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Introduction

L am bda (Low AMBiguity DeccA) is a logical and m uch needed deve
lopm ent of the  w ell-know n tw o-range Decca position fixing system  for 
hydrographic surveying. The principal im provem ent is the  provision of a 
lane iden tification  facility, which, on activation by the m aster, indicates 
the observer’s position  w ith  no am biguity  w ith in  a zone about 10 kilom etres 
wide. T hus the m aste r’s position is only requ ired  to be know n to w ith in  
th ree nau tica l m iles to be able to line up the  system  in itially . O ther 
advantages are increased robustness and com pactness of the equipm ent, 
and com plete in terchangeability  of the two slaves whose un its  are identical.

T he system  has been used successfully at ranges of up to 150 nautical 
m iles w ith  no observed reduction in  signal strength . The m axim um  range 
is probably of the o rder of 300 nautical m iles, though a t th is distance the 
lane identification facility  w ould probably be operating at reduced efficiency.

Theory of Lambda

T he basic m easuring  process of L am bda is the sam e as for tw o-range 
Decca, nam ely the phase com parison of an  outgoing m aster signal w ith  
the re tu rn in g  slave signal, the two being phase locked a t the slave.

All L am bda frequencies are m ultip les of a basic frequency f, w hich 
is never tran sm itted , of the order of 14 k c /s . The m aster tran sm itte r in  the 
surveying ship rad ia tes a continuous wave signal of frequency 12 f, derived 
from  its basic 1 f  oscillator. The slave stations ashore also contain  a 1 f 
oscillator, whose tw elfth  harm onic is locked to the received m aster tra n s 
m ission of 12 /. They in  tu rn  re-rad ia te  signals of 8 f  (red slave) and  9 /



F ig .  1. —  H.M.S. Vidal.
One of th e  R oyal N avy’s L am bda equ ip p ed  su rv ey in g  sh ips 

(note m a s te r  t ra n s m ittin g  m a s t a b a f t  fu n n e l) .

F ig . 2. —  L am b d a  D ecom eter.
1 : F ra c tio n a l decom eters
2 : W hole  lan e  p o in te r
3 : L ane id en t. sec tor
4 : Zone n u m b er
5 : L ane id en t. p u sh  b u tto n



(green slave). The slave and m aster signals are phase com pared in  the 
m aster receiver in the ship at two frequencies (8 f  and 24 f  for red, 9 f  and 
36 f  for green), the results being used to drive four phase difference indi
cators or decometers, at the ship’s plotting position.

F igure 2 shows these decometers, the left hand  pair being red and the 
right hand  green. The fractional decometers, one revolution of w hich 
represents a whole lane, are driven from  the 24 f  and 36 f  com parisons. 
This gives lane w idths of approxim ately 420 and 280 m etres (the exact 
value depending on the 1 f oscillator frequency, bu t the green lane w idth 
is obviously always exactly tw o-thirds of the red).

The 8 f  and 9 f  com parisons are used to drive the whole lane pointers 
on the lower pair of dials, but are geared down in the ratio of 8:1 and 9:1 
respectively, so th a t the pointers will move 3 red and 4 green lanes for 
each complete phase shift of 8 f  and 9 f  frequencies, and one complete 
revolution for every “ zone ” of 24 red lanes or 36 green. The w idth of 
the zones, m easured along the line m aster to slave, is in both cases about 
10 000 m etres.

The zone in  which the m aster is situated is indicated by the sm all 
figure in  the centre of the lower dials, the num bers ranging from  0 to 9 
and then repeating; this is driven purely m echanically by the lane pointer, 
and has to be set up correctly at the beginning of operations.

F igure 3 shows the basic phase-com parison process for the red slave 
in  diagram m atic form. It should be noted th a t although there are twelve 
positions at which the 12 f signal at the slave can be locked to the received 
12 f  m aster signal, at only one of these positions will the 1 f  oscillators 
of m aster and  slave be in phase. As will be seen below, the correct 
operation of lane identification and whole lane pointers depends on the 
correct locking or “ notching ” (as it is term ed to avoid confusion w ith 
the 12 f  phase locking) of these two 1 f  patterns.

