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ABSTRACT OF THE DISCLOSURE 
Apparatus for receiving a light beam from a selected 

region of an electric arc and transmitting it without 
alteration into a spectrograph, comprises a sealed en 
closure having a controlled atmosphere, a concave re 
ceiving mirror which is adjustable in position relative 
to two perpendicular axes, a ?at mirror, a ?at dividing 
mirror which divides the beam into a main fraction, 
which forms a real image at the spark point of the 
spectrograph, and a secondary fraction which controls 
the position of the receiving mirror. 

The invention is applicable to the spectrographic 
analysis of any molten metal in a furnace. 

It is an object of the present invention to provide a 
device which enables spectrographic analysis of a liquid 
metal contained in a melting or manufacturing furnace. 
More particularly, the device according to the invention 
serves to collect and to transmit, without alteration, a 
light beam emitted in a furnace at the surface of a liquid 
metal to a spectrograph of known type. 

It is also an object of the present invention to provide 
an assembly comprising the above device and forming a 
functional combination of a spectrograph and a furnace 
particularly for metals or alloys at elevated melting 
temperatures. 
The word “furnace” is used here in its widest sense 

to refer to all enclosures, particularly with refractory 
walls, adapted to contain a liquid metal, whether a known 
type of furnace, a convertor, a mixer or the like. Like 
wise, the word “metal” services to indicate all materials, 
particularly metallic alloys, of which it is required to 
known at least partially the composition while they are 
in a liquid state under the in?uence of heat. It will be 
understood that the invention is particularly applicable 
to iron metallurgy and to metallurgy in general in which 
molten metals are produced in a temperature range of 
300 to 7800” C. The application of the invention is, 
however, not limited to these possibilities. 

It is known that it is extremely useful, particularly in 
electric steel furnaces and with continuous ?ow install 
ations, to be able to know in as short a time as possible 
the composition, or at least the content of certain ele 
ments, of a molten metal in a furnace. The production 
of steel has, with the use of oxygen, become a rapid proc 
ess of the order of twenty minutes in all, which in return 
requires rapid correctional measures, and, consequently, 
analysis made as quickly as possible during the produc 
tion. This requirement tends to render impractical, be 
cause it is too slow, the classical method, which consists 
in removing a sample, allowing it to solidify, polishing 
it roughly on one face and using it as an electrode at the 
spark point of a spectrograph, which is frequently situ 
ated in a laboratory some distance from the furnace. In 
a number of countries attempts have already been made 
to collect a light beam emitted by an electric are created 
at the surface of a fusion bath and to analyse this beam 
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by means of a spectrograph. However, until now the 
various solutions proposed have not enabled a correct 
and constant analysis which is industrially utilisable to 
be obtained. It is evident, in fact, that anlysis graphs 
should be obtained and reproduced at will by arcing on 
the metal liquid which possess a constant correlation 
with the graph of the true composition of hte metal such 
as would be provided, for example, by chemical analysis. 
The difficulties to be overcome, which are numerous, 

include: 
The elevated temperatures (1600° C. for steels) which 

prevail at the interior of the furnace and the high sensi 
tivity of spectrographs to the ambient temperature 
(they are usually maintained at ‘a stabilised tempera 
ture of 1A0“ 0.); 
The poor quality, from the optical point of View, of 

the atmosphere in the vicinity of the molten bath 
(fumes metallic vapours-varying presence of C0, ‘C02, 
S02, 02, etc.) and the high sensitivity of the light beam 
to variations in this atmosphere. For steels, it should 
be possible to collect and transmit without alteration, 
to the analysis spectrograph rays the wavelength of 
which are between 1650 and 2800 A., metalloids emit 
ting rays mainly between 1650 and 2000 ‘A. and metals 
mainly between 2200 and 28“ A. In certain cases, it 
should be possible to detect luminoous rays from cer 
tain bodies up to 3500 A. and even up to 8000 A. (7765 
A. for the detection of potassium). 
To give a single example, oxygen totally absorbs rays 

of wavelength less than 1860 A. 
It is an object of the present invention to mitigate the 

