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IHB Note.  —  By k in d  p e rm iss io n  of th e  a u th o r  a n d  th e  R o y a l I n s t i tu t io n  of 
C h a r te re d  S u rv e y o rs  w e a re  h e re  r e p r in t in g  la rg e  e x tra c ts  f ro m  a n  a r t ic le  w h ic h  f i r s t  
a p p e a re d  in  th e  F e b ru a ry  1970 n u m b e r  o f th e  p e r io d ic a l Chartered Surveyor .

T h e  a r tic le  co v ers  a  f iv e -y e a r  p e rio d  d u r in g  w h ic h  h y d ro g ra p h ic  su rv e y s  w ith  H i- 
F ix  e q u ip m e n t w e re  c a r r ie d  o u t  in  th e  A n ta rc tic , th e  C a n a d ia n  A rctic , a n d  in  th e  N o rth  
Sea. T h e  a u th o r  d e sc rib e s  th e  d iff ic u ltie s  e n c o u n te re d  in  e ach  case  a n d  h o w  eac h  w a s  
su rm o u n te d , th e  o b je c t in  v iew  b e in g  to  use  H i-F ix  su rv e y s  fo r  th e  e s ta b l is h m e n t  of 
c h a r ts  t h a t  w o u ld  m e e t th e  re q u ire m e n ts  o f p re s e n t  d ay  n a v ig a tio n .

As w ith  a n y  o th e r  r a d io p o s it io n in g  sy s te m , w ith  H i-F ix  i t  is  e s se n tia l ,  if  a c c u ra te  
a n d  re lia b le  r e s u l ts  a r e  to  be  o b ta in e d , to  c a r r y  o u t a se r ie s  o f c a l ib ra t io n s ,  to  m ak e  
a s tu d y  of th e  e r ro r s ,  a n d  to  ta k e  n u m b e r le s s  p re c a u tio n s . A n d  fo r  th is  p ra c t ic a l  
ex p erien c e  is  i r re p la c e a b le .

A lth o u g h  th e  su rv e y s  in th e  S o u th  O rk n e y s  a n d  in  th e  C a n a d ia n  A rc tic  h av e  a lre a d y  
b een  tre a te d  in  d e ta i l  in  V o lu m es 6 a n d  7 o f  th e  S u p p le m e n t to  th e  In terna tiona l  
Hydrographic R ev iew  w e a re  n e v e rth e le s s  re ta in in g  c e r ta in  p a ssa g e s  in  th e  p re s e n t  
a r tic le  re fe r r in g  to  th e s e  p a r t ic u la r  su rv e y s  in  o rd e r  th a t  th e  r e a d e r  m ay  h a v e  a n  o v e ra ll 
p ic tu re  o f  a ll  th e  p ra c t ic a l  m e a su re s , a n d  th u s  be  a b le  to  o b ta in  th e  m a x im u m  b e n e f i t  
f ro m  th is  ra d io  a id .

IN THE ANTARCTIC

In the  su m m er season 1964-1965 th e  w rite r  w as in  charge of th e  Royal 
Navy A n ta rc tic  S urvey P a r ty  engaged in  h y d ro g rap h ic  su rveys off the  
A n tarc tic  P en in su la  and  the  off-lying islands. T he cooperation  of the  
B ritish  A n ta rc tic  Survey w as ob ta ined  and  th e ir  vessel RRS John Biscoe 
(C aptain  T. W o o d f i e l d )  w as equ ipped  w ith  H i-Fix.

T he H y d ro g rap h er of th e  N avy req u ired  as m u ch  in fo rm a tio n  as 
possible ab o u t the  o p era tin g  c h a rac te ris tic s  of H i-F ix  bo th  in  general te rm s 
and  in  the  special cond itions p revailing  in  the  A n ta rc tic . At th e  sam e tim e 
the  usua l p re ssu re  to  b rin g  back as m u ch  new  su rv ey in g  w o rk  as possib le 
w as p resen t. T he decision to  w ork  in  the  tw o-range  m ode w as in  th e  
c ircu m stan ces an  obvious one. O nly th e  John Biscoe  w as equ ipped  fo r th e  
w ork  and  so th e re  could  be no q u estio n  of m ak in g  use of o th e r su rvey ing  
u n its  even if  the  hyperbo lic  m ode h ad  been selected. T he s ites  fo r the  
H i-F ix  s ta tio n s  ash o re  could be chosen  only  a f te r  a p ro p e r reco n n aissan ce  
of the a rea  an d  so all th e  co m p u ta tio n a l w o rk  asso c ia ted  w ith  co o rd in a tin g  
them  and  ca lcu la tin g  th e  la ttice  had  to  be done on  th e  su rvey  g round . T h e



tw o-range lattice is, of course, m u ch  easier to  p rep are  and  d raw  th a n  the  
hyperbolic  la ttice, so th is fac to r also w eighed in  the  choice. A nd finally , 
w ith  no he licop ter to call on, the  ta sk  of looking a f te r  two shore  sta tio n s 
w ould be less onerous th a n  looking a fte r th ree.

C alib rations w ere ca rried  ou t :
1. to  determ ine th e  “e lec trica l c e n tre ” of th e  in sta lla tio n  in  RRS John 

Biscoe;
2. to  determ ine the locking co n stan t of each slave s ta tio n  as it w as 

es tab lish ed ; and
3. to  te s t the  value of th e  ph ase  lag facto r em ployed.
H ydrod ist, an  ad ap ta tio n  of the T ellu rom eter equ ipm en t for hydro- 

g raph ic  su rvey ing  use, w as used  in  all the calib rations. T he m aste r H ydro
d is t eq u ip m en t w as set up  on th e  bridge o f th e  John Biscoe an d  the  rem ote 
H ydrod ist equ ipm en t was set up a l in e  slave sta tio n  close to  th e  H i-F ix  m ast. 
W hen  ca lib ra tin g  the  electrical cen tre  the sh ip  m anoeuvred in  a tig h t circle 
s tay ing  in  the  sam e geograph ical position as fa r as  possible. H ydrod ist 
read ings an d  H i-F ix read ings, b o th  converted  to  m etres, w ere com pared  
w ith  the slave s ta tion  bearing  ahead , as te rn , on each bow, on each  beam  
an d  on each q u a rte r. A g raph ica l p lo t of th e  re su lts  is show n in  fig u re  1. 
It can be seen th a t to all in ten ts  an d  purposes th e  electrical cen tre  coincided 
w ith  the H i-F ix  m ast.

• H yd ro d ist

For'd

Electrical Centre

Fig. 1. —  P lo t  o f  th e  e le c tr ica l c e n tre  of R R S John  Biscoe, 16 J a n u a r y  1965. 
(Scale : 1 in ch  e q u a ls  36 m e tre s ) .

