19 DANMARK (10 DK/EP 2954319 T3

(12) Oversaettelse af
europeeisk patentskrift

Patent-og
Varameerkestyrebsen

(51) Int.Cl.: G 01 N 33/28 (2006.01) G 01 N 22/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2018-01-08

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2017-10-04

(86) Europeeisk ansggning nr.: 14702584.5

(86) Europeeisk indleveringsdag: 2014-02-03

(87) Den europeeiske ansggnings publiceringsdag: 2015-12-16
(86) International ansggning nr.: EP2014052036

(87) Internationalt publikationsnr.: WO2014122093

(30) Prioritet: 2013-02-05 NO 20130180

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE S| SK SM TR

(73) Patenthaver: ROXAR FLOW MEASUREMENT AS, Postboks 112, 4065 Stavanger, Norge
(72) Opfinder: NYFORS, Ebbe Gustaf, Einartangen 26 A, NO-4309 Sandnes, Norge

(74) Fuldmaegtig i Danmark: Patrade A/S, Fredens Torv 3A, 8000 Arhus C, Danmark

(54) Benaevnelse: Ledningsevnemalinger

(56) Fremdragne publikationer:
WO-A1-03/034051
WO-A1-2007/018434
WO-A1-2007/129901
GB-A- 2 376 074
WYLIE S R ET AL: "RF sensor for multiphase flow measurement through an oil pipeline”, MEASUREMENT
SCIENCE AND TECHNOLOGY, IOP, BRISTOL, GB, vol. 17, no. 8, 13 July 2006 (2006-07-13), pages 2141-2149,
XP002590084, ISSN: 0957-0233, DOI: 10.1088/0957-0233/17/8/013



DK/EP 2954319 T3



DK/EP 2954319 T3

DESCRIPTION

[0001] This invention relates to a measuring system for measuring the characteristics of a
fluid flow, especially a multiphase fluid flow comprising a fraction of water.

[0002] In oil and gas production and processing it is necessary to monitor the content and
properties of the fluid flow as the fractions of oil, gas and water and the salinity of the water will
change during the production and will affect the further processing. Several types of
technology have been used to sample the information necessary to find the fractions and the
salinity, such as acoustic measurements, pressure, gamma and electrical measurements. The
present invention relates to electrical measurements used to determine the content in mixtures
of oil, gas, and water and specifically the conductivity of the water of the flow, thus indicating
the salinity and/or the water content in the flow. Dissolved salts in the water gives the water
conductivity. The conductivity depends on the amount and type of ions in the solution, and the
temperature. The water in a multiphase flow in the oil industry may contain several types of

ions, but the by far most common arc Na* and CI" from sodium chloride. By salinity we here
mean the equivalent amount of sodium chloride, which gives the same conductivity as the
actual solution, and it is expressed in % weight of the saline water.

[0003] As will be discussed below the solution according to the present invention use a
microwave method which primarily provides a measure of the conductivity. The salinity can be
calculated from the conductivity and the temperature using known models. In the same way
the conductivity can any time be calculated from the salinity and the temperature using the
same model in reverse.

[0004] In US 6182504 a solution is discussed measuring the dielectric constant of the mixture
as well as temperature, and then from these measurements decide whether the flow is water-
or oil-continuous, and based upon this decision decide the type of measurements to be
performed.

[0005] A method for measuring the multiphase flow is described in PCT application
WO02005/057142. In this case the properties of the flow are measured as a function of the
frequency of the electrical field applied through the transducers. The properties of the flow, or
more precisely the electromagnetic loss and phase measurements, are measured in at least
two directions in the flow, and the degree of annular flow is determined. The purpose of the
solution disclosed in W0O2005/057142 is thus to correct for measurement errors in specific flow
regimes, mainly that of annular flow. It measures the cross section and closer to the wall to find
out whether there is a difference.

[0006] In international application WO2007/018434 , a solution is found for measuring the
salinity/conductivity of the water in a multiphase flow. It is about measuring the differential
phase shift at two or more frequencies with a transmission sensor made of three small
antennas mounted in the pipe wall. This patent application is only related to measuring under
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water-continuous conditions.

[0007] In WO2006/019311 a method is described for measuring the salinity/conductivity of the
water in a wet gas flow. This patent application relates to measuring the steepness of the
phase response at the cut-off frequency. This is related to the losses caused by the
conductivity, which are related to the salinity/conductivity. The problems with the method are
related to the fact that the phenomenon is not monotonous, even though this is not mentioned
in the patent, but shown here below.

