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(54) Remote Viewing of Objects 

(57) An object 2 in a nucfear power 
plant is viewed through a radiation-
proof shield 7 by means of entrance 
lens 1, optic fibre bundle 3 and exit 
lens 4, bundle 3 being heated to 
ensure thermostabilization of its light 
conducting properties in the presence 

of ionising radiation. As shown, 
heating is by an electric heating coil 8. 
Alternatively, heating may be by argon 
itself heated by an electric heating 
element, a coating of resistive heating 
material, or absorption of neutrons in 
the material of the fibres or a coating 
therefor. Viewing may be on a CRT 
screen. 
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SPECIFICATION 
Device for Remote Viewing of Objects in 
ionizing Radiation Fields 

The present invention relates to instrumentation 
5 used at nuclear power plants, and more particularly, 

to a device for remote viewing of objects in 
ionizing radiation fields. 

According to the present invention, there is 
provided a device for remote viewing of objects in 

10 ionizing radiation fields, having a fibre-optics 
channel which includes a bundle of optic fibres 
passing through a biological shield against ionizing 
radiation for transmission of the image of an 
object under observation beyond the shield, and 

15 having a source of heat for stabilizing the 
temperature of at least the fibre bundle so as to 
maintain the light conducting properties of the 
fibre-optics channel constant in the presence of 
the ionizing radiation. 

20 The heat source may conveniently comprise a 
coil connected to a current source and 
surrounding the fibre bundle over its portion lying 
in the ionizing radiation field. 

Alternatively, the heat source may comprise a 
25 heat exchanger with an electric heating element, 

both being arranged in the immediate vicinity of 
one of the ends of the fibre bundle, and a pipe 
whose inner space communicates with the heat 
exchanger, on the heating side, and 

30 accommodates the fibre bundle which is heated 
by a gas or a mixture of gases stable to ionizing 
radiation. 

In another embodiment, the heat source may 
comprise a coating of a material having a 

35 resistivity of 0.1 ohm/cm and higher, said coating 
being applied on the surface of each fibre of the 
bundle and associated with the current source. 

In a further embodiment, the heat source may 
be essentially a component of the material of the 

40 fibre bundle, which component ensures 
transformation of the energy of absorbed and 
scattered neutrons to thermal energy. 

Preferably, the component should belong to 
the composition of the material of the fibres of the 

45 bundle. 
Alternatively, the surface of each fibre in the 

bundle has a coating of a material including said 
component. 

The invention will now be described in greater 
50 detail with reference to specific embodiments 

thereof, taken in conjunction with the 
accompanying drawings, wherein: 

Fig. 1 is a partially cut longitudinal section 
schematic viewing of the proposed device for 

55 remote viewing of objects in ionizing radiation 
fields, according to the invention; 

Fig. 2 is a partially cut longitudinal section view 
of a portion of the fibre-optics channel of the 
proposed device, with a heat source made as a 

60 heat exchanger with a heating element, according 
to the invention; 

Fig. 3 shows a portion of the fibre bundle of the 
proposed device, near the entrance end of the 
bundle, with a current source in the form of 

65 terminals, according to the invention; 
Fig. 4 is a section view taken along line IV—IV 

of Fig. 3; 
Fig. 5 is a section view taken along line V—V of 

Fig. 3; 
70 Fig. 6 is a schematic of the proposed device 

with a TV channel, according to the invention; 
Fig. 7 shows the interface between the exit 

end of the fibre bundle of the proposed device and 
a camera CRT, with the photocathode being 

75 shown in a cross section through the partially cut 
housing, according to the invention. 

The proposed device for remote viewing of 
objects in ionizing radiation fields comprises a 
fibre-optics channel intended for transmission of 

80 the image of an object under observation, placed 
in a strong ionizing radiation field, beyond the 
biological shield against the ionizing radiation. 
Referring now to Fig. 1, the fibre-optics channel 
comprises an entrance lens 1 projecting the 

85 image of an object 2 under observation on the 
entrance end of an optic fibre bundle 3 with 
regularly arranged fibres, placed in the immediate 
vicinity of the entrance lens 1. Through the 
entrance end of the bundle 3, the image of the 

90 object 2 is transmitted to its exit end. In this 
embodiment, the device includes an exit lens 4. 

