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%1. Introduction.

For some time past different ionospheric observatories
have used different methods of reporting the data they obtain, and
of using these data to caleulate transmission by way of the ionosphere.
This paper reviews the principle methods in use and shows why the
revised methods now adopted by the I.5.I.B. at Great Baddow have been
chosen.

§2. Scope.

quite early in the history of short-wave communication
several authors treated the oblique-incidence problem sufficiently
to develop the main outlines, and these are now well understood and
agreed on. The complets calculation is, however, much too complicated
arithmetically for practical use, and I am only concernsd here with
finding a sufficiently approximate model to give useful results, and
with discussing convenient ways of quick calculation adapted for
routine use. Much of the material is therefore not new, but an
examination of existing methods. I have therefore refrained from
extensive references to literaturs, and have not given any of the
numerical results obtained except wherc necessary to bring out a
particular point.

Two problems arise which are intimately rclated but must be
separated. Firstly, given the statc of the ionosphere as expressed
by vertical-incidence msthods, to calculate oblique transmission.
Secondly, to cxpress the results of measurements in a concise way
so that all useful information can be circulated and extrzcted by the
recipient with a minimuan of labour, The treatment of the sccond
problem obvieusly depcnds on the selution of the first.

The assumptions about the ionosphere which must bc made in
order to obtain a soluble problem mey be first listed. These ares-
(1) The ecarth is spherical.

(2) The atmosphere is homogcneous and has unit refractive index
everywhere below a certain height.

(3) Above this height the atmosphere is ionized and contains froe
clectrons and molecular ions. The nuamber of ions is such that
on account of their large mass, as compared with the glectrons,
their effect is negligible.
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(4) The density of clectrons per unit volume N is a function only >
of the height h above the ground and not of position on the
carth's surface.
(5) ¥ is a slowly-varying function ef h, in that neither N or
dN/dn change by a large fraction in a range of h comparable
with the vacuum wave-length used. Thus "ray" solutions of
what is essentizlly a wave problem mey be used.
(6) The Lorentz "polaerization" term is zero.
(7) The effect of the earth's magnetic field is neglected.
(8) The molecular density is so small that the effects of gas-
kinetic collisions may be neglected.
(9) No other signals or noise exist,
(10)Regerd must de paid to the existing ionosphere in determining
whether algebraic approximations arehjustified.
It is cvident that these assumptions do not strictly
reproduce the actual ionosphere, but it is agreed that if the
problem can be solved within there limits, most of the deviations

may be expected to be small, or can be allowed for.

§5. snalysis.

The relevant analysis is contained in a nuaber of papers
and need not be repeated. In all cases it is found that the general
problem is too complicated, and the solutions used are based in some
way on the relations for a planc earth., The important rclations
ares-
(1) If p'€,~) is the equivalent path-length (path time dcvided
by velocity of light in a vacuum), for a frequency f at angle
of elevation o , then
gin X . p'€,X) = p'(f sinal, 7/2) cevoeeaa(D)
(2) The horizontal range covercd befors returning to the ground
is given by
Di (£, X ) = 008X p'(£,X) eosesnsrerasns(2)
These two thoorems lead to the further relation
D(f,00) =ocotA p'(f sinXe 1/2) eevsnees(3)
These equations give all the information necessary for
transforming the p'f, n/2) curve as normally messured inte corresponding
curves giving similar informatien for transmission between secparated
points, without refcrence to the actual relation between ionization and
height ['N (n) curvej other than as cxpressed in the p'(f, n/2)
ourve. If more than one N(h) curve can give the same p'f, n/2) curve
(as may often be the case) the oblique transmission remains the same.
For a given frequency fob at oblique incidence and angle X,
thers is 2n "equivalent frequency" fOb sin and the distance traversed
is cot o p'(fob sin®X , n/2). doreover if only & limited range of
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and~fob is required for a special problem, it is sufficient to know the
p'(f, n/2) only for a corresponding range round fobsinjﬁ, end if the
N(h) curve is used in the discussion, any curve that rcproduces this
particular range will be satisfactory. Care must ‘hen evidently Be
teken not to use this N(h) curve outside the range in which it wes
chosen to fit.

