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INTRODUCTION

The programs contained in this booklet are a brief
representation of the many problems which may
be solved on the HP-35 Pocket Calculator. The
intention is to provide routines for the more
widely encountered areas of surveying--traverses,
intersects, curves, areas, and triangles.

We hope that you find this booklet useful in your
day-to-day calculations.

Civil Engineering Products

Note: is used to denote the key

throughout the tables in this text.
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DEGREES, MINUTES, SECONDS TO DECIMAL EQUIVALENT

LINE DATA OPERATIONS DISPLAY REMARKS

1. (e ][ o ]fsmol[ ][]
2. | Degrees 50| I | O | I |
3. | Minutes 0 | | I |
a. | Seconds Rred = ]I I ]

5. [RCL] [ - ] l + H ] :] Decimal Degrees | Record - See Note 1

Note 1: To convert bearing to azimuth:

If bearing is SE or NW, press ’CLS . Then if bearing is SE or SW, press enter+ | 180, + . Then if bearing is
NW, press entens , 360, 4 .
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DECIMAL DEGREES TO DEGREES, MINUTES, SECONDS

LINE DATA OPERATIONS DISPLAY REMARKS
1. | pecimai Degrees | [ENT] [ ][ ][ 1|
2 | integerDegrees | [ J[ ][ J[_J[_ ]| Degrees Record
3 eI
a | imegerminutes | [ 10 1 10 ]| Minutes Record
5. L= 10 1o x I 11 seconds Record




FIELD ANGLE TRAVERSE

Azimuth of Traverse Leg = Reference Bearing + Field Angle
Horizontal Distance = Slope distance sin (Zenith)

N, = N, + Horizontal Distance cos (Azimuth of Traverse Leg)
E, = E, + Horizontal Distance sin (Azimuth of Traverse Leg)

Example: 6

Field Data !
Reference Bearing 1>6: N 17°23 45”W
Starting Coordinates: N, =10,000.000, E; = 10,000.000



Point

_—ON N D W N

Field Angle

87°22 177
38° 06’ 54”
92° 13 06”
133°12’ 46”
137° 46’ 30”
53°16 477

Computed Data

Point

1
2
3
4

N

10,000.000
10,255.251
10,096.859
10,897.362

Right

Deflection Right

Right

Deflection Left

Left
Right

E

10,000.000
10,700.367
11,185.240
11,481.496

Zenith Angle Slope Distance

88° 07 18” 745 832

89° 54’ 07 510.089

91° 13’ 31” 853.760

Horizontal 1053916

90° 48’ 577 789.671

89° 41’ 557 784.406

Point N E

5 10,487.192 10,510.672
6 10,748 438 9,765.552
1 9.999.933 10,000.107



FIELD ANGLE TRAVERSE (Continued)

Computed Azimuth 6> 1: 162°36 037
.. Angular Closure = 12”

V/ (Corry)? + (Corrg )2 =0.126

Position Closure (Before Adjustment of Angles):  Length of Traverse =4738

Corry =+0.067 ,Corrg = -0.107 Precision Ratio == 1/37,600

LINE DATA OPERATIONS DISPLAY REMARKS

1| B arees | N JC I 1]

2. | Minutes (I I |

3. | Seconds Ent) e J[ o ][ =1+ ]

4 Ce JCo ] CIC] seamg o | seeNote

5 [sro] [ JC JC I 1] Rermen

6 | Degeos vt 1 I 0]

7. Minutes LE_IEH I [ l

8.

