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Backscatter Soundersl 
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(November 3, 1960) 

T echniques for d etermining t he characteristics of. movem en ts of irreg ula ri t ies in. t he 
F2-reg ion by t he use of backscatter r ecords are d escribed.. The res ul ts of a n analySIS of 
bac kscat ter dat a obtained during D ecember 1952, at SterlIn g, VU'gll1l a, at 11 frequ ency of 
about 13.7 M c/s are presented and found to be in good agr eem ent wi t h t hose of other 
invest igators of ionospheri c motions. 

1. Introduction 
W'inds and apparent motions in th e ionosphere 

have been the subj ects of study b y various groups 
for some time. Differen t methods have been used. 
Included among the radio techniqu es ar c radio 
fading pa t terns [Mitra, 1949 ; Salzberg and Green
stone 1951' Chapman, 1953], paced vertical sound
ers r~1:umo : 1948; Munro, 1950 ; Price, 1954], direc
t ion-of-arrival s tudies [Bramley a nd Ross, 1951] and 
others [Meek, 1949 ; Gerson , 1950 ; M anning, Villard, 
and P etcrson , 1950 ; M axwell and Lit tle, 1952; Max
well and Dagg, 1954; M axwell 1954; Clark and 
P eterson , 1956 ; M cNicol fLnd 'Webster , 1956 ; Wells, 
1957; Valverde, 1958] . I t is the purpose of this 
paper to present another method for s tudying 
ionospheric mo tions and give som e resulLs and con
clus ions ob tained using t his method . 

Use of backscatter sounding was made fL t Stanford 
University to s tudy mo tions of sporadic-E .clouds 
[Clark and P eterson , 1956] and vcry large dIsturb
ances in the F 2-layer [Valverde, 1958]. The pr esent 
paper also defLls with F2-lfLyer disturbances, some of 
which appear to be like those s tudied by Valverde 
[1958] although the techniqu e of analysis uscd is 
different. For the most par t, however , the paper 
deals with disturbances of a... smaller size al1d the 
technique of determining the motion is new. Some 
preliminary results of this investigation were men
tion ed by Wells [1957] . 

2 . General Background and Method 

2 .1. Backscatter Sounding and Recording 
Technique s 

For those unfamiliar with backscatter sounding a 
brief explana tion is in order. A pulse of mdio fre 
quency energy is radia ted from fL directive an tenna. 
This pulse travels outward un til it encounters the 
ionospheric layers a t one of which it may be reflected 
back down to ear th . At the ground the energy is re
flec ted and scattered in all dil'ections. Some of the 
scattered energy r etraces its original path and ar-

1 Con t ri bution frOID Central Radio P ropagation Laboratory, Nationa l Bm'eau 
of Standards, Bo ulder, Co lo. 

rives back a t the transmi t ting poin t a t a delay t ime 
equal to the length of the pa th traveled by the pulse 
divided by the appropr iate aver age group velocity of 
the wave over the path. This scatter ed energy is 
then channeled tlu-ouglJ a r adio pulse r eceiver whose 
ou tput is recorded. 

For t he purpose of Lhis experiment the r adia ting 
a ntenn a should no t have a ppreciable directivity in 
the vcr tical plane but should be fairly dil'eetive in the 
horizon tal plane. U nder these conditions backscH,tter 
energy is ob tained from the edge of the "skip zon e" 
for tb'e par t icular frcqueney nnd ionospheric layer in
volved and on to grca Lcr rangcs with general decrcase 
in in tensity as the range increases [H ar tsfield, Ostrow', 
and Silberstein , 1950 ; Dicminger , 1951; P eter son , 
1951; H fLlt sfielcl fLnd Silberstein, 1952; ilberstein , 
1953 ; Shearman , 1956] . 

One of thc methods of recording backscatter is the 
"range-time" recording techniqu e in which an oscillo
sco pe trace is triggered at the same tir~1.e as tlte tr ans
mitter pulse, and Lile backsca t ter SIgnal fr om t~e 
receiver is used to intensi ty modulate the trace. Tlus 
trace is then pho tographed by a moving film camera 
in which the image of t be tr ace on the film is perpen
d icular to the direction of film travel. The result i 
a plot of backscatter range as a fun ction of time. An
other method is the plan position indicator (PPI) dis
play in which an intensity modulated oscilloscope 
trace ro tates in synchronism with a ro tating directive 
antenna. A photograph of one complete rota tion 
then displays the scatter ch aracteristics as a fun ction 
of azimuth. 

The range-time sweep may be gated to display only 
a certain portion of the total range. This is done to 
display greater detail of backscatter signal. An ex
ample of this type of record is shown in figure 1. The 
delay time is given in milliseconds and r~presel!ts 
twice the slant range to the ground scattermg pomt 
d ivided by the speed of propagation. The time base 
is in hours. For this particular record a pulse length 
of about 70 ILsec was used and the antenna was 
a large terminated rhombic. . 

The record shows that backscatter h as a qUIte 
complicated structure as far as amplitude versus 
range is concerned. The immediately striking fea
ture of the record is that the amplitude peaks tend to 
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FIGU RE 1. Backscatter record made at Sterling, Virginia on 1S.7 NIels at azimuth 282° , November 9,1955. 

maintain themselves over relatively long periods of 
time but change in range during that time. This is 
the feature which is taken as evidence of ionospheric 
motions and the characteristics of these "ripples" in 
the backscatter are used to in terpret the nature of 
the motions. 