A1l these relations are only strictly true if the earth can be
considered flat. If the curvature is appreciable, as will be the case if
the angle of elevation at the ionosphcre is not large eomparcd to the
bending of the layer in the distance traversed, or if the horizontal
distance traversed in the ionosphere is comparable with or larger
than its thickness, the relations are modified and are no longer
independent of the N (h) curve. They do, however, remain true to
the first order in h/r_ (where r, is the radius of the carth) and
consequently it is possible to find modified sclutions in which
much of the simplicity of the flat earth relations is retained.

Befere passing on to consider these modifications, it
must be noted that the practical applicztion of the methods is
affected by the duality »f the p'(f, n/?) curve produced by the
geomagnetic field. In 2ll discussions it is assumed that the
curve for the "ordinary" ray may be used without effect from the
ficld. This assumption is doubtful though experimentally true
at rensonable distances, and is rctained as the best available.

: I now consider in detail the methods of guick calculation
based on these general ideas, as modified to include the effect of
curvature. The two methods in use may be named the "transmission
curve" and "parabolic" methods, and will be dealt with scparately.

84. Transmission Curves.

The original "transmission curve" mcthods are not at
present in use here 2lthough they are in America. They wmay have
sone future application here, and azre described as the casiest
approach to the methods actuzlly used.

Suppose that the p'(f, m/2) curve is drawn on =arbitrary
scales of p' and f and that it is dcsired to transmit obliquely
on 2 frequency fob' Then any angle A determines = frequency fob
sing » If the distance D is 2lso given, (3) dctermines the
value which p'(fob sin x, n/22fmust have for transmission to take
place. Thus for a given D and?bthere is a "transmission" curve
relating fob sinpl to p', and the intersection of this curve with
the experimentzl p'(f, n/2) curve determines the transmission
Any point on the transmission curve corresponds to a definite
value of X and also by (1) to a defini®s p!(fob,a&). Thus all

circumstances of the transmission are determincd.
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Tor a given feb there are therefore a2 set of curves for
varying D. Similarly for a given D there is a set for varying
f. If the p'(f, n/2) curve is 2lways on the same (arbitrary) scale,
es may be the case with an sutomatic recording srrangement, sets of
such curves may be kept ready prepared. Transmission calecudation
is then simply a matter of laying the curves over the recerd. It
is not nscessary to measure the record itself.

If, however, the records are not all on the same scale
they must be measured znd redrawn, and 2 modification of this
procedure is used. It can be seen from (3) that if a logarithmic
scale for f is used, the curves for = given D will all be the same
shape, displaced along the f axis according to log f. Thug it is
only necessary to draw ene such curve, and it is possible to combine
all the information in one set of curves, each for a particular vilue
of D, the whole set being slid along the axis of log f. The scale
of h is not important but it is found convenient in practice to make
it logarithmic as well. Any point on one of these curves corrcsponds
to a definite value of o or p'(f,o ), and these values may be marked
on the curves.

This simple thedry only zspplies in deteil when, in addition
to the restrictiors?2 - 10 of paragraph 2, the sarth is considered
plane. It is howsver, so easily handled that it secmed useful to tr&
an extension to the actwal case of the curved earth. This extension
h=s been made, and it is immediately found that not only the p‘@, w/Q)
curve must be known but 21so the N(h) curve. Now although the
p'(f, ﬁ/2) curve can be found from the N(h) curve, the reverse process
is in many important cases not unambiguous, and the caleculation therefore
cannot be made exact. However, since it is found that thc dependence
on the N(h) curve is only of the second-order in h/r0 where r is the
rzdius of the esrth 1t has been possible to obtain a modificd set of
transmission curves which retains all the features of the original set
while being more nearly accurate. There is however still some
approximation which has to be made in 2 somewhat arbitrary manner.

