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F ro m  12th to 14th Ju n e  1962, H.M. Surveying Ship Sco tt w as em ployed 
in  th e  F ir th  of F o rth  evaluating  H i-F ix equ ipm en t for use in  th e  Royal 
Navy. All the  tests  w hich w ere ca rried  ou t are  no t tab u la ted  here  as to 
som e ex ten t th ey  overlapped the very  successful tr ia ls  by the  Sw edish 
H ydrograph ic  Office in 1960 (see S upplem ent to In te rn a tio n a l H ydrog ra
ph ic Review, Volum e 2, 1961). W h ere  th e  tr ia ls  did overlap, th e  earlie r 
find ings w ere corroborated . In  p articu la r , in s tru m en ta l repea tab ility  w as 
again  show n to  be better th a n  ±  0.02 lanes.

Before th e  tr ia ls  began, sites w ere selected and  co-ordinated  in  the  
N ational Grid for th e  m aste r sta tion  an d  bo th  slaves. Both baselines were 
abou t 10 m iles long, w hich  w as th e  m axim um  th a t could be ob tained  in  
th is  area if th e  essential requ irem en t of accu rate  v isual fixing from  shore 
w as to be m ain ta ined . The m aster sta tion  and  p a tte rn  II slave w ere 
estab lished  on th e  n o rth  shore of the  F ir th  a t Elie Ness and  Crail respec
tively, and  p a tte rn  I slave on the  sou th  shore near N orth  Berw ick (figure 1). 
T heodolite observing sta tions w ere also selected and  co-ordinated.

T he position  of each of the  H i-F ix com parison fixes tab u la ted  here 
w as calcu la ted  from  e ither th ree  or four theodolite in tersections of the  
H i-Fix receiver aeria l and  all of them  are estim ated  to have been accu ra te  
to  w ith in  ±  1 m etre, and  90 % of th em  ±  0.5 m etres.

Installation
Receivers w ere insta lled  in  the  sh ip  and  in  one of her 28-foot surveying 

launches. In  bo th  cases th is  proved to  be a sim ple ta sk  w hich  took  less 
th a n  one h o u r to com plete, even th ou gh  no p rep a ra to ry  w ork  in  th e  w ay 
of new  fitting s or pow er supplies h ad  been done. The sh ip ’s receiver w as



secured on th e  bridge ch a rt table. Its pow er supply  (24 volts D.C.) w as 
tak en  from  the  sh ip ’s 230 volt A.C. supply , th ro u g h  a sm all b a tte ry  charger 
to  a  24 volt ba tte ry . The receiver aeria l, a ligh t w hip  abou t 6 foot long, was 
clam ped to  th e  fo rem ast tru ck .

F ig. 1

In  th e  survey  lau nch  the  receiver w as secured in  the  space w hich 
no rm ally  holds a w ireless transce iver and  the  aeria l w as lashed  to the  top 
of a boat hook stave on the  side of th e  canopy.

On th e  las t day of th e  tr ia ls  the  m aste r  s ta tion  a t Elie w as d ism an tled  
and  in sta lled  in  the ship in  o rder to c a rry  ou t various tests  on  the  equ ipm en t 
in  its tw o range role. The tra n sm itte r  w as set up in  the surveying ch a rt 
room , w ith  its aerial, a  35-foot w hip , on the  deckhead alm ost im m ediately  
above. S eparation  betw een receiving an d  tra n sm ittin g  aeria l was th u s  125 
feet (38.1 m etres). N either aeria l w as w ell s ited ; num erous w hip, w ire and  
dipole aeria ls w ere w ith in  20 feet of the  receiver aerial, w h ilst the  tra n s 
m ittin g  aeria l w as only 10 feet fo rw ard  of the  large p erm anen tly  in sta lled  
Two R ange Decca aerial. Even so, good resu lts  w ere achieved (Table II).



H ad a suitable m atch ing  u n it been available, use of the  Two Range Decca 
aeria l itse lf for H i-Fix transm issions w ould have been a sim ple m atter.