difficulties brie?y outlined above and also others which 
are discussed below. 
An important object of the invention is to transmit 

without alteration to a spectrograph su?'iciently spaced 
from a furnace a light beam provided by an electric arc 
created at the surface of molten metal at the interior 
of an industrial furnace. 
A further object of the invention is to collect a light 

beam emitted by a selected region of an electric arc and 
to conserve to a satisfactory extent the beam coming 
from this same region, in spite of the relative instability 
of the electric arc in space. 
A still further object of the present invention is to pro 

vide a device suitable for transmitting a light beam in 
cluding a widely differing range of wavelengths, e.g. of 
1600 to 8000 A. or more. 
Another important object of the present invention is 

to provide a complete industrially utilisable installation 
capable of providing in a brief time of the order of one 
minute a correct and reproducable spectrograph analvsis 
of a molten metal in a furnace. 

According to the present invention a device for re 
ceiving and transmitting a light beam emitted by a select 
ed region of an electric are produced in a zone of ele 
vated temperature, for example a furnace containing a 
molten metal, to an analysis apparatus such as a spec 
trograph having a spark point, an entry opening and an in 
let slot for a luminous beam, comprising a hollow and 
closed elongate enclosure having an ori?ce communicating 
with means for controlling the atmosphere in the interior 
of the enclosure, an inlet opening for an incident light 
beam disposed in one end wall and closed by a suitable 
transparent material, a ?rst outlet opening for a main 
fraction of the light beam disposed in the opposite end 
wall and communicating with the inlet of the spectrograph 
by a sealed connecting element, an optical system disposed 
within the enclosure and comprising at least a receiving 
mirror which receives the light beam from the inlet open 
ing and re?ects it, the receiving mirror being mounted 
so as to be adjustable in position with respect to at least 
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one axis, a mirror which has an opening and which divides 
the light beam into a main fraction which passes to the 
spectrograph and a secondary fraction, a mechanism for 
correcting the position of the receiving mirror, this mech 
anism being connected to the receiving mirror, and a 
control elment connected to the mechanism and having a 
beam detector disposed in the path of the secondary frac 
tion of the beam in such a manner that the position of the 
receiving mirror is controlled in accordance with the 
quantity of light received by the beam detector, the 
optical system producing a real image of the selected 
region of the electric arc at the spark point of the spec~ 
trograph. 

‘In one embodiment of the invention, the elongate 
enclosure surrounds the spark point of the spectrograph, 
the element connecting the ?rst outlet opening of this 
enclosure to the inlet of the spectrograph being formed 
by a hollow tubular sealing element containing, prefer 
ably, an optical condenser. 
In another embodiment of the invention, the sealed 

connecting element is an optical ?bre having one end 
disposed as the spark point and a second end, preferably 
of rectangular section, adapted and ?xed to the inlet slot 
of the spectrograph. 

According to another aspect of the invention, it is an 
object of the inventionto provide an assembly for spec 
trographic analysis of a metal infusion comprising; a 

. furnace having a refractory wall with a lateral opening, 
a molten metal contained by the wall of the furnace at a 
level below the lateral opening, a generator producing an 
electric are between an electrode and the surface of the 
molten metal, a hollow connecting element secured at one 
end to the wall of the furnace around the lateral opening, 
a device as de?ned above secured to the second extremity 
of the said hollow connecting element around the inlet 
opening of this device, and a spectrograph connected to 
the ?rst outlet opening of this device. 
The invention will be more readily understood from 

the following description of two embodiments thereof 
given by way of example with reference to the accompany 
ing drawings, in which: 
FIG. 1 is a general schematic partial view in section 

of an assembly embodying the invention; 
FIG. 2 shows a partial schematic view supplementing 

FIG. 1; 
FIG. 3 is a partial view in section of a further assembly 

according to a second embodiment of the invention. 
'Before beginning the description, it is noted that the 

assemblies illustrated, which embody the invention, may 
be provided with numerous modi?cations, which can be 
made by those skilled in the art, required for adaption 
to the operation of the type of furnace and the nature of 
the liquid metal. 'It is accordingly to be understood that the 
embodiments given here are in no way limiting. 

