From: Hesdnunrtars, Sonatal Jommand,
To: Hendqurrters Nos: 15, 16, 17, 18, ~nd 19 Groun,
" " R,AF, Gibroltr,

! " 2.4,F, Icelind,
411 Flying Stotions, 3qurdrens, 0.T.U.'s, ¥.T.U.'s
Jlet. Flishts nnd C.0.D.U.

5. of G.2,

Raf: 035/33/2.235,
Tete s th July, 1943,

MY IGLTION I AR BS202TS TO JQUVGYS,

ne rtteched repori derling with the antvigitionsl ropocts of eocorting
ccivoya for the noriod lst, lirrch to the 15th Octobsr, 1942 disclosoo
unsusnoeted 311inticnl distribution of srrors of romo megaituds,

rolirbls reags of ship-born: D/F axesnds 100 miloa
i to be mot whonovsr #/% qommunluﬁtlon is uatnblished, thu
ths srrors in afvignilon of rirernft nnd in the predictic

3. Tovertheleas, overy ondenveour muat be mads to reducs tho_1rflg?t10nf1 2Trol
of cirercft by the morns outlindd in tho roport nad agpoacirlly by tho usy of ~ate
thz importrnco of which iz clasrly domenstratoed,




et e

From:- Headgquarisrs, Conatnl Ccrmand.

Drito:~ 7th July, 1943.
Raf:-  QRS8/0C/R,235,

AVIGATION I ATR B3C0RTS TQ COIVGEYS,

The sttnched report decling with the novigntioncl #spocts
of “SGor‘ting convoys for the psrisd 1lst, Moreh tc the 15th October,
1942, hns beon proprrad by Profossor H, H. Pleskott cnd is
considercd 4o bo nost intercsting and valiucbla,

2. Instructions hove bosn issusd to Units to put intc effect
the lossons derived thorsfrom.
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WAVIGATION T ATR ESCORTS TO COWVOYS,
Iniroduaiion, The probability that an air escort mests its convoy depends

UPOF the acour ddf.W{fHﬂﬁhiéﬁ'tho'éiﬁdraf““is navigated to the predictcd position
the. CORVOY, the proxisity of the cenvey to that position, and the wethod
by which {he aireralt Sodddets its s¥Erel; In an earlier rvpor (ORB/CC Report
o, 182) it was establis h@d that for the period July %o December 1941 the
probability of med uinn-accre“"co from some Bl wer cent al: 200 miles to 50 yer CEnt
at 600 iriles ron,baqe‘ g it was concluded what a. considerable propordion of
thege failures was avoriﬁacgu1 to inmccurecy of airer “aft navigation. Mo
nforpation was aweilablé, however, to the compilers of Lu!.b-..u particular report
on cither the standard or the acouracy of the navigetion naintained by the
alrcraft i&»lﬂﬂ purz in ibGSu Orulﬁu, andg it was *hcru?orc not possiblc i)
indicate how the navigation could be improved, nor what eflect such lrprovements
would heve on the u:obablllty of m&eting,  There ig, thercfore, need for a
further investigation of hJ problem, and in the ore scnt “oport which covers
the period irom I March o 15 October 1942, are & scussed in successive sections
the standard of aircrafs navigation, its accuracy, the obscrved and antlcipated
yrobebilities of meeting, =nd the effect on mecting of improved searching mnd
Coff iuproved navigation,

i‘j'

Analysis of Loss,  The navigation logs of aif escorts o ¢ voys should provide
gore indloation of the standard of navigation maintained .on uhe e sortiss,

The difficulty, however, is to discover an objective, uentifative and rapid
wethod of analyming these logs; +the necd for objoobivc and (uantitative anslysis
is obvicus, while rapid ana ysi% is required v the present instance on account
of stafT Limitations, The svandard mwthod of analysis 1laid deown in AP, 1456
wasuitable (Ref. l.n) end in ploce of i% the following almple nethod of
scoring has been aaopued. Jen marks arve given for a periect log, and these

re assigned cocording to A hw following schedule:

;,.s.

j%]

:

1 wark for drift determinetion made at the ro e of b pei hour, )

3 merks for wind velocities found ot thé rate of 2 per howur, Vclmcitieo
estivgicd from wind lanes ond drift ave counted as half a determinatien,

1 mark for accurscy in computation of wind, Py

I mark for evidence of and accuracy in changing froe indicated to true
alr gpeed, .

1 mark for evidence of the use of the astro COnPASS.,

? warks for cobtaining one asgtro position line per hour,

1 axl  for dbtaining one loop bearing or. W/T fix per hour.

In all W logs Were-available for analysis and these logs formed a large
and representetive sample (Ref,1,2) of all the sorties carricd out durdng the
period 1 March to 1% October 1942, These were warked only wor that part of
the sortvie which extended from the lest landfall to arrival in the cawoy area,
The freouencv Gistribution of the total marks thus obiained is shown in Table 1,
where the first colurn . contains the rark (O 25 refers to. lofs with marks
hetween 0 ond 0,5, 0,75 to lopgs with marks between 0,5 ond 1,0, and so on),
while the second colwm giver the nfwrher of logs which obtained marks within
these limits, The distribution of the merks is approxiwately normal, and the
arithretic mean wark for the 4hd sopties is 3,73,
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tnote,~ A non-patheratical account of QRS/CC Report Mo, 2354
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Pable L. Distribution of Marks for Liogs

h ¥Mark Frequency fi Mark Frequency fi Mark Troquencyl

0,25 2l 2,75 b2 5,251 b5
0.75 1 3.25 51 5.75 19
1,25 . 28 3.75 7L 6.25 9
1.75 22 h. 25 65 6,75 2
2,25 30 Lo 75 55 7.25 2.

Toleal = LA
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Sore corc ls needed in the interpretation of this wean wark, hile it is
true thet the aversne standard of navigation within the Comemend iz only some
37 per cent of that laid dovm in the foregoing schodule of warks, the schedule
iteelf énes not neceosorily ropresent a correct or an ideal asscssment, Other
schedules con and indeed hoave boen drowm up; for exmmple Group,Qaptain
Richrrdson of C.liav,0, is now making enalyses of logs on a roughly similar,
though more cleborate system, which incorporates information fro station
records, ©The importent thing about all such systems of snalysis is not then
the mark, but the deficienciecs in the standard of navigation which the mark
is o weans of revealing,

Deficionsice in the Stendard of Favigation,  Jor the periocd wnder review SOme
six parks on the averape hove been, lost, i exaicdnation of the wmarks in each
of the seven categories, in which the schedule is divided, shows thet there

hag boon en averanc loss of dwo warks for wind velocities, one mark for the

uge of tho astro coipass, and of nearly three morks for the.uss of astro and
wircless nids, ™e loss of warks for wind-velocity determinatlion is a result
pertly of infrequent wind-finding (ln 79 loge, or 1B per cent no winds were .
Townd at all), and portly from tie use of wind lanes and drift as o méthod of
wind £indine, On accomnt of their insccuracy the latteyr are cowrted as only
helf weipght determinntions, so that if the method is used fraquently it results
in a low rworase moark Tor wind devermination, A exarmination of the ik logs
chows +hot this is the cese; . of 3001 winds found during the oulward rum, <tho
search nnd the patrol, 7hly werce found by multiple drifts, 379 by other orthodox
wethods, and 1878, or move than 62 per cent, by estiwation froi wind lenes and
arifs, The loms of one mark Tor use of the asiro compass 1s a reault of the
fact thot this check on the accuracy of the pilot's compass has only been
applied on 13 of the ik sorties, Fianlly in two thirds of the sorfies mno use
was wade of astro or wireless alds, while in the rexaining third the use was
g0 infreguent that only one mark out of a possible three was scored, leadiny o
an average loas of 2,7 morks, A detalled investisation (Ref,1.23) shows that
there is no sigoificont difference in the reported cloudiness on astro and
none=astro sortics, and further that sowe navigators manage to take sishis on
iore than 60 per cent of their sorties. T4 is rcasonable to conclude that the
infrequent usc of asbro navigation is due, not so much to lack of opportunity,
as 0 Failure to make observabions when the clouds permit,

he log analysis hes thus shown that during the period 1 Harch to 15 October
1942 navigetion on the ouvdward run %o convoys wos characterdzed by infrequent
end inaccurate wind finding, and by so.restricted a use of astro navigation,
the astro compass end wircless that these aids could have had io offeat on the
average standard of navigation,. In short navigation Wos carricd out in effeat
vholly by D.R,, end this with inaccurate -sround speed on account of the use
of wind lanes and dxiit, T+ 48 of interest to compare thesc results with those
found by Group Captain Richardson from his wmore claborate systew of analysis which
covers the whole time airborne and refers %o the period 1 Decarber 1942 %o 28
Tebruaxy 1943; the %wo sebs of resulfs follow:-
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This comparison is of intercst not-so n'uch' porhaps, bucf\U a¢ 4t shows on

immroveond in navization 4n the wmore rcc«*nt pO"".LOt hou’ﬂ this is encouraging,
but becaupc it shows how road:;.ly sa.m.plu wethodrd of "lov anelysis lend thacsclves
to an SSCHST'.".Gﬁb of the gtondard off 11("\:"\.”&\;30;1 holding within u,he Comirand &t any

oiven time, Tt is of the greatest- )ovtmcu if navightion iz vo be kept at
its Dresent level, or better :iznp:govccf.,‘ That such loz analysis should bo

continuously maintained by C,Fav, 0, e
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- 8éc, B, "ilhe Lecuracy of N&V'L'“&ul@l’l.
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T

Sonvoy Drrorse "‘hc; acouracy in a:chr 2wt navigation on uhb runeout to the convoy
may be found Tror the difference in po sition. of the uomroy, at the time of
weoting, as g;vcn by itself and as given by the 'n.rcrut in the navigator's log.
This difference in- po 1531011 1s a Gombined Brvor, due td %the one hond to the error
in the convoy positicn; and on the eothor to bhe aireraft navigation~error, the & -
iatter boing the quent 3.'LJ in which we are intercsted,  Theé convoy POu.’lt.lO"’l at
the *time of meéding is found by interpolation between two 0800 pOSlblol’lS the
latter beiny teken Ifrowm the log of the gonyoy Comrodore and o\'lppllC;CL to" 0.R4 o. '
by the rale Division, ud::.qulty The convoy orror, whose [JI‘OPL.I'ulCE: we mus
lmow if we are to nsola the aireraft navigation-error Trom the ‘Corbined Error
therefore arises irom two zources, the error in convoy navigation and the error
in intor'oolation. The error in convoy navigetion depends upon the error in
its lagt astro=fix and upon the error in DR, navigation wede since that fix;
its sime may therefore be talken (Wwf.2,11) 4o be :mdependcﬁt of the distance of
the conveoy from- the British coast, and its direction to-be 1nc1<,pcnocrﬁ, off the
direction of the couvoy track, The interpolation error arises from the . .-
r""‘”Lt.’LPulDﬂ necessary in the absence of more precise informationy that the -
positlion of the comvoy at the tike of meeting may be found by 11;16&::‘ intorpolation
be tween the two appropriate 0800 positicas siven in the Cm:n*oc“or*'w lozy this
apgunption is c.c;‘ua.va].a:lu $o supposing the convoy to have travelled in a strno_ht
’craek at wnifor speed between these two positions, Idke the crror due’ to
CONV Oy :1_avzi,aun.on, the interpolation error in amownt wWill be independent of' the
c‘t:u_s tence of The Convoy fror the British coast, and in dirvectlon be indepcndent
vhe Cirection of the convoy track, =o that the total convoy error, the vector
su of thesc two component ervors, will likewise have these vroperties.

Combinec Errors, Convoy positions {rom the Courodore's logs werc available feor
105 of the W4y logs snalysed in Gec,d,’  The Couwbined Brror, Celined to be the
differvnce in Jt:he position of th co:nvoy o5 dnterpolated I“r-c}h the Conrodore's
log and as :iven in the airoray log, may then be found for each of these 105
Cc..uuo. T 4fter the yejection of four obsomra’clons (Tlcl 2, 21) the remaining
Corbined Frrors were divided according to distance, as shom in Table IT, into
vhree roughly equal groups; the upper half of thisz table give; in successive
colurns the sroup nudber, the murber of sorties om which 1t is based, the range
in aiveraft distances flown in this group, the moan 1*-1_135,@ (expre&scm. in units of
100 n,mwiles) , ond Finally the mean track z true bea 7111g) of the aircraft on its
ra=out to the convoy, The distribution of Carbined Errvors for each of these
groups im shovm 'maphn.c'xlly in Pig,1, where the origin is in each case the convoy

1L10n, as interpolated frow its ovm. log, while the small circles give the
c:omoy ofltion a8 reported by the aircraft dn ite log. Proft this figure it~
will Do seen, first that the di s’.:ribuuion of Corbined Lrrors is oll:a.p‘tlcal and
segondly that the size of the elliptical distribubion increases with incr eau:'mgg
c"_is""mce of the aircraft frow its last landfall, These grophical results way be
Put in o gquantitative form by finding the x and ¥y caeponents of the Corbined” _
Frrors, where a positive x component lies 4o the cast, and therefore frop the mean
track of the aireraft as given in Table I lies up the aircralt track, and where
& positive y component lies to the ;}.OI'bh, and tharemre acrozs -the a:l.rcrm track
to starboard, The cenire of gravity (w;o, yo.) I the elliptical distributions
wey be found (Ref, 2, 3) from ’

Sur of x components L : .
X o= Z L ZOmpOY . . Sur of smonent :
: s = - Sum of v corponents
o Hurher of % components Yo TR e %;f y‘ Eowptments’ (1),

- A . ’
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lower hell of Table II, It will bo nobted that the velucs of %, and y,- arc
k% K h g : o LT T :

not eignificantly Ciffcrent frow nero,

Mable IT. Corbined Errors as Punchion of Distance,

Groupy lNo.Jorvics Distancos| Reisan Dist. Hean Track
N. .
I 3% ] 90 .23} L75 2707
TIof e o0 B W .2 ﬂ - 310 2 O e 259
- ITT 33 L= 700 1 4,26 261
eaun] S M :
Group|. . X, - yq . * . (3’:,
. R R LI n, T Do
I + 1,2 + 3,2 | + 16,0 + 13,6 "
' IT + 3.7 - 2,0 + 21,2 ’ + 12,1
TIT + 1,2 - 50 |25 + 18,3

“or in other words the Gorbined Rrrors show no efiect of systematic error.

The value of 0;_ iz pcrcen tibly larpger than, awserical evidence for L;h"‘

ellip L.lb:ll digtribution shown graphically in TFig.l, while both &, end O

incressc with incressing distorce of the sircraft from its last landfal

HJc‘cm. fh se valucs of U and I, the atandard deviations of the Corbinsd

Brrors along and across the alreraft track, it is possible (Rer,2,31) %o

corzpute’ the ellipses vhich on & normal distribution of crrors should contal

50 per cent and 99 per cent of the Corbinecd Errors, These ellipscs are mhowu
ul.

in Mig.l, and it will be noted that the Corbingd Errors show ag Glosely &
'1

r

norwal crrer ‘Gistribution as would be expocbed from such small samples,
Lircrait E‘-Tm,l,cr;xulonv- rror. - The Coubined Fyror is the voctor swr of the
Indspendent ervors due to cowvoy error and nircraft na*\r_-ua-i,lrm-or:.o Fron

the prv\rn.oum digeussion it is knovm "I;ha the canvoy error is 1:3(1011.1‘1&531‘[? of
distence and direction, while the alreraft navipationeerrom: on the other
hand, 1ust inercase linesrly as the dictence flown.,  This follows from the
digeussion in Sec.i, sinec it i lmown that in eifoct only DR, navigation
was used In all the sorties made during 'l:hi particular peried, Ve may
’chc«; relfors write the standard deoviations 'bhc: Gorhined Brvors slong and
acrosg the aircraft ’rraclf in the fol lO”\D.llﬁ £ um:‘ (Rof, 2,4

. . - - ' o -;__ i
{“.f'_" i (: + {'“?."1. e f'\\ R CL’.(‘n‘n_L:}- Lifb- ti' Lil

x

i
{.'.T'",gr
where O is the standard Geviation oi uhu convoy crror the same in all
dircetions, while =, = AR a:r\u.ﬁ' = A R are’ the uwndard deviations of c_x:p_:m alt
navlgstl on--crror alon il a c.cro,;s ‘thg aiveraft track; R, of course, is the.
distancsd of the aircraft’ from ity ;Lmt Landfall, c,xprcuocc" in wnits of 100 n,
rmiles,  Insorting numerdeal yalues from Table 'EI in these expressions and
solwing hy least squares we Pind-

3

(.;l +.¢3'L . | /\\ F\. - ‘»Af.‘tc:.*g 2/ Evul

L

l o +‘~- ,t ) "("'f\ 'Ca k132 nomodes,
U}.;: FRr R bg' R oo : o

Thus, by waking use of our kmowledie of the nature of convoy errors ahd
nireralt nevigation-errors, we have succeeded in dissecting out the latter
fror the Combined Brrowvs,  The mumerical values of the standsard doviations
iven in eqn, (4.) con be ugad (Ref, 2, _)1) to caleuniate the dimensions of the
- ellipde which-will combain 50 per cent of the aiveralt navigation-errors,
The semi~axis major, vhich liss along the aireraft track, twme out to be

6 ot el AT hhe A4 eknmes £ A LT e R B B S O R R e Tas arntaa e dlus daanald
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sec, G, The Probobilitv.igi.diceting,

- - 4 ..
Obsorved Probobility of 1iéGting,  OF the Wk sortics, for which aircraft
logs howve becn recelved and wgrked, only 7 referred to aireraft which, for one
reagon or anpther, returiied to base before reachins the convoy area,  For the
ropainder, ths pgrcentare of sortics which met their convoys are shown in Table
111 'SHCCCGQiLE-ColumhéTih the early part of this teble show the distance mroups

in which the 437 sortiss have been divided,” the vean range R (expressed in wits
of 100 n,iilds) of the soruics ‘in each sroup, and the percontape of these which
et thelr convoys, ~This percentare, p, is a closely linesr function of the

cistence run, aid a least squares solution of the date “dven in “nble IT yields

the result . , -
p=too-{s15+03)R - ..(5).

he tion of the scarches, all bubt 8 per cent of which wgre carrvied out
by the stendord C.I. A, method, is shown in the latter part of Table ITT, Tor
the mets this duration is showm by giving the percentose of sortics with
searches of 0 hrs., of 0,01 to 1,00 hrs, and greater thon 1,0 hrs,; it will

d that 40 per cent of the sortids, cven at the extreme range, mect thoir
convoys without walking any setrch., For the notwiets, the mean duration of
the search is shown in the last column of the table, The curation, as well
as the effectiveness of the C.L,4. scarch depends upon the visibility; it is
found (Ref.B.l), whether the ssarch is carried out by A.S8.V. or by cye, that
the visibility wey conservatively be estiiated to 1lie between 10 and 15 n,milea.

