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into sequences of key operations for the model 35 hand calculator.

form of the

following simple design to turn quite complicated expressions into continuous sequences with

the minimum of paper and pencil recording.

“programming’”’

The versatility of this small machine is such that one can use a

For example, the beginning of the first sequence is:
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It is not suggested that the examples are necessarily
the shortest way to do each particular problem but they
do illustrate how small an amount of recording is
required with such a calculator, — a facility which
reduces one of the major sources of error in survey
calculations — that of copying numbers down incorrectly.
One of the most used sequences for the surveyor will
be the conversion of degrees, minutes and seconds to
decimal degrees and this can be most conveniently
achieved thus:

Deg, GNED. Min, EHED. Secs, GUER. 60. B @ 60.
-+

’



Bearing and distance from coords.

Es—Ex  AE
Tan Brg.as = -
an Brgae T NN, AN
AE
Lengthag = —
sin Brg.
EXAMPLE
E, 476823
N, 219453
Es 5419.08 B
Ny 324466 2 4
Ec 541908 _ . 1o5e 47
Ne 1144.40 a5t e
E, 4117.38
~ 123547
Np 1144.40 S an 4
Ee 4117.38
- _ 123547
N 3244.66 355719 36.6"

Note: Will not accept 90°, 180°, 270° or 360°

i.e. when Epo = Ep; or Na = Np

Bearing and distance from coords.

Enter Key

Ea
Na
Eg
Ng

mim[m
zizl|z
==
mim{m
DiD|D
>15 5

5
<

H
-«

2
1
<

0,180, 360*

m ®
Egﬁmganaaaaﬂnan

]

>

2

ad

p°
60

BOND0ROHE

60

Record

Sign of display + or— = (a)

Signofdisplay + or— = (b)

Brg

[ * Enter 0, 180

or 360 according

to (a) and (b) above
(a) (b) Enter

+ + 0
- + 180
- - 180

+ - 360




Coords. from bearing and distance Coords. from bearing.and distance

Enter Record

Eg = Ea = L. sin Brg.

Ng = Np + L. cos Brg.

=
RPEGODOOEEA 7
< = S|1=|43 @
; [ulful Eul <
> 31313

60
EXAMPLE
60
En 476823
N, 219453
B 31747 23" Eg 5419.08
L 123547 Ng 3244.66 cos
Xy
B 148°12' 37" Ec 5419.08 L
L 123547 Ne 1144.40
B 2117477 23" , Ep 4117.38
L 123547 Np 1144.40
xzy
B 328712 37" Er 4117.38
L 123547 Ne 3244.66 Ea ENTERA
Na
x2y

Es

2
®




Traverse — anticlockwise, internal angles

En = Enor) + Linovy SinBrgn 1«

Nn = N 1 * L(n—1) cos Brg(n—1 — n)

Brng .-ny = Brg(n 2 -« n 1) +180 + Un 1 (‘360)

EXAMPLE
B 51°32" 24"

E, 10000.0
N, 10000.0

u.  70° 46 48"
4, 107712 01"
u, 2137 24" 50"
v, 44718 497
us 1047177 32"

E
10797.20
11399.24
12240.68
11169.28
10000.50

O wN -

L, 94335
L, 791.50
L, 847.88
L, 134594
Ls 1492.61

N
9495.64
10009.46
10113.76
10928.41
10000.05

Traverse — anticlockwise, internal angles

8 E Enter Key Record
A ]
@ D
<
L [x]
B CLX
Enter Key Record | E, i
Nn n
Be ENTER4
i X2y
B” Nn +1
60 8 RCL
180
60 [+ *
STO
<
I; o
o
ay
60 [+
60 ]
RCL
il sTO]
ENTER )
[sin]
cos
La
*If display is

