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odor Tracks Shooting 5 rs
 
Using radar echoes, 

meteors coming from 

recorded at 100,000 

the speeds of 

o u te r space are 

miles per hour 

By PROF. A. C. B. LOVELL and J. G. DAVIES* 

Fig. I -Sear ch transm itter at Cheshire, E ngla nd, uses ex-army r a dar equ ipment . 

ME T E OR S., or "shooting stars ," 
are tiny pi eces of stone or 
iron wh ich rush into the 
ea rth 's a tmosphere a t sp eeds 

thousand s of times fa ster than an ex­
press tra in . Fortuuately for us they g et 
very ho t by f r iction in the highest lay­
er s of the a tmosphere and burn up. 

*.Toll rell Ba n k Experimenta l Station ( U n iver­
s it v o f :\latH:hcster) C h es hi re, Erur land, 
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T hey rar ely penetra te lower t han about 
50 mile s above the earth's su rface . I n 
this process of ev a po rat ing they leave 
a trail of lig-ht several miles long'. 

U n til r ecently tbe visual or ' p hoto­
graphic study of these meteor trails 
was the on ly way to obtain inform a t ion 
about them. Although they could not be 
obser ved in daylight , an d a lth ou gh t heir 
study was se verely handicapped by 

cloud or bright moo nlight, we knew that 
100 ,000 mi ll ions of t hese pebbles were 
pouring into the ea r t h .everv 24 hou rs . 
We al so kn ew that: o ccasionaIl ~' t he 
ea r t h rushed through a n extraordinary 
concentration of t his debr is , producin g 
what is known a s a meteor shower. Bu t 
in spite of more t han 100 ye a r s of ob­
ser va t ion th e astronomers do 1I0t kn ow 
f or cer t ain w here these vast nu mbers 
of pebbles come fro m. 

During the last f ew v oa r s radio hus 
been used to st udy the'se me 0 1" a nd 
se ver a l of the ou tstanding problems a r 
beg inning t o be solved. In t h is a rt i le 
we shal l describe so me of he ba sic radio 
t echniques which a r e now in use. 

Meteor detection by radio 
Wh en t he met eor burn s a wa y in the 

h igh a t mospher e it lea ves behi ~d for a 
very sho r t time a den s tra il of elec­
t r ons, as welI as t he streak of li g ht by 
which we see it. Th is el ec t r on t rail en­
ables u s to det ect the me teor by radio. 
The fund ame nta l pr ocess is very si m­
ple, A radio wave se ts t he electrons in 
the tra il in to vibration , a nd wh ile they 
are oscill ating they r era di a te a sm a ll 
amount of th e energy in the incident 
r a dio wave. This ene rgy w ill t r avel ba ck 
towa r d the ea r t h , and if we have a se n­
s iti ve enough r eceiving se t, we can 
det ect these rad io waves wh ich nre 
scattered from the trail . Bot h pulse a nd 
c.w. met hods are used, T he f r equencies 
used are generally higher than 20 me, 
otherwise one gets troubl e f rom the r e­
flection s from t he ionized E and F 
regions, an d the r esults a r e di fficult to 
in terpret. 

There are manv mor e f a int meteors 
than bright ones . ' Thus t he more sen si­
t ive t he apparatus the 1110r e met eor s 
will be detected. F or e. a mple, in a 
p ulse equi pm en t , usi ng a peak transmit ­
ter power P, an aer ia l w it h a power 
guin G, a r eceiver note factor 1:, a nd a 
waveleng th ,\ , it can be shown that the 
faintest meteor detect a ble will depend 
on: G\/ PA' 
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In thi s a r t icle we shall first de­
scri be a p ulse appar a t us wor king on 
72 me in which the tra il. m ittel' power 
a nd receive r sensit ivity wer e such tha t 
the nu mber of echoes seen corresponded 
ve r y closely with t he n umber of me­
t eor s which cou ld be see n by a singl e 
v isual observer on a clea r nigh t . 

72·me pulse apparat us 
I n t hi s apparatus-now in u se at th e 

J odr ell Bank "E xper imenta l St a t ion in 
Ch eshir e, England-a n ex-a rmy radar 
t r ansmit t er forms the basi s of the me ­
t eor transm itter shown in Fig. 1. The 
transmitter consists of an osc illator 
stage with two Briti sh Ser vi ce t ubes, 
type V T- 98 triod es (F i!!. 2 ) . T hese r un 
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Fig. 2- R adar transm itter ci rcuit h as 50-kw ou tput with 8-microsecond pu lses. 
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at 20 kv on th e plates a nd a r e tuned 
with r esonant lin es in the plate and 
grid circu its . Th e oscill a to r is ca t hode ­
coupled to a g r ounded-grid amplifier 
s t a ge of two similar tubes, and the out­
p u t is tapped off the plate li nes. This 
trnnsrni t te r g ives a peak power of about 
50 kw fo r 8-mirr osecond pulses at a 

repetition frequen cy of (j00 pulses per 
second. The filam ent suppl ies are fed 
t.o the ca th odes via coa xi al ("unity­
cou pled"-E di tol') chokes, wh ich al so 
act a s cou pling tra nsformer s. 