Table IIT, Heeting of Convoys,

. : : , ket Sortics Hot-et sorties
Range | Total no. Redean | p=Perceniage Percentage Sorvies with: Mean “eorch-

sortles| Distancd liet kﬂ_Sfaxgh,Dux%iiQuh;:;M?m Duration
o

Db ool ¥00
R L9 P N B ok
4200 160 1.2k 86,8 57.6 31,7 | 10,7 3,12
200-299 13k 2.48 86,6 L3.1- 41,k 15,5, 2 .92
500599 &0 3.36 81.2 P ALE ) 40,0 138,5 1 2 40
J00 | 83 5,05 76.2 39.6 35.6 1250 - 1,,90

Brror in Predicted Position of Conwoir, The observed probability of mecting,
given in Table IIT and equ. (5), mey be campared with the probability to be
anticipated from the accuracy of aircraft navigation determined in Sec,B,
provided the crror in the predicted position of the convoy cem be found,  To
find the latter, the difference between the comvoy position as given at 0800

in the Comrodore's log, and the predicted position ior the smre tins as given in
the Liverncol Torw Vhite, wmay be used, Thie leads to a Cosbined Prediction
Error, made up of the error due to convoy navigation and the error due to
prediction proper, the latier being the guantity in which we arc_intercsted.
The x and y components of the Corbined Prediction Evror, x measursd along
the convoy track in the dirvection of its motion, and y measured across the
convoy track to the port beam, may be used 4o find the eentre’ of srevity of the
distribution of these errors andrthsi@‘staﬁdarﬂ deviations, The results, )
derived from eqns, (1)Ja A (2), are showm in Table IV for .50 inwerd snd 33 -
outward hound convoys,  From the valucs of Xo and y., , it will be noted that. .
thers is a systematic error, the convoy being predicted tolie some.l2 n,ilés
Turther from the coast than its position as given by the -convoy Commodore;
Turther it will be noted, since the standard déﬁiation,gi%, along the convoy
track, is nearly three times as large as Pw s 2oross the track, that the
cistribution of these Cowbined Prediction Brrors is highly elliptical, - -1crd
aetnlled investisation (Ref.E.Ql) shows that the accidental part of. this
Corbined Prediction Error is independent of the sir-distonce of the COnvoy
from the British coast, so that a geporation of the prediction error proper
can only be effected by an indirset method (Ref.E.ElS. The means of upper and
lower limits %o the standard deviations of wrediction ervor proper are fhen
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- Mable IV, Copbined Prodiciion EBrror,

| Convoy | Ho, Xp Yo - s ' Pﬁf
Toward 50, -11.5 # 3.0 + 1,0 + 0,90 + 314 I + 9.8
Outwerd § 33 +11,2 3.2 | =50 1.4y + 26,8 1 + 11,8 |

snbicipated Probability of Hec ing,  The ahfici"pﬂ.’ht‘:& nrobablility of necting
o convoy, kmowing the areo coverod by the C,L,:i, scarch, ay bo found fron
the following considerations,  With oricin as the predicted position of the
convoy, and x and y axes {irccted rospectively along the convoy ireck towards
Great dritoin and to the lofd of the track, the actual positions of the convoy
show a normnl elliptical distribution, with stendard deviantions given by eqo,
(6), and this distribution is centred on o centroid displace” from the origin
by the systaratic errors of prediction, with.the appropriste sizns. in
alrereft flies out on escort duty and af B,%.24, prodicted position has, hoceuse
of it cwncnavigation error, co~ordinatesx’, y*; about this position it
carries oub a gtendard C,L,4. zesrch. The probability that the convoy lies
within the area of this search, centred on %', y', wmay lumediately be
- caloulated from the nomsal elliptical distribution of eoavoy prediction errvors,
The probalility, however, that the sirersit arrives in an elementary rejzion
centred an x7, ¥’ is riven By the norwal ellivtical distribution of aiveraft
novigntioneerrors vith stondard devietions given by eqn. (4).  The product
oo O these twn independent proboabilitics is then the probability of meetin: the
eonvoy when the adveraft drrives at x', y* ;but the aircraft may arrive
ot any point, and consequently the total probability of meeting is the sws of
the seporate probabilities of mecting, one corresponding to each point of
arrival of the ajrcraft, e

Petails of the wode of calculation,
Rel,3.3), and heve it will suffice %o
convoys, are swintised in Table V¥V,

which is exact, arc riven elscewherc
oiwve the results which, for inwerd
The tahile is divided into two parts,

the first half for' the standard C,L. A, search carried out with a visibility
. t owr . b . -
(AB Y, vor aye) of 10 n.mles, and the gecond half for the same search with

& ¥isibility of 15 n,miled, ™ The second colwrmn of the table gives the
distoance, R, of the alroraft, in uwnits of 100 n,iriles, frow its last landfall,
the third colurn ~ives the anticipated probability of meeting, ¥y, onleulated
2y the ahove wethods, while the final coluwn sives the cbgerved probabilits
of mecting from ean. (5) & Pq, i net

(5),  Tho antlcipated probability of nmeeting,
enly definitely sraller then thet observed, but also shows little dependence
on the fistance of the aircraft from its last landfall, & clue to the ordsin
of this discrepancy is given in Table YII, wherce it iz shown that on the aversse
well over 40 per cent of the sorties méet their convoys without any searching,
This must De a consequence of the practice of flying along the track of the
Anvtilcipated Proboiility of Mecting

(Inward Convoys )

Table V,

1 i

' ; i : Obs, Prob,
Vis, R Py Fo P=f e B} of Mooting
10 n, . 1,50 0,560 0,283 0,83% 0,922 1
3.00. 0821 . 254 . 775 8L
h.,50 32 N S -, 71 767
6.00 Lo l91 2112 , GO3 .590 |
15w, 1 1,50 0, 560 0,372 0,932 + 0,922 |
3,00 k2 « 338 . 880 845
L.50° 643 170 813 767
1 6,00 : 0552 i +159 r?ll L '690 !

convoy for some distoncoe prior to reaching the initial point of the C,L.A.
search, uring this part.of the run, vhich may extend 100 n,wiles or npore
to landward of the p¥edicted nosition, the aircraft iz autowatically carrvines
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ziven in the fourth colurn of Toble ¥, and it will be noted that there is a
quites substontial prebability of meceting hefore the commencement of the C,Tnd.
soorch,  The tobal probability of meetinyg, P, is the sws of the wmutually
exclusive probabilities Py md P,, and its velue is given in the fifth colum
of Teble V, Comparing this anticineted ﬁl“Obr"s.)lll‘by of meeting with uh\{.‘a’t
observed, it is evident that there is cxcellent agreewont Cor a visibility
distance betweerr 10 ond 15 nemiles, - This arrearnent affords satisfactory
cvidence of tho acouracy of the aircraft n&vur tion~errors found in See,B,
and the prediction srrovs found in this section; it is therefore lepitimate
to use these resulis to find the effect of improved searching and improved
airceraft navigotion on the probability of meeting,

Sec, D. The Probabilityv of Meegbing for Ipproved Searching
and Nayipetion,

Constant-Probability Secarch Area, t is of some interest to find the size
of the area which imust be zenrched in order 4o have a conatont -vrobab:a_hty

of i:eeting, drrespective of the distance of the aireraft fror its last = .
landiall,  Assume that the aircraft 11a\71u.,‘i:ion-crroi~s are as found in Sec.B,
and that apart from the systeratic crror in prediction, which can readily he
reioved a8 goon es the predictors know of its E.Xla'tCI}.GO the accidental crrors
of predicticn revain as found in See,C,  Then by an awpl:l.cntion of the
rethods described above (Refi3, 141) we #ay calculate the area over which a
search mist be extended to-have & nrobﬁ bility of weeting of 0,95, that is one
convoy in 20 not met, The roaulus are "siven in Table VI for two cases, one
where the aireraft brack is parallel to that of the convoy, as is the case for
convoys HX, 3C, (N, 03 and G, 3L, GG in the Bay, and the OuhOl" where the
aircraft +rwclf is, ‘")CI‘QbI‘ﬂlGulElI' ‘%;o that of the convoy, as is the case for
convoys HG, 8L, 0G when met west of Irelend, | The. first column gives the
distence R 6f the aiveraft from its last lendfall, expressed in units of

Table VI Sesrch frea for P = 0,95 -

I

AC Track: ff Convoy A/C_Track mrl Convoy
.R e - 1 - ' :__ - -
' ' I ! Convoy l_ﬂfm Convoy H Convoy | | Convoy
. _ N, . Tt ., |
CLe50 67 23 L 65 27
*5,00 74 ' 27 67 L2
L., 50 8. 3he 69 59
6,00 - 97 4l ‘ 13 76
7.50 111 9. - 78 9k,
9,00 - 127 57 8l 112
100 n,:miles, while the secohd and third colwms rive the distance,

re;mectlvuly parallel and perpéndicular to the convoy traclk, on elther aside of
the vredicted nosition, over whlch the search must be oxi mdoa in order to
have the required probability of wmeeting;  these two columns refer to rarallel
cireraft and convoy t}:‘ﬂ.ﬁl&u’ while the fourth and fifth colwms give similar
¢lirensions for perpendiculer aircraft and . convey tracks,  From tho table it
will be seen how sensitive arc the ¢imensions of the search arca G0 who
clrcurstances of mweeting;. not only y do the dimensions increase rather more
f'm,i,uly than n'conurulonatcly to the distence flowm by the aircraft, but in the
cese Of perpendicular sireraft and convay tracks the search area chan 1Ges from
a rectingle along the convoy track, to a square, and then 4o a rcctan sle
-J(‘I‘l)e"‘dlCLﬂ ar to this track s he digtance f‘lcwn increnses, These chenges
in the constant-probability sesrch srea are of course a direct consequence of
the linenr irncrcase in the airera™k natd enhd Atmerrem mrdFh o A3 cdeman 6T e
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oI’ D R the search I_’L‘le't be conducted on stra ight tracks, thore appear to be
Yo smadn fores s one the C.L,4. scorch and the other a forz of Jur ack svnrch
uum eated by Group Capbain Ri chardson, - These ave showm in Fis.2 for a

rectan 'Ul"i:‘ search arca with semi~Gizensions of 100 by LO 11.?110“

(cor ponding closely with the P = 0,95 senvch=area at a distance of 600

1 ,1“‘8, for parallel- umcl“?), the searches beins asswred to be conductod xr_uh
a -:1513111‘,_1 of 15 n,miles. - By o slple extension of the methode outlined in
Pec,C it is possible fo coupute the anticipa c,u» probability of weoting as a
finetion of thc time fron the commcucoment of the s scarch;  these anti C1'Lz‘.'tr3c1
probabilities for cach of the two jothods of ua,n:ch arc showmn in Pig, 3, the
Sréinate’ bédine the '}robabllray of meeting and the abeissa the time fraw the
comizencoment of the seavch, e .cor:pumt:l,on is carried out for the aireraft
naviation-error and the accidental crrors of prediction found in Sceu,B and C.
Fron* “chc firure it will be seery, as ‘should ind be_the case, that Hy the wnd
search cach 1-"01,*‘:;1.‘«. a.oh:l_c"c-. a wrobability of cecting of 0,95, but,

: :cmff“'if.”f' TSGOTGR CFeeps horo first, the track scarceh Tor the ;reater
part of the peried has o far hir dher probability of meetin-, Thus ot the end
C Gt one hour the. track search has a probability of irgeting of 0,42 as
c:.ontr'zsteﬂ with 0,08 Tor the C,L.4, search, vhile at the ond »f two hours the
cotbive probabilities are 0,64 and, O, _)?. Iﬁ this case the racc is +o the
sdlt s a:uJ there can be no doubd that the track search providesz the iore
efficiont rethpd of findin: convoys, Elsa,uherc, (ef.3,41) Cetails are Ziven
of trro sinple and practical track ‘seorches, desi; pacod hy the letters 4L end B
which cover ni reralt. ranges respectively _Ll"Ol_. 150 to"L50 n, ]..LlCo, and froo L50
to 750 n,miles, e’ which slve *)roba’ulwms of needing in ecxcess of 0.90,

Affect of li.:w"ovc& 1‘,.\71;*auio_ Vhile the track scarch, described above s
attains a hi‘h probability of meeting near its commencorent, 1t is important
to note that the anticipated proaao_l_lluy of 0,95 will only be reached -wrovided
the scarch is, when necessary, actually carplel ted.,  asgweing a speed of 125 k.,
axk a 'vlsm:a.luy “istance of 15 neitiles, she curations of the completed track
searches 4 and B are respec unely 2.0 and 4. 92 hours , while if the wvisgibility
is 10 numiles the correspondin, Fimes arc 3,68 and 6,71 hours. Improved
searchisy; 4 this 8 strhevhat illusory ethod of increasing the probability of
meeting, for the ;ain is oaly wade ot L,he cost of a cor ,aponrhn' reduction in
the. $ix .e available Tor escort duty, = 4 hich prohabliuy of wectin., tosethor
with a lare Traction of' the endurance available For cscort duty, can only bo
uCQLLI‘_:fEL. i, cm.-m_ac,d with the track search, thore 'is a basic szproverzont in
adreralt Tl(_..{l conion, .

While limited improvement in aircraft noviation cen be imedidtely
ef’fected by the use of mm ltiple drift winds and by the full use .of the two
ibiate dntesratin - ik, IXA Sextont (Rm. 3023 , the most substantisl improvement
wrowld r't,.au'lt Tron a rodification of the Mk, IXA Sextant to eliminate the
observer's nersonal equotion.  This oy be expected (A, CFC.(’L. 5.E. Ros,/172)
Give a pin Lo position line with a FQ per cent accidental error of + 1,6 a,niles,
and a .sye Berandico error of 1,0 Tl,i..llem or since. u},u,sc orrors ave Independent
the avera e 50 NOY cent error would oc -h ’;]'.,-(f -5,1 1.8 n,mdles, equivalont
to a standard lw"mblo'l ol + 2.8 n, milos, This crror is independent of the
alstance of the aireraft fros bnd, so that astro fixes frop Wwo verpendicular
posdtion lines will show a cncular distribution of errors with GrwiF, o= 4 2,0
N, lss, The rectanular scorch oroa at any distance for a 0,95 probshility of
weeting will have sewi-dimensions of: 6k..5 by 15.2 n,miles » Tespectively along and.
aeross the cowoy track (Por :3&*‘"1110] Fdracks n), sa that track secarch B could be
revlaced by & search Galcin,; approxins ately 1,2 hours for visibility 15 niiles,
or 1.7 hours for a vi sﬂulwy of TJO n.wiles,  These durations are comparable
with those now taken ? oy the standard C.L. A, search, so that ag jmach tirme would
e available for useful escort duty as at DI'eSent, fireraft with dmproved
agtro-navi-ation would, however, h wWaoa ﬂl"ooéﬁlllt')f of weeting of 0,95, as
contrasted with 0, 6% c,i. 600 nox "L given by the present stancerd of navization.

The comsiderable padn.in effici ency which improved astro-navigation wnkes
pousible will only bo realised, provided the limitotions on the use of astro
are not too crippling, Thega lln":x.ta tions arise from the circumstence that, on

or one half of the day sorties, only sin le position lines can be obtained
the moon iiot biaine D.V"tll'\blb) and frow the fact an. astrom-: ;1 htu cannat be
E‘.I{Cl'l in bl...t'l**t.(_.ﬂ’th cTonrd "i‘n.*: AP smde A Lla e BT e L v v
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Limitations there moy be, due Vo cloud, ctuld he nlmost wholly eliminated if
the operationald hel:ht of alreraft were vaised to 5000 feet, that i above the
top of the lower lyins eloud leyer,

Agsure thot of 100 sortics with juproved sairo navigation avellable, the
gffect of thesa limitntions would be to nesessibate the use of DR, navigetlon
slong on 33 sortiss, = o saffe wpper 1imit, Then the total number of mets
would be 67 % 0,95 + 33 % 0,69 & 86,3, whore 0,95 1n the prohability of meeting
for lmproved sstyvompnavigation, and O,gﬁ? 48 the probebility for DR, navization
(eqn.5 for R » 600 n.rdles), To set this seme nmumber of wets with D,R.
navigation alone, as is the cnse at present, 100 % 86,3%69,0 » 125 sorties
would hawe $o Be wades, or the mindmur cain in effficiency fraw the wse of
irmproved astrosnsvigation would be 25 per gent,

Gonslusions and Resomsendstdons,
It bas been show thatse

1) The stondard of navigation within the Command for the peried 1 Mareh
to 15 Oatobor L9%2 is chapscterized by infrequent wind daferminetion,
and by the use of the inacouralte wethod of wind lanes and drifd,
Antro end wireless alds to povigetion are wged so Infrequently o8 to
e on the averarze inafTeative in Awproving the reswlts of DR,

2) The eyroxr of alveraft wovisation is found by o ecsparisan of the
convoy position ap piven by the emnvoy Commodore and as Yownd by
the alzeraft navigator from his DR, One half of the errors ave
eontained within on ellipse of semiwmaxls wajor, lying aloag the
alroeralt track, equal to six per cont of the distance flawm, and
of somimaxis minor of threec per caent of this distence, The
prentey inacouracy along the track is evidence that the gowsd speed
is lown loss nocurately than the $rack, and is what might have been
anticipated frox the lnfrequent and inacewrste wind finding,

3) %he cheerved prabability off meeting o convoy decrdases linearly as
the dlstence flown, and av 100 n.miles from the last landfall is
95 pay eent, ot 600 numiloes,69 per cend .  The anbieipated
probaldlity of meeting, ewactly saleulable fran the knawm sjrveraft
aavigation~error, fraw the error in prediction and frae the wethed
of search, agrees wvery satisfagtordly with thet observed, and thus
confimny the sccuragy of the alravalt navipationwerror,

h) A trosk seaveh pives a Mlcher probebility of mceting in its earlioer
stages thon does the G.InA, mesrch, A probability of mectin: of
0,95 by elther method of seavch is, however, only attainable at the
expenss of time othexwise avallable for essort duty, and in order
to retain both a hich probalxiilty &f meeting and the maximyr tiwe
for eyeort duty, it is nécessapy to dirpreve tho standard and
securasy of alroraft navigetion, Improved astroenewization, full
nllownnce bedng made for the limdintions in its use, would _ive &
25 per cent increase 1 the efficlency of wedive longeranre escoris
ta convoys

It s vecomoended that

1} A continuous sheok on the standard of newigation within the Comuand
be paintainad, preferably by the wethods ad present in uea by C.Hav,0,

2} he existing £,T,A, scarch be sbandomed, sd standard treck sesrohes
ba substituied,

3) In order Yo ok tho highest possidle eccuwvasy in aatrorpavigation,
the parsonal squation of the obaerver be eliminated, elther by the
latrodustion of a weversing prism and geaw 4 the Mk.IXA Sextant,
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once the sights aré Gaken, of using then! to correcy the IR,
navigation, ! C S
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HAVIGATION TIT ATR ESCORTS TQ CONVOYS