The approxihation lies in assuming approximatc values of the frue
height, and composite curves are obtained to corrcspond roughly to the
probable values. The transmission curves are in fact an approximate
zlgebraic solution of & fairly good physical representation of the
complete problem. The technique has also bsen extended to include the
sccond-order terms but the required knowledge of the N-h curve mekes it
less readily handled except when applied to region E. In this region
the problem is simplified by the smallness of the variation in height,
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and the curves have been modified to include higher-srder terms at
1500 - 2500 kms. with virtual heights less than 160km.

fhen using these curves for skip calculation they have to be
placed tangential to the p'(f, m/2) curve, and it has been foumd useful
to record the "skip factor" F which is the ratio of the M.U.F. to the
critical frequency. As a result of experience it has been noted that
to a degree of accuracy comparable with that attainable in the setting,
a given factor for one distance for region F implies 2 definite factor
at any other distance. Thus it is not necessary from this poimt of
view to use the curves for any other than a standard distance. In
practice however, it is best to use all the curves so that allowance
can be made for control of skip-distance by different regions at

different distances.

QS. "Parabolic Layer" method.

This method is also based upon the fundamental ideas of
paragraph 3 and is adapted to the ready calculation of the frequency
for which a given distance will be 2t the edge of the skip zone
(generally called M.U.F.).

The "transmission" curves of paragraph 4 may cut the
p'(f, n/2) curve in more than one place, each being the "squivalent
frequency" for a particular mode of transmission. At the skip
frequency two points come together so that the two curves touch.
With the ionosphere as it a2ctually exists, it is observed that this
point of tangency is almost always fairly close to the critiecal
frequency, so that only a small portion of the p'E, m/2) curve is
really required for M.U.F. calculation. Since, on a plane earth,
the (N, h) curve is unimportant, it will be legitimate to use
any (N, h) curve which gives the same p'(f, m/2) curve near the
eritical frequency independently of whethecr it gives the same
curve 8t other frequencies.

In the "parabolic layer" method this is actually donse.
The N(h) curve is chosen so that the integrals occurring in the
transmission theory can be solved algebraically =s nearly as is
necessary. Although the independence of transmission from the
N(h) curve is only rigorously truc for a plane earth, it is
assumed that sufficient allowance for the curvaturc is made by using
rigorous theory on the chosen N(h) curve. The algehraic approx-
imation involved in the transmission curves is thus avoided, and
replaced by a physical approximation for the true height, which
however, has to be known much more accurately for the parabola than

for the transmission curve method. The parabola method is thercfore
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a rigorous algebraic treatment of a rather approximate physical
picture.

The details are therefore these. The ionosphere
chosen has zero density to a height ho' At a height Z above ho’
the W(Z) curve is of the form

27 Z
B S Wil S Vi Bt
5 ym y 2 (4)
m

where Nc is the value of N corresponding to the observed critical

frequency fc.

The p'€, n/2) curve of such a region is given by

p'(f n/2) = 2h +y X aah Tx. (5)
where x = f/fc.
The function f?(x) - x tanh™’x. is tabulated, and thus
p'(x, nf2) = 2h +y @ (x). (6)

Thus if p'(f, n/2) is plotted as a function of ¢ (x),
& straight line will result, from which h0 and V, &re obtained.
It is found in practice that when this is done with the p'(f, n/2)
curves actually obtained, a reasonably good line is usually obtained
over as much range in x as appears to be necessary to include the
'equivalent frequencies' required for M.U.F. celculation.