Monitoring
At the  s ta r t of the tria ls  a receiver w as set up  on the  Isle of May, 

w hich  w as conveniently  sited w ith in  th e  area of good coverage, to m on ito r 
bo th  p a tte rn s . B ut once it had  been estab lished  th a t sm all sh ifts in p a tte rn  
read ings recorded a t the  Isle of May w ere being fa ith fu lly  reflected (to 
w ith in  ±  0.01 lanes) by the slave receiver readings, th is  m onito r sta tion  
was dispensed w ith  and in te r slave m on ito ring  reso rted  to. T ha t is, p a tte rn  I 
w as m on ito red  a t p a tte rn  II slave received and  vice versa.

Analysis of test runs

i) A long baseline (hyperbolic)
T he H i-Fix chain  being tested  h ad  th e  follow ing charac teris tics  : 

F requency  : 1 900.00 k c /s
W avelength  : 157.7105 m etres
L anew id th  (two range) : 78.8553 m etres

A s tan d a rd  propagation  speed of 299.650 k m /se c  w as assum ed th ro u g h 
out. A ccurate shore fixing w as no t available over a sufficient range of 
c lear sea p a th  signal to m ake any conclusive observations as to the possible 
e rro r of th is  assum ption .

T able I below shows the resu lts  ob tained  from  a series of fixes of a 
survey lau nch  m oving along p a tte rn  I baseline. The launch  w as stopped 
for each fix, and  approached to w ith in  2.3 lanes (about 181 m etres) of the  
m aste r sta tion .

D uring  th is  ru n  p a tte rn  I slave w as on a steady bearing  w hich kep t 
th e  slave/rece iver signal over a clear sea pa th . On the  o ther h an d  land  
length  in  the  p a tte rn  II slave/receiver p a th  a lte red  rap id ly  w ith  bearing.

P a tte rn  I read ings in  th is  series, w hen  allow ance is m ade for m onito r 
readings, give a s tan d ard  deviation for ind iv idual observations of ±  0.007 
lanes. W ith o u t reference to  the m onito r, th is  e rro r becom es ±  0.012 lanes.

P a tte rn  II readings have been affected by variab le land  in  the  s lav e / 
receiver pa th , b u t by applying a correction  of 0.015 lanes per k ilom etre  of 
lan d  p a th  th e  s tan d a rd  deviation of p a tte rn  II read ings is also reduced to 
less th a n  ±  0.010 lanes.

All these erro rs  therefore rep resen t a d istance of less th an  1 m etre  on 
the  baseline.

T he read ings close to the  m aste r sta tion  (at 1514 hours) show no 
c learly  iden tifiab le  effect due to the  m aste r tra n sm itte r  in duction  field. 
The theore tica l value of th is  effect is only 0.02 lanes a t tw o lanew idths from  
the tra n sm itte r  in  any case.



T a b l e  I

Time
Calculated Hi-Fix Reading

Excess of observed over calculated readings Monitor readings

Pattern I Pattern II Pattern I Pattern II Pattern I Pattern II
13 58 32.915 14.375 0.685 0.555 0.93
14 01 29.81 13.145 0.68 0.545 0.93

05 27.22 12.135 0.69 0.53 0.93
08 24.225 10.885 0.695 0.52 0,93
13 21.18 9.605 0.69 0.505 0.93
18 18.27 8.38 0.69 0.495 0,93
22 15.10 6.845 0.685 0.46 0.93
27 12.215 5.59 0.685 0.445 0,93
30 11.30 5.27 0.70 0.43 0.93
33 10.235 4.675 0.685 0.44 0.93
36 9.11 3.725 0.695 0.415 0.93
40 8.15 3.485 0.69 0.405 0.935
43 6.95 2.75 0.69 0.40 0.94 ► 0.6046 6.115 2.425 0.695 0.395 0.945
48 5.00 1.785 0.70 0.39 0.95
52 4.08 1.325 0.70 0.39 0.95
56 3.375 1.045 0.715 0.385 0.95

15 14 2.305 0.94 0.70 0.405 0.96
22 9.30 4.295 0.72 0.395 0.96
24 10.335 4.83 0.72 0.415 0.96
27 11.365 5.34 0.72 0.42 0.96
29 12.32 5.75 0.715 0.425 0.95
33 15.31 6.97 0.705 0.46 0.95
36 18.335 8.34 0.715 0.47 0.95
40 21.265 9.64 0.71 0.475 0.95
43 24.20 10.71 0.695 0.495 0.95

ii) Calibration fo r  locking constan t and  sh ip ’s electrical centre  (two  
range)

The m aster tran sm ittin g  aeria l was set up  onboard  38.1 m etres abaft 
the forem ast truck . The fo rem ast w as also the site of th e  receiving aerial 
and  the  po in t in tersected  by th e  theodolites ashore.