2 .2. Quantitative Basis for Deduction of Motion 
Characteristics From Backscatter Records 

A focusing phenomenon is necessary for the forma
tion of amplitude peaks. 'I'Vhere along the path fol
lowed by the pulse does the focusing occur? Focusing 
regions below th8 ionospheric reflection point should 
be equally effective whether they occur on the Ilear 
side or far side of the ionospheric reflection poin t with 
respect to the transmitter. However, the magnitude 
of the apparent motion of the focusing region as de
duced from the backscatter ripples will be differ en t 
depending upon the side on which the focusing region 
is assumed to be located. The difference in these 
magnitudes will become greater as the height above 
ground of the focusing region becomes smaller. The 
analysis of the ripples gives no evidence of effects of 
motions below the F2-region. 

The analysis of the ripples was done on the assump
tion that the focusing takes place at reflection layer 
heights and, since the scatter involved was all F2 -
propagated, this height was taken as 300 km. The 
comparison of motion characteristics derived on this 
assumption with motion charftcteristics found by 
other workers further served to justify the focusing 
height chosen. 

If the focusing phenomenon occurs at the reflection 
heights, it is convenien t to treat the problem in rather 
simple terms. Figure 2 is an exaggerated diagram 
of the backscatter path geometry. The transmitteci 
pulse travels the path from the transmitter, T, to 
the ionospheric reflection point at M at a height, h. 
above the ground ftnd then down to the ground at R 
where it is scattered. Some of the scattered energr 
retraces the path back to T. The delay time, t, 
between transmit time and time of scatter return 
is given by 

4s 
t= 300 msec. (J) 

where s is in kilometers. 

If a focusing region exists at ]'11[, there will be an 
intensification of backscatter amplitude at the cor
responding delay time. If the focusing region at M 
is moving, the delay time of the scatter intensification 
will increase or decrease depending upon whether the 
ionospheric great circle distance D, shown in figure 2, 
is increasing or decreasing. 

The relationship between D and delay time, t, is 
given in figure 3 for a height of 300 km according to 
the equation 

If D were changing uniformly, and if the nnits of the 
abscissa in figure 3 were divided by the rate of change 
of D , the plot would be one of delay time versus time 
which is in the form of a backscatter range-time 
recording. The curve would then represent a ripple 
changing range on a backscatter range-time 
recording. In practice, the F2-propagated back
scatter did not occur at delftY times less than () or 
7 msec for the frequencies used in this experiment so 
the curve at smaller delays may be disregarded. At 
greater delays the curve is essentially a straight line. 
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FIGU RE 2. Backscatter path geometry. 
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FIGURE 3. Backscatter delay as a junction oj the distance, D, 
oj the F layer reflection point. 

Since the speed of the motion is of interest, it is 
desirable to know the change of D as a function of 
time, T, for a particular ripple. This is obtained by 

scaling the slope of the ripple, :~, from tbe range

time recording a,ndm ult iplying by the reciprocal 
of the average slope of t he delay time versus D curve, 

L, over the delay interval covered by the ripple. 

f>.D 
As the curve is essentiall.\· straight over the range of 
deln,y times likely to be encountered, this last 
quantity may be considered constant and used with 
all range-tilne slopes scaled. In other words 

f>.D t:,t 1 
f>.1' = f>.T t:[ ' (3) 

f>.D 

l " I GU R E 4. Blob model path geometry. 

If D is in kilometers, T is in hours, and t is delay tim e 
. '11 ' d f>.D. . 1'1 h 1 In m] Isecon s, f>.T ] S lQ \] Olneters per our. f>.t 

f>.D 
was calculated at 82.5 km/msec. 

This quanti ty ~~ represents only the speed of the 

focusing irregularity toward or away from t he trans
mitting point. Because of t be beamwidth of the 
antenna, it is possible for the irregularity to travel 

aeross the beam and the resul t ing ~~ sCfLled would 

not necessarily be the true speed of the fo cusing a,refl. 
How to arrive at the true speed of the fo cusing area 
depends upon the model one assumes for this 
irregularity. 

The apparent separfl tions of the focusing irregu
larities are obtained by scalin g the difl'erence in D 
for two consecutive irregulari tirs on the record at 
the same time. This is accomplished by meas uring 
the delay time difference in millisecondf' at fLOY time 
fLud then multiplying by 82.5 km /msec. If two fLre not 
visible at th e same time, it may be necessfLry to pro
ject the slope of the first one in order to obtain a 
simultaneous range reading. 

The ripples fLre classified accordin g to whether 
they represen t motions away from the transmitter 
or motions toward the tran smitter. These two 
groups must be treated separately. 

2 .3. Focusing Models and Mechanisms 

There are two principal modcls wllich focu sing 
irregulfLrities may follow. Th e nrst is one whose 
effect is fLbout the same regardless of the azimuth 
of approach by tllC sounder pulse. This may be 
termed the "blob" model as a reflect ing blob would 
exhibit this characteristic. The other may be term ed 
the " long fron t" model. This would be describecl 
as a " wTinlde" in the surface of the reflecting layer 
extending for fL relatively IfLrge lateral distauce along 
the front. 

