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Related Study Assignment No. 1: Introduction to Microwaves .

Objective: ' .

Upon completion of this assignment, ‘the student will be able to:

(1) list the microwave frequency spectrum in megahertz or gigah:Eﬂt
and list the wavelength of each band in centimeters, (2) write £ 1list
of safety precautions to be observed while working with microwave
equipmiﬁ%jQIB) describe briefly to the “instructor the modern uses of
microwaves, and (k) successfully pass a written examination with a
score of 75 or more. §

Introduction:,

This R.S.A. will introduce to the communications student a section of
the’ radio frequency spectrum known as the microwave.region.

"Microwaves have existed since the early beginnings of radio but were
really developed to a high degree during World War 11. Probably the
greatest use of that time was radar, a series of directional, high-
powered bursts of energy that are transmitted, travel to a distant ob-
ject, bounce off this object, and return to the waiting receiver
as useful data. SincéRjts early use by the military forces, micro-
wave technology has advanced rather rapidly and fbday highly sophis-

ticated networks of microwave relay stations carry data to every cormer—

of our nation. ' \

Modern day uses of microwave energy include the transmission of tele-
vision programs, telephone messages, telemetry data,.satellite.data,

and space' capsule comunications. EverrTilcrowave ovens prepare food

in our homes.

One characteristic of microwaves is that the wavelength is such that
electrical circuits may be built whose physical dimensions are near
the operating wavelength. Another characteristic of microwave circuits
is that the location or position of elements within the circuit becomes
critical. Voltages and currents may be different values in relation

to the relative position of components (i. e. a conductor 3 centimeters
long carrying energy in the 3 cm microwave band will have two voltage
maximums and two voltage minimums and the maximum-to-minimum spacing
will be one qtarter wavelength). '

L
\

As a matter of further explanation, resistance, capacitance, and in-
ductance are uniformly distributed over the entire length of a transmis-
sion line and if the path is large in relation to the wavelength,

the voltage (and current) will vary from zero to maximum many times

L

-
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Introduction: Continued

along the line. Figure la depicts a line with its distributed resis-
tance, capacitance and inductance. Figure 1b shows how voltage (and
current) may vary along the length of the line. Unlike DCor low
frequency AC, propagation of microwave energy along a line is depen-
dent on electric and magnetic fields. ' This will be covered in the

'S R.S.A. on transmission linés. '

’

— AN AN T W 211
X L

LiHE

\ Fig. la
Distribution of Resistance, Capacitance, and
Inductarce along a Transmission Line

4
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] Fig. 1b
- Voltage (or Current) Distribution along a -
Conductor at Microwave Frequencies

The student should be aware of some safety precautiqns when work ing
in the proximity of microwave equipment. First, stand away from the
open end of waveguidet (a special microwave transmission line).
Energy that is radiated from an open-ended waveguide may Ycook!' a

person in the same manner that is used in a microwave oven to prepare
food. This knergy penetrates food and produces heat internally &s well
as on the surface. This heat, unlike the radiant heat of a conventional

I

6
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Introduction: Continued ) B . !
oven, is produced by molecular friction or agitation of molecules due
to the rapid reyersal of current flow. Some deaths have occurred, .
although rarely, by 'cooking' the Pictim through carelessness or ig- =~ -
norance while working on or near microwave sources such as radar trans-

mitters.

Second, be sure all shields on circuits are in their proper places.
This reduces radiation, and covers terminals that are connected to dan-
gerous potentials. Microwave power supplies may contain lethal voltages
and should be treated with the same respect as given to other sources
of power. . --
Some new terms will be encountered in the study of microwaves. The -
student should familiarize himself with these to better understand
microwave theory and applications. :

Y
Waveguide—~A hollow metal conductor of microwave energy.

! -

Parabolic Antenna--A dish-shaped antenna used ‘to focus microwave energy
into a narrow beam.

. ‘ ¢ b
Horn Antenna--A device that is flared like a funnel or megaphone and
is attached to a transmissjon line to radiate directional microwave
energy. )

Mode--A pattern of electromagnetic waves along a transmission line or
within a cavity. .

" . 2
KIystron--A special vacuum tube that contains a tuned.cavnty in addition
to other electrodes. - "

Magnetron--A high powered, multi-cavity tube principally used in radar.
S — —

Cutoff Frequency--The frequency of the dominant mode of a rectdﬁaular

waveguide whose wavelength is twice the widest dimension of the wave-
guide.

waveguide known as thw TEjg mode. 'This wave has an electric fleld

~ . Transverse ElectrTE\Q::e--An electromagnetlc wave in a rectangular (
vector that is perpendicular to the durectlon of prOpagatuon

References: . g . . -

. 1. Robert L. Shrader,*ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/ . . g
McGraw=Hi 11 Book Co. Read Pages 638--655 - .

2: Harold E. Ennes, AM/FM BROADCASTING EQUIPMENT OPERATIONS AND
MA INTENANCE, ]st Ed., Howard W, Sams Publishing Co. Read pages
344-~-355, : ;

—
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Study Questions: . ‘ R

1. .What are some modern uses of microwaves?
' < N .
. . ) *

2. What are the frequencies and wavelengths of L,S,J, X, and P
band microwaves? -

-

" te
v C J

3. What are s6He safety precautions you must observe?

. b .
L, What types of transmission Hm_asgpé used for microwave frequencies?

¢

- v A

5. What safety precautigns should be observed with or around micro-
wave equipment? ' - \
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Job: Plotting Microwave Frequencles

Objective:

The student will: (M

letter designation an
for eaqh band.

'

2

Job Infbrmation:

| ' . Draw a graph depicting the various mlcrowave
frequencies and (2)° identify the various microwave bands by the proper
d give the wavelength in centimeters and inches

{ ) The student should familiarize himsel f with the metric system of
Y measurement if he has not already done so. A meter is approximately

39.4 inches which is slightly longer th
into measurements using 10 as a base.
meter, one one-hundreth is a centimeter,
meter is a millimeter. .

Most microwave wavelengths are identi
wave lengths may be calculated using t
megahertz times 100 (Fem = 300 x 100).
FMHz
Tools, Materials, and Equipment?

Y

1. Graph paper

2. Ruler
3, Pencil
References: .

1. R.S.A. 1 of Microwave and ELECTRONIC COMMUNICATIONS.

-Procedhgéfﬂ\\ o
N . 1. Drawa graph showing the microwave frqduéncy spectrum.
frequency as the horizontal direction
X . centimeters as the vertical axls.
.. 2. ldentify the varicus bands with t
L, G, M, etc.). . X ,

!

Job Questions:

1 .

. 1. How did you calgulate the wavelength (in centime
microwave bands?

N

2.  Howwould youtwrite 2.15 gigahér;z in Hertz per second?

« 9

fied in centimeters (cm).
he formula 300 = frequency in

an a yardstick. It [s divided
One tenth of a meter is a deci-
and one one-thousandth of a

[

These

~

tse the
(axis) and wavelength In

heir proper letter designation

7

ters) for the various
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Job ahestions: .éontinued . )
3. How would you wrlté~zlif2 gigahertz in megahertz pef second?

»

L. How would you write 7.152 gigahertz in thousandths of megahertz

per ggcond? ;
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Related Study Assignment No.2: Microwave Systeﬁ%

. _ Objective: . .

Upon completion‘of-this assignment the student will be able to:
(1) ldentify the various sections that comprise a microwave system,

. (2) state the purpose of each section of a microwaye section, and
_ (3) pass a written examination on microwave systems with a grade'of
/25 or more. . T ‘
Introduction: . e

- ’ Y *
A. typical microwave system contains several circuits or devices that

perform different functions’ to transmit and receive data (Fig. 1).
Most of these circuit names are familiar to the communications student
but some of the devices work differently from those encountered pre-
'viously. This study shall encompass the purpose and function of each

major section of the overall system.
RM

[ .
¢

mmmmmm e e mmmn . s
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BASESAND cod
AMPLIFIER :
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PROTECTION
CIRCUITS
L e

- ) TRANSMITTER - ] . ,

! LOGAL

r»{ ALARM |-—>{PROTECTION GiRCUTS] 0S¢ . .
DATA DE-EMPHASIS DEMOD}—{LIWITER A|HFP E&}m €R MIXER L 6“
- .

outT
BASESAND ,
AMP .
. RECEIVER
» JFig. 1 a )
> Block Diagram of TyplcallMlcrowave System

v - .
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Introduction: ‘Continued 1

Microwave Oscillator

"\ Micd‘wgve oscillators are geherators of ultra-high, super-high, and - .

extremely-high frequencies. They may be special vacuum tubes or more
recently, solid state devicaru The theory of how these units operate

.

electrically will be covered in a later lesson.
*Some mlcrowave oscillators are: (1) The klystron, (2) the magnetron,

(3) the traveling wave tube, (4) the backwave oscillator, and (5) solid
state devices such as transistors, tunnel diodes, Gunn diodes, and
1imited, space-charge accumulation diodes.

v
.

Modulétor

.
-

The modulator and its associated baseband amplifier Is employed in the
microwave transmitter to impress data onto the microwave carrier. It
consists of several subassemblies includiny variable pads for level
adjustments, a differential amplifie®, driver, and output. Optional
acceésories'are also ?vgilable, : o

Since most carriers are frequency modulated, preemphasis of the modulating
signal is employed to improve the transmission characteristics of the )
signal. Deemphasis is employed at the receiver ta restore-the sigral

to its original state. 7

Muftiplex equipment (MUX) with several channels of data may be fed into
the baseband amplifier. The number of channels that the baseband amplifier
will accept depends on the data.levels that are used.

< »

Y .

Power Supplies . . ;

A
Vacuum tube microwave gfrcuits utilize conventional power supplies ranging
from highly negative potentials to high positive oltages. Solid state
units employ powgr,supb]ies of the type found in transistor operated
equipment. Many systems contain two or more sources of power to main-
tain thé most reliable communications possible.

~
<
\

Commercial power Is a primary source of voltage with a storage battery
and trickle gharger arrangement as a secondary source. In some remote
locations or {n areas of high current demands, an auxiliary diesel powered
generator may also be installed. Some method of remote or automatic )
switching of these power sources must be included in the station circuitry.
& ) - A
Transmission Lines

* .

Microwave transmission 1ines generally differ from conventional lines -
to the extent that a wire conductor Is no longer necessary. [t may .
be said the-microwave signal can be propagated along the inside of

a hollow metallic pipe called a waveguide. Some systems still emp loy
low-loss toaxial lines. ‘ ) s

¢
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" shaped body. Energy is propagated in the direction that the horn is

aiNEg. \ ‘ .
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« ° Transmission. Lipes Continmed ' \
Waveguides .are lines jthat suffer ‘no radiation loss as do canyentional

or coaxial lines.. lLong ryns are usually avolided, particularly horizontal _
runs, as molsture 'may accumulate inside the waveguide and cause an in-
creaseé in signal attenuation. Dry air or dry nitrogen under pressure

may be added to prevent this accumul®tion.

. v/

Antennas

The trapsmitting and recelving antennas found in operating microwave
systems' are v ‘directional, of distinctive shape, and usually have

very high power gaih due to the extremely narrow beam-widths. The simplest™
- ‘type of antenna commonly employed is thé horn antenna. It consists

of a connecting flange (for attaching to a waveguide) and a funnel

The ‘most popular style of microwave antenna is the parabolic ''dish."

The characteristics of this device are: (1) Extremely high gain

(20,000 to 40,000 “Is common), (2) narrow beam width, and (3) high
directivity. Since these dishes are exposed to the elements, weather-
proofing is accomplished by fitting a special cover on the antenna called
a '""'radome." : .

The radiated signal travels through a waveguide and buttonhook (or some-
times a (dipole) arrangement to the dish and Is reflected outward into
space in the direction that the dish Is aimed. In the receiving mode,
the action Is reversed. Most dishes are bolted to supporting structures '
-and attached to rigid waveguides by flexible waveguide sections to allow
for mechanical discontinuities, vibrations, etc. ’ !

N
3 : Receivers

Microwave receivers are usually conventional superheterodynes using a
reflex klystron (or suitable solid/state device) as the local oscillator.
The IF amplifiers, second mixer, detecjor, audio (or video) amplifiers,
and outplit stages are of the same design as those studied in previous
courses. .
Overall system§jhork only as well as they are designed, Installed, and
maintained. ~Quality equipment performing various dufies is avallable
from several reputable manufacturers. Industry has need of competent
technical staffs to maintaln these vital communication tinks. The
serigus student 'will do well to glean each bit of Information that

may help him to fhsure himself of a successful ‘career In microwave’
communications.

a
u

2
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References:

-

R

3.

1.

Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed.,‘Cregg/McGraw-
Hi1l Book Co. Read pages 638--655 ° )

. -
Harold E. Ennes, AM/FM BROADCASTING: EQUIPMENT, OPERATIONS, AND MAIN-
TENANCE, 1st’Ed., Howard ¥. Sams Publishing Co. Read pages 34h4--355.

George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., &regg/

- McGraw-Hi11 Book Co. Read pages 428, 429, and . 534--537.

’”

]

J

What are the functions of the various major sections of s micro- ~

wave system?.

Define the word. ""parabola."

What is preemphasis?

-
-~

Draw a block diagram of a microwave system.

. Y
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_ Job: Training Kit Familiarization

Objective:
‘The student will: (1) ldentify the variaus components that are con-
i tained in the trainer and (2) attach the various components of the
trainer. ’ '

-

Job Information:

¢t - ~

.

in this job the student will examine the components of the trainer to
be used in the microwave course of studies. . \

Ask your instructor for the trakger and the instructiom book that
comes with the trainer. —_

Tools, Materials, and Equipment:

o

1. Mi crowave training kit with instruction book

A 1ist of components that should be in the trainer is as follows:

Horn antenna

\\\\\\ ] Terminations . i
. Wavemeter (fréquency meter) .
waveguide flap attenuator . , .
Modulator unit
Slotted line section ,
Bends
Twists
. Crystal detectors
‘., Slide tuner .
Standing wave unit or indicator
Diode switches
Dish antenna . . .
Directional- couplerd - |
Klystron or solid state oscillator
Power supplies - '

Cables
2. Hand tools - 4
References: .

1. Training kit instruction book.

v

15
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Precaut ionst ’ . . . .. .

v N ~
-

l. Héﬁalb the components carefully. Do not dent ‘or bend the waveguide
sections. , . : )

«

Procedure: -+« , «

-

1. Open the kit and care®ylly .unpack the components of the kit..

2. *identify each component by looking at the parts list.

3, Make sure the kit is complete. If parts are missing, notify your
instructor immediately. - ' -

4, ‘Study the method used to join the components together. -~ - o

5. Attach several units to each other. Be sure the ‘waveguide sections
are oriented with the narrow dimensions in the same plane. Do”
not- overtighten connections. N -

6. Disassemble components. )

7. Repack the components into their proper places in the storage
container. e : T

.
1 »

Job Questions:’

-

o

1. How are the components joined together?
—— ’ R . ' )
2. Why is it important to join the waveguide sections together in

the proper plane? , _ Vs
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: Job: Microwave Systems--Sectién Identification ' "
’ \_. Objective®

- The student will: (1) Identify each major section of an opes;xigg
\\“ . microwave system and (2) . explain the function of each major section
of. an Operatlng mlcrowave system. -

Job lnformatlon:

The student -should study and be thoroughly familiar with the block
diagram of the microwave transmitter and receiver in the)related ﬁtudy
ass ignment.

I3

. Tools, Materials, and Equipment: .~
1. Pencil ’
2. Paperq -, .
« ’ . ot
References: : S

1. R.S.A. 2 of Microwave.

Procedure:

- . 1. Draw a block diagram of a microwave transmitter including the trans-

mission line and antenna.
2. Draw a block diagram of a microwave transmitter including the trans-

mission line and antenna.
3. Write a brief description of each section of the microwave trans-

mitter and rece!ver.

Study Questions:

‘ .
' 1. In what subassembly of the microwave transmitter is the deviation
control located?: .

2. What type of modulation is usually used in microwave transmitters?

A

N 3. What is the purposé of the preemphasis and deemphasis circuits
in microwave systems?

. N b ) /__\

17 -
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Related. Study Assignment No. 3: Microwave Osciilators

Objective: .

- -

Upon completion of this-assignment, the student will be able ta:
(1) ldentify the various microwave devices and explain their operation
and “(2) pass a written examination with a score of 75% or better.

~

4 - Introduction:

Most microwave signals originate in special electronic devices. These
devices will be studied in this assignment.

s . . Previous oscillatdr studies have covered various circuitry including
frequency multiplicatign. Microwave carriers may be generated using
conventional oscillator circuits and frequency multipliers. This is
usually done at the lower microwave frequencies such as 960 MHz.
However, these frequency multipliers require additional space, generate

\ unwanted hept,‘aqd to power ‘consumption, and increase equipment costs.

| Several devices are now in use that carf generate microwave signals
without using frequency multipliers. The reflex klystron.has been a
popular vacuum tube microwave oscillator for several decades.. Many
existing systems still use the klystron both in the transmitter and
the retqjver to produce radio frequencies. : :

4 ]

Gunn diodes and other solid state devices are rapidly replacing vacuum
tubes as the heart of the microwave system. As in other solid state
circuits, they require less power and generate tess heat.

first at resonant cavities (Fig. 1). Figure 2 depicty a hairpin loop.
Thie loop i sel f-Fesonant since it contains some inductance and capac-
itance. It is easily seen that length and width will change the reso- -
nant frequency of the'loop since these two dimensiops will alter the
inductance and the capacity of the loop. '

A logical approach to the sutdy of microwave genéra;;gy/is to look

If the loop 1s made one-quarter wavelength long, it becomes a low .
impedance (a short cjrcuit) at the closed end and a high impédance '
(an open circuit) at the open end. By connecting an infinite number
. of these loops (commonly referred to as stubs) to a central point with

’ the open ends at the center and the shorted end on the outside, a -
hollow cavity similar to a tuna can js formed. This.cavity, since it
contains inductance and capacitance, is resonant at.a frequency deter-
mined by the internal dimensions (Fig. 3). The principle of the quarter
wave shorted stub also makes'possible the manufacture of a special .
transmission line called a waveguide. ////

. 18

-1
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3 Introduction: Continued
|
* <
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ductiaon: Continged

If a method is devised to vary the cavity size, the cavity can be tuned
much the same as any resonant circuit. Three such methods are currently
in use and these are shown in Fig. L. The first illustration depicts
a threaded scfew attached to a disc that can vary the ‘cavity size and
change the resonant frequency of the cavity. ] , -

FLEXIBLE \WALL L'EVXER

THREADED SHAFT
\ ya
——) ——~
- - - 4 e
—DISK - CAVITY [ SCREW
4 1,
f::; ”r-":‘:'.-.‘.".:':: )
] ADJUSTABLE PLUGS -
' ‘
‘ TEo,i,1, MODE CAVITY THIS
4 * DISTANCE
CYLINDRICAL CAVITY CAVITY WITH ADJUSTABLE PLUGS CHANGING THE VARIES
WITH ADJUSTABLE DISc SIZE OF CAVITY /

\

Fig. h--Method of Changing the Frequency of a Cavity
The second method emplo?s plugs that screw into the cavity, and these
plugs reduce the magnetic field strength ‘in-a manner similar to decreasing
the cavity inductance. The further the ‘screw is inserted into the cavity,
the higher the frequency,

The Ythird method va}ie§‘the cavity size by compressing the top toward

" the’ bottom of the cavity. This causes the distance between the top

and bottom to vary, thus changing the resonant frequency. This action
mdy be compared to moving the plates of a capacitor closer together,
thereby increasing the capacity and lowering frequency.

several methods of exciting the cavity are in use today. Enérgy may

be inserted or removed from the resonant chamber by placing a probe or
loop inside the.cavity. Energy to start oscillation is_provided when
current flows by setting up E lines parallel to the probe. If a loop

is placed in the area where the magnetic field will be present, an

H field will be started. Another way to excite the cavity Is to design
the chamber in such a way that electrons may be "'shot!' across the cavity
through a perforated plate creating a disturbance and setting up an

q field. Figure 5 illustrates these three methods. ’

’ 1
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Fig. 5--Methods of Exciting the Cavity , .

