ECET 3410 — Fall 2016

High f Systems — Exam 111 Print Name (LAST NAME FIRST): S o/ ZL/‘o-as

Instructions: Show all of your work, making sure that your work in legible and that your reasoning can be followed.
No credit will be given for illegible or illogical work, or for final answers that are not justified by the work
shown. Place all final answers in the spaces provided. This exam is closed book, except for a single
8.5"x11" sheet of handwritten notes which may NOT contain any numerically-solved problems.

Example Table 1.3 — Coaxial Cables
AWG y Nom. | Nom. Nom. | Nom. | Nom. Attenuation | Standard
RG# Mat J | Insulation Shiclds Jacket 0.D. Imp. Vel OF | - Cap. per 1007 Spool
ateria DIIEH (inch) (Ohms) Prop. (pF/t) MHz dB Lengths
. ,. 100 235 g
16A/U C '8 - Poli’il‘llllzl\?l;ne 1 . \B/laC]I 195 50 66% 30.8 200 33 100,500
oppel yeethy iny 400 50 1000
¢ 100 2.0 <
gy | I8 e ) Black s age 1 gs ] gse | 24 | om0 | 3o | 100:300
Copper y-ethy Vinyl 400 45 1000

Note: po=4n-107 H/m & =—107% F/m
3em

Problem #1) Given three waveguides having the following dimensions:
Waveguide A: 4.0cm x 1.0cm  Waveguide B: 3.5cm x 2.0em  Waveguide C: 3.0cm x 1.0cm

You are asked to choose one of the waveguides for use in a communication system with the
goal of operating the system at the lowest possible frequency.

Which waveguide (A, B, or C) would be the correct choice. and above what minimum
frequency can the system theoretically operate? (Note — to get full credit for this problem,
work must be shown in the space below that justifies your choice of waveguide.)
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waveguide choice = /4‘
minimum frequency of operation = 3.75 G Hz

Problem #2) Determine the velocity of propagation for a plane wave that is traveling through a lossless
. . g . . . N ~ —_—
medium that has a relative permeability pr = 1, and a relative permittivity of gr = 1. ——
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Problem #3) A 4.8GHz uniform plane wave is traveling through salt water. If the salt water has the
tollowing material properties:
w=1, =1, ¢=0.02S/m
a) Determine the propagation constant, y=¢+jp, in rectangular form for the plane wave
as it propagates through the salt water.
b) Determine the intrinsic impedance, 1, of the salt-water in polar form,
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Problem #4) A sheet of metal has a conductivity of o = 4.6x107 S/m. a relative permeability pr = 1. and
a relative permittivity of &r = 1. Determine the skin depth, ds, for a 900MHz plane wave
that is incident upon the metal sheet.
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Problem #5) Specify whether each statement is TRUE or FALSE.

7724 & Iftwo different loads connected to the receiving-end of a similar transmission-lines result
in the same reflection coefficient magnitudes then they will also result in the same
VSWRs on the lines. /v 17 Smopabede
/=17
falsc  The circle that provides the outer-boundary of the Smith Chart defines a set of impedance
values all of which have an infinite magnitude (i.e. — an “open-circuit”™).
SR=F cirele

Vswp <

fq /se  Given a source connected to a coaxial line; if the source frequency is decreased, the
wavelength on the line will also decrease.

false Waveguides can only theoretically operate at their cutoff frequency.

S~z A

alove

7Ru& The creation of a reflected wave on a transmission-line may cause the steady-state
voltage magnitude on the line to either increase or decrease depending on the magnitude

of the load terminating the line. Sy -
\/ v fvb mé‘/ LC eogq'é-\/c o nz\?‘f,'vc

£« 4e  The magnitude of the reflection coefficient for a “matched™ load is equal to one (1).
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7 R u& _Fortypical coaxial transmission-lines (like those shown in “Example Table 1-37), the
relative permeability of the insulating material between the conductors is assumed to

equal one <1 ) 'Q’T./u(_ Cﬂos “movndln Jnso /'-éloh > ~oée Gf > ! Ty/’""'/

s . . Cfc{».;“é.'«.‘éy)
Fa/se___ The phase constant () is assumed to be zero on a lossless transmission-line.
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7 ZUE  The phase constant (#) for a practical transmission-line will typically increase with
increasing source frequency. )
e . enf
57X v
7 /2u& The attenuation constant (¢) on a transmission-line will typically increase with
increasing source frequency.

