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PROBLEMS

Bearing and distance from coords.
Coords. from bearing and distance
Traverse. Anticlockwise Internal angles
Traverse. Clockwise Internal angles
Traverse. By bearings

Bowditch adjustment

Solution of a triangle using angles
Solution of a triangle using bearings
Solution of a triangle using bearings
Stadia tacheometry

Cut and fill. All cut or all fill

Cut and fill. Part cut, part fill

Trig. heights

Area of a triangle

Area from coords.

Cosine formula (for angle)

Cosine formula (for side)

Scale factor

Refractive index. Radio

Refractive index. Light

Reduction of EDM to spheroid
Coeff. of refraction

Eccentric stn correction

(tT) correction

Interpolation of ht. in a square
Standard error

Azimuth by altitude of sun or stars
Coords. round circular curve
Clothoid deflection angles

Vertical curve heights
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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, ENED. Secs, GER. 60, @ . 60.
- 1+



Bearing and distance from coords.

Eg— Exn  AE
Tan Brg.ag = - AF
an Brgae TN, AN

AE
Lengthag = —

sin Brg.

EXAMPLE
E, 476823
Ny 219453
Es 5419.08 )
Ny 324466 3 a4
Ec 5419.08 .

- 1236.47
Ne 1144.40 DI F
E, 4117.38

_ 47
Ny 114440 A e
E. 4117.38

- 123547
N: 324466 1o e

Note: Will not accept 90°, 180°, 270° or 360°
i.e. when Ep = Ep;or Na = Np



Bearing and distance from coords.

Enter Record
Ea
Ny
Eg
Ng

mimlm
Iﬁzzz ?
“lel A4

mimim S

o|olD

>)5 |

2
1
<

Sign of display + or— = (a)

Signof display + or— = (b)

w
A@gETg®

®
1
<

ﬁﬂ
[¢]

—
]
=]

0,180, 360* Brg

m
2] Z[+]
EI
ol
>

3
<

i

==
Eﬂﬂﬂaﬂ

D
o

B * Enter 0, 180

or 360 according

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

+ + 0
- + 180
- 180

+ - 360




Coords. from bearing and distance

Eg = Ea — L. sin Brg.

Ng = Np + L. cos Brg.

EXAMPLE

En 476823

N, 219453

B 31°47' 23" Ex 5419.08
L 1235.47 Ng 3244.66
B 148°12' 37" Ec 5419.08
L 1235.47 Ne 1144.40
B 2110 47" 23" Ep 4117.38
L 123547 Np 1144.40
B 328°12' 37" E. 4117.38
L 123547 Ne 3244.66



Coords. from bearing and distance

Record

Key

Enter

@ ®
w =4
“lele - r= <
AR g 2 ;
elels E ,.Vm%avw__._l._nv -> wa._.muvavwvlv ->
g )
SLOIEH L HE ol SR & =[x =[x]i|3] [ =] = [+ [+]

o o < <
© © - w Z

o o~ %
[calanifcny



Traverse — anticlockwise, internal angles

En = E(n—h + L(n—W) sin Brg(n 1 «n)

Np = N(n ny ot L(n—1) cos Brg(n—1 — n)

Brgin_s .ny = Brg(n 2 = n 1) +180 + Un 1 (‘360)

EXAMPLE

B 51° 32’ 24"

E, 10000.0

N, 10000.0

- 70° 46" 48" L, 943.35

u, 107°12' 01" L, 791.50

vy 213°24" 50" L, 847588

v, 44718 49" L, 134594

us 1047177 32" Ly 1492.61
E N

1 10797.20 9495.64

2 11399.24 10009.46

3 1224068 10113.76

4 11169.28 10928.41

0" 10000.50 10000.05



Traverse—»anﬂclockvvwe,internalangles

> 360 enter 360 [

E Enter Key Record
§
A ]
0 D
g
L ]
B cLX
Enter Key Record | E, Ry
N,
B
B xzy
B N, .
60 = RCL
180 &3
60 [+ ]
4
[_7; ENTERA
)
al ENTER
60 ]
60 [+
il sTO]
ENTER )
[sin]
cos
La
*If display is




Traverse — clockwise, internal angles

En =By 9 - Ly g sinBrgnor - n)

Ny = Nyoq = Ly g cos Brg(n—1 - n)

Brgim 1 - ny o Brgmn-2 - n-1) F 180 - v, 1 (+360)

EXAMPLE

[ =122"19"' 09"

