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Some Further Considerations Concerning the Determination

of the Heating Frequency for the Realization of Heating

Rocket Experiments

Abstract

After summarizing the considerations of an earlier paper on the
same subject the possibility of simply using a heating frequency
which is equél to the plasma frequency measured at the height

of the prospectlve rocket apogee which will ‘be not more than
about 15° from out of overhead 1s considered and some estlmatlons

are communicated,

In the paper on "the Modification of the Antenna Array and
the Determination of the Heating Frequency for the Realization
of Heating Rocket Experiments" [1] the heating frequency fh was
determined for different ionospheric layers such that the
associated level of reflection vertical above the distant sub-

apogee of the rocket was located at a given helght h . Accord-

~ing to preliminary rocket trajectory data the sub- apogee was

assumed to be located at a distance of D= 76 km from the heat-
ing site and the corresponding azimqth was taken 57,8° west of
northo »

Computations including the earth magnetic field and the earth
curvature were carried out for different parabolic layers in
order to determine each time the heating frequency with the
above- mentioned quality and the associated direction of depart-
ure of the relevant ray, i.e. its zenith distance B, and azimuth
angle &%, . From these computations some preliminary information
was obtained about the necessary (mean) direction of the heating
beam during the rocket experiments for optimum experimental cond-
itions. This information in turn rendered an estimate of the
length of the delay cables necessary for the relevant (narrow
beam) antenna array to steer the beam from out of the meridional
plane into the wanted direction. (Calculations based on more
recent rocket trajectory and 1onospher1c data will be carried

out in time),

In crder to obtain an additional qualitative but easily

accessible survey of the problems of ray propagation associated
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with the heating rocket experiments, more simple calculations
were performed and discussed in that paper [1] when the earth
magnetic field and the earth curvature were neglected. (Such
calculations can even be programmed using a small pocket
computer like TI 59 if wanted).

The no earth magnetic field estimations turned out to be
pessimistic in the sense that the estimated level of reflection
above the subapogee of the rocket is a bit lower than that of an
ordinary Qave of the same frequency: it means that the value of -
X = fi/f2 at the height level of reflection is really a bit
higher than estimated which implies a smaller Landau damping of
the generated electron plasma waves; this again is more favour-

able for the experiments.

Because of the fact that ray propagation within a linear
layer is comparatively very easy to handle in case when the
earth magnetic field, the earth curvature and collisions are
neglected, equivalent linear layer solutions have been discussed
in some detail. (The equivalent linear layer has the same
electron density at the height of reflection and the same
ekctron content up to that level as the experimentally observed
layer to be replaced).

With this concept rather accurate estimations for different
experimental layers can be obtained of the heating frequency
with the wanted quality of having its level of reflection
located at a given height above the distant sub-apogee of the
rocket, If the level of reflection, however, is located rather
close to an ionisation maximum, the above treatment does not
work too well. Unfortunately its benifit of great simplicity
is furthe limited to the case when the earth magnetic field

is nepglected.

All the above-mentioned methods discussed in [1] to determine
or estimate the necessary heating frequency need the relevant
electron profiles up to the wanted heightof reflection_as an

input.

Because of the fact that the rocket apogee is not too far
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avay from overhead a much simpler estimation may be very useful
in practice. Provided that there are no horizontal gradients of
importance, the heating frequency could simply be made equal to
the plasma frequency measured for the height hapo of the pro-
spective apogee of the rocket. Then the height of the reflection
level hr above the distant sub-apogee is by a certain amount of
kms smaller than hapo' This may be favourable because then the
rocket can pass the heated region twice, on its way up and down
as well, provided that Ah . = hapo-
of the limited width of the heating beam, Passing the heated

region twice has the benifit that there is a certain margin

hr is not too large because

with regard to some dispersion not only of the rocket perform-

ance but also of the ionospheric data.

As vill be shown below, this simple method appears promise-
ing especially in the realistic case when the earth magnetic
field is taken into account.

It is interesting to notice again that a simple formula
results for ah,, if for a first crude estimate the earth magn-

etic field etc. are neglected and a linear electron layer is

assumed. 4n /,"
ha"' H‘l """" l’
A linear layer may be described by: //////?
hp 4 : :
| 2 .2 r b 4,
N~ fo = fm(h - ho)/H. (1) ; N
! 2
° g1

If % is the angle of incidence and fAn is the (oblique
incidence) frequency which has its reflection level at the
wanted true height hrA'above the distant (D) sub-apogee, the
equivalent vertical frequency is f; = facos¥. It is reflected

in the same true height hrA at vertical incidence where fj = fo.