In considering the sca ttef cllaracteristics w11 iclt 
these models would provide it is convenient to con
sider figure 4 in whi eh the area between arcs Dl and 
D2 subtending the ante1UlfL beH,ll1widtb, 1), is the area 
within which ionospheric reflection and focusing 
must take place. 

a. Blob Model 

The blob model will be considered first. In 
figure 4, let p be a point along the path P1PZ followed 
by a focusing blob moving at a uniform speed , v. 
The slope of the trace on the backscatter record 
varies as vcos ~ as P is allowed to move uniformly 
along P1P2. During the observation time ~ may vary 
as much as 1) degrees (in fig . 4 the total variation is 
about 0.71)). Thus, uniform motion along any 
straight path through the observation area (except 
a radial from T ) will result in a eurved ripple on the 
backscatter record. For a path crossing the area 
transversely the ripple will start with a negative 
slope and end with fL positive slope. For rfLdial 
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paths, cos ~= 1, so the slope is constant and equal 
to v. 

There are three k:inds of information which can be 
obtained directly from the scaling of the backscatter 
ripples. These are the distributions of apparent 
speeds, the average apparent speed, and the total 
number of ripples observed per unit time as a func
tion of the antenna azimuth. 

If there is an overall preferred direction for the 
blob motion over the entire area of observation and 
fmther , if there is a certain distribution of the speeds 
which is the same for all directions of blob motion 
so. tha~ onl.y the nUl~ber of moving blobs may vary 
wIth du'ectlOn of motlOn, the above mentioned quan
tities should vary in the following manner, Without 
distinguishing between motions toward or away from 
the transmitter the apparent speed distribution and 
its average should shift to lower values as the direc
tion of the antenna beam shifts fr01n the preferred 
direction of blob motion around to 90° and then they 
should increase again as the beam approaches 180° 
to the preferred direction, 
~he number of blobs observed in a given period 

of tIme depends upon the size, shape, and orientation 
of the observation area with respect to the direction 
of blob travel. For instance, if the distance DJD2 in 
figme 4 were reduced to one-half of that shown, the 
number of blobs observed moving across the beam 
would be less than the number observed moving 
along the beam provided that the blob densities for 
the two. directions of motion were about equaL 
The motwns across the beam would then be dis
criminated against in the speed distributions. The 
relative effectiveness of the experimental arrange
ment for counting blobs moving in a given direction 
will be designated as the "blob interception cross 
section" for the given direction. It varies with 
differing ionospheric conditions and therefore may 
vary with azimuth. 

If the blob interception cross section for anv 
antenna azimuth is approximately constan t for ail 
directions of blob travel, the total number of blobs 
observed per unit time should be about the same at 
all azi,?uths. However, if the blobs are separated 
accordmg to whether their apparent motion is 
toward or away from the transmitter, then the num
ber having outward motion should be maximum at 
tJ:e a~tel1na azimuth corresponding to the preferred 
drrectlOn. Conversely, the number with inward 
motion should be maximum at 180° to the preferred 
direction. 

In the actual records, ripples with very low ap
parent speed were often not scaled because of the 
difficulty of separating them from other effects. 
This tends to reduce the total number of blobs 
counted per unit time and to bias the average ap
parent speeds toward higher values, particularly for 
those azimuths at right angles to the preferred 
direction of blob motion. 

If there is sufficient geographical variability in the 
motion characteristics, some or all of the expected 
characteristics stated above will be partially or 
completely masked and any distinguishing features of 
a particular model may disappear. 

U8 

h. Long Fron! Model 

The next model to be considered is the long front 
mod.el. Here the focusing irregularity is considered 
to he along a straight line. The motion of this 
irFegularit:y: which may be detected is that perpen
d.ICular to Its own length. The irregularity is con~ 
sldered. to be capable of focusing energy anywhere 
alo?g Its .1en.gth and regardless of the angle at 
whICh the mCldent beam approaches. This might be 
difficult to realize in any real case but the concept 
is useful here. 

Figme 5 is similar to figme 4 except that in this 
case a long front FF' is moving through the area 
under observation in the direction of the arrow. 
Each increment of the front within the beam is 
focusing some energy. It is seen from the diagram 
that ther.e .would be focused energy returned from 
nearly mmllnum scatter range to maximum scatter 
range, but there is an additional focusing effect due to 
the concentration in a small increment of delay time 
of tJ:e energy focused by the adjacent elements of 
the meg~arity in the vicinity of p where a radial 
from T IS perpendicular to the front. This con
c~ntration should be enough to produce an observable 
rIpple on the scatter record. It is concluded that 
wit.h this model th~ ripples appearing on a record for 
~ glVen ~n.tenna a~lInuth would represent only those 
llTegulantles movmg along a radial included within 
the beamwidth, 1]. The apparent speeds would then 
be very nearly the actual speeds of the irregularities. 

If nee, v) represents the overall density distribution 
function of the front velocities, then the observed 
distribution function No(v) for motions away from I 

the transmitter in a given azimuth, 0, is given by 

rO +~/ 2 

No (v) = JO -~/ 2 n(O, v)cZo. (4) 

F 

D, 

FIGURE 5. Long front model path geometry. 



N 9+,,(v) would be Lhe corresponding distribution for 
motions toward the transmitter. 

If the funct ional dependence of the distribution on 
v were the arne over the whole geographic area and 
for all direcLions (in other words nee, v) = p (e) q (v» 
this feature should be apparent in the observed dis~ 
tribuLions for the different antenna azimuths. The 
average scaled speeds and the normalized speed 
distributions would be the same for all azimuths. 
Differences would be indicative of geographic and/or 
directional variations. 

