
F^MO-Méa 

DRFC/CAD 

METALLIC PLATES LENS FOCALIZING 
A HIGH POWER MICROWAVE 3EAM 

L. REBUFFI 

ASSOCIATION 'EURATOM-C E.A. 

DEPARTEMENT DE RECHERCHES 
SUR LA FUSION CONTROLEE 

CEN CADARACHE 



DBFC/CAD EUR-CEA-FC-1332 

METALLIC PLATES LENS FOCALIZING 
A HIGH FOHES MICROWAVE BEAM 

L. KEBOTFI * 

AOUT 1987 

» Boursleur EURATOM du 1.7.84 au 30.6.19S7 



d 

METALLIC PLATES LENS FOCALIZING A HIGH POWER MCPOWAVE BEAM 

L. REBUFFI 

- ABSTRACT 

A metallic grating composed of thin parallel plates opportunely spaced, permits 
to correct the phase of an incident high power microwave beam. 
In this wcrfc ue show how it is possible to obtain s bean -focalisation (lens), a 
beam deflection (prisma), or a variation in the polarization (polarizer) using 
parallel metallic plates. 
The main design parameters are here presented, in order to obtain the wanted 
phase modification keeping low the diffraction, the ra-flected power, the ohmic 
losses and avoiding breakdowns. -—<. "" 

Following the given criteria, .a metallic plate lens has been realized to 
focalize the 200 KW, 100 msec 60 GHz beam used in the ECRH esperiment on the TFR 
tokamak. The experimental beam concentration followed satisfactory the design 
requirements. In fact, the mai:imum intensity increased about twice the value 
without lens. In correspondence of this distance a reduction of the beam size of 
about SOX have been measured for the -3 dB radius. The lens supported high power 
tests without breakdowns or increase of the reflected power. 
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INTRODUCTItjil 

The localization of a low power microwave beam is currently obtained by 

dielectric lenses <1>,<2>,<3>,<4>, and sometimes by metallic components made of 

circular or rectangula- hales (acting as small waveguides) which modifies the 

optical path of the beam (also called waveguide lenses <5>). 

At high power (greater than a tenth of KWs) the use of dielectric lenses is not 

convenient. Their relatively high absorption losses call for a cooling. 

Furthermore for certain utilizations,, like focalisation of- mi crciiave. beams -used-

in a tokamak plasma, there is the problem of the metalization of the dielectric 

surface exposed at the plasma. 

In order ta focalise the 60 GHz beam of the Electron Cyclotron Resonant Heating 

(ECRH) experiment on the tokamak TFR, a metallic plates lens has been for the 

first time be sloped to isrk at high power (200 KM in pulses of 100 msec). 

It is known from the theory <6? that the absorption of electromagnetic waves at 

the frequence af resonance of the electrons in a plasma, is increased (and it is 

better localized) when the diameter of the microwave beam is small compared to 

the diameter of the 'plasma column. In the ECRH experiment on TFR, there was the 

possibility of launching the high microwave power from the low magnetic field 

side in the linearly polarized modes T E H or HE11. Their pencil beam, radiated 

by a circular oversized waveguide, could suffer a wide spread because of the 

plasma refraction (above all in the poloidal plane). Therefore, to'reduce this 

spread and to decrease the beam size (increase of the absorption), a metallic 

plates lens has been realized. 

In this study we have first analyzed tne theory of the beam focalisation by mean 

of a metallic grating, and the conditions on the design parameters to reduce 

diffraction, to have low ohmie and reflection losses and to avoid arcs. 
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Fell owing these criteria we were able to design the lens for the ECRH experiment 

on TFR with the wanted requirements. Low power tests were used to verify the 

concentration of the beam with the lens, and high power tests were used to 

verify its power capability. 

In the analysis of the phase correction for high power microwaves by means of 

metallic plates (needing no coaling), we found the possibility of applying such 

method to other devices. In fact, in the Appendices we describe the possibility 

oft 

- changing opportunely the polarization of an incident wave 

- obtaining mode conversions 

- deflecting the beam by a metallic prisma 

- increasing the focalisation (changing at the same time the focal length1 using 

a microwave "zoom". 
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i- RECfiLL OF THE wWESUIDE PROPflBflTIOM AND RADIATION FOR THE ELMSt-LINEARLY 
POLflRIZEO MACES: TEll AND HEU. 

For physical utilization are prevalently used micrt ave beams having linear 
polarization and power concentrated in a central lobe. For this reasons, the 
waveguide modes which are better suited are the TEll and the HE11. 

1.1- TEll 

It is well known from the theory of waveguide propagation <7>that the electric 
field of the TEll mode in a circular smooth metallic guida behaves like 

- / "*•* in the E plane 

JTJ fKr) in the H plane 

where Jl and Jl' are the first order Bessel function of first kind and its 
derivative; k = 1T(/X ' 5 A " wavelength in the vacuum; r is the radial 
distance from the waveguide axis. 
In fig.l the.TEll intensity distribution (proportional to E * ) is shown in th& 
waveguide plane E (plane of the principal component of the electric field) and 
in the plane H (perpendicular to the E plane). In fig. 2a, the electric field 
behaviour in a waveguide secticn is shown. Me recall that for the TEll made it 
has - bean computed <S>,<<?> that about 95"/. of the power (85 '/. of the electric 
field component) is in the E plane. Therefore the TEll made can be considered as 
quasi-linearly polarized. 
The theoretical far field radiation pattern for this made is shown in fig.i for 
an oversized circular waveguide of radius A = 31.75 «Ml at a frequency f= 60 
GHz. 
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1.2 - HEU . 

The electric field- distribution in a waveguide section perpendicular to the 
axis, for a HE11 mode propagations in a circular metallic corrugated waveguide, 
has an azimuthal symmetry and it behaves like: 

""*• Jo U-«° **'•£-] 
where Jo Is the zero-th order Bessel function of first kind, and A is the 
waveguide radius. 
In fig.l the HE11 intensity distribution is shown (equal for the plane E and H). 
In fig.2b the electric field in a waveguide section is represented: therefore 
the Hell mode is totally linearly polarized. 
The theoretical far field radiation patter of the HE11 node is shown in fig.4 
for an oversized circular waveguide of radius A = 31.75 mm at a frequency f= 
6C GHz. 
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2- MICROWAVE PROFflSflTION THROUGH A KETALLIC 6RATINS 

Let us consider a metallic grating composed of circular or rectangular holes. 
For a microwave beam incident on it, the grating acts like an array of 
waveguide. In fact, the wave propagates in this structure with a characteristic 
guide-wavelength . Ag given by: 