'Referring to FIG. 1, there is shown a furnace 1 having 
a thick refractory wall 2 in which there is formed a 
lateral opening 3. This furnace contains a liquid alloy 4 
which is maintained molten by means of heating, which is 
not illustrated. A spark generator 5 is mounted close to 
the furnace 1 and is connected to an electrode 6 which 
extends into the liquid bath 6 and to an electrode 7 which 
is maintained at a small distance above the surface of the 
liquid metal facing and in the vicinity of the opening 3. 
Means other than the generator 5 illustrated could be 

employed provided that they create an electric are 8 
at the surface of the liquid metal 4, which performs the 
role of an electrode. 
The are 8 is relatively unstable in the sense that it 

varies in shape and position, the surface of the bath 4 
not being not perfectly still and causing displacement of 
the arc. Only the central region of the arc is relevant. ' 
Around the opening 3 on the wall 2 of the furnace 1 

there is secured one end of a ?exible hollow connecting 
element which is expansible, such as a light bellows 9, 
which can support large variation of temperature without 
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4 
the lateral and longitudinal directions. The other end of the 
bellows 9 is ?xed to the front face of the front wall 11 
of a device indicated generally by reference numeral 10, 
which will be described in greater detail below. 
The device 10 has, opposite the front wall 11, a rear 

wall 12 to which is secured one end of a sealed con 
necting element such as a ?anged tube 13, the other end 
of which is secured to a spectrograph 14 of known type. 
The device 10 comprises an elongate enclosure which 

is sealed and which has a connecting ori?ce 16 by means 
of which it can be connected to a means (not shown) 
for allowing the atmosphere prevailing in the interior of 
the enclosure 15 to be controlled. A vacuum may be 
produced in the interior of the enclosure 15, and then at a 
predetermined pressure a gas may be emitted which is 
transparent to certain wavelengths (nitrogen, argon, he 
lium etc.). ‘ 
The bellows 9 is secured to the wall 11 around an 

inlet opening 17 which is closed by a suitable material 
having the required transparency, such as quartz disc 18. 

In addition, within the thickness of the wall 11 there 
is provided part of a refrigerating circuit 11a which is 
connected to a ?uid circulation system and a passage 
11b which opens outside the enclosure 15 through a cir 
cular ori?ce close to the quartz disc 18 and which com 
municates with the interior of the bellows 9. This pas 
sage 11b is connected to a source of gas under pressure; 
in this way, a permanent ?ow of gas from the inlet open~ 
ing 17 through the bellows 9 towards the furnace 1 can 
be established. The tube 13 is ?xed to the wall 12 around 
a ?rst outlet opening 19, which may be formed either by 
a quartz disc analogous to the quartz disc 18 or, as in the 
present embodiment, by an optical condenser 20 mounted 
in the tube 13. 
The enclosure 15 has a second, lateral, outlet opening 

21 closed by a quartz disc 22, _ ' 
The enclosure 15 also contains an optical system which 

comprises: 
A mirror 23, referred to as the receiving mirror, which 

in this example is a concave mirror of magni?cation 1 
and which is disposed so as to receive a light beam from 
the selected region of the are 8; 
A ?at mirror 24 disposed to receive the beam re?ected 

by the receiving mirror 23; 
A ?at mirror 25 having a central opening 26 disposed 

in the path of the beam re?ected by the mirror 24 and 
referred to as the dividing mirror. 

Reference is now made to FIG. 2, which supplements 
FIG. 1 and in which the enclosure 15 has been omitted. 
The receiving mirror 23 is mounted so as to be ad 

justable in position with respect to two perpendicular 
axes. In this example, it is supported by a ?exible spindle 
27 at one point of its periphery; a rigid spindle 28 ?xed to 
the opposite point connects it to a permanent magnet 29 
which is mounted so as to be displaceable in opposite 
directions in the interior of a winding 30 supported in the 
interior of the enclosure 15. This forms a mechanism 
for correcting the position of the receiving mirror 23. An 
identical assembly (not shown) disposed in another plane 
and connected to the mirror 23 at another point allows 
correction of the position of the mirror around another 
axis. The mirror may be mounted on a ball and socket 
joint instead of being supported by the ?exible spindle 2‘7. 