Having thus obtained the parameters fc, ho and Yo of the
layer, it is a matter of algebra to obtain the M.U.F. fS for any distance,
the relation (4) being chosen to make this integral traetable. In
practice curves are given of F = fs/fo in terms of the derived
parameters Y + ho and yh/ho'

It is evident that this method can be formelly extended to any
distance, so that once the approximation involved in the choice of the
type of layer is made the whole process is numerically exact. It is
however, not obvious that the error introduced by the choice is in fact
small. Special cases of more complicated regions have been worked out
beth analytically and by this approximate method, and the agreement is
reasonably good, but it is not certain that these other assumed layers
sufficiently well represent the actual state of the ionosphere. For

calculations of transmission other than I.U.F. the method is not applicable
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since the artificial p'(f. n/2) curve may depart greatly from the true
one if the equivalent frequency is well below the skip frequency. It is
of course possible to fit other parabolic distribution to reproduce parts
of the p'(f n/ﬁ) curve other than those near the critical frequency, but
thers is no 2 priori knowledge of which is the appropriate part to fit,
and in any case a2 simple parabolz cznnot deal with parts where_dp'/df is
negative. .

I have here described the method as given by its authors, In
practical applications I have found it convenient to alter the procedure
slightly. The experimental curves are a2lways drawn 2t Baddow on a
logarithmic frequency scale, and it is therefore convenicnt to have a
transparency ruled with parallel lines at a spacing corresponding to ¢ (x)
= 1.0, 142, )oll, 105 1.8, 2.0 and oo This 2ids the quick determination
of the appropriste wvalucs of p'. The line found by plotting p' against
¢ (x) determines h =y +h immediately by its interscction with @ = 1,
and the difference between this and the intersection with @!: 2 gives ym
directly. The original parameter ym/ho although convenient in handling
the arithmetic when working out the curves is a derived quantity and I have
found it useful to redraw the curves in terms of hm and y, as shown in PFig.l.
for a distance of 2500 km. (The gap in the figure corresponds to values
of ym/ho not shown in the originals).

In the original, values of skip-factor F are given for certain
distances in terms of the layer parameters, and a separate set of graphs
must be used for each distance. Inspection of these graphs however, reveals
that if the factor at ene distance is knoi.n, any corresponding set of
parameters will give an identical factor within 1- 2% =t any other distance.
I have not attempted to obtain analytic confirmation ef this, but it is very
useful 2s it means that the set of curves in Fig.2. which are obtained by
replotting the originals give all the information needed in practice. In
order to obtain 2 useful range of values it is convenient to use the factor
for 2500 km. and the curves of Fig.2 zre drawn for convenient values of this
number. It must be emphasized that on account of the possible inaccuracies
mentioned above I do not necessarily believe that these curves ere justified

at great distances.

§6. Other Methods.

In passing, it is perhaps necessary to mention that other
methods have been used in the past. The earliest that was based
on more than a guess a2t the height of the ionosphere used the theory
of reflection from a2 thin layer, which was assumed, for want of
arything better, to be located at a height correspbnding to the lowest
virtual height. There is no doubt that this method, although useful

at one time, can be quite misleading and is now outmoded.
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It has also been suggested that the virtual height at
5/5 the critical frequency should be used. This is hased on the
parabolic layer theory given in Q 5 but is evidently misleading,
partly beacuse it is incomplete and partly because 5/6 is so far
below the critical frequency that it is badly affected by the presence
‘of lower layers.

There is no need to give further consideration to these
methods.

§ 7. Comparison of the Two Methods.
: When cemparison came to be made of the methods of§4 and §5

