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1. Summary. 

The first chapter of this paper is a short review of the existing methods 

of registring radar signals reflected from meteor trails. Advantages· 

and drawnbacks of the above mentioned methods are briefly discussed. 

The basic philosophy of the Automatic ~eteor !eflection !ecording 

~quipment (AMRRE) is given in chapter two. In order to avoid false alarm 

or miss weak reflected signals, a coincidence circuit is applied as well 

as a pulse accumulator. After analogue/digital converter a digital system 

is applied to extract the data contained in the reflected echo. These data 

are: real time of echo appearance, echo duration, signal strength (amplitude), 

and range (distance between transmitting aerial and the ionised meteor trail). 

Real time information is coded and punched out in the paper tape by the 

first puncher duty-cycle, and all other coded information is punched out 

bY the second. The entire digital system is controlled by the control unit. 

Available information is transported via a buffer in the print-out 

converter and after recoding is punched out in a tape enabling a digital 

computer to be used for final calculations. 

• 
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ii. Introduction. 

Meteor observing technique by means of radiowaves is not very old. 

Owing to the great technical progress generally and particulary of 

the radar technique during the second world war, the latter has been 

considerably expanded to the present advanced state. In the post-war 

period a great number of articles and papers dealing with meteor 

observations by means of radiowaves and meteor properties have been 

published. These observations are of great importance from an 

astronomy as well as from a telecommunications point of view. Study 

of the meteor ionised trails results in the comprehension about 

phenomena in the upper atmosphere which play a great part in long

distance communications in the 30-100 MHz frequency band. 

As far as ionised meteor trails are able to reflect radiowaves, they 

are suitable as a reflecting medium for long-distance communications. 

Meteors observed by means of radiowaves are very small particles, 

often less than 1 mm diameter and most of them having a mass of less 

than 1 gramme. These particles reach the aerth's atmosphere at a high 

velocity and normally disintegrate.burning up through friction with 

the air molecules, leaving behind an ionised trail. Such ionisation 

is mostly of very short duration influence as it is by winds and 

turbulences in the upper atmosphere, and the radar echo reflected 

from ionised trails is, therefore, also very short. Nevertheless, 

reflected radio signals contain a sufficient amount of information which 

can be used for various purposes. 

Observations of meteor behaviour and evaluation of various quantities 

within radar echo supply information about the size velocity and 

direction of a meteor, and further, whether a meteor belongs to a 

certain known shower or is a sporadic one. 

It is also possible to extract data about atmospheric density, wind 

velocities and turbulences in the upper atmosphere, and also the 

diffusion constant, which can in turn supply density and temperature 

information. All these data are of great importance in the chain of 

our comprehension about phenomena in the upper atmosphere. 
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The cOllecting of all this information requires a certain observation 

radar system. On the one hand such equipment must be able to transmit 

a certain RF energy pulse, and on the other to receive reflected echo 

and to represent information of interest in a convenient form. Several 

types of equipment have been designed in recent years with which it is 

possible to investigate the above mentioned phenomena. Several registering 

methods have also been developed, mostly applying photo-sensitive 

recording material. A brief discussion of these methods is found in 

chapter 1. 

It is necessary to apply more than one type of radar for a complete 

investigation to be carried out, and to collect all possible information. 

Radar design and construction is, therefore, dependent upon the amount 

and type of information required. There are four essential points which 

every radar must comprise. They are: 

a) transmitter, b) receiver, c) registrator and/or display, d) aerial. 

In this report the transmitter, receiver and aerial will not be discussed, 

but detailed information and circuit diagrams regarding the design of an 

automatic meteor reflection registrator will be given. 
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Chapter 1. 

The best known and most widely used recording methods aLe "A-scope" and 

"range-time recording". Both methods use the' same instrumentation and a 

specially designed cine camera. The use of standard universal instruments, 

simple assembly and low cost are great advantages, and both methods are 

very suitable for short-time observations. However, these recording methods 

are not convenient for long-time or permanent observations, because they 

demand a considerable quantity of film, and consequently film studying is 

a very time-consuming procedure. 

In the following chapter these methods will be briefly dis'cussed, and in 

conclusion several examples will be given. 

1.1. A-scope. 

The relevant circuit diagram is shown in Fig. 1. Hodulator and time base 

of the cathode-ray oscilloscope are controlled by the trigger-unit. In 

such a way the horizontal deflection is directly proportional to time 

after transmission of each pulse. The vertical deflection amplifier is 

connected to the receiver video-output and so is directly proportional 

to the reflected signal, or, in other words, is a measure of the electron 

line density of the trail. In case of reflection, the reflected pulse 

becomes visible on the CRT at a certain distance from the image of the 

transmitting pulse. This distance is, therefore, proportional to that 

between the transmitting aerial and the ionised meteor trail. The 

information of interest, such as real time of reflection appearance, 

duration, distance, amplitude, and amplitude-to-time variation if any, 

are recorded on the photo-sensitive material by the cine camera in front 

of the CRT. In order to save a great amount of photo-material and time 

for subsequent analysis, several modifications of the recording method 

can be applied. For this purpose a trigger unit can be inserted between 

receiver video-output and the oscilloscope, which will bring the negative 

DC bias of the control grid of the CRT on the "visible" level only if 

reflection is present. For the rest of the time, the CRT bias is kept 

below the "dark" level. Throughout the observation period the camera 

remains open. In this way, only these parts of the film where the 

reflected signal is visible, are analysed, the rest being cut out. Thus, 

the time required for analysis is considerably shorter. 
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If the above mentioned trigger unit· is used simultaneously to trig the 

CRT and the cine camera at the moment of reflection appearance, another 

economy on film is effected. The camera used in this case should be of 

the quick-start type, otherwise very short reflections, and the leading 

edges of longer reflections would be lost. 

The design of the trigger unit mentioned here is a subject for discussion 

regarding false alarm and loss of weak signals. One more complex trigger 

unit is used in the AMRRE, the description of which is found in chapter 3. 

1.2. Range-time display. Fig. 2 

To obtain information about meteor activity during long time observations, and 

also from a statistical point of view, the Range-time method is applicable. 

The video signal available at the output of the receiver, being once more 

amplified by an extra amplifier, is connected to the cathode or first grid 

of the cathode ray oscilloscope, so that electron beam modulation is 

obtained (intensity modulation). The reflected signal becomes visible in 

the form of a bright spot in the same place where the pulse should appear 

in the first method. The rest of the time base remains dark. As long as 

reflection is present, a bright spot remains visible. A specially designed 

cine camera moves the film in front of the CRT at constant speed in the 

direction perpendicular to time base. In this way a reflected signal is 

registered in the form of dark lines on the film, where length is 

proportional to the duration of the reflection, the distance from the first 

line, which corresponds to the transmitting pulse, is proportional to the 

range. Using this registrating method, information on the amplitude is not 

obtained. 

To avoid considerable film consumption occurring in the continuous 

observation, a time-control switch may be introduced. This circuit activates 

the camera and the transmitter every hour, but only for a certain number of 

minutes. Although this is no continuous observation, it is nevertheless 

possible to obtain an idea of meteor activity in 24 hours. 

As in the previous method, certain modifications are applicable here too. 