SELIARY,

standart of Novisation., 4 simple method of scoring has been appliced to
the naviration logs of hhk air escoris to convoys during the perdiod 1 ilarch
to 15 Ocetober 1942; these particular sortiecs form a larpe and
represontotive sample of all the air escorts during this period,  The
average wark is 37 per cent of the nossible attainable for a not wduly
hich standard of navigotiony,  dnalysis of thesc warks shows that the low
scoring is atbributable to a peor determination of winds, over 60 per cent
of' which were found by the inaccurate nethod of wnind lance and drift, adl to
an alirost carplete nepleet of astro and wireless alds to nagigation,

gecuracy of Yavisation, The diff'crence betwoen the position of the convey,
vhen mot, as gjiven by the alreraft navipator in his los snd as qiven hy the
convoy Coxwdors in his lop, ic due to the error hoth of airerait navigation
i copvoy navisation,  Since the former varices as the distonce of the
alreraft from ites lost landfall, while the latier is independent of this
tistrne., it is possible to Dind the ereror duc to airveraft navigation alone,
These errors show sn elliptical distribution; the semiwaxis major or the
ellipsc vhich conteins one half the errvors lies alony the track of the
aircralt and has a ien(;;th gqual to six per cent of the distance lown;

the sceni-oxis winor, across the tracl, hos a length of three per cent of
this distonce,  The errors show a normal distribution and are such as
would hove been anticipated from the standard of novigation maintained
during these sorties,

FProbability of deetin::. The percentage of alr escortsz, which failed o
reet thelr convoys during; the peried concerncd was 5 per cent at 100 iiles
and increased linearly as the mucber of 100 miles Tlown by the sircraft
from its last landfall,  Sdch failure ie due to srrors in the predicted
position of the convoy, to errors in aircraft navisation, and to the wmethods
of search, An examination of the predictions shows that, apart from a
systenatic error which varied with the distance of the convoy, the
aceidental crrors, which are independent of distance, have a highly
elliptical distribution with standard deviations of 29 miles alons the
convey track and 9 miles acrosg it, Knowine the distribution of errors
Tor aireraft navigetion ond for convoy prediction, it is vossible exactly
to caleulate the probability of weeting o convoy for any siven mode of
searching,  Agrcemcnt of the observed with the ealeulated frequency of
meeting is obteined for the stondard Creepins Line Ahoad ssarch, provided
allowance is made for the fact that the alreraft mums up to the predicted
position alony; the track of the convoy, ead this asrecment may he token

as evidence of’ the accuracy with which the airercfd navigation and the
convoy prediction ervors have been deterrined, The mevhod of calculating:
the probability of meeting is then apnlied first to zhow the advantases of o
track search, sugnested Ly Group Captain Richardson, -over the C,L, 4, search
and secondly to show the offcets of Lmproved air navigation. It is

concluded that a wodilied forw of agtro-navisation, applied on all

]

posglble oceasions, would increase the efficiency of air cscoris to comvoys
2y at least twenty Tive per cent, ond since this would bo equivalent %o a
corresnonding inerease in the nwber of longwranse adrveradt ob prescent
attached to Coastal Cowmend, it is recommended that this moldified form of
astro-navigation e adopted ob the earlicst possible dato,
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WAVIGATTION TH AR BOSCORTS TO CONVOYS

In oduculoa

Aecurate naV1 ﬁtlon is a prb~roqu131£c to success in all the activitics of
Coastal Cowmmand,  In none is this more tirue than in air pdcort”to CONvoys
vhere, before the patrol can he commcnced, the convey must be interceptad,
on occasion as much as 1000 miles from the nearest land, The remarkable

success of thege escorts in ﬂrzvmnr the U~Boats frow the Testorm uﬁproach=ﬂ
is evidence of the accurr\cy with which Coastal Command alreraft are navifetoed
~over shord ddstances; what is now reguired is that still hicher degree of
aceLuracy in navigation without which convoys at mediuwz mnd 1on range camot
he et, let alone provectod,

In a previocus report (Ref 1) covering bhe period July to December 1941,
it was showm that the chccnuogc of conveys which were met decreased from
ok per cent at 200 wiles to epproximately 50 per eent at 600 miles from the
adyrcral’t base., Trow a study of the érrors in the predicted positions of
the convoys it was concluded that a laype part of these failures could be
attrituted to orfors An ‘aircraft nmv1“au10n, estimated ag 5 per cent of the
distance run, bui as no study could be wade of either the standard or
accuracy  of alrcralt navigation maintained during these s sorties no gpecific
reconmendations gould he advanced fOf_ifs hieprovenent,

The present veport g concerned aliwost wholly with this question of the
standard and eccuracy of aircraft naviration, the period covered being that
fror L March to 15 October 1942, The standerd of naWigation is cxamined

the first scobion by a study of a largs saple of navisation logs,
provided throush the comoperation of the Favisation Scetion of Coas ucl’
Comeand,  The accuracy of navigation is found in the second section by means
of the differences in pesition of the comwvoy as glvcn by the sircralt
navijzator and. the convoy Commodore, the logs of . the latter being provided
by an errangement with the Board nf Trade thrOUfh the GD~0ﬁernilon of Dr.
J.H,C, Vhitchead, Tho third and final section is conoorpcd with tho acLual
and caleulated probabilitlos of meeting, aand this comperison leads to
recomverdations for a change in the mode of gearching amu.uxth@ metnois of
navigation,

noar

Sec.l, The Standard of havmfatlon.

1,1, ZThe niethod, The standard method of log analysis is that laid down
in AP, 1456 (Chap,xxx). In this it is shown thet the Final Error in the
pogition of the aircraft at E.T,A temeinal point may, provided the winds
prevailing over the legs flown are accuratcly known, be analysed into vhai
are termed Caleulation Error, Vind Change Error and Other Error, A ro=
examination of the proof given in AP, 1456 shows that Other Error is due
to failure o fly the alreraft on the courses and at the speeds and heighis
required by the novizator, and micht wore appropriately be temzed the Pilot's
Error, This mode of a gnalj51o is, however, unusuble, unrepresentative and
meaningless, Uhnsable becange under opergblonﬁl COPQlthﬂS Final Errors arc
infre qucntly, and. ‘accurate winds nevcr, lmowng  wnrepresentative because
the apalysis can only be applied to perfectly kepht logs sco that the average
standard of navigation prevailing in the Camrand would he assessed ab too
hirh a level; ) imeangngless because ervors inscalculation, errors in
instruents and their use, errors in Judgrent by the navizator and
mistaices by the nilot havw all contributed to each of the analyscd Wind
Chanste Error and Other (Pil ot 's) Brror, so that no insisl into the actual
cause of failure of the navigation can he sained by this mdthod, '

irithout any kaowledge, however, of either the Pinal Error or the winds,
it is possible fror an inspection of the log to ascortain the nature of the
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1 wark for Culft determinations made at the rabe of L per hr,

3 inaxrks for wind velocities found at the : ‘95 of 2 per hr. Veloclitiss
estimated from wind lone and drifi ere counted as hall a
determination,

1 ark Tor accuracy of wind computation as checked on a Havigetional
COI:‘.‘,_‘UL.CT‘ Trom the date up;'aliecl in the lon, The fuld mark

is assirned provided the wind siven 11'1 the los oprecs with the
re=corpubdation within § knots and 109 in direction,

1 mark for evideénce and accuracy of the change fron indicated t
, I - true air speed, . ‘ '
I terk - for ovidence of the usc of astro compass to chéck the mammetic
. CORNNBEE0, . :
<2 mavks - - for ob{:a:mmg; one astro position 1im’ per hr,
ipark for the usc of any wireless aid (loop bearmf:; B/ D P
: - bearin; or.fix, ete.) per hr,
These 11‘““1"12:&' were agsigned only for that port of the sortie from the lest
landfall to the expected mectin: point w:ath the con\roy. For convenlence

in ,,ussequent discussion they vwiere entertd on a card, one space for each
wark, amd one card for a log, In addition the card carried the squadron
:,m.bw, the aircraft mezher and the names of the captain and the navigetor;
there weye spaccs for the day and the tiwe of flisht, the distance from. the
lagt landfall -to the predicted jposition of the conwvoy, the duration of the
flizht over this distance, 1nc:]uc13._1r* that nart carried out in darkness,

a set of spaces Tor 1..a.r1c1nr the ""o.mh, and a swimary of the meteorclornical
conditions as reported by the aiveralt and given in the Pomne Orange,

This method of marking proved to he both objoctive and rapid, While all
the loss were marked by one of the writors, ot least a quarter were markod
independently by the other: the-iwo sets of warks were in nood aprecrent,
The average time requiréd to mark a lo; was of the order of /15 mis mtes
though the complotion of the card, im *nlv:m* as 1t did a consuliation oi’
Forme Orange, FPormws Liverpool Thite and Crroup Nerratives roquired a
QONS 1cﬁcr:‘.b1,f 101 cer time, '

1.2 "‘he Rcsult,; of Lo Markino, “he period covered in thig andlysis is 1
Sareh-to 15-October 1942, Iurdng this period the totall nm"her'of_‘sorties'
to convoys, eXdludin, those riaue ?y Hudson alrceraflt, was 947,° Lons were
received for 13,4 mer cent of these ‘-:OI‘ll.On, of thg loas received oL1.0

per cent referved to nireraft vhich met their €onvoys, while in flc tobal _
of 947 sorties 79.2 ver cent, or rractically the same fraction, reftrred to
successiully weeting m.:craf"b Congequently if weoting he rejardsd.as a
criterion of good I’h""‘rlf ntion, tvhe sample of legs received-was reﬁre,sc.mativc
of the nm'a.f;utlon carricd out durin: Lh:.o peri oc}.. -

In mll }-!-11-)-!- Togs were ovailable 'for arkuug,. Of these soities 39 were

made by Hodsons 7 39 by Vhitleys, 212 by Sunderlands, 8 by Catalinas, 76 by
ortres:e.;, 72 by Liberators and 4 by Lancasters, The distribu{;ion of marks
recoived by these logs is shown in Table 13 the first colum contains the
micnoint of the nark interval, thus o nm-lc of G,25 _(n:ore accurntely ©,245)
refers to logs which had werlss bedwresn O and 0,49, a mark of 0,75 to logs
with marks beween Q.50 and 0,99 end so on, while the second colum rives

the numt er of logs with.warks within these limits, - The distribution of "t;_he )
warks ig. approxinately novmal with an arithmetic woen of 3,73 and a 50

ver cent error of a single Geévialion From this wean of + 0,36, The _
navigational standard requ:u_rud to reach the possible ATl of‘ 10 is not unduly
hich, and it is of some lwportance to sec vhy the averaze mark is only some
37 ncr cent: of this, -

1,21,  Feilures in DR, Navication., Referring back o the method of marking R
it will be seen that 7 oul’ oF Tho nosgible 10 warlks are given fox. DR,
aavietion alone, Recsonable prc-nowtion' of the possible wavks for drils
talving, for accuracy and Lor conversion of indicated to true ajr specd .were
ob"t,alnf“cl An the 1r~a,,,]or1t_)r of loes, The oubstanding fallure vas in wind
findin: for which 3 'marks were allotted. Thus in 79 loes. or 17.5 ver cent




Table IT. Distribution of Marks Tor Lurs,

A
] ) T
Lol r requencal! Ferk | Prequency || Merk i Treguency
0,25 20 ars | 5,25 45
0.75 1. 3025 51 5,75 19
L.25 - 28 3.75 71 6.25 9
- 1.75 Lo 22 PUR | )-]-o 2\5 65 ' 6'?5 2
i 2250 FAe30 ) LTS 55 7 7.25 2
' . I S . i —— '-! § \
R 7} .l Total o aak

76 per cént imde in dayli-ht throushout the averase wark wWas 1 22, In
a0cition to :‘Lnfrcducnt wind detormination the low mark for wind finding was
also caused by the use of wind lane and drift, which for "purnosu of markin
wags countsd as.only h 21T a determinotion, © Thus of the 3001 winds found in
21l the Ll sortics over the period covered Dy the outward run, the search
and the enpul;l,--ﬂatrol ?1,#. w,re found by wultiple drift, 379 by other - . 7
orthedox wethods, and lo?o, or wore than 62 per ceat, by estimotion from wind
lane and drift, This ecmumeration iff anythin;; wder-esticates the propor tlon
of winds found Ty wind lane and drift in the outward run, since it includues

the period of search and patrol: when the majority of multinle drift winds arc
found, “he half . mark siven Tor such determination is, if anythinz, an over-
estimate of their value, partly bgcausc of the unceit tain correction for change
of wind Airection with heirht (1no;.dentally many navizetors mske no correction),
i paxtly because of the possibility of sideslip vitiating the resuliing
wind velocity, ‘ : P

In additlon to the average of two marks lost for in:f‘rgqueiqt or naceurate
wind findin, there was a loss of very nsarly one wayk Dr the usc of the
astro copass.,  This siwple aid which permits o quick check on the accuracy
of the masnetic compass, cspec:mlly necessary’ in view of the difficulty of
iaking sround swinss of flyiny; boate,was only uscd 13 times in the hhh sorties,
or on 2,9 pe:c* C':E..ﬂl.'. of the oss:.blo occasions,

1,22, I?a.ilures in the Use of Favipationel dids, The resainin -+ loss of
marks occurred frer failure to use the 11av1'"'c:.“nal edd, prov rided by the
extant and by wircless, In 29, or ’_i:'ouf;nly Two L-hl]"("' of the sortics ’
no use as made of these porticular aids, while in the remainin - 150 the
averars marlkl scored was only one oul of a possible three - equivalent b

O &
loss on the averare of nearly 2,7 werks, Tailure to ot loon bearin s

or D,F, fixes is wholly due to fatlure by +the navi-ator to ot such
information fror the wireless operator, bul failure to et asiro sishis way
be oveagloned by cloudy weatl'zer. Thus while one or .other, or both, aids
werc used on 150 sorties, astro sirhés were only taken on 93 serties, This
su rests that the westher 1 may be the limiting factor ix the use of astro, =
consequently this question must now be exmzined,

1.23. Percon‘ta}:’e‘ of Cloud on Astro and non=istro Sorties, The
meteorolorical conditions in the convoy arca are reported in the Porps Cranse,
and refer to the conditions prevailing at the time as observed from the
aircraft,  Tor the purposes of this discussion these conditions wey be taken
as those holdin: throughout the dubvard run to the convoy area, The fraction
of the sky covercd by cloud is given in Table II; the first colum containg
the rid point of the interval of clouvd-covered sk thus ©,1 includen those
gorties with cloucf. rongin,: frow 0.0 up to 0,189, \Th.ll@ the second and third
colums ive the frequency of astro and nonwastro sortiss on which this
lrac tional cloudiness was observed, The total nuwber of soriies included

in the Table is 430; for 1. soriics no reteorological reports were available,
1t will be noted {hat the distribution of the reported fraction of the sly
coverct with cloud is in both cases warkedly J-shaped, Frow mebeorolozical
stulies 1% is well known that such cisbribubions are usuaily U-shaped, and it
may he concluded that the failure to find such a distribution in the present
waterial is a conseguence of a systeratic over-estinate of' cloudiness on the

e B =
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Teble IT, Trection of Clouwd-Covered Sky.

=

: Praction | Fregquency i
; Cloud '

Aatro | Won=istiro
0,1 | 9 e
0.3 . 6 ey 250

C.5 15 j 51,
0.9 51 268

Totals 93 337

$he frequency distributions of reporied cloudiness for astro and non-astro
gortiés are shovm sravhicelly in Pig, 1. The doata for this fijure are taken
Glrectly fro Table T, but, in plotiin; the frequency ordinaies for vhe non-
astro sorties have been reluced in the ratio of 93/337 in order to make the
areas wider the two distributions equal, Tho fijure shows that the
diztritutions of reporited cloudiness differ in that the astro sorties haove
fewer cnses of cloudiness 2,9, and more cases of cloudiness 0,3, than the
nonsagtro sorties,  This is very wuch what would have beon expectod but as
the @ifforinees are siall it is open to question vhether they way not have
resulted fron randon samplin, 4 sorevhoal crude test coan b made by
resexdin: the Jdistribution of reported cloudiness for the non=-astgo sorties as
the hypothetical distribution; then a calculation of Pearson's X° for
coodness of £i% shows that the probability is 1 dn 12 that the chserved
distribution of cloudiness on astro sorties resulted from rendon saeplin - of
the hynothetical istribution, Thig iz too laripe a probability to be rejarded
as incieative of a real difference hetween the two distrilutions of cloudines
and we must conclude that thore is no giznificant differcnoe in cloudiness
in the two types of sortic. This view is confirwed by the fact that ths

o
%
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reportad mema hei hts of the clow” hasce and the cloud top are respectively

2000 and LA4C0 feet for the astro sortics, and 1600 and LOOQ for the non-astro
sortics; in other words ags re awds hel;hv and thickaeés of cloud the two

types of sortie are essentially identical, and this sy, -ests a siimllar identity
for the nercentarc of cloudiness,

. The evidence does not su vest ay reel differaonce in eléutiness on the two
types of sortie, The failure to take astro =i his on 351, or 79 per cent of
the sorties, is then to be attribated more to o failure of ‘he navisator 4o
make uge of his opportunities than o clouds denyins hisne that opoortunity,

This view is to soire extent confirmed Ly an exomination of the sguodrons and
the navipetors responsible for the astro si his which were obtoined, In Table
ITT are listed according o scuadron the wotal muber . of sorties wode, the
nusber of these in which astro.si-hte were token, and {inally ‘for those
squadrons with a total of 20 orf more sorities the ~ercentase of these in which
astro was used, The strilkns feature of the table iz Fhe hi; l-wercadnse of
agtro sorties wade by 120 and 201 Squadrons, lven wore siviking: is the {not
that of the 189 sortics wade by 3h navicontors in these fwe squadrons, 10

navi etors slone were responsille for 52 out of 4he total of 67 astro sorties
wadey wmwonsst these 10 navirptors one ool astro i hts on 75 er cent of his
sorties, three on more than 60 per cent of their soriies, one on wore than 50
per cent, two on nore than hC por cent, vwhile the resainder ook sishts on
wore than 30 per cent of their sorties, * It is not unlilely that what was
done by these 10 navipators could equally well have been done by all the
navigators in the 19 gquadrone concerncd:; it was beceuse of fallure to selse
the ophortunities, rather than to cloudiness, that so fow astro sichibs were
token,
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Tahle ITT, Percentore of Agtro Sorties per Squadron
1 sac Total |as % “Total | hstro 7 e Total {astro | o |
PN} aortics .i SS?%.‘LGS ” SR Vaorties| Sortics) % Hsadn |5orties Sortics |
10 22 3 1h 160 7 b L.23 5
L, L 2 201 i2h 42 Ihii 461 1
L3 5 206 7 _ 500 | 17
51 b N 2w 8 | 3 606 | &
56 2h, 1 4 220 70 b o 6} 612 7 1
77 b : B 22k - 6 1
120 65 - 25 38 228 60 7 12
Totdlsfhhd | 93

