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The physical and mathematical and metrological model of higher order propagation modes in multiprobe microwave
multimeter with three sensors was composed. The higher order propagation modes error estimation, which is proposed,
minimizes error by shifting sensors from the middle of the waveguide broad wall to the periphery, without changing the
distance between the sensors along the direction of energy propagation through the waveguide.
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1. Introduction great importance. For example, in the process wingr

Despite the efforts of specialists in the manufecnf and heating operations, especially practical valas the
generating units, all such devices until now geteerst ability to measure the power of wave types, whidh w
only the useful signal, but also higher order pgzgimn allow creating a uniform distribution of power flaensity
modes [2]. To reduce power level of higher orde _the heated object by adjusting the intensity the
propagation modes usually use filters [1], but rtheindividual types of waves. o . _
disadvantage is the high cost and complexity. In our view this area is sufficiently investigatetljt

The issue of determination of higher order propiagat metrological direction is remained little  studied.
modes spectrum are devoted such fundamental warksVganwhile, there is the prospect of more accurate
[4] (Fig. 1) and [3] Table 1. Fig. 1 shows the tielaship Measurements, in particular, the microwave passaver
between higher order propagation modes for a Wadegumul_tlprobe method, which led to interest in thigpontant
section 90x45mm. Table 1 show the quantitativereston OPIC. _ _
of the spectrum, which will be used in the simalati As can be seen from Fig. 1 for the second time
Interest in this subject is not weakened, and s5lesince harmonic modes H20, HO1, H11, H30, E1l, E2lare
for great variety of practical applications thioplem has Present.
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Fig. 1. The critical frequency of the waves in etaagular waveguide 90x45mm
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Table 1
Following harmonic spectrum istypical for M-413 klystron [3]
modes Fundamental Second Third Harmonic
Operating Harmonic 5712 8568MHz
frequency 2856 MHz
MHz
H10 3110 11,206 0,269
H20 1,130 1,490
HO1 52,570 0,754
H11 50,643 0,188
E1l1 8,261 0,450
H21 0,258
E21 0,174
H30 0,138
H31 0,093
E31 0,037
H40 0,042
Total 31 (0dB) 123,810 (-24 dB) 3,894 (-39 dB)
2. Physical and Mathematical Model of Higher Order Mismatched load leads to the appearance of thectefl
Propagation M odes wave in the microwave tract. The degree of mismadgch
quantitatively characterized by modulpnsand phasey of
4y complex reflection coefficient of the load. The leeted

wave, adding to the incident wave, forms the stagdi
wave in the tract. Thus the higher order propagatio
modes, the temporal harmonic generator, the stgndin
| 1 X wave create a complex structure of the field inside
waveguide, and on its walls [4].
- The absorbing cylindrical wall of the constantan is

Vg used as sensors. This sensor responds to the ricafiglet

z <« 22 component.

The components of the magnetic field vectors fer th
wave type H,,,, which is distributed in a rectangular
waveguide with the center coordinates, which isied on

Fig. 2. The coordinate system in a rectangular waiie  the axis of the waveguide in the direction to thed as

shown in Fig. 2 has the following form [8]
It is proposed a system of coordinates, the orain

that lies on the axis of the waveguide.
As we know the generator stipulates the signallleve
frequency range and the presence of harmonics.

o maf .2 na(  b)liler-p2) (1)
H, Hmnco{ a (x+2ﬂco{ 5 (y+2ﬂe ,

+ _igAm mr o, a nz( b lilwr-4) )
H |,8X2 Hmnsw{ a (x+2ﬂco{ 5 (y+2ﬂe ,

79 IKC3T, 2014Ne3

b/2

\ 4




IHOPOPMAILIIMHO-KEPYIOUI CUCTEMHU HA 3AJII3BHUYHOMY TPAHCIIOPTI

:iﬂ)):gHmn Sin[n;n(x+gﬂsm[nb (y+ bﬂ (M—,&) ©))
For waves of typeEm
Hy =i£ﬁE sin| mﬂ(x+aj co n”(y+b) ei(wT—ﬁZ) 4)
X Ze )( mn a > b > :
H+ |£X7mE co M(X"‘aj sin n”(y+bj eI(M_IBZ) (5)
y ZE X mn a 2 b >

We express the coefficients! yy, through the incident

power in a waveguide of rectangular cross section where - specific resistance}— depth of the skin layer,

2
A
Hmn = . oo
XA
abZg,1- ? To determine the distribution of heat sources resgs
T _ to calculate the scalar product of vectors of thegnetic
where d,,q, d,,0— Kroneker-Kapelli symbol field on the surface of an absorbing wall. The piids
calculated by expression
S = 1 at m=n; . . .
™M 10 at mzn. P(HEE(HE) +H§E(H§) +HZZE(HZZ)j
20 '

Similar expression can be obtained for the refbcte
waves. They differ from the incident wave (1)-(5y b
propagation direction (the propagation constanhgka its 3. Metrological model. Higher order propagation
sign to the opposite) and amplitude of the refleéstave is modeserror and its minimization
less than incident wave amplitude reflection caedfit

times. The sensors placed in a certain way in the waveguid
For each of the projections the incident wave addually are used to measure the power in the midradt
reflected wave tract. The passing power measured with multiprobe

multimeter is [7]