Two successive transmitting pulses instead of one can be used for improved 

detection reliability. In this case, a reflected signal consists also of 

two pulses. The probability that during several duty-cycles noise pieks or 
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any other disturbances appear in the~6~ of two pulses at the same 

distance and always exactly separated, is'i;ery slight. Detection 
"-

reliability is, therefore, greatly improved. 
--~, ... 

Using the two-pulse technique, not only the probability of false alarm, 

but also that of loss of weak signal is somewhat improved. Background 

noise can now be increased, so that weak reflections, just beyond the 

noise, can be detected. The brief analysis of the entire radar system 

sensitivity is found at the beginning of the chapter 2. 

Photographs ph.1 - ph.4 show several registered reflections applying 

both A-scope and Time-range methods, using the one-pulse and two-pulse 

technique. These recordings have been made during Geminide meteoric 

shower in December 1968. 
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Chapter 2. 

2.1. Radarsystem 

The radar signal reflected from the ionised meteor trail contains a 

large amount of information of interest to us, but these data are yet 

latent in the signal, and have to be extracted for practical use. Once 

the data have been extracted, they must be arranged in a convenient 

form for final calculations. In continuous observations a mass of data 

are received. An adequate data registering method has to be found which 

should offer the possibility of very quick data handling. In other words, 

received information whould be memorised in same manner (paper tape, etc.), 

and then supplied to the digital computer for handling. 

This demand was the basic idea for the design and construction of the 

Automatic Meteor Reflection Recording Equipment. Basically, available 

analogue signals on the video output of the VHF receiver are carried to 

the input of the equipment. After the signals have been passed through 

the analogue-to-digital converter, the digital system is used to extract 

data of interest to us, such as real time, duration, range and amplitude. 

The output of the entire automatic equipment consists of the punched 

paper tape, in which data extracted from the reflected signals were 

memorised. The tape is, therefore, ready to be handled in the digital 

computer. 

The automatic device has been constructed of ready-made prints with 

standard circuits. Application of this technology offers a low-cost 

construction, and easy and quick interchangeability of the circuits, 

which is of great importance in the experimental period. On the other 

hand, the device is very voluminous, and a considerable number of 

mechanical contacts (eight contacts per print on an average) may 

result in certain difficulties. 

After sOme experience and several improvements and modifications, a 

final conception will be adopted and the integrated circuits will be 

used to build a final version of the Automatic recorder, which will 

obviate the above-mentioned difficulties with contacts etc. 
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The first problem encountered in the reception of a radar pulse is the 

accuracy with which it is possible to determine when a reflected signal 

(pulse) is received. The results expected from the radar have to be 

considered from this point of view. Sensitivity of the system also plays 

an important part. The detection accuracy depends on the ratio between 

the power of the received signal and that of the noise present, where 

noise is generated in both the receiver and in the aerial. If this ratio 

is at least 2, a meteor reflection can be detected. 

The noise factor of the receiver, the bandwidth of the receiver B and the 

aerial noise factor F are factors upon which noise power depends. For 
a 

the observations here mentioned it is desirable that the antenna noise 

power is as low as possible. Therefore, a quiet preferably non-urbanised 

area is chosen as a radar location, so that the aerial-noise factor is 

determined almost exclusively by atmospheric noise. In the 40 MHz band, 

an aerial-noise factor of 31 (15 dB) can be expected, which value is 

acceptable as an aerial-noise factor F • . a 

At the input of the receiver the noise power of FkT B is partly due to 
o 

the receiver itself and partly to the resistor across the input. If the 

resistor is replaced by the antenna, noise caused by the resistor is 

replaced by that of the antenna, F kT B. Hence, the noise factor of the a 0 

entire system, F , is: 
s 

F = F + (F-I). 
s a 

The total noise N at the receiver input is then: 

N = F kT B 
s 0 

where k is BOltzmann's constant, T the standard noise temperature, B the 
o 

bandwidth of the receiver. 

From the radar transmission equation for "underdense" meteor trails the 

received power can be calculated: 

where PR = power received, P = transmitted power, G = aerial gain, T 
A. = wavelength, R = average distance between the transmitter 

aerial and the meteor trail, 

CJ' = radar cross-section of the meteor trail = ! !UT'e q2R, 

~e = echo area of an electron, q = number of electrons per metre of 
meteor trail length. 
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In the case the already existing radar set-up at Luyksgestel, and using 

the above equations, a meteor with visual magnitude 

detected which corresponds to the concentration of 

per metre of meteor trail length. 

of M = +9 can just be 
13 0.3 x 10 electrons 

Block diagram of the Automatic recorder is given in Fig. 3. The device can 

be devided into several parts in accordance with their functions. These 

parts are as follows: 

(i) Transmitter trigger unit; digital clock. 

(ii) Detection. 

(iii) Time of echo occurrence determination. 

(iv) Determination and measuring of the various data. 

(v) Data presentation. 

These circuits are described in general outline in following sections; a 

detailed description as well as the circuit diagrams are found in chapters 

3 and 4 respectively. 

The very basic unit of the device is the 5 MHz oscillator with the 

frequency devider. All synchro-pulses which are necessary for the correct 

synchronisation of the different units, are generated by this unit. See 

Fig.3. The square wave pulses with the repetition frequency of 122 Hz, 

generated by the frequency devider, are supplied to the transmitter trigger 

unit, which will make trigger pulses for the transmitter, consisting of two 

positive pulses of 1DV amplitude each. The pulse-width is 15 ~s and the 

separation is 51 ~s, the repetition rate being the original rate of 122 Hz. 

These two pulses are then connected to 
2 

the transmitter modulator, whose 

output consists of the two cos shaped pulses 

and 2.5 ~s at half the height. Application of 

of 5 ~s width at their bases 

the cos 2 shaped pulses lead 

to a narrower pulse frequency spectrum compared with the square-wave pulses, 

although this makes the transmitter more complicated. The details described 

above largely satisfy the requirements made on meteor observations. The 

transmitter, originally belonging to the navigation system, has been partly 

redesigned for this purpose. 
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The digital clock is connected to the oscillator and frequency divider 

unit and receives square-wave pulses from it at the repetition rate of 

1 Hz, which is in accordance with 1 pulse per sec. The dividing chain 

in the digital clock unit generates the pulses at various repetition 

frequences to drive the time indicator circuits and other circuits. 

The digital clock has a counting possibility up to three days. 

According to Fig. 3, the digital clock output is connected to one of 

buffer inputs. At the moment of meteor reflection appearance, real 

time information, which lies at the buffer input, is transported from 

the buffer to the binary-to-decimal converter, and further to the puncher. 

Therefore, real time information is punched in the first puncher duty

cycle. The real time information consists of 22 bits, thus covering six 

decades. 

The radar signal which is reflected or scattered by the ionised meteor 

trail, is received by a special VHF receiver in the installation described. 

An envelope type detector in the receiver modifies the signal into a 

video signal with a bandwidth of 300 kHz. 

In order to increase the detection probability, the signal available at 

the video output of the receiver is led via a coincidence circuit to -the 

accumulator, which is described in section 3.4.2.2. 