Wi th an overall preferred direction for travel, the 
number of irregularities moving away from the 
transmitter should peak as for the blob model at the 
antenna azimuth corresponding to the preferred 
direction. Similarly for motions toward the trans
mitter, there should be a peak at 180 0 from the 
preferred direction. Strictly speaking, the converse 
is not necessarily true. It may not be said with each 
model that peaks occurring in the manner described 
definitely imply the existence of an overall preferred 
direction of travel for the focusing irregularities . 
However, it seems unlikely t hat the velocity distri
butions for diO'erent az imuths should be completely 
different and :vet coincidentally provide data as 
described above. 

FrGUJ~E 6. Elliptical focusing mechanism geometl·Y. 

c. Focusing Mechanism 

So far nothing has been said regarding the actual 
focusing mechanism for either the blob or the long 
front model. A simple mechanism which can be 
adapted to either model is illustrated in figure 6. 
Let the elemen t of curved reflecting surface aMb be 
a part of an ellipse of major axis 28 whose focal 
points are at T and R. Thus, all of the pulse energy 
radiated into the vertical angle aTb reaches R at 
exactly the same delay time. The same thing 
happens to energy scattered over the r eturn path. 
This energy acts as if it were all transmitted over 
the path TMR. 

It is pertinent to obtain some quanlitative infor
mation using some of the parameters characteristic 
of the system used in the experiment. Let the dis
tance ab be 200 lun as would be appropriate if the 
wrinkles were separated by about 400 km. Let 
8= 900 km which is a figure near the midrange for 
most of the scatter observations in this experiment. 
Let h= 300 km. The tilt at a 01' b would then be 
about 2.5 0 with respect to the horizonLal at the 
midpoint lvI, or about 1.7 0 refcrred to the horizontal 
at points a and b. According to Bramley and Ross 
[1951]' such a Lilt would not be unu sual. 

To obtain a simple and Jui)'ly adequaLe blob model 
one has only to rotate the segment alltlb about the 
line TH. This results in a d imple in Lhe ionospheric 
surface which will focus energy and behave in 
general as the blob model. To obtain Lhe long front 
model one requires the surface generaLecl by moving 
the segmen t aMb perpendicular to t he plane of the 
diagram. However, exact adherence to the ellip tical 
model is unnecessary to obtain substrmtinl focusing. 
Any concave downward surface w·ill give more or 
less focusing . 

The blob type model con tructed this way focuses 
the energy in a roughly circular area about a poin t 
on the ground at H . The lono· front modcl focuses 
the energy about a long straight line on the ground. 
However, as the energ~' approaches the front at other 
than perpendicular incidence, the focusing becomes 
more diffuse about t his line as the off perpendicu
larity increases. Thi s is due to the effectively lateral 
tilts which operate for obliquely approaching beams. 
H ence, there is additional reason beyond the cl us
tering 01' echoes at similar time delays for coneluding 
that backscatter ripples observed with this model 
include only those fronts moving along a radial 
included within the antenna beam width. 

N either the blob nor the long front mechanism 
for focusing would be strongly dependent upon 
frequency. Figure 7, which is a pair of backscatter 
records made simultaneously on two different back
scatter sounders on two different frequencies , incli
cates by the great similarity in ripple structure that 
the actual focusing mechanism is not strongly fre
quency dependent. 

These focusing models are not original suggestions 
since variations of this idea have been used by several 
workers [Pierce, Mimno, 1940 ; Munro, 1950; Munro, 
1953b ; Baird, 1954 ; Bibl, H arnischmacher, and 
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FIGURE 7. Backscatter records made simultaneously at Sterling, Virginia at azimuth 282° , November 21, 1955. 

Rawer, 1954; Munro and Heisler, 1956a] to explain 
their observations. 

2.4. Experimental Details and Sample Records 

The data for the experiment were obtained for the 
most part from a month's run of the backscatter 
sounder during December of 1952 at the National 
Bureau of Standards Field Station at Sterling, Va. 
The records were made for a different purpose and, 
consequently, not all of the parameters were ideal 
for the investigation described here. The records 
consisted of 16-mm pictures of the backscatter PPI 
representation described earlier. The transmitter 
provided pulses of 40 j.l.sec duration and about 500 
kw peak power at a repetition rate of 25 pulses per 
second. The frequency was about 13.7 Mc/s. The 
antenna was a combinat ion of two vertically polar
ized three-element Yagis [Silberstein, 1957], and it 
was rotated continuously at the rate of one rotation 
per minute. 

A T- R network [Hartsfield and Silberstein, 1954] 
permitted the use of the same antenna for trans
mitting and receiving. A PPI oscilloscope was 
electromechanically geared to the an tenna such that 
the oscilloscope trace maintained the same azimuthal 
bearing as the antenna. A 16-mm motion picture 
camera was used to photograph the PPI scope face 
at the rate of one film frame per complete antenna 
rotation. The result was a series of pictures of the 
backscatter range and azimuthal characteristics in 
a precise time sequence. 

Figure 8 shows a series of PPI photographs 
selected at 5 min intervals between 0930 and 1030 
EST, December 3, 1952. A li ttle over 30 msec of 
range are shown on the records with 10 msec separat-
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ing the intense range markers. The backscatter 
intensifications are evident here, but the change of 
range of these intensifications is not at all obvious 
as it is in the range-time r ecord of figure 1. Any 
one intensification is evident at quite constant range 
over a relatively large azimuthal spread. Because 
of the antenna beam width even a small foc using 
area would be seen over a wide azimuthal range and 
actually any focusing mechanism will result in the 
arc-like structure. Thus, motion characteristics are 
very difficult to obtain using only the PPI pictures 
directly. 