it appeared at first that the results obtained were significantly diff-

erent. TFurther investigation shows that the significant differences
occur mostly at very great distances. 1In view of the fact that the
basic assumptisns begin to go badly wrong at very great distances,
especially assumption (4) and perhaps (2) and there is not sufficient
aveilable information to enable a reliable estimate of their effect
to be made, it is not worth while to quibble about quite a large
discrepancy at this distance. In long distance transmission the
2bsolute limiting frequency is of importance, and the limit is partly
set by the ground-sbsorption near the azerials, which limits the
effective angle of elevation. It is however, easy to obtain a
relation between angle of elevation and skip-frequency for a given
N(h) curve, although not easy to find the distance to which this
limiting frequency will go. There are found to be significant
differences in this limiting frequency for the different N(h) relations
which could give the same p'(f, n/2) curve and it might be thought
possible to differentiate between them Ly this means. In practice
however, the other uncertainties are, at present at least, too
large to permit the test to be made. This fact however, shows
that each of the curves of Fig.2 should split‘into several at the
greater distances, corresponding tc the differing layers with the
same p'(f, n/2) curve. As, however, there are so many other sources
of error, they may be used with caution as they stand, although the
bulk of the empirical evidence 2t present available suggests that the
long-distance values may be somewhat la;. Thus only 2 rough value
for the limiting frequency can be hoped fer.

Leaving the long distances, it was found that there were
gtill discrepancies at the shorter distances. The investigation
of these showed incidentzlly that it is necessary to be very precise
about the comparison. It is by no means sufficient to assume that
curves taken at Slough and at Baddow at "nearly" the same time will

be identical. The differences revealzd in such a comparison need
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not be detailed here, but they are of importance in that short period
fluctuations in the ionosphere evidently limit the accuracy that is

worth striving far.

When this had been cleared up, there was still a slight
residual discrepancy at 2500 km. in that the transmission curves gave
consistently a slightly higher factor by about 3 - 4%.

This was unexpected as it was now realized that the two
methods are essentially the same. It was traced eventually to the
approximations used. In drawing the transmission curves as modified
for curvature, allowance has to be made for an estimated wvalue of true
height, and this was done in an arbitrary way, joiming up graphs bty
hand in the knowledge that there would not be more than a few percent
error, which was not considered to be important in view of the large
variations encountered in the ioncsphere.

It therefore appeared that the approximation adopted did
not give quite the result that could be analytically obtained if the
ionosphere were actually of the type in (4) and although the assumption
of (4) mry involve quite as much approximation physically as the other
does algebraically, it was agreed to be desirable that the same result
should be obtained on the only analytic solution. The transmission
curves have thereforebeen redrawn with the new approximation. A
compariscn of the two methods carried out on all the curves obtained
hourly at Baddow during 1942, October 1 - 7, inclusive is shown in Fig.3.
which gives the factor for 2500 km. and it is evident that the agreement
between the two is now as good as is justified by the accuracy of the
measurements. There is therefore no possibility of preferring one
method to the other on the groundgbf accuracy. The decision as to
which methed to mse can only be made in terms of convenience, and here
it is almosf impossible to avoid prejudice in favour of the method with
which one is most familiar.

In making recommendations it hno *n he vememhered that the

scheme adopted must be suitable for routine use by semi-skilled personnel

and that as little loophole as possible should be left for misinterpretation

or error. Further, it is desirable that all ionosphere problems should
be tackled by a unified technique.

#hile attention is totally confined to M.U.F. calculations
the parabolic method has some advantages. It does not need much of the
recorded curve to be measured, although the part used must be meapured.

very accurately. The further calculation is straightforward and does
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not require any very special tools other than ordinary linear graph
paper of any arbitrary scale. It giveé two quantities denoted by
hm and : % which may be tabulated, and which together with the
eritical frequency contain all the information. Before accepting
these however, it is necessary to enquire into their physical
significance. It is very casy for those unacquaimted with the
theoretical foundations to assume that hm is actually the true
height of maximum density, whercas in fact hm and I must be regarded
as parameters which serve to determine the shape of a part of the
p' (£, ﬂ/2) curve. The very fact that only a part is determined shows
that the physical significance is doubtful and although trial
calculations on more complicated layers suggest that hm is often
not much different from the true value, there is no significance
in its exact value.

