIS 
23 LBL 
12 B 

3306 ST05 
23 LBL 

CODE KEYS 
33 STO 
61 + 
06 6 

3403 RCL3 
33 01 STOI 
3404 RCL4 
3302 ST02 
3406 RCL5 
3303 ST03 

84 RIS 
23 LBL 
11 A 

3304 ST04 
84 RIS 
23 LBL 
12 B 

3305 ST05 
22 GTO 
01 1 
23 LBL 
13 C 

3406 RCL6 
35 9 
06 ABS 

3306 ST06 
84 RIS 
23 LBL 

CODE KEYS 
81 + 
08 8 
33 STO 
09 9 
44 CLX 
84 RIS 
23 LBL 
15 E 
34 RCL 
09 9 
84 RIS 

3408 RCL8 
84 RIS 
02 2 
07 7 
81 .,. 
24 RTN 

35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 

CODE KEYS 
31 f 
43 REG 
84 RIS 
23 LBL 
11 A 
84 RIS 
23 LBL 
11 A 
71 x 
06 6 
81 

33 03 ST03 
22 GTO 
01 1 
23 LBL 
12 B 
84 RIS 
23 LBL 
12 B 
71 x 
04 4 
81 

33 03 ST03 
23 LBL 
01 1 
44 CLX 

CODE KEYS 
71 x 
33 STO 
61 + 
02 2 
84 R/S 
23 LBL 
15 E 

34 02 RCL2 
84 R/S 
02 2 
07 7 
81 
84 RIS 

35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 

CODE KEYS 
3501 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 gNOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
3501 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 
35 01 NOP 

01 1 
3402 RCL2 
3406 RCL5 
34 01 RCL 1 

14 0 
3406 RCL6 
34 07 RCL 7 

81 + 

35 01 NOP 
35 01 NOP 
35 01 NOP 

41 t 
84 RIS 
23 LBL 
13 C 

35 01 NOP 
3501 NOP 
35 01 NOP 
35 01 NOP 

35 01 NOP 
35 01 NOP 
35 01 NOP 
3501 NOP 

51 - 71 x 61 + 35 01 NOP 
71 x 02 2 84 RIS 35 01 NOP 
02 2 81 "'- 23 LBL 35 01 NOP 
81 33 STO 14 0 

3403 RCL3 
35 01 NOP 
35 01 NOP 

R, Used R. Used R7 Last ArM 
R2 Used R. Used R. l: Volume 
R3 Used R. Are. R. Used 

R, R. R7 
R2l: Vol. R. R. 
R3 Grid Area At At 



 
 
 
 
 
 
 
 
 

Scan Copyright © 
The Museum of HP Calculators 

www.hpmuseum.org 
 

Original content used with permission. 
 

Thank you for supporting the Museum of HP 
Calculators by purchasing this Scan! 

 
Please to not make copies of this scan or 
make it available on file sharing services.