Echo duration determination is in-fact by means of a counter which is 

driven by square- wave pulses of 100 Hz repetition frequency. The counter 

starts to count at the moment of the reflection appearance, and stops 

when reflection disappears. In this way echo duration is determined with 

an accuracy of 0.01 sec. Since only two decades are used for the time 

measurement, reflections of more than 1 sec. can't be indicated by this 

counter. In order to satisfy the requirement of registering the long 

duration reflections, this "duration counter" is connected also to the 

control unit. By this connection, in case of long duration reflection, 

complete information is punched out once more after 1 sec. The information 

consists of 8 bits, covering two decades coded in BCD. 
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The counter output is connected to the main buffer input (input I). The 

first puncher duty-cycle punches out real time information; the second 

follows when all other information, such as echo duration, range, and· 

amplitude, have been punched out. The puncher and converter are 

controlled by the control-unit. 

In order to obtain the range information, the time between transmitted 

and received pulse is measured. If lOt " is the time measured, the range 
a 

is determined by 

R 
5 

!3"JO.t a 

The relevant circuit is made by means of a counter which starts to count 

the input pulses at the moment of transmission, and stops when reflection 

is detected. The counter is driven by square-wave pulses from the 

frequency divider unit, having a repetition frequency of 12.5 kHz, and 

covering two decades. The synchro-pulses for the counter, enables the 

counter to start from "zero" at the beginning of every transmitter duty

cycle. 

In consideration of the pulse repetition frequency of 12.5 kHz, the 

accuracy of measurement is 

5 ---'--- x 1. 5.10 
3 12.5x10 

12 km. 

Hence, the maximum range which can be measured regarding only two available 

decades is 99xl2 = 1188 km. The echo range information is coded in the 

counter according to the BCD, and all eight bits are connected to the 

buffer (input I). This information as well as the other measured data 

is punched out within the second puncher duty-cycle. 

As soon as a meteor is detected the counter stops, functioning now as a 

memory during the first puncher duty cycle, when real time data are being 

punched out. 
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The echo amplitude is measured by means of an anlogue-to digital 

converter, which has to convert the echo amplitude in the width of 

the pulse, where pulse-width is directly proportional to the echo 

amplitude. The leading edge of the pulse is used to open a counter 

and the trailing edge closes the counter. The amplitude of the 

reflection is measured in each duty-cycle, being always divided in 

10 classes, so that only one decade is sufficient. The information 

is, therefore, determined by 4 bits. 

Amplitude is measured in each duty-cycle. Ho.'ever, as the capacity 

of the converter and the puncher is insufficient to handle such a 

large amount of information; only maximum amplitude of one meteor 

trail is punched out. A logical circuit measures this maximum, and 

a four-cell buffer, used as slave memory is used for this purpose. 

The 4-bit output is connected to the main buffer "input 1". The 

information is punched out by the second puncher duty-cycle. 

In order to minimise the probability of false alarm, a coincident 

circuit is connected to the input of the equipment, which is fully 

described in 3.4.2.1. For purposes of further minimisation of false 

alarm probability an accumulator is connected behind the coincidence 

circuit (fig.3). Output pulse from this circuit is present only, if 

a certain number of reflected pulses have been received. Supposing 

that the average duration of meteor reflection is 0.3 sec, and 

transmitter repetition frequency is L Hz, 3/10 L reflected pulses will be received 

from the meteor trail. In other words, if at least 3/10L pulses are 

supplied to the accumulator,we will recognise a meteor reflection and 

output pulse will be present. This pulse is a trigger pulse for the control 

unit, which means that the measuring cycle starts. 

According to the above statement, the control unit is triggered at the 

moment of a meteor trail detection. The information of time appearance 

on the buffer input (2) will now move to the buffer output by order of 

the control unit. The next order from the control unit will cause the 

converter to transform the information from BCD code to MC-8 code, and 

the information will be punched out. Upon the punching out the converter 

reports this to the control unit. 
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Then follows a new command from the control unit to the converter to 

move the remaining information from buffer input (1) to its output, 

to convert it from BCD code to MC-8 code, and to punch it out. This 

completes the whole measuring cycle, and this is reported to the 

control unit. The latter unit, containing a logical circuit, finds that 

the measuring cycle is completed and now gives a reset to the counters 

and the slave buffer. In this way the measuring circuit is now ready 

for a new punch procedure, either to record a new reflection or the 

previous one which is still present. 

In Fig. 5 and TABLE I this measuring cycle is shown schematically. 

The control unit- comprises several logical circuits, in order to 

produce trigger pulses for the converter and the buffer, and to send 

them in the correct order. After each measuring cycle the reset pulses 

were generated in this unit too. 

Information of interest to us, i.e. time of appearance, echo duration, 

range and amplitude comprises 11 decades; 6 of them are used for the 

time of appearance, and 5 for the other 3 pieces of information. There 

are only 6 decades on the converter input, and therefore, the puncher 

duty-cycle has to be divided in two steps in order ro record all 

information. For this purpose a buffer is used, consisting of 22 shift 

register flip-flops. These flip-flops have two sets of information 

inputs with corresponding read-out-pulse inputs. The first read-out-pulse 

applied to the buffer flip-flops will move the information from the 

buffer input (2) to its output, and then information from input (1) to 

its output. 

In this way, application of the first read-out-pulse will cause information 

flow from buffer input (2) toward its output and to the converter, and it 

punched out in the tape. This is the first half of the puncher duty-cycle. 
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If this action is completed, the control unit gives a second read-out-pulse 

to the buffer to move the information from the input (I) toward the buffer 

output and via the converter to punch them out. This was the second half 

of the puncher duty-cycle after which the entire measuring and recording 

cycle is complete. 

In Fig. 5 and the corresponding table these two read-aut-pulses are 

denoted as PI and P generated the one after the other, as we shall see no 
in the description of the control unit (3.4.4). 

TABLE II shows how these 22 bits are distributed over the 6 decades, while 

TABLE III shows how the information to be punched is distributed over the 6 

available decades. 

The converter used here has several functions as follows: 

(i) It reads in the output of the buffer; 

(ii) It transforms the BCD code into the MC-8 code (this transformation 

is required as the MC-8 code is generally used by the computer 

systems of the mathematical centres in the Netherlands); 

(iii) It generates an NLCR sign between the information blocks (NLCR = 

New Line Carriage Return); 

(iv) It supplies the power and the synchronising pulses to control the 

puncher; 

(v) When all data from the buffer have been punched out, it reports this 

to the control unit. 

A detailed description of the converter can be found in the original 

Manual supplied by The Dutch firm Peekel, N.V. 

The puncher, typeSP2, is supplied by the Messrs Friden, and is capable 

of making 20 prints per sec. Punching of one entire measuring cycle 

comprises 14 prints, handling 6 decades followed by an NLCR pulse and 

again 6 decades and an NLCR. This means that one measurement can be done 

within one second. 
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Chapter 3. Detailed description of the circuit. 

A harmonic 5-MHz signal available at the output of the crystal controlled 

oscillator is fed into the frequency divider which is the source of 

various signals that drive different units, especially: 

(i) the digital clock by means of a I-Hz signal, 

(ii) the transmitter trigger circuit - a 122-Hz signal, 

(iii) the range counter - a 12.5-kHz signal, 

(iv) the duration counter - a 100-Hz signal, 

(v) the amplitude counter - a 312.5-kHz signal. 