T he locking  co n stan t of a slave is the  difference betw een th e  ac tua l 
p a tte rn  read  off th e  co u n te r an d  the theore tically  co rrec t p a tte rn  by 
com pu tation . T he difference ex ists because of the  effect of the  induction  
field on th e  rad ia ted  field  a t b o th  m aste r an d  slave s ta tio n s  an d  because



of the effect of th e  overland  p a th  a t  th e  slave sta tio n . By conven tion  it 
is alw ays less th an  one lane  and  it is a lw ays su b trac tiv e  fro m  the co u n te r 
read ing .

C alib ra tion  w as by m oving in  th e  sh ip  a ro u n d  a slave s ta tio n  at 
co n s tan t d istance  an d  covering  the  w hole arc  over w h ich  th e  slave s ta tio n  
w as to be used  fo r su rvey ing . A range of 10 k m  w as used  in  th e  John Biscoe,  
a lth o u g h  d istances as sh o rt as 3 km  (or even 1.5 km  acco rd ing  to som e 
au th o ritie s) a re  sa id  to  be sa tisfac to ry . A fter co rrec tin g  read in g s to  the  
sh ip ’s e lec trica l cen tre , locking co n stan ts  w ere derived. T hese  w ere p lo tted  
aga inst b earin g  of th e  slave s ta tio n  to  see if any  re la tio n sh ip  could  be 
estab lished . In  all th e  five ca lib ra tions ca rried  ou t in  th e  A n tarc tic  on ly  a 
ran d o m  sca tte r  of up  to 0.05 lane e ith e r side of the  m ean  w as ap p a ren t. 
A rith m etica l m ean  values w ere th e re fo re  accepted  an d  th ese  values app lied  
a t the  slave s ta tio n s  to  m ake th e  rad ia ted  p a tte rn s  agree as closely as 
possible w ith  the  co m p u ted  p a tte rn s.

T he A d m ira lty  M anual of H y d ro g rap h ic  Surveying  recom m ends the  
use of a s tan d a rd  velocity  of p ro p ag atio n  of 299 776 k m /se c . V aria tions 
from  th is , w h e th e r due to  induction  field  effects or to  th e  co n d u c tiv ity  of 
a sea w a te r or a land  p a th , are regarded  as phase  lag effect an d  are  allow ed 
for by th e  app lica tion  of d ifferent phase  lag  facto rs. W ith  o th e r rad io  
p osition-fix ing  system s, w here  the m aste r an d  slave s ta tio n s  tra n sm it on 
d ifferent frequencies, th e re  is v irtu a lly  no o th e r w ay of proceeding . W ith  
H i-Fix, how ever, m ost u sers p re fe r to  w o rk  d irec tly  in  d iffering velocities 
of p ropagation , a lth o u g h  th e  w rite r  h im self co n tin u es to  p re fe r the  
A d m ira lty  M anual m eth o d  and  h as alw ays used it.

In  th e  A ntarc tic  a  p h ase  lag fac to r of 0.999 867 (eq u iv a len t to a velocity  
of p ro p ag a tio n  of 299 736 k m /sec ) w as used . An a tte m p t w as m ade to 
check th is  value by ca lib ra tin g  ag a in st H y d ro d is t w h ile  s team in g  d irec tly  
tow ards a slave s ta tio n . T h e  observations sp an n ed  a ran g e  of only 17 km . 
Of 21 observations, 17 p lo tted  w ith in  2.5 m etre s  of a m ean  line w hose 
slope ind ica ted  a phase lag facto r of 0.999364 (velocity  of p ro p ag a tio n  
299 585 k m /sec ). B eyond ind ica ting  th a t  th e  phase  lag fac to r u sed  w as 
a lm ost ce rta in ly  too h igh , th is  re su lt is no t considered  sig n ifican t. As the  
surveys w ere a t re la tive ly  sho rt ran g e  it d id  in  fac t co n firm  th a t  no 
p lo ttab le  e rro r w as likely  th ro u g h  th is  cause o n  th e  su rvey  scale of 1 /50  000.

IN THE SOUTH ORKNEYS

D u rin g  th e  A n ta rc tic  sum m er tw o m a jo r  su rveys w ere  u n d e r ta k e n  
using H i-F ix. An acco u n t of the South  O rkney  Is lan d s survey  h as  been 
p ub lished  [3 ]. In  all 2 400 m iles of sou n d in g s w as ru n  and  an  a rea  of 
570 sq u a re  m iles so u n d ed  out. I t is e s tim a ted  th a t  w ith o u t H i-F ix on ly  a 
q u a r te r  of th is  w ou ld  have been achieved. In  800 h o u rs  of use th e  
equ ipm en t w as off th e  a ir  th ro u g h  defect for less th a n  12 h o u rs .



M uch usefu l A n tarc tic  experience w as gained. T he im portance of 
ca refu lly  selecting th e  sites fo r the  slave sta tio n s  w as un d erlin ed . On one 
site, eq u ip m en t w as dam aged  several tim es by k a tab a tic  w inds sweeping 
dow n a nearby  glacier —  a facto r w hich  h ad  not been considered  in  
choosing  the site. One of the  m ost d ifficult problem s proved  to  be find ing  
ad eq u a te  m eans of an ch o rin g  th e  H i-F ix  m ast. S takes h am m ered  labo
rio u sly  in to  frozen shale  pu lled  ou t easily  w hen  the p e rm a fro s t re treated . 
F o rty -g a llo n  d ru m s of stones and  cem ent b u ried  deeply in  snow  proved 
b are ly  adeq u ate  a fo r tn ig h t la te r w hen ra in  h ad  w ashed  th e  snow  aw ay 
an d  le ft them  perched  p recario u sly  on ice. T he use of gabions is recom m end
ed to g e th er w ith  specially  co n stru c ted  sleds to  be covered w ith  bou lders or 
w ith  stones in  sandbags. T he sp lend id  qualities  of the  tw o-m an  A rctic ten t 
w ere d em o n stra ted . It w as used to  house m en and  eq u ip m en t and  it is 
d o u b tfu l if  an y th in g  m ore soph isticated  w ould serve as w ell. T he d i e s e l -  
d riv en  b a tte ry  chargers ra n  successfu lly  in  the open air.

T h e  only  serious tro u b le  encoun te red  in  the  A ntarc tic  w as w ith  the 
lane iden tifica tio n  system . T h is failed to  ind icate  w hole lane n u m b er 
re liab ly . O ften  the ind ica tio n  was 1.5 lanes too h igh  o r too low and 
som etim es th e  d iscrepancy  exceeded tw o lanes. In the  South  O rkney 
Is lan d s  su rvey  freq u en t v isual checks w ere possible an d  these  soon 
d em o n stra ted  th a t the  H F  p a tte rn  coun ters  m ain ta in ed  th e  w hole lane 
n u m b e r p erfec tly  correctly . Loss of lane in teg ra tio n  is called “lane s lip ” 
an d  th is  can  occur w hen  signal s tren g th  is w eak or w hen  noise occurs on 
th e  freq u en cy  or w hen a re lay  in  one of the  u n its  m alfu n c tio n s. In  fact 
lan e  slip  occurred  only tw ice and  it w as detected and co rrec ted  on both  
occasions.