Fror equ.(1) and with fo = fo = facos ¥ it follouws:

-~ h)/H (2)

(f\-cos Zme)z = (hrA

or - - -~ ; IS

2 2
hoa = H(ﬂ\/fm) cos“Y, + hge
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In case of vertical incidence, however, fa is reflected
at the different height: '

b o

Tl

® - . 2
| h | = H(fh/fm) + h,

and the wanted height difference is found to be:

2 . 2
Ah,, = hu - hr,\ = H~(f,\/fm) sin S’.,_v (3)

If (f,\/fm)2 of equ.(2) and if the expression for tg €, see e.g.[1]:

tg @, = D/(2h_, - h_)
as found for any linear layer are introduced into equ.(3) one
finally obtains:

Ahy = (h_ = b }02/(2h_ - h )2, (h_<h_). (4)

LA TA (= M TA o’ ? o=~"r ’*°
Thus, if the heating frequency is made equal to the plasma
frequency at the height hrL = hrA-+ AruA the reflection level
at the distance D is located at hrA as wanted,
If, on the other side, the heating frequency is chosen equal

to the plasma frequency at the height hrA » the height of the
reflection level at the distance D is by about dh,, smaller

than the height hrA which was aimed at,

Equ.(4) shows that in case of the above simple, no earth
magnetic field approximation and with a linear layer,‘AhlA is
independent of the scale height H, Further AhLA increases with

the szuare of the distance D to the sub;apogee.

In Fig. 1 the height of reflection hrl(hrA) = hrA + Ah A
at vertical incidence is shown as a function of the heidgt hr
of the reflection level at the distance D= 76 km from the -

A

trans-itter. h0 being the parameter, the transmitting frequency

is f = fo(ht). In case of 026((2hrA- ho)2 which corresponds to
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the conditions of the rocket experiments the individual

hrL(hIA)- curves are nearly linear.,

Using Fig.1 one can either read it as hrA(hrL) and start
with a given height hrl of the vertical incidence reflection
to obtain the corresponding lower height hrAat D; or the
reverse procedure hrL(hrA) can be followed, in which case
for a given hrA the associated hrL and with this the transmit-
ing frequency f= fo(hrL) is found for the given linear
electron profile., It is a property of Fig.1 that, independent

ry ’

of the chosen height, h_ or hrA which is set to a constant
value (say 275 km) the missing second height (hr

or h_ ) is
A Tl
elvays such that the corresponding height differences Ah A=

h, - h,,are very nearly the same,

If one again takes D= 76 km and considers a constant height

h,,as well, Ah;, can be plotted as a function of only ho’ see

the dotted line of Fig.2. Unfortunately there does not exist
such a simple relation for Ah,an in case of other but linear
[ A layers. Therefore the corresponding curves for parabolic

layers (with different heights of the layer maxima, h as

’
drawn in Fig.2) have been obtained in another way: atm?;rst
the relative frequency f/fc>having its level of reflection d,hrA
above the sub-apogee at D= 76 km was computed with the aid

of a homing-in programme. Then, using the condition for
vertical incidence reflections,f = fo’ hy, was computed for the

_same parabolic profile to obtain:
- 2702y,
hey= (1= 1 - £9/¢2) Y.+ h,

or

-— 2 2ﬁ.
L % - f /fc (hmax -ho)’
and the wanted heightdifference in case of Fig.2 is:

” ) ah,, = h, - 280km.

~s to be seen from Fig. 2 Ah;A is the larger, the closer
the height of the reflection level, hyas is approaching the
laysr maximum or the lower the height of the lower border ho
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of the relevant layer is. Further it is clear that there
do no Ah,,values exist if the computed (oblique incidence)

frequency is higher than fc which may happen.

In order to compare earlier, more realistic computations
including the earth magnetic field with the no field estimations
discussed above, the Ah;, values are presented in a bit dif-
ferent way by the following two figures. In these the half
thickness Ym of the relevant parabolic layer is the indepen-
dent variable and the parameter is the height ho of its -
lower border, D = 76 km and th = 280 km have been kept const-

ant,

Fig.3 shows the situation in case of a flat earth with no
earth magnetic field. The closer the height of the layer max- ~
+ Y ) comes to the height h_  (=280km), the
o m TA
larger is Ah,, 5 and it is the smaller, the smaller the height

imoum hmax (=h

difference hr - h0 is. In each case the corresponding trans-

A
mitting frequency is equal to the plasma frequency at the
height hrA + AhLA of the relevant parabolic profile: f =

f_(280km + Ah,,).

With this frequency the height of the reflection level at
the distance D (=76km) is exactly hrA(=280km). i1f, however,

as mentioned before a (lower) transmitting frequency is used
which is equal to the plasma frequency at the height hnA’
then the level of reflection at D = 76 km 1is by about Ah, ,
smaller than h_, (=280km), provided D¢ (2n_ - ho)z.'

The corresponding curves obtained for Ah;, in case of an
ordinary wave (i.e. when the earth magnetic field is includ-
ed) are drawn in Fig.4. Becauseq%he influence of the gyro-
frequency on wave propagation, parabolic layers with different
critical frequencies (different fc/fH-ratios) have been intro-
duced. The different kinds of lines (full, broken, dotted)
belong to the different critical frequencies of the relevent
layers (4, 5, 6 MHz).

