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A high-power pulsing t ransmitter and a westwardly beamed antenna system were con

struc ted, and emissions were made from Sterling, Virginia, on 13,660 kilocycles, for reception 

by USNEL and USAF cooperating groups. CRPL efforts were concentrated on t he study 

of "back scatter" received near t he transmitter. 

In t he cont roversial issue as to whether back scatter comes from the ground or t he' E 

r egion, i t was believed that both types were identified, with ground scatter usually pre

dominating, except in t he case of long skip. 

Aids to data interpretation were t ransponder echoes, reception logs and skip distance 

maps drawn from conc urrent ionospheric data. 

I. Introduction 
1. Historical Background 

It has been known for many years [1 , 3, 6, 9]1 
that low-quality radio signals may be received 
when the receiving station is within the skip zone 
of the transmitting station. This phenomenon 
has been given the name" scatter ". 

When electromagnetic waves impinge upon 
clouds of ions, energy is scattered in all directions 
from the clouds. The intensity of the scattered 
energy is strongest in the original direction of 
propagation (forward scatter) and weakest in the 
opposite dil\lction (back scatter). If the ionic 
clouds are randomly distributed, and of various 
densities, the scattered energy is quite weak, and 
the scatteTed signals fluctuate rapidly in phase 
and intensity. Scatter may also occur when the 
radio waves strike a rough surface, such as the 
ground or the sea. 

Signals scattered back toward the transmitter 
are of low and fluttering intensity, telegraph 
signals being almost unreadable. They have an 
indefinite and varying direc tion of arrival, when 
the transmitting antenna is omni-directional; 
when the transmitting antenna is highly direc
tional, they appear to come from some place along 
the beam remote from the transmitter. 

1 Figures in brackets indicate tbc literature references at t he end of this 
paper. 

Back-Scatter Observations 

Observations of back catter using pulsed emis
sions from highly directive antennas indicated that 
weak irregular scatter echoes were arriving from 
the region where the beam penetrated the E layer, 
followed by stronger and more continuous scatter 
echoes with retardat ion times roughly equal to the 
equivalent path for single-hop F 2-layer transmis
sion over a distance equal to the skip distance. 
E ckersley [3, 9] attributed both these effects to 
the same phenomenon, i. c., back scatter from 
ionic clouds in the E layer (see fig. 1) and called 
the first scatter group "short scatter" or "E 
scatter" and the second group " long scatter " or 
" F2-E scattered". It was believed that, since 
the beam spreads with increasing distance, the 
more distant echoes appeared to have greater 
continuity than the simultaneously observed short
distance echoes only because more scattering 
sources are excited at any given time. 

As a result of the work done by E ckersley and 
by K. W. Tremellen, a hypothesis of radio trans
mission known as the two-cont rol-point theory 
was evolved by the latter. In this hypothesis 
it was assumed that the limiting condition for 
transmission over any path greater than one hop 
in length was for propagation to be possible at 
both ends of the path at angles of arrival and 
departure approaching grazing incidence, it being 
assumed that the long-scatter sources would assist 
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in carrying sufficient useful energy across the 
intervening distance. 

Other observers, including Jansky and Ed
wards [4] and W. R. Piggott, observed echoes that 
appeared to come from the ground, and concluded, 
contrary to Eckersley, that the ground was a 
major source of scatter. 

In order to obtain more information on the 
origin and mechanism of back scatter, the Central 
Radio Propagation Laboratory decided to under
take oblique-incidence pulse experiments. In 
addition, high-power directional pulse transmis
sions from the CRPL Sterling, Va. field station 
had been requested for other experiments con
ducted by the U. S. Navy E lectronics Laboratory, 
San Diego , Cali f., and by a Boston University 
group at Alamogordo, N. Mex. Both these groups 
furnished valuable data for the back-scatter 
studies. 

2 . Equipment 

A self-excited pulsing transmitter, figure 2, 
using a pair of 527 triodes in push-pull, was con
structed for operation on 13,660 kc with peak pulse 
inputs as high as 770 kw. The operating fre
quency was in the middle of a" scientific, medical, 
and industrial" banel. The pulse repetition rate 
was 25 per second and the pulse length 40 micro
seconds. The transmitting antenna was a lhom
bic with a calculated major lobe at an angle of 
14° with the horizontal, oriented 263 0 from true 
north, as shown in figure 3. 

The receiver was a commercial model modified 
for pulse reception. The receiving antenna, in 
later experiments, was a sloping vee directed 
toward the west. 

The indicator was a conventional loran-type 
indicator. An Air Forces 0- 15 recording camera 
was used to record the pulses. In operation the 
initial transmitter pulse was located at a conven
ient position on the sweep and readings taken from 
it as a reference. The movable pedestal was used 
to locate pulses for detailed observation on "fast 
sweep." 

II . Miscellaneous Experimental 
Observations 

1. General 

The transmitter was operated during all or a 
portion of a selected 24-hr period on a number of 
days during the months covered by this report. 
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On all runs visual observations were made of the 
received back-scatter as it appeared on the screen 
of the indicator, and the delay times were noted. 
Photographs of the received pulse patterns were 
taken at intervals. Scalings of the observed 
phenomena or of these photographs were made for 
many of the runs and the results plotted against 
time. Figures 4 through 9 are plots of such 
observations for six periods from August 1947 
through March 1948, illustrating the diurnal 
variation of the delay times and their association 
with skip distance. A detailed study of the trends 
and anomalies illustrated on these graphs appears 
in section III of this rep')rt. 