T h e  troub le  th ere fo re  lay  w ith  the lane iden tifica tion  system . If the 
p rin c ip les  on w hich  it  o p era tes  are  recalled it w ill be ap p rec ia ted  th a t for 
an  u n am biguous read in g  (i.e. one differing  from  the co rrec t H F  p atte rn  
read in g  by less th a n  0.5 lane) the  H F an d  L F  p a tte rn s  m u s t no t deviate 
from  th e ir  locking co n stan t ca lib ra tion  values by m ore th a n  a com bined 
to ta l of 0.04 lane. O bviously p a tte rn  s tab ility  of th is o rd e r w as not being 
achieved. At the tim e th is  w as a ttr ib u ted  to re rad ia tio n  o f the  p a tte rn  
from  th e  steep coastline an d  from  icebergs, an d  also possibly to changeable 
ph ase  lag effects w hen floa ting  ice in te rposed  on the  w ave p a th . As the 
su rvey  w as on a  scale of 1 /50  000, p a tte rn  in stab ility  of 0.20 lane (such 
as m ig h t cause  a  tw o-lane m isid en tifica tio n  w ere the  e rro r  all in  the  H F 
p a tte rn ) w ould  m isp lace a sound ing  only very slightly.

IN THE CANADIAN ARCTIC

S uperfic ia lly  it m igh t be expected  th a t there  w ould be little  difference 
betw een  op era tio n s  in  th e  A rctic and  th e  A ntarctic . In fac t the opposite 
is th e  case, as  is m ade c lea r by the  extrem ely  in te re stin g  p apers by 
R.M. E aton  [4 ] , T he co m p ara tiv e  accessib ility  of the C anad ian  A rctic



m eans th a t  q u ite  large exped itions can  be m oun ted  econom ically , th a t  
co n tin u o u s su p p o rt can  be given to th e  fie ld  p artie s  from  th e ir  head  office 
an d  th a t  p re lim in a ry  w o rk  can  begin  before the  sea ice b re ak s  up.

T he C anadians have favoured  the  hyperbolic  m ode so th a t  th e ir  H i-F ix  
cha ins could be used by m ore th an  one su rvey ing  vessel. T h e  ex tra  w ork  
involved in  p rep arin g  th e  hyperbolic la ttice  rep resen ted  no  loss in  th e  tim e 
spen t sound ing , as it w as feasib le to  keep  th e  p re p a ra to ry  w o rk  well ahead  
of th e  boat-w ork . L a tte r ly  an  ingen ious m ethod  of g rap h ica lly  p rep a rin g  
a ro u g h  hyperbolic  la ttice  (assum ing  a fla t ea rth ) h a s  been b ro u g h t in to  
use. T his suffices fo r p lo ttin g  in  the  field , b u t before a n y  ac cu ra te  in k in g  
in  of the  soundings is done all fixes a re  sen t back  to  O ttaw a  fo r co m p u ter 
conversion  to  a U n iversal T ran sv erse  M ercator plot. T h e  fa c t th a t  th is  
p lo t is back  in  th e  A rc tic  w ith in  tw o w eeks em phasises th e  difference in  
the  q u a lity  of su p p o rt feasib le betw een an  A rctic and  an  A n ta rc tic  p ro jec t.

A m o n ito r s ta tio n  is recom m ended  w hen  H i-F ix is u sed  in  th e  h y p e r
bolic mode. It consists  p rin c ip a lly  of a s ta tic  receiver, possib ly  augm en ted  
by au to m atic  reco rd e rs , in sta lled  to m o n ito r the read in g s of b o th  p a tte rn s . 
Ideally  the  m o n ito r sh o u ld  be in or n ea r the  so u nd ing  a rea  w ith  a wave 
p a th  typical o f th a t  experienced  by th e  su rvey ing  vessels. T h is  is so th a t 
changes in  p a tte rn  read in g  can  be con fid en tly  reg ard ed  as ac tu a l p a tte rn  
f lu c tu a tio n s  and  no t m ere ly  the  re su lt of changes in  local g ro u n d  co n d u c
tiv ity .

E rec ting  H i-F ix s ta tio n s  w hile the fa st ice w as s till in  p o sition  y ielded  
som e in te re stin g  re su lts . A m aster-slave  baseline lane co u n t gave 562.52 
lanes in  u n b ro k en  heavy  ice, 561.70 lanes in  tw o -ten th s  b ro k en  ice an d  
561.58 in no ice. T hese  a re  equ ivalen t to  velocities of p ro p ag a tio n  of 
299 230, 299 670 an d  299 730 k m /se c  respectively . A velocity  of p ro p a g a 
tion  obtained  elsew here over fa s t ice w ith  polynias (pools of w a te r) of 
299 550 k m /se c  shou ld  be co n tra s ted  w ith  the  f irs t of th e  above figures.

E rro rs  caused  by u sin g  an  in co rrec t phase lag fac to r (in co rrec t vel
ocity  of p ropagation ) a re  not as s ig n ifican t as w hen w o rk in g  in  th e  tw o- 
range mode. P rov ided  th e re  is no lan d  p a th  to  be co n sid ered  th e  e rro r 
shou ld  be nil on th e  s tra ig h t line “h y p e rb o la” w h ich  b isec ts  th e  m aste r- 
slave baseline. F o r  th is  reaso n  th e  A dm ira lty  M anual of H y d ro g rap h ic  
Surveying recom m ends th a t  th e  p a tte rn  shou ld  be co m p u ted  an d  set 
sym m etrically  abou t th e  baseline b isecto r. T he com m on p ractice , how ever, 
is to  try  to zero th e  p a tte rn  on the  m a s te r  tra n sm itte r . If th is  m eth o d  is 
em ployed p a tte rn  ca lib ra tio n  will reveal a zeroing e r ro r  (the  m isclosu re  
of zero on th e  m aste r) an d  a phase  lag (or velocity) e r ro r  w h ich  w ill 
increase  w ith  hyperbo lic  lane n u m b er. T he C an ad ian s allow  fo r bo th  
these e rro rs  in  th e ir  co m p u ter.

F o r the p a tte rn  ca lib ra tio n  the  C anadians reco m m en d  a very  s tric t 
procedure . A H i-F ix fitted  lau n ch  is p re fe rred  to  a la rg e r su rv ey in g  vessel 
to  avoid the  possib ility  of re rad ia tio n  from  o th er m as ts  a n d  ae ria ls . T he 
launch , w hich  shou ld  be m oored, is in te rsec ted  by th re e  th eo d o lite  observers 
a t th e  sam e tim e as H i-F ix  read ings a re  tak en  in  th e  lau n ch  an d  a t th e  
m o n ito r s ta tion . T en  observations a re  tak en  at each s ta tio n . S ta tio n s  are  
s itu a ted  a t low, m ed ium  an d  h igh  lane num bers, p re fe rab ly  w here  the



Janes are  w idely  spaced, an d  never w ith in  5 km  of a tra n sm ittin g  sta tion . 
As a re su lt of such  a  ca lib ra tio n  th e  se ttings a t the  slave s ta tio n  could be 
a lte red  to  a d ju s t th e  zero ing  e r ro r  (or to ob tain  close ag reem en t w ith  
co m p u ted  hyperbo lae in  th e  su rvey  a rea  if  p re fe rred ). A ny p h ase  lag e rro r 
revealed  could  be app lied  only  as a  fixed erro r.