The fibre-optics channel is housed in an airtight 
case 5 made as a rigid pipe (or a flexible metal 
hose) and provided, at the end facing the object 2, 

95 with an entrance window 6 made of a transparent 
material. The other end of the case 5 is welded to 
the inner lining of a wall 7 serving as the 
biological shield. 

The fibre-optics channel also comprises a 
100 source of heat intended to maintain at least only 

the fibre bundle 3 at a temperature ensuring 
thermostabilization of its light conducting 
properties in the presence of the ionizing 
radiation. In this embodiment, the heat source is 

105 made as a coil 8 surrounding the fibre bundle 3 
over its portion lying in the field of the ionizing 
radiation 9 and connected to a current source 
shown as terminals. 

Fig. 2 is a schematic of a device with a fibre-
110 optics channel similar to that of Fig. 1 and a heat 

source of an entirely different design. As can be 
seen from Fig. 2, the heat source includes a heat 
exchanger 10 with a heating element 11 made as 
a ceramic cylinder 12, on the inner and outer 

115 surfaces whereof a coating 13 is applied, said 
coating being of a metal featuring high resistivity, 
in this embodiment, tantalum. The heat 
exchanger 10 with the heating element 11 are 
arranged in direct proximity to an end 14 of the 

120 fibre bundle 3. 
The heat source also includes a pipe 15 whose 

inner space 16 communicates with the heating 
side of the heat exchanger 10. The inner space 16 
accommodates the fibre bundle 3 which is heated 

125 by a gas (or a mixture of gases) stable to the 
ionizing radiation 9 and chemically inert with 
respect to the material of the heat exchanger 10; 
in this embodiment, said gas is argon. 

Cold gas is fed to the heat exchanger 10 via a 
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10 

15 

pipe 18 enveloping the pipe 15 whose inner space 
16 accommodates the fibre bundle 3. After 
having been heated in the heat exchanger the 
gas f lows into the pipe 15 and around the fibre 
bundle 3, heating it to the required temperature. 
At the exit from the fibre-optics channel, the 
spent gas returns to the pipe 18 and is fed again 
to the heat exchanger 10. 

Fig. 3 shows the end portion of the fibre bundle 
3 and a heat source accomplished as a coating of 
a material having a resistivity of 0.1 ohm/cm and 
higher. The coating is applied on the surface of 
each one of the fibres making up the bundle 3 and 
associated with a current source shown as 
terminals. 

60 

Si02 

AI2O3 

CaO 
MgO 
Li20 
B2O3 

8.6 
2.0 
9.0 
4.8 
5.4 
80.1 

Alternatively, the material of the fibres 20 may 
be cadmium-borate glass of the following 
composition, % by weight; 

65 CdO 
B2O3 

BeCOo 

50 
45 
5. 

In this embodiment, the end 14 of the fibre 
bundle 3 is, as can be seen from Fig. 4, a matrix of 
an electrically conductive material 19 in which 
light-conducting fibres 20 are regularly arranged, 

20 said matrix also serving as one of the current 
leads. In any other cross section of the fibre 
bundle 3, as is shown in Fig. 5, light-
transmitting fibres 21 making up the bundle 
3 are not associated wi th one another. The light-

25 conducting fibres 21 contain a coating 22 applied 
on the surface of each fibre 20. The coating 22 is 
of an electrically conductive material and serves 
both as a light-screening layer for each fibre 2 0 
and as a source of heat for the same fibre 20. 

30 Applied on top of the electrically conductive 
coating 22 is an insulating coating 23 precluding 
galvanic contact between the electrically 
conducting coatings 22 of the fibres 21 over the 
entire length of the fibre bundle 3. 