In the interpretation of some of the data, delay 
times of pulse groups were noted and, assuming 
reasonable virtual heights of the ionosphere layers, 
plausible modes of propagation were inferred , con
sidering the radiation pattern of the transmitting 
antenna. The lack of precise knowledge of the 
ionosphere was less of a drawback than it would 
at first appear since usually, if one mode was 
chosen as reasonable, the next best would appear 
unreasonable in the light of probable ionosphere 
heights and angles of departure. 

The curves of figure 10, relating delay times, 
distances, and virtual height of the ionosphere 
were used to determine distances from the observed 
delay times and assumed virtual heights. These 
curves were calculated from the geometry of a 
propagation path, assuming the "equivalence 
theorem," i. e. , assuming, for oblique-incidence 
propagation, specular reflection from virtual 
heights observed at vertical incidence. 

Figure 11 shows families of curves of constant 
angle of departure, the most nearly vertical of the 
two families on the figure , which were calculated 
using the same geometrical assumptions as . were 
used for the curves of figure 10. These curves 
were used for determining probable angles of de
parture for given delay times and assumed virtual 
heights. Incidentally, the transmission curves 
(for different distances) of figure 11, were originally 
derived at this Bureau during World 'iVaI' II for 
obtaining oblique-incidence maximum usable fre
quencies from recorded vertical-incidence iono
spheric data. 

2 . Usual Types of O bservations 

In general the echoes received along the delay
time axis were not discrete pulses, but groups of 

Journal of Research 



myriads of rapidly varying echoes peaking in in
tensity around one or more fairly well defined de
lay times. Each of these echoes faded in and out 
so rapidly that even a single camera exposure does 
not do justice to the picture. Besides, even the 
major peaks shifted in amplitude and delay. 
Figure 12 shows how a return group with a delay 
time from 816 to about 16 msecs changed its con
figuration in as little as 45 sec, the six 'photo
graphs having been made between the time of 
0010 + 58" and 0011 + 43" GCT on November 
21, 1947. Figure 13 shows such a back-scatter 
echo seen on August 27 , 1947, with the fine-grain 
structure changes that occur in as little as 2 sec, 
made evident by displaying an echo group on the 
2,500-microsecond sweep of the Loran indicator 
at 2-sec intervals. 

Recording of pulses was beset with great diffi
cul ties caused by interference from stations on 
channels near or directly on the transrnitter 
frequency. Figure 12, m entioned above, also 
shows the change of interference conditions in the 
45-sec interval. 

In addi tion to interference, reflections from air
planes and meteors were often noted. These were 
in the form of discrete puls('s, to the extent of Lbc 
resolution of the "slow sweep," in contrast to Lhe 
scatter returns. 

Often under night cond itions over the path , 
pulse return gro ups corresponding to as many as 
four long hops were noted , assuming that the de
lay time is a measure of the skip distance to a 
scatter source. This would mean that back
scatter was being received at times from as far as 
the middle of the Pacific Ocean. It was often 
noted in the evening at Sterling that the delay 
between a second echo and a first echo was shorter 
than that between the transmitted pulse and the 
first echo. These observations may be explained 
by the fact that at these times the second hop 
was in daylight, as well as farther to the south, 
both conditions contributing to a shorter skip 
distance. Figure 14 for Feb. 16, 1948, at 0252 
GCT shows three separate back-scatter groups. 
These echoes appear as plots in figure 8 at the 
appropriate time delay. 

3. Direct Fz Reflections 

'When the ordinary-wave cri tical frequency over
head is greater than the operating frequency, as 
occasionally happens during winter daylight hours, 
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as shown in figure 6 at 1536 GCT, November 26 , 
1947, the ordinary-wave return hows a single 
intense elean pulse, in this case at 2.4-m ec delay. 
Another weaker pulse at 3.4 msec cone ponds to 
the extraordinary wave. The 2.4-msec delay 
corresponds to a virtual height of 370 Ion. It was 
actually noted that the virtual heights ob erved 
in this manner were of the order of 20 km higher 
than those noted sim ultaneously for the arne 
frequency on the vertical-incidence ionosphere 
recorder operating in the same building. Thi 
seemed to indicate the fact that the highest lobe 
on the rhombic transmitting antenna, peaked at ' 
a,n angle less than 90°, caused the reflections to be 
observed from an angle slightly off the vertical. 
Two groups of pulses seen on the same sweep, 
beginning at 4.6 and 8.2 msec were examined for 
th e delay times of 5,2 and 9.0 msee at abo ut the 
center of each group, The 5.2-msec delay may 
correspond to scatter from the ground 475 km 
away propagated via the F2 layer at a reasonable 
assumed vir tual heigh t of 300 km.The angle of 
departure for this would be 50°, correspond ing to 
tIl e m iddle of the second lobe of the rhombic 
antenna. The 9.0-msec delay may correspond to 
scat ter from the grouncl1,250 km away propagated 
v ia the F2 layer at a v irtual height of 220 km. 
Th e angle of departure for this would be 16 °, ncar 
the peak of the lowest lobe. The vir tual height of 
220 kill is reasonable for this case since at oblique 
in cidence, with freq ll ency constant, th e vi rtual 
h eigh t decreases as the distance increases and 
approaches the minimum virtual height, which 
was of that order of magnitude in this case. 