Facing the mirror 25 there is disposed a flat mirror 
31 which is associated with a lens 32 and with a control 
member indicated generally by reference numeral 33. The 
control member 33 comprises a beam detector and is con 
nected to the mechanism for correcting the position of the 
receiving mirror 23. 

In this embodiment, there are two groups of two photo 
electric cells 34, 35 disposed in opposite pairs in two 
perpendicular directions (a single group is shown in 
FIG. 2). The photo-electric cells 34 and 35 of one group 
are connected to a differential ampli?er 36 the output 
of which is connected to a power ampli?er 37. The output 
of the power ampli?er 37 is in turn connected to the cor 
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recting mechanism, more particularly to the winding 30. 
The above-described asembly shown in FIG. 2 can be 

placed in the interior of the enclosure 15. In the case of 
FIG. 1, it is placed on the exterior, the mirror 31 being, 
as can be seen, disposed facing the second outlet opening 
21 of the enclosure 15. 

Returning again to FIG. 1, attention is again directed 
to the spectrograph 14. The spectrograph 14 will not be 
described in detail because it is of a well known type, 
but it is noted that the spectrograph 14 has a spark point 
38 where an electric spark is produced when a sample 
of solidi?ed metal is to be analysed, an entry opening 
39 and an entry slot 40. 
The expression spark point is used here since it relates 

to the particular case of an electric spark. It should how 
ever be understood that in general this expression refers 
to the region where the atoms of the material to be ana 
lysed are excited by means of an electric are or otherwise. 
As shown in FIG. 1, the spark point 38 is located in the 

interior of the enclosure 15 and the closure of the second 
outlet opening 19 is ensured, with respect to sealing, by 
the condenser 20. This arrangement is not essential. The 
spark point could be on the exterior of the enclosure 15, 
for example outside the second outlet opening 19. In this 
case, the tube 13 should be more elongated. In addition, 
a quartz disc can also be placed in the outlet opening 19. 
The arrangement illustrated is preferable because it avoids 
the use of this supplementary quartz disc and thus it en 
ables the spark point 38 to be located in the controlled 
atmosphere of the enclosure 15. 
The operation of the arrangement 10 described above 

will now be explained. 
An electric arc 8 having been created at the surface 

of the molten metal, the device 10 is disposed so that the 
receiving mirror 23 receives through the inlet opening 17 
a beam enamating from the region of the are which is of 
most interest. For convenience of explanation, it will 
be assumed that it is a beam of visible light although it 
could be composed of certain wavelengths outside the 
visible spectrum. 
The mirror 23, by way of the mirror 24, re?ects the 

beam onto the mirror 25 which, in turn, divides the beam 
which it receives into a main fraction 41 and a secondary 
fraction 42. The secondary fraction 42 passes through the 
second outlet opening 21 and is re?ected by the mirror 
31 and, by means of the lens 32 (which is preferably 
of variable focal length) a real image of the arc 8 is 
formed at the centre of the four photo-electric cells 34, 
35. If the are 8 is displaced, its image formed by the lens 
32 is also displaced; the relative illumination of the photo 
electric cells is modi?ed and the differential ampli?er 36 
transmits a correcting signal. This signal is converted into 
a modi?cation of the intensity of the current passing 
through the winding 30. The position of the magnet .29 
changes and so does that of the receiving mirror 23 in 
such a manner that the latter always receives a light beam 
coming from the same selected region of the are 8. 
The main fraction 41 coming from the concave mirror 

23 forms another real image of the are 8 at the spark 
point 38. It will be noted that the central fraction of the 
beam received by the receiving mirror 23 is employed 
for analysis by the spectrograph while the annular frac 
tion which is less homogenous and more variable, is em 
ployed for correcting the position of this mirror. 

It is important that the beam should undergo the few 
est possible refractions and re?ections between the are 
8 and the spectrograph 14. The invention is notable for 
the simplicity of the means used to receive the beam issu 
ing from the same region of the arc 8i and transmitting 
it with the least alteration possible. 

