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Abstract 

Statistical properties of the ground diffraction pattern formed by ionospherically reflected radio 
waves are used to examine models of the angular spectra of reflections from the ionospheric D-region. 
In the daytime two distinct height regions characterized by differing reflection mechanisms are identi­
fied within the D-region. Below 85 km the angular spectrum of reflected waves frequently contains 
coherent components, whereas a spectrum of incoherent or randomly phased components is 
characteristic of reflections from the region above 85 km. There is evidence which suggests the 
presence on many occasions of isolated moving reflectors in the reflecting 'ionospheric screen' . 
. Both the mean angular spread and the fading speed of waves partially reflected from the D-region 
show an increase with increasing height of reflection. 

1. Introduction 

Many experiments for studying the properties of the lower ionosphere employ 
ground-based radio techniques involving the observation (first reported by Gardner 
and Pawsey 1953) of the weak partial reflections of radio waves from this region. 
The reliability of deductions made from such experiments often depends on 
assumptions regarding the reflection and absorption coefficients involved which, in 
turn, depend on the nature of the diffractive reflection or scattering processes occur­
ring in the ionosphere. Very few direct investigations of the nature of the scattering 
processes have been made. 

In this paper the nature of the reflection or scattering process is investigated and 
new experimental observations are presented. These investigations have involved 
comparing measured statistical properties of the ground diffraction pattern with 
statistical properties theoretically predicted for the different assumed reflection 
models discussed in Part I (Lindner 1975, present issue, pp. 163-70). The experi­
mental procedures which were adopted are described in Section 2 and some results 
and their interpretation are presented in Section 3. Finally in Section 4 the results 
are compared with those of other workers. 

2. Experimental Procedures 

The experimental work described in this paper was carried out at Buckland Park, 
South Australia (340 38' S., 1380 37' E.). The receiving and transmitting antenna 
arrays at the Buckland Park field station have been described by Briggs et al. (1969). 

* Part I, Aust. J. Phys., 1975, 28, 163-70. 



o 
1

0
 

3
0

 
4

0
 

5
0

 
6

0
 

t 
(5

) 

F
ig

. 
la

. 
A

 1
 m

in
 s

eg
m

en
t 

o
f 

ch
ar

t 
re

co
rd

 f
or

 a
 9

0 
km

 r
ef

le
ct

io
n,

 s
ho

w
in

g 
va

ri
ou

s 
am

pl
it

ud
es

 r
ec

or
de

d 
fo

r 
st

ud
yi

ng
 s

ca
tt

er
in

g 
m

od
el

s.
 

.....
 

;j
 

l"
 o t: o ~ 



~ @
 

c/J
l-c

/J2
 

0 .... ~
 

@
 

1!9
. 

0 ::s ti
l 

("
) !. 

c/J 3
-c

/J 4
 

q<
I .....

 
.....

 

c/J 1
 

t 
(5

) 

F
ig

. 
lb

. 
A

 1
 m

in
 s

eg
m

en
t 

o
f 

ch
ar

t 
re

co
rd

 (
co

rr
es

po
nd

in
g 

to
 t

ha
t 

in
 F

ig
. 

la
),

 s
ho

w
in

g 
as

so
ci

at
ed

 p
ha

se
 r

es
ul

ts
. 



'T
T/

2 
7

5
 k

m
 

,3
0

 N
ov

em
be

r 
1

9
7

1
 

A
 

'TT
 

,II
 \

/ 
X

/I
 

f)
V

) 
~
 '

0
 

'" 
3'

TT
/2

 

'T
T/

2 
8

5
 k

m
 

3
0

 N
ov

em
be

r 
1

9
7

1
 

A
 

'TT
 

\ 
\
}
~
 

""
--

' 
J 

'<
>

ti
 

0 

21
'T

T 

'" 
o 

3'
TT

/2
 

o 
1

0
 

2
0

 

t 
(8

) 

Fi
g.

 l
a
. 