4. Persistent "Short Scatter" 

An odd type of phenomenon, rather difficult to 
explain, was noted on t.he night of January 21- 22 , 
1948, between 0500 and 0700 GCT . Very strong 
and persistent echoes were received at delays of 
the order of 2.6 msee along with longer-delayed 
ecboes of much lower intensity as shown in figure 
15, and in the plots of figure 7. From the delay 
time th e only reasonable source of these echoes 
would be short sca tter directly from the E layer 
at an angle of departure of 14°, right on the main 
lobe of th e transmitting antenna, yet a more inter
mittent and wea);;:er type of echo would have been 
expected for this case. The alternate solution 
would b e ground scatter propagated via E layer 
from a source 310 lun away, but not only did the 
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angle of departure for this case fall in an antenna 
null but, in addition, E -layer ionization would 
probably not have been great enough to sustain 
a reflection at 13,660 kc/s. It is possible that the 
intense short distance reflections, because th ey 
were seldom seen, were associated with the 
sporadic-E type of ionization. 

5 . Sudden Increase of Skip 

It was observed that at times of " fad eouts" of 
the scatter echoes, when the skip suddenly in
creased , observable in several of the plots as in 
figure 8, at 0650 GOT, echo groups always b ecome 
indistinguishable long before the delay time, about 
27.1 msec, for the theoretical 4,000-km limit of 
one-hop F2 was reached. It may be concluded 
that the echoes becam e weaker than the noise and 
interference at the longer distances b ecause the 
angles of departure were far below the maximum 
of the first lobe of th e transmitting antenna. 

A point of interest is the great speed with which 
the observed echoes change their delay times before 
and after Lhe "fadeouts" just m entioned. Figure 
9 for March 14, 1948 , between 0530 GeT and 
0645 GOT illustrates the point. The first echo 
visible after the fadeout was at 0610 GOT, and 
the first pulse peak of the group came at 22.3 IUsec 
d elay. The delay time decreased almost uniform
ly to 0645 GOT, when it b ecam e 15.5 msec . The 
rate at which the delay time decreased was then 
11.7 msec/hr , making the en ergy peak appear to 
approach the receiver at a speed of 1,750 kmfhr 
if the velocity of propagation were assumed to 
remain constant at 3 X 105 km per second. 

6 . Sunrise Effects 

Effects around sunrise over the path are rather 
complex, and data are very scarce because of 
interference and also because of a number of 
equipment failures that occurred around this time. 

Study of the films indicated that all of the 
returns b etween 0845 and 1015 GOT shown at a 
d elay of less than 12 msec on figure 5 for October 
2, 1947, were really distant multihop echoes seen 
the second time around on the 40-msec sweep , 
since th ey were all weaker than the large groups 
plotted in the region of 22 ms. However , later 
short-distance groups after 1100 were strong 
enough to be consider ed as reflections from close-in 
sources. It is to be noted that these groups appear 
during the period when groups just beyond are 
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movrng closer and tha t th ey subsequen tly dis
appear. Similar effects are seen in figure 4 for 
August 27,1947. The close-in groups at 1042 and 
1103 appear to be from a short distance, and th e 
single group at 1130 is ambiguous in appearance 
but may be a distant group moving in. 

One possible source of the close-in scatter noted 
in the above two cases is the regular E or the E2 
layers as ionization increases ,greatly with sun
rise. Such scatter, if weak, migh t disappear 
because of increased absorption later in the day. 
Another possible source of close-in echoes at sun
rise would be specular refl ections caused by a 
tilted layer or a combination of a tilted F2 layer 
and the sturt of the E layer , forming a duct with 
an oblique top into which waves may go and be 
returned specularly. R eference [2] treats of this 
type of mechanism, which may be responsible 
for certain types of echoes and also gives a plau
sible explanation for the variation of the relative 
intensities of multiple echoes at near vertical 
incidence on the basis of specular reflections from 
irregularities in the ionosphere, which have a 
focusing and defocusing effect as they drift by- . 

Occasionally, visual observations of the indi
cator, around sunrise, showed that groups may 
be received corresponding to daytime skip , with 
long-distance echoes from the night-time regions 
seen simultaneo usly. This condition could pre
vail when the presllnrise minimum of F 2-layel' 
ion ization was some distance to the west of 
Sterling. 

III. Comparison of Results with Other 
Concurrent Observations: 

Sources of Scatter 

1. General 

Other concurrent observations with which test 
data were compared were: 

a, Vertical-incidence ionosphere observations. 
b , Arrival time of transponder pulses from 

Alamogordo, N . . Mex. 
c, Recordings of pulses from Sterling, Va., made 

by U. S. Navy Electronics Laboratory at 
San Diego , Calif. [11]. 