E, 10000.0

N, 10000.0

I 707 46" 48" L, 149261

u, 104717 32" L, 134594

u, 4418’ 49" L, 847.88

u. 2137 24" 50" L, 791.50

us 107712017 [ 943.35
E N

1 11168.76 10928.37

2 1224017 10113.74

3 1139873 10009.43

4 10796.69 9495.60

0 9999.48 9999.95



Traverse — clockwise, internal angles

B Enter Key Record
L
cos
A c L.
3
]
E D
Enter Key Record ]
E, E, i1
B
B’ ENTER®
i N, N, 4
60 = RCL
180
60 [+ 2
4
N
e
(n
o
60 [+]
60 ]
RCL
X2y
=
Wl sTo
sin]
X2y *1 I display is
<0 enter
36068
*, If display is
> 360 enter
300




Traverse using bearings

Eiv=Ev1 =Ly qsin Brg(n 1 e n)

Nn = Nn—1 - Ln 1 COS Brg(n—1 = nj

EXAMPLE
E, 10000.0

N, 10000.0

B, 122719 12" 943.35

B, 49731 13" 791.50

E, 10797.20 N, 949564
E2

11399.24 N, 10009.46



Traverse using bearings

Enter

Eo
No
p
p’
60

B
3600

ENTER
NTER

CREASDEEEA 7
= =1 @
m e <
] b
> >]> />

m
p-4
=
m
o)
=

xﬂ
Nl=
o =]

BERE
13lo
!!m

3
[¢]
—

~ggge

L

Record

En+1

Nn+1

10



Bowditch adjustment

Corrn. to N(E) = closing error N(E)x

B Lrength of traverse leg

Length of traverse

EXAMPLE
SE —0.506
3N —~0.055
YL 5421.28

dE dN
L, 94335  -0.088 -0.009
L, 79150  -0.162 -0.018
L, 847.88 —0.241 —-0.026
L. 134594 -0.367 —-0.040
L. 149267 —0.506 —~0.055

1



Bowditch adjustment (running totals)

Record

Key

Enter

E

z
kel

d

-] e « |« -]
EIES E|E i i
HHEHE B BEE - BEHEE  BREHEGE
CEEERaRxBxCRH REERmeEERmR

oE
oN
L

L

12



Solution of a triangle — using angles

Ng — Npo + Eg cot A + Ep cot B

Ep =
cot A + cotB
NP = Tt Ng cot A + Nj cot B
& cot A ~ cot B
EXAMPLE
A 76739439"
B 38 21719.7"
E, 613482
Na 5233.57
Eg 423911
Ng 3198.47
Ep 4479.32
Np 6175.22



Solution of a triangle — using angles

o
£y
o]
8
o j=N
o [im] =z
«| -] « |-
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+ HAQDESDOHHREOHE0EEHEHOGDEOONHE00n
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Solution of a triangle using bearings

Ep = Ep + AEAD
Np = Na+ ANpp
ANAP _ AEAB;ANAB tan ﬁ

tan ¢ —tan §

_\EAP = ANAB tan u

EXAMPLE

u 39713 43"
f 107703 55"

E, 380907.86
N, 43348344

Es 381018.09
Ng 436590.08

Ep 382957.98
Np 43599458



Solution of a triangle using bearings

he]
}'
o}
&
a o
29 oz
-« <]
: 1B
> [edl= - [e] = =leld
@ e 21212 ) “T 2 %) =
¥ ﬂnmﬂﬂmnmRﬂnsﬂxnﬂmmRmﬂnﬂ
b
o
< o < <
<
w 5 =z=z ooz
T
S
o]
o
[+
Tm— @ &
N - o

Key
ENTER?
NTER

< «le - -
o x| o« oc
wt wlw w w
i 1 K 3 € €3 3 ) 1 ER EB (D R B

o« I O o~ O N
jeollaaifenl = T © =1

Enter
60
3600

[as]
[47)

16



Solution of a triangle using bearings

:NngA‘EACOtU*EBCOIB

E
P cot y —cot f
_ EB’EA + NAtan quBtan B
Np = —— id
tan ¢ — tan P
EXAMPLE

u 397 13" 43"
f 107° 03’ 55"

Ea 380 907.86
Np 43348344

E; 38101809
Ng 436 590.08

Tan ¢ 0.816411 95
Tan B —3.257 5673 87

Ep 382 957.98
Np 43599458



Solution of a triangle using bearings

T
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3 3 T O ©

B
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Stadia tacheometry

HB:HA+h|idh—M

where
dh = 50 x (U-L)sin2V

D =100 (U—-L)cos2V
EXAMPLE

Hy 47.210

H; 1.320

\ +4°17 —6° 38’
U 3144 3.065
L 1.761 2.278
M 2452 2.667
D 137.53 76.66

Hg 56.378 36.948

19

-7° 21
2.817
0.731
1.774

205.19
20.289



Enter Key
Ha
h,
STO
& ENED
P v ENTERH
60 [+ ]
RICH S|
ENTER#4
ENTER%
2 ]
Isin]
xXoy
[X]
U
L [—]
0 B
|
2 [+ ]
[X]
M =
RCL