8 FW 
where " A c i s th« cutoff wavelength far the propagating nods in the choosen 

kind of waveguide. 
The refraction index of the metallic grating is given by: 

"•*-• FIT . M 
A 3 V UcJ 

As A g is always greater than I, the refraction index in the structure will 
be inferior to unity. 
Therefore this regular array of metallic elements acting as small waveguides, 
refracts electromagnetic waves like an artificial dielectric having a constant 
n < 1. Shaping opportunely this grating, it is possible to modify the phase 
fronts of the incoming beam. Two solutions are passible: 
- shaping the surface of the artificial dielectric using a constant grating 
(constant refraction index) 
- using plane surfaces of the grating, but.changing the dimensions of the holes 
in order to modify adequately the refraction index to obtain the desired phase 
change. 
The second solution introduces discontinuities in the refraction index ar^ 
problems in optimising the grating dimensions to decrease reflection losses. Fcr 

these reasons we will keep into consideration only solutions having a constant 
grating (constant n). 
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Let us consider a metallic grating composed by small circular holes having a 

radius 0 <10>. 'These hales act en the incident wave like circular waveguides. 

As we ».'ant to propagate a lir.arly polarised mode with low losses, we ars 

interessed to propagate only the lower order mode TEH in the guide, cutting-off 

the first higher mode : the TM01. 

In each circular hole there will be a propagation of the TEH mods if: 

To avoid the propagation of the TN01 mode we need: 

A > Xeoi = Z.é>-IB- f CS) 

$ < £c«i = 0.3a*?-A (6) 

Therefore to propagate only the TE11 mode in each small hole we need: 

je* <j<?c»i i.e. a.zsao*<f <&38z?\ 

Knowing A » we can choose in the previous range of p values (eq.7) and from 

eq.4 we find the cut-off wavelength for the mode TEH.-From eq. 1 we can then 

obtain the X q ' value which inserted in eq.2 gives the value of the 

refraction index n. 

The maximum number af circular holes that can be designed far the grating is 

deduced by the construction af the structure like a honeycomb, with the center 

of each hole at the vertex of an hexagon, like in fig.S . 

Nevertheless this kind of structure has been rejected for tne design of high 

power components because of-the relatively high percentage of metallic surfacs 

between Uie hales, which could lead to unacceptable high level of reflected 

power. 
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2.2- Array of rectangular hales 

The best phase corrector -for a mode linearly polarized should be an array at 

thin metallic plates parallel to the beam polarization with a plate spacing 

properly chaasen. 

Actually, we have to add to this structure some spacers in order to keeo 

constant the distance between plates and to increase the rigidity of the whal'i 

structure* As a consequence the phase corrector becomes a grating of rectangular 

holes. Therefore the incident microwave beam propagates as in rectangular 

waveguides having a smaller dimension equal to a (plate spacing) and a longer 

dimensions equal to b (as shown in fig.13). 

To propagate the fundamental TE01 mode in a rectangular waveguide it should be 

X < A c c 3 i = 2 à • {€) 

or 

a > X/z Cz) 
In order not to propagate the first higher made (TE02), we need: 

X > ACAI = 3 (*£>) 

or 

a < A CU) 
Therefore to propagate in each rectangular hole of the structure only the TE01 

mode having polarization parallel to the long dimension it the rectangular 

holes, we need 

-A. < a < A M*,) 

With a suited choice o* the "a" value in the previous range, we can compute the 

value of Aç, of a n t* hence -From eq. 1 the value a-f A g * 

**-T*BT "-* 



a 
and of the index of refraction (eq.2): 

"--£•* frrW »*> 
The value of the refraction coefficient ranges {varying the plate spacing 
according with the eg.12) between 0 and 0.866. 
Therefore if the plate spacing is properly choosen, only the TE01 mode 
propagates, with electric fields parallel to the plates. 
We should avoid to have a wave with a component of the electric field 
perpendicular to the plates, since this would excite in the gr^tinn a 
perpendicular TE10 made, propagating between the plates with a refraction index 
almost equal to unity, which practically does not suffer the phase correction. 
Actually, choosing a distance far the spacer at least b H 3 3 the 
perpendicular refraction index nj, ! 

is always rather close to unity, and we can consider as very small the phase 
variation far the perpendicular component. In the following, we will consider 
only the parallel refraction index n defined in eq.14. 
For this reason a TEll mode which is almost linearly-polarized is less suited to 
be used in such kind of structure, if compared with the HEil mode totally 
linearly polarized with azimuthal symmetry of the intensity distribution. 
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3- CONDITIONS ON SRflTINS OIWENSIONS 

3.1- Diffraction and grating spacers 
The edges of plates can give rise ta s diffraction grating with several 
reflected waves. Applying the optical theory for such grating <1>, it is 
possible to deduce the fallowing condition to reduce the diffracted waves: 

A s i * a. £••> j .s iKS' l f ie l 

where §" is the angle of the incident beam with the normal >k the grating 
surface, <i, is the angle of the grating surface with the plates and t is the 
plate thickness, as shown in fig.6. 
This condition holds both fer rays entering and coming out of the structure with 
an angle - & . Therefore to assure the diffraction condition (eq.16) we have to 
limit the plate spacing a". 

To maintain the distance between the plates in an artificial dielectric having 
rectangular holes, we should use metallic spacers (which constitue the short 
walls of the rectangular holes) perpendicularly to the direction of the main 
component of the electric field (fig. 13). In this way <2> these spacers da n-jt 
disturb sensibly the' field within the plates. However they induce a small 
variation in the reflection coefficient, and they can act as a diffraction 
grating, 'causing side lobes. This negative effect can be avoided by staggering 
the spacers rather having them in a straight line. In this way the spacing 
between scattering edges is cut in half, thus doubling the frequency at which a 
diffracted wave would first appear. This staggered arrangement also eliminates 
the sharp peak of specular reflection. 

3.2- The power transmission coefficient 
From optical theory applied to gratings it is possible to demonstratt <1> that a 



43 
principal reflected wave will always occurr in the direction.for which the 
contributions from the individual plates add together. In this case the prjwer 
transmission coefficient is given by s 

-J-tyi-mS-rH ( d. +S^iJ tv n •+• * 'H f<£-6>Uj 

In fig>7 the power transmission coefficient is shown vs the angle of incidence 
theta, for several values af n. 

3.3- The power reflection coefficient 

Following Silver <4>, the reflection coefficient of a plane wave having normal 
incidence on a plane array of parallel, equally spaced plates is given by: 

This expression is considered valid also for a lens, providing that the lens 
surface and the bea.n wavefronts do not appreciably depart f' om a plane, over 
distances comparable to a wavelength. 
The variation of the power reflection coefficient with the fndeK of refraction 
is shown in fig.B. 
Therefore to reduce the reflected power of a parallel plate strucure, we should 
have a plate spacing as wide as-possible (higher n), but in the limit of the 
diffraction condition (eq.16). 