The frequency divider has been constructed by means of incorporated flip

flops connected in the form of a chain and is itself divided into several 

individual parts. 

Behind the oscillator follow 4 flip-flops (prints 606-608) so that at the 

output of the print 608, the signal of 312.5-kHz is available. This signal 

is fed into the amplitude counter via an emitter-follover present in print 

127. 

The frequency of the 312.5-kHz signal is further divided by 25, using the 

following 5 flip-flops (104-106). At the output of print 106 point A is 

the 12.S-kHz signal,which via emitter-follower 107 is fed to the input of 

the Range counter. 

The following 7 flip-flops (prints 106-113) are used to make a frequency 

divider for division by 125. In this way, at point E (output of the print 

113) the IOO-Hz signal is created, which is applied to the input of the 

Duration counter via emitter-follower (107). 

The circuit 114 is a C-driver, which in fact, consists of a pulse-amplifier 

followed by a power amplifier. The object of this circuit is to drive heavy 

capacitive loads, including multivibrator pulse inputs and shift-registers. 

The C-driver is here used in the feed-back line between output and input 

of the divider, to make the division by 125. 
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The 100-Hz signal available at the complementary output of print 113, 

point 9, is fed into the following divider (115-124) to be divided by 

100, and the I-Hz output signal is used to drive the digital clock. 

This divider consists of two "by 10" dividers, so that the digital 

clock, which is at present driven by means of the I-Hz signal, can 

lat~be extended to indicate the time of meteor appearance with an 

accuracy of 0.01 sec using the circuits 115-118 and 121-124, already 

coded in the BCD. 

3.2.1. Digital clock, Fig. 7 & 8. 

As the frequency of the input signal to the digital clock is very low 

(I Hz) and a low number of flip-flops is used, the delay of the 

particular flip-flop does not playa great part, and the entire digital 

clock is designed as an asynchronous counter. The counter is divided 

into three parts, viz. a second, a minute and a hour counter, each of 

them counting units and tenths of a particular time unit, coded in BCD. 

The first (seconds counter) consists of the circuits on the prints 

201-209. The square wave signal of I Hz is applied to the input of the 

201 via switch 5WI. The circuits 201-209 performs counting up to 9, 

while the tenth input pulse resets the counter to zero by means of 

circuits 205a and 206a. This tenth pulse is at the same time the first 

input pulse for the next counter (tenths of seconds) which counts up 

to 5 (207-209). The 6th pulse at the input of this counter resets the 

counter to zero, but at the same time this is the 60th pulse at the 

input of 201, so the entire seconds counter is reset to zero. In this 

way, at the input of the 209 a pulse is available with recurrence 

frequency of 1/60 Hz, which corresponds to I min. 

This pulse is fed via SW2 into the next minutes counter comprising 

circuits 210-218 and being identical to the previous one. The circuits 

210-213 together with 214 and 215 make up the unit-minutes counter, and 

216-218 together with 214b and 215b the tenth minutes counter. 50 at the 
I -3 

output of this counter the frequency of the signal is 3.6 x 10 Hz, 

which corresponds to one hour. 
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Further, this signal is fed via switch SW3 into the hours counter (219-226), 

which is again identical to the previous two, with the exception in the 

tenths hours counter which comprises only two flip-flops. After the 226 

follow two other flip-flops, which offer the possibility to extend the 

entire digital clock to count up to 3 days, but these two have not been 

incorporated in the circuit at present. 

By means of SW I , SW2 and SW
3 

the digital clock can be adjusted to the 

desired time. Switch SW I in the "count" position supplies the I-Hz signal 

to the clock input, while SW
2 

and SW3 (push-button type) are permanently 

pretightened in the "count" positions. The I-Hz signal is fed into the 

reset line q via SW I in the "reset" position and activating the SW2 or 

SW3 minutes or hours counters to work as the second counter in order to 

adjust the entire counter according to the desired time. 

The outputs of the clock flip-flops (20 bits) are connected to the input 

2 of the buffer according to the TABLE IV,via cable form CFI and CBI and 

multipin plugs PL9 and PL8. 

As we have indicated in the previous section, the clock outputs are 

connected to the input of the buffer but also to the indicating panel 

via six identical binary-decimal converters, One per decade, Fig. 9. 

The indicators are NIXY tubes ZM 1020. The converter is shown diagram

matically in Fig. 10. 

At the input of the converter there are four amplifiers, the inverters 

being followed by a diode matrix. At the output of the matrix there are 

10 amplifiers (one per digit), whose outputs are fed to the corresponding 

cathodes of the NIXY tube. 

This circuit has to supply the trigger signal for the transmitter modulator. 

In accordance with the demand of the modulator and of the system itself, 

this signal must consist of two successively positive going 15 ~sec wide 

pulses, separated by 51 ~sec, with a recurrence frequency of 122 Hz. The 

realisation of this demand is shown in Fig. II. 
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The 312.5-kHz signal available at the output of the 608a (Fig.6) is fed 

into the input of the 608b (flip-flop) followed by three flip-flops which 

all together form a divider-by-16, (609-611). The output signal frequency 

thus is 19.5 kHz (t=51.3 ~sec). The next circuit is the monostable multi

vibrator (612), whose quasistable state duration is 15 ~sec. In this way 

the output signal consists of 15 ~sec wide pulses, separated by 51.3 ~sec. 

This signal is fed into the input of the divider-by-l0 (614-619) via 

emitter-follower 624a and into one of the inputs of the logical AND-gate 

626. The output of this divider-by-l0 is connected to the input of the 

following divider by-16 (620-623), and finally the output signal of 122 Hz 

(symmetrical) is available at the complementary outputs 9 and 19 of circuit 

623. These outputs are, in fact, available via emitter followers 269b and c. 

The output of 624c is used to synchronise the oscilloscope and that of 624b 

to trigger the mono-multivibrator 625. The quasistable state of this 

circuit can be set at 30 or 60 ~sec by means of switch SW4. 

This means that the output signal is composed of 30 or 60 ~sec wide pulses 

with the repetition frequency of 122 Hz. This signal is now fed into the 

other input of the logical AND-gate 626 (See reference to 626 above). 

In such a way the gate circuit 626 is "open" only for 30 or 60 ~sec per 

duty-cycle (122 Hz) to allow to pass one or two narrow pulses of 15 ~sec 

width. The mono-multivibrator delay time of 30)lsec is used if single pulse 

operation is desired. To use the AMRRE as recording apparatus, the double 

pulse operation should be chosen. 

Finally, the triggering signal available at the output of the 626 is fed 

through the 627, which, in fact, consists of two transistors, connected 

in cascade with earthed emittors. The output of this circuit gives a proper 

shape and signal level, more or less independent of an input signal shape 

and level. 

The output terminal .is on the front panel of the apparatus and is fed into 

the transmitter trigger input via a coaxial cable. 

The schematical diagrams and the constructional details are not included in 

this paper, but can be found in the original documentation, which contains 

all the transmitter and modulator modifications. 
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3.4. The receiving part. 

