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In late 1966, a loss mechanism unique to }
Thompson scatter measurements of Faraday ro- i
tation became quite & serious problem at the
Jicamarca Radar Cbservatory (JRO). Disper-
sion in the total Faraday angle to different
parts of the scattering volume causes a loss ‘
in 8/N if Paraday rotetion inforwation is pre-
served Iin the experiment. Although Faraday
experiments are not done at wmost other
Thompson scatier observatories, they are at
the JRO. Faraday rotation provides a very
convenient measure of the electron density
profile which is not affected by therwal non- | !
equilibrium, as are power profiles., From a |
simple extension of the Faraday weasurewment '
we obtain autocorrelation measurements simul-
taneously. FHowever, the Faraday dispersion
loss increases rapidly with total Faraday an=~ |
gle, or total electron content. At the pres- .
ent (early 1967) level of solar activity, Far-
aday dispersion sometimes prevents Faraday ¢
density weasuvements above about 600 km and
autocorrelation measurewmsnts above about 800
km, whereas previously we reached altitudes
of gbout 750 and 1200 ku. This loss in range
is serious but not fatal, as other techniques
now in use at the JRO extend the autocorrela- ;
tion measurement to beyond the previous maxi-l
num height. However, Faraday dispersion loss
should be considered in the design of future
Thowpson scatter experiments waking use of
'the obvious advantages of Faraday rotation.

Before calculating the Faraday dispersion
it is desirable to discuss the Faraday exper=-
iment. At the JRO, independent but phase co-
herent halves of the radar operate on the in~-
dependent magneto-ionic wodes. The recelver
outputs are complex voliages, say A and B.
The product ABTC is formed and averaged. A
and B are made up of signal plus noise phasorsm.
Both sign=l and noise have random phase and
amplitude. Howevar, the phase and amplitude
of the & and B signal components are corrae-
lated, while the phase and amplitude of the
A and B noise coumponents are not. Therefore,
it 1s easily showa that the noise components
tend to cancel and the signal components tend
to add in such a way that |C| is proportional




to the correlated power and Arg C is the
total Faraday angle L (plus an additive con-
stant). When trensmittens A and B operate si-
nultansously, correlated pewer is & maximum.
When they are separated by a time lag A T,
correlated power is reduced. Thus we have a
point on the autocorrelation

- P(AT)=c (AT)/c (0). (1)
These techni%ues are discussed in detall in
Farley et alt.

Unfortunately, Just as the cosmic and
receiver noise always cancel, and as the
uncorrelated fraction of the signal cancels .
in forming C (A7), so does the fraction of
the -signal having negatively correlated phase
because of differentisl Faraday rotation in
the scattering volume. For a constant elec-
tron density & change of Faraday angle of =
radians in one radar pulse length in the di=~
rection of propagation X causes a 2 b loss.of
correlated signal power. A change of 2x ra-
dians in the k direction causes & loss of all
the correlated power by desiructive interfeg;
ence. This type of Faraday dispersion 1s easy
to visualize and easy to eliminate. As it
becones iwmportant, the pulse way be shorten-
ed. No S/ is lost, because both the disper-
slon and the signal depend linearly on elec-
tron density. In the discussion below, we .
will assume this kind of dispersion does not
exist. Flood ‘et al? discuss the problen
furthero

‘The really serlous type of Faraday disper-
sion at the JRO is the component from north
to south across the scattering volume, perpen~
dicular to k. The amount of dispersion at
any point in the scattering volume depends .
only on a gecmetrical constant times . The
dispaersion loss 1ls a monotoniely increasing
function:of Y . Faraday dispersion can be
calculated by teking C as the vector sum of
C{4P) “integrated throush the scattering vol-
tzae. $is the north-couth angle measured from
the conter of the beam. C (¢) has the ampli-
trie and phase of the-pover scatiered at a
given engle to the wagnotlice field. Tha JRO

{?nﬁeaﬁa pover pattern for Thompson scatter is




given by
o(P) = sz, ()

X = hha§0 ‘ )

approximate1y5. The phase of the scattered
pover is given by

arg ¢ (P) =L (1 + .85/6 ) - (W)

w‘m.reJL is the Faraday angle at the center

of the beam and € 1s 2.99, the departure
from perpendicularity with the magnetic field
at the center of the beam. The factor 0.8 is
the result of the curvature of the wmagnetic
fleld. A one degree shift of the beam changes
the %iagne’bic angle by only 0.8°. Thus we have

where

X

gz

By g'mmetry ve see that arg C equalsJdl , the
Faraday angle at the center of the beam, as
tacitly agsumed above. Tracing the integrand,
" (we see that it forms a straighd line fordl 50
and an ever tightening spiral for L > O

The Faraday dispersion loss as & function of
JL is showm in Fig.l.