3.4- Tolerances 

The maximum depth "d" of the plates in the artificial dielectric, introduces a 
variation in the optical path between the plates equal to (A~f^-i . Besides, 
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we recall that the refractive index depends an the plats spacing a <eq.l7). 
Therefore tolerances on the plates thikness and spacing are interrelated. 
Setting A/16 as upper limit in wavefrant irregularities arising from 
variation either in d or in. n, fallowing Silver <4> we have: 

*n * "Ac (^ 
From the relation between n and a the tolerance in the plate spacing is given by 
<1>: 

A a s a 3 y l cz±) 

«here in these cases (eqs. 20 and 21) ̂ ««tris the maximum lens depth. 

3.S- Bandwidth 

Since . tne refractive index depends also on the free-space wavelength X ' 

there is a . limitation on the range for which the artificial dielectric «ay be 
used. 
Fallowing Brawn a v it is passible to deffne as bandwidth B of the structure, 
the total range of wavelengths with a ma::imum path length difference of 

A / 8 (for this value the shape of the beam is practically unchanged; the 
phase error is smaller than TT/4, corresponding to a deviation of i A / 1 4 
from a plane wavefrant). 
In this case the bandwidth of the parallel plate structure is : 

B = _2_Ë_HA 

where «JAW is always the maximum plate depth, and B is expressed as percentage o-f 
the operating wavelength. 



AS 

4 - GENERALITIES OH SEAN FQCALIZATION AND LENS SHAPE 

4.i The lens profile . 

It is often necessary to focalise a microwave bean emitted from an antenna. In 
case of a high power beam it is passible tu use a metallic plate lens. 
We will consider as example the case where the lens is placed just at the exit 
of an oversized waveguide-antenna. 
The first lens surface is plane, because we can consider that the beam coming 
out the oversized waveguide has a plana wave-front. The second lens surface will 
be concave to focalize properly the beam, as shown in the following • 
demonstration. Let's consider the structure in fig.9, where the focal point F is 
at a distance f from the center of the lens. The lens profile can be calculated 
by means of the optical-ray theory. As the lens is close to the end of the 
wavegu.ide, the phase is the same for all the incoming rays on the first surface. 
The condition of equal optical path from the source to the focus, gives the 
equation for the profile of the second surface: 

Taking the distances and the frame shown in -fig.9, we obtain: 

We recall that the refraction index n is lower than unity because the phase 
velocity is greater in the artificial structure than in the free space (for the 
electric field component parallel to the plates). » 
Developing this formula we obtain the equation of an ellipse: 

(-J-W*)- x3- - i f * f-f - n ] x + jjf3- =• o Ct-sj 
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which can be transformed (after change of axis i Y • y , X = X ~ 'î + yi • in 

= ± (26) 
the usual ellipse expression: 

^m) 
Me can consider that the second surface of the lens is described by the 
revolution of this ellipse around the uavegu< 'e axis. 
At last, we have to note that the maximum radius of the lens (equal to the 
waveguide radius A> should not be greater than the minor axis of the ellipse 
<1>: 

* « - p ( 4 ^ t**) 
Taking the maximum radius of the lens equal to the waveguide radius, we obtain 
fron eq.Zii that the maximum plate depth d max (at the edge of the converging 
lens) is equal to: 

where do is the lens depth at the center. 

4.2- Focusing of Gaussian beams 

In microwave applications a Gaussian or quasi-Gaussian beam is often used far 

its welt known properties of quasi-linear polarisation and narrow beamwidth. 
The HE11 made radiated by a circular waveguide can be well approximated by a 
Gaussian beam (with an average error of 17.) <11>. 
The TEll mode can be at its time approximated by a Gaussian beam with an error 
of about IT/. <S>, thus we can say in first approximation that it is a 
quasi-Gaussian beam. 
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Fran the general theory of the focalisation of Gaussian beams by means of a thin 

lens summarized by Goldsmith <12>, we can assume far the system shown in f.g.10, 

the effect af a thin lens on the propagation of a Gaussian beam. Recalling that 

for a Gaussian beam the waist radius r0 is the distance from the axis where the 

intensity is decreased of a factor t/e respect the an axis maximum, the relation 

between the input and the output waist radius, r o i ând rQ2J pl^cod at a distance 

-From the lens respectively equal to dl and d2, is s 

fèî) - (->-.]T • f-Mffî)' 
The distance of the output waist from the lens is given by the expression: 

In the example previously considered, the lens was at the exit of the 

waveguide-antenna. In this case, for the radiation of a HEll mode, the waist is 

just at the guide mouth, and'the optima; Gaussian approximation of the radiated 

HEll mode in thfe far field, calls-for a ratio r̂ /fl = 0.4Z <11>. Therefore, for 

this exemple we have dl =• 0 , and r o i = A • 0.42. Using these values, eqs. 

(29) and (30) became: 

o-^z ft P- X . 

dz = • '•**** f ** &Z) 
IJfAr)1 + 4.ZZ*UA*J . 

Using these two expressions, once defined the distance d2 at which we want to 

focalize the beam with an intensity waist radius r o i , we can derive the 

corresponding geometrical focal length f which will describe the adequate lens 

profile («q.25). 

If the focused beam follows the laws of the Gaussian propagation (as example the 

radiated HEll mode), we can find the maximum intensity at the point of the 
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minimum beam spread. In fact, from Gaussian beam propagation fccmulas. •C13>,. i-f -
I(C,d2> is the peak beam intensity at a distance d2 from the antenna (without 
the focalisation), and I02 i s the intensity at the waist of the focalized beam, 
their ratio is given by: 

J-0Z. l<*(4tar*nlM**l4MMrf M 

XCo, dd (At)' 
From this formula we can verify that the maximum intensity of the focalized beam 
occurs at a distance d2 which does not coincide with the geometrical focus, but 
it is closer to the lens. 
For a Gaussian beam diffracted by the lens aperture this effect, called "focal 
shift", is well characterized by the Fresnel number. 
The Fresnel number of the aperture, and hence of the lens, is defined by the 
expressions 

NsTT < 3*> 
It has been demonstrated <14> that for Fresnel numbers not very large compared 
to unity, the ratio d2/f becomes sensibly different from unity. 
Recently Tanaka et alii <1S> observed that the position of the minimum axial 
field spread is even closer to the lens than the point of the maximum intensity. 
Actually, for the choosan ratio r0/fl =» 0.42, there is not practically any 
difference between the point of maximum focalisation and the point of maximum 
intensity. 
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S- SURFACE WATCHING 

