Laz D/F GENERAL

The theory of TP and its service applicasion is- conbained in Admn_c-amy Fandtook of 777
{1931) paragdrapbs 768 to GI”‘ inelusive
As stated on page AC4 the letter "SY prefixes all D/F apparatus ('except L/7 training units,
see section F) and the folinwing takle shows the items in detail .- -
M to % - Independenc W'T Receivang Outfits for D/F termed DT Outfits {In some
cases waere the primery use of the Cutfit i1s for normal reception they
are ‘hermsd ‘Receiver Owtf: s

Sioto 819 - Frame ooils for DT

220 to S39 - Radiogoniumetbers for DA

0 to B - Sensefinders for DT

W0 o 79 - Semi Circwiar Car: sctos £ DR

There are two main types of D/F installation fitted in H U Ships - :
‘a) The Rellini-Pusi System |See .dmirally Handkbook of W7 1931) paragraph 7892; empioying two
large crossed aerial loops. D/’P Outfit 8D is of this type and is descrited on page LAD.
ki e 'Potatine‘, Wrame Coll System (see admeraiby Handrook of W/T {1921) paragraph 788;. Peceiver -
Qutfit P [see pagé Lai3; and DF Dutfit SGX (see page LAid) are of this type
The redative advantages of the two systems are squmarised telow (see also Admiralty Handhook of ‘f‘;"/’[‘
{1921, paragraphs 795 and €i3)s .

Bellini-fPosi. 1. Uigher speed of operation
2. reater senaitivity.

Potating Trame. 1 Tlectrically more simple.
2. TFree from risk of errors due to movement of loups ar tad contacts.
S If well situebed, is unaffected ty other aerials

ke

If well situated, can te used on the higher frequencies. -



 DJF ERRORS

A1l systems of D/F are liakle to csrtain errors which can te considered under two headingg:
{a) Errors due to pecularities of the wave teing received. These cannot te corrected, bwb
their presence can sometimes be detected by the wperator ' .
t) Prrors due to the gear teing fitted in a wership. These may te to a large extent avbided -
or corrected.

TPROPS DUE_TO THY WAVE. .

Night Tffect. At present (Fetruaery 19°9) [atal.D/T gear is capatle of indicating accurately the great
circle tearing of a transmitting station provided‘that'the vave teing received has followed the carth's
surface, i.e., provided it is th» "direct wave". A wave which has travelled via the upper atmosphere
#ill not te travelling horizontiil.y whon it passes the D/ gear, nor will its megnetic field te nec-
essarily horizontal. The result of these Zacts i1s that rearings taken with either a rotating frame
or Rellini-Tosi apparatus cease to te accurate whenever such a wave-i.e., the "indirect wave"- pre.-
dominaves. This effect may cause an error in tire zero or a tlurring or toth. Ty day, on medium and
low frequencies, the direct wave nearly always predominates sufficiently to remove all risk of this
offect, Tut at night it is liakle to occur on any frequency, except at fairly short wanges (atout 80
miles). Tor this reason it is called "Night Fffect” and is gdenerally at its worst within an hour
either side. of sunrise and sunset, when the chandes in the state of ionisation of the atmosphere are
pavtieulafly violent. On high fregucncies ~ except at short ranges -~ the indirect wave normally con~
stitutes the gresater part - if not all - of the signal, and so the effect is experienced ty day as
‘well as kty night.  As it is impossikle for any correction to te applied for this error, it is essen-
‘tlal that the risk of its presence should te understood. The fact that a very unusual setting of the
seni-circular corrector is necessary to obttain a sharp zero, or that it is suddenly impossitle to det
any satisfactory setting, is an almost CTRTAIN indication of the presence of "™ight Tffect".

Land RBffect. TIf a wave crosses the coast line at an angle of 20° or less, its direction of ‘travel is
appreciatly altered,and so the tearing obtained of the wave 1s no longer the kearing of the transmit-
‘ting station.  The effect is particularly pronounced when either station is near:the coast, especially
if nigh land intervenes. PHigh land tehind a transmitting-station may also cause misleading reflect-
ions; for invtance, Learings taken of ships transmitting in Gitraltar hartour are urrelistle.
Convergency Frror. As a V/T wave iravels along a dreat circle, it may ke necessary to apply a cor..
rection tefore laying off the tearingd on a Mercator Chart. Particulars of -this correction are given
in vhe "Admiralty List of W/T Sidnals"

ECRORE DUL TC THE SHIP.

General Considerations, As the hull of a ship is a conductor, a passing wave will induce currents
in it. The resulting field todether with similar fields from superstructure, funnels, masts, stays,
aerials ebe., - will affect the D/F gear. The crrors thus produced may te resolved into two }

=

components. ) -



D/F ERRORS . La3

(a) Quadrantal Frror. This is due to the component of the ship field which is in phase with “he
wave. 1t produces a definive angular error .which iz called "Quadrantal as it is normally
zero ahead, astern and on-the teams and maximum on the tows and quarters. The effect is al .
ways to seem to "pull" the tearing towards the fore and aft line., In Bellini-fosi sets thig
error is corrected by reducing the affect of the fore and aft loop in the first pliace hy
making it smaller than the heam loop, and in the second place ty adding impedance hy means of
correcting inductances. - The determination of -these corrections - Imown as MBatancing the
Loops” ~ is carried out during calitration, and a final "curve of correction” is ohtained ty

“trial so that any remaining deviations on particular arcs may te allowed for. In Robating

Pramg sets a curve of corvechion must te fourd by trial; and the necessary corvection appiied
in each case ty the operator, uniess a cam corrector is fitted to the pointer to corrent it
automatically. '

(v} Semi-Cireular Bffech = This is due to the component of ‘the ship field which is 90° out of
phase with the weve, and produces a "Rotating Wield”. This means that wherever the Rotating
Frame or Gonlomster search coil is placed there will te always some signal heard, i e = the
zero is "tlurred". This effect is found to he worst on the Teams and nil ahead and asbern
and is therefore called "Semi-Circular Tffect™.