F ixed  erro rs  shou ld  be o b ta ined  all over the  survey  a rea  a fte r the 
p a t te rn  ca lib ra tio n  an d  an y  su b seq u en t p a tte rn  a d ju s tm en t h as  been m ade. 
A p a rt from  th e  phase  lag e rro r  a lread y  re fe rred  to, land  p a th  e rro rs  are 
revealed  by these observations. In  th e  survey  of South H ell Gate th e  fixed 
e r ro r  in  one p a tte rn  changed  from  —0.08 lane to  —0.44 lane  over a d istance 
of 1.5 km  as land  and  a 200-m  h igh  c liff in tru d ed  on the  w ave p a th . F ixed 
e r ro rs  can  only be applied  m en ta lly  to  th e  coun ter readings.

l i  h as  generally  been  accepted th a t the  sh ip ’s electrical cen tre  should  
coincide w ith  the  Hi F ix  receiv ing  ae ria l w hen opera ting  in  the  hyperbolic  
m ode. T he C anadians cast doub t on th is  a f te r  ca rry in g  o u t a sw ing in  
th e ir  sh ip , th e  Kapuskasing.

U ntil 1966 the  C anad ians h ad  n o t used the lane id en tifica tio n  system . 
C onsequen tly  th e ir  assessm en t of p a tte rn  s tab ility  and  o th er ran d o m  erro rs  
w as based  on m o n ito r read in g s on the  one h an d  an d  a general syn thesis 
of p robab le e rro rs  on the  o ther. T h e  m o n ito r show ed a ten d en cy  of the  
p a tte rn  to d r if t  by  up to  0.02 lane over a th ree-w eek su rvey  period . The 
da ily  m ax im u m  divergence from  th e  m ean  value w ould  be 0.04 lane 
typ ically , w ith  a m ax im u m  divergence fo r th e  whole period  of 0.06 lane. 
In  sy n th esis in g  the  e rro rs  of a  sh ip -b o rn e  receiver E a t o n  concluded  th a t 
th e  95 per cen t p ro b ab ility  e rro r w ould  be less th an  ±  0.10 lane and  the  
m ax im u m  likely e rro r ±  0.12 lane.

THE 1966 HI-FIX TRIAL

In 1966 th e  H y d ro g rap h er of th e  Navy ordered  H.M.S. Myrmidon,  a 
coasta l su rvey ing  vessel, to c a rry  ou t a H i-F ix tr ia l in  th e  N o rth  Sea. 
T h ro u g h o u t th e  tr ia l th e  m as te r  eq u ip m en t rem ained  in  the  sh ip  and  so 
the  tes ts  w ere designed fo r a vessel o p era tin g  in the  tw o-range m ode.

T h e  m ost im p o rta n t te s t w as designed  to investigate  p h ase  lag (and 
th e re fo re  velocity  of p ro p ag a tio n ) over a sea w ate r p a th . A slave sta tion  
w as erected  in  an  ex trem ely  fav o u rab le  position  only a  few  y a rd s  from  
the h igh  w a te r line on L an d g u a rd  P o in t n ea r Felixstow e. T h e  sh ip  then  
proceeded  to  ca lib ra te  th e  H i-F ix  in  steps from  a position  1.5 km  from  the 
slave to  a po in t off Calais 113 km  aw ay . F ro m  each ca lib ra tio n  po in t there  
w as a d irec t sea w a te r p a th  to  th e  slave, and , to  avoid th e  possib ility  of 
even a d ry ing  T ham es e s tu a ry  san d b a n k  in terposing , o bserva tions w ere 
ta k e n  n e a r  to h igh  w ater. T h e  re su lts  are show n in  figure 2. Tw o s tra ig h t 
lines w ere d raw n  —  one fo r th e  H F  p a tte rn  an d  one fo r th e  L F  p a tte rn . 
No curve w ould  seem  to fit th e  p o in ts  better. A lthough th e re  is some 
sca tte r  in  th e  observations w ith in  5 km  of the  slave sta tio n , th e  stra ig h t
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line still seem s to  ho ld  good rig h t dow n to th e  po in t of orig in  of th e  g raph . 
T he ac tu a l p ro p ag atio n  velocities y ielded w ere 299 636 k m /se c  fo r th e  H F 
p a tte rn  an d  299 667 k m /se c  fo r th e  L F  p a tte rn . T h eo ry  w ould  have it  th a t 
th e  H F shou ld  be less in flu en ced  by p h ase  lag th a n  the  L F  p a tte rn , and  
p e rh ap s  it w ould  be b e tte r to  reg a rd  th e  m ean  value  of 299 650 k m /se c  
as a reasonab le  ap p ro x im a tio n , w ith  random  e rro rs  of th e  o rd er of 
± 1 7  k m /se c  no ted  as hav in g  been observed on th is  occasion. T h e  w eight 
of evidence of th is  and  o th e r observations by now  ind icates th a t  a  value 
of 299 660 k m /se c  m igh t possib ly  be even better.

F i g .  2 . —  H i-F ix  v e lo c ity  o f  p ro p a g a tio n  a n d  p h a se  lag  o v er a  sea  w a te r  p a th ,
N o r th  Sea, A p ril-M ay  1966.

The next te s t w as to explore the  effect of a land  p a th . No h y d ro g rap h ic  
su rveyor aw are  of th e  large v a ria tio n s  in  co n d u c tiv ity  possib le  over a 
s tre tch  of land  w ould  accep t m ore  land  p a th  th an  he need. O n th e  o ther 
h an d  the  lack of a su itab le  site fo r a H i-F ix  s ta tio n  m ig h t force h im  to 
consider sites a little  in lan d , an d  the  q u estio n  in  h is  m ind  w o u ld  th en  be 
how  fa r  in lan d  he could safely  go. T he te s t consisted  of s itin g  one slave 
s ta tio n  ju s t  50 m  in  from  th e  h ig h -w a te r line and  a second slave s ta tio n  in 
the  sam e d irec t line from  th e  sh ip  firs t 0.33 km , th en  1.24 k m  and  
finally  2.18 km  beyond th e  f irs t. The sh ip  w as lying 8.5 km  off-shore and  
w as fixed by theodo lite  and  T e llu ro m ete r read in g s a t th e  sam e tim e as 
read ings w ere ta k e n  of b o th  sets of H i-F ix  co u n ters . The H i-F ix  read in g  
(converted  to m etres) of each  slave w as com pared  w ith  th e  ap p ro p ria te  
sphero ida l d is tan ce  an d  a fig u re  w h ich  am o u n ted  to  locking co n s tan t, phase 
lag an d  d istance  to  e lec trica l cen tre  a t th e  ship  w as o b ta ined  fo r each 
slave. As the  slaves w ere in  line the  d ifference betw een  th e  fig u re  ob tained  
for the  in lan d  slave an d  th e  fig u re  o b ta ined  fo r th e  slave on th e  h ig h -w a te r
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line shou ld  have been a ttrib u tab le  to  the  phase  lag of the  land  p a th  betw een 
them . T he re su lts  w ere as show n in  figure 3. P h ase  lag can  be seen to be 
b u ild ing  up  a t ab o u t 2 km , b u t c e rta in ly  from  these  re su lts  th e re  w ould 
seem  to  be no m a jo r  objection  to  siting  a slave as m u ch  as 1 km  in land . 
Of course, if th is  w ere done, it w ould  still be p ru d e n t to  en su re  th a t the 
am o u n t of land  p a th  w as co n s tan t th ro u g h  th e  w hole a rc  over w hich  the 
slave s ta tio n  w as going to  be used.
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Fid. 3. —  H i-F ix  s ta b il i ty  t r i a l s  a t  L o w esto ft, 15-16 A u g u s t 1966.