A matching of the surface of the artificial dielectric made of metallic plates, 
is necessary to avoid power loss, impedance changes (which can induce variations 
in the source behaviour) and spurious radiation from apertures. 
It is known that an empirical matching is possible using metallic obstacles <2>, 
but at millimeter wavelengths this method is rather hard to adopt. An 
alternative could be the use of a A /4 dielectric sheet having refraction 
index equal to - y n but in this case the problem turns out to be heat 
dissipation (besides, for beam focalisation in microwave plasma.heating, there 

is also the problem of the metallisation of the dielectric). 
To reduce the reflection coefficient, we have to increase n'and hence the plate 
spacing a. Ford given dimension A of the structure, tMs.leads to the intuitive 

< u conclusion that the plate thickness t must be as small as mechanically passible, 
« M 

in order to increase the plate spacing a (or if we prefer to reduce the opaque 
reflecting surface of the structure). 

»• M With regard to the depth d of the artificial dielectric, if the two surfaces 
were plane, a matching could be obtained keeping d = A . g / 4 • In fact, we can 
think that at the first surface a certain amount of the incident wave is' 
reflected, but it does not turn in phase because the beam pass franr*ttie free 
propagation to -the artificial dielectric. On the contrary, for the part of the 
wave which is reflected at the second surface, there is a change of IT in the 
phase passing from a phase velocity Vf in the structure to c in the air ( Vf 

> c>. Taking the depth of the structure equal to Ag/2, the wave reflected 
at the second surface adds up in opposite phase with the wave reflected at the 
first surface. Actually this method is not exactly valid for a lens, where the 
surface is concave (or convex). In this case the lens will be matched only at 
the radii corresponding to a thickness of, m times A g / 2 (or in first 
approximation), in all the circular sections having a radius which ranges from 
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Therefore we propose an "average matching", which consists in choosing the lens 

depth at the center, do» in order to maximize the power Hhich flows through the 

matched surfaces previously defined (see fig. 11), hence maximising the matched 

power. 

The minimum value of d 0 defined with thi3 method, can be increased by 

multiples of .. A 3 / 2 : 

™ *3 ) tee) 

if the mechanical structure of the lens requires a higher rigidity. 

For certain utilizations, the lens should be as light as possible. This is 

obtained (if we do not want to use the lens zoning) with the minimum passible 

value- of d'0- and with a higher possihle value of n (which gives .a minimum 

value of d max, from eq.2SK The interest of having a thin lens depth is also 

in decreasing the optical path of the waves between the plates, hence decreasing 

the ohmic losses. 

It could also be possible to match the structure by means of an adequate surface 

coating. Anyway this method turns out to be technologically hard to realize. In 

fact, we could coat each surface of the lens by a grating \ / 4 deep with a 

refraction coefficient n * = fTT .. If the coating of the plane surface seams 

to be faseable, the coating of the second surface, with its double curvature is 

rather hard to obtain. 

A more detailed and precise surface matching could be obtained representing the 

grating by means of equivalent circuits. Far each element of the grating array 

represented by the network, it should be pscsible to give the impedence as a 

function of the element depth. Knowing the impedence of the total structure, we 

could compute the global transmission coefficient and hence maximizing it, we 

should find the best plate depth for the given profile. 
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h- POWER CAPABILITY, BREAKJOHN AND OHMIC LOSSES 

4.1- Power capability and breakdown 

From the expression -for the electric -Field o-f the TEH made carried by a 
circular oversized waveguide <7> it is possible to compute the maximum electric 
-field in a section perpendicular to the waveguide axis. Far the TE11 made the 
maximum is, as shown in -fig.l , in the center o the section and its absolute 
value is: 

where A is the waveguide radius in meter, /\ ' is the free space wavelength in 
meter, P the total carried power in Watts and Emax the maximum electric field in 
V/m. 
The HE11 made propagates only in corrugated waveguides or in dielectric lined 
metallic guides <22>. As discussed in <8>, it can be decomposed in about 84.3'/. . 
of T£ll and 15.5% of TM11. 'Therefore, adding in the correct proportion to the 
maximum electric field of the TE11 (eg.37) the maximum of the field distribution 
far the TW1 mods dsphased of TT/2, we obtain the maximum electric field af the 
resulting Hell modes 

c — S6.z<?z? — : ± TfT^JZT . 

where Emax is in V/m and the carried power P is in N, X and A are in meter. 
The linear polarised wave of the TEU ar HE11 made, excitas in each rectangular 
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guide of the grating a TE01 made. Far this «ode, the maximum electric field is 
given by the expression: 

it*. _ A iri \ 7 ./ MAS y/î- i 

^V*5" L p f-i-p*)-

where the total power P in the guide is in H: the wavelength \ , the short 
guide side "a" and the long "b" are in meter, and 

?--Mm*-mr 
The rectangular guide placed in the center of the lens has the highest 
probability to suffer a breakdown. 
Taking the maximum electric field for the TE11 (eq.37) or for the HE11 (eq.33), 
we can compute the corresponding peak power density, which i3 given by <11>: 

where Pp is in U/m* and Z is the characteristic impedance of the medium, which 
in air is Z = < /"«/te > H -tzO-Tf . 

Supposing that in the central rectangular guide the power is practically 
constant at its maximum,. we can compute the power P which flows through the 
guide and we can insert it in the eq.40 to compute the maximum electric field 
between the plates. 

To avoid breakdown in the guide this peak electric field should be sufficiently 
lower than the breakdown field, which in air is about 3-10* V/m. 
We have to note . that it is a very conservative position to suppose the peak -
power constant in all the central guide. 
Actually, if this condition is satisfied in air, it will be sure that no 
breakdown will occurr when the lens is used in the tokamak vacuum. In this case, 
even an eventual presence of a low density plasma between the plates of the lens 
should not cause any serious problem. 
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6.2- Ohmic losses 

It is passible to compute the ahmic losèes an the walls o-f each rectangular 

waveguide constituting the lens by considering the attenuation constant of the 

mode TEOI propagating in a guide which snail side is a" and large side is " b'1 

<17>: 

<•*&)* <-<) i , ^ , — » 

where J^ s the attenuation constant in dB/m, Z is the characteristic 

impedence of the medium and 6 i is the characteristic resistance given by: 

(J{sj0.**-W-*fM. fiz) 

with X in iriîter and the conducivity Q> equal to C£ =S.92:1C' ! S 

mhos/m -for copper and C% = 0.75clO^ mhos/m for stainless steel (-for 

millimeter waves). 
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7- THE CESISN OF THE METALLIC PLATES LENS FOR 'HE ECRH EXPERIMENT ON TFR 

7.1- generalities 

The efficiency of the mi era wave power coupled with electrons during a ECRH of a 
plasma, depends also an the bean diameter with respect to the diameter of the -
plasma column. Reducing the beam spot sise at the resonance, we could increase 
the power absorption or at least localize the microwave absorption* which 
otherwise rii'fs to be ' spreiàed because of the poloidal refraction due to the 
plasma density. Therefore, for the ECRH experiment on the TFR tokamak, it has 
boan decided to design a high power lens to concentrate the microwave power in 
tht3 center f the plasma column <9>. 