~ . Resonant cavities haveruses in addition to serving as '‘tuned" circuits
for microwave oscillators (Fig. 6). They may be tused as frequency
neasuring/ﬁevices (called wavemeters). They may be used as mixing chatibers
by injecting two or more signals into the cavity and obtaining an output ]
that Gis a combination of the input signals. Cavities can provide :
impedance matching by properly connecting two sections of transmission
line (waveguides) together with a resonant cavity. between them. A cav-
ity may be used in a ringing circuit similar to the action encountered
in the study of lower frequency clrcuits. This ringing circuit can
be used to advantage In radar apparatus as an echo box and Is used
. to check the radar set for proper operations. .

The theory of the operation of individual oscillating devices, such as
the klystron, magnetron, backwave oscillator, traveling wave tube,

Gunn diode and other devices is explained in the text of the reference
book. Wavemeters and detectors are also covered. Waveguides will

be discussed in the R.S.A. on\transmiséion lines.

\ - Y
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1. obert L. Shrader, ELECTRONIC COMMUNICATION, 3rd Ed., Gregg/McGraw-
N Book Co. Read pages 642--654. )
2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/
McGraw-Hi1l. Book Co. Read pages 409--524, 7
X . )
Study Questions: _ ;
1. Name six microwave osc1llators and describe the baslc operation
“of each.

'

. v’
4 .
2. How does a cavity wavemeter measure the microwave frequency?
» . (3

- *
. * . .
¢ A

[ 4

- ' 1

3: Explain how a resonant cavity works.

4. What is the impedance of a quarter-wave shorted stub at the open
end?
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Job: The Klystron

1
” ’

Objective: ™ - ; .
» i R ~ -y
The student will: (1) Connect the necessary components of afmicro-
wave trainer to generate a,microwave frequency and (2) make the nec-
essary adjustments to cause a microwave signal to be generated.
" Job Information: -
It is the purpose of ;hfs job to teach the student how to generate
a microwave signal by using. the classroom training aids. Famillarity
will be gained with the trainer components and techniques involved

in thelr use. . .

. +Reflex klystrons are tuned cavity microwave oscillators that are nor-
Yo mally used in tlassroom tralners to produce low power output for

experimental purposes. The repeller (gomet imes called the reflector)
of the klystron is negative in polarity, causing the electron stream
from, the cathode to be returned across the gap of the resonant cavity.
Returning electrons distort this electron stream as. it moves away from
the cathode causing the eléctrons to move In groups or bumrches. This
process Is.called velocity modulation.

The klystron will oscillate when bunching occurs at precise intervals
and is dependant on electrode mechanical and electrical adjustments.
Experimentation will show that the klystron will oscillate strongly
at some value'of voltage better than it will at some other value.
Three adjustments are necessary to-arriVve at maximum power output
(strongest oscillation) from the klystron. These adjustments are:
(1) cavity tuning (mechanical), (2) repeller voltage (electrical),.
and (3) matching to the load. ’ .

This. job deals primarily with the klystron electrical -adjustments.
Cavity tyning and matching to the load will be covéred in other. jobs.

-

Be sure to record your readings during the procedure. They will be use-
ful In evaluating your experiment. : . '
- Tools, Materlals, and Equipment:

1. Microwave traiping kit (or microwave transmitter)
2. Hand tools * . : -
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. i, .
‘1. Microwave tralning kit instruction book or microwave transmitter

-

- manual supplied by the manufacturer.

Precautions? . 5 )
~ . i; i f/, b -
1.. Klystrons require voltégeQ'lhat may be lethal. Avoid centact with . .

these potentials. Make all).connections with all power supplies

NN 1 \
. turned off.. o .

@ .

«

_ Procedure: (Instructions in.parentheses are for a transmitter.). \ oo

1. Connect the equipment ag shown in Fig. 1. (If your kit does not
contain some of the 'items shown, consult»your instructor.) If
. you are using a microwave transmitter instead of the trainer, consult
the manual supplied with the unit. Locate the section on ''Transmitter

* Tune-up." , . ]
/ ’ 'Y ~
) . ¢ STANDING ¢
WAVE ]
o UNIT
v Ll
./ DETECTOR
‘ y
i DETECTOR -
) t. SLIDE
SCREW .
. WAVEMETER Pt
g . 1 »
POWER ‘ FLAP OReSS: - |.|swotmen
MODUKATOR =1 suppLY KLYSTRON | ATTENUATOR COUPLER LINE
TERMINATION

‘Fig. 1--Klystron Oscillator Equipment Connection;

2. Insert the vane of the flap attenuator into the waveguide to obtain

.  maximum attenuation. (Some transmitters have a solenoid-operated
attenuator. If your transmitter is so equipped, operate the flap
into the waveguide.)

3. Withdraw the probe on the slide screw tuner all the way out of the
waveguide. (On a transmitter you may need to adjust the crystal
coupling.) .

k4

4 - .
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L, Adjust the range switch to 1o (zero) and set the gain control

. . to approximately the center of its rotation on the standing waye.

~unit. (Consult your transmitter manual.) , .

Turn power "ON' on the SWR unit. (Follow steps im the instruction

manual.) v \ B ) ‘

Set the power supply reflector voltage control to minimum.
Adjust the power supply beam voltage control to minimum,
Attach the cable from the klystron to the power supply.

Turn -the power supply switch to 'ON." Al ample time for the elec-

trodes of the klystron to reach operating Mempexature.
10. Apply repeller voltage first. The specifications for the partliicular
> klystron in youigjgainer (or transmitter) should be obtained firom

~c

WO-O~ O 1
. . . L .

your instructor he hominal value of most low power klystrons
is about 150 vol¥s.

¥ AN
L, _11. Adjust the beam voltage to near 250 volts. The beam current will
. . read approximately 15 to 20 milliamperes. . a
- - 12. Increase the repeller voltage and watch for a dip in beam current.
. By alternately adjusting the beam voltage and therepeller voltage,
) a dip in beam current should be located. : .
N, .13, Withdraw the attenuator from the waveguide. (Operate the attenuator

solenoid on the transmitter.) An indication on the meter of the
standing wave unit should appear. This lets you know that the
klystron is producing a microwave signal. (The transmittepheter
should indicate klystron current.) Should the meter s;}&1;:2ad
0 (zero), turn the gain control toward minimum and rotdte the range
switch ‘in a directlon to produce a meter indication that gives
- an on-scale reading. Keep adjusting the range and gain controls
to produce a one-half scale reading (approximately).
14. Turn the voltage adjustments along with the frequency control
on the modulator to produce a maximum meter reading.
It may be necessary to readjust the flap on the waveguide attenuator -
to keep the meter from reading off scale when the gain Is set at
approximately one-half its rotation. The range switch may have
’ to be moved to keep power at a safe level. ! . ot
15. Run the probe of the slide screw tuner into the*waveguide. two
or three turns 1pd move the slide along the line to locate the
largest reading. Adjust the probe in and out of the waveguide
to obtain maximum reading and secure the probe to keep it from
moving. . e -
{6. Move the repeller voltage from minimum to maximum to locate the
different oscillations. Use the oscillatiof (mode) that is the
most stable. . L
17. Adjust the modulator controls for maximum reading on the standing -
wave unit. ' ' . . ‘
18. Have your Instructor check your adjustments. -

.

o &

< 19. Turn off beam voltage. )
20. Turn off repeller voltage. : . E
21. Turn off power on all units. - .

22. Disassemble trainer components and replace in storage are3.
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Job Questions: ) ” '

- 1. 4How does the flap on the attenuator unit reduce “the power when it
ie Tnserted into the waveguide? - ‘| s

~

¢

2. Does the power vary as the klystron is adjusted to different modes?
r .

. . . .
‘ | -} T ;

3. Which mode produced the greatest powe% output?

1
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Job: Experiments with the Klystron

Objkective:

The student will: (1) Experiment w}tg some of the operating charac-
teristics of the reflex klystron and (2) make a chart showing the
voltages and currents for the different voltage modes.of the klystron.

”

Job Information: .

In Job 3 the buqching process of electrons in the klystron was dis- =~
cussed briefly. Since klystrons have played such an important part
In microwave communications 1t would be well to look into their theory:

a little more in depth.

%

~

! Figure 1 illustrates the bunching action and one can readily see that
-~ some electrons travel further than others before arriving at the cavity
to produce oscillations. These different electrons, having traveled
-different distances and yeét having arrived at the cavity at the same
time must have traveled at different speeds. Figure 2 is a diagram
. showing a plot of velocity-versus-time of electron movement within

)

7 the klystron. o ¥

-

distance along tibe oxis—e="""

o —— —— —— — ——

cenfer electron
time e
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b Job Information: Continued '
grid of )
cavity - ’
. )
0 t
(B) VELOCITY- TIME DIAGRAM
. e ,
Fig.” 2--Bunching Process in Reflex Klystron ,
= The power delivered by the returning electrons is dependent on the rel-. ' '}
ative phase of the rf field at the time the electrons arrive back at-

the klystron cavity. For power to reach maximumy the slowest electrons

must remain in the reflecting field for 3/4 cycles or some integral plus S

3/4 cycles of the repeller space. In other words, N = nr+ 3/k where N ) *

equals transit time of the repeller space and n equals any number such

as 0, 1 2 3, etc, Refer again to Fig. I. ’ .

Since repeller voltage affects the time that the electron spends in

the reflecting field it ‘becomes apparent that some control can be attained

over electron movement in the klystron by simply adjusting the repeller

voltage. When the repeller voltage Is high (remember that this is a

negative value) the rf field is at its strongest and the electron

. travels its shortest distance. This corresponds to a delay of 3/4

cycle of transit time and with succeeding decreases in repeller voltage .
- the delay increases in increments of 1 3/k, 2 3/h4, etc. as previously

noted. These modes are known as voltage modes. This is not the same as:

the cavity mode since the cavity [tself is resonant at only one frequency.

Compare Fig, 1 and Fig. 3. : .

e lingn g —ligee e e -"._
4
13 { ‘ P
. . )
,1 S
-~ -
v

——— ——— e —— —— — ’ (Y
. CURRENT AND FIELDS « FIELDS IN CYLINDRICAL(
CAVITY
4 A, . Cc N

— o m— iy o —— — —

l .
- . YOLTAGE Snd_CURRENT DISTRIBUTION , SQUARE CAVITY or HALF WAVE LENGTH SECTION
. ACROSS 8 af WAVEGUIDE c R

J7 3. 3. sVoltages, Currents and Associated Fields for Simple Mode in a Cavrfy Resonator

’ ,HC 29 ‘. .
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Job _Information: Continued

~

Tools, Materials, and Equipment:

if the beam ¢urrent is too small the cavity will still not oscillate

even though the transit time equals n + 3/4. There must be enough energy
to overcome circuit losses before the cavity will begin to produce a
radio frequency. Once oscillations are started the voltage mode that
delivers the greatest number of electrons the cavity will produce the
largest power output. K ’

The frequency of the carrier can be varied over a narrow range by changing
the repeller voltage of the klystron. This can be compared to ‘the action
of a triode vacuum tube oscillator where the feedback phase is changed
slightly causing a small change in frequency. If, the repeller voltage

is increased by a few volts the electrons return across the gap a fraction
of time earlier causing the.output frequency to increase and by reducing
the repeller voltage a few volts the electrons arrive at the gap an instant
later thus decreasing the frequency. )
This ability to change the frequency over a fimited range is referred

to as electronic tuning and, is usually measured between the half-power

frequencies. The total range of change encompasses about 5% of the center

frequency in most klystrons.

Summarizing, broad frequency changes are accomplished by adjusting the
cavity size (mechanical tuning) and fine adjustment is made using electronic
tuning. For any given cavity size there exists several voltage modes
and power output depends on the voltage mode selected for operation of
the klystron. ) )

[}

-

3

1. " Microwave training kit (or transmitter)
2. Hand tools ’
3. Transmitter manual (if you use a transmitter)

Procedure:

- A]. Connect equipment as shown in Fig. L: #
' ¢ DETEGTOR
* . [oerscron l |
- . l "~ [stie
; SCREW
. TUNING
. ‘ WAVEMETER ONIT
| | STANDING
, \ . WAVE
" POWER \ FLAP i SLOTTED UNT
MODULATOR SUPPLY KLYSTRON ATTENUATOR S omER LINE .
- Y )
- , - TERMINATION ’ \T<E>
[ \ N ’ ’ .
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Procedure: Continued “

2. Tune klystron for maximum power output as noted on standing wave
unit (or power output indicator on transmitter).

3. Write down the beam voltage as read on the meter, .

. Reduce power by 3 db (one-half the original values) by increasing
repeller voltage. '

5. Record the reading in Step b. : '
6. Increase repeller voltage until the power has been reduced 10 times .
less than its value in Step 2 (10 db).
7. Record the repeller voltage found in Step 6.
8. Return the power output to maximum by decreasing the repeller voltage RN

and record this readdng. .
9, Decrease the repeller voltage again until the power is reduced 3 db.
Record this reading. ’

10. Decrease the repeller voltage until the power has been lowered 10 db.

Record this reading. . ,

11. Find a second voltage mode and repeat Steps 2 thru 10.

12. Locate a third voltage mode and repeat Steps 2 thru 10,

13. Tune the klygtron for as many voltage modes and count as_many as
you can find (without exceeding the ratings of your particular
klystron). ‘

1. Readjust the beam Voltage to 2 other values and repeat Stéps 2 thru
]3' R \

15. Make a chart ang ident {fy each mode,

Job Questions:

1. Was the power output the same in Step 8 as it was in Step 27
2. How would you calculate the half power -points of any given mode?
3. How did the power output vary from mode to'mode?ﬁ\

4, What happens.to electrons within the rf fleld of a klystron when
the repeller voltage is increased? When it is decreased?

-

¢

31
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Related Study Assignment No. 4: Microwave Modualtors
Objective: -

Upon completion of this assignment, the student will:: (1) Know how

data is impressed upon a microwave carrier, through the use of the
microwave modulator and (2) become familiar with the necessary bandwidths
in the modulator. , ’ )

(]

Introduction:

The modulator in a microwave transmitter has the same function as the
modulator of any other radio device, to impress or add information to

a radio frequency carrier wave. As one would expect, the circuitry and
the components contained in a microwave moduljggr are very similar to
those In other units doing the same job. .

»

Since the repeller voltage of a klystron can be changed a few volts
to cause a resulting change in output frequency, it becomes a fairly
simple matter to connect the output of the modulator tq the repeller
supply and frequency modulate the klystrén. A typical circuit is
shown In Fig. 1. — . .

~ A L 3
/——/’/ .

. . . Data 7, | . AMA————> REPELLER ‘
INPUT , | VOLTAGE
L (DG)
‘ - ¢ .
:_]E . .

NEGAT IVE

VOLTAGE ) .
SUPPLY . ‘

"Fig. 1--Method of Modulating Klyétron Repeller
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Introduction:
Microwave equipment being sold today is generally entirely sollid state.
Modulation processes are just as simple in the transistor microwave os-
cillators and a typical clircuit appears in Fig. 2. The varying data
voltage is Impressed upon the transistor biasing voltage which varies
the frequency generated by the escillator. This same bias voltage may
be used in conjunction with the automatic frequency control circuits
to correct the oscillator frequency if it should drift from the assigned
channel.

- -

Vs
. MICROWAVE
DATA s TRANSISTOR >  MODULATED
INPUT a OSGILLATOR RF OUT
2, -
/‘. -

NEGATIVE
BIAS
VOLTAGE

\
Fig. 2--Method of Modulating Microwave

Unlike communications transcelvers that have narrow bandwidths (* 5 KHz)
the typical microwave system may .employ bandwidths ranging from fifty
kilohertz to several megahertz. The circuits associated with the mod- "~
ulator must be capable of amplifying the audio, video, or other data
that Is to be Impressed on the microwave carrier. As an example of
bandwidths that.may be necessary, a studio-to-transmitter 1ink of
a television broadcast station may need a bandwidth of 10 MHz. This is
for a video signal at least 4.5 MHz, an audio subchannel at 6.8 MHz
and auxiliary subchannel3 at 7.6 and 8.2 MHz. Micrdwave transmitters
. emptoyed as STLs in TV broadcasting are usually licensed for a 25 MHz
bandwidth (example: The operating frequency listed on the station 1 icense
may ‘be 6.875 GHz to 6.900 GHz ., The transmitter would then be tuned
to the center of the band or 6.8875 GHz). p
Some microwave systems arg even wider than STLs. Relay statfops carrying
.+ network television programs, telephone messages, and other data simul-
' taneously may have bandwjdths up to 40 MHz and maintain a bandwidth of
20 MHz with the gain varyingd as little as Y 1 db in the center of band:
Stations carrying only limited voice channels, telemetry, or other data

33

Transistor Oscillator ‘ . \\\\

-
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Introduction: Continued

may bé much narrower in bandwidth. A typical industrial installation
may be 1icensed as 3500F3 or 3500 kHz in bandwidth (see Fig. 3) ,

S : S
&l | | . ‘-f—~f0Mh2~Tr——-1 | . B |

|
\ . i } \

AY A L_J f
I—‘ 40Mh2 . ‘I"I . v
Fig. 3--Response Curve of 40 MHz
« : : ~ Baseband Amplifler ’

The circuit that amplifies these frequencles is today called a baseband
amplifier. This circuit may contain a variable attenuator to adjust input
levels, a diffferential amplifier, a driver amplifier, an output "stage,

a service channel amplifier, a pilot oscillator, and other accessories.
The baseband amplifier usually determines the bandwidth of the system.