For the scaling of motion characteristics the range
time record mentioned earlier is more convenient. 
Fortunately, a method of obtaining synthetic range
time records from PPI photographs was available. 
Briefly, this consisted of using a motion picture pro
jector to project the PPI pictures upon a small 
translucent slit oriented at the desired azimuth of 
the PPI image. Viewed from the opposite side from 
the projector this appeared simply as an intensity 
modulated trace which could be photographed by a 
range-time camera in the usual manner. Time 
marks were made by flashing a ligh t on the sli t at 
intervals determined by a microswi tch operated by 
notches previously cut in the edge of the 16-mm film . 

Range-time records for twelve ftzimuths , 0, 30, 60, 
90, 120, 150, 180, 210 , 240 , 270, 300, and 330 deg 
were made in this way. Because of the 40° bean1.
width between the effcctive backscatter half-power 
points, there is some ovmhp in this arrangement, but 
it does not materially affect the results. A set of 
the twelve range-time records for December 3, 1952 
is shown in figure 9. A total of about 20 msec or 
3000 km of slant range is shown in the records. The 
base line may app ear at ranges somewhat higher than 



FIGURE 8. PPI pictures at fi ve minute intervals from 0930- 1030 ES1', December 3,1 952. 

zero. The time base is not quite uniform from azi
muth to azimuth and this had to be taken into 
acco un t in the scaling procedure. The regular diag
onal pattel'll sweeping from the base line to the top of 
t he rccord on all azimuths was caused by an in ter
fering pulse from another experiment. 

The PPI pictures of fig ure 8 covel' the period be
tween 0930 and 1030 EST on the range-t ime records 
in figurc 9. The ripples cha nging in range are very 
obvious on t he range-tim e r ecordings whereas, as 
mentioned earli er , t he ripple characteristics are well 
hidden in t he PP I p icL ures. Tn some n,zimuths, 
notably those around 120°, there seem to be ver.Y 
uniform and regular s.YsLcms of mo tion in evidence. 
The rate of change o[ l'11l1ge and the separat ions o[ 
t he r ipples are quite uniform. An in Leresting fea
ture here is that 180" away, at 300°, t here is a regular 

set o[ ripples displaying opposite slopes, indicating 
that the ionospheric motions are in the same general 
direction in the two r egions observed although these 
regions are separated by over 1500 km. 

2.5. Basis for Analysis of Very Large-Scale 
Distur bances 

Ripples in the scatter r eturn are not th e only 
evidence or ionospheri c motions in backscatter 
records. The set of range-time r ecordings in figure 
9 illustrates another evidence of motion. On t he 
180° tLzim uth at 1137 E ST there is an indentation 
in the leading edge of the scatter retul'll at about 9 
msec delay time. This represen ts a change ill ioni
zation density or reflection heigh t o( th e ionosphere, 
in the region where the skip rays are reflected, which 
causes the skip distance to increase. 
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Fr(;URE 9, Range-time j'ecol'ds for D ecember 3, 1952. 

Indentations ure also evident at tIle neighboring 
zimuths but at progressivel)T earli er t imes as the 

separation from 180 0 increases in both directions. 
This situation must be the result of a very large 
traveling disturbance in the ionosphere. Judging 
from t he widths (durations) of the indentations and 
the relative time displacements at the different 
azimuths, this disturbance was abou t 1500 lem across 
(parallel to the apparent direction of motion) and 
was traveling from north to south at a speed of 
about 1500 km/hr. During the thirty days of data 
several of these disturbances occurred as evidenced 
by similar patterns of indentations, although the 
number of azimuths displaying the indentation varied 
considerably from one disturbance to another. 
These very large disturbances are probably of t he 
same type as those studied by Valverde [1958] 
using backscatter PPI pictures and ver tical sounders , 
His measurements indicated some fronts over 4000 
km long. The use of range-tim e records makes the 
job of analyzing t hese disturbances perhaps a little 
easier than the use of the PPI pictures alone. 
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It should be emphasized that, ill contrast to the 
previously discussed backscatter ripple associated 
disturbances, of which several may be found in 
the ionospheric reflection area for the antenna beam 
at a given time, the very large disturbance is effective 
over practically the en tire beam reflection area at 
one time. Therefore, the effect of the disturbance 
is observed regard less of the relationship of the 
direction of the wave front to the direction of the 
antenna beam. 

A set of range-time record s such as in figure 9 
involves ionospheric condi tions over an annular ring 
with a minimum radius of abou t 600 Ian to a maxi
mum radius of approximately 1200 km about a 
point above t he transmitter as a center. Because 
of the sequential times of appearance of the indenta
tions at the different azimuths the disturbance 
appears to be a wide but very long and relatively 
straight band, and is therefore observed at 'widely 
separated geographical points. If the disturbance 
is nearly symmetrical. the peak of the indentation 
should indicate the t ime and range at which the 



midline of the disturbance crosses the point whose 
coordinates are determined from the azimuth and 
range of the peak of the indenta tion. Thus, by 
scalmg the time and range of the peak of the indenta
t ion for at least three different azimuths, one can 
ob tain a set of geographic loca tions over which 
the disturban ce passed and the times a t which this 
happened from which one m ay es timate the m agni
t ude and direction of motion of t he disturb ance 
perpendicular to its length. 