The ECRK experiment has been performed using three circular oversized waveguide 
antennas, each one delivering about 200 KW during pulses of 100 msec at 60 GHz 
in the TE11 mod; (with possibility of conversion in HEU mode) <1B>. The three 
antennas were practically in the same poloidal section. It has been decided to 
install the metallic plates lens at the mouth of the upper waveguide, as show.: 
in fig.12. In this ease the lens surface was at distance of about 293 mm from 
the plasma center which was therefore in the Fresnel radiation zone. The lens 
was placed about 93 mm from the plasma edge - limiter (safe from plasma 
disruptions). Besides, in this place, the Foucault's currents'induced in the 
holes of the lens, 'should not be very high to produce crashing strengths. At 
last, we have decided to build the lens in inconel to obtain a strong mechanical 
resistance. The elsctroerosian procedure adapted ta create the holes in the 
structure, should assure a certain rigidity (in this way the lens was made of an 
unique piece of inconel). 

The lens has been fixed at the end of the waveguide antenna by m an3 of two 
halves metallic rings which permitted an eventual radial dilatation due to heit. 
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7.2- The design parameters 

The requirements to design the lens were the folloMings: 
- concentrate the 200 KW emitted in the TE11 or HE11 mode at 60 SK*, with a 
focal distance equal to the plasma center distance f s 293 mm. 
- have as lnw as possible reflection and ohmic losses, in order to avoid 
breakdowns or cooling. 
Once having decided to build a metallic plates lens made of rectangular holes, 
we have optimized the plate spacing "a" in order to reducing the reflection 
coefficient (eq.18) which calls for a high spacing and hence a high refraction 
index value, but in the limit imposed by the diffractii». condition of eq. 16. In 

our case the first lens surface is parallel < ÔL = 90° - see fig.6) to 
the waveguide mouth and the rays emitted by the guide are incident on the lens 
with an angle & . - 0 a . Therefore eq. 16 writes: 

a + t < À («Q 

fit 60 SHz (X = 5 mm), far mechanical reasons the plate thikness cannot be 
as lower as 0.4 mm. Therefore the plate spacing should be lower than 4.6 mm. 
Actually, using this limit value, the condition (eq. 16) is not satisfied for 
the second surface at the edge of the lens, where the curvature imposes higher 
theta and lower S- values. 

Computing the lens profile and after iterative optimization in order to satisfy 
the diffraction condition even at the edge of the second lens surface using the 
maximum possible plate spacing, the values adopted ares 

Si = 2.2 «»« J t = 0.4 vuw (4^) 

With this "a" valus it is possible, using eq.13 and 14, to know the wavelength 
in each rectangular guide A 3 and the refraction index n: 
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With the help of eq. 25 and with the parameters assumed, the lens profile is 

described by the ellipse of. equation: 

in the fra<ne of fig.?. 

Considering the azimuthal symmetry of the HEU intensity distribution, and the 

fact that also the TEH node is not very different from the HE11, we decided to 

describe the second lens surface by an ellipsoid given by the rotation around 

the guide axis, of the profile described in eq.4s. 

To match the lens with the method of the average matching, we have then decided 

to 'Choose a minimum depth d0= 2.9 mm which assure a certain thikness of the 

structure at the center and at the same time gives a small plate depth (low 

ohmic lasses) and allows three zones (central, middle and external) of average 

matching. 

We recall that the. active lens diameter is equal to the waveguide diameter 2A. 

Besides the perpendicular spacers have been staggered in order to reduce 

diffraction and reflection losses: their distance has been choosen equal ta b = 

3a. The final lens design is shown in fig.13. 

From this design it is possible to evaluate the angles <5_ and £r* at the 

lens edge. Their values: cJ_ =66° and 9" = 5.7° are at the limit of the 

diffraction condition (eq.16). 

The computation of the power transmission coefficient ( eq.17) at the first 

surface Tt ( oV "90° , ~ & =0') and at the second surface T2 ( o L d v g
 = 7 S ° j 

TV- 3*.<«- % ; T i = ng.z* % 

With the value of the refraction inde» given in (eq.45) we can compute the power 

reflection coefficient from eq.13: 

R* = A S * c/o M?) 
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We can therefore conclude that the lens transmits tin theory) more than 98X of 

the incident power. 

Knowing the final lens design, and hence the maximum depth of the plates dmax, 

we can now compute the tolerances for the different parameters. 

From eq.19 the tolerance in the plate depth is about of 1.26 mm. 

From eq.20 the tolerance in the refraction coefficient is about 0.031 <n = 0.753 

± 0.031). 

From eq.21, the tolerance in the plats spacing "a" is about 0.21 <a = 3.8 * 

0.21 mm!. 

For the given design parameters, the bandwidth of the lens, as defined in eq.22, 

is about 21.67.. Therefore the tens designed at 60 GHz, could work as well in the 

range 47 T 73 GHz, which constitutes a remarkable wide bandwidth. 

Once defined the geometrical focal Length f= 295 mm, it possible to evaluate the 

Fresnel number of the lens from eq.34: 

W =-£!=: Ô.6SS lt& 

As explained in Sec. 4.2, for lew N values, the focal shift of the lens is 

rather important. In fact, from eq. (31) we can compute that the effective 

distance at which the beam will have the minimum spread is at 

"> da.= 40?.7S\MV« • (Uâ) 

from the lens, which is sensibly different from the focal' distance f= 293 mm. At 

the distance d2, the beam waist radius is (from eq.31)i 

r 0 i = 4Ô.6Ô LUIU (s<?) 