Stadia tacheometry

Record

Hg

Ha = Reducedlevel of A

h; = Ht of instrument
V = Vertical angle
* If —ive, use
where
shown

U, L, M = Upper, Lower
and Middle hair

readings
D = Horizontal
distance

Hg = Reduced level of B

20



Cut and fill (all cut or all fill)

Area = ———

where h = depth of cut (fill) on the centre line

EXAMPLE

oS 3w
N TN

Area 280

21



Cut and fill (all cut or all fill)

T
15
(o]
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-
c
ud (%] c e

22



Cut and fill

(b +sh)?
2(s—n)

q

(b—sh)2

A, =
2(s—n)

EXAMPLE

o T 3w
N N W 00

0

Area, 1.6
Area, 129.6

23

(part cut, part fill)



Enter

Cut and fill (part cut, part fill)

NTER
ENTER

EissllllII :
O <
> >

2
1y
<

m m[mim

[1 o [x]2[+]=][2] 2|2 (X]
-« = e =
m m|m|m
D n|PIT
—> >|>]>

m
z
1
m
py)
=

[ 3]
-

Record

Which of A, and A, is cut
and which fill depends on
whether p is to the right
or left of centre line F

Enter Key Record

24



Trigonometrical heights

2
dh:D.tan(Bzu) E+ (h, *hy) , D

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

25

2R 12R2 .



Trigonometric heights

Enter Key Record | Enter Key Record
o’ ENTERY
o B
u”’ 12 B
60 a R
X2y
60 a2
X2y
p° <]
B
B [+ ]
60 2 xzy
60 [+ [+
1
i+ oYL | B + dh
2 [+]
D STO
]
X2y
*, @B
ENTER?
h, ENTER?
R = 6370000 m
2 [+ ] = 20900 000 ft.
xZy * = EBif angles of
opposite sign
Bif same sign
*, = if dh.is negative
enter

26



Area of a triangle — using 3 sides

A=Vsis—a) (s—b) (s—c)

EXAMPLE

a

C

143.28
207.69
138.71

Area 9901.501

27



Area of a triangle — using 3 sides

T

=

e 3+]

] s

e by

g n -

v If W

v HIDBRA

t .

[+}]

-

c

w

he)

S

Q

Q

[+}]

o
<l - -
ol f

> - 1 ] ]

v B e L0 0 B 1 I 63t B G B I L I

Enter

Qo o~
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Area from coordinates

1
A= [EW (N;=No) = B (No—Ny) + .+ By (N =N, a]

EXAMPLE
E N

1 100.29 491.72
2 447,68 823.14
3 774.43 648.49
4 753.48 318.75
5 610.91 72.23
6 229.34 223.35

Area 328 277.19

29



Area from coordinates

Enter Record

-

pel 0 A

om:o )

~ < ) <
>]5]>

E, NTER
N, ENTER

~PE, NTER

ali]s
(o} ~

Z

>
m
BHZ
«|5
m
0
>

]
(9]
I

T@EE“

*
Pl
Q
-

m
po
>

N
[1-[D
Z

Area

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

30



Cosine formula — for angle

2+ 2 _ a2
cos A ~ b c 4
2bc

EXAMPLE

143.2
184.7
c 122.4

o o

A 5074674573

31



Cosine formula — for angle

Record

Key

Enter

TER

M B sz

w wljw

=3} b lels 3ID=> Fo ojae
mxmmxmammmmammnxxmnaam:mam

OO,O
© Qa © o~ <o qC©

32



Cosine formula — for side

az - b2 — c2—-2bc . cos A

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

33



Cosine formula — for side

Record

Key

Enter

ENTER%

<

ENTER%

<<

< << -
o ol o
m mmm bl m
il G 63 60 3 &3 el e £33 () G B

O [
© ©

TER%

& [x]

] ol Y ﬁv
BeBBocBind®
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Scale factor

F=F,[1+Q2 P+Q* R]