The loss reaches 6 db anJdlof 6 x
radians, which corresponds to & total electron
content of 4x10L7 electron /w2, Recently the
loss has reached 10 db or wore. This can be
“|tolezated in F-region weasurewcnts at the JRO,
whave the normal S/N ratio is 10 or more
{(with deytize electron densities and 23~35 km
pulses). However, a 10 db loss is quite a
serious obstacle to autocorrelatilon measure-
ments above 1020 km, and for this reason we
have recently sitarted to use the "double
pulse” ‘technigue as uszed at the Arecibo Iono-
sphere Cobservatory. This technigue is not
sensitive to Faraday rotation, of course.

There are two wayz of reducing the effect
of Faracdey dispersion loss. Oms is to in-
crease the size of the antenna, at lsast in
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the north~south direction. The other is to
transnit aud/or receive the megneto-ionic
nodes on antennas whose phase centers are
geparated in the N-S direction by a distance
sufficient to just cancel the @ (1 +.8 %2 /o,)
FParaday angle dependence at souma (large) L¥ .
Due to the nonlinearity of the Faraday disper~
|sion loss, substantial increases in S/N can
ve obtained by the first mzthod.  Doubling 1
the antenna size in the N-S direction halves
the N-S beauwidth and halves the scale of the
£, exis of Figuwre 1. Thus the S/N ratio
at b =8x is increased by 15, a factor of 2

for the increased antenns area and 7.5 for the
reduced dispersion. . i

Ag an illustration of the second method
of reducling Faraday dispersion, we shall
consider the effect of trausmitiing on the
full JRO antenna in the normel way, but re-
ceiving the "0" and "X" wodes on the N-W and
S~E halves of %he antenna, respectively. The
phase centers of the antenna halves are sepa-
rated by 2hx/Y2 in the N-S direction. Thud
the Faraday dispersion is zero when

L8x 70 N2 =0.8 P /e, (6)
O =2,15x

The Faraday dispersion relation for this éon~
nection is shown as a dashed curve in Figure 1
(The dashed curve is the solid curve woved to
the right by 2.15x ard multiplied by 0.5 to
Jaccount for the reduced antenna area.) Note
that the dashed curve is above the solid curve
for U greater than sbout S¢. The smount of
improvement, however, is insignificant. Un-
forbtunately, there is no other convenient
connection of the JRO antenna that offers
vetter performance. Thersfore, this wethod
has been discarded with hopes that some day
the entenna can be enlarged.

Cealing these calculabions to apply at
other ovservatories is straightforward., Cou=
ponente of Faraday déispersion both paral-
lel and perpendicular to k will be considored.
A% the JRO, the frequency is 50 MHz and 6, is
2.9°. The phase shift between the "0" and
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"Y" modes is 0.468 radians /10 kam (20 kn
round trip distance) for 10° electrons cmd.
In temperate latitudes the wmagnetic field
strength is about 5/3 the equatorial value.
Thus the Faraday rotation constant will be
gbout 5/(3 sin 2.9°) or 33 times higher at a
given frequency for propazation nearly along
the wmegnetic field. Since the Faraday rota-
tion rate varies as -2, frequencies in the
200-300 MHz yield rates from nearly equal to

about double the JRO value. This is an ideal

range, &s much higher rates would lead to
serious Faradey dispersion in the direction
of k in the daytime, when the electron den-
sity in high, and much lover rates would
yield poor reselution at night.

The coapoznent of Faraday dispersion per-
pendicular to k is a serious provlea only
when the differential Faraday rotation across
the antenna beam reaches several radians.
This can happen only when the antenna is di-~
rected nearly perpendicular to the wmagnetic
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field and when, simultaneously, the total®Far-

taday rotation is fairly large.. In other

words, it can only happen when the radar paramr

eters are siuller to those of the JRO If =
200 MHz radar, for exauple, were directed
nearly perpendicular to the magnetic field,
no Faraday dispersion loss would result, be-
cause the total Faraday rotation would be so
low ( a few radians) that the differential
rotation across the beam would be negligible.
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Figore Captions

Fig.l. Faraday DiSpersionTLoss. The solid
curve shows the result of destructive
interference due to differential Fara-
day rotation in the scattering volume
at the Jicamarca Radar Observatorye.
Only Faraday dispersion in the direc-
tion perpendicular to k is considered.
Dispersion in the direction parallel
to k 18 not a serious problem at Jica-
marca (though it way be at other loca=
tions). The dashed curve applies to. a
speciel case discussed in the texteo
Note that the above loss applies only
to Thompson scatter Faraday rotation
experiments.
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