The variations of the delay times of ORPL 
back-scatter observations were compared with 
simultaneous vertical-incidence ionospheric obser
vations at several stations in the United States. 
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Since only a very small percentage of the radi
ated energy is scattered backward from either the 
assumed ground or E -l'egion scaLter so urce, bade 
scatter on 13,660 kc, even with the power and 
beaming used , is not easily detected except for 
scattering areas at approximately the skip dis
tance front the transmitter. At or near the skip 
distance "high" and "low" waves traversing the 
ionosphere converge, forming a caustic , at which 
the transmitted energy is concentrated and, 
simi larly, energy scattered at different angles of 
elevation from a scattering area is made to con
verge by the ionosphere, concentrating the 
reflected energy so that it is sufficient for detec
tion [1 , 7J . Consequently, if back scatter is from 
the ground, the delay time observed between the 
transmitted and b ack-scattered pulses should 
correspond roughly to the sl(ip distance for tha L 
frequen cy at the point of refl ection. If back 
scatter is from the E layer the delay time is less 
by the travel time along the oblique path between 
the E-layer scatter source and the ground scatter 
source in figure 1. 

2 . Skip -Distance Maps 

In order to test these assumptions, F2-layer 
skip-distance maps of the United States, for the 
frequency 13,660 k c were prepared from iono
spheric data observed at Washington , 'White 
Sands, Baton Rouge, San Franci co, Boston, and 
Ottawa, for a numb er of hours during each day on 
which the pulse experiments were conducted . 
Such skip-distance contour maps were necessarily 
rather rough, since the observations at these six 
locations must be extrapolated to cover the entire 
country. The F2-layer skip distance was derived 
by standard methods from the observed values of 
r F2 and F 2-3000-muf reported by the ionosphere 
stations, and the map construction involved 
longitudinal extrapolation. Figure 16 for August 
27 , 1947, at 11 00 G CT iiS typical of the F 2-layer 
skip-distance maps. The values of the contours 
are the skip distances in kilometers, for 13,660 ke, 
for one-hop transmission reflected at points on the 
contours. 

It was assumed that the transmitting antenna 
beam width was 30°, centered on the direction of 
orientation, and that , in this sector , back scatter 
is observable for a given path length wherever the 
midpoint of path coincides with the skip-dis tance 
contour for that distance. Assuming the velocity 
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of propagation to b e 300 km/mscc, and arbi trari ly 
adopting an ionospheric reflect ion heigh t of 300 
km, the expected range of time delay beLween 
transmitted and back-scat tered signal over the 
sector was derived from the range of values of 
skip distance for which back scatter was expected. 
The ground-scat ter delay-time values derived from 
the skip-distance maps are plotted on figures 4 
through 8, for comparison with the observed back
scatter delay-time values, solid circles being used 
to designate the shortest and longest delay Lime 
expected. For the shortest delay time the corre
sponding delay times for E-Iayer long-scatter from 
an assumed 110-km height were obtained from 
figure 17 and plotted as open circles. Arrows 
pointed yertically upward indicate skip greater 
than 4,000 Ian. 

Each of the figures were examined to decide from 
the rclative positions of the plotted returns whether 
or not scatter was from the ground or the E layer. 
E choes from the ground over a range of sk ip dis
tances would give a line of pulses on the indicator 
time axis , and the same could be true for the E 
layer but with th e returns displaced by a time 
difference of the order of that between curves B 
and C of fig Llre 17 ; it is obvioLls that if both types 
were present ambiguity would exist where the two 
lines of pulses overlapped. However, if only one 
or a few closely grouped peaks of gro und scatter 
exist in a given case an analogous group for E-Iayer 
back scatter may also exist separately at the dis
tance deteimined rougbly by figure 17. 

3 . Transponder Results 

The strongest supporting evidence indicat ing 
that the observed returns may often be ground 
scatter is presented in figure 6 of the run of N 0-

vember 25 to 26, 1947. In that experiment a trans
ponder operated by Boston University personnel 
at Alamogordo, N. Mex., was synchronized on the 
strongest pulse of a group received from Sterling. 
It is seen on the plot be tween 0430 and 0607 
GCT. As the skip moved out in that period the 
transponder arrival time changed relatively little, 
because it was dependent only upon the virtual 
h eight of the ionosphere. At 0445 the trans
ponder return is seen split, apparently because of 
P edersen ray effects (actually at some intervals 
more than two echoes were visible because of 
extraordinary wave) . At 0607 it is last seen at 
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a delay time of 18.9 msec (figs. 6 and 19). It is 
almost on top of the nearest back-scatter energy 
peak, so that it seems reasonable to conclude that 
that peak represented ground scatter from the 
equivalent distance for a single F2 hop , since a 
reasonable F 2-layer virtual height would give 
approximately th e same delay time. The trans
ponder was turned off at that time because the 
pulses from Sterling were too weak for synchro
mzmg. Since the transponder was adj usted 
manually to emit within less than 50 microseconds 
after reception of the Sterling pulse at Alamogordo, 
and since E -Iayer scatter would have appeared on 
the sweep about 4.6 m sec earlier, the assumption 
that the back scatter in this case was from the 
ground seemed justified. 

The predicted minimum skip distance for the 
assumed 30° sector as indi cated by the lower 
solid black dot at 0600 in figure 6 falls right at th e 
range at which the transpond er was last seen. 
This, howevcr , was not the skip dis tance for the 
exact azimuth of Alamogordo on the skip-distance 
map for that hour, the latter being greater than 
4,000 km . Therefore, the agreement of the dots 
and the scatter and t ranspond er ranges is not as 
good as it seems on firs t inspection. However, 
considering th e limi ted number of points from 
which ionospheric data were obtained, thcse maps 
could easily be in error . 