> 360 enter 360 (@




Traverse — clockwise, internal angles Traverse — clockwise, internal angles

B Enter Key Record
En = Eq g~ Ly g sinBrgnor - n) ; L
cos
Ny = Npor = Ly 1 €08 Brgino1 « A c Ly
w
Brg: e = Brgm_2 < .1 +180 - ¢ + 360
Jin 1 ny 9in-2 n-1) not( ) £ b
Enter Key Record
EXAMPLE E, E
B
[ =122"19"' 09" B ENTERA
B N, Ny o
E, 10000.0 60 = RCL
Ny 10000.0 180
60 2 2
g. 707 46" 48" L, 149261
u, 104°17' 32" L, 134594 STO
w, 44°18°49" | L, 847.88 ¢
v, 213724 50" L, 79150 L;un
us 107°12°01" L, 94335 al
o
E N 60 =
1 11168.76 10928.37
2 1224017 10113.74 60 ]
3 1139873 10009.43
4 10796.69 9495.60 RCL
0 9999.48 9999.95 X2y
. =
] STO
[sin] N . ‘
X2y , If display is
< 0 enter
36008
*, If display is
> 360 enter
36008




Traverse using bearings Traverse using bearings

Enter Record

En = Erig = Ly 18inBrgn 1« 0y

Nn = Nm—1 - I—m 1 COS Brg(n—1 - n)

m

NTER

>

== zm
RREZS
mim
ZIZ|2
=1=1r)
mim <
(D
55>

EXAMPLE

[*2]
o

-
m
D
-»

E, 10000.0
N, 10000.0 3600

MGOEG0n

e
m
e
—>

122719 12" 943.35
49° 31" 13” 791.50

—
>
Rlo|R|n
BIO|H =
|0 ]3>

HEBE

E 10797.20 N, 949564
E 11399.24 . N, 10009.46

En+1

w
-
[e]

iz

—
>

L

Nn+‘l

9 10

i 125 Bis BT B3P HZ Y 11T AL ik Fid I




Bowditch adjustment Bowditch adjustment (running totals)

Enter Key Record
Corrn. to N(E) = closing error N(E) x R
_ Length of traverse leg SF
Length of traverse SN
L
EXAMPLE ]
SE  —0.506 Xy
4N —0.055 &
TL 5421.28
CLX
dE dN »Ln
L, 94335 -0088  -0.09
L. 79150 -0.162 ~0.018 STo
L. 847.88  —0.241 ~0.026
L. 134594 0367  —0.040
L. 149261  —0.506 ~0.055 ENTERY

g=g
Q
m

mim
z|zl8
I'|'\I"|'1§<
DI
> | >

o
=z

t@ﬁ“ﬁ

11




Solution of a triangle — using angles Solution of a triangle — using angles
p Enter Key Record
Ep = Ng — No + Eg cot A + EA,CQ,I‘B ENTERT
cot A + cot B . -
Ea 8
Np:EAfEB NBCOTA+NACOIB Ny =
cot A ~ cot B ROL
ptoright of A Eg
direction AB
EXAMPLE Ng
A 76739 439" ENTER®
B 38 21719.7" Enter Key Record ENTER4
E. 6134.82 A
N, 5233.57 A X2y
A
Eg 423911 . 60 a B Ep
Ng 3198.47
60 [+ ]
Ep 4479.32
Np 6175.22 tan)
Ea X2y
Na ]
B
B’ ENTER% Eg [—|
B Ng
60 ] X
60 a X2y
tan|
2 Np

BN LR EEE LRE SEX EER EEE &
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Solution of a triangle using bearings

Ep = Eap + AEAP
Np = NA+ ANAP
ANAP _ AEAB;ANAB tan ﬁ

tan ¢ —tan §

_\EAP = ANAB tan u

EXAMPLE

u. 39713 43"
f 1077 03'55"

E, 38090786
N, 433483.44

Es 381018.09
Ng 436590.08

Ep 382957.98
Np 43599458

Solution of a triangle using bearings

e Enter Key Record
; A
“ ,// // EA =
!
A </ 5 Ng
N =
8
Enter Key Record 8
B ENTERA -]
B’ ENTER®
B ENTER4
60 a =
60 &
[+]
u D ENTER4
u’ ENTER4 RCL
60 [+ ] [X]
EA Ep
u ENTER4
3600 & +
Na [+] Np
tan
Eg ENED