The problem reduces approximately to one in 
which a straight wave front passes over points of 
coordinat es XjYj in a plane at a time T j. These 
quan t iti es are r elated to the actual problem such 
that 

(5) 

(6) 

where R j is ob tained from figure 3 and is the value 
of D corresponding to the delay time to the p eak of 
t he indentation on the range-time record and OJ is 
the azimuthal bearing at which the range-time 
record was m ade. T j is the time at which t he p eak 
of the indentation appeared on the record . F igure 
10 illustrates the case. 

If the fron t passes over points 1 and 2 a t times 
TI and T2, th e quan tity 

[ex - X 2F+ eY1- Y z)2J1 / 2 I 

[T1- T2 [ V 12 
(7) 

is related to the velocity of the fron t perpendicular 
to itself by the expression 

(8) 

where v i the magni tude of the fron t veloci ty, <p is 
its direction , and 1/;1 2 is the bearill g of poin t 1 from 
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FIGURE 10. Geometry for vel·y large disturbances. 

point 2 when T j > T2 or the bearing of point 2 from 
point ~ when T2> T j • 1/;12 is obtained from the 
expresslOn , 

(9) 

when T1> Tz, and from 

(10) 

when T2> T j • The proper quadran t for 1/;12 is 
obtained , of comse, by strict observance of the 
signs of the numera tor and the denomina tor of the 
equation. Using other points, one ob tains other 
values of v' . If ther e are N poin ts, there are obtained 

N(~- l ) different values of v' each with a par ticular 

value of 1/;. H aving two values of v' and the cor
responding 1/; 's, one may calculate values for v and cp 
by solving two equations of the form of (8) sim ulta
neously. The value of <p ob tained this way is either 
the true <p or <p ± 180°. Because of the geometry 
of the problem the true ¢ may differ from the two 
1/; 's by a m H,ximum of 900 which then m akes only one 
choice possible. 

For th e presen t treatment when there were five or 
morc azim uths of observation for a given disturbance, 
the res ul ting ten or m orc values of v' and correspond
ing 1/; were plo tted and fi tted to a curve of equa tion 
(8) by inspection thus yieldin g the v and the <p for 
the distur bance in question. When there \,vere only 
t hree or four observa tion poin ts, the method of solu
tion by simultaneou equations was used in which 
ever y possible se t of two vil.lues of v' and correspond
ing tf; 's was used to obtain values which were averaged 
for a final value of v and cp. 

3 . Results 

3 .1. Statement of Results 

These results arc limited in that they were ob tained 
principally during t he dayligh t homs of D ecember 
1952. A typical daily set of r ange-time backscatter 
records is shown in figure 9. This should be remem
bered when comparing these results wit h those of 
others who have worked a t different seasons and 
differen t times of day. 

Figure 11 is a plo t of the average number of ripples 
per hour of time in which F2-propagated ground 
scatter was evident, for motions away from the 
transmitter and for motions toward the transmitter , 
as a function of antenna azimuth. The uncer tainty 
interva ls are equal to twice the standard deviation 
of the mean. The two azimuthal scales ar e offse t 
by 180 0 in order to make more obvious the similarity 
of the two curves . 

With either the blob model or the long fron t model 
for the focusing irregularities, the distribution shown 
could result from an approximately uniform direc
tional distribution over the en tire area, peaking in 
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the southeast direction. N ot only do the peaks-for 
motions away from the transmitter occur at azimu ths 
approximately 180° away from those of the motions 
toward the transmitter, but the minimums behave 
in the same way, and in each CUl've the minimum is 
displaced abou t 180° from the maximum. The kn ee 
in the curve for outward motion at 180° to 240° is 
very similar to that for inward motion at 0° to 60°. 
It seems highly unlikely that this pattern should have 
OCCUlTed unless the directional characteristics of the 
motions were very similar over the en tire area 
involved. 

The varia tions of the mean apparen t speed with 
azimuth, both for motion toward the transmitter 
and for motion away from the tran smi tter , are 
shown in figure 12 . The mean apparent speed for 
motion toward the transmitter is systematically 
greater than for mo tion away from the transmitter. 
The only explanation of this difference that comes to 
mind is that it resulted from an idiosyncrasy or un
conscious bias in the scaling process, but an in
vestigation failed to reveal it . The azimu thal vari
ations, amounting to 30 to 40 percent, have highest 
values in the northeast quadrant an d lowest values 
in the southwest quadrcw t. 

According to the long fron t model (section 2.3.b) 
the observed average speeds would be the same as 
t he true aver age speeds for the differen t directions 
and geographical areas. If the blob model were the 
correct one, the true average speed would be greater 
than the average apparent speed since one would ob
serve only th e radial compon ent of actual velocity 
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(section 2.3.a.), and there would be a tendency for 
the ratio of apparent to true values to be least in the 
azimuths at r igh t angles to the preferred direction of 
motion; i.e ., if there were no geographical variations, 
the average apparent speed would tend to be least in 
the northeast and southwest quadrants in accordance 
with the trends of figure 11. Thus the azimu thaI 
variations in figure 12 are no t explicable solely in 
terms of either model , and must be a manifesta
tion of geographical differences in the velocity dis
tribution. As further evidence of geographical dif
ferences, the speed distributions for the northeastern 
azimuths have a much greater proportion of cases in 
which the speeds fall into the extreme 1200 to 2500 
km /hr range. On the other hand, calculations have 
indicated that the azimu thaI variation expected on 
the basis of the blob model would be small for the 
dir ec tional distribu tion implied by figure 11 , and 
might be masked by the geographical variations. 
Thus it must be concluded that these results do not 
lead to a preference for either the blob model or the 
long fron t model for the irregularities. 