Th e receiver is a normal super het 
with gro unded-grid triodes in the fir st 
two stages t o g ive maximum sensi­
tivity. The i.f. is at 10 me, and has a 
bandwidth of 1 megacycle. Negative 
pu lses ca n be appli ed to the suppr essor s 
of three of the five i.f. tubes to suppr ess 
the r eceiver during' the transmitter 
pulses, and to blank out unwanted 
echoes from the local hills. 

Both transmitter and r eceiver are 
connected to the same a erial system 
with a s pa r k-ga p swit ch ing a r r a nge­
ment. Som etimes a s imple di pole aeria l 

F ig . 3-1\ Ya g i antenna mounted on army searchlight scans s ky. 

Fig. 4-Receiver at Jodrell Bank site is viewed on A.scope unit seen here. 

is used, but more ofte n it is the array 
of Yagi eleme nts mounted on an old 
army search li gh t s ho wn in Fi g . :1. Thi s 
gives a beam of :±:1O degrees width, and 
can be po int ed a t any part of the sky. 
Th e ou tp ut of th e receive r is d ispla yed 
on an A-scope di splay, wh ich ca n be 
seen in F ig. 4. It al so goe s to an auto­

matie r ecorder wh ich will be described 
later. 

A ph ot ograph of a t ypical ec ho from 
a meteor trail is s how n in Fi . 5. The 
number of meteor s see n with - t h is ap­
paratus is close to that seen by a visual 
observer under good dark sky condi­
t ions, and is normally from 2 to 10 per 
hour. When the showers occur t he hour­
ly rate r ises to 50 or (j0 f or sever a l 
nights in succession . During a r emark­
able event on October 10, -1946, it in­
creased by 5,000 times to 160 pe r m inu te 
between midnight and 3 :30 a.m, On 
this occa sion t he earth passed close to 
the Giacobi n i-Zinner comet, and was 
bombarded for six hours as it cr ossed 
th e or b it . 

In si mil a r pie c of eq u ipme nt. on 73 

me, two fixed beamed a er ia l are used, 
ea ch cons is ti ng of s ix Yagi element s , 
sh own in Fi g. 6. T he sig na ls f r om these 
two aerials are f ed s parat ely into two 
i ntensity-modulated d isp la ys and photo­
gra phed on .'1 continuously moving film. 
An ech o from a lon g-d ur a t iori meteor 
t rail on this appara t us is sho wn in 
Fig. 7. T he pulses are doubled fo r ea sy 
iden t ifica ti on of the short-d u rat ion 
echoes against th e noise ba ckg r ound. 

S uch r ad io tech ni qu es en a ble observa­
ti ons to be made in da y lig ht . T hr ough 
t his abili t y some s tr iking di scover ies 
h a ve bee n made. T Il(' a ppa r a t us de­
scribed above has bee n u sed -a t J odrell 
B a nk s ince 1946 , a nd a r emarka ble 
seq uence of intense mete or -s hower s on ly 
ac t ive d ur ing the sum mer da yt ime wa s 
di scovered in t he s um mer of 1947. 

Mea sure ment of veracit ies 
P er hap s the g r ea test hindrance to 

r a pid progress in the s t udy of met eor s 
ha s been the ver y g rea t difflcul t y uf 
mens u ii ng the spe ed w it h which thev 
e nt r t he a tmospher e. Since thev ar' 
trnv Hing at a speed of nea rly 100,000 
m iles pel' ho ur, it is no t s ur pi-ia ing th a t 
th is me as u r ement h as been h ard to 
ma ke . W ithout all exa ct know ledge f 
the speeds of meteor s it is not possible 
t o decide where they come f r om- nor 
even to decide whet her they a r e a ll 
localized in th e solar system or wh ether 
some com e from in te rstell a r s pa ce. It 
w as t he r efo re im por t a nt t o develo p 
radio methods for ve locit y measure­
men t . The one to be descr ibe d was de ­
veloped at .Jod r ell Ba nk and h a s been 
in reg-u lar use since 1947 f or m eas ur in g 
these hi gh velocities. -