Solution of a triangle using bearings Solution of a triangle using bearings
Enter Key Record | Enter Key Record
Ep:NngA‘EACOIU*EBCOt B o
cot y —cot 3 o %2y
" ENTER® RY
Np - Ee~Ea " Natan u_Nptan -
tan v — tan
60 [+ X2y
=
EXAMPLE tan Tan u ] Ep
Tan u
u 39° 13" 43"
b 107703 55" B Tan B
B’ Ea
Ea 380 907.86 B Na
N, 43348344 60 a
[X]
Eg 381 018.09 . 60 (]
Ng 436 590.08 -]
Tan B Eg
Tan v 0.81641195 X2y
Tan B —3.257 573 87 ENTERA ENTER?
ENTERA ENTER4
Ep 382 957.98 Ea Ng 8
Np 435 994 .58 [ x|
Na xey
= =
Eg
[ R
[X]
=
Ng =
1 CHS 8 Np
u = Bearing Ap
3 = Bearing Bp

18
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HB:HA+h|idh—M

where

dh = 50 x (U-L)sin2V

D =
EXAMPLE
Ha 47.210
H, 1.320
VAR AR b A
U 3144
L 1.761
M 2.452
D 137.53
Hg 56.378
19

100 (U—L)cos2V

—6° 38’

3.0565
2.278
2.667

76.66
36.948

Stadia tacheometry

-7° 21
2.817
0.731
1.774

205.19
20.289

Enter Key
Ha
h,
Ve ENTER4
P V'’ ENTER%
60 [+ ]
RICH S|
ENTER#
ENTER%
2 [X]
Isin]
cos
[X]
U ENTER4
L [—]
10 B
ENTER?®
]
CLX
2 [+ ]
[X]
M =

Stadia tacheometry

Record

Hg

Ha = Reduced level of A
h; = Ht of instrument
V = Vertical angle
* |f —ive, use
where
shown
U, L, M = Upper, Lower
and Middle hair

readings
D = Horizontal
distance

Hg = Reddced level of B

20




Cut and fill (all cut or all fill) Cut and fill (all cut or all fill)

Enter Key Record
Area = s?(b = nh)? b2 ' l/s
n(s?-n?)  n b
where h = depth of cut (fill) on the centre line
EXAMPLE = Jph—=> ENTER?
s 8 Xy
n 2 Enter Key Record
h 5
b 20 s
STO RY
Area 280 n ENED
ENTER? RCL
<]
RCL | Area
[X]
=2
ENTER A
ENTER*
h
Xy
ENTER®
X2y
a2
22
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Cut and fill (part cut, part fill) Cut and fill (part cut, part fill)

_ (b+sh)2 Which of A; and A, is cut
A = 2(s—n) and which fill depends on
whether p is to the right
(b—sh)2 or left of centre line F
27 2(s—n)
EXAMPLE
s 8
2 g Enter Key Record | Enter Key Record
b 20 s
Area, 1.6 n a
Area, 129.6 2 [x] A,
h
b
ENTERA
[X]
-]
[X]
=2 A,
22 24




Trigonometrical heights

dh =D . tan

(B £ u) ,]+ (h1+hz)+ D2
2
EXAMPLE

y —0°16"54.3"
B 0" 02" 48.5"

D 100120 ft.
h, 876.4ft
Ah —ive

R 20 900 000 ft.

Ah —287.07 ft

2R 12R2

]

Enter

=

=

EEHEHmEQEEﬂEHEQE
2 2518 SHE
2|33 2|32

o
o

]
o

p

B
60

60

*

-1+
)
1]

*
N
o]
I

Trigonometric heights

Key

NTER

2o -
RESEE
wlelr (o] =]

m

=1 (e}
D|DT

>

ﬂﬂﬂi
z
m
E

=2
1
<

Record

Enter

—
N
3E] g X
anmﬁ 3
b
—>

=
13
s

p)

Record

HE
<)o

EoE°g

=~

(X[ +]+]1- 2

6 370 000 m

20 900 000 ft.