Seconds m LG__] E L-_] L+_J

- - — - _ - - ~ -
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9. Ce 100 ] ]| RecmelFeld | gee Note 2
10. (Red] [+ ] ] ] See Note 3
n [TO) I J L1 of Traverse Leg | See Note
Zenith (V
o | R (e JC L L]
13. | Minutes nt) [ 0 0 30 ]
14. Seconds [ENT] [ 6 ] [ 0 ] [ + ] [ + ]
15, CeJ Do ]| Rermyangie | SeeNotes
16. sin [ ] L_JL ]
17. Slope Distance X [ ] [ ] [ ] [ ] g?srtiazr?crzm
1® [en] (cos] () (5]
19. ri][ x] ] Latitude
20. Previous Northing [ + ] I l l ” ] Current Northing | Record
23. R{ [ X ] [ ] ! ] l ] Departure
22. Previous Easting [ + ] l ] [ ] I l l ] Current Easting g::%rgtes 6& 7
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Note 1:

Note 2:
Note 3:
Note 4:

Note 5:
Note 6:

Note 7:

Note 8:

FIELD ANGLE TRAVERSE (Continued)

If the first field angle is an angle right or angle left, the ref. bearing direction is AWAY from the first point. I
the first field angle is a deflection right or left, the ref. bearing direction is TOWARDS the first point. For SE
or NW ref. bearing, depress . Then for SE or SW ref. bearing, depress|enten +1, 180,[{ or for NW ref. bear-
ing, depress[enten+’, 360, [+]. See Note 8. i

Depress ‘cns| for angle left or deflection left.

|f display is greater than 360, depress 360, —J If display is less than zero, depress 360, i See Note 8.

If a siope distance is to be entered, continue on line 12. {f a horizontal distance is to be entered, enter the
horizontal distance, skip to line 18 and continue.

1f vertical angles are observed instead of zenith angles, depress cos instead of s in line 16.

If the next field angle is an angle right or angle Iefidepress -, then if display becomes 1) greater than 180,
depress 180, —; or 2) less than 180, depress 180 Lt Then return to line 5 and continue; or if the next field
angle is a deflection right or left, return to line 6 and continue.

After the last coordinates are computed, a check on the angular closure can be made as follows: Depress .
and convert the displayed decimal angle to degrees, minutes and seconds. This computed closing azimuth can
then be checked against the actual closing azimuth.

If a surveyor does not feel uncomfortable with azimuths greater than 360° or with negative azimuths, the
statements about adding (or subtracting) 360 in notes (1) and (3) can be ignored. These operation were
empc!oyed solely to keep the azimuth values in the range most used by the surveyor, i.e., in the range 0" to
360°. These "‘corrections” are not really necessary when using the Model 35.
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BEARING TRAVERSE

Np+1 =N, + Distance cos (Bearing)

E,+q = E, + Distance sin (Bearing)
10710.491

Example: 10721.159

10333.208
11620.338

N, = 10,000.000
€, = 10,000.000

9,500.001

10,000.000

9136.365
11278.203

- - - - - - - _ - - - . . .oar .em: m: a". 1wmy 19
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LINE DATA OPERATIONS DISPLAY REMARKS
e, sl ]
2 | Eaies v CJCIC I
3. | Bearing Degrees | (e8| [ JL_J[ J[ ]
4 | Minutes Entl{e 1[0 J[=][+]
5. | Seconds Eent){ 3]s 1o ][0]
6. 0101030 ]| pecimat Bearing | See Note 1
3 (ET) (o] (<] [eos) [
8. | Distance [xJ[Re] [+ J[sto] [ ]| New Northing | Record
9. | Distance XA 103030 31 new Easting Record
10. (a1t Go To Line 3 For Next Leg
Note 1: 1f bearing is SE or NW, press <+sl . Then if bearing is SE or SW, press exreas 180, +. Then proceed to next



INVERSE - DISTANCE AND BEARING FROM COORDINATES

E,-E
Bearing = tan"' | —2— '
Nz -Ny

Distance = \/(E2 -E{)? +(N,-N;)?