Because of the -focalisation, the peak intensity should increase -following eq.32: 

Xf0,cU} 
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An oversized circular waveguide permits to carry a large amount of power. In 

our case, with a radius A = 31.75 mm, it was foreseen to carry at least ZOO KW 

at 60 GHz, without any breakdown. From eq.37 we can compute the maximum electric 

field of the TEH mode (P=200 KW, A=31.75mm , A *5 «a! obtaining 

The corresponding peak power density is: <eq.41> 

Pp-rs^v =r 3,6.50 K W / c w * CSZ) 

If a HE11 mode is carried, from eq.38, the maximum field amplitude is: 

£u«* »£H = 3-ZOfy.ïO V/c^ ( s ^ 

The corresponding peak power density is: 

It is therefore can-firmed that the maximum electrid -field in the guide, of the 

order of 3000 V/cm, is sufficiently lower than the limit breakdown field in air 

of about 30000 V/cm. But in the rectangular guides composing the lens, the risk 

of a breakdown is higher. 

The .maximum of the field distribution in each rectangular guide, is given by 

eq.39, and using the current parameters ! X =5 mm, a=3.8 mm, b- 13.5-mm) it .. 

writes: 

= <&?3 5..33/p" (S6) 

where P is the power carried in each small guide in Matt. 

The most dangerous point ai the lens from the breakdown paint of view is 

represented by the central rectangular guide. We will suppose that in this guide 

a power equal to the peak power o-f the whole circular waveguide is carried. In 
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this case, taking the peak power density of the TEH node (eq.53), the total 

power in the area of the rectangular guide will be about 13.& KW. This value, 

inserted in eq.ao, gives a maximum electric field of about 

À0QQO V/OVH {s>) 

which is still lower than the breakdown field in air. Actually, the power 

carried in the central guide is sensibly lower than that supposed in our 

computation: thus the risk of arcing between the plates is lower. Besides, the 

use of the lens in the vacuum of the tokanak (10~° bar), prevents from any 

possibility of breakdown. 

Nith regard to ohmic lasses, we could think to reduce them by deposing an the 

inconel surfaces of the lens a thin sheet of copper or gold. In fact, from eqA. 

41 and 42, the respective attenuation constants -tor the stainless steal(incanel) 

and for capper are (using the current parameters at 60 GHz): 

clj«c.= <Mi7S d&Ai ; ici/ = c?.C?4£4> dB/w CSg) 

Anyway, as first test, we decided to use the surfaces.in inconel. 

As first approximation of the total ohmic losses in the structure of the lens, 

we could consider . a triangular distribution of the power in the circular 

waveguide, instead of those mare complex far the TEH ar HE11 modes. Therefore 

considering the losses in all the walls of the different rectangular waveguides 

(where for each guide an average power is deduced from the given triangular 

intensity distribution), we have computed that (on average in the inconel lens) 

the total .ohmic losses.amounts tc about 

P • 
If the power which enters the lens is about 200 KW, the grating structure should 

dissipate about 700 W. Far pulses of 100 msec, it corresponds to dissipate 70 

joules or about 16.7 cal. 
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Me recall that the dissipated heat G, depends on the temperature variation 
A T , on the mass "m" of the abject and on the specific heat "c" of the matter 

composing the object, following the expression: 

In our case c inconel = 0.12 cal/g °Ç, » m — 20 g, Q = 14.7 cal 
Therefore in a 100 msec pulse the lens temperature increase is about 7 C_.". 
Actually the most dangerous conditions for the lens are during the conditioning 
of the microwave sources, when the pulse of 100 msec - 200 KM are repeated with 
a duty cycle of about 0.5X. In this' case He can consider that the 700 U 
dissipated during each pulse are equivalent to a continuous heat dissipation B 
of 3.5 W or 0.B4 cal/sec. Inserting this value in eq.eO, we find the temperature 
increase per unit times 

à ! = 0.3So/se* 

If the time necessary for the conditioning is of about 30 rain, the total 
increase of temperature is about 600 . Me recall that the lens is placed in the 
vacuum of the tokamak, and the only passible heat exchange (cooling) is with the 
surrounding metal of the waveguide, of by irradiation in the vacuum chamber. 
Nevertheless we estime that even this temperature increase (obtained in the 
worst working condition) is not dangerous for the inconel lens structure. In 
fact, in baking the tokamak, the temperature of the vacuum chamber is raised to 
several hundreds of degrees without any problems for the components in it. 
In conclusion we estime that the lens is correctly design in order to support 
the maximum power in the limit condition imposed by the experience. At last, we 
could note that if a real CH microwave source is used, the lens should be copper 
or gold-plated to reduce ohraic losses, and probably a simple water cooling 
should become necessary. 
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8r COMPARISON BETWEEN .THEORETICAL . ANO . EXPERIMENTAL -RESULTS • OF BEAM. 
FOCALISATION 

S.1- Low power tests 

We have first tested the lens at IDW power to verify the focussing effect. A 
pure TEH mode in a circular waveguide of radius 31.75mm has been directly 
obtained, tapering up a fundamental circular guide carrying the lowest order 
mode (i.e. T E H ) . A rather pure HE11 node has also been obtained using a 
corrugated wall converter <TE!1 - HE11 converter: about 957. efficiency). 
A measurement of the' reflected power gave a result of about 1-2% which confirms 
the theory (actually it is of the sane order of the experimental error). 
The radiation properties of the two modes with and without lens at the waveguide 
mouth, have been detected in the frequency range: 37.00 T 61.00 6Hz. The results 
were practically frequency independent (the theoretical bandwidth of the lens is 
nuch mere wide :eq.22>. 
As receiving antenna we have I'sed both a standard small rectangular horn and an 
end cutted rectangular fundamental waveguide: the results were the same. 
First we have measured the on assis intensity at different distances from the 
antenna, far the TE11 made with and without lens. The results, reported in 
fig.14, show a remarkable increase of the intensity up to 350 mm from the lens. 
The maximum intensity is at 108 mm, as foreseen by the theory (eq.49). In fig.15 
the variation of the intensity distribution due to the localization, is reported 
in the E plane (plane of the beam polarization) at the distance of the maximum 
intensity and in the plane H (perpendicular to E plane). The intensity increase 
is close to the value foreseen by the theory (eq.51), but the beam width seems 

to be even too sma*.' respect what predicted (eq.SO). The radii for different 
intensities (-3, -10, -20 dB) at different distances from the antenna are shown 



32, 
in the two principal planes <E and H) far the case without and with lens 
respectively in fig. 16 and 17. As remarked before, the beam concentration is 
sensible up to a distance of about 350 mm. 
He have then repeated the sane measurements using the h'Ell moae. In fig. 18 the. 
intensity increase is lower than the TEH case. There is not an intensity 
maximum, and the maximum increase, is at about 125 mm from the antenna. For this 
distance the intensity distribution variations in the E and H planes are 
represented in fig.19. Also in this case, though the beam is wider, the 
concentration is even superior respect the foreseen value. The radii far 
different intensities at different distance are shown in fig. 20 and 21 for' the 
experiments without and with lens respectively. When the lens was used with the 
KEll mode, the beam divergence was lowered with respect to the case without lens 
up to a distance of about 450 mm from the antenna. 

in conclusion, the results of the low power tests of the lens, summarized in 
Table X* have confirmed in general, the performances at btam concentration 
foreseen by the theory. 
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HE11 (TE11) theory' 108 mm 3.0 dB 10.6 ma 1.987. ' — 

' TEH experimental 108 mm 3.4 dB 6.0 mm 1-2 7. 6.7 mm 5.1 mm 

HE11 experimental 125 mm 2.5 dB 8.5 mm 1-2 X 8.1 mm 5.6 mm 

Table I 
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8.2- High power tests. 