[+ i angles of
opposite sign
Bif same sign

if dh-is negative

enter




Area of a triangle — using 3 sides Area of a triangle — using 3 sides

Enter Record | Enter Key Record

A= Vs(s—a) (s—b) (s—-c)

a NTER

®
1
<

I ~
—05 o
Orn <
I
>/

m
EEE
m
Pl
-
ﬁﬂﬂll

EXAMPLE ¢

2
T
<

a 143.28 Area

b 207.69
c 138.71

2
1
<

Area 9901.501

m
el
>

3
<

7]
1
B

®
1
<

ﬁmgn
~ L

3
<

E
«

A
<

2
t
S

P
[9]
P

n= 28




Area from coordinates Area from coordinates
Enter Key Record
1
AZE[EW(NZ—NH)+E?(N37N1)+.+EH(N1—NH 1)] |
E,
\ N, ENTERY
EXAMPLE —E,
E N ]
1 100.29 491.72
2 44768 823.14
3 774.43 648.49
4 75348 318.75 -
5 61091 72.23 Nn
6 229.34 223.35 8
Area 328 277.19

2]
-
O

«

E3

nmm
z
_‘H

m

pel

>

~

Area

* Repeat entry of
coords. for 1st. point
at end then continue
for area




Cosine formula — for angle Cosine formula — for angle

~

Enter ey Record
b2 P CI’ _ a2
cos A = --

2bc a

m
Bg
=1
m
n
=

m
4
=
m
bJ
>

b
EXAMPLE

g
O

143.2
184.7
c 122.4

o
(]
m
zlUs
m <
pil
>

m
z
-
m
b
>

A 50°46°45"3

Eﬂa

e

»
=
o
>
o

A°
60

>

EIIEIIE

60

>

32
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Cosine formula — for side

aZz - b2 - c?2—-2bc.cos A

EXAMPLE
A 50746"45"3
b 1847
c 122.4
a 143.2

Cosine formula — for side

Enter

A°
A

A
60

60

Record

~
@
<

m

NTER

>

ENTER

ﬁﬂﬂﬂﬂlﬁ
@ m
33

==
mim
D|D
=

]33

[}
=3
(o]

[u]
T
m
o)
-

m
P4
=
m
ps)
-

EEB

(%]
1
O

e

aﬂ

34
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Scale factor Scale factor
Enter Key Record
F=F,[1+Q2. P+Q¢4 R]
EA ENTER%
where F, = 0.999601272 Ecy
P = 0012289 — 24 . N 10-12
Q = (E — 400000) 10-6 CH
R = 253 x 10-7 (6]
]
EXAMPLE
]
En 626238 sTO
Ny, 302 646 Na
Ecw 400 000 24 E EX
F 1.000 229 71 CHS
1)
2]
8
0.012289 &kad
1
253

IBBQEE ~ EEHEEB
=1 i »]x —

o

—>

0.999601272 &

-n

35 36




Refractive index — radio waves

Enter

~
[}
<

m
z
=
m
py)
-

R R O R (R B
T T T

v
100
where

e=e—000066p (t—t) N e

ENTER
ENTER

log,, & = 0.660887 - 3.154882 (J 7) -
100

r\2 t\?
—1.274528 (\> +0.375114 (7—>
100 100
0.375114

X

4+ 8 Ix]x[o[ 2 [X] Z[al
2 “|5 3
2 >]>]>

EXAMPLE 3.154882

b3
ti
<

t 26°C
t 40°C
p 646.5 mm Hg

_
N
~
EaN
2]
N
[e¢]
(X]

0.660887
0.434294 8

N 2730

[
Z|®
Sl =
m
s}
=

100

0.00066 &S

ml )|
IIIEEEII@EEE

sl

—>

E 1S I 008 IS 55 05 bEd 143 I8 I3F ESF L3 PEX EEE EAE ¢

Record

Enter

273

103.49

86.26

5748

Refractive index — radio waves

m
ROBAA 7
<2 ik <

B

I

(9]
=
tad

°g
3l

(%]
=
o]