Other mirrors could of course be employed for elon 
gating the path of the beam and thus further spacing the 
spectrograph from the furnace, for example, by forming 
successive intermediate images before the beam reaches 
the spectrograph. In any case, as has been mentioned, it 
is desirable to limit the number. \It will also be noted that 
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the ?at mirror 24 could be replaced by a dividing mirror 
having a central re?ecting part and an annular opening 
surrounding this re?ecting part. The main fraction 41 
would then be directed directly towards the spark point 
38, as in FIG. 1, and the secondary fraction 42 which 
passes through this new dividing mirror could be re?ected 
from the enclosure by one or more other mirrors. 

In practice, in many cases, as soon as the temperature 
of the molten metal to be analysed reaches a fairly ele 
vated value, the device 10 cannot be used by itself. It 
should be joined to the furnace 1 by means of the bellows 
9. Cold water is then supplied through the refrigerating 
circuit 11a and a gas under pressure is supplied to the 
passage 11b. This gas is selected in accordance with its 
transparency to the wavelengths employed, as is that in 
the enclosure 15. It passes through the bellows 9 and enters 
the furnace 1, into which it is discharged. In this way a 
controlled atmosphere is provided between the are 8 and 
the entry opening 17. At the same time, the metallic 
vapours which would have a tendency to deposit on the 
quartz disc 18 are kept away. The quartz disc 18 could 
be provided with a closure which would protect it while 
the arrangement is not in operation. 

It is useful for the connecting element between the 
furnace and the arrangement ‘10 to be capable of sup 
porting large difference of temperature and also to be 
deformable su?‘iciently easily in its lateral and longi 
tudinal directions. It is thus possible to effect a ?rst 
centring of the receiving mirror 23 on the electric dis 
charge arc by relative displacement of the spectrograph 
and the arrangement 10, making use of the ?exibility of 
the bellows 9. The angular amplitude of the adjustment 
of the mirror 23 is, in effect, limited. 

Proceeding as described above, one encounters a sec 
ond aspect of the invention which comprises a complete 
assembly from the furnace to the spectrograph. This as 
sembly can be modi?ed in numerous different Ways de 
pending upon the furnace employed. "FIG. 3 shows one 
example. [In this ?gure there is shown an installation in 
which parts which also appear in FIG. 1 have been in 
dicated by the same reference numerals as in FIG. 1. 
FIG. 3 shows the constnuction of the Wall 11 with the 

refrigeration circuit 11a and the passage 11b. Also, it 
shows that the exterior mirror 31 is mounted with the 
required inclination at the base of a casing 43 which is 
secured along the enclosure 15.. 

The main difference with respect to the embodiment 
of FIG. 1 is that, the furnace being of a different, smaller 
type, the bellows 9 is not secured directly to the wall 2 of 
this furnace but to an intermediate support 44 which is 
cooled by an internal circulation of water. The inter 
mediate support 44 is adapted to receive, by means of 
screws and joints, a nose-piece 45 which forms a con! 
nection with the lateral opening 3 of furnace 1. To simpli 
fy the description, it is mentioned the support 4 is receiv 
able in the external face of the wall of a furnace of which 
the element 2 is the internal face, while the nose-piece 45 
limits the lateral opening 3 formed in this wall. 
A further embodiment of the invention, which is not 

illustrated in the drawings because it is simple to under 
stand, will also be mentioned because it can be used with 
advantage for light alloys, in particular when wavelengths 
of more than 2000 A. are to be transmitted. 

According to this modi?cation, the tube 13 ('FIG. 1) is 
omitted, and as a sealed connecting element an optical 
?bre is employed which is of known type formed of ele 
mentary ?laments. One end of this ?bre is disposed at the 
spark point 38 and the other has an elongate rectangular 
section corresponding to the inlet slot 40 of the spectro 
graph and is secured at this slot. The sealing of the en 
closure 15 is preserved by gripping the optical ?bre by 
means of a packing where it passes through the ?rst outlet 
opening 19. 