The metallic plate 'ens was installed at the end of the line designed as No 3 of 
the installation for the ECRH experiment on TFR. 

A power- of- about 170 KWwas launched through the lens in pulses of about 100 
msec with a duty cycle of 0.252 for about one hour of-conditioning. During the 
tests there were no breakdowns, and there was no increase of the reflected power 
(detected by the apposite coupler for the reflected power). Actually, the power 
could have been reflected in spurious nodes which, dissipated in the line 
components or in filters, were not detected by the coupler. Anyway, even in this 
case, th? power reflected by the lens should not be very high, because, in 
general, when there was a reflection exceeding SX, either it was detected by the 
coupler or it caused an arc. 

In single shot regime of the microwave source, during the 100 msec pulse we 
created a low density plasma (discharge cleaning plasma, about 5 msec long) to 
test the lens in presence of plasma. Once again there were no arcs and the 
reflected power was comparable with the value obtained in presence of a standard 
TFR plasma. 

NOTE: The lens has not been tested during a real ECRH experiment, because the 
high power test of this lens has been the very last experiment performed on TFR, 
when it was no mare possible to obtain a stable plasma. Anyway, our simulation 
of the real Marking conditions was sufficient for the complete resistance test 
of the lens. 
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APPENDICES 

A- METALLIC PLATES POLARIZER 

Using the theory for the design of metallic plates lenses, it is passible to 
project 3 new kind of high power polarizer. 
In -fact, when an electromagnetic wave propagates between two metallic laminae 
spaced between A / 2 and X , the component of the electric field parallel 
to the plates, has a refraction coefficient n < 1, while the perpendicular (to 

the laminae) component has a n = 1. 
In this way it is passible to shift the phase of one component with respect to . 
the other, choosing opportunely the plates depth. 
For example, we suppose to turn by 90° the polarization of an incident 
wave linearly polarized. Let us consider an horizontally polarized wave incident 
aver a iretallic grating with plates at 45° with respect to the 
polarization (see fig.22). The maximum plate spacing is : a » ( X - t) , 
where t is the plate thikness. The perpendicular E component CE_i_ 1 propagates 
between the plates with n =1 (supposing the laminae infinitely long), while the 
parallel component lEjjf ) has a 

Actually, for mechanical purpose, the plates have some spacers at a distance b = 
3>a. It is far this reason that Ej.", has a refraction index 

different from unity. 
Now we have to find the plate depth far which the E j . has no phase variation 
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(i.e. a multiple of A3J. 1 ar.d contemporarely E/t has a TI* phase 

variation. In this Hay, adding the two components at the exit of the strucure, 

we obtain a vertically polarized wave (fig.22). 

Calling A g j . « A / Hj. the wavelength in the guide for Ej_ and 

analogously ÂSJÔ' * o r *t\e £'» component, the relation which gives the 

plates depth d (constant for all the diameter of the device) is: 

where m is any integer. 

For instance at 60 SHz, if we take a = 4.5 mm,- with m = 4 we have d = 20.35 

am. In this case the power reflection coefficient far the two components is: 

Also for this component, to reduce the diffraction, it is better to stagger the 

spacers. 

A scheme of the polarizer is shown in fig.22. 

We note that using the.same principle and choosing appropriately.the plate depth -

and orientation respect the incident electric field, it is passible to design 

polarizers to obtain a circular or in general an elliptical polarisation <19>. 

Furthermore, we could apply the principle of these phase shifting plates an a 

reflecting surface, obtaining a polarizer reflector (the twist-reflector is an 

example of this application to turn the polarisation *jy 90° <20», with a 

plate depth about A /4. 

B- METALLIC PLATES MODE CONVERTER 

It is possible to use the same physical principle to convert a mode rad-ated by 

a circular waveguide into a linearly polarised beam. 
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The problem is to turn the polarisation Ei of the wave incident on the polariser 
into the wanted polarisation Eo. 
In this case we have to consider the bisectrix between the two fields Ei and Eo. 
The components of Ei parallel <EiX ) and perpendicular (Ei// ) to the 
bisectrix are shown in fig.23. To obtain as result at the exit of the structure 
the wanted Eo field, the Eij. component should not change, while the Ei// 
should rotate by If.. Therefore Ei 4. must be in the direction for which n = 1 

(perpendicular to the plates), while Ei// must be parallel to the plates with 
an n < 1. Besides, we have to choose opportunely the depth of the structure 
(constant along the radius) to obtain the wanted phase variation. 
This system could be easily applied to the lowest order modes, as the TEOl or 
the TE11. In fact, starting from their field directions in a circular waveguide 
section (fig. 24A, 23A), we can easily describe, by means of the method over 
explained, the plates configuration in order to obtain at the exit a linear 
polarization (see figs. 248 and 25B). 

C- METALLIC PLATES PRISMA FOR BEAM DEVIATION 

We can realize a prisma made of metallic plates as illustrated in fig.26 <21>. 
This prisma, installed at the exit of a waveguide should assure a deflection of 
the emitted beam. The electric field component parallel to the plates spaced of 
a distance "a" , is refracted with an index n given by eq.l4i 

Entering the first surface, the rays do not change direction, because the 
incidence is perpendicular, but at the second surface, they'are bent forward the 
normal at the surface. This is due to the different optical paths and hence to 
the different phase delay of the rays passing between plates of different 
lengths. 
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Fol lawi ng Snsl 1 * s 1 aw, the refraction cae-f-f ici en n is also given by the 
expression: 

In this case all the emerging rays are refracted of an angle À . 
To avoid diffraction at the second surface of the prisma, the condition given by 
aq.16 should be met. Far the prisma of fig.26 , this condition writes: 