The receiver used in conjunction with the AMRRE is Astro-mod. SR202, having 

a variable IF bandwidth. For our purposes the IF bandwidth is adjusted at 

300 kHz. The detailed description of the receiver and the circuit diagram 

is to be found in the original documentation. 

The block diagram of the input part of the AMRRE together with the reflection 

counters (duration, amplitude and range) is shown in Fig. 12. The receiver 

video output is directly connected to the 903 (the analogue AND-gate), which 

makes the apparatus insensitive during the period of the transmitter pulse, 

and during a short interval afterwards (0.1 msec), thus preventing echoes 

from near ground sources and aeroplanes triggering the apparatus. This is 

effected by the use of the mono-multivibrator 704 (delay time 0.1 msec), 

which is triggered by square wave pulses of 122 Hz synchronous with the 

transmitter trigger pulses. The detailed circuit diagram of the analogue 

AND-gate is shown in Fig. 13. The next circuit in the signal chain is 

coincidence circuit 901, shown in Fig. 14. 

This circuit is composed of an emitter follower used as a buffer, a clipper 

and a normaliser. The task of the clipper is to eliminate all the voltages 

below a certain level; part of the noise and of weak signals is also 

eliminated. In this way, only those signals are present in the output of 

the circuit which are higher than a prescribed level. Such a signal is 

now fed into the normaliser, which in its output gives a signal of constant 

amplitude independent of the input signal value. 

Up to this point the received signal reflected from an ionised meteor trail 

consists of two pulses separated by 51 ~sec, and is available at the output 

of the normaliser. At this output the signal is prepared to be handled by 

the coincidence circuit as follows: One input of the coincidence circuit is 

directly connected to the normaliser output, and the other one via the delay 

line which is adjusted at 51 ~sec. 
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Using this circuit arrangement, the pulse is simultaneously present at 

both inputs of the coincidence circuit at the moment of meteor reflection, 

and one pulse appears at its output, and is supplied to the next stage, 

which is a final amplifier. 

The functioning of the coincidence circuit is explained by Fig. IS. 

During the meteor life, one single pulse per transmitter duty-cycle is 

present at the output of the coincidence circuit. In this case, the 

probability of having a pulse at the coincidence circuit output caused 

by noise or disturbances is low, in other words, the presence of a pulse 

in the coincidence circuit means very probably detection of a reflection 

from a meteor ionised trail. The output of the coincidence circuit (901/19) 

is now fed into the accumulator (904) shown in Fig. 16. 

This circuit is introduced into the apparatus to make the recorder even 

more insensitive to noise and disturbances and to decrease false-alarm 

probability. The functioning of the circuit is based upon the experience 

that a meteor reflection lasts some time, and hence, a certain number of 

transmitted pulses are reflected from an ionised meteor trail. 

Each particular pulse coming from the coincidence circuit will partially 

charge a capacitor provided at the accumulator input. As the discharging 

time constant of this capacitor is longer than the charging time constant, 

every successive pulse will find the capacitor charged practically at the 

top potential of the previous pulse. Now, if at least 30 pulses have been 

received, the required threshold has been reached, and the Schmidt-trigger 

will be triggered. When pulses cease to arrive the capacitor discharges 

till the voltage across it drops below a particular level, when the 

Schmidt-trigger returns to its previous state. This action corresponds to 

0.3 sec discharging time from the top voltage level. If less than 30 pulses 

arrive at the accumulator input, the voltage across the capacitor will not 

reach the prescribed triggering level, and will discharge without triggering 

the Schmidt-circuit. The accumulator action is shown in Fig. 16a. 
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At the output of the Schmidt circuit there is, therefore, a square wave 

pulse, whose leading edge sharply defines the origin of a reflection, 

and the trailing edge defines the end. By this arrangement the control 

unit is triggered much more surely and accurately. 

The output of the accumulator (904/8) is fed directly into the input of 

the control unit and into the input of the duration-counter. 

The reflected signal amplitude is measured by using the ADC which has to 

convert an amplitude of the input signal to a proporionally long pulse 

at its output. 

The received analogue signal which consists of two successively positive

going pulses per duty cycle is not applied directly to the ADC because it 

needs a single negative-going pulse for its proper functioning. The 

required conversioni~stablished by the 708 (monostable multivibrator) and 

the AND-gate in print 903, Fig. 12. 

At the output of the first analogue AND-gate, 903/10, which has already been 

described, there is an analogue double pulse, which is already connected in 

print 903 to the first input of the second analogue AND-gate. In the second 

input of the same AND-gate is a pulse supplied by the monos table 

multivibrator 708, which is triggered by the normalised double pulse from 

normaliser 901/5 (See Fig. 14). The leading edge of the first normalised 

pulse (from 901/5) is used as a trigger pulse for monostable multivibrator 

708, which is adjusted to'20 ~sec, so that the second analogue AND-gate is 

open to the first analogue pulse only; to the second one the gate was already 

closed. The signal at the output of this gate (903/18) is, therefore, the 

single negative-going pulse per duty-cycle, and is fed into the ADC input. 

The functioning of the ADC is as follows, Fig. 18: Transistor TI is 

connected as an emitter-follower and is used as a buffer. Its base is 

brought to zero potential by means of potentiometer PI' By a negative-going 

pulse at the input of the circuit, emitter II becomes negative, causing 

capacitor CI to be charged towards negative potential with respect to earth. 
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Transistor T2 is the current source, and discharging of C
I 

takes place 

at constant current, till the parallel connected diode becomes conductive. 

By this arrangement the voltage variation across capa~itor C
I 

is linear 

with time. and the discharging is, therefore. proportional to the amplitude 

of the input pulse. 

T3 is again an emitter follower, and T4 is a switch which opens if the 

voltage across capacitor C
I 

becomes negative. Emitter T4 is kept at a 

fixed potential by the current through diode D
4

• The saw-tooth form of 

this transistor at the input thus appears as an irregular square wave form 

at its output. being shaped into the regular square wave pulse by the 

Schmidt-trigger circuit (TS and T
6
). The length of this pulse is directly 

proportional to the input pulse amplitude. The transistor T7 is an inverter 

delivering at its output a regular square wave positive-going pulse. 

The ADC is followed by a 40la circuit, which contains first an emitter 

follower and then a final amplifier. Fig. 18. 

Consequently. the leading edge of the pulse that is present at the 401a/14 

is coincident in time with the reflection appearance. and is used as 

starting pulse for the amplitude counter. and simultaneously as the 

stopping pulse to stop the range counter. 

The trailing edge of the same pulse is used to stop the amplitude counter. 

The duration counter. as well as two other counters has been designed as a 

conventional asynchronous counter with counting possibility up to 99. prints 

801-813. 

The circuit input is the AND-gate 812. The square wave 100-Hz signal from 

the frequency divider is fed into one of the inputs of the 812 gate. the 

other input being connected to 904/8. i.e. to the accumulator output. It has 

already been explained (the accumulator) that there was a positive-going 

square wave pulse at the output of the accumulator simultaneously with the 

meteor reflection appearance. the length of the pulse being equal to the 

meteor reflection life. 
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In this way gate 812 is open to the 100-Hz signal during the entire 

reflection enabling the counter to count the 100-Hz pulses. If reflection 

ceases, the gate is closed and the information coded in BCD remains in 

the counter until the information is punched out. When this action is 

completed, the control unit provides the reset tnto the counter input, 

the counter being ready to record s subsequent reflection. 