eI
<

amangngm
r r

Record

-

z=

Wet bulb °C
Dry bulb °C

= mm Hg

(n-1)108

EIEE EIE FBE S22 R EAE 50 BT I8 55 NS e 133 Bhs BIF HIT HE B K1Y BAT i

38
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Refractive index — light waves Refractive index — light waves
Enter Key Record | Enter Key Record
(ng—1) p 55e
(m—=1) = >~ : - ' ENTER® 55 x|
1~ gty 760 (1 + ut)10° t
( ) ( ) 100 @
[STO] [cH S|
u = 0.00367
Ng ~ 1.000 3045 [%
e — as for No.19
] 0.003672
ENTERH 1 +
EXAMPLE
t 26°C g8
t  40°C 0 3751148 y
< 760
p 646.5 mm Hg
n 1.000 2550 3154882 &
[+
X2y 3045
1.274528 B3 CHS
= (7]
0.660887 &3 [x]
0434294 @
[ e” ] =
1 n
100 B
t
=
A
[X]
0.00066 B3
=
t'" = Wetbulb °C
t - Drybulb’°C
p = mmHg

40
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Reduction of EDM to spheroid Reduction of EDM to spheroid

Enter Key Record | Enter Key Record
. D dh® dnd
24Rz2 2D gD D EiED
|
D.dh_ s ]
2R 24R? RCL
]
where K = — - 44 for radio waves _9‘ [7lor(1)(8) IE
= — - 23 for light waves ° = &
Z| ggre o T5(E16]| o
[+ ]
EXAMPLE 6370000 8 <]
ENTER?* RCL
D 2582063 X2y
h, 1554.8 [X]
h, 931.7 a8 <]
Radio 2 &
Xey
S 2505.266 [—]
h, %ty
he
RCL
=
RCL
2 a ENTER®
X2y ENTER®
[X]
[+ ] 2 8
<2y
B
D - observed ﬂ
distance corrected h (]
for refractive index k ENTER# ' S
%]
42
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Coefficient of refraction

K:lO“Rﬁmrﬂﬂl»
2 D
EXAMPLE

v -0°1117.8"

[ —0° 08 51.3"

D 4390034

K = 0.0745

43

Enter

637

48.5

p
60
B
3600

3600

*

(X[ +]+]- 12+
7
>

Coefficient of refraction

Key

miFNm[o
D
>

m
m
x

ENTER
ENTER
ENTER

Eﬂﬂﬂ'l'ﬁEQE
O o
>15>l>

m|m
z|z
=1k
m{m
|
> | >

Record

Enter Key Record
D &
RCL
]
1 X2
=
2 2 K

*1f angles are of oppo-
site signs, enter
CHS
Vertical angles
corrected for instru-
ment and signal

44




Eccentric stn. correction Eccentric stn. correction
Enter Key Record
¢ - Lop-sin b
Lon . sin1” Lop
P
% ENTERY
EXAMPLE i
60 E
+
L,, 9.24m
° 60
B, 279° 65' 10" L, 3040
© 1110 L, 4m sin]
B, 57° 1110 X 5 o
. 617" L, &
6, ~389"
8
48.5
7/
? * d”n

Lop = Satellite distance

[} = Bearings of rays
reduced to OP as
R.O.

46
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(t—T) correction — approx. (t—T) correction — approx.

Enter Key Record Enter Key Record
ap T (2Ea - Eg) (N, N,)/6R?sin1”
£, NG 485 EER
0"ga = (2Eg =~ Ea) (Ny = N;)/6R?sin 1"
7
x|
EXAMPLE X2y
Eg* ENTERA
E. 626238 (226238) ENTERH =]
Eg 651410 (251410)
N, 302646
Ng 313177 [+ S4e
$"ap 673 R¢ §ha
'ga —675 cLX
X2y
cLX
Ny ENTER?
Ng =
8
%]
R ENTER®)
[X]
6 ] R = 6,370,000 m
= 20,900,000 ft.
*E = Easting from
central mendian
i.,.e. En—400,000m
in UK J

48
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Interpolation of ht. in a square Interpolation of HT in a square
NW L NE Enter Key Record
p - YSESW) X [INE-NWy _ (SE=Sw))] . =
L L CH S
yerp X2y
X
EXAMPLE FNTERt
SWI SE
L 50
y 23.62 SE 8
X 714 Enter Key Record
X2y
SW 53850 X 1 =
SE . y ENTER?% CH S
W 53700 g
NE 53850 ENTERY
‘ ] RCL
Hp 538.99 ]
’ nwo B
X2y X2y
a
X2y
ENTER 4 CLX
ENTER
1 X2y 1 —]
-
ne B
ENTERA xXey
1
= [X]
STO X2y
]
sw B Hp
X2y
RCL