1.3, Yovication 1mrks for Het and Not-let Sorties, The method of log analysis
doseribed in Sec,l,l hag Justified ifself since it has revealed. the averape standard
of navi;ation within the Camsand, and at the sawe tie has showm the speeific
points where i'::pr overent can he e.r:{’ectc.f,.. It is now of soze interest to see
vhat relation, if any, exists betwsen the navigation merk and the accuracy of the
navigasion, A simnle crlterlon, applicable to all logs, of accuracy in
navigation is J_JrOVlC‘.C(l hy success or failure in 1.:001,111:_, uho convey., In Table IV
axre 1istec’f. for four distonce ranges the muiber of et and nob-ret sorties with _
the averare navisation mark for uach" the table refers tn 437 sorties, 7 soriies
being I‘CJCCI ed olﬂce in these the aircraft returncd to base hefore re ach:i.n tho
CONVOY Qredi. Prom those f:.ccm navicetion ierks, to which are altached the 50

»er cent errors of the weans, it will be scen uhaL thoush theve is an increas

with increasc in the vange of the sordie, there is no .gln;ni’lc;mt dlfferenco.
botween ot ond nots-wet sorties, The wethod of log analysis.laid dewn i

See, 1,1 therdsfore fails to-indisate:ths accuragy of the navigation,

'

That are the cnuses of this failure? One unclouutcdlj is the treatzent of wind
1 ane and drift as a half wei-ht determinntion of wind velocity., As already

sointed out (fee,1.21) this wethod zives a most inaccurate detormination of wind *
velocl by, and thercfore of sround S‘p\,c.o., and is in effect nothing more than o
cezns of madntoining track, It ig, however, possible for & navigator 0 ot
full werks for sugh determinations while & he‘bcer aaviator, finding winds
infrequently but accurately from waltiple drifte, jots only o szall ‘fraction

f* the total mark., The LJ""‘C-SCT:‘.{; rethod of corj,:r' “would. heve introduced no
serious difficulty had it not been that {h.c uohou‘h the Commend over 60 mer cent
of the winds were found by this inaccurate method; in any revisicn of the
gyster of scorin: it would be better to coun‘i: such wind lane and drift
detenmuinations of wind velocity only as dvdfts, - this being in effact all thoy
are, The other czuse of fa.:.lurc lies in the netnou of n.arlcn..nJ wirtless and

Table IV, Navigation Marks and -I':'Ieet-in_-'-:.

e Met Sorties Noteret Sorties
' Yo, Mark | Fo. | . Mark
T IR, .
< 200 12 | 3,524+,00 16 3.77 & .21
200~300 116 | 3.76 .08 18} 3,35 .18
300=4,.00 6% 3,62 .09 15 ¢ 3.70 .19
7400 L3 L2, .09 15 3,96 .22

sextant alds to navigation, Since the errvor of D.R. navigation incresses, at
least for straight runs, linearly with the distance, it is essential o have a
method off fracruomly determining sround position wh_Lch is independent of the

distonce, This is. provided to o lrm:rtecl extent by wireless f:l.xcs end ideally
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consoqucntlv in any reasonably rapid wethod of analysis mo discrinination

can be uode hetweon uscd and unused fixcs, -These twe CANEDE  séen sufe L

oot thoat such ethods of snalysis cen onl 5 roveul the standard of ;
bion, net ite accuracy, ' :

Gee, 2, The lcourhcy ofidiavicrtion,
! i : N :i .

2,k The “Tc hoc‘ ' The *mcuf' cy in u}’l:‘_ch W AT Lumn ted is the qrcurucy

in '1“]1(. ,>o.g.1.131011 oi the a;rc,ruu at L.hc, end of dts fun.Du'L to the con'foy area.

“hm Tinal Hrror obtamined: fros the lendfall on ftho return to hase, apord f_a_?or_;ﬂ

the: Trct that :|.*t ig not wholly ahjective, dg shercioréinot suiteble -since it

Tingludcs the of Toct of all the errors in navijation made furing the patrol,

ag well as th vade on the usually poerly navigated hoiewerd brip; further
there is o tendency for nevication to he ghandoncd as seon as the n.h._"."_.
Beacon is picked up on the return journey, #o uhw, finnl crrors arc wot
availn.le for mony sorties otherwise. suil teble Tor discussitn. Por these
rengons the Simal Trrors used in the prescnt discussion are those found from
the differenca in position of the convoy as siven by the airveraft navisator
in his lor and as miven by the convoy CommocCore im his log,  This error,
tered in what follows uhf' Cozbined Brror, is cue to the crror in aircraft
avlizetion and to the corror in convoy pus:]. tion as deduced from its loj.
The aceuracy of aireraft navisation found Ly this method, while it has thoe
advantane fo bein, strictly objective and of referring to the part of the
gortie in which we arve interested, suffors therelore fron the disadvants
that in the first instance only a Covbined Drror is »1vo,_, and gecond ly $hat

it can only be aprlied to those sortics for which logs of the convoy Commodoro

are availoable,

0f these dipndvania e thf- sconndl 18 wore serious.,  Coples of the
Cormodore's lops. vere provided by the Toard of Trade for convoys HG, SL, HX,
S8C, GF, 053, G, AT, and "a.d; Lr= -3 were not available for all these convoys,
noYr Tor convo J’cs to Leeland ox Rus a:‘m, nor for single letter convoys, nor,
st serious of all, for the mwd c,rouu heavily cgcorted Royal Mayal Forces.
The ‘comsequence was that copvoy positions {rom the Comrodored' logs were
aveilohle for only 105 out of the kbl sorties for which eircraft logs had
heen recoived., 3hile this moferial iz probably Just adequote for the
rresent discussion, it woull he desirva’ le, if future reports on this
subject are requn*ef_., to hove availlabhle o wuch hi:her pesrcente ¢ of convey
logs =

2,11, The Haturc of Convoy Brrorg, "he second disadvantoce of the method,
ntzely thet in the first instance only a Corbined Drror is u::taj ned, con be
svercome nrovided sosetidns ds Knoun of the crrer in conwoy pesition as
found Trom ivs lors, This e error, hercafter referred to as ‘tnc Comvoy Zrrov,
arises from bwo scurccs;  fivst the error in the 0600 ~osition of the

CUNVOY (thiz hein the only iaformation provided Ty the Board of Trede fvow
the Commodorels lor) , d secontly the crror in Interpolaiing ‘thu position
of the convoy at the tiwe of weeting belirecn the 0000 pouition off thatb oy
the 0000 nosition of the wrevious. or Ol-‘}_":}'-;‘.’lni.”‘ day, The error in the c)uU()
posi“t;ion is of course wholly duc i navization error of the convoy; it
arises from the error in DR, navigetion {rorm the last astre f3x, as vell as
Tyom “um, error of ¢ itseldy - The error of an astio .)u._;Lulon Line
Cetermined from a ship 8t sen rorely excocds three wiles, and arises chicfly
P an 111 defiined horuon, or fran abnomead refraction to the horizon,

The error of D,R, navigation arises o e gmall extont from errors in the
Patent Lo (it is nomally cavefu 11y and. repeatedly calihrated) and to a
mreator exbent f'rc;z.: wncertainty as to the speed ond direstion of surface
CUTEIIE, It has bBeon stabed (ZL;F‘.Z*)‘ Had it is not wuswal for the ervor
in D,R, nov "ﬂ.’n;i«:a:’) after 2l hours to vary between 10 and 20 wiles,  In tho
absence of more procise indieations in the literature »f cea navigation

it dis probably safe to asswie bl'}.('.‘ 50 per cent error of the 0600 convoy
wosdtion to be of the order of 10 miles, T"""‘) c,h&r ctoristics of the ocrror
of the 06CC vosition should be noted, In o place, since it Geponds
primerily vpon the error in the wun frow the last asiro fix, end since the

rad

cient
to accou.n for the lack of dependence of wmeetins; on the navintion warky snd.

>
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That peart of the Convoy Errov, which is due to intérpolation between two 0800
positions, arises from the essumption, necessary in the absence of other information,
that the convoy travels in a streight track (rhurb line) at wniform speed between
these two positioms, This part of the Convoy Error way be serious and may well
overwhelr the navigation error; this is well shown in the case of conveys ONS 130,
On 15tk September this convoy was met by Fortress §/220; +the interpolated position
of the convoy at the time of meeting was found to.be-55°32', 12°21'W, while & visual
signal fror the convoy to the aircraf't, reported in the log of the latter, gave the
position as 55%15'M, 13°15', indicating an error due to inteipolation of 35 miles,w
Apart from this single instance there is no evidence available ag to the size of the
interpolation error, It is clear, however, that like the convoy navigation error,
the interpolation error will be independent of the distance of the convay fram the
British coest, and it is probably safe to assume, since the errvor may equally well
arigse from a change in course or specd of the convoy, that it is independent of the
track, or shows a circular distribution.

2.2, Preliminary Exarination of the Comwbined Brrors, ~ In order to find the
Combined Error it was necessary accurately to plot the 0800 positions, and then by
interpolation to find the convoy position at the time of meeting the aircraft.
This plotting was carried out completely dndependently by each of the two writers
on charts with a scale of approximatoly one in two million, On these same charts
were also plotted the convoy position as given by the aireraft in its log, and the
Corbined Error was then found.by a measurement of the distance and true bearing of
the aircroft position of the convoy from the convoy's position of itself, In
onkly 7/ of the avaeilable 105 cases did the Cowbined Brrors, found independently by
the two writers, differ from each other by wore than two nautical miles and in
directioh by more than 10°; these 7 cases were carefully re~examined, and an agreed
Coithined Error for ecach decided upon, ' : :

The distribution of these Combined Errors is shown in Fig,2. The origin is the
interpolated position of the convey, while the positive x and y axes are direcied
respectively to the =ast and north, The distribubtion of these errors appears to
be roughly eircular, end assuming a normal distribution in easch component the
probability that an error lies between x and x + dx, y and v + dy is then given by

et b e LY e

where 815 the standard deviation, the seme for both the x and the y co~ordinates,
On changing to polar co-ordinatts this becores

l H TL . ; b

P EJZP —— i ) 1v;éic%f
Ly { it

where r is the awount of the error in nautical wiles, snd’is the true bearing of

the error. The probag%}ity that the error lies between r and r + dr is

Fishar - 2% (e (- 20"} 48 = Ly exb (- Fagt) ede o, ()
1]

i S el

while the wean of the squarcs of the v's is
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where n is the murber of the observations, n+~l being used in finding 6 to allow for
one degree of freedom being used in finding the mean .

The freguency distribution of r is shown in Fig.’, while the smcoth continuous

curve is the norwal distribution carputed from eqn. {1) for a value of 4= 5 24,7
calculated from the dbserved n's by o, (2), % will be noted

# Footnote, Probably ouly a part of this discrepancy is due to interpolation ervor,
The visual stonad womld howe heon Prar $he @ T N wdvasa aacrd cadd s Se ord aoe 8
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5=+ 21;..7, caleulated Tron the ovs er*vorl r's hy *qn.(Z). It wiil he

" nt theoretical {istributions Jilfer markedly, -
the obsorved distribution showing an cxcess of lLoth """J.ll and very 1u1" e
or ors.  New Trowm oqu. (1) the probability that an error lies between &
anicl .{} is

Lol
noted that The ohserved o

-,?. .m fz..»;—z)"“"”’"‘ /-exp[— o .......('5/

rom this expression and the velue of £ ('_—. 2h,7) ve wny find the radii
of the circles such that the ‘_Ql"D"J«'\.JllJ.‘Ly is 1/ 100%h and 1/ 1000th thet an
agrror licas outside "‘hCC' circles with radii 7H ona 92 auatloal wiles
ron ‘;cujvcl AV ho»m in Pig,2, and it will be noted thot four Corbined
Sreors lie outaide the 1/10 0th circle,

2,2t The question of re:-;jcc;tj on of observations, parvicularly on scie
eriterion based on a normsl distribution of errors, is a hichly debatable

2 the oOLllLl(.uh practice fovours the retcn {,1011 of all vhservavions
Tinding weins and errors,  Phe present caseis, however, socewhat
Terent since UllO(‘uuC‘ ted and undetectable wistakes woy ocour, particularly
in "} » 0600 convoy positions since those, os received, are only typowritten
com e o Pi-ures extracted fron the Commodorc's lom, At least two
Ingtonces of such J.l’.LE‘:'th.GS hove been Tound and, allowed for in the 105 crses
uder emailera ulon. It therefore seems legiticate to use a sligple criterion
baged cn the noroel distribution to reject ossible mistekes arisizm, in this
wny, o of such eriteria none is sizpler than that of Wrisht and nayfor@.,
which recomrends the rejection of all c¢hservations for which the probability
ig equal to or less than 1/10001;11-. Thig criterion lmwediately leads to
the rojection of the four Cowbined Lrrors which lie outsids the 1/300Cth
circle in Fig.2, Following this rejection we may then usc the remaining:
101 obzervations in eon, {2) 4o re~calculatc B, vrh:.ch now equals + 17.,:.

LA

2~
ot '\
'
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wher
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The theoretical distribution of r from cgn,{1) us_m' this new value of
ig shown in ¥ig, 3 as o dotted curve, It will he noted that this new

theorctical distribution fits the observed dlotrl‘mmon very well dindeed,
so that it ip safe o assume tHet the Glstribution of these 101 Combined
Breors is very closcly normal, -

L
2.3, The Corbined Brrors as a Tunction of Distence frow Landfall, The
orror in alreraft navigabion may be expocted to vary linsarly as the distance
fror its last landfall to the cowoy position, This follows sincs the
flisht is made on one .or two legs at sizall onles o each othor, effccihively
ﬁthuuu &1 hu' wireless or astro aids to nmfit_: tion (Bec,1,22). The (JGH'U"U
Error, howevsr, iz independent of the distance of the convey from the Dritish
oot (M,c.-_.im) Consequently an examinatbion of Coubined Brrors s a
Tunction of the distance of the met o OV OY Fraw the last lanrqf‘ pll of the

'aimra‘f‘t .:houlrl perzit a disgeotion of the Coxbined Hrror into the siveraft
sion error, which we cook and the Conwvey Error, .

The 101 Cosbined Brrors werc divided aceordin: to distance flowm into
three roushly equal groups, = the distmnce flowm had already “ecn cubered
on the navication a.nﬁlysu.a cords (Sec.1,1), The resulte of this division
are ghomm in Table V;  the upper half of 4l i" table ,orrtmns in suecessive
colmms the group nurber, the muber of sortics on vhich it is based, the
rompe off the sorties in the proup, the wmean distence R of the .:ort:.ﬁ

crprogaed in units of 100 nouticel wiles, and the mean treck of the aircraft
o its wun out to the caavoy, To arvive at the second helf of the table
the Coefvined Error, orizinally expressed as o distaice and a Bearing, is
resolveltf. into its .c md ¥y cozponents, = x to the east and y bo the north;

5 resolution, it will be noted from the mean track in each “roup,
COTrenponds U:L‘th sufficient precision to o resclution elong and ac-rnzss the
alreraft tiacl, The errors so foumd are chown rjrnphlca'llj in Piguh, one
digtribution beins sdven Por each dis ‘t'mcu-—- SIOUD. The superposition of
exeors in vhose three proups will lend of course to the approximetely
circulnr distribution of Fiz.2, but it is of interest to note that in their
dissceted form the distributions are guite noticeably elliptical,

the
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Teble V, Combined Brrors as Punction of Distance.
Group No,dorties Uistancesi{R-Alcan Dist, Mean Track
n,17, .
I 3 90, - 230 | 1,75 270°
1T 3 {2% =310 | 2,70 269
IT% 33 311 =~ 700 | 426 261
Grouyp 5 T L}x iy
) n.m, Tuila 11,70, L mLI,
R B S R % 3,2, + 16,0 + 13,6
T e 3.7 w20 + 212 x 12,1
ITI + 1,2 - 5,0 + 24,5 + 16.3

If the distribution of errors for ony Clstance. SEouy 's'aia;gr e azsuced
o be norrmal, then the probability that snerror lies beiwreen xomnd X+ dx,

7orndy o+ dy is
I exp {,.w..)fs?; ’3’; \"';’j d'x afy
270y 2 é r'"

where X, y o are the co-ordinates of l;hC centre of rovity of the distribution,

~ i 2 ] s
s Dy, Fo ?d.u.tcrc:'l for an ellinticnl distribu u_'.O.f!.) are the standord
doviatilons in the x and y diroctions respectively,  The provanility that nn
ercor lies betwecen x and ¥ + dx io

NP A e ,xp ap Ve o L (e
Gix) ok = 27a o, WL &y d)yﬂpl”ﬁwj é}v.f?}?_ﬂp zaf (4

anc. hetwcen y n.nu v+ cy 1,; Sl.flllarlvf

. ' ) 2 ' .
H) dy = J}"'}” exp _géis) by i )

The arithmetic mean Ol all the %18 is I‘rcm_ (&)

(x Xo,) 1 . o) =
ﬂwﬁkf) Xd,x XV:& /E’XP{%‘?; }Q/X -xo

and ginilerly Jz*ml ( 5) the arithretic ~1r=a11 of the y's is yo. The arithuetic
wean of (xex, is

‘__“L“__ [ ’{X Xﬂ)z ?
G z/zu/ ep 5o (- 2o)

and .33,;:1larly of (y-—yo) is )-;2

-

In the 1i:ht of these relationshing we have dm wdiately

o

Ix . S AN ).

=
s

e

pu
3

where n is the nuler of chsorvations. The values of X ald y, found by an
anplication of {6) %o sach sroup are wiven in the secomd half of‘ Table Ty 3%
will be noted that they differ little from “.ero, and in view of the size of the
BQ per cent ervors of Lhe s¢ means these differences are in any case not
oi(cn“f-'ma 1L,. Lssuming Xo = Yo = 0, the values of the standard deviations

6 O g By Tor coch co-nrélzmw and .each Urou p ey be found from eqn, (7). The

vuluu are iven in the last two columng of the second half of the table :

it will Be seen that they differ Jor ths two cowordinats 3, thus confirming

the elliptical distribution sugrestod By Tl



] Qe e
L oaxes d V2 _5 VP on tm’r mrl"’hcr‘y of 'vhich the probability is constant, v
Ii ig of Jdd ilmmst u‘o ananire vhat the proh ‘.?*lll‘tV is that an ervor

s
lies u:l. uhaﬂl this constant probo )111(:\,.“ cliivge defined by the paroemcter.e,
Chngyrdn: b(p pol““‘ do=orginates x = rsin

3 ¥ = reos & , wherc & ic the
trus hos ‘C‘l:fl:‘, i the err ‘wr, W i’11‘1c¥ 1,;1'0 prolohl ity J that the error lies
hetveon T %‘-:s.w_ﬂ r + ar, “} Landt G ¢ ’u/(}._Lu f:w en by i

;.. ——a . _
. e .