In view of the 100-Hz driving signal, and of the fact that the counter 

contains two decades only, reflections longer than I sec cannot be 

indicated directly by this counter. To indicate reflections longer than 

I sec, the counter output 806b/19 is fed into the control unit input, 

and if reflection lasts longer than I sec, the control unit is triggered 

and the entire information is punched out once more. This action takes 

place every second during reflection. 

The outputs 9 and 19 of the circuits 801-804 and 807-810 are connected to 

Input I of the read-out buffer via mUltipin plug PLIO according to TABLE V. 

This information occupies 2nd and 3rd converter decades, and is punched 

out in the second puncher duty-cycle. 

Contrary to the previous counter, which starts to count at the moment of 

reflection appearance and stops when reflection ceases, this counter starts 

to count at every transmitted pulse and stops when reflection is detected. 

This is achieved by the use of several logical circuits at the input of the 

counter, a diagram of which is shown by Fig. 20 and 21. 

Range measuring is, in fact, the measuring of the time difference between 

the transmission and the echo reception. This time is proportional to the 

distance between the transmitting aerial and the ionised meteor trail. 

During a no-reflection condition the circuit is in such a state that AND

gates 402b and 402c are open to 12.S-kHz and 122-Hz signals. The first is 

applied at the counter input, and the second at the counter reset line 

synchronously with the transmitter trigger. In this way the counter which 

consists of two decades, starts from zero at the beginning of every duty

cycle, and if no reflection has been detected resets to zero at the 

beginning of the following cycle and starts to count the input pulses from 

the beginning. 
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Under these conditions (no reflection) the flip-flops 102 and 103 are 

under "stand-by" condition (the outputs 19 are at the logical level 

ItI") and consequently gates 402b and 402c are open. Gate 402d is also 

open (see flip-flop 103), but there is no signal at its output 20, 

because point 14 of the 401 is at the "0" logical level under no

reflection condition. 

At the moment of detection the output 14 of the circuit 401 reaches 

logical level I, which brings gate 402d output at the level I as well. 

This level change triggers flip-flop 102, which changes its state, and 

closes gates 402b and 402c. So the counter is completely isolated from 

its input and from the reset line. The information, coded in BCD, 

remains in the counter untill the information is punched out. 

Simultaneously with gates 402b and 402c, gate 402d is closed, because 

flip-flop 103 has changed its state, too. This is done to prevent the 

counter from being triggered by disturbances or other information, 

while the previous information is being storaged in the counter. 

Such a condition lasts until the information is punched out. When this 

action is completed the control unit gives a pulse to line "X", which 

is directly connected to flip-flop 102, and which changes its state again. 

This opens gates 402b and 402c, and the counter starts to count again. 

Flip-flop 103 changes its state a shortly after 102, and therefore the 

opening of gate 402d is also delayed. This delay is created by 

the monostable-multivibrator 613b, which is adjusted to cover at least 

one entire duty-cycle (8.2 msec) before gate 402d opens. This is necessary 

because the counter has to be clear before recording a new reflection or 

the previous one which has not yet disappeared. 

The counter in the Fig. 21 is again the conventional synchronous counter 

which occupies the circuits 403-414. The triggering signal frequency is 

12.5 kHz, so that the decimal coded information from the counter has to 

be multiplied by 12 to get the range information in kilometers. If decimal 

coded information from this counter is ~, the total distance between 

transmitting aerial and an ionised trail is: 

R = 1.5 x lOS • ~ = 12 • ~ (km). 
12.sx 103 
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The information outputs of the circuits 403-406 and 411-416 (points 9 

and 19) are connected to the read-out-buffer Input 1 according to the 

TABLE VI. This information occupies the 5th and 6th decades of the 

converter and is handled by the second puncher duty-cycle. 

It has already been stated that amplitude is measured in every transmitter 

duty-cycle, but only the highest amplitude a signal reaches during 36 

transmitter duty-cycles (one puncher duty-cycle) is punched out into the 

tape. If a reflection lasts longer, a piece of information is punched out 

once per second. 

The amplitude measuring circuit contains a logical circuit to determine 

the maximum of an amplitude, the buffer used as a memory, and a counter. 

The block diagram representing the entire amplitude measuring circuit is 

shown in Fig. 22. 

The inverted output of the analogue-to-digital converter (40Ia/I4, Fig. 12) 

is fed into input 3 of the AND-gate 402a, while at the other input the 

signal of 312.5 kHz from the frequency divider is applied. During the 

"stand-by" condition (no reflection is detected), which we already have 

discussed, output 14 of the 40Ia lies on the "0" logical level, and gate 

402a is therefore closed. At the moment of a reflection appearance 401a/14 

becomes "1", gate 402a opens, and the counter starts to count. The duration 

of such a state is proportional in time to the reflected signal amplitude. 

So after a certain period of time point 14 of the 40la becomes "0" again, 

402a being closed and the counter being isolated from the input signal. 

The outputs of the amplitude counter (4 bits) are fed into the buffer input 

(buffer A, Fig. 22). The input of this buffer is also connected to the input 

of the circuit to determine the maximum amplitude MA. The output of buffer A 

is connected to the other input of the MA. 

In order to clarify the functioning of the entire circuit, we will discuss 

our circuit from the moment when reflection is detected in a certain duty

cycle. Accordingly, some amplitude value is measured and the information 

in BCD is storaged in the counter outputs. We know from Fig. 22 that the 

inputs of buffer A and circuit MA are connected to the counter outputs. 

Thus, at this moment, some nummerical information in binary code is present 
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in the buffer A input, while information in the buffer A output is still 

zero. Circuit MA measures an information value at the buffer input and at 

the output of the buffer. As in this state the information value at the 

buffer input is higher than that at its output, circuit MA will supply' 

the RPA with a trigger pulse (!ead-out-!ulse circuit for buffer ~). 

The RPA finds the following: 

(i) a reflection is present, and 

(ii) the information at the buffer A output is lower than that at its input 

(this information is supplied by MA). 

In this case RPA gives a command to buffer A to mOVe the information from 

its input to its output. 

The entire process explained above has to be finished within 51 ~sec, 

because the second reflected pulse is used as a counter reset pulse. The 

counter must be cleared before the detection of a reflection in the next 

transmitter duty-cycle, and therefore we have chosen the relatively high 

counter trigger frequency of 312.5 kHz. 

...::'1' 

If in a subsequent cycle a lower amplitude is measured than the previous one, 

circuit MA will not give a pulse to RPA. This means that information which 

is now at the buffer A input cannot be moved to its output. In the opposite 

case information from the buffer A input will be moved to its output by a 

command pulse from RPA. 

Thus at the end of the measuring period, i.e. after 36 transmitter duty

cycles, a command from the control unit follows to move the information 

from the buffer A output (this information also lies at the Read-out-buffer 

input), to the read-out buffer output, and further to convert information 

in BCD to MC-B and to punch it out in the tape. 