The notching process

Notching is achieved by pressing the check lane button  on the deco
m eter box and thus m om entarily transm itting  1 1 / from  the m aster, and 
com paring th is signal received at the slave w ith the eleventh harm onic 
of the la tte r’s 1 f  oscillator. The resu lt of this 11 f  com parison is displayed 
a t the slave on a  “ notch m eter ” w hich indicates the correction required  
to bring the station into notch. As the slave 1 f  oscillator can be held in 
any one of twelve positions by the 12 f  phase locking (see figure 3 where the 
slave 1 f  is shown two 12 f  wavelengths out of phase), it will be seen from  
figure 4 th a t at only one of these positions will the 11 f  frequencies (and 
thus the 1 f  frequencies) be in  phase. The slave is brought into notch by 
the slave operator tu rn ing  the notch goniom eter the appropriate num ber 
of “ clicks ” to the right or the left, as indicated on the notch m eter until 
it reads zero. The correctness or otherw ise of this ad justm ent can be 
checked on the receipt of the next lane identification signal.

R eferring again to figure 3, it will be seen th a t the two 8 f  frequencies
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F ig . 3. —  Basic red slave measuring process.
Note : For clarity this diagram shows the position when the master is a whole number

of 1 f  lanes from the slave.
(1) Master 1 f  oscillator
(2) Transmitted master 12 f  signal
(3) 12 f  at slave, phase locked to received master signal
(4) Slave 1 f  oscillator (not correctly notched)
(5) Transmitted 8 f  slave signal
(6) 8 f  derived from master 1 f  oscillator
(7) 24 f  derived from incoming slave 8 /  signal
(8) 24 f  derived from 1 f  master oscillator
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(a) Position as in fig. 3, i.e. 12 /  transmissions from master and slave in phase, but 1 /  
slave oscillator 2/12 wavelength late on master 1 f. “ Notch ” meter, operated from
11 f  transmissions, shows difference of phase between them, and hence movement 
required to bring 1 f  patterns in phase —  in this case 2 notches left.
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(b) Correctly notched. 1 f  and 11 f  both in phase, notch meter showing zero.

F ig . 4. —  Notching process.
(1) Master 1 f  oscillator
(2) 11 f  transmission received from master
(3) 1 1 / from slave I f  oscillator
(4) Slave 1 f  oscillator



are shown out of phase by 120°, and thus the whole lane pointer will be 
one lane in  error. If the slave 1 f  frequency is moved one notch (equivalent 
to a 12 f  wavelength) to the right, the 8 f  frequencies will be in phase, 
m aking the whole lane pointer relatively correct w ithin a th ree lane sector, 
b u t the slave is still not notched correctly as the 1 f  frequencies are 
out of phase. In fact, the slave 1 f  frequency needs to be moved two notches 
to the left from  the position shown on the diagram , to m ake 1 f, 8 f  and 
24 f  in  phase. T hus it is essential for the slave to be correctly notched to 
ensure th a t the whole lane pointer is correct, although there is a 1 in  3 
chance of its being correct at any given notch (for the green slave this 
is a 1 in  4 chance). Incorrect notching will have no effect on the fractional 
lane pointer, though it will m ake a complete revolution every tim e the 
slave notching m eter is moved one click.

As well as giving the slave operator an  indication of this notching, 
the pressing of the check lane button  in itiates the lane identification 
sequence. On reception of the 11 f signal from  the m aster, the slaves 
m om entarily  interchange frequencies, i.e., the red slave transm its 9 f  and 
the green 8 f. At the m aster receiver, 8 f  and 9 f  locked oscillators preserve 
the phase of the slave signals norm ally controlling them, and these are 
mixed w ith the received 9 f  and 8 f  signals from  the slaves to obtain a
1 f  beat frequency, thus the same effect is achieved as if I f  had actually 
been transm itted  from  the slaves. This beat frequency is phase com pared 
w ith the basic m aster 1 f  and the ou tpu t is used to drive the lane iden
tification sector pointers on the decometers. Thus, as two 1 f  oscillators 
are locked on by notching, the correct lanes are indicated w ithin a red 
zone of 24 lanes or a green zone of 36 lanes.