35 Along with the above-described heat source 
which, though different in design, have one thing 
in common, namely, they are external relative to 
the fibre bundle and the material of which it is 
made, there is proposed an internal source of 

4 0 heat, whose action is based on the effect of the 
energy of absorbed or scattered neutrons being 
transformed to thermal energy released over the 
entire volume of the material of the fibre bundle. 
To achieve this effect, one should introduce into 

45 the composition of the fibre bundle material a 
component which may be a chemical compound 
of elements ensuring transformation of the energy 
of absorbed or scattered neutrons to thermal 
energy. An example of such a reaction is reaction 

50 (n,af) occurring on the nuclei of the boron isotope 
(5B10) in a thermal-neutron flux: 

5B10 (n,a)-»Li7+2af4. 

Used as the material of the fibres 20 (Fig. 5) of 
the bundle 3 may be optical borosilicate glass of 

55 the following composition, % by weight: 

Thus, making the fibres 20 of glass of one of 
the above compositions is sufficient to achieve, in 

70 the thermal-neutron flux, the desired effect 
of heat being released throughout the entire 
volume of each fibre 20 in the bundle 3, 
especially that cadmium and its compounds (in 
our example—CdO) are also capable of 

75 transforming the energy of the scattered or 
absorbed neutrons to thermal energy. In order to 
enhance the effect of heating the material of 
which the fibres 20 are made, each fibre 20 may 
receive a coating 22 of material containing 

80 chemical compounds of elements capable of the 
above energy transformation. This material may 
be glass containing oxides of cadmium, boron 
gadolinium in the following ratio, % by weight: 

85 
CdO 
B A 
GdO, 

34 
33 
33 

The energy of neutrons can also be effectively 
transformed to thermal energy in materials wi th 
lithium compounds, for example, glass of the 

90 following composition, % by weight: 

U 2 0 
SiO, 

30 
70 

As has been mentioned above, the heat source 
may also serve to heat such structural 

95 components of the fibre-optics channel as the 
entrance lens 1 (Fig. 2) and entrance window 6. 
To this end, made in partitions 24 and 25 are 
holes 26 through which the heated gas (or gas 
mixture) is fed to the entrance lens 1 and 
entrance window 6 and heats them to a certain 
temperature. 

A device for remote viewing of objects in 
ionizing radiation fields of any design and 
including a fibre-optics channel and a heat source 
may also comprise, for its functional capabilities 
an area of application to be extended, a TV 
channel 27 (Fig. 6), in which case the image of the 
object 2 under observation may be protected from 
an exit end 28 of the fibre bundle on a 
photocathode 29 of a camera CRT 30 via the exit 
lens 4. 

Fig. 7 shows the interface between the exit end 
28 of the fibre bundle 3 and the camera CRT 30, 
without any exit lens. The use of the camera CRT 
30 with a fibre-optics unit 31 performing the 
function of its entrance window permits the 
image from the exit end 28 of the fibre bundle 3 
to be projected on the photocathode 29 of the 
camera CRT 30 without using an exit lens, owing 

1 0 0 

105 

110 

115 
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to the surface of the exit end 28 of the fibre 
bundle 3 mating with that of the fibre-optics 
unit 31 performing the function of the entrance 
window of the camera CRT 30. 

5 The device for remote viewing of objects in 
ionizing radiation fields may be used for periodical 
or continuous observation. The basic difference in 
the design is, in this case, the intermittent or 
continuous mode of operation, respectively, of the 

10 heat source which may be embodied as shown in 
any one of Figs. 1 ,2 and 3. 

For example, in the intermittent mode of 
operation of the device shown in Fig. 1 wi th the 
heat source being made in the form of the coil 8 

15 surrounding the portion of the fibre bundle 3, 
lying in the field of the ionizing radiation 9, the 
operator connects the coil 8 to the current source 
prior to starting observation of the object 2. 
Therewith, the surrounded portion of the fibre 

20 bundle 3 is heated to a temperature required to 
maintain the process of thermostimulated 
destruction of the colour centres appearing 
throughout the material of the fibres of the bundle 
3 under the effect of the ionizing radiation 9. The 