O
ne

 m
in

 
se

gm
en

ts
 o

f 
ch

ar
t 

re
co

rd
s 

fo
r 

th
e 

in
di

ca
te

d 
he

ig
ht

s 
an

d 
da

te
s,

 s
ho

w
in

g 
am

pl
it

ud
e 

an
d 

ph
as

e 
re

su
lt

s 
an

d 
co

rr
es

po
nd

in
g 

ph
as

or
 r

ep
re

se
nt

at
io

n.
 

- ~ ?'
 o t:: t 



'1
T/

2 
9

5
 k

m
 

3
0

 N
ov

em
be

r 
1

9
7

1
 

A
 

'1T
 

0 

2'7
T 

cp 

0 
3'

1T
/2

 

1
0

3
 k

m
 

(E
-r

eg
io

n
) 

2
7

 M
ar

ch
 1

9
7

2
 

TT
/2

 

A
 

'1T
 L

f
-
-
-
-
-
-
+

-
-
-
-
-
-
>

 0
 

3'
1T

/2
 

t 
(s

) 

Fi
g.

 2
b.

 
O

ne
 m

in
 s

eg
m

en
ts

 o
f 

ch
ar

t 
re

co
rd

s 
fo

r 
th

e 
in

di
ca

te
d 

he
ig

ht
s 

an
d 

da
te

s,
 s

ho
w

in
g 

am
pl

it
ud

e 
an

d 
ph

as
e 

re
su

lt
s 

an
d 

co
rr

es
po

nd
in

g 
ph

as
or

 
re

pr
es

en
ta

ti
on

. 

z a c:: @
 

0 .....
, 

):1
 

@
 

lIS
. 

0 ::s ti
l 

("
) I· ~ .....
. 

.....
. 



176 B. C. Lindner 

A pulsed transmitter of 50 kW peak power operating at 1·98 MHz was employed for 
vertical incidence transmission together with elements of the receiving array to study 
the weak partial reflections from within the height range 60-100 km. 

To simulate the spaced pair of antennas in the two-dimensional model described 
in Part I, each 'antenna' in fact consisted of a row of 11 linearly aligned dipoles con­
nected in parallel. Such an arrangement resulted in the 'antenna' so formed having 
a beamwidth (to half-power) of ± 4° in the vertical plane parallel to the row of con­
stituent elements, and a wide beam width in the orthogonal vertical plane, i.e. it was 
sensitive mainly to incoming radiation confined to a vertical plane normal to the row 
of constituent elements. Since the beam was not strictly two-dimensional, computed 
values of eo which are ;;;4° should strictly be regarded as the angular spread of the 
distribution obtained by projecting the three-dimensional angular spectrum of waves 
actually present onto a plane. It is thought, however, that corrections to eo to allow 
for this effect would be relatively small in practice. 

A gate which was able to select echoes from any desired range was used to 
monitor suitable echoes occurring from within the D-region. The variations of 
amplitude and phase of gated echoes could be simultaneously recorded for both 
receiving 'antennas' by using a multiplexing system and a single receiver. The method 
of phase recording was similar to systems described by other workers (McNicol and 
Thomas 1960; Fraser and Vincent 1970) which are derived from the method of 
Findlay (1951). In the present system phase fluctuations were converted into propor­
tionate DC voltage variations. A solid state difference amplifier was employed to 
generate an output proportional to the phase difference between a pair of spaced 
antenna rows. Initially only phase and phase difference information was recorded 
to enable estimates of the angular spread to be made. Subsequently, for the purposes 
of studying scattering models, the phase difference between a pair of spaced antenna 
rows together with the amplitude for each antenna row and the phase variation for 
one row was recorded on a multi-channel pen recorder. In fact four rows (two 
orthogonal pairs) were generally employed to investigate possible azimuthal 
asymmetries in the spectrum of reflected radio waves. 

