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The accuracy of fixes obtained by HF direction .finding s.tations has bee n exami!led by 
means of a dispersion factor computed for each fix ; thiS factor is a measure of t he consiste ncy 
of bearings t a ken from different stations on the same transmission . It is shown t hat t he 
accuracy is significantl y lower during times of ionospheri c storms than at times \I'hen n o 
storm occurred, and that the effect of the s torm is mainly on fixes in volving F2 layer 
propagation. 

1. Introduction 

I t is na tural to suppose that the accuracy of DF 
bearings t aken on transmissions i~. the. HF ban.d 
will depend to some exten t on preval~lllg IOnospb:en c 
conditions. In par ticular , ionosphen c storms nught 
be expected to lead to some deteriora tion of accuracy. 
The present p aper describes a statistical analysis 
undertaken to tes t this hypo thesis. 

The bearings analyzed were obtain.ed fI:om stations 
equipped with standard . Adcock dlrectlOI: finders. 
They were taken on both fixed and. mobIle .tran.s
mittel's, the m ajori ty of the translmt~ers b elllg III 

the distance range 1,000 to 3,000 lem from the DF 
sta tions. The true positions of the transmi t ters 
wer e not known in the m ajority of cases. 

The quality of each bearing was ~ timated by 
m eans of the Brooke system . In thIs system, a 
variance is assigned to each bearing depending on 
several factors known to be related to accuracy. 
The variance cOl11.ponen ts were origin ally estimated 
from an analysis of the errors in some thousan.d~ of 
bearings ob tained on targets of l,-?own posl ~lOn; 
they are regulal'ly r evised on the ,b,asIs of an al~sl s of 
current data on uch targets. 1he sys tem IS de
scribed in detail in an accom panying paper by 
E. M . L . B eale. It should be no ted that the Brooke 
variances do no t t ake accoun t of variations in iono
spheric conditi?ns explicitly! although the com
ponents dependmg on the swmg anc~ range of sn.ap 
bearings are probably correlated WIth such van a
t ions to some extent . 

T he bearings obtained on a given ~ask from . dif
feren t DF sta tions do not normally mtersect m a 
point. An electronic computer has bee.n programed 
to solve th e s tatistical problem of findmg the most 
probable position of the transmitter . (Best Point 
E stimate or BPE) and a surroundmg rec tangle 
representing a 90 per cent p~'obability regi~n . The 
Brooke variances are used m the calculatIOn, and 
affect the position of the BPE and the size and posi
tion of the rectangle. The computer also calcula tes 

1 Contri blli ion from Government Communicat ions H ead quarters, Chelten· 
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' Paper prescnted at the Conference on T ransmission P roblems Related to 
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a so-call ed 'dispersion factor,' the definition of which 
is given in section 3. This factor is a measure of the 
con is tency of three or more bearings taken from 
difJ'erent s ta tion s on the sam e task. The average 
value of th e dispersion fac tor should be (n - 2), 
where n is the number of beal'ings. Und er adverse 
conditions Lhe average value would be greater th an 
(n- 2). 

The average value of dispersion fac tor has been 
used throughout the an alys is as a m easure of ac
curacy. The advantage of using this factor in a 
quan tita tive inves tig aLion is that i t can be calcu
la ted on all tasks withou t any knowledge of the tru e 
posi tions of the transmitters. 

2. Definition of a n Ionospheric Storm 

Various phenome II a are asso cia ted wi th ionos ph eric 
s torms, the most charac teristic being tIl e change in 
the cri tical frequency of the F2 layer (fo F2 ). The 
critical frequency often shows a brief ini Lial rise, 
termed the posit ive phase, followed by a sLeep fall 
to a much longer negative ph ase, during whi ch ]o F2 
i below the v alue expecLed for calm condi tions. 

It is conven tional to classify storms as modera te 
or sever e. A modera te storm is defined in the 
B.B.C. mon thly propagation r epor ts as one in which 
]0 F2 lies between 60 percent and 90 percent of th e 
fortnigh tly running hourly mean fo F2 , a nd a 
severe stOl'm as one in which ] o F2 is less than 60 
percent of this m ean. The B .B .C. r eports lis t days 
on which severe and moderate storms occurred . 