= Example:
N, =10,000
E, =10,000
N, = 9,000
E, =10,500

Distance = 1118.034
Bearing =S 26° 33’ 54”E

(N, .E5)

e il m e e e a - - - .. . P T TR L (L (e 1L T L N
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LINE DATA OPERATIONS DISPLAY REMARKS
1| Eastna, BOCICIC L]
2. | Easting, =] [(x]
3. | Northing, e~ ] ]
4. | Northing, (=] [enT] [ent] [ ] [Red]
5. I oistance Record
6. [(RU] =] [aRc] [TAN] [ ]| Decimal Bearing | See Note 1
. I
8. | tnteger Degrees | [ ][ 1 J[[_J[_]| Bearing Degrees | Record
) BNnEoEs
10. | integer Minutes | [ ][ J[_J[[_J[_]| Beering Minutes | Record
1. (=] [rer] (XJ ][] | searing Seconds | Record
12, 1 CacC.acd Return to Line 1
Note 1: If decimal bearing is positive, bearing is NE or SW. If decimal bearing is negative, bearing is SE or NW. If

bearing is negative, press before proceeding to next line.
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AREA OF A TRAVERSE FROM COORDINATES

b . s . - '
A= «,Eﬂ (N2=N) +[E2(N3‘N1) FE3(Ng=Np) + .+ E (N, —Nn—2)J+ Eq(N, ‘Nn—1)i|

Example:

E N
1 100.29 491.72
2 447 .68 823.14
3 774.43 648 .49
4 753.48 318.75
5 61091 7223
6 22934 223.35
1 100.29 491.72

Area =328 277.19
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LINE DATA OPERATIONS DISPLAY REMARKS
1. eerj 1 IJCTC]

2. | Starting Easting | [eNT) [ 1[I 1]

3. | startingNorthing| [eNT][ ][ [ ][}

4. | Next Easting [enT]{Rre ][ x |[ReL] [x2Y]

5 (=JlsmoJ [ JL_JL_J

6. | NextNorthing | [ENT}[RY ][ X |[Re) [+ ]

7. [sto][ri ] x2v][_ ][] See Note 1

8. [Rel[enT] [ 2 ][ = 1[ ]| Area See Note 2/Record

Note 1: Return to line 4 until starting coordinates have been re-entered, then proceed through to line 8 to obtain area.

Note 2: Negative values may result. Absolute value is recorded.

e



8T

SLOPE DISTANCE REDUCTION

S =[(Ht. of D. M.) = (Ht. of Theo.) - (Ht. of D. M. target) + (Ht. of Theo. target)]

k =8 - sin (Zenith)
p =S - cos (Zenith)

Horizontal Distance =( \[(Slope distance)? - k2 + p)(sin (Zenith))
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Example:
Ht. of DM. =587 Zenith Angle =93° 13’ 00°
Ht. of Theo. =5.12 Slope Distance = 487.132
Ht. of DM. Tgt. =491 Horizontal Distance = 486.

Ht. of Theo. Tgt. =5.17

HORIZONTAL DISTANCE ———————

ZENITH ANGLE

i
HT OF DM

|
| HT OF THEO
I

| I B

is I (m! (@l I8

k]

307

HT OF THEO TGT

HT OF DM TGT

-
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SLOPE DISTANCE REDUCTION (Continued)

LINE DATA OPERATIONS DISPLAY REMARKS
) CeJ(o]fsmoJ_JL_]

2. | ZenithDegrees | [ENT|{ |[ |[ J[ |

3. | Minutes e ]I

4. | Seconds [red] [ = 1+ J[rel]{ =]

5. L+ J[ent]lent][ J[ ]

6. | HLDM. eny] J[ I JL |

7. | Ht Theo. e JeJeJe

g |weomtee ([ 11 1]

9. | HtTheo. Tor. | [+ }[svo] [(RiJ[__J[ ]

-
[=]

feos][re) [x J[__J[_J

See Note 1/Record




1. [(Ri][sN][Re] [ x JT ] See Note 1/Record
12, (x2v][sin] [sTo] [ ][]

13. Slope Distance [ml [ X ] I I I I I ]

14|k [ent] [x J = 1w}

15. p [ + ] [RCL] m [ _] l ] Horizontal Dist. Record

Note 1: Values of p and k may be negative. Be sure to retain sign when reentering at lines 14 and 15.