[0008] In WO2008085065 a resonator is described which measures on the liquid film on the
pipe wall in a wet gas flow. It is optimized for wet gas, i.e. very small amounts of water, and
may become over-sensitive with multiphase flow.

[0009] One problem related to the known art discussed above is to obtain a measure of
conductivity/salinity in an oil- or gas-continuous multiphase (including wet gas) flow so as to
provide important information such as detection/measurement of formation water in wet gas,
and for making a watercut or wet gas meter independent of changes in salinity.

[0010] As mentioned in US 6182504 resonance may be used in relation to finding the
conductivity in a flow. This is also described in and discussed in theory in Ebbe Gustaf Nyfors,
"Cylindrical microwave resonator sensors for measuring materials under flow", Thesis for the
degree of Doctor of Science in Technology, Report S243, May 2000, Helsinki University of
Technology (ISBN 951-22-4983-9). As described in the thesis, a microwave resonator stores
electromagnetic energy. In a measurement situation energy is fed into the resonance by the
exciting source, and dissipated by various sources of losses. In the case of measuring a
mixture containing water droplets, the currents induced in the droplets is one source of losses.
Therefore the conductivity affects the resonance. A resonator has two main features, the
resonant frequency and the Q-factor. Both are affected by the complex permittivity (also called
dielectric constant). The fact that it is complex means that it has both a real and an imaginary
part. The imaginary part is affected by the conductivity. With an oil- or gas-continuous mixture,
which can be considered as a low-loss case (the imaginary part being far smaller than the real
part) because the mixture is not conductive as a whole, the resonant frequency will depend
mainly on the real part of the permittivity and the Q-factor also on the imaginary part.

[0011] The thesis also explains that microwave resonators can be described in terms of
waveguide modes in transmission lines, like e.g. in hollow waveguides. A resonator can be
formed either in a section bounded by two reflecting discontinuities (like grids, or a change of
cut-off frequency) or by a hollow waveguide at cut-off, as explained below.

[0012] Electromagnetic energy can propagate in a hollow pipe (waveguide) as wave modes.
Theoretically speaking a wave mode is a given field pattern, which is a specific solution to the
electromagnetic problem in that environment, taking into account the boundary conditions (e.g.
the electric field parallel to the metal wall must be zero at the surface). There are many
solutions, i.e. wave modes. All wave modes in hollow pipes have one thing in common, they
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have a so-called cut-off frequency. This means that the wave mode can only propagate at
frequencies higher than the cut-off frequency. But all modes have different cut-off frequencies.

[0013] If one makes a resonator into a pipe, and the resonant frequency is higher than the
lowest cut-off frequency, the energy can escape and propagate away in the pipe (unless
bounded by e.g. reflecting grids). This increases the losses of the resonator, i.e. the Q-factor
becomes lower. Because the invention relates to measuring conductivity based on the losses it
causes in a resonator, i.e. the conductivity reduces the Q-factor, it is easy to understand that
the losses caused by radiation reduce the sensitivity and accuracy of the measurement. If on
the other hand the resonant frequency is lower than the lowest cut-off frequency of the pipe,
no energy can escape by radiation into the pipe and propagate away on a wave mode.
Therefore the resonator structure can be relatively open (as the fin sensor as disclosed in
WQ099/063331) without causing extra losses reducing the Q-factor.

[0014] Another peculiar thing about wave modes is that the energy propagates with a velocity,
which depends on the distance (in frequency) to the cut-off frequency. The closer to cut-off the
slower they propagate. Exactly at the cut-off frequency they do not propagate at all. The wave
mode is however excited or launched, but the energy stays where it is excited. This is in fact a
resonance. l.e. each wave mode has a resonance at cut-off. This can also be used for
measuring purposes. This resonance is, however, not a very good one. The peak has a given
width, i.e. some distribution in the frequency domain. On the lower side of the top of the peak
at the resonant/cut-off frequency the pipe provides radiation protection. On the upper side the
energy can leak away, because the frequency is above cut-off. Therefore such a resonance
peak is somewhat asymmetric, being steeper on the low-frequency side. It can, however, be
used for measuring purposes. One way is to measure only the lower half, and then make a
mirror image at the upper side to construct a whole peak. An advantage with this kind of
resonator is that it is completely non-intrusive. Only some probes/antennas for coupling the
energy are required. An example of a high-quality cut-off resonator is the above mentioned fin
sensor. The resonance is a cut-off resonance at the cut-off of the section with the fin. In
addition the resonator is bounded by sections without a fin, which have a higher cut-off
frequency. The fact that is bounded (i.e. limited to the section with the fin) also has an effect on
existence and location of the other resonance modes at higher frequencies, and is therefore
relevant for the invention, as described below.