A few trials on practical curves will show that the
physical significance of ¥y is also doubtful, as it varies enormously
and rapidly from minute to minute. At the best it defines the
curvature of the nose of the N(h) curve, a quantity evidnetly easily
susceptible of wide change by very small fluctuzations in N. Although
it may be theoretically possible to determine the "scale height"
of the ionosphere from ¥, the large fluctuations that occur show
that it can only give a rather doubtful statistical measurc. However,
hm and ym together define a factor F at any distance which, as has
already been seen, is in itself sufficient for all practical purposcs.
Moreover, F is not very semsitive to changes in jm.

From the Laboratory point of view, therecfore, it does not
matter whether we have hm and ¥ reported or only F for a given
distance except that there may be a p ferecnce for using one number
insteazd of two. For routine use however, I would prefer F, because
its adoption will prevent thosc who are not technically qualified
from attaching undue importancec to the value of hm. If, having F,
an estimate of hm is wanted, the curves show that for a very large
range of - such as is encounter:d in practice, hm can be obtained
within + 10 km. which is cortainly better then its physical aeaning.

The transmission curve method gives F directly. Its
disadvantage is that it is necessary to plot the p'(f, m/2) curve on
the scale for which the curves have been drawn, thereby rcquiring
special paper. In the hands of semi-skilled personncl there is
however, an advantege 2t times when more than one ionized region

is present. At such times it is necessary on the parabolic method

~»
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to measure and calculate each layer separately, to see whether the
lower layers have the controlling influence at any distance. The
transmission curves show this directly, a.; they must always be
placed so that the point of tengency is lower than any cut, and
there is therefore less likelihood that control by lower layers will
be overlooked. This is particularly true at times when there is a
marked Fl bump but no definite critical fregquency for Fl’ so that
there is scope for micinterpretation in determining what frequency
to use. The parabola obtained depends on the value used, and so
admittedly does the factor, but if the transmission curves are used there
is no uncertaincy about the M.U.F. |

It may be pointed out that disturbed ionospheric conditions
may produce different types of error with the two methods. When the
upper end of the p'(f, n/2) curve is lost through absorption, the
parabola must be referred to a wrong critical frequency and is therefore
suspect, whereas the slider is unaffected, unless so much is lost that
there is no tangent point. Moreover, on some curves it is found that
only a very small portion will give a reasonable straight line for the
parabola, and evidently, if account is not taken of all frequencies down
to the "equivalent frequency", errors may be produced. On the other
hand the transmission curves are more liable to error where the ordinary
ray is partially Jbscured by the extraordinary, and this is more liable
to happen when the resolving power of the apparatus used is comparatively
poor, as is the case with the automatic gear at present under developmsnt.
(It may be remarked that automatic gea& must almost inevitably have less
resolving” power than comparable hand-operated gear). There are also cf
course many other types of ionospheric irregularity equally difficult
to interpret for either process.

My personal preferonce for transmission-curve msthods is
thersforc hascd on other considerations than M.U.F. celculation and
familiarity. A number of ionospheric stations arc to be set up with
hastily trainzd p:rsonncl, and they will havc for operational purposés,
to calculate not only M.U.F. but also cxpected echo patterns at oblique
incidence and in some casus angles of transmission. This cannot be
conveniently don: with the inforﬁation obtained from the parabola mcthod
as it involves the whole of the p'(f, n/2) curve.

Approximately drawn scts of transmission curves will solve all
these problems dircctly, by en easily understandable cxtension of the
mcthods uscd for M.ULF.

Thus, although the parabola methed could bc used for M.U.F.
and a differing method uscd to solvec other problcms the advantages of a
unificd tcchnique, cspecially in the hands of routine opcrators will be
lost.