Amplitude, phase and phase difference information was subsequently digitized 
from the chart records, and the data were then processed on a computer. Figs la 
and Ib show some typical chart records used to study D-region scattering models. 

3. Results 

Phasor Diagrams 

Before discussing the quantitative results it is interesting to consider some 
results which give a qualitative indication of the nature of the scattering process. 
The wave field at a point on the ground and at one instant of time may be represented 
by a phasor drawn from an arbitrary origin. A record of the path of the end point 
of this phasor as time advances provides a simple and direct graphical representation 
of the nature of the fluctuations of the complex wave field. For example, a reflection 
consisting of a strong specular component of constant amplitude and phase in the 
presence of weaker randomly phased components would be expected to produce a 
pattern looking rather like a 'ball of wool' displaced some distance from the origin. 
For a completely randomly phased spectrum of components, a 'ball of wool' centred 
on the origin could be expected, as the phase of the resultant signal would be evenly 
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distributed over 0-2n. In general the randomness of the pattern obtained is related 
to the randomness of the received signal. 

Many phasor diagrams were constructed from digitized chart records with the aid 
of a computer controlled plotter. Some examples are shown in Figs 2a and 2b. 
They illustrate the fact that returns from various heights can exhibit markedly different 
properties. Segments of chart record from which these plots were obtained are shown 
adjacent to each plot. The length of the observing period was the same for all phasor 
diagrams shown, so that valid comparisons of the differences between the diagrams 
can be made. It can be seen from the examples illustrated in Figs 2a and 2b that: 

(i) The phasor diagram for 103 km (Fig. 2b, E-region total reflection) shows 
characteristics typical of a strong specular signal in the presence of weak 
randomly phased contributions. 

(ii) The diagram for 95 km (Fig. 2b, weak partial reflection) shows a typical case 
where no coherent contribution to the received signal is evident, and a 'ball 
of wool' centred close to the origin is obtained. 

(iii) While a randomly phased signal would be expected to have its phase uniformly 
distributed over the range 0-2n, the converse may not be necessarily true. 
In particular the record for 75 km (Fig. 2a, weak partial reflection), while 
having its phase almost uniformly distributed over 0-2n, could be accounted 
for by a coherent reflection from ~n irregularity drifting steadily in range. 
By contrast, the 95 km record (Fig. 2b) which also has its phase uniformly 
distributed over 0-2n is unlikely to result from such a phenomenon, as the 
phase varies quite incoherently, often exhibiting random 'jumps', and the 
phasor shows no tendency to rotate systematically. 

(iv) The 'randomness' of the received signal increases with increasing height of 
reflection. This is not peculiar to the particular exampks reproduced here, 
but is a fairly general result. (The E-region is excluded from this generaliza­
tion, for in this case a total reflection process occurs which is quite distinct 
from D-region partial reflection processes.) 

Initial Observations of Angular Spread 

Initially measurements of angular spread (Jo were made using the expression 

(Jo = A<I4>I)/2nd 

(equation (24) of Part I), where A is the wavelength, d the separation of two rows of 
antennas, and <14>1) the mean phase difference between the rows. Observations of 
this type were made between February and November 1971, and the results are shown 
in Fig. 3. It can be seen that for all months the mean value of (Jo increased with height 
from 60-85 km, and that the increase became more rapid above that height. There is 
some evidence for a maximum in the angular spreading near 90 km and a decrease 
above this height but, as the results for only two months (June and September) show 
the decrease, this result must be treated with caution. It is clear from the diagram 
that the month of June was exceptional in that the values of (Jo were much larger than 
usual. In general it was found that the winter months June, July and August showed 
increased variability of (Jo as compared with other months. 
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These initial observations are similar to those (described in the following subsection) 
which were obtained using more sophisticated methods. This supports the assertion 
made in Part I that the simple formula for eo given above (i.e. equation (24) of Part I) 
provides a reliable method for determining the angular spreading of partial reflections 
from the D-region. 
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Fig. 3. Variation of angular 
spread (}o with height of reflection 
measured during the period 
February-November 1971. 