[0015] Thus a resonator sensor may be used for measuring complex permittivity under low-
loss conditions and therefore a good solution. The conductivity affects the imaginary part of the
permittivity, and will therefore affect the Q-factor of the resonator, e.g. aus described in WO
2003/034051. The problem is that the imaginary part of the permittivity of an oil- or gas-
continuous mixture is not a monotonous function of the conductivity of the water. Therefore the
change in the Q-factor is not monotonous as a function of the conductivity. Therefore the
measurements are ambiguous. This is seen in practice and predicted by the Bruggeman
equation, which is an equation for calculating the permittivity of a mixture from the permittivities
of the constituents and the volume fractions.
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[0016] The ambiguity of the Q-factor as a function of conductivity, is as used in the system
according to the present invention, a function of frequency. By performing the same
measurement on two frequencies one can therefore solve the conductivity unambiguously, as
will be discussed below.

[0017] Thus an additional object of the present invention is to provide a simplified measuring
system for accurately and unambiguously monitoring the conductivity of the water in an oil- or
gas-continuous multiphase or wet gas flow. This is performed using a measuring system as
described in the following and being characterized as stated in the independent claims.

[0018] Thus the method and system according to the invention provides an improved
measure of the conductivity in the flow by providing measurements at two resonant
frequencies, the first resonant frequency providing information about the water content
(watercut or water volume fraction) while the two Q-factors providing information also about the
conductivity of the water. The two resonant frequencies may be in the same position and
resonator, but may also be provided in two different resonators, e.g. having different cut-off
frequencies such as in a pipe with two different diameters. Any sensor solution providing clear
resonances in the flow may be used. Also, more than two resonant frequencies may be used.

[0019] The first resonant frequency may be close to the "cut-off frequency"”. Typically the wet
gas meter or a watercut meter comprising a microwave fraction measuring system uses one
resonant frequency to find the permittivity of the mixture. From the permittivity of the mixture,
and the permittivities of the constituents, the mixing ratio, i.e. the fractions can be found. The
Q-factor of the peak is affected by the losses due to conductivity in the water, but it is not
unambiguous. But because the phenomenon is frequency dependent, one can get an
unambiguous measurement of the conductivity by measuring the Q-factor of two peaks. l.e.
one chooses a design such that two peaks are available. The resonant frequency of one is
used for finding the fractions (watercut or water volume fraction) and the Q-factors of both to
find the conductivity. This is a minimum. It is of course possible to make a correlation e.g. using
neural networks making the connection between the resonant frequencies, Q-factors, and
fractions and the conductivity. Of the two resonances one may be a cut-off type resonance (or
even both, if the pipe diameter changes as in a venturi).

[0020] One of the resonances may or may not be a cut-off resonance, as described above.
Actually both may be cut-off resonances, if the pipe diameter changes, e.g. one can be
measured in the venturi throat, and the other in the larger pipe up- or downstreams of the
venturi. The core in the invention is to measure the Q-factor of two resonances at different
frequencies. From them the conductivity can be calculated. But generally the water content
needs to be known, and roughly the frequencies for the Q-factors. Therefore a recommended
procedure would be to measure both resonant frequencies and Q-factors, calculate the water
content from one resonant frequency, and then the conductivity of the water from both peaks.

[0021] Any resonator has a peak in the insertion loss (i.e. the attenuation of the signal going
through), when measured in transmission with two (or more) probes. In the same way any
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resonator displays a dip in the reflected power (return loss), when measured in reflection using
only one probe.

[0022] It is also important to note that the frequency response of a resonator, whether
measured in transmission or reflection, has both an amplitude (power) and a phase, as
described in the thesis by Nyfors. Therefore the resonant frequency and Q-factor, or another
parameter related to the losses (as e.g. steepness of the phase response), can also be
determined by measuring the phase instead of the power, or both.

