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Abstract: The paper describes the content and methods applied
teaching the discipline “Physics. Field Theory”.

Physics is one of the fundamental disciplines in the curriculum of
bachelors’ training in radio engineering. Its branch “Physics of electromagnetic
fields” requires some specific teaching methods due to oversaturation with
complex formulas and complicated mathematical apparatus of the theory of
field.

Most students find this branch of physics quite confusing because of the
difficulty of visualizing the interaction of electromagnetic fields in the space
from multiple separate emitters.

To increase the effectiveness of teaching the subject, the authors combine
the following teaching methods: method of education (reference method in the
educational process) and methods of influence, including verbal methods
(narrative, conversation, lecture), visual methods (demonstrations, illustrations),
and practical methods (exercises and tasks).

The method of education is a key component in the overall process of
educating students, which is the lever that drives its internal and external
resources. The method of education is the most variable component of the
educational process, which is closely associated with the relevant objectives of
the process of education. Methods of influence are understood as ways and
means of interlinked activities between a teacher and students aimed at
developing tools and skills via math software.

The main purpose of such a “diverse system” is that it allows the most
complete influence on the students. This creates an internal stimulus of interest
and curiosity of students, increases their practical activity [1].
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The quality of the learning process can be significantly improved by using
a training program for calculation of antenna arrays that enable to visualize the
interaction of electromagnetic fields in the space from multiple separate
emitters.

The quality of such an educational process manages to be raised
considerably, applying the training programs of calculation of antenna arrays
that allow you to visualize the most interaction in the space of electromagnetic
fields from a variety of individual emitters. In practical classes the authors
tested several programs in the mathematical environments MatLab, MathCAD,
C++, Borland Delphi, HFSS, MMANA-GAL [2, 3].

These programs help students to speed up the development of the
calculating algorithm and understand the physical nature of the mutual influence
of design parameters of the aerial on each other and its radiation pattern (RP).
The form of recording mathematical expressions in the program plays an
important role, namely, its proximity to the usual mathematical symbols.
Besides, the fast reference to graphs is essential to trace the influence on the
ultimate result of calculations of any changes in the values of variables in
mathematical expressions.

Mathematical environment MathCAD satisfies these requirements to the
greatest extent. As an example of creating the training program in this
environment, let’s consider a program calculating linear equidistant antenna array
(AA) [4]. According to the rules of writing programs in mathematical
environment MathCAD, first it is necessary to make the description of the
variables (Fig. 1), namely, the AA design parameters: the number of emitters,
the distance between them, their mutual arrangement, the phase difference
arising in the emitters of electromagnetic waves and their amplitude.

- Mathcad lNpodpeccHoHanshan Pycckas Bepoma - [PZ_ARZnew.mcd]
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Symbols and initial data

Quantity of elements of antenna lattice - N W= 11
n=1.H

Wavelength =01

Propagation constant - k Lk = M

A

Distance between components - d  d = 0.5

Phase difference between the contiguous items - o =0
Sector of comer calculations of BW antenna lattice o = —90,-89. 30
Current amplitude of antenna lattice element namber n I'n

Fig. 1. Rectilinear equidistant linear phase array antenna
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The figure shows that variables are

d . :
written as common mathematical symbols
)i or expressions that simplifies the
comparison of the program code with the
2 lecture material. The program can contain
AA graphic representations, explaining its
n design features, and a text description of

Fig. 2. Amplitude distribution the set variables.

“cosine square on a pedestal”: Further, in the form of usual

1 — cosine square on a pedestal; mathematical expression, there is the

2~ value of a pedestal program description of possible kinds of
peak distributions of an electromagnetic field along axis AA, uniform and
“cosine square on a pedestal” (Fig. 2).

To arouse students’ interest in learning physics the authors use the method
of visual analogies. This method enables to enhance personal and emotional
state of students.

“Cosine square on a pedestal” has the form

Toosn =A+(1+ A)cos(ni” )

Each mathematical expression is followed by their graphic representation.
Changes in the value of a pedestal A (Fig. 1) will lead to immediate changes in
the form of the graph of amplitude distribution (Fig. 2). By using the ability to
output the calculated values of the mathematical expression for the set of
variables in the environment MathCAD, you can view the normalized amplitude
of the electromagnetic field in each AA emitter.

Having set the number of AA emitters, their arrangement, the distance
between them, the peak and phase distribution of the field along the array axis
we can start RP calculation according to “the theorem of multiplication” which
is formulated as follows: RP of AA is the product of RP single element on AA
multiplier which represents the RP of the same AA, but consists of non-directed
elements.

Apparently this formula is not very convenient for perception. Therefore
the program has the graphic interpretation of “the theorem of multiplication”.
For this purpose, in the beginning, it is required to calculate the AA multiplier
at various amplitude distributions in linear scale (Fig. 3).
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Fig. 3. Types of amplitude distribution:
1 — amplitude distribution “cosine square on a pedestal” m(0);
2 — uniform amplitude distribution x(0)

104 BOMPOCbLI COBPEMEHHOW HAYKU U MPAKTUKN.



Further, according to “the F
multiplication theorem” the calculation y N
of RP of AA single element is made, / \
which is accepted as a symmetric half- / \
wave oscillator (Fig. 4). / \

After the calculation AA multiplier / \
and RP of its single element, their
multiplication is made. / \

For better mastering of physical / \
essence of “the multiplication theorem” / \
and understanding of the influence RP 0
of single element AA on its RP, all the Fig. 4. Symmetric half-wave oscillator
three components of “the multiplication
theorem” are programmed and deduced on the separate graph simultaneously.
In the program the graph is entitled “The illustration of the theorem of
multiplication of radiation patterns” (Fig. 5):

t(0)=Fc rawn(0); y(0)=F AR rawn(0).

In accordance with the plan of practical training and using the described
program, students complete practical tasks, such as to calculate and build on a
personal computer using the training program the multiplier and the linear
pattern of the AA under the following conditions.

1. Quantity of elements AA — N = 2; distance between elements AA —
d = 2; a difference of phases of currents in next elements AA — o= 0; [,,; = L.

2. Quantity of elements AA — N = 2; distance between elements AA —
d = \; a difference of phases of currents in next elements AA — a = 180°
I, =1,,, etc.

Performance of these tasks allows the students to investigate the influence
of all design data AA on the form of its RP.

The program described above and the methods applied in educational
process, have been used by the authors in practical classes within several years.
It reduces studying time of the difficult theory to 8 academic hours, including
two lectures, one practical class and one lab lesson.

F
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Fig. 5. The illustration of the theorem of multiplication of radiation patterns:
1 — RP of antenna aerial; 2 — antenna aerial multiplier;
3 — RP of single element
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Oo0yuenue pusnke ¢ HCMOJIb30BAHHEM
MaTtemaTnueckoii cpeast MathCAD

T.1O. 3a0aBHukoBa, A.A. UBankoB, Hryen Jle Txanr
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KnroueBbie cjioBa M ()pa3bl: aHTCHHBIE PELIETKU; THArPaMMbl
HANpaBJICHHOCTH; METOJ BO3JCHCTBUS; METOJA OOYYEHHs, TEOpHs
OJIS.

AnHoTauusi: OTHUCHIBaCTCS COAEpKaHHE W METONBI, IPHME-
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© T.1O. 3a6aBaukoBa, A.A. NBankos, Hryen Jle Txanr, 2012

106 BOMPOCbLI COBPEMEHHOW HAYKU U MPAKTUKN.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