If this process is finished, a reset pulse follows from the control unit 

to buffer A and the entire circuit for maximum amplitude measuring is 

ready to handle a new reflection of the "old" if this is not yet finished. 

The action of the circuit for the determination of maximum amplitude is 

based upon subtraction of two numbers. In this case one of these is that 

which lies (in the binary code) at the input of the buffer A, and the 

other is the one at its output. If the greater one is subtracted from a 

smaller one, there is always a borrowed value. 
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Thus, if Yn is subtracted from X
n

, and Yn > Xn , the borrowed value is bn+
l

: 

b XYb+XYb+XYb+XYb 
n+ 1 n n n n n n n n n n n n 

This equation now becomes: 

bn+1 = X (Y b + Y b ) + Y b (X +X ) 
n nn nn nn n n 

and finally: 

= X (Y 0 b ) + Y b • 
n n n n.n 

In our case the numbers Y and Yare terminals 19 and 9 respectively of 
n n 

the prints 415-418 of the amplitude counter, X and X are terminals 4 and 
n n 

14 respectively of the prints 512-515 of the read-out buffer. The circuit 

(MA) representing the last equation, is found in Fig. 23a, and RPA in Fig.23b. 

So the output of buffer A is fed into the input 1 of the read-out buffer 

occupying the 4th decade in the converter. This information is punched out 

by the second puncher duty-cycle. The connections between buffer A and the 

read-out buffer are indicated in TABLE VII, and connections between the 

amplitude counter output and buffer A input in the TABLE VIII. 

The amplitude counter itself is again an asynchronous counter (Fig. 24), 

which consists of the 4 flip-flops with corresponding gates for a reset 

procedure, (prints 415-421). 

Buffer A is designed upon the same principle as the read-out buffer, an 

explanation of which will be given later in section "The Read-out buffer". 

This unit, which is situated in panel 5 and partly in panel 4, contains 

several logical circuits that have the task to supply the proper pulses 

at the proper moments to control the converter, read-out buffer, and to 

give the reset to all the counters. 
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It has already been said that there is a pulse at the accumulator output 

(904/8) at the moment of a reflection appearance, which lasts as long as 

the reflection. A signal from this terminal is used as exciter for the 

control unit (see Fig. 25) and is connected to the emitter follower input 

427/3. The output of the emitter follower terminal 13 is fed directly into 

one of the inputs of the AND-gate (525a/19) and also via a R-C differentiator 

into the input of the OR-gate 527a/13. So gate 525a is open to the signal 

at the input 13 of this gate during the reflection only. During the 

remaining time the gate is closed. 

In order to explain the functioning of the control unit we will suppose 

a reflection detected at a certain moment: There is a positive-going pulse 

at the emitter follower output (427/13) at the moment of the reflection 

appearance, which will open gate 525a, but there is no signal at the input 

14 of the OR-gate 527, because there is no signal at the input 13 of the 

AND-gate 525a either. The leading edge of the pulse at the output of the 

427, however, is applied to the driver 523 input via the differentiator 

and OR-gate 527a. The pulse from the driver output is now used as follows: 

(i) The pulse is used directly as the read-out pulse II to move the 

information from read-out buffer input II to its output. 

(ii) The pulse is used as the command to the converter via OR-gate 527b 

to convert the information at its input (BCD) to the MC-8 code. 

(There is a command to the puncher from the converter, to punch out 

the information in the tape). 

(iii) The pulse is fed into flip-flop 425, changing its state (from 0 to I). 

This opens AND-gate 525b and closes AND-gate 426. 

As we have learned from (ii) the puncher will now punch out the information 

which has been lying at the read-out buffer input II, at the moment when 

reflection was detected. We already know that this was a real time of 

meteor reflection appearance. When this action is completed the puncher 

reports this via the converter to the RR-line ~eady-!eport)in the control 

unit as a positive-going pulse. The ready-report pulse from this line is 

now fed via differentiator C2R2 into input 4 of AND-gate 426, but this 

gate is closed and, therefore, there is no influence of the pulse on the 

circuit via this gate. Along another way, the pulse from the RR-line is 

also applied to input 3 of gate 525b, which is now open, and driver 524 

will be energised. Its output pulse is used as follows: 
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(i) The pulse is directly used as the read-out pulse I to move the 

information from read-out buffer input I to its output. 

(ii) The pulse is the command to the converter via OR-gate 527, to 

convert information from BCD to MC-8 code. (There is a coomand 

from the converter to the puncher to punch out the information).

(iii) The pulse brings flip-flop 425 to its previous state ("0") via 

monOS table-multi vibrator 424, causing gate 525b to be closed 

again, and gate 426 to be re-opened. 

This circuit condition lasts till the puncher has completed punching out 

the information at read-out buffer input I, and we know that that was the 

duration, the range, and the amplitude of a reflection. 

When the puncher has completed the entire procedure, the RR-line is 

energised again by a positive-going pulse. Gate 525b is now closed, and 

the RR pulse has no longer any influence on the circuit via this gate. 

The RR pulse, however, finds its way via C2R2 to the open gate 426 and 

so to driver 126. The output of the driver is connected to line X, which 

is in fact the main reset line for all the counters, and so all the 

counters are clear when the second puncher duty-cycle is completed. They 

are thus ready to record any subsequent reflection. 

The duration of the entire procedure is 0.7 sec and is determined by the 

puncher possibilities. If a reflection is shorter than 1 sec,for instance 

if reflection ceases before the end of the punching of the second block 

of the information, the entire system receives the reset pulse and is ready 

to record a new reflection. If. however, a reflection lasts longer than 

1 sec, gate 525a remains open, and after the second puncher duty cycle the 

duration counter is not cleared. Thus, one second after the beginning of a 

reflection the duration counter will supply the pulse to input 13 of gate 

525a. This gate is open, making the way free for the pulse to trigger 

driver 523, which means the beginning of the next measuring cycle, 

including the two puncher duty-cycles. This process will be repeated each 

second during a reflection life. 
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In order to achieve a good understanding of the functioning of the 

read-out buffer a modified' flip-flop must first be described. The whole 

read-out buffer unit consists of 22 modified flip-flops. 

The flip-flop itself is a usual, collector coupled bistable multi vibrator. 

Hodification has been introduced in the triggering circuit only. The 

block diagram is found in Fig. 26. The arrangement offers the possibility 

of applying two separate pieces of information at the circuit inputs 

(A and B). The flip-flop output will be in accordance with one of these 

inputs, information depending upon which read-out pulse is applied, PA 

or PB' 

If the trigger pulse is applied at the flip-flop input PA' the output of 

the flip-flop will assume state high and if the trigger pulse is applied 

at the input PB' the state will be low. Both states can be described by 

the equations: 

In this circuit the input A-A is called "information input 2" and input 

B-B "information input 1". Accordingly, the pulse at 

called "read-out pulse II" (ROP II), and that at the 

pulse I" (Rap I). 

terminal 

terminal "read-out 

If the circuit in Fig. 26 is triggered via the PA line, the output of the, 

flip-flop will be in accordance with information at the input A, and 

consequently triggering via PB causes the information at the output to be 

in accordance with B. 