Submitted by:
Robert T. Elliot
Ohio Dept. of Highways
P.O. Box 272
Lebanon, Ohio 45036
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Example:

N, = 1000

E; = 1000

N, =1250

E, = 2000
1614.409
1657.649
= 767.353
E, = 1369411

| Il 1]

DISTANCE - DISTANCE INTERSECT

B =500

A =900

$=29.017°

Azimuth, 5, =75°57 507
Distance; » , = 1030.776

(Distance, )% + A2 -B?
2 (A) (Distancey _5)

N=N, +Acos(Azt¢)

E=E;+Asin(Az%9¢)

¢ = cos™!
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DISTANCE - DISTANCE INTERSECT (Continued)

LINE DATA OPERATIONS DISPLAY REMARKS
1| N (50 IR | | A [

2 | n, (e ]

3| g vl 10 JC JC 1

4| & (=] [ent) [x ][+ J[s10] | tDistance, 12
5. Red) 1L [ ][]

6. | Distance B ml X ” - H H ]

7. Distance A LE_N_I] [ENT] m[ X ][ + ]

8 [red [x] [+ ][(2 ][]

9. [x2v][ = ][arc][cos] [sTO]

10 | pegrees - | EN]CICICIC]

T 1NN (EET (R THEY Tt Ahet fEEl M
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e~ 10 JL_JL_J

1. | Minutes

12. | Seconds [ent)[ 6 J[ o ][]0+

13. [6 ][ o]l =]+ ]ireL]] ¢ See Note 1
14. [+ ][enT][sin] [x2Y][cos]

15 | Distance A ol > ] I 1]

16. | N, [_*__H J 1 lul J] N Record
B [red) byl (RO [x 1]

s | €, LI ] & Record
Note 1: If solution desired is to left of line 1> 2, press cvs| before proceeding to line 14.
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ANGLE - ANGLE INTERSECT

Example:
A= 76°3000” Ng = 3200.000 ¢
B= 38°20°00” Eg = 4200.000
N, =5200.000 N¢ = 6143.552
E, = 6100.000 Ec = 4467.774
Ng = E, -Eg + Ng cotA+ N, cotB .
cotA + cotB
EC=NB'NA+EBC0tA+EA cotB A

cotA + cotB
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ANGLE - ANGLE INTERSECT (Continued)

LINE DATA OPERATIONS DISPLAY REMARKS
1 Ce [ o][sro][ ][]
2. Angle B Degrees LEEI] l ] ‘ ] [ ] [ ]
3. | Minutes [ENTI I ] [:] [ ] [ ]
4. | Seconds [RCL] [___—__l [—:—] [ l [ J
5 [red (5] 1 ) ]
6. Angle A Degrees [ENT] [ J m l J [ ]
7. | Minutes LR_C_L_H - lu_ll——“ ]
8 | Seconds (Red][= J[re] [+ ][0+ ]
9. [ran) [x] [sTo] [RI] [ ]

10. [ent][ent] [ 110 ]




pi0oay N 30 bl 1z
C 1l (] [x ] [oy] 8 | 0z
C1C 10104 NI
C 100 N | 8t
O | A 7523 Yal oo
) [ena] [ana] (e ] 1] 91
pioday ER IR N 51
(18] [an3] [una] [Azx] [+ ] N | wL
I JCa0x] 3 e
C I Jhay] (=] | o
C I I 0 Jlx] i |

[rap— e

PR eme ol e R e~ PO

e

29



o€

Example:

TRIANGLE SOLUTION - GIVEN THREE SIDES

2489.621 a=  48°00 00"
2543.150 b= 49°23 13
3322.312 c= 82°3647”
o) -1 I
2 TAN (S_C

i, (A+B+C)
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LINE DATA OPERATIONS DISPLAY REMARKS
1. | Side A [entj[ent] [ 10 [ 1

2. | sideB EnT) R0 10 ]

3. | side ¢ (sto|[ + 1[ 2 ][ = ][ret]

4 [x2¥] [s70] [x2v] [ - ] [enT]

5. [R{][RI][ReL] x2Y][ =]

6. (x2v] [rey) v (- ][]

7 00 ] Red ) V]

8. (v] (= ] [anc] [ran] (2]

