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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it is 
to be per formed, to be particularly 
described in and by the following statement: 

The present invention relates to the con-
trol of beams of electromagnetic radiation, 

10 and, in particular to the control of beams of 
laser radiation. 

Much attention is being paid at present to 
the development of high power, short 
pulses-duration lasers for the production of 

15 hot, high-density plasmas. Laser systems 
which have been developed for this purpose 
consist of a laser oscillator, an electro-
optical switch for interacting with the laser 
beam and a chain of laser amplifiers. Such 

20 systems are not entirely satisfactory for at 
least two reasons. Firstly, such electro-
optical switches as exist at the moment have 
only lower power-handling capabilities. 
Hence they have to be used either between 

25 the laser oscillator and the chain of ampli-
fiers, or at the beginning of the chain of 
oscillators so that there is a large number of 
amplifiers subsequent to the optical switch, 
an arrangement which leads to problems of 

30 self-oscillation in the chain of amplifiers 
before the main pulse is generated by the 
laser oscillator. Secondly, efficient optical 
isolators are required to protect the laser 
oscillator from amplified laser radiation 

35 which has been reflected from the target at 
which the laser beam has been directed. 
Existing electro-optical switches cannot be 
used for this purpose because of their poor 
power-handling properties. 

40 It is an object of the present invention to 
provide a method of, and apparatus for, 
controlling intense beams of electromagne-
tic radiation. 

According to the present invention there 
45 is provided a method of controlling the pas-

sage of a beam of electromagnetic radiation, 
comprising the operation of generating in 
the path of the beam of electromagnetic 
radiation a transitory plasma of a density 

50 such as to prevent the passage of the beam 

of electromagnetic radiation through the 
plasma. 

Also according to the invention there is 
provided an apparatus for controlling the 
passage of a beam of electromagnetic radia- 55 
tion, comprising a chamber which can be 
evacuated at least a portion of two opposing 
walls of the chamber being transparent to 
the beam of electromagnetic radiation and 
in optical alignment, and means for generat- 60 
ing within the chamber a transitory plasma 
of a density such as to prevent the passage of 
the beam of electromagnetic radiation 
through the chamber. 

Preferably the chamber is provided with 65 
means for defining a localised region within 
the chamber through which the beam of 
radiation can be made to pass, and the 
means for generating the transitory plasma 
is arranged to generate the plasma only in 70 
the said region. 

The means for generating the plasma may 
comprise means for generating a plurality of 
plasma plumes which are so directed as to 
coalesce in the said region. Preferably, the 75 
means for generating the plasma is arranged 
to generate at least three plasma plumes. 

The means for generating the plasma may 
comprise an annular target, which also 
defines the said region within the chamber, 80 
and means for directing a laser beam at a 
plurality of regularly spaced regions of the 
inner surface of the annulus, the laser beams 
having an energy sufficient to cause the gen-
eration of plasma plumes at the regions of 85 
the annular target upon which the laser 
beams are incident. 

Suitable materials to form the target are 
carbon, aluminium or other vapourisable 
material, and the laser beams may be 90 
derived from a neodymium glass laser. 

An embodiment of the invention will now 
be described, by way of example, with refer-
ence to the drawing accompanying the pro-
visional specification. 95 

Referring to the drawing, an apparatus 
for controlling the passage of a beam of 
electromagnetic radiation comprises an 
annular target 1 made of graphite some 2 
mm in thickness and having an internal 100 
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diameter of some 4 mm. The target 1 is sus-
pended at the centre of a vacuum chamber 
2. The auxiliary equipment for evacuating 
the vacuum chamber is not shown. The vac-

5 uum chamber 2 is provided with a pair of 
windows 3 which are made of a material 
which is transparent to a beam 4 of the radi-
ation from a high-power laser source such as 
a TEA carbon . dioxide gas laser. The 

10 chamber 2 is also provided with another 
window 5 which allows a beam of light 6 
from a neodymium-glass laser to enter the 
chamber 2. A first germanium lens 7 is 
arranged to bring the beam 4 to a focus in 

15 the centre of the region of space 8 defined 
by the central hole of the annular target 1. 
Another germanium lens 9 restores the 
beam 4 to its original collimated form prior 
to its leaving the chamber 1 through the 

20 second window 3. 
The beam of light 6 is divided into four 

beams of light 6 ' of equal intensity by means 
of a beam splitter 10 mirrors 11 and bi-
prism and lens combinations 12. Each of the 

25 beams of light 6 ' is brought to a focus on the 
inner surface 12 of the target 1 and pro-
duces a corresponding plume of plasma (not 
shown). The plasma plumes collide in the 
centre of the region 8 and produce a high 

30 density, transitory plasma which is sufficient 
to interrupt the passage of the beam 4 of 
radiation through the chamber 1. 