25 heating of the fibre material leads to a shift of the 
dynamic equilibrium between the competitive 
processes of radiation-induced generation and 
thermostimulated destruction of the colour 
centres towards the preferable thermostimulated 

30 destruction with the result that the light 

conducting properties of the fibre bundle 3 are 
enhanced to the level of the non-irradiated state, 
and a cycle of observation of the object 2 can be 
completed. After the observation cycle is over, the 

35 operator disconnects the coil 8 from the current 
source. When the device of Fig. 1 is operated in 
the continuous mode, the temperature of the 
material of the fibres of the bundle 3 is 
maintained, during the entire period of operation, 

4 0 at a required level by means of the coil 8 
connected to the current source. If necessary, the 
power supply to the coil 8, hence, the 
temperature of the fibre material can be adjusted 
by the operator, manually or automatically. 

45 The functional diagram of a device comprising 
a heat source made, according to Fig. 5, as an 
electrically conductive coating 22 applied on the 
surface of each one of the fibres 2 0 of the bundle 
3 is identical wi th that of the device of Fig. 1. 

50 In the intermittent mode of operation of a 
device including a heat source as shown in Fig. 2, 
the operator blows, prior to observation of the 
object 2 (Fig. 1), the heating element 11 (Fig. 2) 
of the heat exchanger 10 with a stationary f low of 

55 a gas (or a mixture of gases) stable to ionizing 
radiation, then connects the heating element 11 
to the power supply (not shown). The gas is 
heated in the heat exchanger 10, f lows into the 
pipe 15 accommodating the fibre bundle 3, and 

60 heats the material of the fibres of the bundle 3 to 
a required temperature. As a result of heating, the 
light conducting properties of the fibre bundle 3 
are enhanced to the level of the non-irradiated 
state, and the operator can complete the cycle of 

65 observation of the object 2 (Fig. 1). The 

observation cycle being over, the operator 
disconnects the heating element 11 from the 
power supply, then shuts off the gas f low into the 
heat exchanger 10. In the continuous mode, the 

70 heating element 11 of the heat exchanger 10 is 
blown, over the entire period of operation, wi th a 
stationary gas flow, the basic parameters of the 
gas f low as well as the power supply to the 
heating element 11 of the heat exchanger 10 being 

75 automatically adjustable. 
A device in which the heat source is essentially 

a component of the composition of the fibre 
bundle material, which may be a chemical 
compound of elements ensuring transformation of 

80 the energy of absorbed or scattered neutrons to 
thermal energy, is intended for operation in the 
mode of continuous observation. 

In the case of optical borosilicate glass whose 
composition has been given above, the element 

85 providing for effective transformation of the 
energy is absorbed or scattered neutrons to 
thermal energy is boron present in the form of 
compound B203. Owing to the large cross-section 
of interaction of the boron isotope (B10) with 

90 thermal neutrons and to the relatively high 
(18.5%) content thereof in the natural mixture of 
isotopes, in the borosilicate glass placed in a 
strong G>1013) thermal-neutron flux, nuclear 
reaction B10 (n,a) effectively takes place, as a 

95 result of which, each time a neutron is captured 
by the nucleus of B10, a Li7 nucleous is formed 
along with an alpha particle a* wi th a mean 
energy of about 7 meV which is completely 
transformed to thermal energy as the alpha 

100 particle quickly decelerates. Thus, the 
temperature of the glass, hence, of the entire fibre 
bundle 3, may be maintained, during the entire 
operation period, at a level ensuring 
thermostabilization of the light conducting 

105 properties of the fibre bundle 3. 
When lithium-containing glass is used as the 

material of the fibres 20 (Fig. 5) there occurs an 
(n,n) reaction, or a reaction of elastic scattering of 
neutrons, on the nuclei of lithium (Li6). As a result 

11 o of the nuclear reaction, elastic scattering of 
neutrons takes place with simultaneous shift of 
the Li8 nuclei in the lattice of the glass, during 
which shift the Li6 nuclei rapidly lose energy 
which is completely transformed to thermal 

115 energy. 
When boron- and beryllium-containing glasses 

are used as the material of the fibres 20, the 
neutron flux energy is transformed to thermal 
energy as a result of an (n,ar) reaction with 

120 emission of a charged particle and an (n,n) 
reaction of elastic scattering. 