The B .B.C. classification was used in the initial 
stages of the investigation . La ter , in order to deter
mine the m agnitude and duration of each storm m.ore 
precisely , published data from the U.K. vertIcal 
sounding stations at Slough and Inverness were 
examined. The start of the s torm was then t aken 
to be the time at whichfo F2 , m easured at Slough , 
fell below 90 percent of the monthly median for the 
corresponding time. The storm became severe when 
fo F2 fell below 60 percent of the same median value. 
'The progress of a typical storm is ~hown in figur~ 1, 
where the Slough value of]o F2 IS plotted agamst 
tin1e. 
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FIGURE 1. Ionospheric storm on 7th, 8th, 9th, and 10th, of July 1958, readings at slough . 

__ ___ _____ ____ Indicates discontinuity in rcadLngs. 

It is, of course, rather arbitrary to define the start 
and finish of a fairly widespread storm by means of 
soundings taken at a single station. Comparison of 
Slough and Inverness data showed that the broad 
features of the behaviour of fo F2 were the same at 
these stations, but that the smaller features of the 
plotted records were not identical. 11easurements 
from other European sounding stations had not been 
published when the analysis was undertaken. Since 
the local times at points of reflection for most of the 
tasks analyzed did not differ by more than about 
two hours from the time at Slough, the behaviour of 

.10 F2 at Slough was probably reasonably representa
tive of conditions over the area concerned. 

3 . Dispersion Factor 

As already explained, the computer calculates a 
BPE of the position of the target transmitter for 
each set of bearings fed to it. The observed bearings 
are then compared with the bearings which would 
pass through the BPE, and an angular residual 
formed for each contributing DF station. Each 
residual i.s squared and divided by the Brooke vari
ance of the bearing. The dispersion factor is then the 
sum of the resulting numbers for all the bearings 
contributing to the fix. The factor is calculated by 
the computer to one decimal place. 

Simple statistical theory suggests that the disper
sion factors for n stations should have a x2 distribu
tion with (n - 2) degrees of freedom. Details of this 
distribution may be found in most textbooks on 
statistics, e.g., Yule and Kendall, Introduction to 
the Theory of Statistics, chapter 20. The mean value 
of the dispersion factors should be (n - 2) and the 
variance about the mean should be 2(n - 2). 

These results depend on the assumptions usually 
made in DF analysis , that bearing errors are nor
mally distributed about zero mean and that the 
errors in bearings taken from different stations on the 

same task are not correlated. It is known, however, 
that none of these conditions is strictly satisfied in 
practice. In particular, it seems that the leptokurtic 
distributions of bearing errors which occur in practice 
will lead to a variance rather greater than 2(n - 2). 
It is difficult to estimate the effect on the dispersion 
factors of small systematic errors in bearings and 
of correlation between bearing errors. These points 
have not been considered in detail here, since we are 
concerned more with a comparison of factors under 
different conditions than with their absolute values. 

The dispersion factor will be denoted by ~o follow
ing the notation used by Beale and others. No 
convenient name or symbol exists for the quantity 
l~o- (n- 2)}; the symbol ~n will be used in this 
paper. We except from simple theory that ~n will 
be zero on average, positive under adverse conditions 
and negative under favourable conditions. It will 
be shown later that, in practice, the average value 
of ~n for a given day tends to be positive. 

4. Comparison of Calm and Stormy Days 

A period of six months, from July to December 
1958 inclusive, was selected for study. According 
to the B.B.C. reports , severe storms occurred on 15 
days in this period and there were 49 days with 
moderate storms. 

It was decided to compare values of ~n on days of 
severe storms with values on samples of calm days. 
Saturdays and Sundays were not used in either 
sample because computer results for tasks on these 
days had not beon calculated. There then remained 
12 days of severe storms for study. Four calm days 
were chosen, one each in July, Sep tember, October, 
and November, thus giving a reasonable distribution 
throughout the period. Days on which magnetic 
storms or Dellinger fades occurred were not selected 
for this sample, but otherwise the days were chosen 
at random. 
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The resulLs a re set out in La ble 1 below. The 
average value of ~11 for all stormy days is + 1.27 
and is significanLly greater t han the value of + 0.57 
on calm days. 

IL is clear from table 1 t hat propagation conditions 
were worse fron1. the point of view of DF accuracy 
on days of severe storms than on calm days, as 
expected. The question n ext arises as Lo whether th is 
effect applies to all frequen cies , or is more mrtrked in 
a par ticular part of th e HF spectrum. T able 2 shows 
the value of ~n for 1 M c/s in tervals for the same 
sample of calm and stormy days. The difference 
between the results is more marked on the first and I 
seco nd frequency bands (i.e., up to 10 M e/s) than 
on Lhe th ird band , but all are affected to so me exten t . 