Figure 13 is a speed distribution histogram showing 
the number of r ipples per 40 km /hr interval for all 
azimuths taken together. The median value is 580 
km/hr. 

It should be pointed out that the dis tribution 
histogram as plotted in figure 13 and the distributions 
llsed to calculate the results in figure 12 are based on 
the number of irregularities moving through the 
ionospheric area under obser vation by the antenna 
bealn in a given period of tLm e. The number ob
served at any particular speed in a given period must 
be the actual den sity of irregularities possessing this 
speed in the ionosphere mul t iplied by the product of 
the speed and the effective cross section for inter
ception of moving irregul arities by the antenna beam. 
The more basic physical quantity is the dis tribution 
of the actual number of irregularities per unit area of 
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ionospher e as a fun ction of speed. In the absence 
of exact knowledge of the in tel'ception cross section 
bu t assuming it to be cons tan t, one may obtain a 
rela tive d is tribution by taking the distribution histo
gram as shown in figm e 13 and dividing the number 
per speed in terval by the middle speed of the in ter
val. TIle resul ts given in figure 13 calculated on 
this bas is fi r e given in figure 14. This provides a 
more symmetrical dist l'i bu t ion and provides a Dew 
median value of 500kl11 /hr. 

Jf th ere were il'reguhLrities wit.h 110 motion or very 
lit tle motion , they were no t detected in scaling th'e 
records because of the diffi cul ty in distinguishing 
t~l em from other effects. Neit her type of distribu
tIOn would then give the propel' relationship at very 
low values of apparen t speed. 

Range- tim e records from eHch azimuth showed 
rela tively . brief per iods during which tbe backscat
ter seemed ra,theI' smoo th withou t outstanding irreg
ularities ,.nd withou t evidence of motion . The 
proportion of time tlw t t ltis occurred during tbe 
pel'lod of regular F2-propagated backscatter averaged 
abou t five percent. 

No s ignifican t d iffcrence was found between the 
speed cli amcter ist ics of th e ripples during the morn
ing when the skip distance was moving into shorter 
ranges, during the evening when the skip was 
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moving out to greater ranges, and during the remain
d ~r of the day be~ween these periods when the s kip 
dlsta,nce was relatively co nstant. 

On a given record , most of the ripples appear in 
groups and exhibit some differences but eem to be 
a part of a system: S<?me appeal' singlyancl are 
~eparated fr~m theil' neIghbors by relatively large 
llltervais of tlme and space. 

Figllre 15 is ~ distribution histogram giving num
bers of separatlOns observed per 40 km in terval of 
separation for all azim utbs of observation taken 
together . Values in Lhe range 160 to 200 km were 
most frequent. Because of the uncertain ties in 
scaling the separations flS t hev became la l.'O'er 
separations larger th,m 720 klll were no t indudee!. ' 

Figure 16 displays tI~ e res lllt of the an alysis of the 
very large-scale travelIng djstllrbanccs. The circles 
represent the values obtai ll ed by fitting t he secant 
curve to the plot of t he observed velocity components. 
The cross marks represent the values obtained by 
t he type of calcula tIOn used when t bere were only 
three or four azimuths at which the disturbance 
was recorded. 

.c 
"-

~ 4 

... 
o 

~ 3 x 
Z 
<1 
OJ) 

" o 
1: 2 
~ 

~I 
W 
Q. 
OJ) 

,x 

o 

o 

o 0 

, 0 
o 0 

ox, 
0, *0 

o 

o 

JlI 00 xOO 0 

" 
°O~--~40--~8~0--~12LO---I~6-0--~2.,OLO---2~4-0----2L80---3~2-0----360 

DI RECTION ,4> , deg EAST Of NORTH 

FIGU RE 16. Speed, v, and direction, </>, distl'ibuti on f or very 
large traveling disturbances. 

125 



The majority of these motions of very large 
disturbances appear between 1200 and 2000 east of 
north and have magnitudes of from 100 km/hr to 
4500 km/hr. A few larger values were obtained but 
were omitted because of the large error possible due 
to the small time increment between azimuthal 
appearances of the disturbance. Also in these cases 
the disturbances showed at only three azimuths. The 
disturbances which appeared at a large number of 
azimuths vary between 800 km/hr and 4500 kID/hI' in 
magnitude. This agrees very well with the results 
of Valverde at Stanford University for October, 
November , and D ecember of 1952. His results fall 
between 750 km/hr and something over 2000 lilll/hr. 
It is interesting to note that Valverde's results 
fall principally between 180 0 and 225 0 east of north 
while those obtained at Sterling, Virginia fall between 
120 0 and 200 0 east of north. This may indicate an 
association with the earth's magnetic field. 

3.2. Comparison of Results 

The results of the backscatter ripple analysis may 
be summarized by saying that most of the apparent 
speeds are included in the interval 80- 1000 lilll/hr 
with a median speed of 580 km/hr or 500 km/hr 
depending upon whether the distribution is that 
observed or that calculated from that observed for 
the population per unit ionospheric area. The overall 
direction of motion indicated is toward the southeast. 
The separations between those focusing irregulari
ties which seem to be a part of a system fall between 
40 km and 700 km for the most part with the most 
frequent value at 180 lilll. 