£a/c_ The sending-end of a transmission-line is the end at which a reflected waveform is
) 77
created. /
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7 R ue The nominal velocity (as given in table 1-3 of the text) defines the velocity of'a wave ona
coaxial-cable as a percent (%) of the speed of light in “air™ (free-space).

Thew

72 yE  When expressed in decibels, attenuation on a 200m coaxial-cable will be 2x larger (bt that

on a 100m cable of the same type when operating at the same frequency.
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Problem #6) Multiple Choice — Write the letter corresponding to the best response to complete

A

(o B)

each statement in the blank preceding the statement.

An incident waveform is:
A) a waveform traveling from the sending end to the receiving end of a transmission-line v“¢ Best
B) a waveform that decreases in magnitude as it travels on a practical transmission-line & tvae,but
C) a waveform that increases in magnitude as it travels down a practical transmission-line ;f“ "o
D) all of the above (A-C) are correct retlocted

E) none of the above (A-D) are correct Save
& Tmcorey, This S‘ou/o’ heave beea “/°“7"~-'
A A matched load terminating a lossless transmission-line: TN accept A oo B
B A) will not produce a reflected waveform =~
B) will receive 100% of the power sent down the line by a source connected to the sending-
end of the line «~
C) will result in a infinite VSWR on the line ~~
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct
/4 Given the traveling wave equation E(x) = EJ -e”" + T, - E; -e7" ™ foran AC
transmission-line. the term T, - £ -¢™*7"" " is best described as:
A) the value of the reflected wave seen at the sending-end of the line -
B) the value of the incident wave seen at the receiving-end of the line &
C) the value of the reflected wave seen at the receiving-end of the linex
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct
D The standing wave pattern on an ideal “short-circuited” transmission-line:
A) repeats every Ys-wavelength of the traveling (incident and reflected) waveforms ~
B) will have a “minimum” at the receiving end of the line <~ _

D

C) is a repetitive pattern that always varies in magnitude from 0 = max - 0 > max = ...
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct

The VSWR on a lossless transmission-line:
A) will be 1 for a matched line ~~
B) is defined to be the ratio of the maximum RMS voltage in the standing-wave pattern on
the line compared to the minimum RMS voltage in the standing-wave pattern on the line
C) is not affected by velocity of the wave on the transmission-line ~
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct

@ The wavelength of a steady-state AC wave propagating on a transmission-line:

A) is the distance between adjacent zero-voltage locations for a traveling wave on the line ¥
B) is the distance that the wave is able to travel in one period of the AC waveform

C) will increase if the frequency of the AC wave is increased X

D) all of the above (A-C) are correct

E) none of the above (A-D) are correct
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Time Domain Reflectometry:
A) cannot be used to determine the length of a “matched line” -
B) cannot be used to determine the length of a “short-circuited line™ X
C) cannot be used to determine the length of a “open-circuited line™. >
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct

With respect to waveguides, the Cutoff Frequency for a given mode of operation:
A) will depend on the material from which the waveguide is constructed (i.e. — copper vs.
) aluminum, etc) X
B) will decrease with increasing source frequency X
C) will increase if the waveguide is decreased in size v
D) all of the above (A-C) are correct
E) none of the above (A-D) are correct

With respect to coaxial-type transmission-lines. the characteristic impedance ol a line:
A) provides a ratio of voltage over current for an incident wave traveling down the line -«
B) will decrease if the material separating the conductors is replaced by a new material with -
a higher relative permittivity
C) will not change if the magnitude of the load impedance terminating the line is increased v
D) all of the above (A-C) are correct ‘
E) none of the above (A-D) are correct

When using a Smith Chart to determine the input impedance of a lossy-line terminated with a

known load: —r.u.;& Gra
A) the solution will require a rotation around the Smith Chart in the counter-clockwiseX /
direction

B) the input impedance will be closer to the center of the chart than the load impedance v~

C) the solution point will be ¥ way around the Smith Chart if the line is one (1) wavelength x
long.

D) all of the above (A-C) are correct

E) none of the above (A-D) are correct

A single-stub tuner:

A) is a matching device that can be used to match a “complex™ load to a “real” impedance
source

B) typically utilizes a short-circuited stub but would theoretically function with an open-
circuited stub although the stub would have to be in series with the “line” section instead
of in parallel. X _

C) only operates above a cutoff frequency that is dependent on the length of the “stub™ X

D) all of the above (A-C) are correct

E) none of the above (A-D) are correct

Do NOT Write Below This Line
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