The suitability of the two theoretical models described in Part I is now examined. 
Model I assumes a continuous distribution of randomly phased reflected rays, while 
model 2 assumes sllch a distribution in the presence of a steady specular component. 
For ease of reference, a summary is given below of the equations for the angular 
spread eo and the amplitude coherence ratio b that were derived in Part I for these 
two reflection models. 

For model I we have the equations (15), (21) and (25) of Part I: 

eo = (A/2nd){ -In(pA2)}t, 

eo = (A/2nd){-ln(In(1 -2·914p5)+ I)}t, 

eo = (A/J2nd){ -In(cos<I¢I))}t. 

For model 2 we have the equations (36), (30), (29) and (32) of Part I: 

b = <1¢1)-1{2(I-PA)/n}t, 

b = pj)1{2(I-PA)/n}t, 

eo = (A/J2nd){ -In(PA)}t, 

(}o = (A/J2nd){ -In(p\II)}t. 

(la) 

(lb) 

(Ic) 

(2a) 

(2b) 

(2c) 

(2d) 
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Equation (2d), which in theory would allow the angular spread to be determined from 
a ineasurement of the correlation· between phases at spaced receivers, has not been 
used in practice owing to difficulties in interpreting sudden phase changes" particularly 
in records with relatively incoherent phase variations. . 

jncomparing the angular spreads calculated from Bramley's (1951) theory (which 
assumed high correlation between spaced sampling antennas) with the angular spreads 
calculated from the generalized theory of Part I, it is found that there is excellent 
agreement when the correlation is high but that, when correlation is relatively low, 
the theory of Bramley tends to underestimate the angular spread 00 • 

Table 1 summarizes the results obtained for 00 (model 1) or band 00 (model 2) 
by evaluating the indicated expressions (la)-(2c).It is found that generally a result 
falls into one of the following categories: (A), model 1 is appropriate;· (B), model 2 
is appropriate; (C), neither model is appropriate; (D), asymmetry for the orthogonal 
observing planes is evident. 

In the present investigations it is found to be important to distinguish between 
two height regions within the D-region, and the boundary between these is best 
placed at '" 85 km. The following summary of the classification of all results obtained 
supports the validity of this distinction: 

Height 
within D-region 

<S5km 
;;;'S5km 

Proportion of results in category 
(A) . (B) (C) or (0) 

50% 26% 24% 
SI% 2% 17% 

The few E-region results (those results in Table 1 with (E) following the height entry) 
obtained for heights above 85 km have not been included. A notable feature of the 
results is the infrequent occurrence of a specular component above 85 km, and model 1 
is generally applicable in this height regime. Below 85 km the results fit model 1 
more often than model 2, but a specular component (model 2) is often present. For 
both height regions there are a significant number of records for which neither model 
is appropriate. Cases of azimuthal asymmetry (category D) account for less than 
1 % of occasions and have been combined with category (C) in the above tabulation. 

It is possible that the results could be influenced by time variations in absorption 
and reflection coefficients, while the models assume that all variations are produced 
by interference effects between rays at different angles. Taking this into account, 
it is suggested that the percentages listed above for agreement with model 1 (category 
(A) results) might be regarded as an upper limit, while those for model 2 (category 
(B) results) might be regarded as a lower limit. A point which is significant is that all 
the records which are not in agreement with model 1 must have had some coherent 
or specular contribution, but in some cases this specular component may not have 
had the fixed phase and amplitude required for precise agreement with model 2. If 
all records which are not in agreement with model 1 are classified as having some specu­
lar component (not necessarily a statistically stationary situation) then we find 
(sum of results for categories (B), (C) and (D)) that 19 % of the records for heights 
above 85 km and 50 % of those for heights below 85 km must have contained SOine 
form of specular contribution. It would thus appear to be well established that a 
significantly greater occurrence of specular or coherent contributions occurs in the 
lower part of the D~region. While recognizing the possibility that the above­
mentioned 'masking' effects due to· variable absorption and reflection coefficients 
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Table 1. Scattering model values for angular spreads and amplitude coherence ratios 