9, [0 307! oecimat angle e | see Note 1
10. | integer Degrees | [ [ J[ [ 1[ ]| Degrees Record
1. L=Jle Lo ][ x ][ ]

12. | integer Minutes | [ J[ [ ][ ][ ]| Minutes Record
13. [=]0s 1[0 [ X[ ]| seconds Record

Note 1: Angle b may be obtained by reversing the data entries at lines 2 and 3.
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TRIANGLE SOLUTION - GIVEN TWO ANGLES AND INCLUDED SIDE

Example:
A= 2489.621 a= 48°00° 00
B= 2543.150 b=49°23 13"
C = 3322312 c= 82°36 477
A= Bsin a
sin b
_ Bsinc
sin b

(LAW OF SINES)



€e

R

L Uy 0O

Ay AW B A

1. [ctr] (e ][0 J[sTo][ ]
2. Angle a Degrees I”EW‘F“ H-——”__” ]
3. | Minutes e C 1 JC 1]
a. | Seconds IR N |
5. (e (=11 ]
6. Angle ¢ Degrees m‘__}r_” H J
7. | Minutes [RCL][ - ]U_} r—l [—]
8. | Seconds Red) [« J[Red] [ = ][+ ]
9. Ent][(ri] [ ] [sn] ]
10. | SideB x2v] =) x2v] [siv] [x2v]
1" EnT (R[] ][ 1| sicea Record
12. (RO sn] [x I ] sidec Record
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TRIANGLE SOLUTION
GIVEN TWO SIDES & ANGLE OPPOSITE ONE OF THEM

Example:
A= 600 a= 30°2317” A= 6.00 a= 3072317
B= 10.70 b= 6472611 B= 10.70 b= 115733497
C=1182 c= 85°10°32” C= 06.64 c= 34°02 54
b = sin-1 <B sin a >
A
Acute Angle b Obtuse Angle b

¢c=180-(a+b)

¢ - Asine

(LAW OF SINES)
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LINE DATA OPERATIONS DISPLAY REMARKS
1. [ctr][ 6 ][ o ][sto][ ]
2 | Angleaegrees | [ent][ J[ J[ ][]
3. | Minutes _Red =1 1]
4. | Seconds (Red] [+ J[red [+ ][+ ]
5. [sTo] [s] CJ[ 1]
6. | siceB [ent) (e ] [xJ x4
7. | Side A [ = ]J[enT] [aRc] [SIN][ ]| Angte b Decimal | See Note 1/Record
8. (Red G I I 1| Snaleb+a See Note 2
9. (" Js [0 J[x2¥)[= ]| AnglecDecimai | Record
10. [sinjpeYl [ = [ x ][ 11 sidec Record
T R B = betore procenting 1o e 8
Note 2: Since the sum of angles of a triangle must be 180°, the sum of angles b and a cannot be greater than 180. If the

display exceeds 180° there is only one solution, with angle b acute.
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AREA OF A TRIANGLE - GIVEN THREE SIDES

Example:
Area = VS(S-A) (S-B) (S-C)
1
Where S = (A+B+0Q)
A, B, C = Lengths of Individual Sides A

A =2489.621
B=12543.150
C=3322.312

Area = 3139465 .857
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CURVE SOLUTION - GIVEN CENTRAL ANGLE AND TANGENT DISTANCE

Example: o ot

pneEa
R = Tangent/tan (A/2) ‘
Chord = 2R sin (A /2) ARC LENGTH

PC

PT

CHORD 5172.63&

Arc Length=R A #7/180

(22.75327) 1
2N

CENTRAL ANGLE
A
(457 30 23"}

|
RADIUS
(223.181) ‘
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LINE DATA OPERATIONS DISPLAY REMARKS
. Lelo][stof[ J[ ]

2. A Degrees IENT] I l [ ” ” l

3. | Minutes e~ JCC ]

4. 1 Seconds [Red] = ][+ J[reL][ =]