“The latest equipment to hit today's market is digital microwave systems.
Carriers in these transmitters may be frequency modulated, full double
sideband amplitlide modulated, phase moduldted, quadrature-phase=shift

keyed, or several other methods. -

Data input for many microwave systems are from multiplier equipment and
this subject will be covered in a Tater R.S.A.

" Study Questions:

1. How Is the reflex klystron frequency modulated?

s

2. What voltage is varied in the microwave transistor oscillator?

-

3. What béndwldths may be encountered in the baseband ampl ifier of a
microwave transmitter? '
Y

LY
' 2
- .

L. Name several methods of moqylation used In modern microwave systems?

m"f34 -
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Job: Experiments with Klystron Electronic Hysteresis .
Objective:

. The student will: (1) Observe electronic hysteresis in a klystron
and (2) prepare a chart showing the effect of electronic hysteresis
in the klystron.

| , " Job Information:

’

A characteristic of the klystron that has not been discussed Is electronic
hysteresis. This effect can be caused by the design of the tube, .the
phase of the radio frequency current, or multiple transit of electrons

across the cavity gap. . /

Electronic hysteresis Is the difference encountered when the repeller

- voltage is Increaséd to produce maximum power output at a gliven frequency
and, after passing this maximum value, the repeller voltage is decreased
to reach maximum power again on the same voltage mode noting that maxi-
mums are reached at different repeller voltage. The frequency of the
carrier has also.changed due to this electronic tuning (see Fig. 1).

- . 8

|

REPELLER VOLTAGE GONTROL
TURNED IN ONE DIRECTION f

REPELLER GONTROL
ADJUSTED IN OPPOSITE
DIREGTION

WATTS

A
)
¥

'REPELLER VOLTAGE

Fig. 1--Electronic Hysteresis Curve of a Klystron

i

Tube design must be carefully considered and the load must be matched
properly if this effect is to be held to a minimum. The phase of

the radlo-frequency current affects the rf voltage amplitude. The
bunching process will naturally produce a small phase shift provldéﬁ
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Tools, Materials, and Equipment:

L4 . -
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information: Continued

fthél the rf voltage is large and other shifts may be noted in some types
of reflecting fields.

If thHe center of a mode is approached from the negative-repeller-voltage
side and oscillations are occurring with rf current léading rf vol tage, |
it witl begnoted that as rf voltages increase due to the increase of
oscillations and phase angle (#) begins to approach zero. If the repeller
voltage is again increased, the tube will continue to oscillate even
though it has passed the point in which conditions first become favorable
for oscillations. Eventually, continuing to increase repeller vol tage,—

the tube will reach points less favorable for oscillation and the output .
will drop rapidly to zero. Turning: the repeller voltage control in the.:

oppasite direction praduces_a situation just reverse from that described '

above. In summary, the tube must be adjusted to near the center of a
voltage mode before it will begin to ostillate but once started it will
continue to oscillate at voltages somewhat away from the center of the\
mode. - J ’

MultiplE transit of electrons is probably the most predominant of the
causes of electronic hysteresis. , Multiple transit of electrons may

be explaiped by realizing that all of the returning bunched electrons
are not collected by the cavity wall, cavity grid, accelerating grid,
etc. They pass on through the cavity and approach the cathode. With
their energy spent by this time they are returned through the cavity
again. This is the third trip for these electrons (the first toward the
repeller, the second as unches away from the repeller). The phase of
these third-transit electrons varies widely with- very small voltage
changes on the repeller and adds discontinuities much in the manner of

ripple c%rrent in° a power supply.

If the l#ad is roperly matched, electronic hysteresis may also be
encountengﬂ,/’?ﬁ:pfrequency may move suddenly from one value to another
due to impfoper tuning, matching or coupling the transmission line to the
cavity bﬁ means of a coupling loop. On long runs of. transmission lines,
re]ative’y large values of standing waves on the line can cause this

same effect. . .

If the student is to arrive at the same power and frequency using the

same voltage mode, the klystron repeller voltage must be adjusted from the
same direction of rotation of the control. .

~

1. Microwave training kit ﬂor mic;owaye transmitter)

-2, Hané tools

Procedure: - N
o L
1. Set up equipment as In Fig. 2 (or If using a transmitter, consult
transmitter manual). ! , ‘ .
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. Procedure: Continued’ ‘ )
' POWER : FLAP
MODULATOR SUPPLY KLYSTRON ATTENUATOR
1
DETECTOR -
[ SwR DETEGTOR |~
WAVEMETER
GROSS GUIDE _|sLoTTED| | SoEw
COUPLING LINE TURNER
! “ LL
TERMINATION
i Fig. 2-~Equipment Connection for Job 4
2. Adjust the repeller. voltage to produce a stable oscillation and
maximum power output. Note power output.
3. Move the repeller voltage control t? the left carefully watchin
for t oint that the power drops to zero. :
, L. Move- the repeller control to the right until the same effect s
encountered, noting this reading.
5. Move the repeller control left again and record the repeller voltage

o3

7.

at several points during the adjustment.

Be careful not to rotate

the control to the point that output was zero,as noted in Step 3.

voltage at several points,as in Step 5.
Prepare a chart similar to Fig.

Steps 5 and 6.

Job Questions:

1.

1 using the

Rotate the repeller control to the right recording the repe{l:r
d "In

read¥hgypecorde

Name three things that can produce the effect called electron!ﬁ
hysteresis. .

-

b

.. Explain multiple transit electron effect.

Did power output remain the same at the same repeller voltage
when rotating the control first left and then right?

a7
N




-

~

" State Vocational-Technical Schools of Louisiana

_MICROWAVE ' RSA 5

[

"PAGE__OF_17_

Co Relateg“Study Assignment No. 5: Microwave Transmission Lines

. »

t “

Objective:

Upon completion of this assignment,.the student will: (1) Know

how a waveguide transfers microwave energy from one place to another,
(2) know the theory of the design of a waveguide, (3) identify

the different shapes of waveguides, and (4) pass a written examination
on waveguides with a score of 75% or more. '

°lntroduction: .

In previous studies of transmission lines, twin line (side by side
conductors) and .coaxial lines have been the most popular method -of
coupling a transmitter or recefver to an antenna. A brief review of
these lines would be in order. before beginning the study of waveguides.

-
L")

A transmission line is used to transfer energy from a source to a load.
“ These lines are necessary because surrounding objects may modify
.radlation patterns and change the ability of an antenna to be an

, effective radiator.

In the use of direct current, the main requirement of a transmission
line 1s to provide a low resistance path from the source to the load.
At the commercial power frequency of 60 Hz, a transmission line from
the power station to the consumer has a small amount of reactance

when compared to its DC resistance. However, as frequency increases,
reactances increase. The operating wavelength also decreases as
frequency Increases, meaning that current travels along a line a
shorter distance before it experiences a 180° change in direction.

In comparison, thé wavelength of a 60 Hz signal is 3100 miles. At

1000 Hz the wavelength is 186 miles and at 960 MHz one cycle is completed
in 12.3 inches. At higher microwave frequencies such’as 10,000 MHz
the wavelength is 3 centimeters or 1.18 inches. When a line is
physically as long or longer than one wavelength it becomes an rf line.

v‘{ "

A transmission line has several constants and these may be lumped into
lan equivalent circuit as shown in Fig. 1. The series resistance

“ represents the DC resistance of the line, the inductance.depicts ~

. the selfainductive action of the line, the capacitor shows the total

> capacity of the line. The shunt resistance Indicates the 1 eakage
,of the line. These.four constants are found in any transmission line
carrylng rf currents. ’ v ‘

’
Bl
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Introduction: Continued ° .
” .

@ EQUIVALENT GIRCUIT

—A- * — .
R l L
C G T—
.| .
ANN- > 0020s

Fig. 1--Transmission Line Equivalent Circuit

Since the resistance is uniformly distributed along the line (as is
the inductance and capacitance) it will be found that the line displays ¢
a constant impedance at any point along the length of the line. 1In
. a3 theoretical lossless line, if a DC voltage is applied to one end of the CT
line (Fig. 2) the capacity represented by Cl will.attempt to charge
but thd*tharging current is opposed by the inductance L]. After a
certain length of time, C{ will charge ta near maximum and C2 will begin
to charge but Is opposed by the inductance L2. This action-will continue
for a line of infinite length assuming no loss dissipated into the
resistance of the line (12R loss). This produces a constant current
flow from the source_ toward the load end of the line. This may be com-
. paréﬁ to the constant current circuit Il1lustrated in Fig. 3. If a section
is femoved from any location along the line, it displays the samé
characteristics as the entiJe 1ine.

Ly - L2 L3 Ly . Ls

Wl JA\ Vo112 p . e ————
SWITCH e 11\ o - LlNé
. C EXTENDS
. .

0 —

= C, 7T C C
T ‘ ! 2 3 Ca 5T ety
' i 8 D .
r — - lo—o— —+ — - —

< M A

%

Fig. 2--Theoretical Lossless Liné Showing L & C

. —
* ; ‘

/S ®

SWITCH ~

3 * Re

iJb—

’

*

3

a

. " I ‘ F:zc ) . . ‘ )

: 1
F‘ig. 3--Equivalent Circuit Showing Constant Current to a Load

a

by 39
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Introduction: Continued

[

-, i

Since a constant current will flow on the line depending on the applied
yoltage, the Impedance of the line may be found by Ohm's Law for AC )
circuits 2 = E/l.> This impedance Is known as the characteristic impe-
: dance.” |f the inductance and capacity of the line is known, one can_
even predict how long it will take for the current to travel the length
of the line. If the load end of the line Is connected to a resistivé
load equal to the characteristic .impedance (Zo) of .the line, all the . -
energy sent down the line will be dissipated in the load. : o

One thing you will note in the previous discussion and this is that the
energy has traveled along wire conductors. At frequencies employed in o
the microwave region a different type of transmission line«ls used.’
; This line is based upon the same principle studied in the R.§.A. on
R . microwave oscillators using an infinite number of quarter~wave hairpin
¥oops with the loops connected in such a manner as to produce a hollaow
pipe. This hollow pipe propagates energy by the movement of electro- =
magnetic fields. S ¥ ’

Two wire line is-a poor line for transmitting electromagnetic flields

since it does not. restrict these fields In a direction perpendicular

to the plane of the conductors and this results in some loss through
- . radiation. This loss can be reduced by using coaxial cable but sone )
losses still occur due to.skin effect. By removing the central conductor
and the diekectric‘métqrial of a coaxial cable, a hollow pipe is -formed
and this pipe, If of the proper diameter, will transfer energy with less
loss than the original coaxial cable. This type of line is called
a waveguide:. See the qomparlsbn\of the cross section of coax and wave-
guides in Fig. 4. It must be noted here that a waveguide do€s not
have to be ‘round but may be square, rectangular, or eliptical, the most .
popular style being rectangular in cross section. '

N

' ' i

14

Coaxial Line Waveguide
Comparison of Spacing" ‘ ' R N

in Coaxial Line.and Waveguide™

Fig. b--Cross Sectional View of 4
Coaxial Line and a Round Waveguide

ERIC . - 40 g
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- y Introduction: Continued

=3 —~ Waweguides have several advantages and di.sddvantages: At microwave
requencies tHe advantages outweigh the disadvantages. The advantages
are as follows: ’

-

1. A waveguide has a large inner surface area which reduces skin effect. (/' '
This large surface gives the energy a.lower resistance path to
travel and reduces copper losses (12R loss).
2. Losses due to heat bulldup in the insulating material is greater
-* In two conductor, or .coaxial than in a waveguide. (Remegggr, a
- ~ * waveguide has only air as a dielectric.) Insulation losses in wave-
N guldes are, therefore, negligible. ,
s 3. Waveguides are more rugged than two-wire or coaxial line because
A of their physical construction. These guides are usually of fairly . -
heavy, rigid metallic pipe as compared to the solid (or stranded) '
wire conductors of two-wire line or the flexible braided outer
P ~ conductor and wire center conductor of coaxial cable.
! L, Waveguides are, as a general rule, easier and simpler to construct
since they contain-no center conductor or insulating material.
5. Radiation losses are minimized since the magnetic fields arfe entirely
. contained within the hollow metallic structure.
~ 6. A waveguide will handle more power than a coaxial line of equal.
size. Pgwer-handling capabilities may be calculated using the
formulafP = EZ/ZO.yhere P = the power in watts, E is the voltage
applied to the line, and Z, is the characteristic impedance of the
line. Referring back to Fig. 4, it can be seen that the spacing
between the center conducfor and the shield of a coaxial cable is
about one-half that of the conducting surfaces of an equivalent
size waveguide. This means that the breakdown voltage of a waveguide
Is soméwhat larger than that of a coax.

Waveguides do have some disadvantages. Recall the calculations of
wavelengths of the different frequencies In the earlier portion of this
R.S.A., Since a waveguide is constructed of an infinite number of quarter-
wave hajrpin loops joined together at thelr open ends (Fig. 5), it Is
apparent\that the physical size must be’limited to frequencies that

<. - . have very|short wavelengths. In comparison, 60 Hz would require a

% T wavegulde of rectangular measurements of 755 miles in width and 1550
‘miles in height.  The dimensions of a 3 cm (10,000 MHz) microwave

- . line would be slightly larger than # x % inch. .

, The second disadvantage of waveguides is also related to wavelength

] . and dimensions. |f the cross section myst be % wavelength by # wavelength

, for propagation to occur, there Is some frequency at which point the

- 1 wavelength dimension Is exceeded and this frequency and all other longer |
wavelengths cannot be transmitted down the line. Coaxial cable, other |
than losses already mentioned, is not subject .to.this.limitatign. |
There also is a practical upper limit that the waveguide can alccommo- %

date (such as a large dimension approaching 1 wavelength).
. R

11
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.?ig. 5
Development -of Waveguide by
Adding Quarter-wave sections
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The low frequency limit is referred to as the cutoff ;{equency'and

" -may be calculated using the formula:

~

éJ
FREQUENCY (cutoff) =V(m2) + (na/b)2.

where: a equals the dimension in attached figure t -
. b equals the dimension in attached figure

| —_— m equals the first subscript of the mode

n equals the second subscript of the mode

| » - , Narrow Dimension
' b =7
| ,
——
‘\\-—-Wi¢e Dimension
' ‘ , : 2
Example: 3 cm wavelength (10,000 MHz), TE], o mode
a=1.5cm/
b= .75 c T : e
n=20
‘ T 2a ] 2x1.5 :

F(cutoff) V(m2) + (na/b)2 L= J(12) +K0 X 1.92 ¢
. ’ . .75 = A

» -—-—f"// 3 ' 3
- ) Vyi+o = ¥
|
i
|
|

= 3 cm

For this reason, waveguiies are usually made to a wide'dimension of

about .7.wavelengths and a_parrow dimension of from .2 to .5 wavelengths. .
As was pointed out earlter, movement of energy within, a waveguide

is accomplished through the use of electromagnetic fields. Current

and voltage in the waveguide are used to form these fields. Two '
fields are.located in the guides. The technician should become ac-
quainted with each one and the location or position occupied by each

fteld. ' ‘

The first field that is always present in a waveguide carrying energy
| is the magnetic field. This field is generated by the mOVemggt of electrons¥®
: in the conducting material. If a line of force is present and is in
the form of a closed loop a small electromagnetic field is set up and

~ )

Q 4::} J .
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Introduction: Continued -
. .

by combining many of these single lines a stronger magnetic fleld.

is formed. This fleld is called an H fleld and Is made up of H lines.

The strength of the field depends on the current and the direction =

may be determined by using the left-hand .rule. '

The magnetic field around a single conductor is pictured in Fig ba.

If the conductor is formed Into a coil, the fields around the turns

tend to cancel but external of the coil the closed loop Is formed

producing the magnetic field as in Fig. 6b. Currents and the H field .

are shown in c and d of the figure. A waveguide three half wavelengths

long showing the magnetic fleld from three views is illustrated In Fig. 7.

and, as you can see, the field is strongest near the edge of the wave-

guide. Notice the arrows indicating the direction of the field.

They are reversed every half wavelength.

. = i

i

i

+

1
KYJ ~
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One other thing that is necessary for energy to travel down a waveguide
is that no component of the magnetic field can be perpendicular to the
field at the surface of the waveguide. You can see that the H lines.
are parallel to the surface in Fig. 7.,
s 5 ’ . .
7 The other field found in the wgzeguidp is the electric or E field.
' Mhis is an electrostatic field like the one found in a charged capacitor
f (Fig. 8a). gThe number of arrows, pointing from positive to negative,

indicates the strength of the E field. In a waveguide this strength
varies along the length of the line according to the current on the line
.(Fig. 8b). Each line of stress is called an E line. The addition of
half-wave frames givgs a view of the E field in three dimensions showing
points of maximum and minimum voltage along the line (Fig. 9). e

CONDENSER - TEsLf wave
PLATE -
[

- >
= ~

@ . +
+
’-I-' o, STANOING TWO WIRE LINE
=
=

iy

Z

ELECTRO~- GENERATOR | SHORT CIRCUIT
STATIKC LINES OF
FORCE

Iy

N .

Fig. 8--Electric Field ‘between Condenser Plates and
a Full-wave Section of Two-wire Line

—

TWO WIRE LINE
FRAMES -

\

AN NN

SMORT CIRCUIT

AR

A
HAL F WAVE FRAMES]
REMOVED FROM
MA/N LINE

? i

L3

Fig. 9--Magnitude of Fields on Half-wave Frames
Vary with Strength of Field on Main Line
3 45
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A cross sectional view is presented in Fig. 10. The E field must be
at zero at the top and bottom of the waveguide and at other places

must be perpendicular to the walls.

This satisfies the condition that

no elgctrlc field may exist tangent to the walls of the guide.

v

° V__A’ZA

4

— "/e N i "/e _,._I , '
x x O\ ¥ o ° SIDE VIEW .
% x X 2 e [ a '
l/z l“xx::z”‘x“ .o.;:o'
X X X XXXXX X X=X ® o000 000 0 0
XXX o0
v x X e & 0 -
x b N r [ ] [ ] [ ]
3 x 3 [ ] [ [ ]
3 x x L . L}
A
b . \ﬂ‘
)
B TOP VIEW
! Fig. 10--E Fleld in Actual Waveguide-

‘ 4

The two fields just discussed must exist at the same time In order for

propagation of energy to occur.

difference..
results in an H field.
the waveguide.
exist simultaneously.