Good agreement was no t obtained for the times 
of signal failure at S terling and at Alamogordo . 
The transponder signal of only a few hundred 
watts peak power , was still fairly strong at Sterling, 
as shown by figure 6 when the Sterling pulses were 
reported as too weak for synchronizing at Alamo
gordo. This fact points to possibili ties of' differ
erence of antenna patterns of both transmitter 
and receiver at both ends, nonreciprocity in the 
ionosphere, and lateral ,deviation, all of which 
should be investigated further. The antennas a t 
Alamogordo were not sharply beamed, making it 
possible for transponder returns to travel over a 
devious route after direct path failure. However , 
th e presence of more interference at Alamogordo 
than at Sterling could have caused the discrepancy. 
I t still seems to be true, in spite of discrepancies, 
that the peaks of the returned pulse groups 
particularly th e one corresponding to the trans
ponder position in figure 19 are ground scatter 
because no peaks were seen at the delay time 
which would be required for E -scatter for this 
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path, which would be of the order of 4 or 5 msec 
earlier than th e transponder pulses. 

Subsequent transponder experiments up to a 
year past the period covered by this paper demon
strated that the delay time of the first major peak 
of the back scatter begins to exceed the delay time 
of the transponder as the latter fails , and that the 
reverse is true as th e signal returns with sunrise 
over the path. These results indicate that the 
main body of the back scatter is, for the case under 
consideration, ground scat ter. If E-Iayer back 
scatter is presen t under th ese conditions, it must 
be much weaker and hidden under the interference. 

4 . f-Layer Scatter Preceding Ground Scatte r 

Generalizing from the transponder resul ts, i t 
was assumed that r eturns showing only a few 
closely spaced pulse peaks were probably of the 
ground-scatter type. Similar groups with single 
peaks or small groups of pulse peaks falling the 
right amount earlier , as determined from figure 17 , 
were judged to be ground scatter with E -r egion 
scatter ahead of th em. This assumption was sup
ported by the fact that occas ionally very strong, 
discrete pulses of a few seconds duration, which 
appeared to be r eflections from meteor trails, 
cam e from about the expected E-scatter region. 
These echoes seem to appear usually when there is 
no persistent scatter peak at the point in question, 
suggesting that possibly the back scatter from the 
E -r egion is no t always present. Sometimes, how
ever , they appear in other places, sugges ting the 
desirability of an investigation of the possible 
overlap of delay times of E and ground-scatter 
returns because of finite beam width. 

The type of echo pattern in which s uch earlier 
separated echo group s appear is noted in figure 5, 
for October 2, 1947 , an ionospherically disturbed 
day, between 0845 and 1015, the separate returns 
falling at between 16- and 20-msec delay. I t will 
be no ted that most of th ese fall about 4 msec ahead 
of the first energy p eak in the succeeding groups. 
The independen tly calculated F2 return points 
(solid circles), and corresponding E points (op en 
circles) fall a few milliseconds earlier , but thL 
agreement is fairly good. 

The earlier separated echo grour s, assumed to 
be E scatter , were quite variable in amplitude with 
a tendency to disapp ear altogeth er , leaving a line 
of low-intensity echoes extending along the time 
axis to th e major peaks. Figure 18 illustrates this 
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fa ct when viewed in conjunction with the plotted 
returns in figure 5 for th e period 0845 to 1015. 
The points concerned a rc on the upper trace in 
each frame of figure 18. The ini tial pulse is on 
t he lower pedestal, and the lit tle echo on the lower 
trace is probably 2-hop F 2 . On the upper trace is 
seen a strong return preceded by a weaker echo 
that disappears into a line of very weak return 
pulses after a few seconds. Several echo groups 
at other hours on fi gure 5 seem to exhibit similar 
characteristics, notably those at 0545 and 0807. 

W eak fleeting pulses at abou t the E -layer dis
tance ahead of second multiple F2 were sometimes 
no ted on winter days when th e ionosphere could 
sustain vertical-incidence F2 refl ections, suggesting 
the weak echoes shown by Eckersley in figure 21 
of reference [3]. 

5 . Agreement of San Diego Reception Results 

R eferring aga in to th e October 2 observations, 
at 0530 on this day the Sterling emissions und er 
obser vation at San Diego failed for several 
minu tes. R eception then recovered and fail ed 
again at 0548, being intermittent to 0558. Dur· 
ing this period, figure 5 shows a pulse peak in tbe 
n eighborbood of 25.0 mscc, which is the delay 
t ime for th e 3,650-km path for ground scatter 
propagated v ia th e F2 layer at a heigh t of 300 Jun . 
At 0545 there appea rs to be an F2 echo after an 
E-echo group. At 0530 there is a first strong peak 
with echoes coming in for about 5 msec preceding. 
At this t ime the return is shown as one group, but 
the peaks at 22.3 and 22 .9 msec co uld b e asso· 
ciated with E-layer back scatter by comparison 
with the 0545 return . In f~ct the pictures taken 
in this period resemble those of figure 18, and the 
peaks at 22.3 and 22.9 msec are weak compared 
to the return at 25.0 msec. The calculated skip
distance chart for 0600 for th e azimuth of San 
Diego was in exact agreemen t with th e results at 
San Diego. This chart was one with regular 
con tour lines, which seem to be more accurate 
than those for an irregular distribution of ioniza
t ion where interpolation is difficult . 