5. [+ 200+ 1[so][ ]} pecmai:a

6. Tangent Distance [ENTI IRCLI ITANI l - I l l Radius Record
7 [EnT] [ent] [Red] [sin] [x ]

8. [L] D(_J L_J L_J [_] Chord Record
o 5 [Red [x I I

10. ENENIERIEREES Record
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CURVE SOLUTION - GIVEN CENTRAL ANGLE & RADIUS

Example: .
(P“c’:;"z\
Chord =2 R sin (A/2)
Tangent =R tan (A/2) PC ARC LENGTH ~ FT

Arc Length = RA 7/180 CHORD (172.636}

|

{22.7532°)
RN

CENTRAL ANGLE
A
(45" 30" 23")

RADIUS
(223.181)
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LINE

DATA

OPERATIONS

DISPLAY

REMARKS

A Degrees

vy JC L JC ]

Minutes

v CICIC I

Seconds

fent)[6 J[ o JsTo][ |

L) I L]

Decimal %2 &

(ent] [ent] [ran] ][]

Radius

] N | N I |

Tangent Distance

Record

[ri]{sn] [re] [ x J[ 2 ]

©|® | N | R w N

(HE | O S

Chord

Record

=

(ridfred [ (x]

(B NN R I .

Arc Length

Record




Example:

CURVE AREA - GIVEN CENTRAL ANGLE & RADIUS

-

360°

AREA
(3967.420)

<

/S—Eam Segment Area = R? <A > -1 R2gin (8°%)
. 2

SECTOR AREA

38943.236 Sector Area = R? <A )

360°
CENTRAL ANGLE
A

{45° 30" 30")
|

RADIUS ’
(313.146)



124

3 )]sl I ]
2 | avearees | @i [ J[JL I
3. | i v JL LI
4. | Seconds (Red] [ = 1]+ J[rer] [ =]
5. C ] (ent] [eng) (= ] 0x
3 Gl o]
7. | Raduus [ENT] [ x J[eEnT][RE] [ x ]| sector Area Record
9. C2 )= ) xzvl[RriJ[ =] | segment Area Record




CURVE LAYOUT - DEFLECTION ANGLES FROM TANGENT

Deflection/ft =180/(27 R)
Deflection Angle = Arc X Deflection/ft.
Long Chord = 2 Radius Sin (Deflection Angle)

Example:

Radius = 900.00 Ft.

1244

Station
12 + 57.00
12 + 75.00
12 + 88.50
13 + 00.00
13+ 25.00
13+ 50.00

Arc Long
Length Deflection Chord
(Point of Curvature, P.C.)

18.00 00°34'23"  18.00
31.50 01°00'10"  31.50
43.00 01°22'07"  43.00
68.00 02°09'52"  67.98
93.00 02°57'37" 9296

Arc Length = Difference in Stations

DEFLECTION

éATION

LONG CHORD
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LINE DATA OPERATIONS DISPLAY REMARKS

1. | Radius (ent] [ 2] [ ] [enT] [enT]
2 BRG]
s )k ol ]
. T | A | |
5. | Frompien CICICIC ]| Befietion
6. G50 T | I W |
7. | Degress CICICIC 0| Begree | Record
8. ]G]
o | minotes COCI O 0| Mntes | Record
10, I Ce] Lo | seconds | Record
. COCICIC I
12 N[ J [ JC ]| ronacnora See Note 1
13, o] 1110 Return to Line 4

Note 1: Computation of the long chord can be omitted if regular intervals are used for which the short chord remains
constant. Calculation then only needed for odd intervals.
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ELEVATIONS ALONG A VERTICAL CURVE

. . . 50(G, -Gy
E . =E_ + G,(Distance in Stations) + {:f
Example: STATION
Beginning Grade (G,) = -1.065% 17 + 00.00
Ending Grade (G,) = +1.600% 18 + 00.00

Elevation at Beginning (Ey) = 614.00 Ft. 19+ 00.00

Length of Curve (L) = 340 Ft.
Stationing Intervals = 100 Ft.

20+ 00.00
20+ 40.00

)
(Distance in Stations)?2

ELEVATION (Eg)

614.000
613.327
613.438
614.332
614910

REFERENCE LEVEL
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