[0023] In the present specification "resonance peak" may also be understood as a "dip" in the
spectrum, depending on the provided sensor and the term "Q-factor" also includes related
variables such as peak width, related to the quality and definition of the resonance peak.
Microwave is also to be understood in the broad sense essentially covering the range in the
electromagnetic spectrum in which resonance is obtained in the flow. In addition the term WVF
is used for water volume fraction, water cut or water content.

[0024] The invention will be described below with reference to the accompanying drawings,
illustrating the invention by way of examples.

Figure 1a
illustrates the principal design of a conical insert in a pipe. Only one probe is shown,
which is enough for measuring in reflection.

Figure 1b
illustrates the measured transmission frequency response of a typical conical insert as
measured with two probes. The two first resonances are shown, which could be used for
the invention. In this case both resonances belong to the same resonator.

Figure 2a
illustrates the principal design of a fin resonator.

Figure 2b
illustrates the measured frequency response of a fin resonator, with the first two
resonances shown, which could be used for the invention. In this case both resonances
belong to the same resonator.

Figure 3
illustrates an example using the Bruggeman equation for calculating the Q-factor for a
mixture of diesel and water, WC=5%.

Figure 4
illustrates the measured Q-factor of a coaxial resonator with a mixture of diesel and
water (WC=5%) compared with that predicted using the Bruggeman equation. T=53.5°C.

Figure 5
illustrates the measured Q-factor in a wet gas flow as a function of salinity at a frequency
of 300 MHz. The WVF (water volume fraction) was 0.1%, and the CVF (condensate
volume fraction) was 0.332%.

Figure 6
illustrates the calculated change in Q at 500 MHz vs. at 1000 MHz caused by
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conductivity. The points indicate a salinity of 0, 1, 5, 10, and 15%. The temperature is
20°C.

[0025] Figure 1a illustrates a conical insert 1 used as a resonator in a pipe 2, as discussed in
above-mentioned W02010/115883 including a coupling device 3. The coupling device 3 may
constitute a probe for applying the electromagnetic field and/or sensing the electromagnetic
field for the purpose of determining the resonant frequency and the Q-factor. Figure 1b
illustrates the frequency response of a typical conical insert in a frequency range comprising
two resonant frequencies 4,5. A typical pipe diameter may be in the range of 50mm to 245mm,
but this may vary depending on the situation.

[0026] Figure 2a illustrates an alternative resonator constituted by a fin 6 extending into the
flow. Figure 2b illustrates the two first resonance peaks in this configuration, based on an inner
pipe diameter of 146.4mm with a fin length of about one pipe diameter.

[0027] As will be obvious to a person skilled in the art, several configurations may be
contemplated. A plain, unobstructed pipe will have a single resonant frequency at the cut-off
frequency. It is, however, possible within the scope of the present invention to use two
resonators at two different pipe diameters, each resonating at cut-off, comparing the Q-factors
(or some other parameter related to the losses, as e.g. the peak width or the steepness of the
phase response) for measuring the conductivity according to the invention. Resonance at cut-
off will also have some extra loss due to radiation by propagation in the pipe on frequencies
above the resonant frequency, i.e. in the right half of the peak resulting in an unsymmetric
peak, which reduces the accuracy of the measurement of the Q-factor. Thus for high
measurement accuracy preferably some structure should be provided providing a resonant
frequency below the cut-off frequency, while a plain cut-off resonator as discussed above is
attractive as being completely non-intrusive

[0028] Figure 3 illustrates an important aspect of the present invention as the measured Q-
factor depends on the conductivity of the water in the flow as well as the resonant frequency. At
any single frequency the change in the Q-factor due to conductivity is not monotonous. Thus
the Q-factor can obtain the same value for two different values for the water conductivity. But
because of the frequency dependence, measuring the Q-factor at two different frequencies will
provide a unique measure of the conductivity of the water in the flow.

[0029] This is also illustrated in figure 4 and 5. In figure 4 the Q-factor is measured (*) and
calculated (-) while varying the salinity of the water of a known mixture of diesel and water, at a
resonant frequency of 941MHz. In figure 5 the Q-factor in a wet gas flow is measured as a
function of salinity at a frequency of 300MHz. The WVF (water volume fraction) was 0.1%, and
the CVF (condensate volume fraction) was 0.332%.