Figure 11 sho

e

Each field is interdependent on the
other, that is, an H field produces a current that causes a vol tage

This yoltage produces an E fleld that causes a current that

Radio frequencies are thus transmitted down

S

ws both fields in a waveguide as they

When such a field exists, It Is referred to as a mode of operation.

The ‘field that is easiest to produce in a waveguide Is called the domi~
nant mode. Other modes are possible and some of these are pictured in,

Fig. 12.

RS
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The energy moving through a waveguide is in the same form of electromag-
netic radiation as that radiated from an antenna. However, the boundary
conditions 1isted previously must be satisfied, that is, E lines cannot
be tangent to the wall surface and no component of the magnetic field
may be perpendicular to the wall. Referring to Fig. 13 a & b, it can

be seen that both these conditions would be present if the pattern was
exactly as a radlated signal from an antenna. Under the conditions
pictured the E field will be shorted out and the H field cannot exist
because it is not a closed loop.

‘ 1
_ n T A2 -4
| il
l - S I I T o g »
. Lo |t
=" € I L e i
- ‘______._1..-——
| Ll ‘_____,__-—u-—"‘
) [ o
]

Small Portion of Field Radiated
- \ into Space by an Antfenna

Fig. 13a

o-LINE TANGENT TO SURFACE OF WALL

Fields in a Waveguide Must Satisfy )
* Boundary Conditions fo be Radiated .

-~

Fig. 13 b
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4

Some method is needed to intfoduce a signal into a waveguide and produce
a radiation pattern that will travel the length of the guide. If a
probe or antenna is placed within the waveguide and fed with a radio

\ . frequency current, (in the proper microwave region), alternating half-
cycles radiate into the hollow waveguide in much the same manner as \
ripples on a pond that expand from the, point where a pebble entered the Y
water or the omnidirecttonal radiatidﬁ&p ttern of a one-quarter wave

vertical antenna when plotted from dir‘ct1y above the antenna. Some : %
\
1
|

port ions of these signals encounter the waveguide walls (Fig. 14) and
some travel straight down the guide and are attenuated due to the con-
ditions shown in Fig.” 13b. The other signals, upon reaching the guide
wall, are short-c{rcuited and reflected 180° from their original phase
as in Fig. 15. The two positive signals (solid lines) ng causing
maximum voltage to appear at the center of the waveguidél Kijewise,
the megative signals—addand where the-negative and positive signals
encounter each other at the walls they canc&, meeting conditions nec-
essary for an E field to exist.

J

———

—

S

Fig. 1'i--How Radiation Fields are Made '
i " to Fit a Hollow Pipe

]
o7 WAL Of WAVEGUDE

$ -
- t A - (
[ A
) % T
' = |
- c
—%

Fig. 15--Paths of Wavefronts in.Waveguide

.
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Introduction: Continued

The angle at which the wave crosses the guide Is related to the wave-
length and the cross sectfonal dimension of the waveguide. Some of thes
angles are depicted In.Fig. 16. As the frequency gets' lower, the angle \
of incidence increases until 90° is reached, at which time the signal
bounces back and forth across the guide until the energy is lost as

heat In the resistance of the walls. The waveguide at this point is -
one—half wavelength and the cutoff frequency has been r€ached.

!

) AN
; .
A e
_b HIGH FREQUENCY B ]
) B
. MEDIUM FREQUENCY
. . c
" \ LOW FREQUENCY
L )
Fig. 16--Angle at which'Fields Cross
Waveguide Varies with Frequency
. In the study of transmission 1ines used for two-way communications, x
it was found that rf energy travels through a transmission line at
a speed slower than the speed of light. This is due to resistance,
’ insulation, etc. A signal traveling through a waveguide also travels *
slower than the speed of light but not necessarily due to the same
reasons. R )

. The axial velocity of a group of waves Is called the group velocity.

. The relationship.of the group velocity to diagonal' velocity causes

*  an unusual phenomenon. The velocity of propagdtion appears to be greater

. tHan the speed of light. ‘As seen In Fig. 17, a wavefront (one of the

waves In a guide) will move from point 1 to point 2 or a distance L
at the speed of light (VL). Due to this diagonal movement (indicated
by the large arrow) during this time the wavefront has moved down the
guide only the distance G, which is a lower velocity. This is the

Q ‘ - -

.
ol
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A

group velocity (Vg). If an instrument is used to detect the positions
at the wall, the two positions will be apart by the distance P. This
distance is greater than both L or G. The movement of the contact point
between wave and the wall Is at a greater velocity than the movement

at L or G. Since the phase of the rf has changed over the distance P,
this velocity is called the phase velocity (Vp). 3The mathematical re-
lationship between the three velocities is stated by the equation

Vl = V VpVg where V1 equals the velocity of light (300,000,000 meters h
per second), Vp equals the phase velocity, and Vg equals the group '
velocity.

) Haae WALL

Fig. 17--Relation of Phase, Group,
and Wavefront Velocity

N

This equation indicates that it is possible for the phase velocity to

be greater than the speed of light. As the frequency decreases, the angle
of crossing is more of a right angle. In this condition the phase
velocity increases. For measuring standing waves In a waveguide, it

is the phase velocity which determines the distance between voltage
maximum and minimum. For this reason, the wavelength measured in the
guide will actually be greater than the wavelength in free space.

From a practical standpoint, the different velocities are related in the
following manner: If the rf frequency being propagated Is sine wave
modulated, the modulatiom envelope will move forward through the wave-
guide at the group velocity, while the indlvidual cycles of rf energy
wi1l move forward through the modulation envelope at the phase velocity.
If the modulation Is a square wave it will travel at the group velocity
while the rf waveshape will move forward within the envelope. Since

the standing wave measuring equipment is affected by each rf cycle,
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! . Introduction: Continued

the wavelength will be governed by the rapid movement of the’changes
\, in rf voltage. Since the intelligence {s conveyed by the modulation,
' the transfer of intelligence through the wavegulde will be slower than
the speed of light, as Is ther case in other rf lines.

Because of the way the fields are assumed to move across the waveguide,

certain factors. As shown in Fig. 18, the angle that the wavefront
makes with the wall (@) is related to the wavelength and dimension

.of the guide and is equal to cos # = 2B where X_.s the wavelength -
in free space of the signal in the guide, and B is’ the inside wide
dimension of the guide. The group velocity (vg) is related~to the ve-
locity of light (V1) as seen in the formula

vg =sinp= Vi~ |2

-2 L

it Is possible to establish a number of trigonometric relationships between.

\ Vi 2B
It is also possible to measure the wavelength in thé guide (x g), the
wavelength in space is equal to g = | = ] :
\ x sing® \Il-’( N ),2

. 28

and further = 2B . q
g2 + LB2,

" Fig. 18--Trigonometric¢ Relations Exist
. . between Factors Indicated

Since a waveguide may operate at any one of several modes, some system

is needed to identify each of these modes. A numbering system has been

devised to ald the technician in identifying the dominant mode of the

waveguide. (This mode ‘was defined earlier as the normal configuration
- of the electromagnetic field in a kectangular waveguide.) Any field

RIC A 1.
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configﬁration may be .Jdentified as a transverse electric or a transverse
magnetic mode. These fields are usually dqsignated as the TE or T™
modes. :

4

Remember, in the TE mode (sometimes called an H mode) all of the electric
field .is perpendicular_'to the length of the guide and no E lines are
paral lel to the direction of travel of the wave. In the TM mode,
(sometimes-called an E mode) the magnetic field is perpendicular to the
length of the guide and no H line is parallel to the direction of pro-
pagation. In free space on a coaxial cable, both fields are perpen-
dicular to the direction of propagation and are said to be in the TEM
mode. A waveguide cannot contain the TEM mode. ‘ )

letter designations. In a rectpngular guide, the first small number,
ow many half-wave patterns of trans-
verse lines exist along the short dimension of the guide through the
center of. the cross section. The second small number Is for the number
"of transverse half-wave patterns that exist along the long dimension
of guide through the center of the cross section. The numbering

di fferent for round waveguides, the first subscript indicating the
number of full waves of the transverse field encountered around the cir-
cumference of the guide. The secohd number indicates the number of the
half-wave patterns that exist across the diameter.

To furtﬁér'identiﬁy the modes :EQpatterns, numbers are placed after the

In Fig. 19 a TE mode is pictured in the rectangular guide (the electric
lines are perpendicular to the direction of movement). Note that the
intensity change Is zero In the direction across the narrow dimension
of the guide parallel to the E line and thus the first subscript is O.
Across the guide along the wide dimension, the E field varies from zero
at the top to maximum at the center to zero at the bottom. This in-
dicates a half-wave condition and the second subscript is 1. Thus the

mode i1lustrated in the rectangular guide TE 0,-1. .

Modes

g
£;~

Flig. 19--How to Count Wavelengths for Numberin

’
1




State Vocation\al-Technicql,Schools'of Louisiana . g
' | S T . RSA
MICROWAVE f

Introduction: Continupﬁ

.c

References:

5
PAGE ToF 1T _

*

in the round guide, the E field is transverse on a TE mode. Starting
at the top of the figure and moving clockwise, the field goes from zero
through maximum positive on the left to Zero-at the bottom and through
maximum negative on the left to zero on the top again. "This is one full

. wave and corresponds to-the first subscript of 1. Going through the

diameter starting at the top of the wall the field goes from zero to
maximum in the center to zero at the bottom indicating one-half wave _
or the second subscript, 1. This mode then-is TE],l. Some other patterns’

are possible and are shown in Fig. 12. ‘ i

The previous discussion has covered what a waveguide is and modes of
operation. In the next R.S.A. some waveguide devices will be the topic
for study. - . , - '

1. ‘Rohert'L. $hrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw-
Hill Book Co. Read pages 638--640.

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/
McGraw-Hi11 Book Co. Read pages 337--384.

Y

Study Questions: . . . .

1. Name four waveguide shapes.

) . a

“2. Name six advantages of waveguides. -

3. List two disadvantages of waveguides. ’ )

L, What are the fields that are present in a waveguide when a radio
frequency current flows? ‘

]

5. Define ''dominant mode.''

P

6. What is a TE mode?

A\l
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< Objectivey
A -The student will: (1) Measure the frequency of a microwave oscillator,
(2) become familiar with the different methods used to measure micro-
wave frequencies and the devices that are used to make these measure-
» ments, and (3) determine the wavelength of a microweve frequency in
both inches and centimeters.

Job Information: .

b There are several methods that are used to measure the frequency of
a microwave oscillator. Four of these methods will be covered in:this
discussion and three experiments will be included here. . v

The first methdd is probably the fastest, simplest, and'most used today.
© ’ This method uses a digital electronic frequency counter and consists
- of simply connecting the counter to some convenient point to pick up
a sample of the oscillator frequency or the output frequency and then
read the display. Of course, the counter must have the capabilities
to read accurately in the microwave region to be measured.
{ Lo, -
The second method of measurement is still very popular, particularly-
in alder equipment. This method uses a wavemeter with a calibrated
dial that reads directly, or in 'some Instances, may have a chart .to
convért a dial reading (such as a micrometer dial) to the proper fre-
quency. This device has a resonant cavity that absorbs energy from
‘ . . the transmission line when it Ts tunel to carrier frequency. Some type
" of visual indicator is generally employed to let the technician know !
when the wavemeter is properly tuned. This may be a milliammeter and
UHF diode detector attached to the, cavity of the wavemeter or the crys- =
tal current meter on the transmitter. In either case, the waveméter
" is tuned to resonance and the indicator current will dip indicating
) C that the cavity Is absorbing power .from the circuit and decreasing the
° output power_ by some amount. , P ‘

‘

°

" The third method is the measurement of the free-space wavel&nhgth
utilizing a fixed probe.in the waveguide, a horn antenna, and some
type of ‘device to reflect the transmitted signal back into the horn and
thus back’ into the waveguide. A reference distance between the horn
and the reflector is noted and the reflector-is moved closer to or farther’:
away from the horn. As the reflector is moved, an indicator will. pro~
vide information relative to peaks and nulls. The distance the reflector
is moved between nulls Is a half wavelength of the signal in free

space.
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The fourth method is the measurement of the.guide wavelength utilizing
a proBe, a slotted waveguide section, an isolation device, and a

metal plate attached to the end of the transmission line to cause a
large standing wave in the waveguide. The probe is moved along the
slotted line and an ‘indicator shows peaks and nulls similar to the pre-
ceding method. Guide wavelength is measured by reading the .distance
between nulls {ong~half wavelength) and then converted to the carrier
frequency using the formula:

F=2¢C J T+, xc 2
()

AC

where C equals the speed of light in centimeters (30,000,000,000 cm/sec)
or 3 x 1010 em/sec.
g equals the guide wavelength
c equals two times the large dimension of the waveguide

~

Example: ,

=3 x 1010 1+, 4 f = 10,500 MHz
(758
———T—
where Xxc =4 cm .
g = 4,08 ém

By performjng the following experiments the student will become familiar
with the three methods described above. —

I -
Tools, Materials, and Equipment:
T
1. Microwave trainer or transmitter"
2. Hand tools

References:

1. Microwave transmitter manual (if you are using a transmitter
.  rather than a trainer).-

~

Proceqdure? ~

Wavemeter Measurements

‘1, Set up trainer as in Fig. 1. |If you use a transmitter, it should
: be equipped with a resonant cavity wavemeter.
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, Procedure: Continued

T
| MODULATOR™ POWER " | KLYSTRON !
| . SUPPLY
| ) —
’ ~{ WAVEMETER DETEGTOR
X
FLAP GCROSS
AT TENUATOR GUIDE ~ oo T
i GOUPLER SLOTTED , [  STANDING

‘ LINE WAVE
‘ UNIT
| -  TERMINATION ‘

Fig. 1--Equipment Connections to Measure Frequency
2. Connect a cable from the slotted line to the standing wave unit
as shown in Fig. 1. (Disregard if using a transmitter.)
Tune the klystron until it oscillates in a stable mode.
Detach the cable from the slotted line and connect it to the crystal
detector. (Disregard If using a transmitter.)
5. Adjust the standing wave Unit to maintain a meter reading' of
. less than full scale. | C
6. Turn the wavemeter tuning contro} (or micrometer dial) until a
dip is noted on the standing wave unit meter (or the crystal current
meter of the transmitter). |
NOTE: The dip may be difficult to locate If the klystron is
delivering a relatively large amount of power to the wavegulide
setup. Try decreasing the power by inserting the flap attenuator
into the waveguide and then check for a dip. It is also possible
that other modes may produce a slight dip. Look for the largest
| . dip on the meter.
‘ ‘ 7. Approach the dip from below and above frequency cagefully, noting
| the point of maximum dip. ,
| 8. Convert the micrometer'reading to frequency using the chart supplied
" with the wavemeter, or in case of a direct reading wavemeter, .
read the frequency indicated..
NOTE: Students using a transmitter may not be able to do the
following measurements., Consult your Instructor. :
)

£ AN
. .

Y
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Procedure: Continued
Free Space Measurements:

Connect a waveguide horn to the slotted line using the same equip-
ment setup as in F?b. 1. :

Attach the probe in the slotted line in such a manner as:to make

it stationary.

Position a parabolic reflector about 18 inches directly in front

of the. horn antenna so as to reflect the microwaves back into the
horn. N

Move the parabola in one direction or the other to produce a
maximum meter reading on the standing wave unit. Mark this position
as a reference. ’
Reposition/ the parabola closer to the horn slowly until the next
maximum reading occurs. Mark this position for identification.

Move the parabola closer to the horn again noting max i mums

as the dish approaches the horn. Erroneous readingX may be obtained
if the dishqgets closer than about 10 inches from the antenna.
Measure the distances between the marks that were made at the
maximums. The distance between -any two adjacent marks is equal

to one-half wavelength in free space. :

Calculate the frequency using the formulas: ) &

1) -F = 30,000
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Job: Microwave Power Measurements
» \
Objective: /)

The student will measure the relative power output of the microwave
slgn;l. ~

Job Information:

Most microwave systems Incorporate the necessary capabilities to

, measure the relative or absolute power output of the microwave signal.
\ Instruction books usually provide a step-by-step procedure to measure
the power. In this job the measurement of relative power output of

a microwave trainer will be undertaken of If the classroom has an oper-

ating microwave transmitter, the student, with the Instructor's per-

mission, may measure the power output of the transmitter.

The standing wave unit In the training kit will read the relative

power output of the klystron. The meter Is calibrated for both vswr

and powér output in dB. DB reading canm be calculated using the for-

mula dB = 20 log vswr. ‘

Tools, Materials, and Equl?ment:

1. _Microwave training kit
2. Hand tools .
3. Standard decibel table

A
References:

1. Transmitter manual (If you use a transmitter rather than a tralner).
Procedure:

1. Connect trainer components as shown in JFlg. 1.

\ POWER - FLAP
M°°(‘-“T°R SUPPLY KLYSTRON "| aTTENUATOR [

r' - . N - -

t -

SLOTTED .
» ANTEN PARABOLA
LINE " ‘n/// Fig. 1--Equipment Setup
f for Power Measurements
\
‘ %}I’ANDING
AVE

UNIT ' ) ' 5 9
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Procedure: Continued

2. Tune the klystron for power output on a stable mode.
3. Remove the parabolic reflector from location in front of the
antenna. / ) .
L, Slide the probe on the slotted line back and forth along the line
until the meter on the standing wave unit indicates a maximum.
5. Set the gain-control until the meter reads full scale.
6. Slide the probe back and forth along the glotted line until the
meter Indicates a minimum. The meter should remain on scale and
indicate a vswr betwden 1:1 and 3:1. Record the reading. (Re-
cord also the dB.)
7. Place the parabola in front of the antenna at a distance of about
3 inches. -
8. Slide the probe along the line until a maximum is indicated.
9. Adjust the gain for a reading of 1 on the vswr scale.
10. Move the probe, noting it moves off scale to the left. éﬁ
11. Turn the range switch to make the meter again read on scale.
(X 10 scale)

12. Slide the probe along the: line until a minimum is reached. | .

- 13. Record this reading, remembering that by changing the range switch
the scale\ has changed by a multiplier of 10. (Example: If the*
reading in Step 6 was vswr = 2, and now the meter still reads
2 after moving the range switch, the vswre= 2 + 10 or vswr = 12.)

14. Note the reading taken in Step 4 when read on the ''dB' scale.

Record this reading.

15. Compare the readings on the 'dB'' scale that were made in Steps
6 and 13.

16. Calculate the relative power level of one reading over the other
reading. (Use the formula provided In the information section
of this job.) -

17. Consult a standard decibel table for the relative gain or loss

- for your measurements. A ‘
18. gﬁve the flap attenuator to several different positions and note the
J anges in power. L )

"

Job Q@stions: .