‘34:._{_,__ ax /:, ‘, _; - Ox Coy /'?f 5,:#-5'}!\1 C) Tcﬁ/@ r ;
278, _ - z : ' e
i OxCy - .55-,? 55 i ;

Tor o "ivdn '\T'\lue of (‘9‘

defined 3y a, ig siven by

, the ro UJ.U.m veotor to the periphery of the ellipsec,

i

i . -,d - " .
T : a?c:::. c{::x Oy g . '
i -3 T Py
S Dx "a.sgé?-i- Eyswm °G '
Go_ﬁ_scrlum tly the prdﬂﬂ ity that fthe’ u*"r'r\ will lie inside the a ellipsc is
SAvren Dy ST .2 : [ = Vg_ o Bk {)ﬁ«(ﬁf cosO+O5 -jf:a.fe.)
':"";:f“:r";* g exp .}f.« r.é ”” 9"""03’ S ? ofr | |
FiHEL z 957
X JO o i . 5 y X 2ir

éx Sy H* E?KP( "a}_} , 3 :}-Ex/_a,ﬁq?),,(g)
en o Brcos'@ Oy sin'®

Thug 1iF ve wake 1 = “Axp(—-a = 0,5, we cam ©ind a, and so the cxes of the

50 mer cont ellinge, These c¢llipses, os well as those for which the

'f'"o’x'hilit'\ is 1/100%h that on error lies oubsic de, are shown in Tig,L; it

will Tie noted ; Glstribution of errors is os closely normal os would

be expeched Trom such small seplos, '

2.0, Determination ol the Irver of wircraft Jovis ation. The stardard
Caviation of the Comhined Ervor in each componcnt is given by

g

& 2 L2 2 i 2 AR 2 P4
Bu:zCr6 =C+H K f...cﬁyﬁa’l 3"523'(;“:"%/‘? erens (9)

C is the m:...'.nc-_r.rd_ deviation of the Conwvoy Irror, dndependent ofl distence
Trowm the Drivish coast and the sane in coch GO’CL"‘Ole.ﬁ'L, @, im the gtandard
C'.e;"\ri._"-.t,ion lon;s the %rack .oi the navigation ervor of the aireraft, mnd
this, as already noted (oec .3}, varies lincarly es -thé distence R (in units
of‘ 100 nauticel wiles) of the a_ch.rmL from its 1‘1.” londfall, = Similarly

s is the standard ’-'.eviation of the alrorait ervor. acriss its track, Since
'che Convoy Brror, C, :nd the aircraft. ervors &, 6, 5y OrE :i.rwdcfwnc“;er‘t , DL
aince normal 6.1=*'-“"1nuo.1_011f5 reproquce themselves, we imwcediatoly citedin the
velabionships riven in con, (9).  Trom Table. V. m. have Hx { By as funetiong
of B, mad & least squares solution of the rcaulu.n,{; six ohscrvation equations
ven

it

! .
5448 N maptcan ritEs (10)
FITI I L o

s ecmu.(} ) and. the volves fouad in {10) , we may readily calculatc
the dinensions of the 50 per cent ellinses, Thua 50 per cent of the
interpolated convoy positions will cecur in 2 circlc of radius 15,6 noutical
wiles, while 50 per cent of the aixcraft srwdrs will lie in sn ellipsc
whose seileaxes are

L oo '\ E}‘ &

- Sendeaxis major = 5,96 R )

Yemieazis minor = 3.12R )
It ghowld onee apgsin be BE'.’L]_?h{-.‘.Si:JGJ. that the 50 per cend Coavoy Brreor of 1536
notienl miles is wade up of o probably siall navisational error of the
convoy, ond o ;_wo,,.z Hly lerre wrror duc bo_ interpolation between the 0000
10’*11,1!31‘, : '

nautical wiles - (11)

“he 5O per cent errors of alrcerafs uavigation thus we a8 six per ceat of
e distance mun alon the crac‘c and three per cent of this distance across
sk, This 113,‘{:10&1 digveibution. 18 precisely what we would have
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Hec, 5, Tho Frobability of lecting: a Convoy,

3.1 Chserved Yrecuency of' Heeling, 0f the Lbh sordics in the peried 1

kareh to 15 October 1942 for which aircraft los were available and have been
zarked, only 7 referced to aireraft which, for various reasons , returned to
base before reaching the comvoy area. TFor the rermaining 437 sorties Table

YI gives the percentase which met convoys as a function of the distance flown
Dy the aircraft from its last lendfall;  the first four colwms sive the .
distence range, vhe total nurber of sortics made withih this range, the iemn
distence to which the aireraft flew ( expressed in units of 100 nautical miles) s
and. the percentase of -sorties in which the aircraft wet the convoy. The
remalning colwmns of the table refer 4o the search,

From the table and frowm g5, which shows percentaie et as o Function
of distemce, it will be seen that this percenta-e tecreases linearly,
ssuning the pereentage to e 100 at the coast , & least squares solution
shows that the percentage.izet, p, is given by ‘

I
-

-,

. : : ;
; P I00-f5182032)R ... [12)) %
{here the factor of R has of coirse the dimensions of a reciprocal of a
b Tength, It isipossibdle nlso o analyse this whterial according to the

»-directich of motion of the convoy, as well as its distemce,  Of the 437
. sorties| 33 per dent corposed mostly of Royal laval Forces, are to convoys
| whose direction of mofion is unknown; Hhis leaves 203 sorties Lo inward
A convoys:for which a least squares solutdon fives a-Factor of proportionality
ol K,B2'4 0.26, ond 88 sorties to butwoid convays for whiel: the Tactor of
imweportionality is 376 + 0,50, "In view of the size of the 50 per cent crrors
of thésevfactors it way be concluded that the. present material shows no
significant difference belween outward and inward convoys.

_ Table VI, Meetin~ of Convovs,

et Sortichk Wot met
P o | Percentage Jorties with Sorties
Range Tc? ta% 0 %‘.ﬁiim‘ erﬁeil e Search Duration Meen Search)
wortles |Distance Me o 3 =% Turation
Oh 0,01~1,00 1,00
n,12
b
£ 200 160 1,24 b5, 6 57.6 31,7 10,7 3 .12
200~299 158, 2,48 86,6 43,1 41, b 155 2 .92
300399 &0 3.36 81,2 £1.5 40,0. 18,5 2 W0

During the period under review the prineipal type of search carried owh by
the alrcraft on reachin:: the convoy arce: was the stondard Creeping Idne fhesod
search, In 42 of the 137 soriies » howover, a gearch vag atbtempied by wireless
horing; din 3% .of these atterpts contoct was estal:lished,_ and with one
exception these contacts lad 4o mesting the convoy,  In effzct then the
searches referred to in Table VI are ¢.L. &, mearches, since over 92 per cent
were wade hy this wethod, Yor the met soritiks the search duration shows: a
strongly wmarked Jwshaped distribution, so that instead of the aritheotic
wesll, somevhat

reaningless for such cigtributions, the percentaze of sorties
with no se ‘

arch, and with scarches under and over one hour are given in Table
VI, I 3111 be noted that even at the extrenc rente nearly 40 per cent of
the sorties wet with no sesrch at all, end that this percentage steadily
incressed as the distunce of the coavoy rrom land decreased,  For the hote
met sorties the duration of the scarch shows no asyimretry, and the arithmetic
2gan, which may be used in this case, increases from a search of nearly two
howrs at the extrare range to over three hours for the inmer Tanges,

The duration of The C.Tn . senral  ne well oo dde offaabd o me e S o 5
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pubually exclusive, that is the ,c vigibility may be greater than 10 wiles
b the sase time as no AS.V. iz cerried, Considering all the sortics
tooother it will be seen that A.8.V. was used for' sewrching on 211, or 4
0" the posrible occasions; on 1h4 of the occasions. when it was

the eye visibility was grenter than 10 miles, and on 67 occasions,
which rmay have included soime of these zreat oye visibilitics, no 4.5,V. vas
available., ~The Limited use of A.S.V, thercfore appsars.to be attributable to
the use of the cye, when its visibility is comparable with or sreater than
that of A.8.V., and in ‘part to the frot that A8V, Was not carried on o
muber of ajrernis, Regarding the sorties as a whole, it is clear that the
oye vieibility <ms pood over the period covered by these sortics) this. is
alesrly shown by the last four eolums of Table VII which give the percontesc

Table VII ~ lnmber Scarches by A,8,V, and by Hre.

Eye Soarches {|Percentaro bortics for which
‘ ' “Dye Vis, = :
@ . 3 Py T, ]
Sortic | 4 3V nyo Total ' n,In, il Dalie by o 1,00
} Vigy 100 ASV} O=2 26 6=10" T A0

-
2158
-

-
Ca
l._.!

3e 166 205 370 ) w2 § 62
Fobm~et L5 21 66 2 5
A11 21 226 137 o ) 67

gy

W &N
o>

= O

of sorties with different eye visibilitvies (arithretic momns cannot be used

an account of the hishly asymetrical distribution of the eye visibititics).
T+ will be noted that in over 50 per cent of the sortics the cye visibility was

_arectur then 10 miles, and in over 60 per cond woag greater than G riles,

A curious foaturc of thosc aistributions is the high perceibage of vigibilitics
wndor two rmiles for the note=met sorties. Thisg result should not be

Anterpreted as vcoapdny thet AS,V, plays no useiul purposc in scarching, ';‘fhicl}

i cleerly absurd, but rather that wetting deponds upon both the efo snd |
S 3,7, , first contacts by the latter howing olways to ho converted Lo aye- :
contoacts before the convoy cen be rosorded as nol, Sumsariging it is
nrobebly inot wifeir to regurd the visipilitvy, using the term indifferently
Tor cithér the eye or A4.5.V., as lying botween 10 and 15 miles for the
senrchesilisted in Tabls VII, ; : ' : :

H B
£
i

: N 1 W i T ! :

It isiof somc intersst: to comparc these results with-those cbiained in the
carlier boried July to Desarber 1941 (Ref,1):w The 679 sorties aveilable
for discussion in this poriod show also a clogely linear dependonce of tieeting
on Gistence, a loast squares solution leading to o Factor of proportioneliiy
of 8,20 £ 0,27, - Wot only does this wepresent a Jistinetly smaller
orobability of mecting thom given by cqn.(l2), gt also there is Jor this
cavlier period distinct evidence of a diiference hobweun invord and outward
corvoys. The Former show appareantly a non~linecr dependence of mectding on
distence of such a charocter that up %o 400 wiles inward convoys are less =
frequently mot then outward, '

3.2, Drecrs in Prodiction, Jn adrersft on epcort duty is flowm 4o the
wrefiicted position of the convey, ond. then conducts & senrch about that
position watil it meets the couvoy or is forced to return to base.,  The
chacrved Trequency of meeting thus depends Tirst upon tho ncouracy with which
tho aireraft is naviupted to the prodicted position, thet is upon the sircralt
nevigation errors found in See,2, scoondly upni the distance ol the conroy
from that position, that ig upon the errors of prediction, end finally

won the area covercd by tho senvch, 4 determination of the errors of
Siction can be made fros the distence betwesn the 0000 position of tho
covvoy ae oiven in the Comrodore's lop, and the predicted position at 06C0

i Prediction Brror thus

st cnn A Al e e Aem arersar S i el e peen Antorasted.

g3 given in Liverpocl Forms Vhite,  The Sosbine
L ~

A |
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Of the 105 sorties discussed in Sec,2, prodictions were available Tor 05.
These predict *,C* positions were. plotted 011 the sane charits as the convoy
tracks dravn in Sec,2, ond the Conbined Prediction Brror was measured hy the
veetor distance et the 0 0800..convay position to.the 0800 Liverpool Tors:
“hite pomition, The angle was reasured counter-clockwise from the direction
of motion of the convoy itself, On plotting, these 05 Cowbined Prediction .
Brrors shoved. o highly cllipuical distribution; ..calculation of the ellipsc with
a probability of 1/1000th led, using the eriterion of bec, 2,21, to the
rejection of two ohaerVatloils, one of. which was.idenkical xnuh one of the four
similarly rejected observationg of Sec,2,21. The reraining 83 observations
referred to 50 :mwarfl and, 33 01’1 tward bound convoys,  The x ond ¥ corponents,
-;0*111170 % measured &1011\' the convoy “track in tle dircotion of i%s wotion s a:r\a
positive ¥ measured th the port Do, of the Colbined Prediction Errors werce
Ll" n cooputed ror these two mr bup The I‘E.‘.:U.l ting distribution of errors , The
orisin!being the 0800 position! of $he conv!o_f, is hC'WIl in Fig.6. | Frow these
cor ponpz’ztﬂ ke s values of X0, yo , and £ may he cornputed from ems (6)
end (?). The results are zivén in Tob c:yf]III , where the errvors _aﬁ.aohacl to
X, ond)y, ere the 50 per cent errors of - uhcuo iweans, It will be noted That
the cehtPaids are significantly. difv'ercnt. from zero, and since. such. &
dlSl)lc.LCL.l"'“"lL; camitot he due to convey navigation ervor, there thus appears
to be a to ndency to prcrlw_cl, imvord convoys as bazing behind, and outward
sonvoys as aheed and to starboard of their achudl po.J:Ltlo&Ls. & osimilaor
Gendeney ¥s though with ul’lC opposite sizn, ig discernible, abt least for outward
convoys in the material discussed in the earlier "‘"c-oorn., (nc; 1) though no

B

compent ajpears to have been wade on the Fact, 30 0. o 2

Teble VIIT, Corbined ch, Tigtion Brror,

:t‘,

Comvoy | n ‘| . . T
Toward | 50 ~11,5+3,0 | + 1,0:0,9| + 31.L + 9,8
Outward | 33 +11,2 3.2, | = 5.0:1.4 | + 26,8 2411, 8

&s showm hoth by Pig,6 and the standard doviations in Table VIIT, the
distributions of the Cowbined Prccuctlon Errors are Kir ~hly elllptlcal

The axes of the 50 jer cent ellipses, caleulated from emm, (3), drc
Inwerd . Outward
Sermi~axis wajor = 37,0 n.miles = 31,6 n.riles - along convoy track
Serd~axis minor = 10,5 = 13.9 across convay traclk
T .

These ell inser.-, o8 well as the 99 per cent ellinses, are plotéed in Piz6;

the distribution of the observations about theso ellipses shows thew to be

as closefly norcal as would be expected Tfrom such swall. samnles, The areas
the 50 wer enu eliinses arc 1220 square iriles for inward and 1380 square

i.clles for oui,vr'1 d convoys, There is thus 1ittle to chooge Detween inward and

oubward convoys as rerqerds the sceatter of predictions,

3.21, The Prediction Eryvor Proner, BSo far the discussion has been confined
to the Coxlrined "rerln.ccn.on.eror I¢ his cr:ror shows o digtence effect,

it would be pos:ﬂ’.a]e to meparate out the comroy 11mm_r tion errof, vhich is
independent of distanes, by an analysiz similar to that carr‘i:—;-c"; ouz, in Zec,
2.4, ond so to find the *wrt,ducxilon error proper,  fn analysis of the Corbined
Predlc tlon Error as a fumction of aivereft distonce of the cnuvq; surrarigcd
in Teble IX, s T however, thot howh the systeratic displacerent of the.
centrold of th\, CGistriin IL.lu'l varics with distance, parti c'ula;'l_;“ for imwerd
convoys, the seatter of errcrs is wrac tically umoncnuc,u of distance,

oven in the absence o- distance-cffect, it is possible to obtain an unmner

Fr__s 1 11
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Let nov ¢ he the standerc (_LGVlatl()l’\_ “the same in all directions, of the
1 2

Table IX. Corﬂnincc’l. Prediction Brror as o Function
‘at Distance,

n o1 R

e
C
et
8]
23
i
W

Inwared Convoys.

) 86 © 1.50 {~33,0 + L,0 j+ 6.7+ L0} + 20,2 + bk

. 20 2.53 "'14‘.2-!' l-l'v? + 3-1 1*4402 i 3191 .ﬁ 28.0

22 1,15 [ 0,9 L.k |- 2.9 L.5|% 30.7 ¥ 10,6
Outward| Convoys e

o 1 1.36 { +12,2 4 5,4 {~ G 2.9 z 21.2 + 11,5

12 2,00 4+ 8 5.7 1+ Ok 2,31 29.1 + 11,9

BRI hoe?h {413,0 . 5.2 |~ 8,5 2,0)+ 29.0 + 11,1

convoy navigation error, and 1@1:8’!% he the standard deviations, directed
along and across the convey track, of prediction error proper,  Since
these corrors arc 151':109011&011% we have at oncc

PlecH R /291)*" 6 =iz ef108)

wherc a,h\, menerical values folf’ F g are the médns for inward and outward
convoys tnken fram Table VITI, ﬁ'om since the error in the y direction for
convoy navigniion rust he less tht.n., or ot worst, equal %o, the error in

nretiction proper,. we iy pub ¢ s{\ j’e 3 wince J.lnI'JGhGI' the convoy navigation

ervor st he grea ter t11:.u.1, . .t best equal to, zero, we have®?2 0 s 0r
o lower 1limit to c.. rf‘hese inequalitics may be written . = ‘
0 & g /3 '

E5EE R R R RMET ) s 03)

or uwen*"c:.n" narerical vnlues :

o s 12761
12 2galzpyitesd] e () ~
#1085 Gylveral . S

The uncertainty in the predietion erveor propei is thus quite small, and for
future discussion it will suffice to take the wmenn of the upper and lower

limits, or
P2t 28.6
BERYTE: 9,2
%.3. Probability of dMeeting o Convoy, Talke the predicted position of the
cOnNvoy as orlgl’l with the positive x and y axes directed respectively along
the comvoy trock towards CE.Britoin and o the left of the trock. The
probability that the convoy itself lies between x and x + dx, ¥ and y + 4y

is given by
” (253 )(....lw venens (16)
f'(x)‘)c/xdv ?f’f’ (:"xfp{ 9[?% L}PR }9/-"6/}’

Here x, and y, are the comordinates of the centroid of the distribution of
convoy positidus, vhere this centroid 2ocs not lie at the origin on account
of the systewatic error of predicti oit, and P. Pg are the ("O“UODLTI‘L standard
deviations of jrediction errov proper (cqn 1‘3) dn :u.rcrut flies alang,
or at right a‘:-wlr 8 to this traclk, to mect the convoy, and at 5.T.A. prechtecl
posivion has co-ordinat bC x!, y’ ,- the probability Lh:."_u it 110.: between x’
and x' ¢+ ax/, v and y' + cl;y’ is
. r W2 L2 Y o2 PR

N PNLES j ereves (1B)
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arrived ot x'7, ¥ the sirereft carries out a search ‘ver a rectangular
IO By from % tox+s, , dind fromw “B, O Yisg  The
f':?.r-blllty thnt the COIJ.VOJ lies within thig area 1 - Lroin (16)

Yl )(1‘4&3 "
/7’/X~Vj / / F/X,:r‘}w/x oly penee. (18),
"'\' “dhyg e ldy . :

i
i
3.

while the independent v)robab:n.l:n.ty tha‘c the ahrcraat has reached this
particular starting point for its search is given By -(17). Honce the
probability of ...ee‘banr under these particular circustances is

(5/%'}?/7. Hixy') dxtdy! creens (19)

Hov chu*, there is no restrigtion on the possible starting points of the
soarch, end the probability P of the airerhft meeting the convoy after a
scarch over an area A, &, is the st of the wutually exclusive probabilitics
(19) fortall possible values of %! and y' , or

L £D o G
. ) R
P-/ Gy ypc:y*)_,_o/x'dy ersee (20)
Y e RN a ] ' oo

When x, =y, = O this 1ntc.r":ml has been evalua ted by Professor E, £, Milne
{see ﬁppendlx) with the result thot _ _

o , o Ay |

f -y &b 3"]’ ..... T “ﬁ.‘i’}l "“'“""“"—"""‘*“———-—m‘. — srrera (21)