Local Modell Model 2 
time Observing Height 8. 8. 80 b b 80 

(h) plane (km) equation (la) (tb) (te) equation (Za) (2b) (2c) 

30 November 1971 

1600 E-W 80 3·4" 3.1 0 3.30 0.80 1'50 4'80 

1615 E-W 73 2·0 3·1 3·6 0·6 1·2 3·6 
1619 E-W 85 11·9 7·2 9·9 0'7 1·9 15·8 
1625 E-W 95 5·8 3·6 0·3 2·3 8·8 

1 December 1971 

1155 E-W 72 2·2 1·7 2·4 0·8 2·0 3·5 
1I55 N-S 72 1·8 3·4 2·7 0·6 0·8 2'7 
1205 E-W 82 8·9 5·2 7·0 0·8 2·2 13·2 
1205 N-S 82 10·8 5·8 1·0 1'1 13·9 
1345 E-W 90 7·3 5·0 5·0 1·0 2·0 10·9 
1345 N-S 90 8·1 6'5 0·9 1·0 12'7 
1450 E-W 75 1·6 1·8 2'1 0·7 1·6 2'9 
1450 N-S 75 2·3 1·8 1·7 1·0 1'7 3·1 
1500 E-W 80 7·2 3·3 3·0 1'5 2'6 9·9 
1500 N-S 80 3·2 2·1 1·4 0·6 5·4 
1510 E-W 83 11·3 5·6 13'1 0·5 2'2 14·9 
1510 N-S 83 9·1 5·6 1'0 1·2 13·8 

13 December 1971 

1200 E-W 100 (E) 5·4 4·4 4·6 0·8 1'7 7'6 
1200 N-S 100 (E) 4·4 3'8 4·8 0'7 1·7 6·6 
1206 E-W 88 6'9 6'0 6·1 1·0 1·9 11'8 
1206 N-S 88 8·2 7·7 6'7 0'9 1·5 11'1 
1210 E-W 95 13'5 10'7 16'7 0·6 1·8 19·3 
1210 N-S 95 16·6 15'0 16·3 0·7 1·6 22·4 
1215 E-W 90 10·9 7·2 9'7 0'8 2'0 15'5 
1215 N-S 90 \4'1 11·2 9·7 1'0 1'8 20·4 
1420 E-W 88 6·8 5'5 5'9 0·9 1·8 10·1 
1420 N-S 88 10·2 6·8 5·7 1·1 1·8 12'2 
1428 E-W 95 6·7 5'6 4·2 1'1 1'7 9·7 
1428 N-S 95 3·4 4·2 4'5 0·6 1·3 5'2 
1435 E-W 88 7·5 6'0 6'0 0·8 1·8 10·6 
1435 N-S 88 8·6 7·3 0'8 1·,5 \3'2 