[0030] Figure 6 illustrates a comparison between two sets of measurements at two resonance
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frequencies, 500 MHz and 1000 MHz, with salinities of 0, 1, 5, 10, and 15%, counterclockwise
starting a 0%, with watercut 2.5% and 5%. The change in Q-factor AQ at 500 MHz and 1000
MHz between the salinities at two watercut ratios defined different curves and thus by knowing
the watercut the salinity may also be found.

[0031] The resonant frequency is affected primarily by the watercut or the WVF, but also as a
secondary effect by the salinity. Therefore the salinity or the water conductivity is normally
given as a manual input through the user interface in watercut or wet gas meters. If the salinity
varies over time, which may happen of a variety of reasons, this will affect the accuracy of the
readings. Therefore the ability of the meter to measure the salinity as according to the
invention will provide a higher accuracy for the watercut or WVF measurement, and especially
to maintain the accuracy over time as the salinity changes. And in addition the salinity is
important information as such, and therefore an important output parameter as an extra
feature of a watercut or wet gas meter. Especially with wet gas, the salinity is an indicator of
the production of formation water, which is very important information. But regarding the
retrieval of the salinity and the watercut or WVF: Each point in the diagram defines a unique
combination of watercut or WVF and conductivity. Therefore prior knowledge of the
watercut/WVF is not needed to be able to calculate the conductivity. I.e. one will get both from
just the Q-factors. On the other hand, the resonant frequency will give a more accurate
measure of the watercut/WVF. Therefore a recommended practice would be to derive a first
estimate for the watercut/WVF from the resonant frequency of one of the peaks and the
conductivity from the Q-factors, then calculate a more accurate watercut/WVF from the
resonant frequency, then improve the conductivity result, etc. Thus an iterative process would
give the highest accuracy for both.

[0032] To summarize the system according to the invention thus relates to a system for
measuring conductivity of the water in fluid flows constituted by oil- or gas-continuous mixtures
comprising a measuring section including means for emitting electromagnetic signals into a
pipe containing said flow within at least one chosen frequency range and means for detecting
resonance frequencies within said range. The measurement is preferably performed by
transmitting a frequency sweep into said pipe and measuring the response to provide
information about the resonant frequencies and Q-factors. Q-factors according to the present
invention may also be understood as including the phase response or peak width without
directly calculating the Q-factor value.

[0033] The measuring section comprising features for providing at least two resonant
frequencies within said at least one frequency range. The system also comprising means for
based on at least one of the resonance frequencies, a first Q-factor related to the
corresponding resonance peak as well as the Q-factor of a second resonance peak,
calculating the conductivity of the water of said flow. The calculations thus being based on
minimum one measured resonant frequency and two Q-factors. The second resonant
frequency may optionally also be determined in order to increase the accuracy.

[0034] The measuring section may preferably comprise an insert or other structure in said
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flow, which results in a resonant frequency which is lower than the cut-off frequency of the pipe
or the cut-off frequency in each end of the measuring section, and thus may allow the structure
to be relatively open and little intrusive, and still have a high Q-factor. A high Q-factor (i.e. low
total losses) enables a high sensitivity to the losses caused by the conductivity in the water.
The insert may be chosen from a wide range of structures such as a conical insert, fin or any
structure providing a defined reflection at two locations (such as two metal grids, or other
open- or short-circuited ends of a transmission line structure, like the open end and the end
shorted by the legs of the conical insert, or the ends of the fin) so as to obtain a resonance
between the reflecting locations. Two different resonant frequencies may be obtained by two
structures having two different resonant frequencies or preferably by providing an insert giving
two resonant frequencies within the emitted frequency range. More than two resonanct
frequencies and Q-factors may also be utilized.

[0035] The measurement section may also preferably comprise a plain pipe, as discussed
above, in which case it is a cut-off resonator. This structure is preferable if non-intrusiveness is
the highest priority. By analogy with the reflecting points in resonators formed by inserts, the
opposite sides of the pipe form the reflecting points as the propagation at the cut-off frequency
is purely radial. Because the invention requires a minimum of two resonances, a cut-off
resonator must be combined with either another cut-off resonator, where the pipe diameter is
different (as in the venturi throat), a resonator based on another structure (such as an insert),
or another wave mode may be used. Because a waveguide can support a number of different
wave modes, which all have different cut-off frequencies, it is possible to use two different cut-
off resonances in the same pipe. Care must then be taken in the choice of modes and the
choice of type and location of coupling devices so that power will not leak from the mode with
the higher cut-off frequency to the one with the lower cut-off frequency. It may be preferable to
use separate coupling devices for the minimum two modes. They can then be mounted at
locations, where the other mode has zero electric field, and therefore only couple to the
desired mode.