Forod 23 ; B 1 ~L T , \

wherd j 2(5, * b' ) V:."/@’-# 62 :

Ef'fz?. * Vﬂ exp/tjdzt . | a

ig the tabulated Error Punction,

In practice not only arc Xo and y, different from zero, but also the
search is extended umequally on eithied side of the pr\,c'tlcucd po.:,l tion, ir
in (18) we change the limits of m‘Lcrratlon of the intégral in x o x' -
and %' +4¢, and of the integral in v to vy’ ch amd y' +a and av the sarme
time o:;cnllc:l,%lj retain X, and Ygs - then the integration of O) with the
newly defined H(x! , 7)) w:|.11 correspond %o any required practical problen,
It preadily follows af'ter one or two minor algebraic chanzes in Milne's
derivation that '

é:i-’ﬁr cle ot ][ bt o yer] B2 ] 22

‘3 ’ltf’é/ms'fj V???m‘, ’Ji/z/} o) ’lf/.?n; 23] 17

3 31 Probability of ' Existing.Conditions, There are threeirmain
ses of convoy Ll'i..efcbpb] o, (_L) The convoy and the :sdreraft both rove in an

eastu-me sterly divection (e,p, convoys HX, SC, On, Os) (ii) The Convay

and the aiveraft both wove in a 11ort11-souche1*1j dlrec taon (e, n, convoys HG, 8L, O

0G in the Bay):s andl (iii) the convoy ‘moves northesouth and the aircraft

gast~west (c G. convoys HG, SL, O wegt of I'*ela.nﬂ) Casecsa ("L) and (ii)

ag far os the evaluation m Llo probs: ﬂullty of meeting is conterned are

identical, and since such casds _:_10111&0 by far the walority of Corvoy

wturcc.lm.or‘g they c,lone will Dbe treﬂt@d in what follows

e

S-u-.:;_lar]y thowdh in some 8 Lan,r cent of the sorties 4i ucusﬁcd in' this report
the sérrch was conducted by Wideless. E*oi;,‘mk,, it will be assumred for .;-imp_licity
that all the sesrches were carvicd out by the standard C,L. A, ucthou. For
dnwerd convoys this cormences 25 5 rmiles ahead of the predicted position of tho
coavoy, and extends 15 ixiles on scither side of the convoy track to a

At mdmrmmaes LY end T adicicees - an - ' - i “
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Table X, Dendard Crwplnp Line fiheod Dearch,

Convoy ) &, . _&t. &59. A Duraticu] ‘
Yis, = 10 nin, \ h )
Trward 50 25 | 025 25 | 1,6k
Sakvard '35 20 25 25. <] ‘1,24

Vis, = 15 n,m,

Inwanrd 5 25 30 30 L1l A
Qubward LO 20 30 A0 C o965

The constants neoded for the a’valuatio; of ¢qn. (22) are given in Table XI
for four different valles of R, the distdnce run by the aircraft exgrpsscﬂ in
unite of 100 n,wilcs. The values of g,and 8, ave derived immediately from
e, (16) See, 2. 14, the ¥alues of #f, md % ar teken from eqa, (15{, Sec, 3,21,

pxl the welucs of Xy and y_ are smoothed vo.ues with the sinng appropriate to
tho chanze of ori *111 and’ ch?mg;e of axis Cirections taken frow Toble IX, Sec,3,21,
Tnsertine the eppropriate '

Teble XI, Values of B, f*, x5 and y,

s . ' Trrwrard Outword -
£ o br f Pe " Yo o Yo
1,50 40,2t 4+ 4,0 428,6 4 9,2 +¢20. 0]+ 11 .
3,00 15,53 g,0 2('3_.'6 g, 2 + 20 0 + 11 - B
.50 | 215 11.9 | 20.6 G, 2 0 0O f+11 ) -5
5.00 | 32,6 15,9 28,6 9.2 0 0 te11] -5

valuss frop Tables X and XT in eqn, (22), we £ind the velues of P, riven in
Table XIT, This table iz divided in two halves, the first containing the
""rec‘ictc*c’- ¢, for o visibility distance of 10 n, m.le the second that for a
isibility distance of 15 n.eiles; inward and on*cw'wd conveoys ave considered
senarﬂ tely, The last colum of the Table contoins for comparison the, detusl
Ot}ablllbj' ol weeting, expressed as n fraction and uorl"pvtecl from n,qn.(lz) of’
uCC. Hala s will “Je’ noted that the predicted prob pikity of meeting 1s n.ot-

Pahlg XTI, E'reulc'uecl ‘?robablli'l:y of I-'Eeeting

%
Iavord Convoys : Outwrard Convoys Ohserved,
Tis, R i — : . Probability
B | Be 1P=B 4 Pal P Py, 1 PRy Py at Heeting
10 n.mf 1,50 16,5501 0, 2631 0,833 ~ 10,545 {0,189 | 0,73k 0,922
h.50 L5911 L1231 . L 7L 427 185 | 612 L7567
5,00 | Lholy 112} ,603 | 356 | ,157 | 513 . 690
15 ey 1,56 10,5604 0,3724 0,932 o,572 0,310 {0,882 0,922
3,00 1 WBh2t L3381 ,600 | (535 L2038 ) 823 8L
L5C p WOh3 ) L1700 L613 b 77 | oLes7 | L73L 757
6,00 L0021 L1591 7L 4 LL09 .22% L0632 . a690

il

ety c,on.gide"f‘“"vly smaller than that oba rerved, but olso for inward convoys shovs
litile dependence on dim ‘ccmc(, £ clue to the origin of this discrepsncy is

K P o - 0~
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an vhose leén, th is the distance run ~lonms :,hc, conwoy trnck, Lot T, b the
Crobalyility of -ceu:m in this 9.91 rooch arce CoHhen iy wny e shovm from

B ’ ,
>SN Q...M X £rye ""--'-4“”"?’![ Cr¥e . 7 {{9_5j
vl eH —=ieton e [ 28

2/p% s "y Vc{f"+ 5"’,}_} !/f/ 5;) Veierr6z))
vhere A is the distance £lown alony the convoy track up to the co i sneerent
of the C.L.4. seorch, sndé ig the visibility distouoce, A may be token to bo
75"‘:‘_“11-3% vhich presupposcs thai the aircraft is {lying along tzf* convoy trnck
for 100 nymiles before it reaches the predicted QC}\:.LL.ILOM of the convoy, walle
£ 3n either 10 or 15 5 miles, The resulting velues of I ars civer T
c

n in Tablo

KIil, rmd 11: will e noted that there is n quite u(.llﬁ-atc'."n'tl"l proboability

of 1.:0@%.3. v before the commoncement of the C,L.4, senrch.  The total
mrohebili t;, oL ) ":ua*-tm;;, Ly is of course the sum of the rutually cxelusive
probabilitics wecting in the 8,L.4, avea, P, , mnd of weeting in the
aprroach area, l) . The resull ting values of T = T, + ¥y ore given in Table
XiL,  Tor dnwerd convoys the obscrver probability of mceting lies between

hu.ﬂ.‘b crodicted for e visidility distance of 10 wiles ol one of 15 miled,
thou:h considernbly nearer the latter. Wor outward contvoys the predicted

nrob ﬁ’aili‘cy for cither visibi Lity is s s“‘ccz-::rica]‘fl'y giealler than that obsorved;
this iz presunably a mscquurtoc of the fact that in acmul rraciice the

gwrch for outward con\r‘oyp takcu.as lonrg o that For inwes convoys, sc that

esuzaply the search 1ts8lY extends over mn area egual to that errployed Tor
"L ':-wr"’ CONVOYS, "‘"-"tbr_\.@ of the considerably masller area. stimulated in
eoperetionnl orders and used for those I}I‘b(.“.CLiOHb. ’

'1 shont, fthere ig good o rcc,h.t,ua botwsen the o*v'c,x"\rec'?:. mrobability of
ng ond that predicted,  This gives us o considersble mossure of
we in the accuracy of the aireraft navieation ervors cvaluated iu

tec, 244, and of the grc,dic'%ion errors found in Hec,’,.2l, snd enables us now

Yo, predict with certainty the offcect of chemzes in the mode of scarchin ; ond
TG mavigation on the probahility of meetins,

3o Zhe Probebility of ieebin. for Improved | Searchiny: and Feyication,
Such fellures to meet as still occur are clearly a consequance of errors in
prediction, inadequate searching and alreraft navigaticonal failure.  Tith
regard o errors in prodiction there is probebly little hope that the
aceidental error, with standard deviations along ond across the track of
26,6 ond 9,2 miles resnee ui-f&lj, can ever be rruatlj rotucsd, so surprisingly
sizall is it,  However, it Cocs not seon unlikely that the systeratic error in
rediction, avounting to supe 12 or pore wiles , can bca oliminated, in fact
it is only necessary f’or the predictors to know of its existoiace mot only 4o
L}.lf,.llluuc it, but also o dis scover what steps in the process of prediction
bt Lai:\on.;:l.ulc, Tor its cxistence., e ghall therefore asrure in vhat follows
thet while ths aceidental errors of prediction remain wachan ed, the
systonotic crrors arve climinated.,

3,#1. Lffeete 5f on Tmproved Scarch. arch along the el liptical contours
of' equal probebility of weeting, pr oceod : Trom the ]_')T'r‘(lj_r:" ted pozition
out'vvards, would undoubbedly QI‘OV"LLLG the most efficient onl econarical method

of searching, Such a scorch, however, would be navis gationally impracticable,
end Srcie this point of view only rrotn.nrulk.r soarches, which mele the
maintensnce of DR, amv:.Le tirm gimple, necd bo considared, Clecarly ton, ag
long az there is no By tematic srror of predietion, this recteanyyular search must

be symmetrical about the T‘l“';(:i.lcibo pow.-u_Lon of the convoy; the probabhility
o mectin: in such a gymmetrical search is rivon by cnn.(?'l) Finally
the search must cover such on mres thot the vrehabillity of mecting is high,
and et not zo hizh thet if 4he sesrch has to be corpleted the time comswnod
‘Jecm__nr«'. ucu:zmaf'on)l},- lc,\n:;; it is suzzested that a probabil ity of meching of
0,95, that is a search desimsd so that onlv oneg comvor in 20 is not met,
provide o suitable upver limit, The valucs of £, ond Sa, such that P = 0,95 R
are conputed fron egn, (21), and whe r::,ou.lw o piven iu ‘1’:\_!.:1(; ALIT; the
Tirst column contoins the rem-a. the aceeond and $hind She senliree of Daisd

FaEY]
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© fren tables 98- the error function
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The ftable shows how sensitive the dizonsions of the constant=probahility olea
of' sezrch ere to the circumstonees of wmeeting, Not only do the dimensions of

the rectan;le increase rothor more ropidly then proportionately to the distence

floviz, “ut the direction of the lon axis of the rectengle way chenge from
alont whe comvoy track o across it (with increasing Cistance flown)}, for

those sortics whose track is perpendicular to that of the convoy. Theso
with distence dre, of course, & direct cmseguence of the increasc

A .

reredt navigsdlon~error with distonce flova.

Pablc XTIT, Dearch .area for I = 0,95

4/C Track Tarallel Convey Track | A/C irack Ferpendiculor Corwoy Track

e P

g e | e E SR i AET -
Verpes) VelBieel)| &, | S WS 8Y) Waig 57 | A | o,

1,50 h2.3 .2 &7 | 25 | a0
3,001 46,6 17,2 7k 27 42,0
L, 5G 53,3 21.3 ch 3y 43,8

6,00 61,3 26,0 57 W} 453

?05‘-} 7‘(-.!-1[' 3100 111 1{-—9 1:—-( .:5
9,561 00,1 36,2 |127 57 | 52,7
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Having obtainel soe idea of the limwiting dimensions of the rectan/ulor arca
of search, the next problew is to mrron-e the coverage of that area in such
~ovay s to ensure the wmascdizum prolability of weetin-, i the miniaw: tine,
Prin of oo

core thon once, but alse, as far as possible, that the search first he
condueted in the region of the hizhest vrobability of wecking.  Tor
rectenzular areas, tho coverage may he either by the erceping line ahead
search, or, ag sungested by Group Coptoin Richerdson, by a track -scarch,

Thesc two wethods arce shown (lagraasaticelly in Fin,7 for a rectanpular srce
with half sides of 100 aad 40,n,miles (corresponding closely with the P = 0,95
search=aves at o distonce of 600 piles for parallel comvoy and aiveraft

tracks ), and o visibility distemce of 15 n.miles. % is now possible to
caleulnte, by a simple extonsion of the methods develwned in Sec,3.3, the
praiability of mweting the convoy at any stane in the excecution of +thesc two
types ol scearch, ihe rusulis are showm grephically in Pis,d, where the
Prrobenility of weeting is sdven as o function of the time fro. the
coirencencnd’ of the two types of ssorch, the aireraft speed being assumned

to he 125 koots, ond the searches to have been conducted as 600 n,milos,

droe this ficure it will be seen, ds should be the ease , thet on the completion
of both searches, the probability of meetins is 0,95,  Actually $he track
sueareh, which covers slichtly more than the required area and which terminatos
some 20 wimites afber the C.L.4, scarch, abtoins a very slishtly hizher
probobility of wmoeting,”  The intercsting feature of the two curves i s
however, thot thourh tortoige-like the $,L.4, search erceps howe first, Tor
over half the tine the track search is leadir:, by a considerable anount,

Ia this cose the vace is 4o the swift rather thon to the sure, md it is
clonxly nore econozical to carry out a track search, which attaine a 4O per
cont probability of meeting within one hour and a 60 por cent probahility
within 1,7% hours, than a C,Iu A, search vhich ab corresponding times abtains
rrobebilities of wecting of only 8 and 25 per cent rospectively,

L
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thoy will in all cascs yield probabilities of mesting
These 2oy he compared with thoe proboiilitiss of

™
oon’ the table and cammutsed

eting T } ~iven in the last colw )
fror- e, (12). i,loh,u staninrd searches are desi:ncd fop tho casce vwhere the

ol L R COoRy Oy trocks ave parallel; whore they are per mauicul&r it
way boe shom thatb u(l@) or A(15 :wo nrovapilitics of cxecting at 150 n,miles

C,877, and ot 370 n,mriles of 0, Yor weater Jistances, up to GO0
mewiles, which is probably the pract 'LC’l 13573t ob vhich this typo of
interception ocours, o square .cr_zrch ghould Do carricd out over a squoare
caren viith half gides of 60 n,miles,  This will ~ive probobilities of
meeting at 450 noariles of ' o= 0.926, and at 600 Ratss :1.1r“ of ¥ = 0,061,

)
!

Tanle XTIV,  wrobabilitics of Meetin: for Standard

g

Tracl Searches,

] o . Existing 1
R A(10) A(15) | B(10) B(15) {Frob,mecting
1,50 0,985 0,985 S C.922
3,00 0,965 .| 0,965 0,845
6,00 - : 0,930 0,955 0,690
7.50 ) . _ 0,890 | 0,916 0,612
3 9 . o0 . : G . Slll- Do 850 Oo 5311-
352, 'ﬂf‘.f ects of Tmproved Uavicotion, hile the proposcel stnndard Track

Soe I'Cm%- LoanG B will mive not small yrohebilities of Lwccoting in the carlﬁ*

part of the sonrech the rreatly dimproved probobilitiss predicted in Taob
‘fsl"‘ will only be attained if the senrch is, vhen necessayy, achually

™

mmiehon, apswning a gpeed of 125 lmots the quration of the conpleted
1;(1 )) and _13(15) garches is 2,40 and 4,92 hours resl‘;cc:'tively, and. of I‘-.('.LC)
end B(10) iz 3.€0 and 6,71 hours respentively, While thesc times are not

probibivively _LC)Ll'_ aa have indecd boen cqualled and cxoeeded in sone of *hc
sortics analysed in Soe, 3,1, improvin: the smethold of scarch is a somewhad
illusory methed of improving the meeting of convoeys; %he increcssd 'ta.s;e
necessarily spoent in a systesatic and exhaustive scarch iz only obiained

at the cost of a Cx‘u.l”‘bpri'}.dln( reduction in the tiwe spont on escord Cuty.

& hish provability of meetin-, tosether with o large fraction of the
endurance tire of the a.n.rcraft ava:r_law' le for actual escort duty, and this is
what counts, com ouly bhe sccured i¥, corbincd with the improved Track Search,
there ls o hasic improvoment in aircrai"“t navigation,

] 4 limited iieprovement in ailveraft navigation can 1*0 imrediately scourcd
woRore Yrequont wind finding, using ,-_LlLlplc; drifts (Cees,1.21, and 2.4,
This would have the effect of meking the navipation error alon: the frack
cumpareble Ath that across it; hence from S(Jile (10) ‘
A

bz 22 E5E

The search aroun '-"’Dr a .95 probability of meetine at R = 600 n,reiles would

thus e reducod froma L4970, = K n,wiles, diven in Table XIIL, to 73 and
41 n,miles re "TC.C‘CZLVE»IJ'. ‘*:Lth SL‘L.Ell(‘TLG"l."G accuracy this corrcqponc"ls to a
25 e cemt refuction in the time required for 56.."'.1"(.}1.'1.11 this distance,

and so would reduce the duration of searches B{15) and B(‘LO) z}:aproxu,.af ely
to 3,7 and 5.0 hours reshoec tively, thus saving well over an hour Tor usciul
cecort dutby.

A 1mch pore substantial diprovenont in alrerafi navi';a*bion ig dneediately
cvailable provided full use is wode of astroefixes ohiainable wit 1 the Hwo
inute dintoprating 0, TEA Sextant, Hrhoustive hests have shom \J-Lei“ 3) that
his Ingtrucent sives o 50 per comt cccidental or*r'm for o singic position
line of + 2,9 n.dles o et‘zc-r- with a systenstic error of + 2,8 L.h.}.lc.;
o Tatter due fin "‘ll‘)‘k"fih‘l']"'*.‘l Armiatdan oaf Flhe ehemtvrnt T Ao tseses S aabe e
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perpendicular position lincs w111 show a congtant circular distribution with
H,08; =+ 6, 0 n.eiles, The search ares at any distance for a 0,95 .
orobability of meeting will thus be A&, = 66, A; = 25 n.riles, which g
corresponds with sufficient accuracy to o rhduculon in the time of search
at 600 miles to 2,1 and 2.0 hours for B(15) and B{10) res PCCuTVElV, that is
about 50 per cent longer then the standard C.IL.A. search now in use {Table X).