As the whole lane pointers are geared down in ratios of 8:1 and 9:1 
for red and green respectively, there are 8 and 9 positions which they 
can take up on the decometer. The correct one is indicated by the lane 
identification sector-shaped pointer (after the in itiation of a lane identi
fication sequence), and it is only necessary to set the whole lane pointer to 
w ith in  the group of three (red) or four (green) covered by the lane identi
fication sector, for it to take up the correct lane.

On in itia l setting up of the system, it is recom m ended th a t a series 
of 15 lane identifications be transm itted , at not less th an  15 second in ter
vals, so th a t the slave operators can be sure th a t they are in notch. If 
fu rth er lane identifications are required, they can be requested from  the 
slaves by pressing their notch request buttons, w hich will light the slave 
call bulb on the decometer, and also the appropriate alarm  bulb on the 
m aster control unit (indicating which slave is calling) and ring  the alarm  
bell.

Notch indication error

At each slave station the receiving aerial is well w ith in  the induction 
field of th e  transm itting  aerial, the resulting interference causing the 
slave 1 /  oscillator to be held l /2 4 th  of a cycle out of phase w ith the 
m aster 1 /. This will have the effect of indicating a half notch error in  the



displayed notch reading. T his erro r is a rb itra rily  assum ed to be positive, 
and is corrected by adding four hundred ths (the nearest calibration to 
l/2 4 th ) to the slave lane identification goniom eter setting, afte r first refer
encing the goniometer to zero.

Operational experience shows th a t the incorrect setting of the notch 
indication error, or neglect to do so, is one of the com m onest operational 
faults, resulting  in  the notch indicator rem aining half-w ay between gradua
tions and consequent uncertain ty  a t the slave station as to when a true 
zero reading is shown. It is therefore essential to ensure that, when the 
slaves are operating, the notch indication error is applied in  the same sense 
as when the stations were calibrated.

The same erro r will also affect the decometer pointers at the m aster, 
b u t is autom atically  allowed for when the stations are calibrated, as descri
bed below.

Slave stations

The requirem ents of a slave site for Lam bda are the same as for 
two-range Decca, and the 100-foot transm itting  m ast and power require
m ents are identical.

It is essential, due to the complications of notching and lane identi
fication as well as for adm inistrative reasons, to have reliable com m uni
cations between the m aster and slaves. It is strongly recom m ended that 
the slaves be equipped w ith  radio capable of m ain tain ing  radio-telephone 
contact to a range of at least 150 miles.

The slave installa tion  consists of two receiving aerials, two slave control 
units (one operating and one at im m ediate stand-by) and associated power 
supply units, a slave tran sm itte r and  a  tank  unit, an  aerial coil box and 
a 100-foot transm itting  m ast, together w ith a 2 k ilow att power supply.

Master installation

The 45-foot m aster tran sm itte r m ast is identical w ith  the two-range 
Decca m ast, and the layout of the m aster equipm ent is sim ilar to two-range 
Decca. The two m aster control un its w ith associated decometers and the 
track-plotter are situated  on the bridge or o ther plotting position (see 
figure 5) and the tran sm itte r itself is installed elsewhere as convenient.

Locking constant

The reasons for, and causes of, the locking constan t in  two-range Decca 
are well known, and the same errors are inheren t in the Lam bda insta l
lation. By convention, two-range Decca locking constan t is always positive 
and less than  one, i.e., whole lanes of error are ignored. However, w ith the 
introduction of lane identification, the total locking constant, including 
whole lanes, m ust be considered.



F ig . 5. —- M a s te r  i n s t a l l a t i o n  a t  p l o t t i n g  p o s i t i o n .
1 : M aster co n tro l u n its
2 : A larm  be ll
3 : R /T  connec tion
4 : D ecom eters
5 : T rack  p lo tte r  (con tro l a m p lif ie r  und er)
6 : P o w er sup p ly  u n its  (h idden)
7 : T elephone  to  t r a n s m it te r  a n d  m as t (h idden)
8 : P o w er su p p lies

The locking constan t is m ade up, inter alia, of a m aster (12 f ) rad ia ted  
phase e rro r (LM) and a slave (8 f  or 9 f ) rad ia ted  phase e rro r (LS). B ut the 
lane identification facility is only affected by the 12 f  phase e rro r (LM), 
so it is necessary to ascertain  not only the total locking constan t (LM -j- LS) 
bu t also LM alone. In fact th is is relatively simple, and  is best illu s tra ted  
by an exam ple.