6 . E-Layer Scatter Exclusive of Ground Scatter 

A case that appears to exhibit E -Iayer scatter 
exclusive of ground scatter is that for January 21 
to 22 , b etween abou t 0400 and 0830, as seen on 
figure 7. In section II i t was noted t,hat the close-
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in returns appeared to b e shor t scatter. T h e 
returns around 15 msec fall near the expected 
E -Iayer long-scatter delays. It is to be noted 
that the calculated F2 skip for tha t period as shown 
by th e position of the solid dots on fig ure 7 was 
long. Th is was corroborated by the reco rd of 
reception of th e Sterling pulses at San Di ego , 
which reported recep t ion weak between 0630 
and 0730 and out completely between 0730 and 
0946 with a "fade" commencing again at 1002 . 
At the long d istance, the E -scatter reg ion is con
siderably closer th an the gro und-scatter region, 
and it would appear that the energy going to and 
from the ground is attenuated greatly by passing 
twice through the D and E laye rs so that one m ay 
conclude that tbe echoes seen at about 15 msec 
between 0400 and 0830 are solely E -layer returns. 
The assmnpt ion ag rees wi tb the observed loss of 
long distance returns as the F2 kip moved out, 
as noted under sect ion II , 5. There was a fa ir 
amount of sporadi c-E Loni ation obse rved at 
vVa hington and some at Alamogordo during this 
period. 

Echoes of t he type d iscussed above a rc see n in 
fig lll"e 15, beginning at 2.4 msec for t be E-Iayer 
short-scatter case and beginning at l :3 .0 msec 
for t he E-layer long-scatter case. 

7. Additional Considerations 

It appears that often the strongest peaks may 
be due to back scatter from the ground , but t hat 
a continuous group of wea k echoes precedin g it 
in time may come from the E layer. The whole 
problem of just what the indiv idual peaks are 
due to may be ambiguous in almost all cases wher f' 
no concw-rent supporting da ta a rc available, and 
in many cases where such data arc obtainab le. 
Among the many things t hat may cause these 
peaks are E-layer back scatter and scat ter from 
ordinary ground , as well as from the sea and from 
large irregularities in the terra in . For a ingle 
hop in one direction, the low ray, ordinary wave, 
will always appear. There is also the possibili ty 
of ordinary-wave high ray (P edersen ray), and low 
and high wave extraordinary. All fo ur mod es 
for one hop could conceivably, in the limiting 
case, become 42n modes for n hops of back scat ter , 
although in practice condi tions would never arise 
wher eby all control points would propagate all 
modes . Besides, echoes returned by more than 
one hop become weaker as the number of refl ec-
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tions increases, so that many modes probably 
would no t be visible. 

Another SOUTce of ambiguity is the antenna 
radiation pattern. The transmitter beam width 
is only approximately allowed for in the analysis 
and minor lobes may cause reception of scattered 
energy from other sectors. 

IV. Conclusions 

As a result of the study of back-scatter eclioes 
from a high-power pulse transmitter on a west
ward path from Sterling, Va. , on a frequency of 
13 ,660 kc between August 1947 and March 1948, 
certain conclusions were reached for the case 
studied. 

E cho groups may often be seen containing peaks 
of energy scattered from the ground, which are 
stronger than peaks due to other sources. Echoes 
also appear, however, which are identifiable with 
E -Iayer long scatter. These are sometimes seen 
as weak, intermitten t pips ahead of what appear 
to be ground-scatter pips and sometimes as a 
continuous line of weak pulses ahead of the main 
ground-scatter pulse. On occasions of long-dis
tance F2 skip , E -layer long scatter may appear 
without ground scatter being visible above the 
interference. 

What is usually termed E -layer short scatter 
can be said with some certainty to be echoes from 
meteor trails. However , on rare occasions very 
strong clean and steady echoes have appeared at 
night at a distance which would indicate that they 
were direct reflections from in tense clouds of 
sporadic E. 

At sunrise, peculiar conditions arise that may 
in part be explained by the presence of long- and 
short-distance echoes when the pre-sunrise mini
mum of F 2-layer ioni zation is over the path and 
in part by back-scatter from the r egular E or the 
E2 layer b efore ionospheric absorption becomes 
large. Another possibility is a specular type of 
reflection from tilted layers. 

Many ambiguous echoes are to be seen whose 
interpretation 'will require further study and 
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experiment, considering ionospheric phenomena 
and antenna patterns. 

The authors are indebted to G. F . Montgomery, 
who was responsible for the calculations of the 
rhombic antenna radiation pattern and the chart 
of sky-wave transmission delays. They are also 
grateful to W . Cullen Moore, of Boston Uni
versity, tlu'ough whose efforts the original trans
ponder emissions were made from Alamogordo and 
to H . P. Gates of the U. S. Navy Electronics 
Laboratory, who fUTnished r eception data from 
San Diego. 
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scatter experiments. 

Bias·supply and line charging-su pply voltages are \~aried for proper operat
ing conditions. Line has lOa-ohm characteristic impedance . A, Se lf-excited 
osci lla tor: B, grid modulator. 

F l GURE 3. Calculated vertical radiation pattern oj rhombic 
antenna used in bacle-scaUer experiments at zero a zimuth. 