15 December 1971 

1430 E-W 82 6·3 4'7 7·0 0·7 2·0 9'8 
1430 N-S 82 9'7 9·0 0·7 1·4 13'7 
1435 E-W 90 9'0 7'5 9'5 0·6 1'7 12·6 
1435 N-S 90 9·3 9·1 12·9 0'5 1'7 14·4 
1440 E-W 88 8·2 7'7 9'1 0·8 1·7 13·0 
1440 N-S 88 9'2 9'5 1·6 14·6 
1447 E-W 100 (E) 5·9 4·4 5·1 0·9 1·9 8'8 
1447 N-S 100 (E) 4·6 4·9 7·3 0'5 1'5 7'0 
1540 E-W 90 7·0 5·7 11'3 0'5 1'7 9·2 
1540 N-S 90 6·9 10·,5 0·5 1·2 9'7 
1542 E-W 96 10'3 9·4 10·~ 0·6 1'7 14'5 
1S45 E-W 104 (E) 3·3 2·3 2·2 1·2 2'0 4'8 
1545 N-S 104 (E) 2·3 2'5 2·8 0·8 1·6 4·1 
1550 E-W 90 4'9 3·7 5'5 0'7 1·8 7'1 
1.550 N-S 90 7·0 8'7 7·8 0·6 1·4 9·8 
150505 E-W 905 9·6 9·1 0·7 1'05 13·3 
150505 N-S 95 11·2 10·8 0·6 1'5 15'7 
1600 E-W 75 4·3 4·3 2·1 1'5 1'5 6·1 
1600 N-S 75 2'1 4·5 2·9 0'8 1·0 4'2 
1610 E-W 85 6·1 6·8 4·9 0·9 1'5 9·1 
1610 N-S 85 9·7 \3·2 4·9 1·2 1·6 13·6 
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Table 1 (Continued) 

Local Modell Model 2 
time Observing Height (Jo (Jo 00 b b (Jo 

(h) plane (km) equation (la) (lb) (Ie) equation (2a) (2b) (2c) 

16 March 1972 

1015 B-W 85 7.80 4'90 7.40 0'90 2'30 11.80 

1015 N-S 85 8·8 5·5 8·3 0·8 2·2 12·9 
1020 E-W 75 4'8 2'7 2·7 1'3 2·2 6·2 
1020 N-S 75 4·4 3·8 3·2 1'2 1·7 6'7 
1025 B-W 95 lI·2 5·1 17·2 0·5 2·7 15·6 
1025 N-S 95 18'9 18'8 23·2 0'6 1·6 26·6 

27 March 1972 

lIS5 B-W 93 9·2 4·8 10·4 0'6 2'3 14·1 
1155 N-S 93 9'3 6'1 9'7 0·6 1'9 13·3 
1210 B-W 83 3'2 3·0 4'1 0'7 1'7 5·3 
1210 N-S 83 2'7 2'3 2·3 0'9 1'7 4'0 
1215 B-W 78 3'4 2'9 3·2 0'8 1·6 4·8 
1215 N-S 78 2·9 2·8 2'5 1·0 1·6 4·4 
1220 B-W 90 6'9 5·2 7·4 0'7 1'9 10'1 
1220 N-S 90 7'1 6'0 8'0 0·6 1·7 9·9 
1225 B-W 83 2·3 2·1 2·7 0·8 1·7 3·7 
1225 N-S 83 2·7 2'5 2·6 0,9. 1'7 4·4 
1345 B-W 78 4·5 5'0 2·6 1'2 1'3 6'1 
1345 N-S 78 4·9 3·4 2'5 1'5 2·0 7·1 
1350 B-W 72 2·2 1·3 2·0 1·0 2·6 3·6 
1350 N-S 72 3·0 2'0 1·2 2'4 2'5 5'3 
1355 B-W 70 4·5 2·4 3·0 1·1 2'5 6'3 
1355 N-S 70 2·6 1·4 1'9 1'2 2·9 4·2 
1400 B-W 88 9'0 10·4 10'9 0·6 1'5 12'3 
1400 N-S 88 5·8 5·9 5'2 0'8 1·5 8·2 
1405 B-W 9S 8·0 5·2 0·4 2·1 12'3 
1405 N-S 9S 5·6 3'0 15·3 0·4 2'5 8'3 
1415 B-W 80 8·2 9'5 6'7 0'8 1'5 11'5 
1415 N-S 80 4'1 4·4 4·0 0·8 1'4 6'0 
1420 B-W 72 2·0 1·9 2'5 0·5 1·2 2·2 
1420 N-S 72 2'5 3·0 1·9 1'1 1'3 3'8 
1425 B-W 103 (E) 1·2 0·3 1·1 0·9 4'8 1'7 
1425 N-S 103 (E) 2'3 0·3 0·5 3·2 7'2 2·6 
1430 B-W 95 15·0 10·2 17·6 0'5 1·8 21·3 
1430 N-S 95 13·1 8·9 9·8 0'7 1'8 18'2 
1440 B-W 90 7·0 6·0 9·2 0·5 1·6 9'2 
1440 N-S 90 9'5 11'1 0·6 1·3 14·6 
1445 B-W 85 8'7 8'5 0·7 1·3 11·6 
1445 N-S 85 8·3 6·9 0·8 1·4 11'5 
1450 E-W 103 (E) 1·0 0·3 0'1 2'7 4·3 1·4 
1450 N-S 103 (E) 1'0 0·3 0·4 2·1 4·5 1·4 
1455 B-W 78 4'6 4'6 4·4 0·8 1·6 7·0 
1455 N-S 78 3·6 3·6 2·7 1·0 1·4 5·0 
1535 B-W 78 2·0 2·4 3'7 0'5 1'5 3·6 
1535 N-S 78 3·3 3·2 8'3 0·4 1'7 5·5 
1540 B-W 90 9·3 9·6 0·8 2·0 
1540 N-S 90 9'8 6'2 8·6 0'7 1·9 13·1 
1545 B-W 95 10'5 8·0 11·3 0·6 1·8 14·6 
1545 N-S 95 11'5 7·4 17·4 0'5 1·9 17·6 
1550 B-W 88 8·1 4·6 9·2 16·0 2·2 11·3 
1550 N-S 88 9·0 5'5 10·7 0·6 2'1 13'0 