A fu r th e r  exp erim en t w as to  explore the  effect of a d ry in g  b an k  in  the 
wave p a th . T he sh ip  anchored  off Shoeburyness in  a p lace w here a t high 
w ater th e re  w as 8.5 km  of sea a n d  a t low  w ate r 2.5 km  of sea an d  6 km  
of d ry ing  sand an d  m ud  in  th e  w ave p a th  to the  slave. C om parison betw een 
sphero ida l d istances to  th e  slave (ob ta ined  by theodolite an d  T ellu rom eter) 
and  equ ivalen t H i-F ix  d istances revealed  no consisten t change in  phase lag 
w ith  th e  rise  an d  fall of the  tide. T he reaso n  for th is  su rp ris in g ly  favour
able re su lt can  only  be th a t th e  tid a l cycle does n o t allow  tim e fo r the 
b an k s to d ry  o u t p roperly , an d  th a t  so long as th ey  are  dam p they  have 
a conductiv ity  s im ila r to sea w ate r.

O bservations w ere tak en  on several days ab o a rd s HMS Myrmidon,  
p lo tting  m ean  daily  value of observed  m inus ca lcu la ted  H i-F ix reading  
ag a in st ap p ro p ria te  tid a l range. T h e  re su lt is show n in  figure  4. The 
reduction  in  tid a l range, of course, left m ore of the  fo reshore  p erm an en tly  
uncovered and  th e  increase  in  p h ase  lag ind icated  in  th e  figure  could  be 
the re su lt of th is. T h e  in ference fro m  th is  tes t is th e re fo re  th a t  a d ry ing  
bank  in  th e  w ave p a th  shou ld  be avoided not because of th e  sem i-d iu rnal 
rise  an d  fall of th e  tide b u t because of the difference betw een the  sp ring  
and  neap  ranges.

Value of 

observed 

minus 

calculated 

H i-Fix reading

>0 II I I  13 II, 15

Range of tide at Sheerness in feet

Fir.. 4. —  D ry in g  b a n k  effects —  p h a se  lag  a g a in s t  t id a l  ra n g e  —  S h o eb u ry n ess ,
A p r il  1966.
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W hen H i-F ix is operated  in  th e  tw o-range m ode th e  only w ay to 
m o n ito r  p a tte rn  s tab ility  is to  im m obilise  th e  m aste r. In  the  H i-F ix  tria l 
th e  Myrmidon  w as b erth ed  a longside  only 2 km  from  th e  slave. A short 
d is tan ce  w as chosen  to  m in im ise  th e  effect of changes in  phase lag  and  
ru le  o u t a ll p ossib ility  of sky-w ave in terfe rence. T he re su lts  w ere as show n 
in figure  5. No reaso n  can  be g iven for the 0.04 lane am p litu d e  oscillation  
in  the  H F p a tte rn , no r fo r w hy  it shou ld  suddenly  have ceased a t 8 p.m . 
W ith  a s ta tio n a ry  vessel the re la tiv e  bearing  of th e  slave s ta tio n  rem a in s 
co n stan t, and  so an y  variab le  re ra d ia tio n  effects fro m  th e  sh ip ’s su p e r
s tru c tu re  a re  no t tak en  in to  th e  reckoning. W orse  ra th e r  th a n  b e tte r 
p a tte rn  s tab ility  m ig h t th e re fo re  be expected for a sh ip  a t sea.

It is well kn o w n  th a t th u n d e ry  conditions an d  possib ly  even ju s t  
heavy ra in  m ay re n d e r H i-F ix un u sab le . Heavy in terfe ren ce  from  an 
oiitsidf? rad io  source can  also m ak e  a rcceivcr loss lock. T ssts  w src  îiiîidc 
w ith  th e  sh ip ’s ow n tra n sm itte r . It was fo u n d  th a t  th e  tran sm iss io n s  had  
to  be w ith in  12 kH z of the  H i-F ix  frequency  before th e  read in g  was 
affected, and  th e n  only  w hen th e  c a rr ie r  frequency  w as sw itched on  or off. 
W ith  th e  sh ip ’s sets sw itched  off, tu n in g  th e  ae ria ls  to  the exact H i-Fix 
freq u en cy  did n o t d is tu rb  the H i-F ix  p a tte rn .

T he p ractice  o f ca lib ra tin g  th e  p a tte rn  by se ttin g  u p  a T ellu ro m eter 
or H y d ro d is t set alongside the  slave s ta tio n ’s tra n sm ittin g  m ast h a d  been 
called in  question . F o r a tes t a m a n  w alked about w ith in  th e  ae ria l array . 
T h e  APC co u n te rs  a t th e  slave s ta tio n  m oved by 0.06 lane, b u t th e  p a tte rn  
read in g  on board  w as unaffected. In  the  sh ip  a m an  ca rried  a m etal ladder 
abou t w ith in  the  ae ria l a r ra y  as th o u g h  engaged on a sh ip  h u sb an d ry  
ta sk . T he p a tte rn  read in g s w ere n o t d istu rbed .

In te rac tio n  betw een  the p a tte rn s  w as tested  by sw itch ing  off f ir s t  one 
an d  th en  the  o ther. T he p a tte rn  le ft on the a ir  w as unaffected . Leads 
from  a ju n c tio n  box (type 9372) connect to th e  H F  an d  L F  receivers at 
th e  slave sta tion . C hanging ro u n d  these leads w as found  to  in tro d u ce  a 
p a tte rn  v a ria tio n  of 0.03 lane, an d  it is th ere fo re  recom m ended th a t  the 
leads shou ld  be labelled  to  p rev en t th is  h appen ing  acciden tally .