Data assumed in calculations: leg length, 262.5 ft ; height, 75 ft: angle of til t, 
67°; frequency, 13.66 Mc/s. Gro und constants: . = 10; u=2X 10-" emll. 
Radiated power at a particular wave angle is the power input to a lossless 
short verti cal 3Jltcnna over perfect grollnd , which wi ll produce a zero eleva
tion field intensity eq ual to the field intensity at the given angle produced 
by 1-kw input to the rhombic. The fi eld intensity produced h y 1-kw input 
to t his reference ve rtical anten na is 186.3 millivo lts/meter at 1 m ile. 
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TIME GeT 

FIGURE 5. Back-scatier observations on 13,660 kc at Sterling, Va.; 0100 to 2400 GCT, October 2, 1947. 

Crosses indicate amplitude peaks. Heavy line between erosses ind ieates high amplitude between peaks. Solid eircles indicate shortest and 
longest of gronnd -scatter delay times derived at any time from F' skip-distance maps. Arrows pointed verticall y upward indicate skip greater 
than 4,000 km. Open circles ind icate E-Iayer long scatter corresponding to shortest derived ground-scatter delay time . 

Journal of Research 



-- --- --------------- -------

38r---r--'---'--'---'--'---'--'---'--'---'--.---'~--'--r---'--.---r---,38 

~ 36 
34 

32 

30 

28 

~ 26 

~ 24 
u 
w 
<f) 22 
::; 
:! 20 

34 

32 

30 

28 

26 

24 

22 

20 

'" UJ~ 18 

'" ~ 16 

j H.!! 
18 

16 

14 
, 12 

1 10 

• o 
o 

8 

6 

°2L2----2~3~--~00~--~OL' ----O~2~--~03~--~0~4~~0f.5~--~0~6--~0~7~--0f.8~--~0~9--~1~0----~--~1~2----~13~--714~--~1~5----~'6~--~0 
TIME GCT 

FIC U RE 6. Back-scatter observations on 13,660 kc at Sterling, Va. , including reception of tmnsponder located at 
Alamogordo, N. M ex.; 2200 GeT November 25, 1947 to 1500 GeT November 26, 1947. 

Crosses indicate amplitude peaks. llorizontal arrows indicate Alamogordo transponder returns. Solid circles inel icate shortest and longest of 
grou nd-scatter delay times deri ved at any time from F' skip·distance maps. Arrows pOinted vertically upward indicate skip greater than 
4.000 km . Opon circles indicale E·laycr long scatter correspond ing to shortest deril'cd ground-scattcr delay time. 

38 i.----.----.-----.----,-----.----.----,-----r----.----,-----r----.------------,----_r----,---~r_--_r_,38 

36 36 

3' 34 

32 
0 

32 
> 

30 " 30 

28 

~ 
~ ~ i • ~ • • ~ ~ 26 • • • z ~ 

~ I jj 
8 24 

z 
g 0 

" w 
" ~ 22 

...J 

...J 
i 20 z 

0 O{ " ° W 18 

1 • f lilt I '" ;::: , 

f ,. 

r ~ 
" 14 
...J 

I!~I ~ • "j t 10 

8 

6 

:t dt I 
I I I I I I I I I I I I 

22 

20 

18 

16 

l. l I 
:12 . 

110 

• ~8 

0 16 

Ox 
1: 

22 23 00 0 1 02 03 O. 05 06 07 08 09 10 14 is 16 17 18 
TIME G CT 

F I GURE 7, Back-scatter observations on 13,660 kc at Sterling, Va.; 2200 GeT Jan uary 21, 1948 to 1830 GeT 
Jamtary 22, 1948. 

Crosses indicate ampUtude peaks. Hea vy line between crosses indicate bigh ampli tud e betwcen peaks. Solid ci rcles indicate sbortest and 
longest of ground -scatter delay times derived at any time from F' skip-distance maps. Arrows pointed verticall y upward indicate skip greater 
Ihall 4,000 km. Open circles indicate E-la yer long scatter corresponding to shortest derived ground scatter delay time. 

Back-Scatter Observations 209 



46r---~--.----.---'---.----r---.-, 
44 

42 

40 

38 

36 

34 

32 

tI 

ill 
fl 

II III 

0 

0 
~ 

z ~ 
0 

oc 

oc 

z t t 
0 
0 

0 

: • 
~1 

II·:' r: 
oh !: t 

• 
INTERFERENCE 

0 

11111. 
0 

t • 

18 

16 

14 

t 12 

10 

8 

t 6 

0 4 

2 

~~O---2~1--~2~2--~2~3---0~0~~O~I --~0~2---0~3~~04~~0~5--~0~6~~07~~1~2--~13~~14~~175--~16~~17~~1~8---71~ 
TIME GCT 

FIGU RE 8. Back-scatter observations on 13,660 kc at Sterling, Va.; 2000 GCT Feb1'uary 15, 1948 to 1900 GCT 
February 16, 1948. 

r Crosses indicate amplitude peaks. Solid circles ind icate shortest and longest of ground·scatter delay times deri ved at any time from F' skip·distance 
m aps. Arrows pointed verticall y npward indicate skip greater than 4,000 km. Open circles indicate E-layer long scatter corresponding to sbortest derived 
ground scatter delay t ime. 