may be more pronounced above 85 km, it is felt that this would not account for the 
marked difference observed for the two height regions. The fact that many of the 
records can be classed as having some specular component (although not in 
accordance with model 2) suggests that the condition for model 2 that there be one 
large specular component of constant amplitude, phase and direction of arrival is 
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rather restrictive. However, it would appear that little can be gained by adding further 
degrees of freedom to the model, as it is well known that several specular components 
with independently varying phases are indistinguishable from a continuous spectl'lJm 
of randomly phased waves (Goldstein 1958). Thus those results (category C) which 
are classified -as fitting neither model can be succinctly categorized-as 1."epresenting-one 
or more of the following situations: 

(i) up to three or four separate specular components are present (if there were 
more, t~e results would fit the random model reasonably well); 

(ii) the specular component(s) have directions of arrival which vary with time; 

(iii) the specular component(s) have time-varying amplitUdes; 

(iv) the specular component(s) may not .constitute a large fraction-of the power 
returned, contrary to the assumption made in model 2 that we have b > 1. 

It is considered that the res~lts of Table 1 concerning signal-to-noise ratios furnish 
evidence for the existence of specular components with time-varying directions of 
arrival. This evidence arises from the observation that the value of b as determined 
from phase differences (equation 2a) is generally lower than the value calculated 
from amplitude statistics (equation 2b). A steady specular component whose direction 
of arrival varied with time would not be expected to affect the amplitude statistics to 
a great extent, but the mean absolute phase difference would be increased, producing 
a lower value of b from equation (2a). This effect is particularly evident for the 
E-region results of 27 March 1972 given in Table 1, for on a qualitative basis the 
corresponding chart -records would be classed as certainly being due to a specular 
reflection. It is suggested that the presence of horizontally moving specular 
reflectors in the ionosphere is a plausible explanation for these effects (cf. Fraser and 
Vincent 1970). 

A very small occurrence ( < 1 %) has been encountered of what have been termed 
'asymmetric' records, i.e. asymmetric in the sense that either different models are 
appropriate for the two orthogonal observing planes or, in the case of model 
agreement, the magnitude of the angular spread or coherence ratio differs greatly 
for the orthogonal observing planes. Varying degrees of 'model asymmetry' and 'co­
herence ratio asymmetry' might be expected depending on the geometrical aspect 
of a fairly steady specular reflection with respect to the two orthogonal observing 
planes. Asymmetry of the angular spread when a random model fits both planes 
could be explained by an elongation of reflecting irregularities in a preferred direction. 