RANDOM ERRORS

A ccording to a D ecca h an d b o o k  the  H i-Fix co u n te rs  m ay  be affected 
no t only by general p a tte rn  in s tab ility , a lready  re fe rred  to , b u t also  by 
sh o rt- te rm  and  lo ng-term  d rifts . T h is  ce rta in ly  accords w ith  th e  w rite r ’s 
experience a lth o u g h  som etim es it  h a s  seem ed th a t a p a tte rn  change has 
been so d ram a tic  as to  m erit d esc rip tio n  as a p a tte rn  sh ift ra th e r  th a n  a 
p a tte rn  d rift. D u rin g  th e  H i-F ix  tr ia l  a locking co n s ta n t ca lib ra tio n  was 
b ro k en  off h a lf com pleted  because th e  sh ip  w as head in g  for shallow  w ate r 
on a fa lling  tide. T he follow ing d a y  it w as resu m ed  w ith  a  good overlap 
on th e  p rev ious d a y ’s w ork. T he H F  p a tte rn  locking c o n s tan t w as found



to differ by 0.12 lane w hile th e  L F p a tte rn  locking co n s tan t rem a in ed  
unalte red . No reason w as ever fo u n d  fo r th is  sh ift.

W h en  opera ting  in  the  hyperbo lic  m ode the m o n ito r read ings provide 
a good in su ran ce  ag a in s t p a tte rn  d r if ts  rem a in in g  undetec ted . W h e th e r 
m o n ito r flu c tu a tio n s  re flec t accu ra te ly  th e  p a tte rn  sh ifts  in  th e  su rvey  area  
o r no t depends largely  on the  sitin g  of th e  m on ito r s ta tio n . T he C anad ians 
co rrec ted  th e ir  fixes for m o n ito r dev iations from  the  ca lib ra tio n  value. 
If th is  p rocedure is adop ted  it is recom m ended  th a t  a sensib le m ax im u m  
be fixed ; on reach ing  th is  m ax im um  th e  ch a in  w ould  be reca lib ra ted .

W hen  operating  in  the  tw o-range m ode a  m o n ito r s ta tio n  is no t 
p racticab le . T he best check on p a t te rn  stab ility  lies in  com p arin g  the  
read in g s of the  lane iden tifica tio n  d isp lay  u n it w ith  th e  H F  p a tte rn . To 
do th is  effectively it is necessary  to  ca lib ra te  th e  H F  an d  L F  locking 
co n stan ts  together, an d  th en  m a in ta in  those se ttin g s u nchanged  a t  the  
slave stations. T h is  po in t is s tressed  because w hen  th e  lane iden tifica tio n  
fac ility  w as firs t in tro d u ced  it w as suggested  th a t th e  L F  settings a t the 
slave sta tions should  be varied  on a day-to-day  basis  to  give ag reem en t 
betw een  the lane id en tifica tio n  d isp lay  u n it and  th e  H F  co u n te r read ings. 
T he b land  assu m p tio n  in h e ren t in  th is  p ractice th a t an y  e rro r w ould  be 
in  th e  L F  p a tte rn  w hile the  H F  p a tte rn  w ould alw ays rem a in  perfec tly  
co rrec t w as h a rd ly  likely  to  appeal to  th e  surveyor, an d  indeed  in  th e  
in s tan ce  quo ted  above the  reverse w as the  case.

T he recom m ended p rocedure  is to  note, a t p e rh ap s  h o u rly  in te rv a ls  
d u rin g  the  course of th e  survey, th e  d ifference betw een th e  lane id e n tif ic a 
tion  disp lay  u n it read ing  and  th e  H F  p a tte rn  read ing . T he sign of th e  
difference is im p o rtan t. A daily  m ean  can  be ob ta ined  an d  com pared  w ith  
th e  days th a t  follow. Any d rif t o r sh if t  in  th e  m ean  in d ica tes a  p a tte rn  
change. If, in  add ition , the  co m p ariso n s are  p lo tted  geograph ically  any  
tren d  on th a t accoun t will be revealed. If desired , fo rm er co m p ariso n  p o in ts  
could  be rev isited  to  check w h e th e r a  p a tte rn  sh ift app lied  locally  or 
generally .

E aton suggested a m ax im u m  likely  e rro r in  a p a tte rn  read in g  of
0.12 lane. T h is e rro r could  occur equally , e ith e r positively  or negatively , 
in  b o th  the H F an d  L F  p a tte rn s . As fa r  as th e  d ifference betw een th e  lane 
iden tifica tion  d isp lay  u n it read ing  an d  th e  H F p a tte rn  read in g  w as co n ce rn 
ed, such  v aria tio n s  w ould  m ean  th a t  d ifferences w ould  alw ays be w ith in  
a 4.6-lane b racket. A nyth ing  in  excess of 4.6 lanes w ould  m ean  th a t  a 
p a tte rn  d rift o r sh ift h ad  occurred  an d  th a t  a new  lock ing  co n stan t c a lib ra 
tio n  should  be ca rried  ou t a t once. Indeed, to be on th e  safe side, th e  w rite r  
w ould  recom m end reca lib ra tio n  if  the  daily  m ean  v a ried  by 3.0 lanes or 
m ore from  previous daily  m eans or if  com parison  a t a po in t varied  by 
3.5 lanes o r m ore from  a prev ious check .

T h is m ethod  of m o n ito rin g  th e  p a tte rn  can  be used  in  the hyperbo lic  
m ode as well as th e  tw o-range m ode.

It is  in te re s t in g  n o w  to  c h e c k  E a to n ’s f ig u re  o f 0.12 lan e  m a x im u m  
lik e ly  e r ro r  by  lo o k in g  a t  som e c o m p a r is o n s  —  la n e  id e n tif ic a t io n  u n i t  
re a d in g  m in u s  H F p a t te r n  re a d in g  —  a c tu a lly  o b ta in e d .



Set Number o f  
comparisons

Maximum
positive

Maximum
negative

Equivalent maximum 
likely error

I 197 + 1.0 -  1.7 0.09
II 132 + 2.7 -  2.4 0.14

III 132 + 1.5 -  1.4 0.08
IV 67 + 0.6 -  1.1 0.06

(The equ ivalen t m ax im u m  likely e rro r is tak en  from  w hichever of the 
m axim a —  positive o r negative —  w as n u m erica lly  g reater).

The ag reem en t seem s to  be good. By the  w rite r ’s c rite rio n  se t II w ould 
have been reca lib ra ted . E aton  uses his 95 p er cent p robab ility  e rro r of
0 .1 0 .lane in  all ca lcu la tions and  th is  appears reasonable.

