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(54) Communication system using 
X- or p-rays 

(57) A system for electromagnetic 
communication through highly 
attenuative matter, e.g. control 
instructions to buried mines, 
comprises generating a beam of y- or 
x-radiation and pulse modulating it in 
accordance with the information to be 
transmitted, and receiving the 
radiation by means of a radiation 

detector/counter and deriving the 
information from energy variations in 
received radiation. The transmitted 
beam may be generated (Fig. 1) by a 
radioactive isotope 14 arranged to 
emit a beam of ^-radiation by way of 
an aperture 16 of a housing and shield 
15, the beam being steerable in 
direction by gimballed mounting 19 of 
the housing. The isotope has attached 
thereto an ultrasonic vibrating device 
20 by which the Mossbauer effect can 
be induced to vary the energy 
distribution of the emissions and so 
modulate the beam for detection. 
Alternatively, the beam may be 
generated by an x-ray tube 43 (Fig. 4) 
in which the source of electrons to be 
accelerated to the tube target is varied 
to effect energy modulation of the 
emitted beam. 

The drawings originally filed were informal and the print here reprodcuBd is taken from a later filed formal copy. 
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SPECIFICATION 
Communication through electromagnetically 
attenuative matter 

This invention relates to communication 
5 through electromagnetically attenuative matter 

such as earth or water and in particular relates to 
the control of devices such as explosive mines, 
buried in such matter, by electromagnetic 
radiation. 

10 It is well known that electromagnetic radiation 
in the part of the spectrum normally employed for 
communications, i.e. from h.f. radio to visible, is 
highly attenuated by water or earth and where 
communication through such media is desired it 

15 has been necessary to resort either to ultra-low 
frequency electromagnetic waves, i.e. of the order 
of tens of Hertz or to use other wave forms such 
as acoustic or seismic vibrations. 

The former has the disadvantage of requiring 
20 large amounts of power and physically large 

emitting aerials while the second form is readily 
sensed and intercepted by a listening enemy or 
corrupted by other sources. 

It is an object of the present invention to 
25 provide a system for communicating electro-

magnetically through electromagnetically 
attenuative matter and a method and system for 
controlling buried mines by electromagnetic 
radiation, and a minefield including mines so 

30 controlled, which mitigates the above 
disadvantages. 

According to a first aspect of the present 
invention a system of communicating information 
through electromagnetically attenuative matter 

35 comprises a transmitter including a source of a 
beam of y- or x-radiation, modulation means 
operable to vary the energy of the beam in 
accordance with information to be transmitted, 
and a receiver including means operable to detect 

40 said y- or x-radiation, and demodulation means 
operable to derive from said detected radiation 
the modulating information. 

The source may be a radioactive isotope in 
which the source is a radioactive isotope in the 

45 form of a crystal of the group of substances 
exhibiting the Mossbauer effect. 

Alternatively, the source may be an x-ray tube 
including a source of very high voltage and a 
source of an electron beam adapted to be 

50 accelerated by said high voltage to a target 
electrode and the means for modulating the 
source comprise means to modulate the energy of 
the electron beam. 

According to a second aspect of the present 
55 invention a method of controlling mines buried in 

a minefield comprises transmitting information to 
them as modulated radiation in the j - and x-
radiation part of the electromagnetic spectrum by 
a system as defined in the preceding three 

60 paragraphs. 
According to a third aspect of the present 

invention a system for controlling buried mines by 
the above method comprises providing for each 
mine a receiver and means responsive to the 

65 reception of an information signal to compare the 
signal with one or more stored representations of 
function initiating signals and initiate a 
predetermined function depending upon the 
characteristics of the signal. 

70 According to a fourth aspect of the present 
invention there is provided a minefield controlled 
in accordance with the system defined in the 
preceding paragraph. 

Embodiments of the invention will now be 
75 described by way of example with reference to the 

accompanying drawings, in which:— 
Figure 1 is a sectional elevation through one 

form of transmitter on the system according to 
the present invention, 

80 Figure 2 is a sectional elevation through a land 
mine incorporating a receiver of the system 
according to the invention, 

Figure 3 is a partly sectional elevation of a 
vehicle passing through a minefield to illustrate 

85 one application of the present invention in a 
controlled minefield, and 

Figure 4 is a sectional elevation through 
another form of transmitter according to the 
present invention. 

90 Referring to Figures 1 and 2 a system of 
communicating through electromagnetically 
attenuative matter such as earth to a buried 
explosive mine comprises a transmitter 10, Figure 
1, and or receiver 11, Figure 2, the receiver being 

95 incorporated in a landmine 12. 
The transmitter 10 is mounted on a vehicle, 

part of which is shown at 13, and comprises a 
radioactive isotope 14 exhibiting the Mossbauer 
effect. 

100 The Mossbauer effect may be defined as the 
recoilless emission of prays due to crystal 
structure giving rise to radiation emission within a 
narrow band of energy values which effect is 
modified, causing radiation emission within a 

105 broader range of energy values, by internal 
oscillation of the molecular structure of the 
crystal, due, for instance, to vibration of the 
crystal at ultrasonic frequencies. One material 
exhibiting the Mossbauer effect is Rhenium 187 

110 and the source 14 may be formed of a crystal of 
such material. 