Th e r ad io echo seen on the a pparatus 
descr ibed above com es f rom the com­
pl eted electro n trail of the evaporated 
meteor . T he velocity r ecor der works by 
st udy ing- the echo from the t r a il w ll ilc 
i t is being formed. The a ppa r a t us meas­
u r es the spe ed with wh ich t he elect r on 
tra il is made. While the t r a il is being 
f or med ther e are inten sity fluctua ti on : 
in the echo returned to the r eceiv er 
w hich a r e exactly analogous to the fluc­
t ua t ions in the light nea r the edge of a 
sh a rp sha dow on a scr een-the f a m ili a r 
op ti ca l p he nomenon k now n a : diff'r ac­
ti on . T he fluct ua t ion s in a mplit ude to be 
expected a s the meteor pa sses the per-

Fig. 5-A picture of a met eor trail. 
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Fig. 6-Two fixed beam antennas are used on 7:J me, each haying 6 Yagi elements. 

pendicular point from the st a t ion t o the 
trail are show n in Fig. 8. Th e hori zontal 
s pacings OA , OB , OC, et c., can be 
s ho w n to b e 1.2 y1 R,\, 1.9 y1 R,\, 
2.3 yI R,\,. A is known, the range R can 
be mea sured on an A- scope di splay. 
Hen ce if we ca n measure the time T .\l. 
fo r the trail to fo r m from A to B etc ., 
then the veloci t y of th e meteor is given 
by: AB jT,n etc . The great difficulty 
is in mea suring these tim e intervals. If 

-- T IM e 

Fig'. 7-Long duration meteor trail echo. 

o
 

Fig. B-Meteor position amplit ude curve.
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typi cal valu es, A = 4m, R = 300 km, 
a re inserted , we see that OA is on ly 
ab ou t 1 k rn, But an a ve r age meteor is 
moving at about 40 km per se cond, 
hence the time interval between a and 
A is only of the order of 0.02 5 se conds 
or 25 mill iseconds. 

In the velocity r ecorder, which can 
be seen in Fig. 4, ph ot ographs are taken 
of two cathode-ray tubes. ea ch with a 
sin gle-st roke time' base. On e time base 
la sts for a bout 10 milliseconds, a nd is 
use d to me as ure t he range of the me­
t eor by standa r d r adar met hods; the 
sec on d time base la sts for 0.1 seconds , 
and di splays the fir st 60 echo pulses 
r eceived s ide by s ide . A ph ot og raph of 
t he se pulses appears in F ig . 9. T he 
time bases are triggered simul taneou s­
ly, by t he fira t ech o p uls e r eceived that 
is g r ea te r than a g iven a mpl it ude ­
about tw ice the r eceiver no ise level. 
The transmitter is pu ls ed at 650 pulses 
pCI' second, so that t he sepa ration be­
t ween pu lses is 1-5 mill ise co nds. Thus 
the t im e intervals between the ma xima 
a nd min ima can be measu red with 
grea t accuracy. 

The recorder unit 
A bloc k diag-ram of the r ecorder is 

g iven in Fig'. 10. The output from the 
receiver is f ed to th e ca t hode -rav tubes 
via a n amplifier, and is al so ~se d t o 
t r igger the t ime bases via the di scrimi­
nator unit. This unit is req u ir ed t o 
se pa r a te th e ech oes fro m impulses 
ca use d by a t mos phe r ics or ignition sys­
tems. Its operation will be descr ibed in 

detail below, and a schemat ic of the 
di scriminator unit appears on page 5,1. 

In a ddi t ion, a se t of r ela ys is tri g­
ge re d from th e di scriminator. This 
flashes a lig ht onto a clock , recordin g' 
the time of occu rrenee, and , after the 
phn tograph has bee n taken, ope rates 
the ca mera motor and r esets th e in­
strument fo r th e nex t. echo. Th e direct 
signa l fro m th e t ra nsmitter, and the 
echoes fro m gTound sour ces nea rbv, a r c 
rem oved by su pp ress ing the r ccci ve r 
for th e period du ring a nd inuncdiatcl v 
a fter th e t r a nsmitter pul ses. . 

The d iscriminator operat es on th e 
duration of a si ng lr, echo pul se. Thi s is 
eq ua l to the transm itter pul se len gth , 
a nd is abo ut 8 m icrosecond s, whi le th e 
duration of a singl e noise impulse is 
de termined by th e re ceive r ba ndwidt h 
a nd is 2 or ;~ m icrosecond s . 

