Skyward facing directional antennas are easy
prey for ionospheric reflection interference.
How to determine the possibilities of subjec-
tion to this source is this article's objective.
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ROUND to air communications systems, radars In the other case, transmitted power can be scat-
or other radio links with directional antennas tered back along the path transmitter—ionosphere—

that point skyward are subject to two main sources ground—ionosphere—receiver, as show in Fig. 2.
of interference propagated via the ionosphere. In either case interference is only possible when

In the first case, static interference and man-made the ionosphere reflects the ‘‘operating frequency”
signals may be reflected from the ionosphere and (f.) at an angle of incidence ¢, Fig. 3.
enter the beam of the radar receiving antenna,
Fig. 1. Theory

Consider the passage of a plane electromagnetic
wave across the boundary of two media of refractive
indices n» and #’, Fig. 4. Snell’s law states that »
sin ¢ = sin ¢’. For the ionosphere

' =V1 [N/ (mew? ] )
Where N = number of electrons per cubic meter /
e = electronic charge :

m = mass of electron

Fig. 1: Static interference and man-made signals, reflecting from €, = permittivity of free space
the ionosphere, may enter the beam of a radar receiving antenna. © = 2 7 X the frequency of the electromagnetic wave
» Critical reflection exists when Z¢ = 90° or sin ¢ = n'.

Fig. 2: Transmitted power can be scattered back to the receiver. Tn this case

sing = V1= [Nt/ (m e o) ] @)
w? = Net / (m ¢ cos? ¢) 3)

Hence £
f = (1/cose) VN& ] (drm o). @

where f. is the critical frequency for forward reflec-
tions at an angle of incidence, ¢.
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@ TuBEs OR TRANSISTORS?

An examination of the advantages and disadvantages of both tubes and transistors from the standpoints
of efficiency, temperature, frequency, noise, voltage, spread of characteristics, nuclear radiation, etc.

@ sPECTRUM ANALYZERS

A spectrum analyzer is an electronic device which visually presents the specira of signals applied to its
input terminals on a cathode ray tube. In past years they have become rather well-known test and
measuring instruments. Here is an interesting study of their design criteria.
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Types of construction available to the design enginser fall into two groupings—tubes and discs. For
various applications seamless, welded and drawn, lapped seam or locked-seam fabrication offer certain
advanil;ages Choice of active or passive base material will affect the hum characteristic and life of
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The recent development of low-frequency, broadband absorbers makes it possible to make radiation tests
indoors at frequencies as low as 50MC. At outdoor sites, reflections from earth and nearby objects cause
measurements to be unreliable and repeatability is difficult. These rooms will assist greatly in evaluating
electronic systems and antennas.
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guarantees after this date, however, because it does take conSIderable time to gather, prepare, and print
these data.
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Table 1
v MAIN LOBE FREQUENCY
. a h fo Layer
L) 50 km 19.5 mc
40 100 19.7 Eand E, .
40 200 19.9 F,
‘40 300 20.2

lonosphere

Now reflections at vertical incidence occur at a
critical frequency of f, which is given by making
¢ = 0° in Eq. (4),

fr=ViNe Grmal )

. Hence, substituting in Eq. (4), we may relate the
critical frequency f. at oblique incidence to the
critical frequency at vertical incidence by the ex-
pression
Jo = [ cos ¢. (6)
The angle ¢ is shown in triangle RIO, Fig. 3,
whe ™0 is the center of the earth and R is the radar
site~#rom triangle RIO
r/sing = (r 4 h)/[sin (90 + &) ] @)
sing = (recosa) / (r + h) (8)
and from Eq. (6)

fo=1/ VI~ [(rosa)/ G+ 1P ©

Thus when the vertical sounding of the ionosphere

shows that f, is greater than the value given by

Eq. (9), oblique reflection will occur at a frequency

fo and transmission angle o. Conversely we may

assume that no interference from ionospheric reflec-
tion will occur when f, is below this value.

Example

Agssume: (1)' a desired operating frequency, f, of
30 Mc,

r= Radar Radius of Earth
= 8.45 x 103 km

h= Height of lonized Layer
o = Angle of Elevation. |

Fig. 3: |Interference is
only possible when the op-
erating frequency is re-
flected by the ionosphere
at the angle of incidence.

(2) a beam elevation of 40°,

(3) the operating site to be Washington,
D. C., and

(4) the equipment will operate during sun-
spot maxima.

Using these assumptions in Eq. (9), the computed
vertical critical frequency 7, indicates that oblique
reflections are possible. Table 1 shows values. obtained
for heights from 50 to 300 km. Under these condi-
tions, f, does not vary appreciably with the height
of the ionized layer, and therefore it is necessary to

. Table 2

"VERTICAL CRITICAL FREQUENCY
F: Layer Over Washington, D. C. - National Bureau of Standards

Dec. Jan. Feb.  Mar. Apr.
46 a7 47 - a7 a7

May June July . Aug. Sept. Oct. - Nov.
.47 47 a1 oo 47 AT T o M

Frequency

MC Hours Per:. Month
15 15.9 - — — — — — — — — — 5 BE —
¢ 4.9 — 1 5 1 — — — — — — 3. 29 -
3-13.9 6 15 61 37 q — — — — — 61 120
12 - 12,9 57 76 133 106 1 e — — — 36 116 73
11-11.9 -+ 108 . 94 46 56 . 83 14 — —_ — 65 .42 287
10 ~ 10.9 51 47 14 30 80 47 3 1
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lonospheric
Interference

(Concluded)

consider only the layer with highest electron density,
irrespective of its height in the ionosphere.

National Bureau of Standards measurements of
vertical critical frequencies centered at Washington,
D. C., were used as a basis for the data collected here.

On all occasions during the day the highest elec-
tron densities occurred in F, region. Table 2 shows
the number of hours per month in which the vertical
critical frequency of the I, region was greater than
10 MC. The year 1947 has been chosen as it cor-
responds to the maximum . of the sunspot cycle. The
records of 1952 (not shown) were also examined.
These records correspond to the minimum of the
sunspot cycle and show that the critical frequencies
of the F, layer were much less than in 1947.

It can be seen that f, is never greater than 20 Mc
and hence no reflections are expected in the main
beam from the F, layer.

During the night the highest electron densities
occurred in the E region, but on no occasion were
the critical frequencies as great as the F, values
given in Table 2.

Side Lobes

From Eq. (9) the vertical critical frequency for
oblique reflections at an angle of elevation may be
computed. These values are given for ¢ between 0°
and 40° in Table 3.

PERFORATED PAGES!

In response to many reader requests the pages in the main
editorial section have now been perforated. This will enabie
readers to easily remove material for their reference files. If
the copy of Electronic Industries you receive already has pages
removed that you want, please let us know, We'll be glad to
provide the missing pages.

Sample Calculation

JA \/1 —[(rcosa) / (r -+ R) 2 9

/ 8.45 X 103 km cos 25° 2
30McY 1l — ( )
8.45 X 10° km + 200 km

8.45 X 10° X 0,906 2
- 30 X 106# 1— ( X 10° X )
8.45 X 10° + 200.X 10°

Jo

I

I

=30 X 105\/1 — (7.66 / 8.65)°
=30 X 106\/1 — (0.855)2
=30 X 105\/1 — 0.784

=30 X 105\/ 0.216
30 X 108 X 0.465
14.0 mc

I
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In the preceding example no interference will be
obtained in the main lobe by reflection from the
ionospheric layers. However, since it is difficult to
design an antenna with no side lobes, it is necessary
to examine the chart to avoid side lobes where they
will degrade the system operation.
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