~ .

-

} 1. Does the vswr change in the line as the power is Increased or
decreased? -

o

iy - !
2. An increase in. voltage of 3 dB corresponds to a power increase
a4 - of how many times?

4

§ 3. An increase in power of 3 dB corresponds to a gain of how many times?’
\ \ .

. 4. A vswr of 5 dB corresponds to a standing wave ratio of
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Related Study: Assignment No. 6: Transmission Lines

Wbjective:

Upon completion of this assignment, the student will: (1) Know some
devices used with waveguides for matching impedances, for terminations,
and for making measurements, (2) know how waveguide sections are phys-
ically coupled for mihimum loss, and (3) pass a written examination

with a score of at leagt 75%.

Introduction:
IS

A

In this R.S.A. the-student will learn about some waveguide devices,

how waveguides and these devices are physically connected together for
° minimum loss, how energy is inserted into or removed from a waveguide,

how impedances are matched, and how attenuation affects the signal

as it travels along inside the waveguide. :

several illustrations of various devices used with wave=
i fferent purposes such as impedance matching,

jations of these are shown in Figs. 1 apd 2.

The text has
guides. These devices serve d
tuning, or coupling. Some var

%
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Introduction: Continued
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Fig. 2--Reactive Plates in Waveguide

‘Several methods are used to excite a waveguide, that i's, rf energy

must be put into or' taken from a waveguide if it is to be used as a
transmission line. Since a waveguide 1s in reality a single conductor
device instead of the conventional line with two conductors, some different
methods of excitation must be used to transmit or receive signals. Three

such methods will be discussed.

The first method uses-electric fields to excite the waveguide. If a -
small probe is-inserted at the propgr location in the guide, particularly
one-quarter wavelength from the shoﬁged end of the guide (oy high impe-
dance point) and in the center of the guide parallel to the narroy di-
mension, an electrostatic field is set up when the probe is connected

to an ¢f source. This in turn sets up the electric field to excite the
guide. Impedance matching, when using this method, 1s accomplished by
varying the distance from the shorted end to the probe and also by
varying the length of the probe. The amount of excitation may be control led
by reducing or lengthening the probe, moving it from the center of the

E fileld, or by shielding it. This method is shown in Fig. 3.

The second method uses a magnetic field to excite the waveguide and uses
a loop inserted into the guide as indicated in Fig. 4. This loop may
be -located at any one of several pldces as shown at C in the figure.

An H field is set up using the- loop, thus transferring energy to or<

from the'guide.

.\
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Introduction; Continued

The third method of exciting a waveguide is the use of electromagnetic
waves, Fig. 5. |If a guide Is left open, reflections are set up due to
fields being built up around the end of the guide. If a funnel-shaped

or horn antenna is attached to the ‘guide, these reflections are eliminated

. or minimized since the funnel shapg acts as an impedance matching”
device. This matches the impedance of the guide to the impedance of
space. One might compare the gradual slope of the horn to that of a
two-wire line that is delta-matched to a half wave dipole antenna.

—

’ :
A REFECTIONS OCCUR FROM AN ORDINARY OPEN END
DUE TO THE WAY FIELDS EXPAND AROUND OPENING,

\\ Y

l F FLARED ATTING ‘
.

BY FLARING OPEN END WITH OPTIMUM PROPORTIONS,
-~ B REFLECTIONS ARE ELIMINATED.
«

C EXCITATION THROUGH APERTURE ~
( D FIELDS LEAX THROUGH ArPERTUKE.
. »

Excitation with Electromagnefic Fields

! ) \ Fig. 5 i

e

/
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Introduction: Continued

One other special method shown in the figure is the use of a small
aperture and is employed when very loose coupling is desired.

In many instances It is impossible tosrun the waveguide in a straight line
from the transmitter or receiver to the antenna. Since waveguides are
usually rigid some method is necessary to change direction of the line.
To keep from introducing a discontinuity that will cause reflections, these
changes must be gradual. The radius of bend Must have a radius greater

- than two wavelengths to keep reflections to a minimum.

!

A bend can be made In either the narrow or the wide dimension without
changing the mode of operation. The bend Is usually made using two

L5 degree bends located one-quarter wave apart to reduce reflections.
The combination of the direct reflection at one bend and the inverse
reflection from the other bend will cancel leaving the fields as if no
reflection had occurred.

somet'imes the use of a flexible sectjon of waveguide is necessary such

as an installation where a rigid mount is impossible. These are manufac=
tured much like a coiled spring with a rectangular cross section with the
internal dimensions conforming to the size of the rigid guide and are
covered with a thick rubber coating to protect, weatherproof, and seal
the guide while®allowing flexibility. ’

On occasions it may be necessary to rotate the electromagnetic fields

to align the guides for matching the narrow and wide dimensions. A’
twisted section of waveguide (or sometimes a flexible section) is used

for this purpose. The twist, like the bend, must be gradual, usually
extending over two wavelengths to minimize reflections . A twisted section
i{s shown in Fig. 6

‘ |
LY
+ Twisted Seciion of Waveguide Rolates /

the Field with Minimum Reflections

Fig. 6

It has been discovered that In jgining two sections of wavegulides together,
even though the guide sections are the same size and shape with the sec-
tions tightly fitted together, the joint will ''leak" radio frequency
energy. A solution to this problem is the choke joint. Figure 7 shows

the construction of this device with one section having a flat flange

and the other equipped with a slotted flange. Note the dimensions given

é

]
t
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for the spacing and depth of the slot. From the wall of the guide tosthe
slot Is one-quarter-wavelength and from there ta the bottom of the slot

is one-quarter wavelength (or a total of one-half wavelength) thus

producing a short. Refer to the simplified drawing in Fig._&. This device
is so effective that the sections can be physically separated by approxi-
mately 1/10 wavelength without appreciable loss at the joint. By com-
parison, a choke joint will have a loss of about .03 dB and a well-machined,"
unsoldered permanent joint (designed and installed at the factory) may

have a loss of .05 dB. A rubber seal is usually placed In the joint

so that the line will be made airtight and a dry gas or dry air may be

used to pressurize the line for the elimination of moisture buildup

in the line. )

QRN

-
. R .
.
SHORT CIRCUT — - .
M
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RECTANGULAR WAVEGUIOE RECTANGULAR WAVEGUIDE
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Choke Joints Keeps RF Fields Inside Waveguido'

Fig. 7
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E--Half-wave‘Section Shorted
at Both Ends

c
‘ /
o

!

f Shorted Section
\
"
~A
LOW HIGH LOW . HIGH S ‘
Z y A z y A .
H——%———l«-—%~~4<——%—>-
B--Impedances of a 3/4 MWave -
Shorted Section i , .
) F--Simplified Drawing of
LOW HIGH Low . ' Choke Joint
yA L Z y4
~— My =>4 — /4 —
¢--Impedances of Half-wave ;ﬁ ‘ )
+  shorted Section —L .
, G--Equivalent Circuit
50 < 50 \ 50 (compare with ''C'* at left)
OHMS OHMS . OHMS '

|
—i

7‘/2——""| .

A

D--Terminated Full-wave Section Showing
how Impedance Repeats Itself Each
Half-wave Length

. ™~

”~

Fig. 8--Impedances of Waveguide Sections

P

(Z = Impedance) & A = Wavelength
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Introduction: Continued ' - .

. A special joint, called a rotating joint, Is shown in Fig; 9 and is
used where a movable antenna is necessary. This would primarily apply
to radar systems and these systems are beyond the scope of this lesson.

.
-
+ <+ + + + . . . . . '
. . .
+++++++ .0 L4 L]
+ .t o,
.o:o. ++++
o.o * o -+ +++++
o " e o o o + 4+ 4+ 4+ 4
! T Ml MOOENO!C\I-.MWAVEGUD! )
CHOKE JOINT

STATIONARY SECTION

ROTATING

Rotating Joint and TMo, Mode in Circulor Waveguide f

l ) s
~

s -

Eig. 9 M '

Sometimes It is desirable to attach one waveguide on to the side of another
. waveguide. Several methods of attaching these togethep are shown in Fig 10.
, Notice the configuration for the H type at the top and-.the E type at
the bottom of the figure. .

The technician is already familiar with the fact that transmission lines
must be terminated into a load equal to thelr characteristic impedance

to eliminate reflections and the waveguide is no exception. There Is’

no easy wdy to defing the characteristic impedance of a waveguide since _
it is really a single conductor. The Impedance (Zo) Is approximately
equal to the ratio of the strength of the electric fleld to the strength of
the magnetic field for the energy traveling in one direction. This is
comparable to the voltage to current ratio (E:1) in a coaxial line wit57
no standing waves, . .

A circular waveguide at its lowest impedance will be about 350 ohms.

A rectangular guide may be any value. The impedance will depend on the ,
dimensions of the guide and the frequency of the signal. It is directly
proportional to the narrow dimension when the wide dimension and the
frequency are fixed. The Zo may vary from around zero to 475 ohms but
is normally designed to be about 50 ohms.

.

68
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b
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. |
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o
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. F K 1
s ) ) i
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. - X |
N T.Junctions |
. |
. e »
§ Fig. "0

Several methods are -used to terminate a wavegulde since .the gulde Is not
. easlly terminated with a compos ition re;lsf%r as other lines are. "‘One °
method Is to fi1} the end of the waveguide with graphitéd sand and fields
entering the sand are dissipated ?s heat. A high resistance rod placed
In the center of the E fleld will'dissipate heat (12R loss) due to-the
_E. fleld (vol tage) causing a current 'to flow in the rod. A wedge placed

~ " ‘perpendlculaf to the mag etic rist of force will cut the H lines.
This produces current fl the wedge; being made of a high resistance

material; will dissipate heat. .
. 4

~ s

. ' - ) o '
Q < . - ) 63




4 N

>

. State Vocational-Techni chools of Louisiana

MICROWAVE- - S RsA e
‘ PAGE __OF
introdugtion: Continued . . -t
Sometimes reflections are desirable and one way to produce these re-
flectioné is to put a permanent plate on the end of the guide. A
removable plate may also be used if the contact between the plate and
‘the guide is, very good. If the contact is poor, the H field will be
attenuated. |f the plate is placed at a point one-quarter wave from
the end of the guide, (a cup is usually used) good contact is not re-
quired. The reflected field from the quartér-wave cup cancels the inci-
dent field and reflections are at a minimum (see Figs. 11 and 12).

"

CONTACT IS AT PONT
OF MINMAUM CURRENT.

Ly
[

B AR W/ st

C * ADJUSTAME PLUNGER

Fig. 11--Termination for ' Fig. 12--Termination for
Minimum Reflections : Maximum Reflections

In summary, waveguides are probably the best type of microwave trans-
pission line. They operate wgtyfﬁiffereng propagation characteristics
than do other types ‘of transmission lines. A thorough understanding
of waveguides and the associated equipment used with them is both
necessary and desirable.
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References:

1. Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed., Gregg/McGraw-
Hi11 Book Co. Read pages 638--643. L §

2. George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/
McGraw=-Hill Book Co. Readgggs 337--384 . ‘

Study Questions: )

1. How are fields introduced into a waveguide?

2. What happens to the fields in a waveguide after they pass: through
a twist? :

3, DeScribe the action of a waveguide signal as it encounters a
90 degree bend (as to reflections). - .

— L, what is a choke joint?
é - /.
5. List two ways of Miminating a waveguide to minimize reflections.
. R4
e S
! ~ ‘
s . \#
-~ . ' .
y - l “‘ < ~/
:71 4 -
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Job: vswr Measurements

Objective:

The student will measuie the standing wave ratio of the microwave
system. :

Job Infbrmation:

The technician probably is already well versed in what standing waves
are, what causes them, and methods™ to reduce or eliminate them. . |
In this lesson, only procedures applicable to microwave measurements |

will be discussed. :

3

N Waveguides, being transmission lines, must be terminated with a load -
- & equal to the characteristic impedance (o) of the waveguide. Reflected

’ power is undesirable at any frequency and at microwave frequencies .

"~ could be important because of the low power levels usually employed
in microwave transmitters. ‘ ,

. .
The vswr is related to the reflection ‘coefficient of the microwave ’
transmission and associated components. The reflection coefficient

may be calculated using the forma)a i
rc = 21 - Zo or rc = V reflected
Z] + Zo . V incident

where rc = reflection coefficient, Z1 = load impedance, Zo = charac-
teristic impedance of the transmission line, and V = voltage. The
standing wave ratio (p) may be calculated using the formula

p = V max or p=l+ré‘
’ ) { - rc T

V min

where V max is the standing wave peak voltage and V min is the mini-
mum voltage.

-

The forward or incident power then is equal to

A ’ . .
Power foryard (in %) = {1 - (P-— 1)2 x'100 . )
-y

.

. and- the power rgfl'écted is

Power reflected (in %) =(b - l) 2 x 100
n i B
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In the procedure to follow, the technician will- discover that vswr
is measured using a method that Is different from the conventional

brldge\JJsed in two way communications.

Tools, Material, and Equipment: ) . .

1. Microwave training kit or transmitter;equfpped with vswr measuring
equipment

2. Hand tools
»

References: . : ) /

LY

1 Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed.,,Gregg/ .
> McGraw-Hill Book Co. Pages 640--642.

3

Procedure: ’ : _ ’ ~

1. Connect the equipment as depicted in Fig. 1. The.box maLked
nY will be designated as-the particular device that will be
tested. Tune up klystron. (At box "X'' an open~ended waveguide
will be tested so leave the slotted line open for the first

measurements. )

.2
v g DETECTOR
WAVEME TER o ;
,' L 7
- ’ CROSS
POWER FLAP SLOTTED
MODULATOR | quppy [ KLYSTON . =] arTenuatoq | %Loﬁgfsa uNfa BOX x.
- X
vV jee—— COAX
& . ' '
- . ‘ ) -~ STANDING
, ©« |TepwiNaTiON| | wavE
UNIT
\P- * . ’ ’
~ Fig. IL-Setuﬁ for Measuring vswr
bl - . ) .
2. Slide-the probe along the slotted 1ine yntil a maximum Is Indlcated
on thesstanding wave unit. . o ’
3. Record the probe position after the gaih controls are set for a
. s meter readihg of 1.
© o7 . 4. Fipd a-minimum by repositioning the probe assembly along the line.

Write down the vswr reading and the probe position.

N

. PAGE.2 OF _4 _ :
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Procedure: Continued

0 ~ oW

1.

12.
13..

14,

15.
16.

26.

Measure the frequency using the wavemeter and record the reading.
Change the klystron frequency by rotating the cavity, adjusting
screw about 3/8 of one turn. Adjust the klystron for output.
Measure maximums and minimums again as in steps above, being sure to
record slide positions, meter scale readings, and the freqfiency.
Retune klystron to some frequency as far removed from the first
measurement as possible. Tune the klystron for output.

Repeat the previous measurements and record the results.

Prepare a graph showing vswr as the vertical axis and frequency

as the horizontal axis. )

Place a mismatched plate over the open end of the waveguide of the
slotted line. (This plate looks like a waveguide end cover cut

in half.)

Adjust the klystron, for output.

Move the probe along the slotted line and locate two mihimums.
These should be adjacent nulls.

Record the positions of the nulls.

Measure the frequency with the wavemeter and record.

‘Write down the meter reading (in dB) of the standing ‘wave unit

beginning at one null and progressing to the adjacent null. Read
the meter for each one centimeter of movement.

Move the probe to some other minimums, recording the readings

as in Step 16. )

Place a horn antenna at box 'X.'

Repeat Steps 2 through 10. '

Place a slide screw tuner at box "X (replacing the horn). Remove
the probe from the tuner. \
Repeat Steps 2 through 10. .

Install the probe back into the slide screw tunér. .
Turn the probe about 5 turns into the slide screw tuner. Check

to see how far the probe penetrates into the waveguide. Repeat Steps
Steps 2 through 10. .

Turn the probe In about 5 more -turns and repeat Step 23.

In each of the above measurements, plot a graph or table indicating
the vswr, the percent of reflected power, and the percent of for- .
ward power. Indicate which figures are for the open waveguide,

the mismatch plate, the horn, and the slide screw tuner.

Consult your instructor If you encouritered any diffifulty.

[

Job Questions:

1.

2.

Which reading on. the slotted line is easiest to-read, minimum
or maximum? )

- 7,
L]
%Y
3

Does the vswr remain the same as' the frequency is changed?
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Job Questions:

3. What did you determine about vswr when some object is placed within
the waveguide (as was the probe of the slide screw tuner)? . y

.

4. Were the nulls located at the same position on the slotted line < e |
when the guide was open as they were when the line was shorted |
(mismatch plate)? : |

7 * _'
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Job: Waveguide Calculations
K Objgctive: —

The student will: (1) Calculate the guide wavelength of a waveguide
in inches and centimeters, (2) calculate the cutoff wavelength of

a waveguide in inches and centimeters, and (3) calculate the free
space wavelength of a microwave signal.

Job tnformation: ,

In the,R.S.A. about waveguides it was found that there existed a
relationship between waveguide dimensions and the frequencies that
would pass through these lines. To better acquaint the student with
the calculations that determine the dimensions and the frequencies
involved, this job will assign values and ask that you calculate the
answers. .

In review, guide wavelength is the resultant of two electric fields
traveling along a rectangular waveguide at some angle to each other
when an electromagnetic wave is transmitted down a guide in the domi~
nant mode. | ¥ . '

The cutoff frequency is the value at which the waveguide dimensions
prevent propagation of a signal of lower frequency. The cutoff wave-
length is the dimension of the cutoff frequency.

The free space wavelength is the dimension occupied by the transmitted
signal as it propagates through space.. '

The following formulas are applicable to your calculations.

xg= |1 -  AFS, 2
’ (<co!

L

where g = guide wavelength .
[ : fs = free space wavelength N

) co = cutoff frequency .
300,000,000 .
fs = thz
where fs = free space wavelength
300,000,000 = speed of radio wave in space (in meters)
. fhz = frequency of the signal 'in space.

|




»

State Vocational-Technical Schools of Louisiana |
JOB, 6A . g

MICROWAVE 0%
, PAGE_2 OF..2 _

Job Information: Continued

24

or

A fs = 300 = wavelength In meters
fMHz, .
or .

afs = 300 X 100 = wavelength In centimeters .
fMHz
To calculate the free space wavelength in inches: .