A 8%111 further substantial inprovément is potentially avadlable provided
the sextant is slizhtly modified to eliminate the observer's personal
qpation and to reduce hubble~wander error, vhile at the same time a correction
g made for szenithe-wandexr,  This would load to & 50 per cont accidental
error of a sin-le pOoltJOH line of # 1, 6 n.miles {Ref, 3) and a systemratic
error probably not in excess of 1, O n,riles, giving rise on the average to o
18] per cent ervor 0fc§:m PERYTYSTE e + 1.9 n.nllcu, or & gtandard deviation of
o=+ 2,8 n,wiles. This would. lead to a search area, independent of
distance, with dimensions Tor & weeting probability of ¥ = 0,95, of & = 6L.5
and &, = 15,2 n,wiles, Consequéntly track scarches R(l)) and B(lO) could be
replacc& by searches teking, with sufficient accuracy, 1.2 and 1,7 hours
respectively., These . durations are corpﬂranlc with those now token by the
Cexisting stendard C,L, 4, search: (cf Tahle,X) so thet as much tire would be
available for usecful escort duLv'ég at present, nlrcralt with dmproved astrow
- navigation would, howchr have a probablllty of reetlnn of 0,95, as confrasted
with the existingy proby Hll]hy atiR = 600 n,wiles of '0, 65 (eqn.123, or there
would be an increase 0¢;efilclencv f'or wedlum long nﬁnge.sorties of at least
38 per cent, :

t

The substantial gaindn efTective escort duty which improved astro-navigation
jthus Fakes possivle, -will only be realized proqldea the limitations to the use
\01 astro-navigation. are hot too CTlppllnu, These limitations are two in

humber, . The first arises froc the fact that in day sorties, when the moon is
either new or full, only the sun is available for oaservatlon, end consequently
only one position line, net a fly, can he obtained, The effect of this

limitation can he nlnlklued Ly timine some sorties so as to take advantage of
darkness ané the shars, and %o a very substantial extent by the ube of the
methods desoribed in A,TP. 1234 and 1456 for checking position by a single
position line, Parther developments in the same direction are clcar]y
possible, as is indicated by the recent description of o néw method (Rof.h)g
g0 that on occasions when only a single ppsition line is available, skill in
the use of these wethods may reasonably be cypectod to neutralize the effect
of thisz limitation, e second liwmitation arises from the impossibility of
taking astro~sighis in ten~tenths cloud, The qucstlon of clopd interference
hag already been discussed in Sec,1.23, where it is shown that there is no
significant differenc in the reported cloudiness on sorties when many astro
sishts are taken, and sorties when none are taken, This stron;ly supzests
that the limitationron taking of astroe-sights rests with the navigator rather
than with the cloud, ~ a suggestion amply supported by tho hish percentage of
astro-gorties made by 120" and 201 Squnurono, and by the fact that sowrs
navigators in these two squadrons toke sights on 60 to 75 per cent of their
trips.  Any residual limitation due $o cloudiness could probably be almost
corpletely nullified if the operational height of the aircralt on the run-out
to the convaoy were placed. at 5000 feet or higher, that is above the top of
the lower lying cloud layer (oPG 1. ;3) a hedght- which wowld have the further
desirable effect of inereasing the Pfl@thVO range of A8V,

Assuwe that of 100 sorties with improved astro—aﬂvlgatlon, the effect of
these limitations would be to necessitate the use of DLRs navwgatlcn alone on
3% sorties, - a safe upper limit,  Then the total nwber of mets at R = 600
ﬂ.WLlLS (nodium long renge )_would be 67 = 0~ 95 + 33 = O, 69 = 86,3, where
0,95 ia the probability of meeting for irproved astro-navigation, and 0.69 is
the probability of meeting for D, R navlgauion (eqn,lE) To set this sare
nurher of mets with D.R. nevigation alone, as the case at present, 100 x
06,3 4 69 = 125 sorties would have to be que, or the minimue gain in
efficiency from the use of improved astro-nevigation would be 25 per cent.

Conclusion,
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Infrequent wind findin: hy inadequate mothods, The result of this is that
in Sec,? we find an c¢llipbical distribution of errors in adrcraft navigation,
such that one holf the sortics end within & per cent of the distance run along
the track and 3 per cent of the some distance across the traclk. The
sercentare of convoys which sre not met is shown in See,? to be 5 per cent

at 100 w.miles, and to inersasc linearly as the mumber of 100 mijes run,
Thourh a careful analysis of the probability of mecting reveals that, for
sthrmmesm%Mw,emﬂm:mmmammﬁﬁmdp%iﬁmld’ﬂmcqurM@
prirvarily responsible for these failures, it is the errors of aircraflt
navigation which dominate the situation for wediur ond long range sorties.

Tf an effective use of improved astro~navigation could be introduced, it is
finally shovm that the gain in actual time on escort duty would e equivalent
to that obtained by inereasing the nuwber of long range aircrnft, now in
service with the Comzand and using D.R, navigation alone, by ot least 25

ner cent,

e must énd, however, on a noté of warning, It will be simple to make
available dwproved astro-navigstion, elther by wodifying the two-minute
integrating Mk, IXA Sextant to tale a reversing prism ond gear, or more
simply but less satisfactorily (espieially for si-hits of the sun and moon)
hy adding o small telescope,  The real difficulty is not then cne of
suitable instrurents or their supply; 4t is in the education of navigators
to take asitro-sirhis with such instruments on cvery possible ond many
seemingly impossible occcasions, and havinz taken the sizhis actually to
use then to correct their D,R., navigation.

KEB/EHI/ 0RS/CC.
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TENDIX,  SEARCH FOR CONVOY FY ATRCRAFT,

by Frofessor E.A iilne, Ordnance Board,

Tet (x,y) be any poaﬂ;lon of the convoy with respect to the given
axes, Then the probability that the comvoy lies :msule the e‘Len"entary
domain whose opposite corners are (x y) and (x + dx, y +dy) is given to

e
A Y / I :Y (1>
oy F ‘:*::“*""w— -»»- e
Let (x , vy ) be .any posa,t:l.on of the a::.rorai‘t after attempting to fly
o the origin {predicted pos:w:l.on of the convoy). Then the probability

that the alrcraft 11@5 inside the elem anary darain whose opposite
. COrners are (', 5 ) and {x’ + dx* , ¥y’ + dy Y is given to he

g 5 .

How consider an aireraft which has actuelly flown to (x/, ¥'). The
probability that the convoy is within +4hof the alreralt in the x=
direction and within + Ay of the pircraft in the y-direction is then

oKz a e Ava¥iea,
"7’ ,:,.v) 2/ /- Finy) o ofy. (3)
‘ A xt m« yEY a2
Sinee the probability that the aireraft has thus flown is given by (2),
*Lhe probability P that the convoy is found by a search over the region
LAY 0 % &y , surrounding the aircrai’t's point of arrival l;.,"_*_OI‘ all
]_3031!.:101’1":1 of arrxival of the aircralt

{2y )J“ Ay e e fe

CETE 8

el
S ¢ & {
ye _/ / Gl ¥ ) Hxy)oddy' - (&)
on .‘r‘a N _
This 1s Profe sor H,H, Plaskett's expression,
{Jri ten oub 1n detail uh:Ls expression 1s - i
x v Xy zmu s AL "}kad‘z
i
“'—'wlq e ..-v}-‘l- ,,__3{::2 ...‘..‘f.m..m !--4,. &
}?ﬁ{,t ‘ xf;‘f 3 Qz/ ‘!’f} f ’7 ru) Tﬁ l‘ t 27 )d‘,f/( Aa"}! )d}‘f
"~0¢l - ‘f.-:ﬁ--e‘h o ‘f‘ iy yg:y.«-;‘\a
The factor involving x’ and x, and that involving y' and y, can be
considercd 1ndepc,ndennly , for P may be written as -y
MM,-' y!.;\‘llﬂ 2 xs x‘fa“l yad 1‘1'& 4 P] 2. }
! g { ‘X ¥ .
e - fexp }ifﬁ + ;)écfxm/y/ / gxp- l»:‘g’(m * ”"’z) | SU——
[21}{:,‘1_(,‘6? e &* B A A NN
;‘g-mw-;,m . N Hrk=d, ¥z LN 1
Call these factors p, and p,. In p, put
X=X f
in the irmmer integration, We et
x‘_ O TR YT '
: o4 35 )l me%wJ %
’ ':»;:{"'6') Exf & w) / 1.
XU-. ﬂa |
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amd breadth 24 parallel to the x’ wazis, T
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With this definition erfx tends to 1l as x tends to o . Tutting
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. verlsbility of the wind with tine

ﬂzii

times over the pouke {icwn, The Ffirst of these can normally only

be obtained from the lendfell on the return %o bade, and this is only
of use if the navigation has been gontimiously mainteined throughout -
the whole sortie, including the criticel period when the sirpraft is
hewdng on the A5V, Bescon, Unfler opevdtions) conditdens and tver
the ses 8 knowledge of ‘the astusl winds prevailing ovey the route

ig in effect Smpossibis t6 dbtain, particularly in'view of the

, : ‘and plags, which vadic sonde ascents
have vevealed, Hven that dubious approximetion %o the astual winds,
namely the mésn of the winds found by three or more aireraft flying
ovél the sdme roube st the same time, is varely navailable wnder
operation eonditions, _ : o

1.2, The analysis of the Final ¥rror into its components, a8 laid
dmw in AP, 1456, is thefefore theoretisally covveot, and dan bs -
effented, provided the frue winds and the true ground, vosition are
lowd, A momewt's consideration, however, shows that the compotient
eritrs resulting fron the snalysis avé little more informabive than
the Final Brror itself, Thug the Pilotts Bryoy arises not only froem
the failire of the pllot %o waintain the required courses and speed
but also fror instrument errovs in the compass and AS,I, which may.
not be mecurately knowh, and / or not sceurately spplied by the
navigator, In other words lhe Pilot's Brror ariges to 2 greater or .
less oxbent froe failures of the newigator both on the ground and.
in the sdr, Similerly the Wind Brror ceymot be uniguely assigned to
any particular part of the nevigator's operaticnsy thus winds Aetere
miried by treck end ground speed (or air plot} inwolve the Pilet's
Trror over the perileulsi legs flown, as well as the errors of
Pixing the ground position, including errors of oaloulation, vwhile
multide drift winds involve the accurady of drift deberminaiions,
acouragy of piloting, and accurscy of ¢sloulation, fmly the Caloulation
Brror is unigue, in that it does Indicate what part.of the Final
Error is due to insccurate plotting and ¢alenlation of courses %o
sheer, but it only représents a swall part of the corputational srrors
vhich wey be madé by the navigator in the course of the flight,

Tn view of the uninfoimative nature of the analysls, the revity
with which the data cen be obtained for accurately carrying it through
and finally in view of its lshoriousnese, there seers little Justification
for squadron, group or dommand navigation officers annbinidng o smalyse
logs by this method, This is not to gay that the analyeds
is without its use, but that use if for the individual nawigator
who has oarried out the sortie, If he were requived, following the
sortie, to make the oorrest air plot smd o find his so gellsd
Calculadion Error, such an exercise, particulerly if oavried out
under the supervision of his squedron navigation officer, could scarcely
fail to improve the stendsrd of thiz part of hisworke

i

2¢1s  The purpose of‘-analyz'_:' 48 to kesp check on the standard of
navigetion within the Comesnd or Group, end to discover meens
whereby that stendard may be improved, A posible method of

analyeis would be 4o $¥ind the component errors introduced in to tho
Final Brroy as a vesuli of emch operation pexrfonred by the navlpator,
Thin has heen tnsubcossfully stiempted in AP, 1456, but this does
not mean that it 1s impossible, To do 4%, however, would reqiiid
specind, equipment aud special personvel to be carried on gbmpie
operétionnl Flights tiwoughoud the Cepmand, as well as & spmewhat
elsborate analysis of the résults of such Flights, Quite apest from
the fact that' such £liphts would ipso facto cease to be typieal

of the average operational £light, the smount of material gained in
this way would parhaps be scarcely comsensurate with the time and
lsbour Involved. ' S <

There is, howeyer, another way of teckling this problem, When large,

e v o Al ad el e BT i Ak Tand s madn A wmaladdeale Aamidle absdiabionl



ample information as to he ntanderd of navigation and ‘the wethods
whetéby it oan be dmproved. guch 8 wothod congisbs in selecting from
smotigst the wardous operations perfovmed by the navigator those fox
which evidence of performance cen be inPerved from the logs 1f the

. performatios by honsperiornancs of asch operation s wariked on some

arbityary soale, the sum of the warks S0 obtained i & measure of

the stamdaid of navigatlong while 1f sucuessg or foilure of the
pavigation is correlated {th the marks glven to each operation then
sowe conclugions as to the value of that partioular operation may
veadily be drawn, '

5,2, Oné suoh sysbem of marking is now being applied to sll long
ronge sorties o convoys for the six montl period ending 518t August
1942, WHALE. the meriiing is not yeb Gemplete (there is & number of
1ogs still to be yeoeived) and no analysis of the resulbs has been
wade, 1% is perhaps worth while at this stage fo indicate the nethod
of marking and’ the Lind of results which it may be sxpested to yield,

THe pe:ﬁfect-navigation log receives a soore of 10 marks, Thede
ave assigned as followsyw ‘

94 yasplk - Por dvifd detenpinations made at the rate of 4 per hour
throughout the navigational period.

3 wayks  for w:yﬂ veloai'éjf determinations rade at the rate of 2 per
hours® Wind velocities estiwated from wind lanes snd drifis
are counted as half & detercintion

1 mar‘k: for securacy of wind conputation checked from data given

in ‘log on a Navigational Computer ¥k, TIT The full wark is
given if the wind given by the navigator agrees with the
pe-compabation within 5 mepohs #nd g 102, '
A il for evidence end m:mracy '_of'ehénging from indicated to true
«- alr speeds ‘ R : '

4 mark ~ for evidence of the use of the astrc compass to check pilot's
L eompagss S .

2 marks TOr ébtainﬁ.ng one astre positién 1ine pgf hours.

4 wayk - Por obiaining one loop hearing. (or WF/DF Pix per hour),
These marks are entered on a card, one space for' each mark and.one
eard for a log. In addition the gard carries the duadron nmbay, the
aivoraft mirber and the names of the nevigator and pilot; there are
spaces Tor the day snd times of flight, the distarice from the last
Janafall 46 the predicted position of the convoy, & set of spaces for

maricing the searcl, and a surmary of fhe metdarclogical conditions,

This method: of werking has proved to be both objective and vapid.
Thus & querter of the loge have been marked Aindependently by two
‘Gomputors, one with some practical experivnce of nevigation end the other with
none; In-esch case, apart: from wistekes, the results have béen -in
dorplets agredent.. With regard to repidity it 1z found that in g0
Par sg the vequired information can be ohtained frow the log iiselfy
15 manttes is sufficlent to eomplote a card, Information whith can only

e obtained from Forms Orvange, Group Warvatives and from Sonvoy

positions, and which. is required for the snalysis subsequently to be
carried oub, is not so easily or quickly dbtaired, and accounts for

wuch of the deley experienced in camplebing the narking,

‘#3e In .a11 318 logs have been marked, and the frequency distribution
of ‘the warks 86 obtained is shown in Table £ (all tables dppedr ab
the end of the veport). These marks only refer to the navigat ion carried

e i e nd ammd B P Hhe
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e ween waek for the 3‘;? ‘Lraga is 3,6 and the mtarﬁar& ﬁeﬂa‘&i@n
" of the dlstpibuticn 48 ¢ Y«

“finge F of The possible 10 mard
sre pliven far nonob o ﬁigﬁ ‘Shandedof DU, nivkpasdon, 16 #4101
proebly be agroed that some Jrproversnd dn navigaiion uimm@wu&
the OCommand fs still abtainable, There have in favh been o
thvoughout the perdod inder peviovg. Thud fn Table IT wil) be f.‘tma
the nean marks For sl of “thesle sonthe feon Haveh to dupibt, sl
P bhda 4 dan bee . seen that the slanledd steadlly juoreased from

247 dn Mereh e A3 odn Nay; snd then topered off Yo desn of wiout

Sty - Bimddar ohenges aye shown in the m*e‘iga’rim wf ech b Wi wix
souadrong which did the Wil of hie fAying.

Hot oy does the pELNR WHTE v azgf with the tim buk it alno varies
feor squadvon to souedron, The vep:lis are given m Yable TIT for all
sepiedpons Seleing rart in seven or mery vorties, aminding the Hadsén
syaadrons, The fivet colwm of ths tuble sontains {he squadrom mutber, the
gusond the mubdr of soviias mede, thy thind the nden wa® Por these

 porbies, apd the firml eslom the steyidard deviation of this mesn. TFrom

Hats bebile we ray vesdily take the didfPerorwar butwsen the moan mexk

- obbadned By 120 squadion snd each of the other aquadrons, as well

eotnting the shandad derintlon of thet diffevence, The results
ard e followsys

420 Sadn, + 10 Sqin, = 107 028

120 w460 wiyd & it
12@ QQ? i@ﬁ-l- & 1\19
12 220 0.7 £ 21
180 288 4@4& ‘F v

Yhe dilferences are ;in togh opne ot lenst fwlos as lapge ae the standsrd
deviation, snd mey therefors bs vemodsd a5 pignifloant, Thewe is
%hmfm 8 renl difference betwean She staderd »f mavigetion sdntained
in the varions squndrons, eed the stondend of nevigation within the
woL# wondd b gy&aﬂy improved §f each squedron sould reproduse
he vomiits obtained by 160 Sgualivon, It e perheps woth m%img that
;‘z &J&G Souadpen, the two hﬁ-gheﬁ*a goorers, ¢ equipped with

¥ 20k i S

Finelly 1% 48 of aore inbevent Yo compars the navigetion muke dbtained for
siveradt which snedessfully met and those whioh falled $o ,
wast aonvoys, In Teble IV are given for vorlous mnges *bhoa ot
mber of sorties made, the peveentege of "Hobwmta", she navigation
wardee and  viedbility ‘E'm- the rots and nobwvets, ?he %eau}:ﬁa in this %able
gonfivm remlts entllidr ohindvied in ORG/0Q Repord Mo 487, pnwely the liwresce
:ln the percentegs af notemets with $ruvensing distance From land, end the

i dependined of peobing on vigthilltys However the mmﬂ:m Tnvolved
ﬁn Wekle V ave sy mmall, thed moans for the nobwzeby have 1Atild significance,
Toh waoh stvess showld fiot therefove ba 1odd on 4w fosd that the pev cmt:aga
of tiotemets dnprdsuen wich move alowly with dlstence then found dn
the previous worlk, hor sxe the dif’femaw o visdbility for weeting
830 notwreeting highly simificmt, With similey osution we note that
thers stems to be L1418 sorrelation betwee. the wtandud of navigation
88 piven by the present system of warking, and fatlure to wesdy The
perocntages inovense of nobtspets vith diztence s mﬂmﬁahealy 9 ba

- atfyibuted fo the Pinesl Rrror of the nevigation, end ite probuble

inopesny &4 the square vooh of the Qlatonos floway T ™ haped thet

wihet this anedyels has besn completed, 1t may be possible 4o amceriain

these Binsl Frrovs Stom aotunl sonvey posdtdons, and oorrelate Thess

qrrors with the wevigndion meeks, I sush sni-event 4% would be possible

b pradied What stendavd of navigaticn wouldd howe fo be meintained

in order to heve olds of § 4o 1 of moebing a cowoy at any requved Ginianve,

pr ind Gomeusion,

P o o O R

(&,) T4 has been shom that the atendard mylbod of analysis doscribed

I 4P, 1086, and of présent in wse thvougheut Comstel Qtmunnd, is



applications sre

e

nil gatiin meintained in the Commend. It i8 recomeended that 1% only

be mpplied by the individusl wivigator to his own log on return

from a gortigs. '