The isotope is housed in a shield 15 formed of 
a massive body of lead or other material of 
suitable density and contained within a radial 

115 passage 16 by which /--radiation emitted by the 
isotope is conducted to the atmosphere as a 
transmitted beam 17. 

The shield 15 is attached to the vehicle 13 by 
way of a support arm 18 and a gimbal 

120 arrangement 19 by which the shield can be 
rotated relative to the vehicle through actuation 
means (not shown) attached to the gimbal. 

The isotope source 14 contained within the 
body passage 16 has attached thereto an 

125 ultrasonic transducer 20 in the form of one or 
more plates of piezo electric material connected 
electrically by cable 21 to an electrical oscillator 
22. An example of such a material is a pieso-
electric caramic manufactured by Mullard Limited 
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known as PXE, in combination with end materials 
of steel and magnesium. 

The oscillator 22 and ultrasonic transducer 20 
form a modulator of the emitted radiation. The 

5 source 14, as indicated above, has a crystal 
structure such that it emits p-radiation with a very 
narrow range of energy values, and therefore high 
peak level. When the oscillator 22 is operative the 
resultant vibration of the source by the transducer 

1 o causes the range of energy values to spread and 
the peak level of emission to fall. 

The oscillator 22 is controlled by a pulse code 
generator 23 which may have a stored or 
manually entered code comprising a signal by 

15 which a mine is to become operative or 
inoperative. The information is conveyed by the 
pulse code in any conventional manner, e.g. pulse 
width modulation, in which the duration of each 
pulse determines whether the information it 

20 carries is of one of two binary values. 
The generator 23 thus turns the oscillator on 

and off alternatively so that the radiation emitted 
by the source is alternatively at high and low peak 
levels, and at the high peak level for different 

25 lengths of time in accordance with the 
information code. 

Referring now to Figure 2, the mine 12 is 
buried below ground with the receiver 11 located 
uppermost. The receiver comprises a radiation 

30 sensitive detector 24 and a radiation counter 25, 
gated so that only received radiation with an 
energy distribution within a narrow range of 
values characteristic of the source 14 effects a 
response. 

35 The receiver also includes a store 26 in which 
are stored codes representative of various 
functions that the mine can be controlled to 
undertake, in this case, one code to make the 
representing a signal mine operational, that is, 

40 susceptable to external detonating influences, and 
one code representing a signal to make the mine 
non-operational, that is, unresponsive. 

When a coded signal is received as determined 
by counter 25 the received signal is compared 

45 with the stored representations and if it matches 
one of them that function is carried out by mine 
control circuit 27 in a conventional control 
manner not of importance to an understanding of 
the present invention. The mine also contains a 

50 conventional external influence sensor 28 and 
safety and arming circuits 29. 

Operation of the system will be described with 
reference to Figure 3, which shows a minefield of 
buried mines 12 (of the type shown in Figure 2) 

55 and a tank vehicle 30 carrying two transmitters 
31 ,32 of the type shown in Figure 1. The 
transmitters are identical except that the 
transmitter 31 is directed ahead of the vehicle 
and towards the ground and emits a coded signal 

60 to cause each mine which receives it to become 
non-operational and the transmitter 32 is directed 
rearwardly of the vehicle and towards the ground 
and emits a coded signal which causes each mine 
receiving it to become operational. 

65 When it is desired to transport the vehicle 

across the minefield which is operational, it 
moves forward while directing the beam 
transmitter 31 ahead of itself and scanned from 
side to side (by gimballed movement of housing) 

70 to ensure that all mines in its path and within 
influencing distance to the side of the path are 
rendered non-operational while it passes them. 
Once passed, the transmitter 32 with a similarly 
scanned beam renders those mines operational 

75 again. 
It will be appreciated that such operation is 

exemplary only and variations such as only 
rendering mines non-operational for following 
vehicles to pass safety or by only closing such a 

80 path by rendering mines operational. In the above 
example the source of Re 187 exhibits a y 
quantum energy of 134 Kev and the frequency 
may be of the order of 1020 HS although 
variations of these values may be required for 

85 different applications. 
Similarly operation is not confined to issuing 

control signals to mines buried in earth. By the 
same or other form of modulation control signals 
or communication messages can be transmitted 

90 to and from other controlled devices or 
underground structures, bearing in mind the need 
to ensure suitable biological shielding for 
personnel. 

Furthermore such control and communication 
95 functions are not restricted to use with 

transmission through earth but may be employed 
equally through water, for example in 
communications with or between submarines or 
control of submarine mines or torpedoes. 

100 The transmitter shown in Figure 1 is open to 
many alternatives in respect of detail structure 
and form of ultrasonic transducer 20 and source 
material 14, alternatives of which will be available 
to those familiar with the technology. 