»fs = 11810
“THHAz

"To calculageqihe cutoff wavelength:
' ,——13-———
ACcO = (m2) + (m %)2

wide dimension of the waveguide (in cm)
nartow dimension of the waveguide (In cm) , .
first subscript-of the mode ‘

second subscript of the mode

N

where a
b
m
n

nuuen

For the TE(,0 mode
xcO = 23 . |- )

<

Tools, Material, and Equipment:
. !
1. Pencil .
2. Paper - -
3. S$lide rule (or calculator) -

-

-Procedure: .

1. Calculate the free space wavelength of a mlcrowave signal whose
frequency is 11,125 Miz. State the wavelength in both centimeters
and inches. - ’

2. Cafculate the cutoff wavelength of the guide In Step 1 if the

waveguide {5 .88 inches wide and .39 inches across the narrow

dimension and the mode is fEY,0. (cm and inches)

Calcylate the cutoff frequency of the guide 1f the waveguide Is :

1.4 cm by .6 cm (TE 1,1 mode). i

: Calculate the guide wavelength of the signal in Steps | and 2.

' (cm and Iriches)

Calculate the frequency of a signal whose wavelength Is 3.15 cm.

Turn answers in to the Instructor. "

.

0w

ovun
. o
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Job: Matching Impedances in Microwave Systems
. Objective:

‘ The student will: (1) Adjust the tralning kit components to minimize
the vswr and ( name several methods of matching impedances In a
microwave system. . .

Job Information: ' .
‘The purpose of matching,lmpedancej in’any transmission system Is to
_insure the maximum transfer of power from one point in the system to
another point. Impedance matching becgméS'necessary when the charac-
teristic impedance of a generator (in’'this case, a microwave oscillator)
p Is not the same as the impedance of the transmission line or the
antenna Is a different Tmpedance than that of the line.
.
Several methods are discussed in the R.S.A. and schematics or pictorials
of some Impedance matching devices are Includeqrin the R.S.A.

By using a slide screw tuner In this job, the student can demonstrate
one method of impedance matching to reduce vswr. This device can be
made to produce a reflected signal that Is 180 degrees out of phase
with the original reflection. As already known, two signals.of equal
magnitude and 180 degrees out of phase will cancel. :

The probe on the tuner can be made to exhibit capacitive reactance
or Inductive reactance by changing its depth in the waveguide. Phase
can be controlled by moving the probe in a longltudinal'direction.

¢

Todls, Material, and Equipment:

1. Microwave training kit
2. Hand tools ’

References:

-

1. Robert L. Shrader, ELECTRONIC COMMUNICATION, 3rd Ed., Gregg/
McGraw-Hi11 Book /Co. Pages 640--642.

Proceduye: /

1.] Set up equipment as shownyin Fig. 1.




-~

‘ StthrVocational-Technicai Schoals of Louisiana

.~ MICROWAVE o os _Eo

PAGE_20F_3_

Procedure: Continued

b POWER
MODUL ATOR SUPPLY
| ) L
TRON WAVEMETER DET!;ZOTOR - | STANDING
. ‘ coaxial WAVE
___ cooxial |
' cable UNIT - A
y X
- CROSS SLIDE ‘
FLAP - GUIDE SLOTTED | SCREW | MISMATGH HORN
ATTENUATOR LINE TURNER PLATE ANTENNA
B — COUPLER
3 L]
STRAIGHT
WAVE —
- GUIDE
) TERMINATION
- DETEgTOR -

Fig. l--Eaulpment Connections~-Impedance Matching

2. Mount the mismatch plate (the waveguide end cover plate) at the
position marked "mismatch." Remove the probe from the slotted
lines.

3. Turn on klystron and tune.for power outpuf.

L. Measure and record frequency and vswr.

5. Disconnect the coaxial cable from the slotted line and attach it

. to the second detector.

6. Locate the horn antenna about 24 Inches away from the mismatch .
plate and in line with It to receive a signal.

7. Read and record the received signal as indicated by the vswr unit
meter. ) .

8. Replace the probe in the slotted line.

9. / Move the probe back and forth along the slot and up and down into
the waveguide until a maximum s located. Several such positions
may be found. ~

10. Change the coax back to the slotted line.

1]. Read and record vswr. . X

12. Change probe position and depth to locate the lowest vswr and re-
‘cord this reading. . - . .

13. Retune the klystpgn to another frequency, somewhere near the opposite
end of the band fromWhere.it is now operating.

4. Measure and record the frequency. :

15. Read and record the vswr without moving the slide screw tuner or |
probe. ' .

S
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Procedure: Continued

16. Unscrew the probe completely and measure "and record the vswr.

17. Prepare a chart from the precedIing measurements. List each fre-
quency and the vswr measured at each different proceduge

18. Calculate the percentage of reflected power for each step.

L)

J?b Questions:

1. Did inserting the probe into the line change the vswr?

. B

4

2. Did the vswr change when frequency was changed?

3. Why is it necessary to match the lmpedances of the Qevice§ used
in a microwave transmission system?

AL

50

A )

]



JOB 6
MICROWAVE PAGE__OF % _

f

Job: Microwave Attenuation Measurements

Objective:

- .

The student will: (1) Demonstrate how a microwave signal can be. atten-
uated and the effects of attenuation and (2) measure attenuation in a
microwave system. '

. State Vocational-Technical Schools of Louisiana
|

Job Information: .

. Attenuation or the reduction in quantity of a signal may be of two types-- -
' : wanted or unwanted. Attenuation may occur .in devices within the system A
due to design of the equipment and must be overcome wi'th increased gain

in the amplifiers. Sqmetimes attenuators are placed In the system to coh-
trol the output power Lf various stages. : -

An example of intentional use of an attenuator is the Insertion of "a rod
into-the waveguide to drastically reduce thearadiated energy of the
microwave transmitter. This is used to advantage in ''hot standby"
. circuits equipped with a waveguide switch where .the spare transmitter_
is terminated into a dummy load. _If the ''gn-line" transmitter must
be taken out of service without turning it off, the output is attenuated
so-much as to effectively gut off radiation of energy.
> _ Some other uses of, attentators are isolatiom of one device from another
- and matching using lossy material. . '

0f course, some attepuations cannot be_eliminated. These are heat loss
due to'skin effect within the gulde (12R loss), losses due to reflections,
‘mismatches, and absorption lossés. L
These losses can be calculated in watts or in decibels using the same ©
formulas that apply to other types of gain or loss. (Example:
Db = 10 log power in or dB = 20 log voltage in or dB = 20 log | in.
" power out , voltage out ' I out
Power (in watts) = I2R, etc..can be used to calculate input and output
.power and the differencé is the amount of loss.
Attenuators may be constructed using a rod or screw, ‘wedge of conducting
material, or_by the use of absorptive material and properly fitting these
to a waveguide. A waveguide itself may be used as an attenuator. If -
the physical size of the guide is such that it offers high opposition
to the passage of energy, it will cause a loss. This guide Is usually
operated at a wavelength below, its cutoff frequency. An Tllustration of
»  this method is shown in Fig. 1."

. !

\)‘ ) i ‘\,. o 81 .‘ !
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Job Information: Continued

s . = b____ _____ ___J’-—l: - L—-‘;__.._ ...' __________ l—0
INPUT : ! 2 % oUTPUT

”

;
’ Fig. 1--Waveguide Attenuator . ;/

Tﬁe‘waveguide is operated at’ frequencies greate} than cutoff and th
output Is varied by changing the coupling (distance) between the-
two colls. . ) .

f
[

Tools, Material, and Equipment:

.1. Microwave trainer ', \ ;o -
2. Hand tools - . . //'

- References: / N
1. Robert L. Shrader, ELECTRONIC COMMUN I CATIONS, 3rd. Ed.;/Gregg/
McGraw-HI11 Book Co. Pages 640--642. R

Procedureé:
1. Connect microwave components as shown in Fig. 2, terminating the
setup with th? half-shorting plate.
MODULATOR \ ‘ T '
K ) ‘: [ - v
' - 4 R

POWER . ‘FLAP | MISMATCH

_ SUPPLY - ATTENUATOR PLATE

KLYSTRON SLOTTED CO%)lt STANDING WAVE . .
LINE Cable T ’
" . - 3 I3

Fig. 2--vswr Attenuation Neasuremedts

2. Adjust flap attenuator for minimum.
3. Measure vswr. .
", Begin a chart by recording the reading in Step 3.
. Q . . .
léﬁkl(; , 1 *f?-'“; 6322 '
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L

5. Adjust flap attenuator for maxﬂnum insertion into the guude and

record

6. Set-the attenuator at -its mid- posutlon

the VSwr.,

Read vswr.

v 7. Change the equipment tosthe connections shown in Fig. 3.
. ¢ ./. \
. POWER
MODULATOR suppLy | KLYSTRON\
2 -
>
C . . SLIDE -
SLOTTED t =2l FLAP SCREW _ ‘pETECTOR | -
LINE . Af TENUATOR " TURNER
[ ‘ ’
STANDING o
- COAX WAVEJ‘
"‘ CABLE UNII\ )
" A it \
W_ )‘
- Fig. 31~lnsertlon Loss Measurements .
‘;8”4 Set flap attenuator to minimum, - .
. 9. Set slide screw tuner probe for minimum Insertuon into the guide. )
10.-, Measure and enter in the chart the vswr.
11. Measure the output in dB by connecting the coaxlial cable from the
. . standing wave unit to the detector.
12. djdst the slide screw tuner for maximum power output (dB) and 5‘
. lowest vswr (Impedance match). Enter these in the chart.
13, ~Adjust the standing wave unit gain controls to read 0 d8.
;lh. Réad the loss when the flap attenuator is adjusted to minimum,
- mid-position, and maximum Insertion. These readings a?e minus levels
(dB below O level),
_ 15.. Readjust-the Flap attenuator and the slide screw tuner probe for
' minimum. ¢ Y
16. Move the'slide screw tuner to obtaén the same vswt as encountered .
In ep 12.- Enter the power (ln dB) ‘at the detector.
. * \ ‘
Job Questlons'- ‘ . ' , 4

4

R

y \ _l‘ L . -

Ho much poum#*loss in dB was there from mluimum flap lnsertion
to ax{mum? . . .
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Job Questions: Continued ' N : _
T 2. Name several devices -that are used -as attenuators.
sy )

3. Name some attenuations present in the system that connot be

{

) adjusted.’ = .
- -
« >
I3 * ] * -3 .
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5
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Relatéd Study Assignment No. 7:Q_Detectars and Mixers

Objectivg: g '
Upom\completion of this assignment, the student wkll: (1) Know the
characteristics of a silicen crystal diode, (2) - know the uses of
a sllicon crystal diode, and (3) be gequired to pass a written ex-
‘' amination with a score of -at least 75%. .

<

Introduction: . . .
- A

. [ -
It has been found that at microwave f?equencies-th@ reqular germanium’
or vacuum tube is not a good quality mixer due to noise, frequenTy .
response, and losses. One of the best types of mixers and detectors =
is the silicon crystal diode designed for microwave uses.

%3
* »
. . ;
¢ . TUNGSTEN WIRE )
. . z
<]
SILICON WAFER - .
d g 4, ’ .

Fig. 1--Silicon Crystal Diode N

.1ts basic construét}pn consists of a pointed wire,'m7He of tungsten,

’ making contact.w 3 silicon wafer. ‘The equivalent circuit Is shown' .

in Fig. 2 and the voltage-cukrent curve of a typical unit is shown
in Fig. 3. As)in other point—-contact d!opes, rectification takes place \ .

: at the 1uq;fio of the wire and wafév,
The crygtaf_mixer is used Bésfcally/{g’:::;t;dyne the microwave sign;L

4 . .- .
“ ", downh teo a lower valueewhere more convent‘onal circuits arp‘employed

. as'amp}ifier§,.detectors, or gutomatIC'f equenqgéqontrols. However,
_certain conditions must bk met to assure the be

-

operation of the.

- \ crystal. mixer. First of all, the: impedancé of the crystal, mixer and
z © ., ighe signhal source must be fatrly well matched-so that‘;he crystal wlkk\ .
' R .-: ::: . N 4 ’ » ‘. . l . ) “ ~ . 1
T S ./
. . o o . ‘ ‘._?‘u

1
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Introduction:

Cont inued

: % P '
Fig. 2--Equivalent Circul
of a Silicon*Crystal Diode/

&

circuilt.

m the source.

' %

VOLTS

’

Fi c-Characteristic Curve of
Curren® vs Voltage of a Typical
Silicon Crystal Diode

At the saﬁe'time the signal .

The tuned cIrcuit that the crystal works into must also be "
matched to the crystal output impedance.

Both input and output

impedances of the erystal are very low (in ‘the order of a few hundred .

"-- ohms) and these impedances are themselves dependent on the amplltude

of the local oscillator signal.

R g

Some power is lost in the signal conversion process when using the
crystal mixer to produce[an intermediate frequency and this loss is

called the conversion loss.
N decibels.

‘agglltude is increased.

Noise output “of the crystal is of ‘concern also.

Typical values of signal are 6 to 10
This loss will decrease If the local oscillator signal

J

The circuit must be

designed to give the maximum output signal obtainable while keeping

noise figure at the lowest level.

** , mise that will'give a rectified output of,

This usually results in a compro-
‘> 3 to | mA of current or

a power of ahout 1 mW oﬁ*ﬁower that is absorbed by the crystal f

the local oscillator.

Rom

= ,These crystals are desIgned to work in circuits operating from 11000 MHz ~

to 25,000 MHz and above,

In addition to serving as mixers they can, ,

provide an indlcat\on on a mi]lliammeter with the rectified output current
being proportionay to the square of the effective value of the slgnal ’

‘'voltagé, thus making It.a squaré-law detector.,
fthe rectifled current is very diseful in the

. .that_ the DC developed b

., measurement ‘of microwave pdwer output.
- of .an_amplitude modu]ated sIgnal Is. limjted by the fact that the °

This means, then,

The accuracy of the measurement

\

‘:’.‘;" “‘_’_ . .‘ . A‘.
og‘j‘- o
o

A )
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Introduction: .Continued : ' » .
amplitude of the signal is constantly varying during-the modulation _ -

- process. Accuracy is also affected by the quantity of Ln%ut signal.
If the signal is too large the response of the g¢rystal changes, causing
an erroneous indicatfon. Other facfors affecting the output are: = .
(1) The frequency of the signal, (2) types of crystal (even two crys=- =
v tals with .ldentical part numbers can give different reading If placed .
In the -same clircuit), (3) amount of bias placed on the crystal (this
also changes.the nolse figure), and (4) resistance of the audio load.

Y

o To find if the crystal under test is relatively close to the square-
15w value, certaln méasurements can be performed and the value of the
exponent calculated using the equation : :

. ' CON= 22 ,
. R o7 hg - T T, ; -
* where N = exponent of V (law of the crystal) )

) D = distance between_2 aQJacent'”half‘of max fmum current'' points
. ( 3°dB point on a square-law mater) - DT .
. g = gulde wavelength N ' .
T _ 'since voltage and current, of the crystal are related. This relation=
LS Cow .shiip can be calculated using the equation | = CVN. Ln a passive devlcé
I ,such as a resistor, this would be:equivalent to V- = IRIfN=1and -
. cC=1.. . ST —

-
. ’

Sbme of ‘these measufzmenxé will be made in-the joﬁ as#oclated with

this'R.S.A. ~ b . = ‘
- VN ) .

References: » R 3

1. Robert. L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd. Ed., Greggi“
McGraw-Hi111 Book Co. Read pages 6L42--643.

2. George Kennedy, ELECTRONIC COMMUNICAT IONS SYSTEMS, 2nd Ed., Gregg/

~ McGraw-Hi11 Book Co. Read pages 397-400.
Study Questions: )
. ) .
1. What is a square-law detector? N '
b - \ Y -

- ‘ *
- . s

2. What are some of the factors that affect the output 6f a slllgon_ a':
crystal diode? ’ .

A .
) i

]

4.

. ~

1 »

3. On ét’freqqpncl?§ do silicon crystal dtodes usually operate . <o
In microwave equipment? : “ ‘

o<

[y
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Job: Detecting Mlcrowav? Signals {
Objective: ' .

The student will: (1) Demonstrate detection of microwave signals

. and (2) pse a crystal ‘(a square-law device) for detection of micro-

' wave signals. \
N ’ . L #
Job Information:, —, . % . )

. : - ! - ' . . '
For information to, be useful, it is necessary that- the data impressed °
upon the transmitted carrier wave be qemoved from the carrier 'and re-

. turned to its original form. Also e method is n¥eded to deterpine

. {f the microwave signal Itself is Jre;ent. - BTN .

e

uses a silicon crystal diode and is the type of crystaf tletector used

"t Severdl methods of detection are available. The b%::/;%gﬁod avajlable 3
gnal and provide

in this job. " The dlbdg will rectify the microwave
=+ 3 DC meter with current to indlcate.that a sigpal s,
. current will depend upon the quantity of microwave po

] r available (\\*k
to -be detected. The crystal idill also demodulate the/microwave signal
if used in the proper <ircuit configuratfon. The sys em uged in these

N

>

original jobs is of the demadulator type of indicating device fed from

. . a crystal mixer. - ‘ A ) . . :
’ g - t ’ h . -
Too]s,,MqteTigls, and Equipmen{C . ‘ LU
. ! . . . -

. lf—\Nigggzzze trainer, I

2. Hant Is . v

( ! : — A ;

References:

; . 1. Robert L. Shrader, ELECTRONIC COMMUﬂUCATION, 3rd Ed., Gregg/McGraw-
H111 Book Co. Pages 642--643. ~
" Procedure:. ’
- . ' . ' @
1. Set up.equipment "as shown in Fig. 1. . . -
o . 2.” *fune the klystron for a stable mode: : N -
R 3. Peak all equipment for maximum output.
) 4. Find a voltage maximum on the slotted 1ine by adjust[ngithe probe
back and forth atong the slotted Yine. .

5. 'Adjust.the flap attenuator to mid-range. - ' .
. 6. Turn the amplifier gain control for maximum gain. . .
‘ Tow 0; ’ . Ao |
o e LIEN . -

.' - N

o




3

N -

»
3 . . ’

Fig. 1--Microwave Detector Setup.

7. Move the step switch on the standing wave dnit uitiNa meter re&d!'ng
is obtalned (x 30 scale). f the’meter readstoohigh on this
scale, unscrew the probe on the s tted- line to reduce the signal.

8. Set the probe into the guide to %gduce a zero reading as read on °
the dB scale (x 30 scale) when tht slotted line probe is moved
to a voltage maximun., ‘ S .

9.. Establish the guide wavelength by measurement and -record. .

10. _Find both 3 dB points (one each:stde of the probe position) by

. moving the probe.in one direction to reduce the signal 3°dB then
bafgk the other direction past 0 to the~3 dB down position. Reco
all 3 probe positions uslpg the‘centimetey s le. : o

11. Calculate the distance between the two 3 dB po itions. This repre- >

- - . .