The ci rcui t diagra m is gi ve n in F ig. 
11, and t. he waveforms in Fig. 12. T ubes 
VI, V 2, V3-a, and V 4 f orm an a .v.c. 
amplifi er with cathode f ollowe r output, 
the r ece iver noi se at the ca t hode of 
V:3-a being about 20 volts peak-t o-pea k , 
and positive in si gn. V5 is a limiter 
s ta ge, with about "':20 volts bias on the 
grid. Hence it is normally cu t off, but 
begins t o cond uct as soo n as any si g na l 
rises mu ch above the noi se level. Grid 
current lim its th e signa l at about twice 
the re ceiver noi se level, producing wave­
forrn B ( F ig . 12) on the plate of V5. 
V7 com prises the di scriminator stage, in 
effect an infinite impedan ce detector 
ci r cu it , and a ca th ode foll ow er. th e ou t ­
put from which is shown at C i;l F ig. 12. 
On the leading ed ge of th e pu lse s, th e 
first half-originally only pa ssing ab out 
150 mi cr oamperes-is cut off , and the 
cathode falls at a rate de te r mined bv 
its st ra y capacitance. On the return 
stroke, however, the tube conducts hea v­
ily, and hence r eturns very rapidly to 
it s original potential. Thi s is impor­
tant , a s interferen ce caused by ignition 
system s frequ ently con si sts of a train 
of impulses with very little interval 
between them, and su ch interference 
cou ld be conf us ing . 

The effect of thi s circuit is first to re­
duce all impul ses to the same a mpli ­
tude, and t hen to g ive them an 
amplitude that depends on the du rati on 

Fig'. 9-Recorder unit time base photo. 

SiGNAL INPUT 

Fig. lO-Recorder unit, block diagram. 
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Pig, ll-The discriminator unit which detects the meteor echo pulses and passes them to the camera relay circuits. 

of the pulse. The remaining circuit relay coil RY. The contacts on the sup­ have been measured by this type of 
consists of a phantastron set to trigger pressor grid of V5 are closed by the recorder, enabling great progress to be 
on pulses greater than a certain dura­ relays, and prevent the circuit being' re­ made in some of the fundamental 
tion (set by R:30) which triggers the triggered until the camera is reset. problems of meteor astronomy. 
time-base circuits, and operates the Marry thousands of meteor velocities Great use has been made by workers 

AN EXPERIMENTAL CHASSIS 
at Ottawa and Stanford of c.w. tech­

niques for special purposes. For exam­

ple, if c.w. is used, the above diffraction
 
photographs appear as continuous rec­


Like most ardent experimenters, I tent.iomctei-s or similar controls. An 
ords and	 more zones can be meastn-ed. never seemed to have a chassis which eight-point mounting strip is located 
This is especially true if the reflected 

was punched just right for the circuit close to one side of the socket strip to wave from the trail is allowed to beat
I happened to be building at a partic­ support power leads which run the with a local ground wave. In this case
ular moment. Tiring of using the same length of the completed chassis. Each 

the fluctuations can be seen before the
old battered chassis for every experi­ socket strip has three small angle 

perpendicular point 0 (Fig. 8), since 
ment, I developed two small basic units brackets on each open side. These a local reference phase is available be-
from which larger chassis can be con­ brackets are aligned so the strips can 
structed. This setup has the following be bolted together or to the end pieces. ECHO NOISE 

advantages: (1) Socket holes are al­ The end pieces have 10 holes for 
ways where I want them; (2) wiring mounting pilot lamps, insulated jacks, 
can be systematic with easy access to plugs, terminals, and rotary switches. 
A-, B-, and grcund leads; and (:3) the Two additional mounting holes are pro­
chassis can be used for breadboard ex­ vided for toggle switches. The bend in 
periments or for a finished product. the end pieces makes a steady support • 

The drawing shows the shapes and for the chassis when upside down. 
sizes for the basic units. The V-shaped The photos show an amplifier con­
socket strip is punched in the top for structed on the chassis and the end piece c 
a socket and in one side for two po- and socket strip.- Otto von Guericke 
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Fig. 12-The discriminator waveforms. 

fore the perpendicular reflection takes 
place. Of course the range of the meteor 
has to be measured by using a sub­
sidiary pulse apparatus. Incidentailv 
these c.w. fluctuations can be heard as 
the so-called Doppler whistles, since the 
period of the oscillations lies in the 
audible range. Such whistles have been 
picked up by amateurs and can be' 
heard easily if they can tune to an 
unmodulated carrier at several miles 
distance on a frequency of about 20 
01':30 me. ­

In this short article we have concen­
trated on describing some basic tech­
niques used in the radio observation of 
meteors. The results obtained during 
the past few years have revolutionized 
the science of meteor astronomy. The 
work is also of very great interest in 
physics, since a new tool now exists for 
studying the conditions in the high 
stratosphere, and invaluable data is 
being obtained about such diverse sub­
jects as upper atmosphere wind motions 
and the processes of ionization. 

--end-
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