50
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Standard error

) r2
s. e of single observation = + - ]

/ zr?

s. e of mean value = iV —

3 IMN

n(n-1)

EXAMPLE

10
14
12

8
I
12

7
10
11
15

X 11.00
s.em =077
s.es =245

51

A S 1B IS A BE Bk I

Enter

x
ofe =

» N
>

NTER
NTER

m
>

—*)%

m
Eaz
«|5
m

b

>

3
<

[11]
ii E
«!5

m

o)

-

a
<

]
o
m
o)
s

n
O
=

i

>
m
z
b
m
T
>

[u] ®
Eﬁﬂaﬂg

D

>

i
<

- m
Dz
Em! o
D

>

®
T
<

=

Standard error

Record | Enter Key Record

RY

mlm
Z|Zz
bl =
m|m
|
g =9

S. em

) " I E E’ [u] l'
|!i|§!iii Ei!lﬁ! Eili%i

o}

>

HE
|-

ﬁﬂ

S. €

X = Most probable
value

.eqm = st. error of mean

s. es = st.errorof single
observation

w

52
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Azimuth by altitude of sun or stars Azimuth by altitude of sun or stars

Enter Key Record | Enter Key Record
z . Y
Tan 3" [sec s . sin(s - H)sin(s - #) sec(s—p )J He = oo,
H
H’ ENTERA
1 60 [+ ] 2 <]
where szf(H'z‘+p>
? 60 B COS
H
EXAMPLE o© ENTER4 ye [—]
o an
H 22 32" 34" a"
Z B3 29'19" 60 =2 RCL
6 =321 56" . (-]
60 & [sin]
H 221542 777 78 o 8
2 53.488 611 11
¢ -3.365 555 56 pe. —]
p° 93°365 555 56 cos
Az. 131:878 8928 & B
=131° 52" 44.01" & ENTER4
60 8
tan)
60 ] 2 [X] 7
QO
ENTER4
BicH s
*1
90 X2y
* if & is —ive, enter
these two lines,
otherwise omit
H = corrected alti-
tude -
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Coords. round a circular curve Coords. round a circular curve

Enter Record
Y = R(1-cosvy)
X =R

. siny R NTER

NTER®
where v = angle subtended by —SJ—’

- 28
R

g X
(3]
<

>

m

the arc =

<ap
|0

EXAMPLE

m
=z
-
m
Pl
~>

®
1
!E

R 286.4789

(o]
o]
2]

Y X
s- 10 0.174 9.998
s, 25 1.090 24.968
s, 40 2.788 39.870

-
2
3
A

g=gege

o
<
=

[0 ful
zzlﬂm
=S«
m|m
D|>D
> | >

w
>
ol
9]
~

L

Y = "Easting”’
X = “Northing”
s - chord lengths
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Clothoid deflection angles Clothoid deflection angles
Enter Key Record | Enter Key Record
12 16
tan € = +— +
R
6RL 40(RL)®
840(RL) L B
oL
EXAMPLE TE“*
E 188'197 ENED
[tan) &
10 5, 48" X 300 & e
l, 20 o, 1927 ss0 B
2 2
( I, 30 oy 432"
x
5 6 [X]
[ X]

m
4
=
m
o1}
=

ﬁﬂ
<

]
2z
=
m
pel
>

=
E°8

(]
HEE
‘< m

sl

—>

ug
:

R = Radius at junc-
tion with circular
arc

2l Running total of
chord lengths
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I
Vertical curve heights
— x2
he = b - gx— (2= X
EXAMPLE
g, + 3%
g, - 2%
L 385.24
b 389.26
X4 476 h, 389.40
X, 2476 h,  389.96
59

Vertical curve heights

Enter

91

92
200
L

100

o

T X rQ

292 7

NTER
TER

DDA 7
<
> 1>

2
1
<

mim
Z{Zial]
215138
mim
T|D
S5

B[RIx
g8s

®
genggege

I

Record

Percentage grades

Total length of curve
Distance along curve
Level at start of curve
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