A sin fir/a -jT) _ ̂  > \»,n(f-Aj\ 

where t is the plate thikness. 
Besides, the power reflection coefficient 

should be as low as possible. 
To obtain a beam deflection a certain plate depth is necessary, bit this should 
be as small as possible in order to reduce the ohmie lasses at the wall of the 
small rectangular waveguides composing the prisma. 
This problem which could limit the angle of deflection, could be partially 
reduced either gold-plating the prisma walls or cooling the whole structure. 
Also in this case the mechanical resistance is increased inserting between the 
plates seme staggered spacers. 
Taking into account all these conditions, it is possible to choose the geometric 
parameters of the prisma. Actually, to have a large deflection angle and a low 
reflection coefficient, the plate spacing "a" should be greater than the value 
required by :he diffraction condition. We estimate (for all the parallel platen 
components! that • a small increase of the diffraction is allowed, if the 
reflected power is reduced. 
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D- METALLIC PLATES MICROWAVE ZOOM 

An interesting application of a sequence of metallic plate lenses, cculd be the 
"microwave zoom". 
A system of two lenses at fixed distance is called in optic a "doublet". 
flanging the distance between the lenses it is possible to change the -focus of 
the whole system. Therefore we could focalize at different distances the 
microwave beam. 
The possibility of focusing a beam in different plasma sections, could open tne 
way to interesting plasma physics experiments at the frequence of resonance of 
the electrons 
At the exit of the oversized circular waveguide antenna, we could suppose that 
the rays of the emitted beam propagate parallel to the guide axis. Inserting a 
diverging lens the rays begin to spread until they encounter a second converging 
lens, after which the beam is focalized. Changing the distance between the two 
lenses, we change the focal plane, obtaining the "zoom1' effect. 
The project of the system is based on the fundamental formula of the optical 
doublet: 

where fl is the focal length of the diverging lens (fl < 0), f3 is the focal 
length of the outer surface of the converging lens (f3 > 0), f2 is the focal 
length of the inner surface of the converging lens (f2 < 0), "e" is the varying 
distance between the lenses and "f" is the focal length of the whole system. 
As we can see in fig.27, the first surface of the diverging lens placed at the 
end of the antenna is plane, as the incident rays are parallel to the axis. It 
is the second surface which gives the diverging effect. Its profile is based on 
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the reversed reasonment used to design a converging lens. The equation of the. 
diverging ' lens pro-file is still an ellipse with n < 1, but in this case the 
surface is convex. 
The second lens should be connected with the first one by i. precise mechanism to.. 
obtain their relative déplacement along the axis. It is a converging lens, and 
its first surface is given by a concave ellipsoid of revolution. Varying the 
lens distance between e = 0 and e = e max, its focus f2 varies around the 
focus fl of the diverging lens (see fig.27). 
In this case we should adapt "on average" the lens surface to the incoming rays, 
reducing the diffraction. 
The second surface of the converging lens is .also concave for the final 
focalisation of the beam. 
The focal length of each lens and their relative distance should be choasen to 
keep the system in the tofea. jti port and to focalize the beam from the external 
to the intsrnal plasma edge. 
For example, we suppose to design a microwave zoom at 60 GHz to use in TFR. 
Following the doublet formula, the adapted values have been found, and a 
geometrical ray-tracing description is shown in fig.27. 
The pl<Jte spacing, equal for the two lenses ( a = 4 mm), does not met exactely 
the diffraction condition, but permits a low refraction index n = 0.78, which 
leads to a power reflection for the whole system of about 4.5%. Choosing the 
following focal distances: 
f1 = -200 mm ; f2 = 240 mm ; f3 = 400 mm ; e = 80 mm 
the focal of the whole system ranges from 400 to 667 mm. 
Therefore the focalisation is possible for any radius of the plasma column. At 
the limit, we could change the focal plane during <•'"<; plasma discharge to 
optimize the microwave absorption. 
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CONCLUSIONS 

For the first time a microwave lens has been used at high power (2Û0 KU at 60 

6Hr in repeated pulses of 100 msec) to focalize the beam for the ECRH experiment 

in the tokamak TFR. This lens, was made of metallic plates (parallel to the 

incident beam polarization) opportunely distanced by means of staggered spacers. 

This structure, composed by small rectangular holes, had a concave surface, (in 

shape of an ellipsoid of revolution), in order to focalize the rays at the 

wanted distance. 

Law power tests confirmed the results thearically foreseen for the beam shape 

modification. Bath a TEH and a HEU mode radiated by a circular oversized 

waveguide were used in the experiment. A maximum intensity increase (about 3 d9) 

has been measured at 1/3 of the focal plane because of the focal shift due to 

the law Fresnel number, confirming the theory, fit this shifted distance a 

reducticn of about 50/i has heen measured for the -3 aB radius of the beam. The 

effect, of the beam concentration were extended well behind the geometrical 

focus. 

The lens structure realized in only one piece of inconel by electroerosion, 

supported the high microwave power without any cooling, neither showing an 

increase of the reflected power nor breakdown problems. 

The positive results obtained with the method of the metallic plates at high 

power, could suggest the design of other interesting microwave phase correctors, 

like polarizers, mode converters, beam deflectors (prismas) and even microwave 

zooms. 
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PiS- 1 - Normalised intensity distribution of TEil and HE11 modes insids a 
waveguids of radius A .. 
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Fig. S - Honey comb structure o+ circular holes -for z metallic ians 

Fig. 6 - Diffraction of a wave incident on a metallic plates lens surface 
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Fig. 7 - Percentage of power transmitted into the metallic plates lens as 
function of the angle of incidence &• and of the refraction index n 

Fig. 8 - Power reflection coefficient at normal incidence as a function of the 
refraction inn's:: n 
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n-AB + Br » KQ-n + OF n < I 

Fig. 10 - Imaging of Gaussian beam waist by a thin lens 

Fig. 9 - Optical-ray theory far the lens elliptical profile 
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Fig. 11 - Middle plane section of the lens illustrating the "average matehin 
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Fig. 12 - TFH Electron Cyclotron Resonant Heating experiment. Peloids! view of 
the tokamak with the 60 EH; waveguide-antennas and the metallic plates lens at 
the end of one of them 
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Fig. 13 - TFR-ECRH - 60 6HZ - 20O KM - 100 msec metallic places lens design 
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Fig. 22 - Metallic plates polarizer: rotation by 90° o-f the polarisation 
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Fig. 23 - The bisectrix between the incident field Ei and the output field Ea 
is perpendicular to the direction of the plates 
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Fig. 24 - Metallic plates mode converter: -from TEOl to horizontal linear 
polarization 

Pic. 23 - Metallic plates converter: -from TEll to horizontal linear 
polarisation .. 
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Fig. 2i - Metallic platas pris.ua. Side vréw 
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