This embodiment of the invention provides a gain in 
light with respect to the embodiments of 1FIGS. 1 and 2. 
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By employing elementary ?bres of about 15/1. diameter, 
they can be arranged in a single line and adjusted to the 
inlet slot 40. The limit of employment for wavelengths 
greater than 2.000 A. is due to the actual nature of the 
optical ?bres; new materials could increase the possibility 
of employing them. In any case, at present, with the re 
striction mentioned, one can employ ?bres having several 
metres length which enables the spectrograph ~14 to be 
further spaced from the device 10 if necessary. 

In the above description, for the purposes of explain 
ing the apparatus, it has been stated that a lateral opening 
of the furnace is employed. The invention is however not 
limited to this arrangement. One could, as a modi?cation, 
employ an upper opening in the furnace through which an 
optical rod is pushed downwardly. This rod could be 
arranged to receive a beam emitted from the electric arc 
and to direct it upwardly and then to one side, when the 
situation would 'be as described above but at a different 
level. As in the case of the lateral opening in the furnace, 
this optical rod could be traversed by a ?ow of gas under 
pressure. 
The results of an experiment carried out with an as 

sembly such as that shown in FIG. 3 will now be given. 
The quantity of molten metal was about three kilo 
grammes, and the spectrograph was of known type suit 
able for wavelengths of 1700 to 3700 A. 
The results obtained by analysis of the liquid metal are 

given on the table below in comparison with the results 
of the analysis of the same metal in its solid state ob 
tained with the same spectrograph by the normal sampling 
method. 
The results are expressed in the form of relative error 

in both cases with respect to the content measured by 
analytical chemistry. 

Relative error in percent 
Range of the 
content of this Analysis Normal spectro 

element in of liquid graphic analysis 
Element percent metal of solid metal 

0. 1-0. 7 5 l-2 
2-5 5 l 5 

0. 03-0. 1 5 5 
0. 08-015 4 2 
0. 03-0. 3 3 0.5-2 

1 Or analysis impossible. 

It will be noted that only for carbon between 0.1 and 
0.7% and for phosphorus is the error occurring with the 
assembly according to the invention greater, in a suf 
?ciently clear manner, than the error obtained by spectro 
graphic analysis of solid metal; but these errors (5% and 
4%) are of an amount which is acceptable in practice. 

It will also be noted that for a high carbon content 
(2 to 5%) the spectrographic analysis of solid metal is 
impossible because of the preferential path followed by 
the spark across the carbon. This awkward phenomenon 
is less likely to occur with molten metal so that the 
present invention, in these conditions, enables an analysis 
to be carried out which cannot be carried out by normal 
spectrographic analysis. 

I claim: 
1. A device for receiving and transmitting a light beam 

emitted from a selected region of an electric are produced 
in a zone of elevated temperature, for example a furnace 
containing a molten metal, to an analysis apparatus such 
as a spectrograph having a spark point, an entry opening 
and an inlet slot for a luminous beam, comprising a hol 
low and closed elongate enclosure having an ori?ce com 
municating with means for controlling the atmosphere 
in the interior of the enclosure, an inlet opening for an 
incident light beam disposed in one end wall and closed 
by a suitable transparent material, a ?rst out-let opening 
for a main fraction of the light beam disposed in the 
opposite end wall and communicating with the inlet of 
the spectrograph by a sealed connecting element, an opti 
cal system disposed within the enclosure and comprising 
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8 
at least a receiving mirror which receives the light beam 
from the inlet opening and re?ects it, the receiving mirror 
being mounted so as to be adjustable in position with 
respect to at least one axis, a mirror which has an open 
ing and which divides the light beam into a main fraction 
which passes to the spectrograph and a secondary frac 
tion, a mechanism for correcting the position of the re 
ceiving mirror, this mechanism being connected to the 
receiving mirror, and a control element connected to the 
mechanism and having a beam detector disposed in the 
path of the secondary fraction of the beam in such a 
manner that the position of the receiving mirror is con 
trolled in accordance with the quantity of light received 
by the beam detector, the optical system producing a 
real image of'the selected region of the electric are at the 
spark point of the spectrograph. 

2. A device as claimed in claim 1, wherein, the elongate 
enclosure encloses the spark point of the spectrograph, and 
the element connecting the ?rst outlet opening of the 
enclosure to the inlet of the spectrograph being formed of 
a hollow sealed tubular element containing an optical 
condenser. 