H aving  decided on a  figure  fo r  random  e r ro r  o f 0.10 lane and  having 
w orked  o u t a  m ethod  of en su rin g  ih a i ii can n o t m uch  exceed th is  value, 
it is n ecessary  to consider w h a t effect the e rro r  w ill have. In  the  tw o-range 
m ode the ran d o m  e rro r in  a fix  depends on the  ran d o m  e rro r in  the  H i-Fix 
read ings an d  the angle of cu t of the  position circles. In  th e  hyperbolic mode 
th e  ran d o m  e r ro r  in  a fix depends on the ran d o m  e rro r in  the  H i-Fix 
read ings, th e  angle of cu t of the  position  hyperbo lae an d  the  lane expansion 
fac to rs  app licab le to  th e  hyperbo lae  at th a t po in t. T he follow ing form ulae 
w ere w orked  ou t fo r E aton  by  Dr. W .S.B. P a terso n  and  enable accuracy  
lobes to be ca lcu la ted  an d  d ra w n  :

Two-range

1. In n e r :
e • L

cos 0 = —:— a

2. O uter :
e • L

s i n e -  —

Hyperbol ic

3. F ro n t cover b u t ou tside th e  trian g le  fo rm ed  by m aste r an d  bo th  slaves :

e ■ L
sin p =  -------  cosec 7

a
4. Side cover :

e ■ L _______________ ,_____
sin (p — y)  = — ~  v / ( co t P +  co t y f  +  4 a

5. Inside th e  trian g le  fo rm ed  by m aste r and  b o th  slaves :

cot y  =  cot p  +  J ^ sin2 (p +  7 ) - 4

p =  (angle sub tended  by P a tte rn  1 m aster-slave  base line);
Y =  > (angle su b ten d ed  by P a tte rn  2 m aster-slave baseline) ;
3 =  \  (angle sub tended  by the in te r-slave  baseline) ;
L =  land  w id th  on baseline;



e — H i-F ix  e rro r (say 0.10 lane if E a t o n ’s figure is accep ted); 
d  =  g rea te s t possible acceptable sh ift as decided by the  surveyor.
In  fo rm u lae  4 and  5 it is necessary  to  w o rk  several app rox im ations of p 
an d  y u n til bo th  sides of the  equa tion  agree.

It is suggested  th a t the  su rveyor decides on th e  g reatest possible sh ift 
th a t  he can  accept on the scale on w hich  he is w ork ing , an d  th en  co n stru c ts  
th e  lim it co n to u rs  from  the  above fo rm ulae . T his m ay reveal th a t  in  order 
to com plete the  survey it w ill be necessary  to  resite  some H i-F ix  stations. 
If the  lim its  are d raw n  on th e  field shee t the  surveyor can  reg ard  them  as 
zones of d iscre tion  —  to be app roached  an d  possibly exceeded on a day 
w hen  H i-F ix  conditions are  good b u t to  be avoided w hen conditions are  
unstab le . A reas close to  the  lim it w here the  lane w id th  of one p a tte rn  is 
m uch  w ider th an  the o th er are  especially  dangerous w hen w ork ing  in  the 
hyperbo lic  m ode in  poor conditions.

H aving  considered random  e rro r a t som e leng th  it is w o rth  recalling  
a t th is  stage th a t a m a jo r source of sy stem atic  e rro r —  u n ce rta in ty  as to 
the  p ro p e r value of phase lag facto r (velocity of p ropagation ) —  is no t 
allow ed fo r a t all in the  above ana lysis. An add itional m arg in  of e rro r 
shou ld  be allowed fo r th is , and  the allow ance will depend on m ode of 
operation , d istance from  H i-F ix sta tio n s  an d  w h a t checks on phase lag 
fac to r have been possible.

MAINTENANCE OF CORRECT WHOLE LANE NUMBER

U nless whole lane n um ber is co rrec tly  m ain ta in ed  o th er e rro rs  pale 
in to  insign ificance.

T h e  fa ilu re  of the lane iden tifica tion  facility  to live up expectations in  
th e  A n ta rc tic  h as already  been re fe rred  to. T his p rom pted  th e  w rite r to  
collect da ta . If fa ilu re  is defined as a  lane iden tifica tion  u n it read ing  
differing by 0.50 lane or m ore from  th e  correc t H F p a tte rn  read ing  th e

>wing resu lts 

Set

were ob tained  : 

Number o f Number o f Failure rate
comparisons failures %

I 197 78 40
II 132 73 55

III 132 48 36
IV 67 5 7

Overall 528 204 38

H ow ever the p ic tu re  is not as b lack  as these re su lts  m igh t ind icate . 
If the p rocedure of record ing  the difference betw een the  lane iden tifica tion  
d isp lay  u n it read ing  and  the  H F p a tte rn  read in g  is followed a  re la tio n sh ip



w ill p robab ly  em erge w hich, over a sh o rt period, w ould  allow lane to be 
set w ith  a fa ir degree of confidence.

F o r the  ce rta in ty  the  surveyor requ ires, o th er m eans m ust be sought. 
Suggested m ethods a re  by :

1. H orizontal sex tan t angle check fixes. T hese are  really  only accu ra te  
enough (unless com puted) w hen p lo tted  on scales of 1 /50  000 or larger, and  
only th en  if really  w ell-conditioned fixes are  available.

2. U sing m oored buoys or surveying beacons. T he technique here is 
to ap p ro ach  th e  buoy along the  lane of the  p a tte rn  being checked and  to set 
or check  the  coun ter w 'hen abou t tw o cables off. As a p re lim in ary  it is, of 
course, necessary  to tra n s fe r  read ings to the  buoys an d  th is  should  be done 
w hen th ey  are  in b o th  th e ir ebb aa d  flood positions, an d  th e  ap p ro p ria te  
re ad in g  used th e reafte r. One hiiny or beacon should  not be used too m any 
tim es consecutively in  case it has dragged.

3. U sing rad ar. F avourab le rep o rts  are being received of the  use of 
ra d a r  in  associa tion  w ith  a tran sp o n d e r beacon to  set up  w hole lane num ber. 
If th e  su rvey  is w ith in  ra d a r  range of the  slave stations, or nearly  so, the  
tran sp o n d e rs  can  be in sta lled  one at each sta tion . In  the  tw o-range m ode 
com parison  betw een ra d a r  range an d  H i-F ix read ing  w ould th en  be direct. 
H ow ever if the  tran sp o n d e r w as in sta lled  elsew here it w ould  not be difficult 
to a rran g e  to  cross bo th  tran sp o n d e r range circles and  H i-F ix position  
circles or hyperbolae a t 90° and  so ob tain  a series of com parisons.

4. C rossing th e  m aster-slave baseline extensions. In  the  hyperbolic 
m ode th e  baseline extensions can som etim es be crossed. If the  crossing is 
at the  slave end  th en  the  whole lane n um ber on the co u n ters  should  equal 
the n u m b er of lanes on th e  base line, an d  if th e  crossing  is at the  m aste r 
end th e n  th e  whole lane n u m b er should  be zero.

5. U sing a sonar bottom  beacon. In  a so n a r fitted  sh ip  it is possible 
to lay  a bottom  beacon and  set or check the  H i-Fix w hole lane num ber by 
its use. T he chief p rop o n en t of th is  m ethod  used  to  tra in  h is sonar set on 
the beam  an d  pass close by the  beacon on a  course th a t  cu t the  lanes a t 
90°. T h e  H i-Fix read ing  w as set o r checked w hen  the response from  the  
beacon reached  its  m axim um .