The resu lts  in  Table II w ere ob tained for app rox im ately  every 15° 
of heading, w h ilst sw inging the  ship slowly a t rest.

The resu lts  (D) found  w ere analysed by least squares, in  the  firs t 
in stance tak in g  the two p a tte rn s  separate ly  and  no t assum ing  the electrical 
cen tre  to lie am idships. Secondly, the  resu lts  w ere com bined assum ing 
th a t the  locking con stan ts w ould  differ b u t th a t the electrical cen tre  m ust



T a b l e  I I
0 is th e  angle, m easured  anti-clockw ise, from  th e  bearing  of th e  slave 

to th e  d irection  of sh ip ’s head.
D is the excess of observed H i-F ix read ings over calcu lated  H i-Fix 

co-ordinates of th e  forem ast (to 0.005 lanes).
C =  a  +  x  cos 0 (-f- y  sin 0)

w here : a  is the locking con stan t in  lanes
x  and  y  are the  co-ordinates of th e  electrical centre, in  lanes, 
x  abaft th e  forem ast, y  to port. 

v =  difference D — C.

Pattern I Pattern II
Fix No. 0 D C V 0 D C V

1 159.5° 0.20 0.186 +  0.014 056° 0.555 0.588 — 0.033
2 146 0.215 0.212 +  0.003 042.5 0.655 0.631 +  0.024
3 133 0.255 0.248 +  0.007 029 0.64 0.665 — 0.025
4 119 0.32 0.296 +  0.024 015 0.685 0.687 — 0.002
5 108 0.35 0.339 +  0.011 003.5 0.715 0.694 +  0.021
6 089.5 0.42 0.416 +  0.004 347 0.68 0.689 — 0.009
7 073 0.485 0.484 +  0.001 331 0.66 0.665 — 0.005
8 056 0.52 0.549 — 0.019 314 0.65 0.621 +  0.029
9 044 0.57 0.588 — 0.018 302 0.59 0.581 +  0.009

10 025 0.64 0.633 +  0.007 283 0.54 0.507 +  0.033
11 017.5 0.65 0.645 +  0.005 274 0.465 0.469 — 0.004
12 356.5 0.655 0.656 —  0.001 252 0.355 0.377 — 0.022
13 342.5 0.63 0.645 — 0.015 243 0.35 0.342 +  0.008
14 320 0.60 0.599 +  0.001 220.5 0.27 0.268 +  0.002
15 307 0.56 0.560 0.0 207 0.235 0.236 —  0.001
16 294.5 0.52 0.514 +  0.006 195 0.205 0.218 — 0.013
17 279 0.46 0.451 +  0.009 180 0.18 0.210 — 0.030
18 264.5 0.395 0.390 +  0.005 166 0.205 0.217 — 0.012
19 248.5 0.33 0.324 +  0.006 150 0.23 0.242 — 0.012
20 232.5 0.25 0.266 — 0.016 134 0.29 0.284 +  0.006
21 216 0.21 0.217 — 0.007 120.5 0.33 0.329 +  0.001
22 203.5 0.185 0.191 — 0.006 105.5 0.40 0.387 +  0.013
23 188 0.17 0.173 — 0.003 090 0.47 0.452 +  0.018
24 174.5 0.16 0.172 — 0.012 076.5 0.52 0.509 +  0.011
25 159 0.18 0.187 — 0.007 060.5 0.58 0.572 +  0.008
26 144 0.21 0.217 — 0.007 045.5 0.63 0.622 +  0.008
27 128 0.255 0.264 — 0.009 029 0.66 0.665 — 0.005
28 113.5 0.315 0.317 — 0.002 014.5 0.68 0.687 — 0.007
29 099.5 0.37 0.373 — 0.003 000 0.69 0.695 — 0.005
30 086.5 0.445 0.428 +  0.017 346 0.685 0.688 — 0.003
31 067 0.515 0.508 +  0.007 326 0.65 0.653 — 0.003



be the  sam e for both . F inally , th e  above th ree  calcu lations w ere repeated  
assum ing  th a t th e  electrical cen tre  m u st be am idsh ips.