105 One disadvantage of the transmitter shown in 
Figure 1 is that even through under operational 
conditions the /--radiation emissions are tolerable 
precautions have to be taken even when not 
operational, for example, ensuring that the 

110 aperture 16 is sealed. 
A source of radiation of similar frequency 

inherently safer when not operating is an x-ray 
source shown in the transmitter 40 of Figure 4. A 
housing 41 is mounted by way of a gimbal 

115 assembly 42 to a vehicle 13 in a manner similar 
to that described with reference to Figure 1. The 
housing contains an x-ray tube 43 comprising an 
evacuated tube 44 in which are an electron 
source 45 and target 46. The electron source is a 

120 cathode energised by a generator 47 and x-
radiation is generated by accelerated electrons 
from the cathode to the target 46 by a voltage 
developed between them by a generator 48, such 
as a Van-De-Graaf generator. 

125 The housing 41 provides a shield for spurious 
x-radiation and a path for the emitted beam along 
passage 49. 

Modulation of the beam is achieved by 
modulation of the generator 27, with control of 

130 electron supply to the target, that is, switching off 
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the emission of electrons from the source 45 or of 
the accelerating voltage applied to the target 46 
by the aforementioned code generator 23. 

Claims 
5 1. A system of communicating information 

through electromagnetically attenuative matter 
comprises a transmitter including a source of a 
beam of y- or x-radiation, modulation means 
operable to vary the energy of the beam with 

10 information to be transmitted, and a receiver 
including means operable to detect said y- or x-
radiation, and demodulation means operable to 
derive from said detected radiation the 
modulating information. 

15 2. A system as claimed in claim 1 in which the 
source is a radioactive isotope in the form of a 
crystal of the group substances exhibiting the 
Mossbauer effect. 

3. A system as claimed in claim 2 in which the 
20 source material is Rhenium 187. 

4. A system as claimed in claim 2 or claim 2 in 
which the modulation means comprises at least 
an ultrasonic transducer element attached to the 
crystal and responsive to electrical oscillations 

25 applied thereto as a function of the information to 
be transmitted to create mechanical vibration of 
the crystal whereby the Mossbauer effect is 
destroyed until the oscillations cease. 

5. A system as claimed in claim 4 in which the 
30 ultrasonic transducer is a piezo-electric ceramic 

material. 
6. A systems as claimed in claim 4 or claim 5 

in which electrical oscillations are applied for a 
first period of time and not for a second, 

35 repetitively variation between first and second 
periods of time relating to the information to be 
transmitted. 

7. A system as claimed in claim 1 in which the 
source is an x-ray tube including a source of very 

40 high voltage and a source of an electron beam 
adapted to be accelerated by said high voltage to 
a target electrode and the means for modulating 
the source comprises means to modulate the 
energy of the electron beam. 

45 8. A system as claimed in claim 7 in which the 
means to modulate the energy of the electron 
beam comprises means operable to switch off 
and on the emission of electrons by the source. 

9. A system as claimed in any one of claims 1 
50 to 8 in which the receiver detector comprises a 

radiation counter. 
10. A system as claimed in any one of claims 1 

to 9 including means to vary the direction of 
transmission relative to a datum mount 

55 comprising a gimbal arrangement by which the 

source is movable relative to the mount to vary 
the direction of emission of the beam. 

11. A system for communicating information 
substantially as herein described with reference 

60 to, and as shown in Figures 1 to 3 or Figure 4 of 
the accompanying drawings. 

12. A method of controlling mines buried in a 
minefield comprises transmitting information to 
them as modulated radiation in the y- and x-

65 radiation part of the electromagnetic spectrum by 
a system as claimed in any one of claims 1 to 11. 

13. A method of controlling mines 
substantially as herein described with reference 
to, and as shown in, Figures 1 to 3 or Figure 4 of 

70 the accompanying drawings. 
14. A system for controlling buried mines by 

the method of claim 12 or claim 13 in which each 
mine includes a receiver and means responsive to 
the reception of an information signal to compare 

75 the signal with one or more stored 
representations of function initiating signals and 
initiate a predetermined function characteristic of 
the signal. 

15. A system as claimed in claim 14 in which 
80 the transmitted function initiating signals include 

one signal to render the mine operative 
(responsive to triggering influences) and one 
signal to render the mine inoperative. 

16. A system as claimed in claim 15 in which 
85 the transmitter is adapted to be carried by a 

vehicle with a further transmitter, each of said 
transmitter being able to emit radiation at low 
power to communicate with a mine in the 
immediate vicinity thereof, one of said transmitter 

90 being arranged to transmit information to render 
the mine operative and the other to transmit 
information to render the mine inoperative. 

17. A system for controlling buried mines 
substantially as herein described with reference 

95 to, and as shown in, Figures 1 to 3 or Figure 4 of 
the accompanying drawings. 

18. A minefield controlled by a system as 
claimed in any one of claims 14 to 17. 

19. A method of taking a vehicle through a 
100 minefield controlled by a system as claimed in 

claim 16 comprises directing a first transmitter 
operable to emit radiation towards buried mines 
in a direction ahead of the vehicle motion and a 
second transmitter operable to emit radiation 

105 towards buried mines in a direction rearward of 
the vehicle motion and transmitting from the first 
transmitter signals causing mines in the path of 
the vehicle to become unresponsive and the front 
the transmitter signals causing the mines behind 

110 the vehicles to become responsive. 
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