III ord er to in vestigate further the cffcC't of storms 
on accunlC~~, il was decided to use Slough m easurc
men (s of /0 F2 lo defin e periods of mod erate and 
severe stoi'm s as described eetrlier. The period con
sidered was exLcll ded to June 1959 . T elble 3 shows 
values of ~n durillg the m oderette a nd seve re p hases 
of lite slorms considered . 

T A BLE l. Comparison oj calm days with da ys of severe stor ms 

Calm clays 

1958 
Average 
value of 

2: " 

Storm y clays 

1958 
A vcrap;c 
va lue of 

2: 71 

11th Jul y ______ __ _______ __ + 0.5 8th JIIl y______________ ___ __ + 1. 2 
22d Septe mber__________ __ + 0.6 nth Jul y___________________ + 1. 2 
Ui!l Octo ber ___________ __ + 0. 7 1RLh Au gust. ______ __ ___ ___ + I. 2 
H l h :\ovembcL ___ _______ +0.5 4t h Se ptember ___ ._ _____ _ + 1. 4 

5th Se ptember__ __________ + 1. 1 
A1l4da)·s _______ _________ + 0.57 23cl Octo bCL __________ ___ + 1.4 

24th October _____ . ________ + 1. 6 
28th Ocl.Obcr. _____________ + 1. 4 
4th D eeemher___ ________ + 1. 0 
5th D ecember_____________ + 1. 3 
17th 1)eoombOl·____________ + 1. 2 
18th D eccm bN ___________ + 1. 3 

All 12 oays________________ + 1. 27 

T ABLE 2. D ependence of ~" on 
j 1'eqllency 

Calm days Stormy days 
F req ue n cy 

A vcrage value Average value 
of ~ Il or~" 

_Ifels 
1-2 ---------------- +2.7 
2- 3 + 0.3 + 1. 9 
3-4 + 1.5 +2.0 
4-5 + 1. 2 + 1. 6 
5-·6 + 0.2 + 1.6 

1-6 +.95 + 1.i2 

("'-7 +.8 + 1. 5 
7-8 +. 4 + 1.4 
8-9 +.2 + 1. 3 
9- 10 . 0 + 1.4 

6--10 +. 47 + 1. 41 

10- 1 L - . 3 +0. 2 
11- 12 . 0 + 1.0 
12- 13 +. 3 0. 0 
13- 14 +. 2 +. 4 
14- 15 - . 6 -. 1 
> 15 + 1. 0 +.9 

> 10 + 0. 17 +. 48 

TAB I~E 3. ~ n .ror m oderate and severe phases of storm s 

.A verage val ue of Xn 
1958 

Moderate Severe 
p base phase 

18tb AugusL ____ _____________________________ _ 
4/5th SeplcmbeL. ____________________________ _ 
23124t11 October __ _____________________________ _ 
28th October ____ ______ _______________________ _ 
415th Decem ber _____ __________ _______________ _ 
17/18th December ___ _________________________ _ 

1959 

+ 1.1 
+ 1. 2 
+ 1.5 
+ 1.4 
+ 1.4 
+ 2. 1 

9th hn ua ry___ __ __ ____________________________ + 1. 0 
28th F e bruary /1st March ________ _____ _ ___ _ + 0.9 
1I2d M a reh _________________________________________________ _ 
2/314th M areh _______ __________________________ + 0. 7 
23/24,25tb ApriL _____ _______ ______ ______ _ __ + 1. 2 

Combined resulL ___ ____ __ __________________ _ + 1. 17 

+ 1.4 
+ 1. 4 

+ 1. 8 

+ 1.66 

The storm on 8th ~lIld 9L h Juh- 195 hetd to be 
omitted because Lhe relevan t log h ~ld been destroyed_ 

The Iwerage value of ~n shows lhe ex pedecL in
creetse ullder increasillgly storm y co ndi tions. 

Tt should be noted L11ett seventl dis persion facLors 
were affec Lecl b .\' Lhe rejec Lion of bearin gs showi llg 
large departures from Lbe BPE. EilhCl" mac hine 
rej ectio n or opemtor r ejeeLion JllcL'y be Itppliecl Lo Lh e 
resulLs calculated by Lhe computer; Lhe cri teria for 
r ejection will not be described in deLail here, but 
depend ill bo Lb cases Oil an eXltmina Lion of the dis
persioll factor. R ejecLion of a bea ring whi ch is 
obviousl.,' " wiLd" n ormally lend s Lo a co nsicLemble 
red uction in this facto r. 