The read-out buffer contains 22 modified flip-flops which are fitted in 

prints 501-522. The terminals 10 and 20 correspond to the "information 

input 2", make up Rap II input, and terminals 3 and 13 connected together 

constitute ROP I input. The connections of the various information sources 

with the read-out buffer are listed in the TABLE IX. 
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It has already been pointed out in the section on the control 

unit that the first read-out pulse is the ROP II which is supplied by 

the control unit to the read-out buffer. This pulse will move the 

information from read-out buffer input 2 to its output, and the converter 

will read in the buffer output. This information is, as we know, the 

real time of the reflection appearance. The first decade of the converter 

will read in the outputs of circuits 503 and 504 (see TABLE IX),and 

this will be punched out in the tape. The second converter decade, handles 

the 505-508 circuits, the information being punched out, and so on, handling 

all six decades. If this procedure is completed, the ready report pulse 

arrives at the control unit and indicates the end of the first puncher 

duty cycle. The control unit will now deliver the ROP I to the buffer 

to move the information from input I to the output, and the same procedure 

takes place as before. The converter reads in the buffer output, handling 

again circuits 501-522 by means of its six decades and driving the puncher 

to punch out the information Ln the tape. This is, as we already know, the 

duration, the amplitude, and the range of the reflection. The complete 

diagram of the read-out buffer is found in Fig. 27. 

This circuit is situated between the amplitude counter and the read-out 

buffer. The design and the construction of buffer A are identical to those 

of the read-out buffer. The maximum amplitude information covers 4 bits 

only (I decade) and therefore only 4 modified flip-flops constitute buffer 

A. Only one information input is used. The functioning and triggering of 

buffer A has already been described in section "The amplitude measuring". 

There are several power units supplying the various circuits in the 

equipment. All of them are stabilised. The total consumption is about 

100 W. Two power supplies units are added externally. They were supplied 

by the "Delta-electronics"·company. 
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In consideration of the fact that the entire equipment had to be designed 

as a prototype, the rack mounting system was chosen as the most convenient. 

All individual elementary circuits were available in standardised prints, 

and these have been distributed in a rack, making various compact units. 

Owing to this mechanical arrangement all print contacts are easily 

accessible from the rear of the rack, and prints themselves are accessible 

from the front. This construction was very convenient because it allowed 

of modifications being carried out in the course of construction and during 

the final tes t. 

Finally, the equipment is inexpensive as standardised prints are used. On 

the other hand, the equipment realised by this technology is very large and 

heavy. The great number of mechanical contacts (8 contacts per print on an 

average) can cause difficulties, and the relatively long interconnections 

can cause instability, pratfcularly if the equipment is situated near the 

transmitter. 

In early experiments there were some difficulties with the shielding of tbe 

equipment with regard to the very close proximity of the tFansmitter. After 

several experiments the equipment was moved to another room arranged as a 

cage of Faraday and this provided better stability. 

After a certain time of experience with the equipment, a modified duty cycle 

philosophy will be adopted and the entire arrangement will be redesigned by 

using integrated circuits, waich will do away with a good many difficulties. 

Conclusion. 

The meteor reflections recording by means of the AMRRE shows advantages as 

compared with the "A-scope" and "Range-time" methods, in particular with 
• 

respect to the time required for analysis. 

The digital computer is normally used to handle the data about meteor, 

activity in the observed part of the sk~. This technique does not require .. . 
the use of photosensitive material" a~d observations can be carried out 

without a crew. 
.. ' .' 

The equipment does not contain delicate meehanical or electric~l~arts. 

and therefore, needs no maintenance for a long time. An exception is 

formed by the puncher which has to be checked twice monthly on an average. 
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Tables and circuit diagrams. 
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TABLE I 

I~ Description 

0 
.. 

reflection condition No 

1 Reflection detected 

2 Buffer "Input 211 connected to its output 

3 Code transformation and punching 

If level no ready for condition 5 
4 

If level nl ready for condition 0 

5 Buffer "Input 1 " connected to its output 
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TABLE II 

Decade 1 2 3 4 5 6 

Prints 
3 4 5 6 7 8 2 9 10 11 12 13 14 15 1 16 17 18 19 20 21 22 500 

Numbt::r 2 4 4 4 4 4 
of bits 

TABLE III 

INPUT 2 Decade INPUT 1 

tenths 1 unused 
HOURS 

units 2 
DURA TlON 

tenths 3 
MINUTES 

units 4 AMPLIT UDE 

te n ths 5 
SECONDES RANGE 

units 6 

TABLE IV 

Contacts 19 and 9 (Q,Q) on the prints 200 (dig. clock) are connected to 

contacts 10 and 20 on the prints 500 (buffer) via CFI, PL9, CBI and PL8 

time unit dig. clock butter dec. time unit oig. clock bul I er doc. time unit dig clock butl.r c~ec· 

201 522 210 515 219 508 

~ 
202 521 211 514 

'" 220 507 
6 '" 4 2 

c 203 520 .~ 212 513 c 221 506 
" 

c 
" " 

u 204 519 C 213 512 '" 222 505 
u ~ 

'" '" 207 518 'E 216 511 " 225 504 0 '" .c '" .c .c - .<: 
c 20S 517 5 C 217 510 3 - 226 503 1 u c I - ~ ~ 

209 516 218 509 I 
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TABLE V TABLE VI 

The terminals 9 and 19 (Q,Q) The terminals 9 and 19 (Q,Q) 

of the prints 800 are connecte~ of the prints 400 are connected 

to the terminals 14 and 4 of to the terminals 14 and 4 of 

.1- _500 vea nlup 1'1.10 the prints 500 via plug PL14 

inform. counter buffer dec. Inform. counter buffer dtc. 

801 511 403 522 

u 802 510 .. 404 521 
'" '" 3 
.~ 5 803 509 c: _ 

Z ,,0 

~ 6 
c: 405 520 
" 0 

502 - 804 I-« 
w 406 519 '-' z a:: 807 508 :::> « 411 518 a:: 

Cl 
u 808 507 .. 
'" 2 "'-C:o 809 506 .!! 

'" 412 517 
c: 5 .!! 413 516 

810 505 414 501 

TABLE VII TABLE VIII 

The terminals 9 and 19 (Q ,Q) The terminals 9 and 19 (Q,Q) 

of the prints 700 are connected of the prints 400 are connected 

to the terminals 14 and 4 of to the terminals 14 and 4 of 

the prints 500. the prints 500. 

inform. buffer A buffer dec. ·Inform. counter buffer A dec. 

716 515 415 716 
w w 
Cl 717 514 :::> 

Cl 
:::> 416 717 

I- 4 :J 
"- 718 513 

l- X :J 417 718 "-
::E ::E 
« 719 512 ... 418 719 
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TABLE IX 

decade 1 2 3 4 5 6 

buffer 
3 4 5 6 7 8 2 9 10 11 12 13 14 15 1 16 17 18 19 20 21 22 (prints 500) 

buffer HOURS MI NUTES SECONDES 
input 2 

tens units tens units ten s units 

butfer DURATION RANGE 

inpu t 1 
AMPLITUDE 

0,1 sec 0,01 sec te n 5 un its 

number 
of bit s 2 4 4 4 4 4 
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