I do not want to describc thesc other problems in detail hers,
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but the fact that they exist, and arc of such importancc as to be of
great influence in dotermining the setting up of the ncw stations, sccems
to mc a quitc decisive factor in deciding which method to us..
88. Mcthod of Rcporting.
Having ther:fore decided that the transmission-curvc mcthod

has considcrabl. advantages for routinc usc, thc question of reporting
must bc settlcd. Th. ldzal would of coursc be a complcte intcrchange
of detailed p'f curves, but as this is not possiblc, a compromise must
ke sought. From what has becn said alrecady it is cvident that all
that nced be reported are the critical froquencics and somc mcans of
sxpressing the shape of the curves. This is at prcsent donc by the
American and Australian obscrvatories by giving the minimum vertical
height and thc hcight at 0.834 of the critical frequency. With
this information it is possible to skcteh the shape of the p'f curve
and use the transmissionslider on this rcconstituted curve. Such
a mcthod is good so far as it goes, but suffcrs from the disadvantage
mentioned in connection with the parabola mcthod, that it tabulatcs
verticzl heights, which in the hands of scmi-skillcd users may be
badly misinterpreted. Moreover, it requires two thresfigure numbers
to define the shape of the curve. A report equally as useful can be made
hy quoting the factor for 2 standard distance. If the curve-shzope is
requircd it can be deduced from the factor within the same accuracy as
is obtained from the vertical heights. Thus the factor gives as much
information, as will s2ve space in trinsmission, and is lcss liable to
misinterpretation. It is also considerably easier to obtain and tabulate
from the original records than the other datz as it occurs immedistely in
routine scaling. For these reasons, thereforc, this method of reporting
has been adopted a2t I.3.I.B.

§9. The Magnetic Field.

In most cascs the rclaxation of the conditions imposed in §2

cannot be done accurately. In particular, this is tru: of questions of
ionosphcric horizontal gradicnt ~nd of signal intensity and scatter.
This is not the place to consider how zllowance should bs made for
such doviations from the ideal. In certain ceses, however, allowance
can be madc for the effect of thc geomagnetic ficld, at least to the
accuracy desir.d.

For 2 plane 3iunesphcre which othersisc obecys the restriction
of {§2, a simple and convcnicnt solution can be given for the M.U.F.
in terms of the angle of entry into the layer znd of the critical

a)

(b)horizontal, or when, (c)transmission is perpendicular to the magnetic

frequency in the cases where the ficld is cither v rhlcal or
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mcridian independently of the magnetic dip. The result may be cxpresscd
n8 a correction to the M.U.F. obtained without considering the ficld,
and cascs (2) and (¢) are found to be idemticel. The correction is

in 2lmost 2ll practical cases small, and falls of rapidly with dccrease
of vertical angle, so thatit is sufficient to use thc approximate
rclation F = cosce of and to take over the plane earth formulac for the
actual curved earth. The identity of cases (2) and (¢) mean that

in many important parts of the world where the ficld is nearly vertical
a simple correction can bi applicd. Vhen using the parabola method

it is convenicent to have graphs shouing the rclation of fc to the
corrected M.U.F. dircetly as = function of F, and a2 convenient method

of correctuon has been ad&ed to the transmission curve slider. Similar
corrsction c¢an be madc for transmission in the mcridian ncar the equator.
Other cases cannot be dezlt with directly, but it is certzin that the
corrcctions required will be of the same order of magnetude as those
which e¢an be rigourously obtained, z2nd thus of comparatively little
importance apart from shont-distance transmission.

10 Conclusions:-

My conclusions are therefore as follows:-

(1) Very long distance transmission cannot be tackled rigorously by any
2v ilable simple method. The limit is reached about 3000 km, 2nd
I would prefer to say 2500 km. ;

(2) For calculating M.U.F. either of the available simple method is
equzlly accurable, but no physical significance must be given to
the numbers used as intermedisries in the parabola method.

(3) For routine use the transmission curve method is the simpler.

(4) For reporting on the ionospherc, the eritical frequencies and skip-
factors give as much ihformation a2s any other numbers. This type

of report is least open to nisinterpretation.

Jic/oML.
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