Rs before the individualah,, -curves of Fig.4 tend upwards
max (=ho + Ym)

approaches hrA(=280 km); and each curve belonging to a larger

when the height of the layer maximum h
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ho (=to a smaller difference between th and ho) shows up
smaller AruA-values compared to a corresponding curve with a

smaller ho'

The main difference between Fig.3 and Fig.4 is that the
Ahlk-values of orinary waves, Fig.4, are smaller and not so
variable over the displayed Ym- and ho- range than the no
magnetic field values of Fig.3. Even if the level of reflect-
ion at hrA(=280km) is rather close to the relevant layer
maximum, the‘AriA-curves of Fig.4 do only exhibit moderate

increases,

On the whole do all the differentah;, -values of Fig.4
not deviate by more than about % 1km from their mean (of
about 3.25km) in spite of the rather different critical fre-
quencies and the different ho- and Ym- value§ assumed, It
further appears evident from the corresponding no magnetic
field estimations that the variability of the Ahy, -values
with different linear or exponential layers (for exponential
layers see e.g.[1]) is smaller than in case of parabolic

layers because of the lack of an ionisation maximum.

One of the reasons why the AriA-values in case of ordin-
ary waves (i.e. when the earth magnetic field is taken into
account) are not so variable with the different layer para-
meters as in case of the corresponding no earth magnetic
field estimations may be seen from Fig.5: In that figure the
heights of the vertical incidence reflections are displayed
for waves the frequencies of which were computed such that
the reflection level above the sub-apogee at D= 76km (57,80
west of north from the transmitter) was always 280 km. The
Parabolic layer had a critical frequency of 4 MHz and a
height of the layer maximum of 300km; fH = 1.4 MHz and
a dip angle of 78° were assumed corresponding to the iono-

sphere above Tromsd.

The curve belonging to the no magnetic field estimation
is included, In the latter case the frequencies of the
waves with the above mentioned qualitiy to be reflected in
h = 280km at D = 76km attain values of more than 4 MHz for
hcs 161.35 km, Consequentlydt&A attains its maximum possible
value of hmax-ZBka = 20km for hox 161.35km and the above
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parabolic layer is transparent for frequencies at vertical
incidence which are reflected in hrA= 280km at D= 76km
when h6£181.35 km,

In case of ordinary waves and for the parameters given
in Fig.5 the corresponding frequencies do increase with
decreasing h0 as well. They always remain, however, a bit
telow 4 MHz such thatAh1A= hrL

imum which does not exceed about 4km in the above example.

-280km even displays a max-

Finally the stability of the reflection level and the
values of X_ =f§/f§ at the wanted height (of h__ =280km)
atocve the sub-apogee (at D= T6km, 57.80 west of north from
the transmitter) have been considered when the earth magnetic
field was included. These calculations have been compared
to the correspondig no earth magnetic field estimations

x~ich have already been presented in Fig. 14 of Rose [1].

Two parabolic layers, with fc= 4MHz, hmax= 400km
{curves 1) and fc= 4MHzZ, h o= 300km (curves 2) have been
lecked at, see Fig.6. As far as the stabilities
(1/fr)(dfr/dhr)0,hr are concerned there is no prominent
difference between the accurate calculations including the
B-field and the no earth magnetic field estimations except
for small ho- values when the height of reflection is rather
close to the layer maximum at the same time, see the left -
end of curves "2" of Fig.6. In that case is the stability
a tit but not very much greater when the earth magnetic

field is included.

Some values of Xr = fg/fi at the level of reflection
atove the sub-apogee are also indicated in Fig.6 for both
the calculations. As mentioned already earlier Xr is greater
whan the earth magnetic field is included. The differences
between the corresponding X;values tend to vanish, however,

when h_ comes close to h = 280km.
[} Ta

As to the determination of the heating frequency the
fcllowing conclusions can be drawn from the above consider-
ations: Because of the fact that the apogee of the rocket
is not too far away from overhead there generally is no

great height difference between the vertical incidence level
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of reflection and the reflection level above the sub-apogee.
Only in case when hrA is rather close to a layer maximum
(e.g. of a parabolic layer) Ah,, tends to increase. This
increase, houwever, is rather moderate for ordinary waves com-
pared to the case of wave propagation without the earth

~magnetic field.

If therefore, ionospheric measurements are available from
Tromsg in the near future from which some statistical inform-
ation on the ionospheric layers during the prospective launch
time can be deduced, the most probable value OfAhlA and the -
associated (probably small) deviations of the individual Ahy, -
values from the mean can be determined. If then the heating
frequency is made equal to the plasma frequency at a certain
height above the ground (which is to be computed from the
expected ionosphéric and final rocket trajectory data) the
level of reflection and with it the heated reagion will be
such that the rocket is most likely to pass it twice, on its
~way up and down as well, remaining at the same time within

the antenna beam.

With the above concept the work to be done (e.g. by
EISCAT) for the determination of the heating frequency is
conéiderably reduced compared to the case when a complete
electron profile up to the height of the rocket apogee is

needed.

Of course, even now it is not only the plasma frequency
at a predetermined height level which has to be monitored.
At the same time some additional measurements have to assure
that sufficiently stable propagation conditions prevail
with no important horizontal gradients of ionisation. These
measurements must obviously include some checks of the
electron profile so to avoid negative gradients of ionisation

in the vicinity of hrA or higher electron densities below,
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