_State Vocational-Technical Schools of Louisiana - )
'MICROWAVE e

' : . v PAGE_OF —— .

Procedure: Continued - - I

TN
» ~
- ) * = -
. . - * - l
MODULATOR POWER | ! KLYSTRON ‘
) ‘ N . SLPPLY i . ¢ ’ !
M - ‘ l ;\ o
- v v

¢ ”. ¢ ‘W _‘ . -, i

-{'FLAP ~|. WAVEMETER »{ SLOTTED . | SHORTING |. |
ATTENUATOR |~ o 'j: .| LNE ‘ PLATE .
- - COAXIAL LINE
L] ../4 "
‘ x . ; - STARPING -
", - | wAvE * ) A
. ('/ . ‘ . . ,v . r . " . UN“T B . P
\ 4
. . . ’ -

-

B tents the distance between the half maximum cur points. ¥
; 12, .Set -the standing wave unit to the x-20 scale and repeat Steps
N 8 through 11. . ‘ L ¢
x 4 . - . . R e ' . - , R
) ’ \ =
) - ¢ . .
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_Job Questions:
. .22
Using the formula N = 41

g

t
¢

where N = law of the silicon crystal
D = distance calculated in Step 11
Ag = guide position measured in Step 9,
calculate the power for the X 20 and X30 scales of the meter.

. . e >
Does the crystal-conform to the square-law in both sets’ of
measurements?
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Job: Directfonal Couplers

« Objective: . ,

¢

»

*

s

The student will: (1) Demonstrate the characteristics of a diréctiona}'
‘ . coupler and (2) measure the directional properties of a directiohal

‘ . coupler. .
. r

[y

Job Information:

Directional couplers are used to monitor the information traveling
along a transmission line or to measure the forward or the reflected o
waves in the waveguide without upsetting the transmission of energy ’
within' the system. It may also be used for other purposes if the

o

need arises. _ X
A . Tn . Figuggs,}a;*jb, and ¢ show three types of directlonal &ouplers )
" e e W .. ,and E$9° 2 will identify the coupler-that will b8 used_in the pro-
2 ce&yre. This deviZe is"sometimes~called a cross guide coupler. « v, T

v . . > ’
..

1/

27/ Ll
A/
4\ 4
4
a4\ 4
d \U
7

/4

LU,

A
/
]
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Job iInformation: Continued |

DIRECTIONAL COUPLER -

~  SIGNAL INPUT

1

TERMINATION

c_ : SIGNAL
. OUTPUT

Fig. 2--Cross’Guide Coupler Lt

g In Fig. Ta, a two hole coupler is depi&ted and this device may-use = - =~
el ther magnetic or electric coupling between the two lines. Electric =
) coupling uses probes, magnetic coupling uses loops, or both types of .
. coupling may use slpts oriented to produce the same effects as a probe
or a loop. Only one type coupling may be used at a time for the system

. to work, however: “

in line 1 and causes a signal to. travel
No wave will travel in direction 1 )
if the signal in line 1 travels in the opposite direction (direction 2).
If a wave enters line 1 and travels in direction 2, a wave in line 2 will
also travel in direction 2 but a wave in line | traveling direction 1
will not cause a wave in‘direction 2 in‘line 2{ The spacing of the

two holes must be an odd multiple of one-quarter wavelength apart in !

- the coupler.

= A wave travels in direction 1
in the same direction in line 2.

S

A device called a magic T is shown in Fig. 1b. if a signal enters at
W it divides (as in a bridge circuit) into equal amounts between Y and )
with no signal output at X because the dominant wave cannot turn the

90 degree ‘corner. If the signal enters at X it divides equally between

Y and Z and no output appears at W. This action just described will

occur if Y and Z have been termindted with the same impedance. If the
terminations are different, the output at X will be in proportion to
the difference between the reflécted signals at Y and Z (assuming the

. wave enters the T at W) and the output at W will be in the same propor-

tion if a signal enters at X.
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Job Information: Cont Inued ; : y

In Fig. lc, two devices are shown that produce a series or parallel
resonant circuit and trap or pass frequencies accordingly. The equiv-
alent cirguits are shown schematically. :

The cross guide coupler shown in Fig. 2 Is basically a slot type coupler
as described in Fig. la. fThis is commonly called an aperture coupler
and phases of the signal in the upper line tend to add or cancel as they
pass through the slots. This action of cancellation or addition of phases
is determined by the relative location of the slots to each other and
their position within the waveguide relative’ to wavelength. With two
waveguides crossed at right angles and magnetic coupling being uséd,

/ signals fed into the upper guide through the slots R and S will be 180°
out of phase with each other. After traveling toward the termination
the same electrical distance, the two signals from R and S cancel .
(the device is not perfect sd‘zero will not quite be attained) and in
the direction opposite the termination the signals add due to the lepgths
of the electrical paths. .

To IdEntify some measurements that will be made In the procedure, severel
definitions or descriptions of different powers are:

(1) Insertion Loss=-The powe£ lost in the coupler due' to skin effectr
" and other heat losses (I%R), reflected losses, and’coupling losses
(joints, etc.). The loss. is calculated by subtracting the power
out from the power In or in dB, 10 log power in.
power out
(2) Directivity--The power that appears as an unwanted value due +
to Imperfections {nherent to the coupler design or manufacturing
tolerances. It Is usually compared to the coupled power and is
stated in dB, 10 log coupled power. ' . R
unwanted power "
(3) Coupling--The power taken from the line to be used as a monitoring
signal or sample. -This Is usually compared' to the Input signal

and Is expressed as dB = 10 log power in. i

power coupled . . /
(4) 1solation--The power ratio of unwanted signal to input slgnTl .
expressed as dB = 10 log power in.

unwanted power

Tools,'Materigls, and Equipment:

1. Microwave training kit
2. Hand tools )

-References:

1. Robert L. Shrader, ELECTRONIC COMMUN!CATION, 3rd. EdJ, Gregg/McGraw-
Hill Book Co. Pages 6h1-~642.

P
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1.

conLect microwave trainlnb components as in Fig. 3.

. marked R and S,

- - |
PAGES_OF_5__ i
|

(The two x's,

inside the coupler are internal slots.)
« * . - ) ‘D'T ‘
- / * . .
) . [MODULATOR }—~{ POWER |——{KLYSTRON }—~FLAP ] WAVEMETER }—
‘ SUPPLY, - AT TENUATOR .
[ TERMINATION W ]
SLOTTED .
| SECTION
| 5% ® SLIDE P
<R SCREW DETECTOR
e T 1 —. . LTURNER
i . p COAX
- © ) , X , CABLE
\ + [7erminaTioN N © [STANDING
WAVE
‘ . » |UNIT

-

‘Flg. 3--Connect lomsvfor Directional Coupler Measuréments

Turn the klystro; cavity adjusting screw completely‘counterclock~
wise. Do not jam It against the stops.

3. Adjust the klystron for a stable mode of oscillation. )
L, Adjust the wavemeter for a dip on the standing wave unit, meter. «
Record the reading and then, detune the wavemeter. .
5. Set the flap.attenuator for minimum attenuation. o
6. Adjust’the slide screw tuner for maximum power output and minimum )
VSWr. ‘ -
7. Set the standing wave “meter to 0 dB. R
8.. Change the slide screw tuner and the detector from position X
to position Zyto measlre the signal at this point. Record the
reading in dB. (The detector must always be located after the slide Y
screw tuner.) Be sure to move load N to X.
9. Move the sljide screw tuner and detector to position Y from position
Z. Move load M to position Z. ‘ "
10. Measure signal In dB and record the reading. . “
11. Change the frequency of. the klystron td‘about midrange. C,
P . . " ‘,“ » - )
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Procedure: Continued
i

12. Move the slide screw tuner, detector, and terminations back to their
original positions as in Step I ' - -
13. Adjust ‘the klystron to a stable mode and then repeat Steps 4 through 10.
14. Turn the klystron adjusting screw to maximum clockwise (do not ~ '
" jam against the stop), move the equipment back to the original posi-
tion as in Step 1, and repeat Steps 4 through 10, -»_ ~~
v« 15. Remove the termination in Steps 8 and 9. Repeat Steps 4 through 10.
-+* 16. Prepare a chart with all measurements. (
17. Using the following formulas, plot the directivity and coupling at
the several frequencies just measured in Steps 4 through Ih.‘; Y T

7
Insertion I?ss =10 log W in (in dB) ‘
) . Xout (in dB)
: Coupling = 10 log W in ~(in dB)
Yoy Z -
Isolation =10 Yog W in ~ (in dB) ’
. Y (in aB) ™ . ¢
Directivity = 10-log Z (in dB)
' ' Y , ,
~ . * t X ..
18. Calculate the effective directivity -and the coupling using the values '’
found in Step 15, v

@

Job Questﬁons:

1. What happens to the amount of coupled signal if the input and out-
put ports ok the coupler are reversed?

,
A ?

2. Did rgmoving the load in Step 15 change the coupling and directivity?
3. What Hg;pens to the c0uéling and directivity 1f the Input-output_ '

line is changed to the coupled-unwanted line and vice versa? -
] t N
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Related Study Assignment No. 8: Microwave Antennas: .-

}

1

Obgectlve°w -

. Upon c0mplet|on‘of this assignment the student w:ll (1)  Know the
characteristics of antenna systems used in microwave transmission,
(2) become acquainted with several types of antennas, and (3) be re-
quired to pass a weitten examination with a score of 75% or more.

Introductions ’ ' ») '
**The heart of any transmitting and receuving system is the antenna.
Microwave systems are no excEPtnon and as a rule require a vefy high
gain, directional antenna. . R U
A velxbbasic antenna used with microwaves is the horn antenna, a device
that looks as if the ﬂgveguide, to which it is attached, has been flared |
into a cone or rectangular-shaped funnel.’ Figure 1 illustrates -oge |
"shape offa horn antenna.  The configuration of this device prov;3§§ ",
a means of producing a field distribution across an aperture. The_power
gain and the beam width. are determined by the angle of the flare of the
sides as well as the length -of the flared portion. The. number of lobes
also depends on the length of the flaréd portion. The radiation pattern

-

may be altered into a selected plane by choosnng the proper shaped horn.
- Several of these shapes are shown in Fig. 2. o, ‘
\ N I A) * -
/ (=4
13
N ;' - )
12 , 4
a » . ~ & .
L4 \ - on i Y
' - EWYY
. .
- ’/ L)
’ J
» . . //'
g L/

Fig. 1--Typical Horn Antenna

a7

¢ N ]
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I'ntroduction: “Continued ) .
v
Y
L] * - . .
s ~ .
O" . - .
¢ . : v ’ . i
a ' b c
. coNIgAL SECTORAL | ‘ secTORAL .

H PLANE E PLANE

’

J ' . ks
o (d) BIGONICAL
o ‘ A ‘ ?
) ) ) "
l N

v
Il
[

£|b_
v - ‘¥ Fig. 2--0ther Horn Shapes
. R ' - -
The shapes in Fig. 1 and Fig. 2a provide a thin, narrow beam that is
very directive In both the horizontal and vertical plane. Figure 2b
and c produces a pattern similar to a fan and d will result in a wide,
horizontal but narrow, vertical beam. Most horns do not, provide the
ga%n;found in the parabolic reflector, the next radiator to be discussed.

The parabolic antenna is probably the most used of all microwave antennas.
The unit consists of a device.that emits energy for transmission into
a scﬁabolié reflector. The reflector concentraties the energy into a
narlrow beam and ‘aims the beam in theedesired direction. Several factors
/ determine the width and shape of t lobe transmitted by the reflector
. and these are the parabola size, the parabola shape and the field
, intensity variation over the aperture. = . N '
Some minor lobes are.usually present but these can be reduced to a mini-
mum value by proper design. Also, if the parabola Is designed to be
several wavelengths across, the power gain and beam width are exceedingly
good. Beam width caf be as small as 3 degrees and power gain can be
about 4000 with & good ''dish.!" Several shapes of parabolic reflectors
with éifferent feed systems, are shown in Fig. 3. .
Some method must be ‘employed to‘radiate energy into the parabola or to
feed (sometimes called "illuminate'!) the reflector. It’is very important
that the method used tq feed the reflector be one that will concentrate
* all ‘its radiated energy into the dish since this will be the only source
of radlo frequency energy., For example, {f an omnidirectional antenna

- w
L) ¢

Q ‘)ﬁ o ag '
Rlc L ,
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/ -coax feed [: |
’ . (a) / o (e)
SHORT CYLINDER {b) - . HORN FEED
CYLINDRICAL
- . ) ‘\, / .
\ ' ’
RN - (f)
AN
A\ BUTTONHOOK
! / FEED .
‘ R @ \
TRUNCATED >
% ] < H_‘
‘ , ‘ (g)
: ‘ . YAG! FEED

h ]

Fig. 3-—-Parabolas and Feed Systems .

ﬁ‘ LY
- 4/;’/
. ’ p
3
e
. n .
(]
9
«

Is placed in front of a reflector as in Fig. 4, the reflector receives
less than half the energy radiated by the antenna and this greatly re«
duces thé power gain. |f the antenna is itself highly directionat,
only the central fortion of the parabola,will be illuminated causing.
unnecessarily large lobe width. With proper shape of the reflector and N
good design of a feed system, maximum reflection that could be attained
' . would be ufity or 1.0, «In actual field conditions the amount of reflec-
e e - tion Is usuglly about .7. Several excitation methods to supply energy
“ to a reflecting surface are shown in Fig.3 and the most popular type
found in use today Is probably the ”buttonhook" arrangement.
Two other antennas, although not popular in microwave communications
> systems today, are the slot antenna and the 'lens antenna. *In the
slot antenna, it has been discovered that by cutting a narrow slice of
material from a thin conducting plate and attaching a feed line to each
side of' the center of the slot, the slot becomes a radiator if it is
F\the proper length. Strangely enough, the narrow slice that was removed -
. N\

[y

o ' E}Z,
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| Introduction: Continued

-~

, ® = OMNDIRECTIONAL
PARABOLA ANTENNA
—-—= RADITED

ENERGY

—= = REFLECTED - »
ENERGY ~

Fig. U--Omnidirectional Antenna Radiation
Pattern into Parabola Showing Amount of
Energy Striking Parabola for Reflection

( y
to form the slot~can also be made into a radiator. Several variations /5/
of the basic slot antenna are shown in Fig. 5.

> LARGE CONDUCTING SURFACE®

~ A\l
SLOT CUT QuUT ‘ . -
OF SHEET : ,
' Y — coax
, = FEED
“TWO-WIRE LINE J \ .
a) Basic Slot Antenna ‘b) Batwing Slot

.
’ . . /
.

| - T =z -

}\.
) ——T¢) Waveguide Slot
[ X ’ , ‘\
* : ' . Fig. é--Slot Antenna Configurations * A
., -. &-

Q ’ “A

ERfC < 1o

v
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The lens antenna has a field distribytion ‘similar to that of the horn
) antenna.” By designing the lens so that the waves striking the lens
at®the farthest point from the‘axi$ must travel a greater distance than
,‘those waves at the axis, the spherical wave from a tadiator is changed
. into a plane wave due to phase veloc;Zytactlon like that in a ‘waveguide.
’ . Figure 6 illustrates a lens antenna ahd its associated wavefronts,’
This type is frequencyrsensxtlve due to phase velocity action and
. Fig. 7 shows a second lens’'antenna that overcomes the frequency sensitive -

. disadvantage by employlng a dlelectric lens.. 4
» I .
METAL STRIP ,
‘ " . ° - .
' -, ' - : )
: . VT PLANE |
N > \SPHERICAL - . |
Y A EERONT _ WAVEFRONT |
. A /. - .
, ‘ > o t ’
' RAD!ATOR/ - -
. \ )

PHERICAL — PLANE'
AVEFRONT /_WAVEFRONT
RAD|ATOR—/. ) ) B

‘ - !

Fig. 7--Dielectric Lens Antenna

101 -
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Intfoduction: Continued ‘ . ‘g '

) A great many m:croWave systems use a parabola mounted near the ground
. and locate a passuve reflector up on the tower to bounce ‘the microwave
Lo signal in the ° dedirdd direction. The reflector, as a general rule,
. looks like a‘large refrigerator rack or grid. By using this type in-
- stallation long runs of waveguide and weatherproof housing for terminal
- _equipment are eliminated. Also, equipment is readily available for -
malntenance wutﬁ‘bt clumbung the supportung structure for the antenna ? l
I
|
|
I

Horns, parabdlic reflectors, and dlelectrlc lenses are forms of non-

. resonant antennas. They find uses in narrow or w:de band transmission
" of microwave’energy.

7

References: ~ ., o
-/ 1. ,Robert L. Shrader, ELECTRONIC COMMUNICATIONS, 3rd Ed. Gregg/McGraw: . |
. Hill Book Co. Read pages 517 and 662. ' 3 . ‘

! 2. George .Kennedy, ELECTXONIC COMMUNICATIONS SYSTEMS 2nd Ed., Gregﬁ/ -
_— McGraw=-Hill Biok Co. Read pages 313--334

— ‘ « Ed
Stnﬂy Questions: . 4
. I‘ N >
1. Name two popular types of microwave antennas. L_ .
) . “ ’ ~N > *
\ ) .(\ ¢ R LY )
2. 'What determines the power gain®of a horn antenna?
. '.
! .
- ;
3. What is the,advantage of using a parabolic reflector in microwave -
transmission?
. p .
. 5 .
4. .What is a passive reflector?
: e
A -]
- .
- \
~ ' -
N
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Job: Antenna Measurements T
< A ’ L. i
Objective: . } .
The student will: (1) Measure the radlated pattern of a horn antenna,
(2) determine the radiated polarization of a microwave signal, and
-+ 7 (3) determine the radiated beam width of a microwave sigpal.

* . Job Information: ’ . . ‘
Antennas are necessary devices in the transmission and reception of all
radio systems. In fact, the antenna is probably more important than

any other component in the entire system,

Microwave gntennas are generally designed Qg be unidirectional since
the systems are used to fransfer data from bne point to another.-
Broadcast stations, on the other hand, transmit signals equally strong
in all'directions. Since the microwave signal is concentrated into one
direction, a type of "gain" occurs. Imagine-a flashlight bulb mounted
atop a set, of batteries and I1luminating a room from the center of ‘the
floor. The!room would be rather dark all over. Now, by placing a
. reflector behind the bulb, the light is concentrated into one direction
' and one area of the room Is supplied with all the 1ight output of the
lamp,, creating a bright "spot." (This example Is then comparable to
a microwave antenna.) To produce the same amount of 1ight as created

by the "'spot," the lamp (atoQ the batteries) without the reflector would
have to be increased in brilf{lance many tlmes, . )

. . The width of the beam of 1ight would be Important to the brilliance. .