3. A device as claimed in claim 1, wherein the sealed 
connecting element comprises an optical ?bre extending 
between the elongate enclosure and the inlet of the 
spectrograph. 

4. A device as claimed in claim 3, wherein the optical 
?bre has one end disposed at the sparking point and a 
second end of rectangular section disposed at the inlet 
slot of the spectrograph and ?xed to the said slot. 

5. A device as claimed in claim 1, wherein the elongate 
enclosure has a second outlet opening closed by a suit 
able transparent material disposed in the path of the 
secondary fraction of the light beam, the control member 
of the beam detector being disposed on the exterior of 
the elongate enclosure and the correcting mechanism 
coupled with the receiving member being disposed within 
the elongate enclosure. 

6. A device as claimed in claim 5, wherein the control 
member of the beam detector comprises, in the path of 
the secondary fraction of the beam, a lens which produces 
an image of at least a part of the initial electric are, at 
least two photo-electric cells disposed in opposition in 
the plane of the image, and electronic circuit connected 

'to the photo-electric cells, the circuit emitting a signal 
to the correction mechanism coupled to the receiving mir 
ror for correcting the position of this mirror in ac 
cordance with the intensity of the beam received by one 
or the other of the photo-electric cells. 

7. A device as claimed in claim 6, wherein the cor 
recting mechanism coupled to the receiving mirror com 
prises a winding connected to the electric circuit, a per 
manent magnet freely movable in the interior of the wind 
ing, a spindle connecting the permanent magnet to a ?rst 
point on the mirror, the mirror being supported at a 
point spaced from the ?rst point by a ?exible spindle. 

8. A device as claimed in claim 6, wherein the receiv 
ing mirror is mounted so as to be adjustable in position in 
the interior of the enclosure in at least two orthogonal 
planes, while two groups of two photo-electric cells are 
disposed in opposition in a perpendicular direction, two 
correction mechanisms being connected respectively to the 
two groups of photo-electric cells. 

9. A device as claimed in claim 5, wherein the 
optical system disposed in the enclosure comprises a re 
ceiving mirror in- the form of a concave mirror of magni 
?cation substantially equal to 1 receiving the incident 
beam, a ?rst ?at mirror receiving the beam re?ected by 
the receiving mirror and re?ecting it towards the ?rst 
outlet opening and towards the spark point, a second ?at 
mirror having a central opening and receiving the beam 
re?ected by the ?rst ?at mirror and dividing it into a 
main fraction which passes through the central opening 
and a secondary fraction which is re?ected through the 
second outlet opening. 
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10. An assembly for the spectrographic analysis of 

a molten metal comprising a furnace having a refractory 
wall with an opening, a molten metal contained by the 
wall of the furnace, a generator producing an electric 
are between an electrode and the surface of the molten 
metal, a hollow connecting element secured at one end 
thereof to the wall of the furnace around the opening, 
a device as claimed in claim 1 secured to the second end 
of said hollow connecting element around the inlet open 
ing of this device, and a spectrograph connected to the 
?rst outlet opening of the device. 

11. An assembly as claimed in claim 10, wherein the 
wall of the enclosure of the device provides in the vicinity 
of the transparent material enclosing the inlet opening at 
least one ori?ce which is open to the interior of the hol 
low connecting element, this ori?ce communicating with 
a passage which is connected to a source of gas under 
pressure in such a manner that a permanent ?ow of gas 
exists from the periphery of the inlet opening of the 
enclosure through the hollow connecting element to the 
interior of the furnace. 

10 

15 

20 

12. An assembly as claimed in claim 10, wherein the 
wall of the closed elongate enclosure contains, at least 
around the inlet opening, an internal cooling circuit for 
the circulation of ?uid. 

13. An assembly as claimed in claim 11, wherein the 
opening is disposed in the upper wall of the furnace and 
a hollow optical rod which is sealed is introduced through 
this opening, the said rod being connected to the inlet 
of the device and a stream of gas under pressure for 
?owing through this rod. 
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