0.999601272
P = 0012289 — 24 . N 10-12
Q = (E — 400000) 10-6

R = 253 x 10-7

where F,

o

EXAMPLE

En 626238
Ny 302 646
Ecy 400 000
F 1.000 229 71

35



Scale factor

Record

Key

Enter

TER

b * = *
oz m omas RnBocEE mm
Ank8-nHcBHEE - - olinBocil~EBlonan
(o)}

Ecm
0.01228
253

<<
o zZ

0.999601272

36



Refractive index — radio waves

e t0r 10349 () 80,26, 528
T T T

where
e=¢e"—0.00066p (t—t")

log,, ¢ = 0.660887 - 3154882 (3 7) -
100

o G
1274528 (t\> + 0.375114 (3—)
100 100

EXAMPLE
t 26°C
t 40°C

p 646.5 mm Hg

N 2730

37



Refractive index — radio waves

Enter

—
o
o

g A
uﬂa!ﬁiuallllilﬁauiii 2
m m
H  HEE 3

NTER
ENTER
ENTER

0.660887
0.434294

[u]
gzmn
,——IH

m

s}

—>

100

EE
O

2
i
<

P

0.00066 &S

DODgED
2
3

—>

Record

Enter

273

103.49

86.26

5748

A
o
<

m
z
5
m
b
i d

ug

2
t
<

BROOAGHE
2 [©] ~lw

Pl
[e)
-

Eﬂﬂﬂﬁﬂ
r

Record

-

z=

= Wet bulb °C

Dry bulb °C
mm Hg
(n—1)108

38



(m—=1) =

Refractive index — light waves

(ng—1)  p  b5be
(1-ot) 760 (1 + ut)10°

0.00367
1.000 3045
as for No. 19

EXAMPLE

P

39

26°C

40°C

646.5 mm Hg
1.000 2550



Refractive index — light waves

Enter

100

ENTER
ENTER

0.375114

3.154882

) m i) 7] m =
SEESEEAREEEECE ;
m m m [

o b} b ]

> S>> >

N

N

~

N

&)

N

[e3]

(] 3
3
<

0.660887
0.434294 @

m
-4
=
m
2
=

o]
O
-

100

_.
ﬁﬂ
O

=
1
<

P

0.00066

[1[x][x]o|Z]1]
«|3
m
D
>

Record

Enter

55

0.00367

760

3045

Key

-] % BEEEEB@EWB
<2 (<] ~ [ B

D
(9]
-

Ell
X

0

angn@g

Record

t
1
P

= Wet bulb °C
Dry bulb °C
= mm Hg

40



where K =

Reduction of EDM to spheroid

D . dh
- +
2R

s
24R2

— - 44 for radio waves

= — - 23 for light waves

EXAMPLE

D
h,
hs

2582.063
1554.8
931.7

Radio

S

41

2505.266

D = observed
distance corrected
for refractive index




Reduction of EDM to spheroid

T
E .
o]
Q
[¢}]
o %)

- ERER <
z | i > NEAIFR | ym

= 3 a3 a3 a3 -> -> 3 olele = 3
; HicBoBoBonBibocBizRBEEnBBHocaBhonta
1.

Q
R
c <
wl [o0] o~ [aN]
o
o BN
% —
o ©
@

& o Lo B AE 3 3
; HBeBo:o: obliBooBEnBEHEaEoniHEcBAabak
¢ Hiolo ;0 - oHEtooBfinbAFEnoEonHEEaEEDEnHER

SECIE
5 © S
= A == jo)
:m @ w e ~ =

olpey
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Coefficient of refraction

K:lo__w‘#ﬂ)
2

D
EXAMPLE
g -0"11"17.8"
[ -0 08 51.3”
D 43 900.34
K =0.0745

43



Enter

637

48.5

p°
60

B
3600

*

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

3600

Coefficient of refraction

Key

migN[m
188
]

>

m
m
b3

[e]
I
(]

ENTER

(+[1-[+]1-[212 EER
=8 Bl g
D]
S>>l

m|m
z|z
S|=
m{m
|z
>

Record

Enter Key Record
D ]
[RCL]
[X]
1 X2y
=
2 ] K

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

44



Eccentric stn. correction

~Lop sin P
Lon . sin1”

EXAMPLE

Loy 9.24m

B, 279° 55" 10" L, 3040
B, b7°11710" L, 41156

2

8 617"
G, 389"

45



Eccentric stn. correction

Enter Key Record
Lop
PR
%
i
60 =2
60 [}
[sin |
ENTER?t
L(]H a
8
485 HER
CH S
7!
? IO”H

Lo, = Satellite distance

3 = Bearings of rays
reduced to OP as
R.O.

46



(t—T) correction — approx.

