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Determination of flue total electron content (1 = INdh) of the 
ionosphcre by m.eans of the application of Faraday rotation technique 
on signals received from satellite beacons has been performed since 
Lixe launching of Sputnik 1, by many investigators, see for instance the 
ást 01 rele.cences in lhe paper by Garriott and Mendonçaw. Most 
computations utilizing Faraday techniques has been done using single 
txequencies and lately two closely spaced frequencies such as the ones 
transmitted by the beacon satellites BE-B and BE-C in 40 and 41 MHz 
(sce Fig. 1). 

Fig. 1 — Recording of the Faraday rotation of poiarization in the 40 
and 41 MHz beacons of S-66, showing the quasi transvcrse 
(QT) propagation region (n = O) and a case with n, = 
18 An. 

* Research done under a Memorandum of Understanding betwecn NASA and 
CNAE 
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Second Ordcr Electron Content 	 163 

The first order relation 

(K/P) (H cos O sec xr I, 	 (1) 

which is applicable only in restricted cases, including the absence of 
horizontal gradients, has been widely used for the determination of 
1. Ross{') introduccd a sccond ordcr correction obtainin.g the rclation 

where 

fr.! = (K/P) (H cos O sec x) (1 + a) I, 

= (X*/2) l/3 + (/9-1) G1 

The factor G = tan O (tan O — Y/YL) is related to the geometry of the 
geomagnetic field (Fig. 2). 

Fig. 2 — Plot of the factor G for ionospheric points at h = 350 km 
for the São José dos Campos station, including the track of 
a southhound passage of S-66 on 16 Oct. 1964 with QT at 
215435 UT. Also shown are the values of G, Ii (First order) 
and 12 (Second order) for this particular passage of the 
satellite. 
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For the case of two closely spaced frequencies one has: 

du 	— 20 (df/f) (1 -I- 2 a) 	 (4) 

or 

22 (n-1) (1 -1- 2a) 

Thus one may obtain the correction term (1 	a) from the measured 
values of u and Au: 

a = 11 - 2 (n-1) 52/69.] / 1_4(n-1)n/ Au] 	(5) 

Combining equations (1), (2) and (5) we have 

1 2  = (f2u/KM) 4 t2 (n-1)/1.6u 	2u(n- 1)] 	(6) 

Hence, with precalculated values of M one can easily obtain values of 
electron content with the second order correction. The values of a 
obtained with this procedure (Fig. 3) are naturally much closer to 
reality than the ones calculated with models and equation (3). We 
have written a program for our small computer in which we fecd the 
values of the satellite position, n, An and height of the ionospheric 
point, and obtain the output values of I and 1 2  for the sub-ionospheric 
point, including dip angle, the factor M and G. A few passages are 
plotted in Fig. 4. 

Note that if n = f2/f1 = 1.025 in equation (5) we get 

( 1 -I- a) = 0.500 	10.0 Pulo 

and that a - O when 5-1 	20 _su. In this situation one has 	12 
At our low latitude station we have observed extreme cases in 3,vhich a 
variation of 7r rd in An corresponded to a variation of only 6 7; rd in O. 

The first order results are such that the over estirnation in I for some 
arcas tend to cancel the variation of electron content through the 
equatorial anomaly. Thus one should be cautious in drawing con. 
clusions from the first order results. The full paper to be published 
will include comparisons between results obtained with Faraday and 
Doppler methods. 
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Fig. 3 — Plot of the values.  of a, Afi. and P for the satellite passage 
of Fig. 2. Note that when 6t2 varies by '77- rd from 5 to 6 

77 rd, ..f./ varies only by 7 7r rd from 79 to 86 7r rd. 
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1o" 

1 	 7 	 1 

DATE PCA TIME 

A— 140C1. 1964 205223 UT 
B — 20 OGT. 1964 2 15650 UT 
C— 16 OCT. 1964 215435 UT 

1 1 -Forst order 

4-Second order 
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Fig. 4 — Plots of L and 12 for a few passages of the satellite S-66 
(BE-B). Note the parts where L 	12, i.C., a;":"."'.. O and also 
the tendency of over estimation in L masking the equatorial 
anomaly in I. 
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