The tru e  range of the ship from  (say) the green slave is know n, and 
when converted to green lanes is 33.46.

At the in s tan t of tak ing  the range, the reading of the w hole lane and 
fractional decom eters was 29.84, hence :

(LM 4- LS) =  33.46 —  29.84 =  +  3.62
(But it should be noted th a t the reading could equally well be tak en  as four 
lanes h igher, i.e., 33.84, in  w hich case (LM +  LS) would be — 0.38; either 
value is correct.)

At the sam e tim e, the m ean of a series of lane identification sector 
readings w as tak en  and  w as found to be 31.0, hence :

LM =  33.46 —  31.0 =  +  2.5



Allowance of errors

E ith er these erro rs  can be allowed for w hen draw ing the Lam bda 
grid p a tte rn , or the decom eters can be offset to show the correct readings. 
In  e ither case the lane identification sector ind icato r m ust be corrected to 
bring it in to  sym pathy  w ith  the whole lane pointer. In practice, it is found 
desirable to d raw  the Lam bda range circles on the plotting  boards uncor
rected for the locking constant, so th a t th e  survey w ork can s ta rt w ith  the 
m in im um  of delay as soon as the slave stations are erected and calibrated, 
hence the  la tte r m ethod is usually  em ployed.

These corrections are then  applied as follows :
(a) F rac tiona l decom eter pointer.

R eference to zero w ith  the goniom eter, then  ro tate  the goniom eter
0.62 anti-clockw ise (clockwise on the  decom eter, giving a reading of 0.62).
(b) W hole lane pointer.

Reference 3.62 lanes clockwise of any  lane num ber divisible by four 
(m arked by long lines on the dial).
(c) Lane identification sector pointer.

Reference 2.5 lanes clockwise of zero.
To avoid confusion w ith  signs and for subsequent check referencing, 

it  is recom m ended th a t the correct referencing positions be displayed 
near the decom eters in  the following form  :

R e f e r e n c i n g  p o s i t i o n s  —  G r e e n  

F rac tiona l : 0.62
W hole lane : 3.62, 7.62, 11.62, 15.62, 19.62, 23.62,

27.62, 31.62, 35.62.
L ane identification : 2.5

As w ith  tw o-range Decca, these corrections are liable to vary w ith 
change of bearing  from  the slave station, and th is can be allowed for in 
the usual way.

Calibration

T he calibration  of Lam bda is carried  out in  exactly the sam e fashion 
as w ith  tw o-range Decca : the  ship steam s slowly over the survey arc, 
some ten  m iles or so from  the slave station , while sim ultaneous fixes and 
Lam bda readings, including lane identifications, are obtained.

T he position of the ship can e ither be ascertained  from  theodolite 
in tersections from  shore or sex tan t resections on board, or else a range 
from  the  sta tion  being calibrated  can be m easured by electronic m eans 
(tellurom eter, H ydrodist, etc.). The la tte r m ethod is undoubtedly  quicker 
and easier, although it has the slight d isadvantage th a t the  calibration  fixes 
for one slave cannot be used as a check on the calib ration  of the other, 
unless an  accurate bearing is obtained a t the sam e time.



Tellurometer calibration

A tellu rom eter has in fact been used successfully for calibration w ith  
the ship under way, and th is w as found to be a quick and simple m ethod. 
Having decided between w hat bearings the calibration  is required, obser
vations were obtained at approxim ately ten-degree in tervals over the required 
arc. Before each observation, the ship’s course was ad justed  so th a t it was 
approxim ately a t right angles to the bearing of the slave, i.e., so th a t the 
ra te  of change of range was small. F inal ad justm en ts to the course 
steered were m ade w ith  reference to the A-(- reading of the tellurom eter 
so th a t a slow ra te  of revolution of the A-j- value was obtained. To sim 
plify calculation, it was found best to ad ju s t course so th a t a m ore or less 
steady increase or decrease of A-)- w as m aintained. Grossing the T of 
the bearing exactly, so th a t A-(- first decreases and then  increases, is not 
recom m ended.