&ap ~ (2E5x - Eg) (N N,)/6R?sin1”

]

¢"wa = (25 - Ea) (N, — N;)/6R? sin 1"

EXAMPLE

E. 626238 (226238)
Es 651410 (251410)
Ny 302646
Ng 313177

47



(t—T) correction — approx.

|
|

48

T
e
m . c &
[aa] < 4 —
) 2 @ ESEZS
& ©o= o5 283
22%ig
o=0
m Om.m O
> K& o _- > ~o s E D
Ol - | = clzmzichnz|s Mo w o =z
4 ____mwnu,:_unﬁ.ﬁvwnﬁ bl ©o&Nw ow.E
T
S L ©
o )
2 o % =
S ©
w L
kel
£ S
S
0
)
o
«|e << « -« -
£E mm 1 [ 6
(= = == -»> -> [ [ -> -> [
[}) =t z 13 a]|Q iz zlxz o]z
v H mﬂﬂﬂm z[+|i|=[+=le B[+]E 3] &1 15 =[x] =[x« 1o & Ix]X]

Enter

*

*
@
w

< m
Z Z



Interpolation of ht. in a square

o - Y(SE-SW) X [,(N,,Ei NW)y MZY]
’ L L L L

EXAMPLE

L 50

y 23.62

X 714

SW 53850

SE 54000

NW  537.00

NE 53850

Hp  538.99

49



Interpolation of HT in a square

o]
S
Q
Q
o [oR
o T
= =&

¢ pBiEBonal ﬁmmn ABcfEBolcEEal
o a -
g =mmmaxmmﬂ=wmmRmmnnammmawmuamﬂma
i
(]
b w < w
W — 5] — zZ — z

T

S

Q

(8]
w w o
= — w

= e - «le

. BBE AR . B

7 HE =ER _BEEE B D2
J . ¢ HiHBeBERxEEHEBoHHBnBocfE

* .
> 5

c e

W M w x > — — 9]
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Standard error

) §r2_
s. e of single observation = +4/= ]
n-

sr?
s. e of mean value = iVW
nin--1)
EXAMPLE
10
14
12
8
11
12
7
10
11
15
X 11.00
s.eq, =077
s.es =245

51



Standard error
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- c @©
o o © =
o F 9 s ¢°2
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Azimuth by altitude of sun or stars
z : Y
Tan—2—f sec s . sin(s - H)sin(s - &) sec(s—p)

(H'Z‘+p>

where s =

N —

EXAMPLE

H 22 32" 34"
z 53 2919”7
o =3 2156”7

H 2254277778
Z° 53.488 611 11
¢ —3.365 555 56
p 93:365 555 56

Az. 131:878 8928
=131 52" 44.01"
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Azimuth by altitude of sun or stars

Enter Key Record Enter Key Record
H° = pe.
H’
H ENTER®
60 [+ 2 [+
60 B cos
He-
STO
o v =
o ENTERH (sin ]
e x]
60 [+ RCL
ze. &
60 & an
PR [X]
RCL RCL
p =
cos
&
& [X]
5
60 8
tan]
60 [+] 2 a z
&
lcH s
*1
90 X2y
* if & is —ive, enter
these two lines,
otherwise omit
= corrected alti-
tude
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Coords. round a circular curve

Y = R(1-cosy)
X =R . siny

where v = angle subtended by

thearc:g—S
R
EXAMPLE
R 286.4789
Y X
s.- 10 0174 9.998
. 25 1.090 24968
s, 40 2.788 39.870
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Coords. round a circular curve

Record

Key

Enter

NTER

«[< -
« x
glalols [ LIX]E

180

> >

<+

—mn

w

a2l >ja|> >3 ==
| O]ts " Z|lzlQ
m“cx-_uanxaxﬂnesﬂ

“Easting”’

Y
X

“Northing”
s - chord lengths
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Clothoid deflection angles

2

tan 6 = RGO L
6RL  840(RL)®

EXAMPLE
R 716.197
L 100
I 10 0," 48"
[ 20 o, 1927
[ 30 o, 4327
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Clothoid deflection angles
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Vertical curve heights

—g,)x2
hy = b — gWX7(9272€L]L -
EXAMPLE
g, + 3%

g, -2%

L 385.24

b 389.26

X, 4.76 h, 389.40
X3 24.76 h, 389.96
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Vertical curve heights

Enter

I

92
200
L

100

e}

T X rQ
(o]
N

Record

NTER
TER

ﬁﬂﬁnnnﬁi z
O 2 <
515

m]m
- -4
==
m|m
(D
S5l

n|R2Ix
38s

geuggRge

I

Percentage grades

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