The time taken to form the dense plasma 
and close the optical shutter is dependent on 

35 the internal diameter of the target 1. For a 
target with an internal diameter of 4 mm, 
the time taken for the dense plasma to be 
generated is about 5 nano seconds. 

The apparatus can be made to operate as 
40 an isolator for the CO2 laser, or as a pulse 

clipper. 
Assuming that the carbon dioxide laser is 

operated in a pulsed mode, then if the 
neodymium laser is activated at such a time 

45 relative to the carbon dioxide laser that the 
plasma plumes meet at the centre of the reg-
ion 8 after the carbon dioxide laser pulse has 
passed through the region 8, then the 
apparatus will operate as an isolator for 

50 reflected radiation. If the relative timing of 
the two lasers is such that the carbon dioxide 
laser pulse is passing through the region 8 
when the laser plumes meet, then the 
apparatus will operate as a fast shutter or 

55 pulse clipper. Of course, if the carbon diox-
ide laser or other laser is operated in a con-
tinuous mode, then the apparatus can be 
used to pulse-modulate the laser beam. 
WHAT WE CLAIM IS:-

60 1. A method of controlling the passage 
of a beam of electromagnetic radiation, 
comprising the operation of generating in 
the path of the beam of electromagnetic 
radiation a transitory plasma of a density 

65 such as to prevent the passage of the beam 

of electromagnetic radiation through the 
plasma. 

2. An apparatus for controlling the pas-
sage of a beam of electromagnetic radiation, 
comprising a chamber which can be evacu- 70 
ated at least a portion of two opposing walls 
of the chamber being transparent to the 
beam of electromagnetic radiation and in 
optical alignment, and means for generating 
within the chamber a transitory plasma of a 75 
density such as to prevent the passage of the 
beam of electromagnetic radiation through 
the chamber. 

3. Apparatus according to claim 2 
wherein the chamber is provided with 80 
means for defining a localised region within 
the chamber through which the beam of 
radiation can be made to pass, and the 
means for generating the transitory plasma 
is a r rangedto generate the plasma only in 85 
the said region. 

4. Apparatus according to claim 3 
wherein the means for generating the trans-
itory plasma comprises means for generat-
ing a plurality of plumes of plasma which are 90 
so directed as to coalesce in the said region. 

5. Apparatus according to claim 4 
wherein the means for generating the trans-
itory plasma comprises an annular target of 
vapourisable material, which also defines 95 
the said region within the chamber, and 
means for directing a laser beam at a plural-
ity of regularly spaced regions of the inner 
surface of the annulus, the laser beam hav-
ing an energy sufficient to cause the genera- 100 
tion of plumes of plasma at the regions of 
the annular target upon which the laser 
beam is incident. 

6. Apparatus according to claim 5 
wherein the target is made of carbon or 105 
aluminium. 

7. Apparatus according to claim 5 or 
claim 6 wherein the laser beam is derived 
from a neodymium-glass laser. 

8. Apparatus according to any of claims 110 
4 to 7 wherein the means for generating a 
plurality of plumes of plasma is arranged to 
generate at least three plumes of plasma. 

9. Apparatus according to any preced-
ing claim for use with a beam of elec- 115 
tromagnetic radiation in the form of a high 
power laser beam. 

10. A method of controlling the passage 
of a beam of electromagnetic radiation sub-
stantially as hereinbefore described with 120 
reference to the drawing accompanying the 
provisional specification. 

11. An apparatus for controlling the 
passage of a beam of electromagnetic radia-
tion substantially as hereinbefore described 125 
with reference to the drawing accompanying 
the provisional specification. 
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