The tellu rom eter m easuring technique has to be som ewhat modified 
to allow for the sh ip ’s movement. A— , A-(- reversed, and A—  reversed 
are not used, so it is im portan t th a t the circle displayed on the cathode ray 
tube be properly  centred before starting  operations.

A series of seven readings, nam ely A-f-, D, A-f-, C, A-f-, B, A-(-, 
constitu tes one fix, the intervals between each individual reading being 
constant.

The tran s it tim e is calculated by accepting the firs t A-(- reading as 
the true  value, and  the m om ent of tak ing  th is reading is the m om ent of the 
fix. The two A-(- readings either side of the D, C, and B readings are m eaned, 
and  the D, C, and B values are subtracted  from  these m eaned values to 
obtain the rem aining uncorrected figures of the tran s it time. To reduce 
these three values to the tim e of the fix, the differences between the 
in itia l A-f- reading and  the appropriate m ean A-j- values are divided by 
10, 100 and 1 000 for the D, C, and B patterns respectively, and  the results 
thus obtained are applied to the figures found in itially . In practice this 
correction is only significant in  the case of the D pattern .

Generally a series of three fixes is tak en  consecutively, such th a t 
the last A-f- reading of the firs t becomes the firs t A-f- reading of the second 
fix. Provided th a t the ship’s course and  speed are constant, th is should 
produce nearly  equal differences between the th ree m easured distances.

Lam bda readings of the slave being calibrated should be recorded a t the 
sam e m om ent as the firs t A-(- reading for each series, and  it is recom m en
ded th a t a lane identification be obtained im m ediately after the th ird  fix. 
The true  bearing, by gyro compass, should also be recorded for each series 
of fixes.

Conversion of te llurom eter tran sit tim es to Lam bda lanes, due allow
ance being m ade for short range phase lag, then gives the value of the 
locking constant. The three values obtained in each series should be meaned, 
obviously erroneous ones being rejected, and the resu lts should be plotted 
against bearing to give the usual locking constant curve.



In  practice it m ay not always be possible to set up  the rem ote tellu ro
m eter at the exact electrical centre of the slave station, bu t any correction 
thus needed can be obtained by m easuring distance and  bearing to the 
tellurom eter from  the electrical centre and obtaining the correction for each 
series of fixes from  a graphical plot.

Example of calibration with the tellurometer

Date : 12. 2. 1962 Bearing of green slave : 133°
Tim e: 1015 Tellurom eter A reading : decreasing

Fix
No. Pattern Reading A+

means
Initial

difference Correction
Final

difference
Transit

time

1 A+ 65 130 565

D 09 59,5 A -D  50,5 * ¥  = 51

A+ 54

C 39 46,5 A -C  07,5 07, 7

A+ 39

B 00 33,5 A -B  33,5 33,5

2 A+ 28 130 528

D 74 25 A -D  51 CO©+ 51 ,3

A+ 22

C 17 20 A -C  03 + Too = ° '‘ 03, 1

A+ 18

B 87 17 A -B  30 + 1000 30

3 A+ 1.6 130 516

D 66 15 A -D  49 + 7 F  = 0 ^ 49,1

A+ 14

C 09 14 A -C  05 + Tïïô = 0 05

A+ 14

B 81 14 A -B  33 + ÏÔÔÔ = 0 3

A+ 14 I

Fix
No.

Transit
time

Distance
in

m etres

Correction
(1)

True
distance

Distance  
in lanes

D ecom eter
reading

Locking
constant

1 130 565 19 564 +40 19 604 l / 3 3 . 4 8 (2) 1 /2 9 .8 8 + 3 .6 0

2 130 528 19 559 +40 19 599 1 /3 3 .4 6 1 /2 9 .8 4 + 3 .6 2

3 130 516 19 556 +40 19 596 1 /3 3 .4 5 1 /2 9 .8 1 + 3 .6 4

(1) D istance from  satellite station  to electrical centre.
(2) i. e., One zone -j- 33.48 lanes =  69.48 lanes.