[0036] The calculation comprises a comparison between said measured values and an at
least partially empirical model based on a known measuring situation stored in the system.
Alternatively the calculation of resonant frequency and Q-factors is performed in a neural
network model, thus relating to a model found and stored by the computer as a result of
previous measurements and/or a predetermined model. The resonant frequencies and Q-
factors would normally be calculated first in the "normal” way from the measured frequency
response/sweep. Then a neural network or multivariate analysis-based model could be used
for finding the conductivity of the water. It may also be contemplated to directly input the raw
measurements, without calculating the resonant frequencies and Q-factors at all.

[0037] The detection of the resonance (the resonant frequency and Q-factor) may be
performed by different types of measurements, as for example discussed in chapter 3 in the
Nyfors report or other of the referred documents, and will not be discussed in detail here. The
determination of each Q-factor is also per se known, e.g. from the abovementioned
publications.
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Patentkrav

1. System til maling af vandfraktionens ledningsevne i en flerfaset fluidstrom,
hvilket system omfatter et maleafsnit, der omfatter midler til at udsende elektro-
magnetiske signaler ind i en rar, der indeholder stremmen, indenfor mindst en
valgt frekvensomrade, samt midler til at registrere resonanser indenfor omradet,
kendetegnet ved, at maleafsnittet omfatter foranstaltninger til at tilvejebringe
mindst to resonanser indenfor det mindst ene frekvensomrade, hvilket system
ogsa omfatter et middel til at beregne vands ledningsevne i stremmen pa basis af
mindst en fgrste resonansfrekvens og en fgrste Q-faktor relateret til den modsva-

rende resonansspids savel som Q-faktoren af en anden resonansspids.

2. System ifglge krav 1, hvori maleafsnittet omfatter en indsats i stremmen,

f.eks. en konus eller finne, der definerer en resonator i rgret.

3. System ifglge krav 1, hvori beregningen omfatter en sammenligning af de mal-
te veerdier med en i det mindste delvis empirisk model baseret pa en kendt male-

situation.

4. System ifelge krav 1, hvori den anden resonansfrekvens registreres.

5. System ifglge krav 1, hvori beregningen af ledningsevnen udfares i en neural

netveerksmodel.

6. System ifglge krav 1, hvori beregningen af resonansfrekvens og Q-faktor udfe-

res i en neural netveerksmodel.

7. System ifalge krav 1, hvori mindst en af resonanserne er ved rgrets mindste

afskeeringsfrekvens.

8. System ifalge krav 7, omfattende to maleafsnit, der hver omfatter midler til at
udsende elektromagnetiske signaler ind i et rgr indeholdende stremmen indenfor
mindst et valgt frekvensomrade, og midler til at registrere resonansfrekvenser
indenfor omradet, hvor de to maleafsnit har forskellige resonansfrekvenser, og
hvor de fgrste og andre Q-faktorer bliver fundet for den fgrste og anden maleen-
hed.
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9. System ifglge krav 8, hvori begge resonatorer tilvejebringer resonans ved af-
skeeringsfrekvensen, f.eks. én i rgret og den anden i en indsneevring sasom en

venturiforsnavring, eller en forstarrelse.

10. System ifglge krav 1, omfattende et middel til at male fasereaktionen i et om-
rade omkring hver resonansfrekvens, hvori Q-faktorerne beregnes af den malte

heeldning af fasereaktionen.

11. System ifglge krav 1, hvori den mindst ene resonator udgeres af enderiste,
som tilvejebringer forkortede ender pa de elekiromagnetiske bglger, men tillader

strammen at passere.

12. System ifglge krav 1, hvori den mindst ene resonator er under den laveste

afskaeringsfrekvens pa rgret.

13. System ifglge krav 1, hvori mindst to resonanser er ved afskaeringsfrekvenser

for forskellige bglgeformer i samme ror.
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