These investigations have clearly demonstrated that D-region partial reflections 
exhibit a decrease of coherence with increasing height of reflection. The determinations 
of angular spread shown in Table 1 and measurements of amplitude fading speeds 
(determined from mean intervals between amplitude maxima) show a related variation 
with height. Fig. 4a is a scatter plot of angular spreads obtained from the scattering 
model results, while Fig. 4b is a scatter plot which summarizes some daytime fading 
periods measured during 1971. The wide range of periods for heights below ",80 Ian 
is consistent with the scattering model results, the longer-period fading being identified 
with coherent reflections, and the shorter-period fading being associated with the less 
coherent reflections. Above 80 km short periods of '" 3 s are predominant, and again 
this is consistent with the high proportion of records for this region which have been 
classed as randomly phased in the scattering model investigations. If th.e ionospheric 
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drift velocity is assumed to be constant to the first order then the fading speed becomes 
inversely proportional to the scale of the ground diffraction pattern which, in turn, 
is inversely proportional to the angular spread eo. Thus rapid fading should corre­
spond to large values of angular spread, and thus the height variations of the amplitude 
fading periods and of the angular spreads are consistent with each other and with the 
scattering model results. 
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Fig. 4. Scatter plots of results obtained for D-region partial reflections measured in scattering model 
investigations, showing (a) angular spreads measured during the period November 1971-
March 1972 and (b) daytime fading periods measured during 1971. 

4. Discussion and Conclusions 

Although there is a general paucity of experimental evidence concerning the nature 
of D-region scattering, nevertheless some useful comparison of the present results 
with observations of other workers is possible. Vincent and Belrose (1972) found in 
Ottawa, Canada, that the angular spread of partial reflections showed a slight increase 
with increasing height of reflections up to 85 km and then a sharp increase above 
,..,85 km. Fraser and Vincent (1970) observed that the phase coherence of partial 
reflections at Christchurch, New Zealand, was generally much higher in the 70-79 km 
height region than in the 80-89 km region. The present results are consistent with 
these findings. 

Gregory and Vincent (1970) reported that the vertical thickness of D-region 
scattering regions observed at Christchurch was generally substantially greater in the 
80-90 km height interval than for reflections received from below this region. Such 
a situation is consistent with there being a greater number of independent reflected 
components from above 80 km, resulting in less coherent echoes from that region. 

Although the present results and the results of most other workers in this field 
are consistent they appear to be quite incompatible with the results of von Biel 
(1971). These results, based on studies of amplitude distributions of fading records 
obtained at Christchurch and interpreted using the theory of Rice (1945), are in direct 
contrast with the conclusions reached in the investigations presented here, for an 
increase of coherence with increasing height of reflection was reported. Although 
the two sets of results correspond to somewhat different latitudes it is unlikely that 
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this can account for the different conclusions arrived at in the two studies. Since the 
results of von Biel are inconsistent with observations made at the same place 
(Christchurch) by other workers (Fraser and Vincent 1970; Gregory and Vincent 
1970), they must be regarded as suspect. 

In summary, the results presented here are consistent with a decreasing coherence 
of partial reflections with increasing height of reflection in the D-region. A sharp 
transition in this sense has been found at '" 85 km. It is considered that the 85 km 
level marks a boundary between two fairly distinct regions within the D-region. 
The lower region is characterized by relatively large-scale ionospheric irregularities 
producing fairly coherent reflections of small angular spread and slow fading periods, 
and the upper region is characterized by relatively small-scale irregularities producing 
many randomly phased components and resultant reflected signals of large angular 
spreads and rapid fading rates. Evidence suggesting the presence of isolated 
horizontally moving reflectors has been found on many occasions. 
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