T he six resu lts  are  sum m arised  below, s tan d a rd  erro rs  being quoted 
in  b rackets. All values are  in  lanes.

The values given in  colum ns C of the  tab le  w ere calcu lated  from  the 
last resu lts.

(X X y

Pattern I alone, calculating y
0.413 (± 0.000) 0.243 (± 0.001) +  0.002 (± 0.001)

Pattern I alone, assuming y  =  0 0.413 (± 0.000) 0.242 (+ 0.001) 0
Pattern II alone, calculating y

0.452 (± 0.002) 0.247 (±  0.001) — 0.001 (±0.001)
Pattern II alone, assuming y  =  0 0.452 (±  0.002) 0.247 (±  0.001) 0
Both patterns, calculating y

0.414, 0.452 (±  0.001) 0.245 (±  0.000) +  0.001 (±  0.000)
Both patterns, assuming y  — 0 0.414, 0.452 (±  0.002) 0.245 (±  0.000) 0

T he x  and  y  co-ordinates of th e  cen tre po in t betw een the  tw o aerials 
were 0.242 and 0.0 respectively, so it can  be seen from  th e  above th a t the 
poor siting of the  aeria ls and  the  su rro un d in g  aeria l a rray s  and  m etal 
obstructions had  very little  effect on the  position  of the  electrical centre.

The sm all s tan d a rd  e rro rs  ob tained in  th is  series are highly sa tis
factory. S tan dard  e rro rs  of ind iv idual observations w ere ±  0.010 and 
±  0.018 for p a tte rn s  I and  II respectively . T he h igh er e rro r for p a tte rn  II 
is considered to be en tire ly  due to a tem p orary  defect affecting th is  slave 
du ring  the test.

iii) Other tests
W ith  the  ship stopped, a  series of 20 fixes a t th ree  m in u te  in tervals 

about the  tim e of sun se t failed to  detect any skyw ave in terference  or e rro rs  
w hatsoever. The range of the  slave s ta tion  was abou t 10 m iles.

A te s t ru n  a t m edium  range from  the  slave s ta tion s (about 20 m iles) 
gave sim ilar resu lts  to the  previous runs, w ith  no falling  off in  accuracy 
of repeatab ility .

General
T he resu lts  tab u la ted  u n d er v of Table II rep resen t range e rro rs  of 

only ± 1 .5  m etres in  the  case of p a tte rn  I. Even these  sm all e rro rs  are to 
some extent system atic  and  w ould probably have been reduced by better 
siting of the aerials.



T he in s tru m en ta l repea tab ility  of th is  equ ipm en t th e re fo re  gives an  
accu racy  w hich  is ju s t  about as h igh  as can  be app recia ted  from  a floating  
p la tfo rm , w here such  effects as s teering  e rro r are  liable to be m uch  larger.

U n fo rtun ate ly , tim e did no t p e rm it a system atic  te s t of the  effect of 
lan d  in  th e  signal p a th  on the tra n sm itte d  p a tte rn , b u t a general correction  
of 0.015 lanes p er km  of land  p a th  gave good resu lts  in  th is  area . T he 
Decca N avigator Com pany’s experience has been th a t 1 km  of lan d  p a th  can 
a lte r th e  p a tte rn  by any th ing  from  0.01 to 0.05 lanes, depending on soil 
conductiv ity .

No doub t th is  conductiv ity  can change considerab ly  w ith  seasonal and  
m eteorological conditions in  som e p a r ts  of the  w orld and  its possible effect 
on th e  tran sm itte d  p a tte rn  should  no t be forgotten.


