ECE 3065: Electromagnetic Applications
Solutions to the Final Exam (Spring 2004)
(1) Short Answer Section (40 points)
(a) higher
(b) 49
(c) zero (1) unity (2)
(d) homogeneous (1)  source-free (2) linear (3) isotropic (4)
(e) source-free
(f) b)oundar(y c)ondition(s
(g) gain pattern
(h) reference
(i) false
(j) false
(k) Helical
(1) decrease
(m) horizontal
(n) 90 degrees
(o) diffraction
(2) Descriptive Answer Section

(a) Refraction Through a Composite Medium: We apply Snell’s law of refraction
at the first interface (medium 1 — medium 2) to obtain:

Versingy = (/e sin b,

We apply Snell’s law of refraction at the second interface (medium 2 — medium 3) to
obtain:

Veéasinbfy = \/e3sinbs

We continue down the layers in this manner to the last interface (medium N —1 —
medium N) and apply transitivity to show that

Versinhy; = \/egsinfy = ... \/enysinfy

(b) Three-port to Two-port Conversion: If the network satisfies the zero and unity
properties even after a dummy load has been fized to port 3, then we know that no
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power is being delivered from ports 1 and 2 to port 3 (s31 = s32 = 0). After all, only a
lossless network satisfies zero and unity properties, so a resistive load on port 3 cannot
possibly be receiving any voltage across it to maintain this condition. Furthermore,
when we enforce the zero property column-by-column, we find that s;3 = se3 = 0 as
well. Thus, we can write the final S-matrix as:

(c) Base Station Antenna: This antenna, taken in its entirety, is much larger in the
z-direction than a single half-wave dipole. Thus, we would expect the pattern to re-
main omnidirectional in azimuth, ¢, but have a much smaller half-power beamwidth
in elevation, . See the sketch below for an estimate of the far-field antenna gain pattern.
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(3) S-Parameters of Transmission Line Circuits: We must apply circuit analysis to our
device:
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First start by calculating the reflection coefficient at port 1. Transform the 502 load at port
2 across the quarter-wavelength section of 100€2 line to get the following equivalent load as
seen at the first terminal:

Z2

0 = 2000

Zeq,x/4 = 7L



Use this equivalent load to calculate the reflection coefficient, which is equal to s;; and, by
the symmetry of the problem, soa:

Ze A4 T ZO 3
S =S = F = 7q’ = -
11 22 Zeurrs + Zo 5

Now let us turn our attention to so1. The full wave voltage solution on the transmission line
as a function of position, z, is given by:

2 1 2
(z) = K |exp ( - ; z) —3 exp (j;z)
X~
B r
If we define z = —% to be the left side of the transmission line, then

7 ()ey =K [j - ;(j)] = ng

This must also be equal to the total voltage across port 1:
+ - + 8.+
Port 1 Voltage = V" + V{7 = V" (1 + s11) = gVl

Equating this result with the previous result gives us the following relationship: K =
—jSV;". Now evaluate this result for the right side of the transmission line (z = 0).

5 1] 2/ 6 4
Gl = |15 ] =5 () =g

Since s-parameters are measured with 50€ lines that have matched loads, this voltage much
be equal to V, . Therefore,
v, 4

B

S21

Note that so; is also, by symmetry, s12. The final S-matrix is

S[—"é ]

Keep in mind that this device is just an ideal, lossless transmission line. Since there is
nothing inside to absorb power, this S-matrix should obey the zero and unity properties — a
powerful way to check our mathematics!
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Stub Line Matching Network: The normalized impedance for this load is 2 + % 7, which
is plotted on the following Smith chart. The load must be mirrored to the other side of
the chart so that it is a normalized admittance, 0.48 — 0.165. We then rotate this 0.179A
until the real part is 1; this gives us a value of 1 + 0.85. To remove the +0.8j, we attach a
parallel, open-circuit stub of length 0.392\ (remember that, in admittance, an open circuit
load starts at real 0 on the Smith chart).



(5) Waveguide Propagation:

(a)

Below is the cut-off equation with the tunnel parameters substituted in:

1 a\2  (0\°  15x10%m/s
a0 = (= ) =222 % 850 MH
(Fe)ao 2,/lo€o (a) +<b) * 10 m 0 ?

The value of x that satisfies this relationship exactly is 56.67. Since = represents a
modal number, it must be an integer. Thus, the maximum value is 56 (57 would be
cut-off).

First, let us calculate the cut-off frequencies for the TE;g and TM77; modes:

= ! LY 0 2—15 MH
(fc)lO—Q\/m <10 Hl) +(6Hl> = Z

= ! ! i ! 2—204MH
(fc)77—2\/m (10m> +<6Hl) = Z

We know that the group velocity for these modes will be given by:

A=\ ()

Vg = 1— (=

Ho€o f

which produces a group velocity of 3.00 x 108 m/s for the TE;q mode and 2.91 x 108
the TM77 mode.

After travelling the maximum distance of 1 kilometer (from the base station in the
center of the tunnel to a user at the end), this will result in a transit time of 3.33 us for
the TE;¢ mode and a transit time of 3.43 us for the TM77 mode. The difference, 10 ns,



is the dispersion between the two modes. This is usually tolerable in a digital cellular
link since the pulses are still relatively long. In the GSM standard, for example, digital
pulses are separated in time by 10 us and can tolerate dispersion of about 1 us. The
10 ns you calculated in this example may not be tolerable in a wireless data link, how-
ever, where the bit rate is much higher and the digital bits separated by much less time.

(6) Link Budget: We plug all of our given information into the logarithmic link budget equa-

tion:
0dBi 54.0dB
Pr = Pr+ Gr +Gr —201 T 501 Excess L
r = Pr+ Gr + Gr —20logyq ) 0gqo (1) — Excess Loss
—82dBm 8 dBi —_— 16.0dB
47.84B

A transmit power of 27.8 dBm is required for this transmission. In the linear scale, this is
600 mW of power.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