Hym=Hx +Hy, Hym=Hy +Hy, Hyp=H7 +HJ.
+P + -2(P?+ P2+
For each mode is written likewise projections oa th "? \/ {(P P P) 2(P P, +P )}
coordinate axes. According to the principle of
superposition field can be represented by the \iofig wherep — passing power without regard to higher order

expression
propagatlon modes;
7 s 7 s 7 R — sensor signal.
= Zmenv Hy = Z Hymn- Hz = ZHzmn
mn=1 mn=1 mn=1 .
Hence, the relative error

The sensor reacts to the magnetic field by heafihg.

surface density of heat sources 5= Prpo = Prp -1- Prp ,
P, P
s po np0
_ oA
20N
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ordeB.3. Minimization of higher order propagation modes
error for thethree sensors
For the three sensors graphical representatiorois n

where Pnpo passing power with higher

propagation modes

or working, so the error is a function of the positiohthe
0= Hio—2Hm ) three sensors. Therefore, to minimize errors letuss
Hqg formal methods of optimization, namely, the gratlien

method of Frank-Wolfe [6]. A typical feature of shi
problem is that the system of its limits contaimtydinear
equations. So the original nonlinear problem soluttan
ge reduced to solution of linear programming protseln
addition, we make the assumption of the concavereaif
the response surface.

As known, when this iterative method is used, st fi
we find the coordinates of first approximation smo
point X, then the gradient is find in the pointettha linear
gjrnctlon of the coordinates is built, where the fioents
are taken from the gradient at this point. Then lthear
function minimum is determine, it gives the corresging
coordinates of Z. New point is calculated from the
following expression.

3.1. Minimization of higher order propagation modes
error at a sensor bias

Due to the great complexity of the problem for th
three sensors let us fix the position of two sewsorthe
middle of a broad wall of waveguide, and positidrthe
third sensor varies through waveguide broad wall.
According to the simulation results it is recommeddo
place the sensor offset from the center of broaldl afahe
waveguide to the periphery, then the higher ord
propagation modes error is reduced to 0,19 %.

3.2. Minimization of higher order propagation modes
error for thetwo sensors

Let us add yet another mobile sensor. As between th
sensor and the error is a complex relationship ralieg to Xy = Xk +’7(ZK - Xk )
the physical and mathematical models and metradbgic
models let us simulate the movement of both senasrswhere X, — coordinates at iteration;
related events? Fig. 3 depicts th'eilevels of erritrés Z . — minimum coordinates;
evident that the error reaches a minimum at a d&fidsth )
sensors from the center to the periphery in theesam 77~ Step. the value of which ranges from 0 to 1. The
direction of 0.02 and 0.02 from the center of brawall correct choice of the step is very important beeaits
and the error is about 0,15 %. Fig. 5 shows a thréefluences the convergence of the algorithm as alevh
dimensional graph, which allows to visualize thédgor The novelty is that it is proposed to calculategtep using
of the error depending on the sensor location. a graphical method, which greatly simplifies catidns

(Fig. 4). The tools of taking the partial derivaiwusing

poet® T ois1 "8 MathCAD are used. The derivative of the error stidu
B b Aa]0- 16 En zero. In this figure, the derivative of the erreaches the
]u'. 415 zero value at7 =0,7.
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Fig. 3. The level surfaces of higher order propiagat

modes error
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Fig. 4. Determination of the step in the method

of Frank-Wolfe

Based on the simulation of the two sensors surfdce4. Conclusion

the response behavior, one can draw conclusion that g, quantitatively and qualitatively the higheder
surface is concave, i.e. there is only one extreme. propagation modes error depending on the posiorsar
across the wall of waveguide was evaluated ingtudy. It
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is at least 11% at the optimal placement of sensbrsuemoJiocHbIX COCTABJISIIOLINX reHepaTopa B
0.0225 m from the center to the periphery of th@morozommoBoM MHKPOBOIHOBOM MYyJALTHMETpPE H
waveguide. The error should be considered as arag$ic cnmoco6bI ee KoMnencauuu. B 1aHHOM cTaThe MOCTPOEHBI
error remnant. And such result can be explainedhey ¢usuko-maremaTnueckass M METPOJIOTHYECKAS MOJEIH
superposition of higher order propagation modgSera BHEMOIOCHBIX COCTABJISIONIMX CHIHAJA IEHEpATOpa
structures. B MHOTO30HIIOBOM MHKPOBOJHOBOM MYJIBTHMETPE C TPEMSI

For the case when takes into account fundamematuukamu. IlpousBegeHa OIEHKA TMOTPEHIHOCTH OT
operating frequency, the second and third harmoofcs BHenonoCHBIX COCTABNSIONINX CUTHANA TeHepaTopa, Ajs
higher order propagation modes the result are gnak) MuHEMH3aLKMK KOTOPOW MpENIAracTcs CMECTHTh AATYHKU
the method of quantitative evaluation of the eremains or cepeanHsl MUPOKOH CTEHKH BOJHOBOJA K Hepudepuu,

same. HE MEHsIsSI IPU 3TOM PACCTOSHUE MEXAY AaTYMKaMU BAOJIb
HaIpaBJICHUS PACTIPOCTPAHEHUsI SHEPTUU IO BOJHOBOY .
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