N early all of the methods used to measure iono
spheric movements in the F2-region result in the 
same range of apparent velocities as obtained in this 
investigation. Thus the method depending upon the 
observation of the fading of radio stars at spaced 
receivers as reported in papers by Maxwell and 
Little [1952), MaA'"well [1954), Maxwell and Dagg 
[1954] indicates velocities in the high F-region of 100 
to 1200 lilll/hr. The method of similar fades on close 
spaced receivers as done, for example, by Salzberg 
and Greenstone [1951), and Chapman [1953] yields 
values of 250 to 360 lilll/hr for the F-region. The 
irregularities utilized with these methods are quite 
small being of t he order of a very few kilometers 
at the most. 

The type of irregularities responsible for backscat
ter ripples is evidently the same type as those 
investigated by Munro [1948, 1949, 1950, 1953 a, b), 
Munro and Heisler [1956 a, b], Price [1954], and 
McNicol and Webster [1956] in Australia, Beynon 
[1948), Bramley and Ross [1951], and Bramley [1953] 
in England, and Pierce and Mimno [1940), and 
Toman [1955] in the United States. Most of Munro's 
results indicate a velocity of 300 to 600 lilll/hr. Price 
indicates magnitudes of 120 to 1200 lilll/hr 'with a 
most frequent value around 600 lilll/hr. Beynon 
obtained a velocity around 430 km/hr and Bramley 
has found values from 90 to 1300 lun/hr with the 
maximum number of observations about 540 lilll/hr. 
Pierce and Mimno derived speeds of 600 to 800 
lun/hr. 

Of particular interest for comparison purposes is 
the work of Toman [1955] in New England which 
covered a period including December of 1952. He 
used a pulse transmitter on fixed frequency and 
measured the ionospheric movements by observing 
the relative time delays between the appearances of 
F2 virtual height changes on a system of spaced 
receivers. Since the distance separating his location 
from Sterling, Va., is only a few hundred kilometers , 
it would be expected that the results should be quite 
similar. He found monthly speed averages ranging 
from 250 to 600 km/hr with 580 lunjhr recorded for 
D ecember 1952. During the month of D ecember the 
preferred direction of movement was 117 0 east of 
north according to these results. These measure
ments were made during the daylight hours, and the 
similarity to the backscatter results is very great. 

Munro has reported a generally northeast direction 
of movements for winter months and a generally 
southeast direction during the summer with a very 
fast shift occurring during the period around the 
equinox. Price has reported a roughly similar result. 
These are daytime results. Bramley found motion 
toward the east by day and toward the west at night 
with a shift at about 1400 U.t. Radio star methods 
[Maxwell and Little, 1952; Maxwell and Dagg, 1954; 
and Maxwell, 1954] usable at night indicate a direc
tion toward the west before about midnight and 
toward the east after that time. 

Bramley has reported the wavelengths of the 
quasi-periodic irregularities in the F2-region as 
varying between 25 and 425 km with a maximum 
number at 150 km. The vertical amplitude varied 
up to 4 km. The lateral dimension of one irregularity 
extended beyond 200 km. Munro and his coworkers 
in Australia indicated quasi-periodic disturbances 
with periods of 10 to 60 min and with lateral dimen
sions perpendicular to the direction of motion ex
ceeding 50 km and some extending to several 
hundred. These disturbances occur at the r ate of 
one or two per hour with a dimension of 100 to 
500 km across a given disturbance. They also point 
out that the irregularities exhibit a forward tilt with 
height in the direction of motion with the result 
that they are noticed first at the higher levels. Ac
cording to Price the disturbances range from a few to 
200 km across and that perpendicular to the direction 
of travel they exhibit a broad wave front. The 
number of disturbances observed per hour averaged 
about 0.4. 

McNicol and Webster explained their results in 
terms of fronts several hundred kilometers long and 
in the form of a wide inverted trough or in steps with 
strongly curved edges. 

Pierce and Mimno accounted for their results in 
terms of ionospheric wrinldes of depth less than 
5 km and widths of the order of 100 to 500 km. 

While the backscatter results did not indicate a 
preference for either the blob or long front model, 
some of these other observations point to the possi
bility that at least a large share of the disturbances 
are of the long front type. 

These are a few results obtained by other workers 
investigating: thfl problem of ionospheric motions. 
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A much more cOlnplete survey of the subject (up to 
1954) is given by Briggs and Spencer [1954]. 

4. Conclusion 

The use of a backscatter sounder appears to be a 
relatively simple method o.f determi~ing th~ direction 
jmd apparent speeds of lOnosphenc motlOns when 
these characteristics are fairly uniform over the rel~
tively large area o?serv~d by tbe ~ounder .. Even III 
the absence of umforlmty useful IllformatlOn about 
the magnitudes of apparent speeds is still available 
from a single sounder. It has been shown that t~e 
results obtained using the backscatter sounder are III 
good agreement with those obtained using other 
methods. 

Future experimentation should ~e dU'ected to~¥ard 
determining the form and focusmg charactenstlCs 
of the ionospheric iTregularities t~emselves. The 
use of variable pulse lengths, different antenna 
bearns and concerted action by several sounders of 
both tile vertical and bad:scattel' type should yield 
considerable information about these irregularities. 

The author expresses his appreciat!on .to Richar.d 
Silberstein who suggested the InVestIgatlOn, for 111s 
continuing' interest and suggestions, to .William 
Hartsfield who devised the method for makmg syn
thetic range-time recordings and under whose project 
leadership the backscatter run was made, an~ to 
Thomas Gautier for the many helpful suggestlOns 
and valuable discussions. 
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