The device for remote viewing of objects in 
ionizing radiation fields can be employed for 
scientific research and monitoring of processes 

125 occurring in strong ionizing radiation fields, for 
example, in the core of an operating nuclear 
power plant or in a protection cell when great 
quantities of radioactive substances are handled. 

As has been mentioned above, the proposed 
130 device is based on the principle of 
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thermostabilization of the main characteristic of 
the optical material, namely, its light conducting 
properties in strong fields of ionizing radiation. The 
principle of thermostabilization is, in turn, based 

5 on the effect of thermal annealing of radiation 
defects, including colour centres appearing in 
optical materials under the effect of ionizing 
radiation. The applicability of this principle to any 
optical materials has been experimentally and 

10 theoretically corroborated. The principal structural 
component of the proposed device is the bundle 
of regularly arranged fibres, which permits the 
image of an object under observation, placed in a 
strong ionizing radiation field, to be transmitted 

15 beyond the biological shield. Thus, one of the 
basic characteristics of the image of the object 
under observation, namely, its resolution, will be 
determined by the same characteristic of the fibre 
bundle. At present, it is possible to produce a fibre 

20 bundle of a required length with a resolution of 
about 80 lines per millimeter. Such a resolution 
corresponds to that of a TV image with a scanning 
standard of 625 lines per frame. The principle of 
thermostabilization permits visualizing objects 

25 placed in a gamma-radiation field with an 

intensity of several ten thousand R/sec at neutron 
fluxes of 1013 to 1014 n.cm-2. sec-1. The fibre-
optics channel, including the entrance lens, fibre 
bundle and exit lens, can be interfaced with a TV 

30 channel. In this case, it becomes possible to 
obtain a video recording instead of 
cinematography, and the observer may be tens of 
kilometers away from the object. Depending on 
the requirements, use may be made of a colour or 

35 stereo-scopic TV channel. 

Claims 
1. A device for remote viewing of objects in 

ionizing radiation fields, having a fibre-optics 
channel which includes a bundle of optic fibres 

40 passing through a biological shield against 
ionizing radiation for transmission of the image of 

an object under observation beyond the shield, 
and having a source of heat for stabilizing the 
temperature of at least the fibre bundle so as to 

45 maintain the light conducting properties of the 
fibre-optics channel constant in the presence of 
the ionizing radiation. 

2. A device as claimed in claim 1, wherein the 
heat source comprises a coil connected to a 

50 current source and surrounding the fibre bundle 
over the portion of the bundle lying in the ionizing 
radiation field. 

3. A device as claimed in claim 1, wherein the 
heat source comprises a heat exchanger with an 

55 electric heating element, both being arranged in 
the immediate vicinity of one of the ends of the 
fibre bundle, and a pipe whose inner space 
communicates with the heat exchanger, on the 
heating side, and accommodates the fibre bundle 

60 which is heated by a gas or a mixture of gases 
stable to the ionizing radiation. 

4. A device as claimed in claim 1, wherein the • 
heat source is essentially a coating of a material 
having a resistivity of 0.1 ohm/cm and higher, 

65 said coating being applied on the surface of each 
fibre of the bundle and associated with the 
current source. 

5. A device as claimed in claims 1,2 and 3, 
wherein the heat source comprises a component 

70 of the material of the fibre bundle, which 
component is operative to ensure transformation 
of the energy of absorbed or scattered neutrons to 
thermal energy. 

6. A device as claimed in claim 5, wherein said 
75 component is incorporated with the body of the 

fibres of the bundle. 
7. A device as claimed in claim 5, wherein the 

surface of each fibre in the bundle has a coating 
of a material including said component. 

80 8. A device for remote viewing of objects in 
ionizing radiation fields, substantially as described 
hereinabove with reference to the accompanying 
drawings. 
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