6. U sing the know n position  of w recks. In a  sonar fitted  ship  w orking  
in hom e w a te rs  w here w recks are num erous, th is  m ethod  is no t as fancifu l 
as m ig h t be supposed. T he w recks have to  be ch a rted  anyw ay, an d  if th e ir  
H i-F ix coord ina tes are found  early  in  th e  su rvey  the  in fo rm atio n  can be 
pu t to  good use in  th is  way. As a large w reck  m ay span  several H i-Fix 
lanes th e  safest m ethod  is to d raw  up a large-scale  H i-F ix  p lot of it. L ane 
would th en  be set w hen  on top by echo-sounder an d  any possible am bigu ity  
resolved by a second o r th ird  crossing.

T o g u ard  aga inst lane slip  w hile engaged in  surveying  operations it is 
undoub ted ly  safest to ru n  the lines along one p a tte rn  an d  to  fix a t whole 
lane n u m b er in te rv a ls  of the  o ther. Lane slip  in  the line-keeping p a tte rn  
w ould th en  show  as an  unaccoun tab le  side-step  w hile lane slip  in  the fixing 
p a tte rn  w ould give rise to an irreg u la r fix ing in te rv a l w hich  w ould show



up  in  th e  tim ing  or in  the  fixing in te rv a l on the echo trace  if an  echo- 
so u n d er w as in use.

T he lane iden tifica tion  display  u n it  is a great help  in  m o n ito rin g  for 
lane slip . If a single lane slip occurs in  e ith e r H F o r L F  p a tte rn  th is  gives 
rise  to  a  10-lane slip in  th e  un it. If, as  h a s  been recom m ended, ca refu l 
reco rd  h as  been m ade of difference betw een  the  lane id en tifica tio n  d isp lay  
u n it re ad in g  and  the H F p a tte rn  read in g  before th e  lane slip  th en  th e  m a tte r  
can  be to ta lly  resolved by m ak in g  a fu r th e r  com parison  a f te r  it  h as  occu rred  
an d  ap p ly in g  the follow ing ru les :

1. If the difference has changed  by 9.0 lanes th en  th e  H F  p a tte rn  
h as  slipped.

2. If the difference h as  changed  by 10.0 lanes th en  th e  L F  p a tte rn  
h as  slipped.

3. If the  difference has in creased  th en  e ith e r the  H F  p a tte rn  h as 
gained  a lane or the L F  p a tte rn  has lost a  lane (see 1 o r 2).

4. If the  difference h as decreased th e n  e ith er th e  H F  p a tte rn  has lost 
a  lane o r the  L F  p a tte rn  h as gained a lane (see 1 o r 2).

e.g. Correct readings : HF 130.12
LF 117.04

LID 130.8
LID -  HF 0.68

If HF gained 1 lane : HF 131.12
LF 117.04

LID 140.8
LID -  HF 9.68

If HF lost 1 lane : HF 129.12
LF 117.04

LID 120.8
LID -  HF 8.32

If LF gained 1 lane : HF 130.12
LF 118.04

LID 120.8
LID -  HF -  9.32

If LF lost 1 lane : HF 130.12
LF 116.04

LID 140.8
LID -  HF 10.68

W ith  experience m ultip le  lane slips or com bined H F an d  L F  lane slips can  
be resolved w ith  confidence. H ow ever it  is good p rac tice  to  record  all 
co rrec tio n s m ade to the various co u n te rs , so th a t an  e rro r  m ade  in th e  h ea t 
of the m om en t can  be allow ed fo r la ter.



CONCLUSION

In  th e  early  days of th e  rad io  position-fix ing  system s b reakdow n  was 
freq u en t. A lm ost all th e  m ost su itab le  su rvey ing  days seem ed to  be spent 
s tan d in g  fo rlo rn ly  over som e young  rad io  eng ineer w ho h ad  the  set in  pieces 
before him .

T h e  position  is d ifferen t now. E q u ip m en t w orks on ly  too well and  
such  a  volum e of w ork  is possib le th a t new  m ethods of au to m atic  da ta  
logging an d  au to m atic  ch a rt p ro d u c tio n  are  hav ing  to be devised.

T h e  su rvevor h as recognised h is  responsib ilities —  w hich are  thp  sampv U A
fo r an y  new  equ ipm ent, w h e th e r electron ic, sonic or optical.

F ir s t ,  it is necessary  to determ in e  the  e rro rs  and  lim ita tions of the  
new  eq u ip m en t, no t as th ey  are  in  the m a n u fa c tu re r’s lab o ra to ry  b u t as 
they  are  on th e  su rvey  g rounds in  the N orth  Sea, the A n tarc tic  an d  the  
P e rs ian  Gulf. W ith  H i-F ix  the su rveyor is concerned  w ith  phase  lag facto r 
(or velocity  of p ropagation ), w ith  land  p a th  erro rs , w ith  p a tte rn  stab ility  
an d  ran d o m  e rro rs  an d  w h a t effect th ey  have on th e  accuracy  of the  fin ished  
ch a rt. M uch still rem a in s  to  be fo u n d  out.

Secondly, it is necessary  to  see if th ere  are  any  difficulties in  th e  day- 
to-day o p era tio n  of th e  new  eq u ip m en t and  to  devise m ethods of overcom ing 
these difficulties. W ith  H i-F ix  it is suggested  th a t the chief difficulty  is the  
m a in ten an ce  of w hole lan e  n u m b er w ith  com plete ce rta in ty  a t all tim es. 
T h is a rtic le  m akes its  co n trib u tio n  tow ards solving th is problem .

F in a lly  it is necessary  to w ork  ou t th e  best and  m ost efficient m ethod  
of using  th e  new  eq u ip m en t so th a t  full adv an tag e  is gained from  it. T his 
a rtic le  has only touched  on th is  aspect in  passing, an d  one p o in t has 
delibera te ly  been left u n til the  end  because it m ay  still no t be as th o rough ly  
ap p rec ia ted  as it ough t to  be. H i-F ix  is ligh t —  a slave s ta tio n  w ith  all 
accessories w eighs less th an  a ton. I t is also easily  erected  an d  ca lib rated . 
It sh o u ld  th ere fo re  be n o rm al p rac tice  to  move the cha in  as o ften  as m ay  
be n ecessary  to  cover a su rvey  a rea  accura te ly . L and p a ths, poor angle of 
cu t betw een  th e  p a tte rn s  o r a large  lane expansion  fac to r shou ld  never be 
accepted  if  th ey  can be overcom e by  m oving e ith er a s ta tio n  or th e  whole 
chain . T h e  C anad ians app rec ia te  th is , and  E a t o n  rem ark ed  th a t th e  survey 
of Hell Gate w hich w as done w ith  tw o ch a in s  w ould, in  the  ligh t of 
su b seq u en t experience, have been b e tte r  done w ith  five or six.
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