36 6 

34 

I i 
4 

32 

~ j . TQANSMl fTER 2 
- 01"1' _ 

30 

28 f 8 

26 

! !i * ; 
26 

<f> 

J1!1;11111111ll I 
~ 24 24 
0 l it ~ 22 22 
<f> 

320 
-I: 

I I i 1 

20 

:E 18 ,18 
"j 
" 16 

11.1 ! I j r 
>= 
,.. 14 14 
<1 

Ii jj I lJ 12 12 
0 

10 

.1 ! 1 
10 

8 8 

6 t d i !6 

f ~ ~4 
~ )( )( x x X ~ X 

0 
00 01 02 03 04 05 06 07 08 09 10 I I 12 13 14 15 16 17 18 19 

TIME GCT 

FIGU R E 9. Back-scatter observations on 13,660 kc at Sterling, Va.; 0000 GCT March 14, 1948 to 1900 GCT March 14, 1948. 

Crosses indicate amplitude peaks. 

210 Journal of Research 

-, 



'Ul o z 
8 
w 
Ul 
::; 
--' 
:E 

~I 

1 

1 

1 

~ 

~ 
~ 
~ 
g 

, ~ 
~ 
po> 

2S00 

~ 

l-

~ 

---
----/' 

~ 
~ jP 

.0 ~ Vz'o 
k::a ~r 
W 
Fso 

V 

~ V v::: f:/ 
V ----V v::: t%:: 

----
~ ~ ~ 

V /:: ~ IV 
v :0~ 
~ 

;')0 

3000 

~ 
!@ I3s( 

~ 
.oW 100 

ld W 
~ V 
~ 

v.:: 
~ ra 

/. ~ ~ W 
~ ~ ~ ~!O 

/~ ~ ~ r 
:% t:/ ~ 
~ ~ 
~ 

ICOO ISOO 
3f>C0 4000 
din . KILOMETERS 

]soc 

;4~ :O 

1.0 
ld ~4( 

I~ ~ 
k::; ~? 

~ ~ V 
....::~ ~ r 

1 

~ ~ 
~ 

2( 00 2~00 

4S00 SOOO 

FIG URE 10. Sky-wave tmnsmission delays (geolll et.,.ically 
calculated) . 

T is the tOLai SkY·W8 vo delay; d is the total great circle range; 71 is the nu mber 
o(,bops. Va lues on curves denote "irtual heights in kilometers. Curves 
terminate at maximum range, zero W3\· C angle. Assumed earth radi us is 
6.370 km. 

SECANT ill (CORRECTED) 
6 .0 5.0 4.0 3.0 2.0 1.0 
r-~~~~~~~~~~~~~~HmTMrrm~..rOCQ 

700lQ 
w 
>-

600~ 
o 

500~ 
400~~ 

" W 
300 :I: 

--' 200g 
>-

100 5 

F I G URE 11. Transmission curves showing vertical angles. 

Back-Scatter Observations 

A---~- ----- -- 8 

A~::Z: B 

2 

.~:I.;I:lm::IE A B 

"" I r 11f 1 3 

A 
- - -8 

4 

A - ----1 - -=------ 8 
5 

A-
6 

FIGURE 12. Back-scatter echoes November 21, 1947 at 
0010 GCT showing changes over a 45-sec interval. 
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FIGUHE 13. Back-scatter echoes AUgllst 27, 1947. 1, slow sweep taken at 0314 GCT; fmmes 2, 3, and 4 taken a few 
minutes earlier at intervals of 2 sec on 2,500-)J.sec sweep. 

A. 1 ransmitter pulse; B, first echo group. 
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FIGt;H E 14. Back-scatter echoes February 16, 1948, 0252 
GCT, demonstmting presence of at least three echo groups. 

lni tial pulse starts at lower right at break in base line. T ime proceeds to 
extreme right, then to upper left and across to right, then down to lower 
left. F irst group is large double group on upper t race, second is partially 
on top of lower pedestal , thi rd is just ahead of initial pulse. Pip to righ t of 
main pulse is probably a meteor. A, Transmitter p ulse; B, first echo group; 
C, second echo group ; D, thi rd echo group. 
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FIG U RE 15. Returns on January 22, 1948, at 0617 GCT 
showing close-in strong l'ejlections beginning at 2.4 msec 
£n a.ddition to weaker long-distance rejlections beginning 
at 13.0 msec. 

A, Transmitter pulse; B, close-in strong refi cctio.] s; 0, Iong·distance 
reflections. 
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FIGURE 16. Skip-distance con tOUT map for 13, 660 kc, 1100 GCT August 27, 1947. 

- - - - , Expected control poi nts for back-sca Ucr propagation via V21ayer. 
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Pulse and time sequence as in tlgW"e 4. Ecboes under discussion a re on upper trace. Small pip to rigbt of lower trace is 2-hop. 1," E-layer long 
scatter" ahead of assumed tlrst-hop ground scatter at 0855+35 sec GCT. 2, "E·layer long scatter" weak, ahead of assumed tlrst-hop ground scatter at 
0923+17 sec GCT. 3, "E·layer long scatter" almost disappearing 2 sec later. A. Transmitter paise. 
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FIG U RE 19. Relative positions of transponder and back scatter when Sterling, Va., signal failed at Alamogordo. 

Initial pulse starts in middle of lower pedestal. Time proceeds as in figW"e 4. Point wbere initial pulse crosses top trace is approximately 20 msec. 
I, Position of transponder last time defillitely seen 0607 GCT (back scatter detnned) . 2, Position of scatter group as seen 2 min later. A, transmitter pulse; 
B , first echo group; '1' , transponder. 

WASHINGTON , July 25, 1949. 
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