An eXlt lllilHtLion of co mpu ter r esults s howed t1111 t 
It higher percenLage of bearings were r ejected on 
slorm y dltys Lil,tIl on calm days. 011 days of SOVCl"e 
slorms It bout 3.9 perce ll t of 11U be'l rings were r e
jecLed , whereas on Lhe C,tIlll days examined oilly 
1.2 percen L were rejecLed . This r esult is Lo be ex
pecLed in view of LllC in cTe,tsed size of t he dis per io n 
factors on stormy d'lYS. The greater percentage of 
r ejections on storm y days tends to r ed uce l he 
difference beL ween the average v,tlue of ~n on C'1tIm 
and storm y d etys; hence the difference would be 
even more marked than in table 1 if the same per
ce lltage of be,trings lut d been r ejecLed on bot h types 
of day. 

A sort was carried out to deeide wheth er bearings 
taken by any particuhtl" DF operators gave ri se Oil 

average to ~tbllormall'y large or small co ntributions 
to the dispersion fcLCtors. R esults were inconclusive. 

5. Dependence on Mode of Propagation 

Individual task:s on two CallTl and two s tormy days 
were examin ed with a view to detennining the prob
able mode of propagation. 

The range from th e BPE for the transmitter to 
London was taken to be a reasonable approximation 
to the true distance of the transmitter from the DF 
sta.tion. The maximum usable frequency (MUF) 
for the sam e pa th WItS derived for the E , Fl , ,wd F2 
layers from the U.S. Oentral R adio Propagation 
Laboratory (CRPL) prediction s. These frequencies 
were then compared wit lt the known signal fre-
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quency, and possible modes of propagation noted. 
By suitable division of the path it was possible to 
decide whether multiple-hop modes were likely. 

The tasks were then sorted into two groups de
pending on whether or not propagation was via the 
F2 layer. The sort was necessarily approximate, 
since neither the predicted frequencies nor the dis
tances used were free from error. However, the 
assignment of mode of propagation was expected to 
be accurate enough to reveal any large difference in 
DF accuracy dependent on the layer involved. 

Results of the sort are shown in table 4. ~n was 
a,gain used as a measure of the scatter of the bear
ings. From the table it appears that direction 
finding on signals propagated via the E or FI layers 
is less a,ffected by ionospheric storms than direction 
finding on signals propagated via the F2 layer. 

TABLE 4. D ependence of ~n on p robable mode of propagation 

E and FL •...•.... •. . ....... ............ _. 
F2_ •.••...•............. •. ... _. __ . ______ ._ 

Average values of Z. 

Two calm days Two stormy days 

+ 0. 7 
+ . 6 

+ 0.5 
+ 1.5 

6 . Effect of Storms on Systematic Errors 

The errors of bearings taken on targets of known 
position were calculated and averaged for each DF 
station for three calm days and three stormy days. 
On the calm days, the average systematic error was 
+ 0.6°; on the stormy days it was + 0.1°. 

The nature of systematic errors is not completely 
understood, and it is therefore not possible to draw 
any conclusions from the reduction when conditions 
are stormy. Each systematic error probably rep
resents a combination of effects due to instrumental 
errors, site errors not removed by calibration and 
ionospheric effects. 

7 . Conclusions 

The investigation has established that DF accuracy 
deteriorates during ionospheric storms and is ",-orst 
during severe storms. The effect of a storm may 
extend over the whole HF band, but is more marked 
below 10 Mc/s than above. The main effect seems 
to be on signals propagated via the F2 layer. 
Systematic errors during storms generally become 
less positive. 

The results imply that the Brooke variances should 
be increased during storm periods; such an incrE ase \ 
would lead to rather larger probability rectangles on 
fixes taken in these periods. 

The present investigation demonstrates the 
advantages of adopting an objective classification 
system for bearings and of using an electronic com
puter to reduce DF data on a uniform basis and in a 
form suitable for analysis . 

The au thor thanks Miss A. Partridge and Mr. R. 
M. Rampling who carried out most of the analysis 
and who made many valuable suggestions. 

This paper is published by permission of the 
Director, Government Communications Head
quarters, Cheltenham, England. 
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