T herefore m ean locking constant for bearing 133° =  -j- 3.62.
The observed lane identification  reading is 31.0; therefore the lane 

identification  correction is +  2.5.

Plotting the Decca lattice

The rad ii of Lam bda curves are calculated from  the red and green 
lane w idths, due allowance being m ade for long range phase lag and the 
scale factor of the projection in use, as w ith tw o-range Decca. The num ber 
of lanes w hich are draw n will depend on the scale of the survey, bu t it is 
recom m ended th a t the intervals on the plotting sheet should be about an 
inch. F or ease of p lotting the fixes, it is best th a t the same lane in terval 
be used for both slaves, w hich m eans th a t the red in tervals on the sheet 
will be ha lf as m uch again as the green.

W hen  operations are carried out fairly  close to the slave stations, 
it is usually  possible to draw  the Decca lattice d irect w ith beam com passes. 
However, w hen the survey area is a t a greater distance from  the slaves, 
the construction  of the lattice will necessitate the draw ing of a fam ily 
of circles, whose rad ii are too large to set on a beam  compass. To sim plify 
th is operation, s tandard  circle sheets have been prepared in the H ydrogra
phic D epartm ent of the A dm iralty, p rin ted  on tran sp a ren t Cobex plastic, 
and varying in rad ius from  20 centim etres to 10 m etres; they are spaced
2 centim etres ap a rt and the com plete fam ily is show n on twelve sheets. 
Each sheet, besides the circu lar arcs, carries a num ber of rad ia l lines.

It is therefo re a simple m atter to calculate and plot a series of fitting- 
on points for the requisite standard  circles to cover the p articu la r survey 
area, and th u s to tran sfe r the standard  circular arcs to the p lotting sheet. 
Points on the Decca lattice circles, concentric w ith  the standard  circles, 
can then  be plotted from  the nearest standard  circle by offsets and the 
circles d raw n in w ith  splines.

F or p lotting  the ship’s position it is recom m ended th a t a cu rsor be 
m ade from  Perspex or sim ilar tran sp a ren t m ateria l as shown in figure 6. 
In this exam ple it is designed for a scale of 1/100 000, at which scale every 
sixth lane w as draw n on the plotting sheet. The semi-circles represen t one 
red or green lane for a chain of 12 / =  177.066 k c /s .

To use the cursor it should be placed on the sheet w ith the centre 
line pointing about m idw ay between the slaves, the red lane semi-circles 
being on the sam e side of the centre line as the red slave. The value of the 
next lower plotted lane below the Lam bda reading at the fix is then  
m entally  sub tracted  from  the reading a t the fix, and the cursor is adjusted , 
in terpo lating  by eye as necessary, un til the corresponding semi-circles are 
tangential to the appropriate  curves on the plotting sheet; the sh ip ’s 
position is then  at the centre of the cursor. (In the case of figure 6, the 
readings are 1/20.9 red and 2/28.0 green).



F ig . 6

© ® ® ©
F i g . 7. —- L am bda co n tro lled  su rvey  in p rogress.

1 : Echo re ad e r
2 : W rite r  dow n
3 : Officer in  charge
4 : D ecom eter re ad e r



Practical operation of Lambda

Experience has shown th a t the correct operation of the lane identi
fication facility requires a considerably higher degree of electronic know 
ledge and capability than w ith basic two-range Decca. As has been explained 
above, incorrect notching can very easily lead to the chain being one or two 
lanes in  erro r - an error which is not easily detectable w ithout alternative 
m ethods of fixing. For this reason it is recom m ended th a t reference 
beacons be used for checking the pattern  at least twice a day when surveys 
are being conducted out of range of land fixes.

Heavy showers have often caused the slaves to lose lock and, after 
the ra in  has ceased, some difficulty has been found in notching.

There is no doubt, however, th a t Lam bda is a considerable advance 
in  two-range Decca, and, w ith practised operators who have a high degree 
of technical knowledge, it form s a reliable fixing system for hydrographic 
surveys.