(11 A sirplified method of marking is dencribed; and sore applications

of this system to do¥ivoy sorbies, for the six wonth peridd ending 318t

Agust, eve glvén, Tt is shown that the shandard of navigabion within ™

the Comoetid can be readily assessed by this method; &s well as iis

variationg from squadron 'ga squadion and with time.  Other possible
icateds T e ‘

ool | o gmS
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‘aays of tha mﬁm&w‘ gislysds Iald dowit
8P 56y While theorstieally sound this metlod sufferd from ther
grave dissdvantages of being laborions and lkpracticehley pax‘ﬁieulgﬂy
O updey opereticnal oconditicng, Turthey 1t da &mﬂ,mama enly to goed

Y navigablon logey. and A€ meen resulbs eve taeen five such aoalyses,
- thess peans tend to pivé an unrepresgntative and fod Pavourably biased

- & view of the stapdard of navigafion within the Qownwnd, There &8 B
v therefere olearly & need to donsidew other wethods of Avgessing
o neelgabion loge, end 1% 4 the irpose of 'Ehﬁﬁ Feponh, after o ‘m-iai‘
ﬁaﬁgﬁﬂam&;im ﬁf the atmﬁm m‘ahmi ni‘ ayalys ‘ .
sisoh, W e ,

is egsont! _ "“t:waa ’ha! ﬁamf ot
'this aassa#mﬁ ‘by

te

S P 4; m mﬁ&w@ bf HE3H, ':'ex,’w 1&‘&:1 oy dn. AP, 11456 (G}mp«m) m B
: i‘arllwmw Tet X be the bevatnal polut vihieh ihe adrevsst 4s ramﬁw&_
Lo mmhg ond Dbe the eotual prowd position of the alreyat ay
Bs ufac Semrinal point, mn the Final Freoy of the novigation iz the
. ,Mp;»‘-m E - weuntor distanoe X, and the wrzme-
P 5P e snedysds 48 to beeale this
' . Final Yeeow inte Lts ﬁmpefmkﬁm Prom
4 Ehe departure point the doirges
siaarﬁ& mxa tha dlptanced flom, as
Yok the log, ave acourately
it p"*‘_'t A, feonchied st
: gtfﬂ} ﬁ( 'h& sing in'b& I’Q’i&*ﬁ& m‘t
11 M& the air ple;i: popttion dore
teupondiing to the prount wosi¥ion I
veached of Wils ‘twa, for sach of
‘the legs wiidsh have baen wlotted
- leadting i to A ave mﬁsjm# to *whaf;
ey be ealled Pilo$'s Bovor, that
e iamgtaﬂmf&ihwﬁf%epﬁot ’

this. m*;?ix* day ’M‘f i‘x‘m B ‘&he fruy %
- wind yeobors weversed (shown dn the
. Bipare ae the atfedight lins DA),
L earvaspording do the Srind Veibe.l.tws
which held thpongicud the avea at’
the Hiwe the £Iig was mads, The
o polnt A thup pesched must thevefore
be the siv plot pesition serresponding
' Ao the @mm& gﬁﬁiﬁ@h IJ, and the
?eai;é:r at& maﬁ %mr i:éze :Pilm mmw o

_ How 192.? ot m A both isha \aﬂ.nﬁ, wm#tieg il %y the navigator

(ah@wn by “the brokon dine A8}, and the true wind veloeities A0, where

o Myde squeloend parallel to A e Qonsequendiy TG -'{-aa’-‘m@qi in Am. 13;«56 +he

. Othoy Brror) w AlA's FLIOG S Yawor, | the polnt B i gy
 pesition whidh the navipador weuld Im raadhed if I’tiﬁ wi;aé.ﬂ
aoresat and 1P therve hat?a Besn no Pilebty Hrver, A ;
o pessh $he tévminal. me j-the distance B8 g 4 wighto £
Caloulatlon Sevor due 4o Incorveut plobiing, snd s&lmzlaﬁim af
souraen to steer, while Yhe wesbor U8 45 the evrov in the mvigaﬂw*

o dsteradnation of "t (eallad dn AP, 1456 Wind Change Bryor), Conssquently

L the Pinal Errer I & Veobor S off 10 (Pilod's Bryow), 08 (*r‘?insg Rrror,

‘and W% (Caloulation Rrwoy), the sense of each vector !aai‘ng; in the

o ﬁim*&im aama:l w #ma pmitm -!:o rﬂq;xim& pamﬁmh
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 ANALYSTS OF NAVIGATION _LOGS.

s

ff.‘o ma:n.n’ba:m a h:l.gh standard of na.vigatlon w:u.th:l.n ‘the Oarmand it

_is essential that the navigation in each long range sortie should be

carefully assessed, Heretofore it has been the practlce to carry out : .

this assesarent by means of the rethod of snalysis laid down in =

AP, 1456, While theoretically sound this method suffers from the

grave dissdventages of being laborious and impracticable, particularly

under operational conditions, Further it is appliceble only to good

navigation logs, and if mean results are taken from such analyses, .

these means tend to give an unrepresentative and too favoursbly biased

s view of the stendard of navigation within the Comrand.. There is

therefore clesrly a need to consider other methods of assess:mg

navigation logs, and it is the purpose of this report, after a brief

consideration of the standard method of analysis, to dBSCI"Lbe one

such method,.

1a anda.rd Method of Analysls.

1.1, The method of enalysis laid down in AP, 1456 (Chap.m) is as
follows:= Let X be the terminal poxnt which the aircraft is required
to reach, and D be the actual ground position of the aircraft at

E.T.A, terminal point., Then the Final Error of the navigation is the

. . Departare vector distance DX, and the purpose
T Feine of the analysis is to break this
R Final Error into its corponents, From
"~ the departure point the courses

steered and the distances flown, as
taken fromw the log, are accurately
plotted up Lo point A, reached at
B, T, A, terminal point, Note that &
is not the air plot position cor-
responding to the ground position D
reached et this time, for each of
-~ the legs which have been plotted.
leading up to A are subJect to what
ray be called Pilot's Error, that
is due to the failure of the pilot
to maintain the courses and. speeds
specified by the navigator.. To find
this errvor lay off frow D the true
wind vectors reversed (shown in the
Pigure as the straight line DA),
corresponding to the wind velocities
which held throughout the area at
the time the flight was mwade, The
P B B point A thus reached must therefore
T be the air plot posiuz.on corresponding
J to the ground position D, and the
vecter AL must 'be the PllO‘US Error, ,

Now lay off from A both 'l:he wind veloc: ties used by the navigator
’ (shown by .the broken line AB), and the true wind velocities AC, where
AC is equal and parallel to A D. Consequently DC (called in A P. 1456 the
Other Error) = A'A = Pilot's Brror, The point B is the ground
positien which the navigator would have reached if his winds had heen
correct. and: if there had been no Pilot's Error, As, however, he wished
to reach the terminal point X, the distance BX is the navigator's
Calculation Error due. to mcorrect plo*ct:q.ng, and caleculation of
courses to steer, while the vector CB is the error in the nav1gator s
determcination of wind (called in AP, 1456 Wind Chenge Error). Conseguently
the Pinal Error:DX = Vector Sur of DG (Pilot's L‘rror% CB (W:Lngr Error)
end BX (Calculation Error), the sense of each vector being in the
direction actual or trae position to required position,

To effect: this full a.nalyéi:s . which has broken the Final Error down
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times over the route flown, The first of these can normelly only

be obtained from the landfall on the return to base, and this is only
of use if the navigation has been contimuously maintained throughoutb
the whole sortie, including the eritical period when the sircraft is
homing on the A.S.V, beacon,  Under operational conditions and over
the sea a knowledge of the -actuel winds prevailing over the route

is in effect impossible to obtain, particularly in view of the
variability of the wind with time and place, which radio sonde ascents
have revealed, Even that dubious approximwation to the actual winds,
narely ‘the mean of the winds found by three or more aircraft flying
over the same route at the same time, is rarely savailsble under
operation conditions, ' '

1.2, The analysis of the Final Error into its components, as laid
dowvn in AP, 1456, is therefore theoretically correct, and can be
effected, provided the true winds and the true ground position are
known. A moment's consideration, however, shows that the comwponent
errors resulting from the analysis are litile more informative than
the Final Error itself, Thus the Pilot's Error arises not only from
the failure of the pilot to wainitain the required courses and speed
but also from instrument errors in the compass and A,S,I. which may
not be accuratsly known, and / or not accurasely applied by the
navigator, In other words the Pilot's Drror arises %o a greater or
less exlent from failures of the navigator both on the ground and
in the air. Similarly the Wind Brror cammot be uniquely assigned to
any particular part of the navigator's operations; thus winds deter=
rined by track and ground speed {or air plot} involve the Pilot's
hrror over the particular legs flown, as well as the errors of
fixing the ground position, including errors of caleulation, while
rultige drift winds involve the accuracy of drift determinations,
accuracy of piloting, and accuracy of calculation., Only the Calculation
Error is unique, in that it does indicate what pert of the Final
Error is due to ineccurate plotting and caleulation of courses to
steer, but it only represents a mwall part of the corputational errors
vhich may be made by the navigator in the course of the flight,

In view of the uninformative nature of the analvais, the rarity

. with which the data can be obtained for accurately carrying it through

and finally in view of its laboriousness, there seews little justification
for squadron, group or comrand navigation officers contimiing to analyse
logs by this method, This is not to say that the analysis

is without. its use, but that use if Tor the individual navigator

who has carried out the sortie. If he were required, following the
sortie, to make the correct air plot and to £ind his so called
Calculation FError, such an exercise, particulerly if carried out

under the supervision of his squadron navigation officer, cvould scercely
fall to improve the standard of this part of his work.

2, A'System_for.Marking,Logs.

2s7e .The purpose of anelyzing is to keep check on the standard of
navigation within the Comrend or CGroup, and to discover means
whereby that standard may be improved. A rosible metheod of

analysis would be to fiwd the component errors introduced in to the
Final Zrror as a result of each operation performed by the navigator,
This has been unsuccessfully attewpted in AP, 1456, but this does
not ween that it is impossible, = To do it, Lowever, would requirs
special equipment and speeial personnel %o be carried on sample
operational flights throughout the Command, as well a5 g somewhal
eleborate analysis of the results of such flights. = Quite apart from
the fact that such flights would ipso facto cease %o be typical

of the average .operational flight, the amount of material gained in
this way would perhaps be scarcely comrensurate with the time and
labowr involved, ' '

There is, however, smother way of teckling this problem, Vhen large
murbers of operational flights are being made a relatively crude statistical

e dela A mmmnadad meeTl Sl 2 2y



_amplé information as to the standard of navigatlon and “the methods
. vwhereby it can be improved. ‘such 4 method consists in selecting from

amongst the wvarious operations performed by the navigator those for
which evidence of performance can be inferred from the log., If the
performance or non~performance of each operation is warked on some
arbitrary scale, the sum of the mearks so obtained is-a measure of
the shandard of navigation, while if success or failure of the
navigation is correlated with ‘the marks given to each operation then
sore conclusions as to the value of that pariticular operation may
readily be drawn, ' ' ~

2,2, ~ One such syster of marking is now being applied to all long
range sorties Lo convoys for the six month period ending 31t August
1942, Vhile the warking is not yet corplete (there is a muheér of
logs still to be received ) -and no analysis of +the results has been
rade, it is perhaps worth while at this stage to indicate the method.
of warking and the kind of results which it may be expected to yield,

The perfect navigation log receives a score of 10 zr:arks. These
are assigned as follows:-

1 merk  for arift detercinations mede at the rate of L per hour
" throughout the nevigebional period,

3 marke for wind velocity determinations made at the rate of 2 per
Jhours, Wind velocities estimated from wind lanes and drifts
are counted as hall & determivgdtion

1 mark for accuracy of wind comrputation checked from data given
in log on a Navigational Computer Mk, IIT The full mavrk is
given if the wind giveh by the navigator agrees with the
re-corputation within 5 mp.h, and & 10°,

4 mark  for evidence end accuracy of changing from indicated to true
air speed. ' '

1 mark for evidence of the use of the astro compass to check pilot's
' COmpass, ' '

o marks for cbtaining one astro position line per hours .
4 mark  for cbbaining one loop bearing {or M.P./D.F. fix per hour)

 These merks are entered on a card, one space for each mark and one
card for & log.- In addition the cerd carries the squadron nurber, the
aircraft mumber and the names of the navigator and pilot; there are
spaces Tor the day and times of flight, the distance from the lagt
lendfall to the predicted position of the convoy, & set of spaces for
marlcing the search, and a swmary of the reteorological conditions,

This wethod of marking had proved to be both objective and rapid,
Thus & quarter of the logs have been marked independently by two
corputors, one with sore practical experience of mavigation and the other with
none, In each case, apart from mistekes, the results have been in

complete agreement., With regard to rapidity it is found that in so

far as the required infomration can be obtained from the log itself,

15 minutes is -sufficient to complete a card, Information which can only
be obtained from Forms Orange, Group Nerratives snd from Convoy
positions, end which is required for the analysis subsequently to be
carried out, is not so easily or quickly obtained, and accounts for
wuch of the delay experienced in completing the rarking,

2,3, In all 318 16gs have been marked, snd the frequency distribution
of the marks so obtained is shown in Table I (all tables-appear at
the end of the rgepgrt‘). These marks only refer to the navigat ion carried
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The wean merk for the 317 logs is 3.6 and the standard deviation

of the distribution is + 1.3. Since 7 of the possible 10 marks

+ are given for a not umduly high standard of D,R. navigation, 1t will
probebly be sgreed that some iwprovement in navigation throughout
the Compand is still attainable., There have in fact been changes
throughout the period under review. Thus in Teble II will be found
the meah rarks for each of the six wonths from Harch to August, and
frow this it can bee seen that the standard steadily increased from
2,7 in Yarch to 4.3 in May, and then tapered off to a mean of sbout
3.6, -Similar changes are shown in the navigation of eah of the six
squadrons which did the bulk of this flying,

Not only does the mean mexk vary with the time, but it also varies

from squadron to squadron. The results are given in Table IIL for all
squadrons taking part in seven or more sorties, excluding the Hudson
squadrons. The first colwmn of the table contains the squadron nurber, the
gecond the number of sorties wade, the third the mean rark for these
sorties, and the Final column the standerd deviation of this mean, From
this teble we may readily take the differences between the mean mark
obtained by 120 squadron and each of the other squadrons, as well
computing the standard deviation of that difference, The results

are as follows:-

120 Sqdn, =~ 10 Sgdn. = 40,7 4 0.29
120 - 160 ~1a2 + oAU
120 201 . ‘i‘oq‘l-!- + .19
120 220 +0,7 £+ 21
120 228 +0,6 + .24

The differences are in each case at least twice as large as the standard
deviation, and may therefore be regarded as significant. There is
therefore & real difference between the standard of navigetion maintained:
in the various squadrons, and the stendard of navigation within the

whole Comrand. would be greatly improved if each squedron could reproduce.
the results obtained by 160 S¢uaedron, It is perhaps woth noting that

it and 120 Scuadron, the two highest scorers, are equipped with
Liberators.

Finaelly it is of sore interest to compare the navigation marks obtained for
aireraft which successfully met ard those which failed %o '
meet convoys, In Table IV are given for various ranges the total
nurber of sorties made, the perdentage of ™not-mets", and the navigation
marks and visibility for the mets and not-mets, The results in this table
confirm results earlier cbtained in ORS/CC Report No,182, nawely the increase
in the percentege of not-mets with increasing distance from land, and the
apparent dependance of meeting on visibility. However the nurbers involved
in Table V are so small, that means for the not-mets have little significance,
Too much stress should not therefore be laid on the fact that the percentage
of not-mets increases much more slowly with distance than found in
“he previous work, nor arve the differences of visibility for meeting
and not-reeting highly significemt. With simwiler caution we note that
there seems Lo.be little correlation betwee . the standerd of navigation
as riven by the present syster of merking, and failure to meet, The
percentage increase of not-pets with distance is undoubtedly to be
attributed to the Final Brror of the navigation, and its probable
increase as the square root of the distance flown. It is hoped that
when %his analysis hes been completed, it may be possible %o ascertain
these Tinal Errors from actual convoy positions, and correlate these
errors with the navigation marks. In such en event it would be possible
to predict what stendard of navigation would have to be maintained
in order to have odds of 9 %o 1 of meeting a convoy at any required dishance,

Supmary and Conclusion.

(i) It has been shown that the standard method of analysis described
4in AP, 1456, and at present in use throughoul Coastal Comrand, 1ls
ineffective, laborious and non-representative of the standard of
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< ‘navigation raintained in the Comreand, It is recomrended that it only

be applied by the individusl navigator to his own log on return
from a sortie. ’ .

(11) A simplified method of rarking is described, and smﬁe applications
of this system to convoy sorties for the six month peridd ending 31st
Migust, are glven. T+ is shown that the standard of navigation within

the Command cau be readily assessed by this method, as well as its

variatiohs {rom squadron to squadron and with timwe, Other possible
applications ape indicated. : -

oR8/CC. : K, E.B.
13.10.42, e L HH.P,



o o VEABIE T :- Distribution at Navigation Morks. ,
ﬁf} Morks .. To. logs Trks, | No. logs.
‘ 6.0 = 0.5 N a0 = 5 L7
8,5 - 1,0 A : 5 © 5,0 .32
1,0 & 1.5 2l ' 5,0 = 5.5 29
'195 - 290 ) 20 . 5.5 = 600 KA
2.0 - 2.5 21[- : 6‘0 ‘. ‘l685' J+
2,5 = 340 28 6.5 = T<0 2
. 300 - 305 )-I-LI- 7.0 - ?.5 2
3.5 O A,S-_o Chd '
fotal No, Togs = 318
Mean moTi..eess= 3458
S.D...-.-oocuoili 1932}—
TABLE II:= " ean Marks per Mon’bh.‘ : . ‘ i
Month | Mean ‘ Honth Mean!
E N Mark | Maxk
E-{arch Zet © June 3.5
pril 362 July 3.7
day o3 August 3e7
TABIE TIT:- Mean Marks per Sguadron.
Bguadron ‘ Mo, Sorties Mean Hark 8.D, at liean
l 120 _ 59 ’ Y x 0.13
160 7 5.2 + 0,39
201 ' 92 ' 3.6 + Oyl
220 - 39 I T + 0,17
228 l 5h. bR + 0.21
PABLE IV:-  Sorties to Convoys
] .
\ ) Navigation kks, Vieibility
i.~ * . 3 !lf 51 . ) § X .
1l! : Range Vo.Sorties | Page Met I«i?ﬁ Wot-liet Met Hot-iet
[ . . - IR 5 LA [
T - . , . i -
1 200=300 95 ' 10,9 .- |36 | ek 1148 le3
'I POO"I"DO 5k A 22,2 3!6 ) 3¢5 11,5 5,0
5\% 100=500 23 /7 17.% Thed | 360 13,9 9.0
i 500-600 21N 23.8 4.0 3.7 10,8 15.8
i > 600 6 17 1646 1he3 5.4 9,0 0.1
& ‘ ' ; : . t -