‘Tt is corrected Ty introducing a correcting E.M.P. equal-and opposite to that which
produces it, bty means of a "Semi~Circular Corrector®,which, ‘when,correctly adjusted, makes
“the zeros abtsolutely sharp.

Variation of "Ship Frrars" with frequcney. With L/P waves, the errors due to the ship do nob vary

with the frequency. "hen, however, the frequency increases until it corresponds to a wavelength

equal to or shorter than akout five times the length of the ship, the error tecomes rapidly more
pronounced. .We therefore find that..-

(a) Quadrantal Frror is usually constant on freguencies telow aboubt 900 kc/s and increases on
‘higher frequencies (the amount Feing determined during. calitration).

{t) Semi~Circular Fffect inecreases similarly with frequency and-so the amount of correction
necegsary will also increase.

With still-higher frequencies, ‘the atove kecome not only greater tut more complex owing to wvarious

conductors approaching resonance at these frequencies. A limiting frequency is therefore reached

‘with every ship installation, akbove which D/F tearings can no longder te taken, even at short

ranges. A frame coil placed akove the foretop, ‘where it is atove the min aerial and as far as

possitle-from other conductors, is greatly superior-to the other D/F outfits on the higher fre
quencies. The Bellini-Tosi loops cannot easily te so advantageously placed; moreover, troutle is
experienced owing-to the tendency of one or other loops suddenly to tune ab-these-freguencies, and
to the increasing effect of the capacity of the leads from-the loops to the gdoniometer.




ERRCRS DUR 1O FAULTY GEAR.

Although "Ship Errors" can ke corrected as descrited-stove, for accuracy to ke ottained great care
is necessary in-the fitting-out, ocalikration and maintenance of the D/F dear., Otherwise, srrors are
liatle to occur for the following reasms:;--

(a) Unequal impedance:in the two sides of one or toth loops; hence the necessity for checking
‘the -insulation and ohmic resistances of “the loops and their individual symmetry.

{t) Asymmetrical distritution of conductors- near-the frame or loops. The:initiali choice of-site
:is most important;-after calitration, -any change: in-the position of neightouring conductors
must te avoided.

() "Loops not at right andles-to and not tisecting each other.
‘The akove are liakle to cause error in zero, tlurring or-toth.

(d) Aerials wrongly comnected to goniometer (the zero appears-in‘the wrong quadrant),

(e) Pointer error, causing a constant ali-round deviation.

(f) Repeater scale on goniometer Leing out of step with ship's master dyro. The operator - shouid
check this frequently. and.correct it if necessary; he should also know, and report; which of
-the master gyros is driving his repeater-scale. .

‘(g) Goniometer coils not-teing exactly at right-angXs-to each other. ‘This-is-the reason for
zeros-taken with each loop separately not teing 90° apart. A new goniomcter:is requited.
th) Lay-out of instruments in the D/F office.
(i) Tt is essential-that-the E M.P. produced in the: amplifier-should eriginate entirely
‘from-the search coil (or rotating frame). -Tt follows-that, not only must-the whole
office e effectively screened tut there must ke no direct induction- from-the asrial
leads=in, owing-to-insufficient spacing of gdear. ' Fither of ‘the akove cauge signals
to ke heard whatever the position of search coil. (or frame) and so tlur the zero.
(ii) cpacing must also te sufficient to prevent any mutual induction tetween asrial leads
.in or tetween correcting-inductances,. as-this may introduce an error in the zero.
-{iii) Mutual induction: tetween the gdoniometer primary. and-the tuned circuit: wouid cause
. zeros-to'te not exactly 190° apart. With modern-screened goniometers-this-should not,
ocour provided-the-screen: is:earthed and-the doniometer is-at least 18 inches: from
other. instruments.




LA4 DfF ERRORS

CHATNTTNANCE OF ACCURACY AFTER CALTBRATION.

‘The process of calitration eliminates:errars due-to faulbty gdear and’ det.ewm nes-the necess-
ary correcbions far quadrantal. error on all frequencies. The following points must, however, oone
tine to receive avientiocn, and "check cal 11:“at1c)ns" should te carried out periodically..-

(a; The pointer must not slip,

{t) The position of the loops must not-bte altered in-the amallest degree. If the team loop has
to te slipped for toat--hoisting, it must ALWAYS te correctly replaced.

(e) ALl switctes -terminals, -ete., must te kept scrupulously clean, 80 as 4o keep ohmic resist-
.ances down to their proper valueq .

{d) Steps should be taken to ascertain whether unavoidutle: changes such as the elevating ami
training of guns, movement of davits: between see and hartour positions, change af stowage
of paraffin drums, -etc:, have any epprecistie effect.

{¢) The main aerial is so clioss to the D/F gear in most ships that it is almost certain to
affect it. :As it is insulated:in-the office just telow the deck insulatar {in Type 368
ty removing the top link; during calitration, it MUST te in the same condition whenever
‘bearings are-taken. A receiving aerial tuned to-the same freguency as the D/F set may alao
cause an error. A rotating:frame colil fitted atove the main aerial is gdenerally free from
‘these limitations.in which: case:aerials:need not te insulated. R