' of the spot also. The narrower the beam, the greater the amount of 1ight
concentrated into the spot. The width of the microwave beam, then,
affects the signal strength at thesreceiving station in exa ly the _
same way as the beam width of the light rays., The beam width of the
microwave signal Is usually measured at the "half power points'' or at
the points on either side of the beam that is 3 decibels (dB) less than

" the maximum at the center of the beam. ' The width IS expressed Ih degrees.

. (
The gain of this type antenna is' calculated using the equation:
G=4 A ,

A2 v ¥

where G = gain in decibels:
A = area of the radlated signal.

- ©o- . 7103
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The pattern that will be _measured in the p50cedure is called the ‘ 5

Fraunhofer pattern. : This pattern, unlike the Fresnel pattern, is inde-
pendent of distance from the antenna. Mgasurements will* result in readings -~

that give direction only. ‘

-
*

Tools, Materials, and Equipment: . .
1. Microwave training kit
2. Hand tools ’

— '
’

References: . - . .

v

1. “John D. Kraus; ANTENNAS, 1950 Ed., Gregg/ﬁcGraw:Hill)Book.Co. '
Pages 26, 283, 284, 291, and 353--381. . > .

Procedure: . ,

N

1. Thrn the klystron cavity tuning/é;justment almost entirely counter-

chockwise.
2. Set up equipment as in Fig. L. ) \
- [ o
’ /’ ’
; ' 1 '
) MODULATOR POWER KLYSTRON | FLAP
.SUPPLY . ATTENUATOR
' : - . . SLIDE
. WAVEMETER HORN ‘ S FT. MIN, HORN' SCREW
ANTENNA , | | ANTENNA ]
) " TURNER
< ' .
¥ = 7 . - A
N . DETECTOR 4 STANDING
. . WAVE
) UNIT

Fig. l--Measurement of Antenna Patterns

[ -
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3. Center the antenna front edge right above the ptrotractor board
pivot point. ' .
., s, Tune 'the klystron for a stable output:signal.
;}\ 5. Measure-the frequency and record the reading v
6. Detune the frequency meter.
7. Move the slide screw tuner-back and forth until a maximum lndicatlon
~ ° = is obtained. (The antenna board pointer must be set at the 90°
1 point. The antennas ‘should be in perfect alignment. )
. 8. Adjust the vswr tuning unlt gain control for 0 dB on the meter.
9. Move the recelvnng antenna 59 clockwise and record the reading.
“10. Move the receiving antenna in 56 steps clockwise recording each
reading until 90 degrees is reached.
11. Move back to zero and rotdte the antenna in 5° steps counterclock-
wide until 90° is reached, recording each reading.
12." Place a 90° twist section between the horn and the waveguude .
13. Repeat Steps 9 through I1.
'tlh. Plot a graph for each of the procedures-9 through 11 ldentnfylng :
. the first graph asanH plane plot and the second as an E plane :
N graph. (Use polar coordinate paper.)
15.. ldentify and record the half-power beam widths. ‘
16. Take both the horn and twisted segtion off the waveguide.
17. Line up the edge of the waveguide with the pivot point of the
antenna board (Center the waveguide over this point. )
18. Repeat Steps 9 through 11 and plot a graph, as in Step'14.
19, : Connect the training equipment as shown in Flg. 2.
) * w
MODULATOR 1 PG)\WER KLYSTRON
suPPY | - ' -~
-, ' .
\
SLQﬁ
FLAP L HORN’ 10 INCH -1 HORN SCREW
ATTENUATOR ,ANIENNA SPACING . ANTENNA ) )
) = .| | (REFERENGE) | o TURNER
. . L ¥
¥ N\ : -
Mount on stands
DETECTOR STANDING (as hecessary. )
WAVE
UI}IIT
) — .

Fig. 2--Measurement of Propagation

-
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Procedure: Continued
20. Tune up the -klystron for stable operation. E ,
21. Adjust the slide screw tuner for maximum indication on the meter.
22. Turn the range control on the.vswr unit to the 0 range. g '
, 23\ Turn the gain control until the meter reads 0 dB. Some trainers
may not be able to reach 0 dB. [f yours is one that is wnable
to be set to 0, go down one range. . J
2L, Move the receiving equipment away from the transmitting ‘equipment in
.5 inch intervals until 25 inches separation is attained. Record
each reading (in dB). . Co ‘ .
25. Record the reading at 5 inch intervals up to about 60 inches. ‘
26. Record the readings at 25 inch intervals beginning at 75 inches and 1

+

. ending at 250 inches. ;
27. Compare a}l the readings obtained in the steps, above. '
\ { P "

Job Questions: 4 . - . . e

§
1. Did your measurements indicate any side lobes in addition to the main

lobe? . - 4
. . ' - .
AN ’
2. What was the Felative strength of the side lobes (if any) as compared *
with the main lobe? ‘ \.

N . -
1 - -
. .

- 3. ‘Would side lobes be a form of wasted radiated energy?

.

&

L, Discuss the radiation pattern of the horn antenna as compared to a
straight waveguide. ~ T ;o

-

5. What did you discover abqut.recelved power in relation to the
- recelving and transmitting ‘antenna.distances?

¥
6. What happened to the radiated pattern when the 90 dégree twisted
section was Inserted into the Tinel § \
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Job: Microwave Reflectiqn, Refraction and Polarization

-
-

Objéctlvgz . . ‘
;- The student will: (1) Measure reflection, ;efractign, and polarization
i of a microwave signal and (2) demonstrate objects which cause reflection,
refraction or polarization of microwave signals.

Job Information: !

Microwaves travel through.sPace in much the same manner as light. In
the R.S.A. on antennas It was found that the radiated energy of a micro-
,~ wave transmitter could be focused into a narrow directiona) bean.
This study will show that microwaves can.also be reflected or bent,
.. elther intentionally by man or by natural phenomena. Also, microwave
signals may be polarized, that is, transmitted in different planes just
as other electromagnetic waves are propagated. '

The shape of the antenna and its orientation usually determine the
polarization of the microwave signal. The waves are said to be in the
same plane as the electric field so when the electric field is in the
vertical plane.the signal. is transmitted in the vertical plane, hence
it is-vertically polarized. There may be some shift of the signal
toward the horizontal plane by the time it reaches the receiver and
if the receiving antenna Is horizontally polarized it may receive some
of the transmitted signal. However, this received signal would be

' a great deal less th8n the signal that would be received by the same
antenna If it were vertically polarized.

Reflections of microwave signals can occur under proper conditions.
These, reflections are used to advantage where it Is necessary to locate
the transmitting apparatus near the earth's surface with a passive re-
flector located upon a tower. By using proper engiheering procedures *
a gain in signal s}rength can bé attained with the passive reflector.
some reflections, of course, are undesirable. These can'occur _if an
obstruction such as a water tank or tall building are encountered by
tbe transmitted signal. The signal then will elither miss the receiving
antehna or arrive at a different”time from the direct signal due to the
distances traveled. This can cause interference similar to ''ghosts"
seen on your TV redeiver. A path over water can become a problem if
precautions are not taken as reflections can take place easily over
a lake, large river, etc. T,
' . Refraction or bending of the microwave Beam can and does occur occasionally.
This can occur over a larde expanse of water due to heating and con-’
, vectlion alr currents. Cool alr and warm alr meeting such as a weather

\ front can cause an ''inversion layer' thus bending the microwave beam. -

107
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: J?b Information: Continued =~ ]

Sometimes the signal gets trapped in between two such layers and will
travel along ‘the earth's curvature for long distences. Any such
bending or ‘refraction usually is detrimental to the reception of the
trag§mitted signal. When such phenomena* Occur~\;egularly a system of
diversity reception can sometimes be employed

multiple recelving antennas to pick up the, refracted signal. One .
<example of such an installation wouTd be to mount a dish just above

s the main receiving antenna to pick up the sngcal when ghe signal Is bent

upwards due to_an inversion layer.’ -
)
Refraction may also occur if the microwave signal travels through certain
material. Ceramlc, glass, and similar materials placed in the micro-’
wave path will cause the signal to be bent in a dlffdhﬁnt direction
according™to the indéx of refraction of the material (the square root,

of dielectric constant). A prism placed in the path may be oriénted

in such a manner as to reflect or refract the yicrowave signal.

€.
In the procedure, measurements will show the reflection and refraction
effects upon the microwave signals. . .

- 3

Tools, Materials, and Equipment: * s

1) Microwave trainlng kit
2, Hand tools T
3. VWood, %li?tlc, paper, glass, rubber, alumlnum, and polarized dISC

References:

1. Richard K. Moore, TRAVELING WAVE ENGINEERING, 1960 Ed., Gregg/ ,
McGraw=Hill Book Co. ™~

Procedure:
. ;
1. Connect the equipment as in Fig. 1.}
i bl
L3
MODULATOR POWER KLYSTRON FLAP
SuPPLY | ’ ATTENUATOR .
\ " ~
SLOTTED HORN - HORN STRAIGHT |
: . LINE ANTE NNA . WAVEGUIDE|  «
s . SECTION |
SLPARATE 8] ABOLT 76 cM. ] - )
Preaye f 200 DETECTOR STANDING - . )
WAVE , .
. - WIT L o
» * s '
¢ : Fig. l1--Attenuation Measurement Setup »

Q .

his tonsists of mounting -

. It o -
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Procedure' Cﬁntinued St : |
' “":‘ ) * " ! . ’ . " .

|
. Tune the transiitter for stable- qiscll]ataons. |
-3. Set 'the output for zero dB on the meter. ‘
..ol PYa ce’dszé*ent objects in the path between the antennas ‘and record |
R 'f:h ﬁB»\reaﬂ ng of the méter for each object. Use such things as
3 woad, plastlc, glass, rugmer, ‘paper, leather, ceramic, and aluminum
J.a‘nd -polar, disc., (Thewgnal should be attenuated or changed due
; w‘ff“to the d.i ce;\t dleiectr c constants ) Also rota;e the po]arized

‘ g

*

. s
e MODULA‘I’OR ~{PONER; . |-—] KLYSTRON [—~ FLAP _ ' '
IR CEE cfsuppty | aE j ATTENUJTOR - '
%‘ 4 . o, H . :"'» a ; * ‘%‘ %‘«‘ o . R ) . \
‘ hed ,,:\' . ’ - '
‘,,{’ e ¢ ’ﬁﬁ-{;\‘.‘f \J' ’; .2 5‘ h “ -f,fﬁ‘ / / / - v
| SLOTTED (7o . -
L fsere m - - ‘
Lwe"g}* ’ 'H N : , - N
\,_/ s N
R . ‘?ﬁ . . 07 " '
p} ! N é Lo ORN -
R REFLEGTING PLATE * :
- ‘ : \ : STRAIGHT DETEGTOR STANDING
‘ e > .| WAVEGUIDE : WAVE
Lo SECTION | UNIT

.o

R . . ' v :
o e T ' Flg. 2--Reflection Measurement Setup
AT g GWJ; Move the flat reflector plate through the arc of a circle on the
PR « ® board and locate the point of maximum reading. -
o ‘\ 7.. Recofd the angle of maximum reading. . .
;' 8. _Reposttion .the receiving antenna and again rotate the reflector plate
v i for maximum reading. (The angle that the signal strikes the ptate

}_* hould also be the angle of reflectlon at which the receiving 'anteana
“1s located.) Sl

.* 109 . L
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Procedure: Continued,
1 g - :
A \h;',‘ &i‘
. . !}:‘ L 4
MopuLaToR | .
i Lt -
POWER KLYSTRON |— 1 FLAP o
. SUPPLY © \\| ATTENUATOR
A i ( _
] ES / ' R . ’/ )
> ) - : -
| STRAIGHT
HORN - *PRISM s HORN ™ WAVEGUIDE
- ] . Vel
-] secrion ,
Nopz: ~ celfee prism Miswhy seufsel Homls— Hoj%}lg ey 1
' :Mc;o ABOUT 70 CN— auwpoR] PRIk , n m{a"az]’un/nd DETEGTOR STANDING
oeNs ol aslz, ere o WAVE
~ UNIT
‘e . 1 3
Fig. 3--Reflection Measurements USing a Prism’ :
10. Move the uniti apari very slowly (or closer together) until ma§Imum_
h K

Staté Vocational-Teclinical Schools of Louisiana

MICROWAVE

’ Ve

}

' 0B _88

11.

13.
ll'.

signal strength is attained.

Set the range selector and gain control for zero (0) dB on|the -
meter. The azimuth and elevation of the receiver should be checked
for maximum signal at this point.

lz;mzPlace a prism in the path and turn it until maximum signalf is ob-

tained. Record angle and level.

Move the receiving antenna around the arc of a circle recording the
angles of reflegtion and, the maximum and minimum readings.

Orient Ehe prism and receiving antenna to other positions to obtain
other angles and readings. (Use a different face on the prism.)

Job Questions:

I.

-

What did you discover about the level (in dB) of tﬁEfrecei@EH signa
as different objects were placed in the path?

>

-

A .
. .
*
-
-
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Job Questions: C&ntinued

. 2+ What did you discover about the reflected an%&e as the reflecting
‘_platé;was-rotated through an arc around the €ransmitting antenna?

- . ¢

3. What happened to the signal strength when the polarized disc was - |
rotated 90°7 : T

o |

’ P 3 |
|

\

|

L, What Bappened to the reflected angle and signal strengths as the
. . prism faces were changed.and as the angles were changed? :

-

. 5. Did y6u find any point in the experiment where the signal seemed
- _ to be refracted or bent when an object was placed in the microwave
path? Should the signal path be straight or bent when an object
‘is placed 'in the path? o N

4 « ” . . , 7
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Relat&d Study Assignment No. 9: Smith Chart

/e

Objective: '

ypon completion of this assugnment, the student will know the various
.uses-of: the Smith Chart in microwave calculations.
& \

.Introduction:

The Smith Chart is a graph or a special electronic slide rule used to
calculate 'impedance, matching, ¥swr, and other values as related to trans-
missidn line calculations. The chart contains values of resistance,
copductance; impedance, susceptance, admittance, vswr, and reflection
coeff!cient

The chart was developed by P. H. Smith to snmpltfy the complex calcula-
tions associated with transmission lines. The chart is useful not only

in the microwave reg!on but-in AM, FM, TV, and other commercial services. .
The recommended texts cover the Sm!th Chart very thoroughly with expla-
nations and examples The student should solVe enough problems using

the Smith Chart to become proficient in its use.

ReferenCes.

}: Richard K. Moore, TRAVELING WAVE ENGINEERING, 1960 Ed., Gpégg/
MéGraw-Hlll Book Co. Pages 250--282.

2. Harolﬂ E. Ennes,‘ﬁﬁ%%M BROADCASTING EQUIPMENT, OPERATIONS, AND
. MAINTENANCE, lstqed., Howard W. Sams and Co., Inc. Pages 72--75.

3. Ceorge;Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/
« McGraw=-Hill Book Co. Pages 228--239.

Study Questions:

1. Where is the line representing the resistance component -located

on the Smith Chart? - , Zo
/ . .‘ , ) '
. - -JX '
2. ‘ldentify the section of the chart that would give values of 0

4

3., List six different things that can be calculated using a Smith Chart.

112
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Study Questions: Continued .

4, ldentify the scale where transmission coefficient would be read.\

[
»

5. How maﬁy wavelengths are contained in one revolution (one trip
around the circumference) of the Smith Chart? . 1

e’

6. How many degrees are contained in one revolution of the Smith Chart? l
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Job: Smiph Chart Calculations

Objective:

The student will solve for various values by using the Smith Chart.

Tools, Materials, and Equipment: X .
) .t R ~A
1. Smith Chart ’ \
2. Compass
3. Ruler )

Réferences:

1.

vi

Procedure:

2

]‘

. ¥4 N \
Richard K. Moore, TRAVELING WAVE ENGINEERING, 1960 Ed., Gregg/
McGraw-Hill Book Co. Pages 250--282. i

Harold E. Ennes, AM/FM BROADCASTING: ‘EQUIPMENT, OPERATIONS, AND
MAINTENANCE, Ist Ed., Howard W. Sams Publishing Co. Pages 72--75.

. - ) - ' . . |
- , : Yo o
Petermine tMe input impedance to a line that is terminated with

a resistive load when the characteristic impedance (20) of the line” .-
is 48 ohms, the terminating resistor is 75 ohms (Zr), the wavelength - .
is 1 meter, and the line Is 1.1 meters long. First, ndrmalize

the values (this is necessary to use the Smith Chart) by dividing

" the terminating resistance, Zr, by the line impedance, Zo.

75 = 1.56. (Since the load is pure resistance, it is 75 + jo.)

Draw a circle with a compass on thg Smith Chart with a radius that
extends from 1.0 (the center of thz chart) to 1,56 on the vswr
line (horizontal line ‘to the right of center). . o
Rotade twlice around the chart (each rotation = .5 ) beginning

" a 5 wavelengths (extreme- Fight hand side ofxdhart). Move

in the direction towards generator. Since the line is 1.1 wave-
lengths long, it is necessary to céntinue to rotate .1 wavelength
to .35 (.25 + .1 = .35). _

Draw a line from .35 to the center of the chart.

"Read the resistancq component on the horizontal line extending

from the center of the chart to the left. The reading will be

taken at the point where. the circle (drawn in Step 2) crosses the
resistance line or .65. ‘ :

Read the reactive component where the circle Intersects the line
drawn from .35 to the center of the chart or .45 capacitive (-Jo.hS},
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Procedure: Continued . -

7. Calculate the sending end impedance by multiplying the lire im-
pedance (Zo). 48 (.65 - jo .45) = 31.2 - j 21.6 (See Fig. 1) °
8. Calculate the sending end impedance (Zs) for a load that is purely
reactive where the load is Zr = 2.2 Zo and the line is 1.1 wave- -
lengths long. First draw a line from the center of the chart to
2.2 on the outer circle (extend this line on across the outer
scales).
9., Read the distance toward the generator or .182.
10. Read the angle of reflection coefficient or L49°,
.11. Rotate around the chart two revolutions (each rotaticn equals
- .5 wavelengths long) or .182 to .182 to .182 to .282 (.182 + .1 = .282). 2
™. Draw a line from the center of the chart to .282 on the ''wavelength
toward generator' scale. .
13. Read the intersection of the line In Step 12 and the outer circle
of the chart or 5.05 or Zs = j 5.05 Zo (see Fig. 2). .
14, Calculate the length of a matching shorted stub and thg distance |
. that the stub is located from the load wheh the line is 50 ohms
and the load is 4o + j 32. First, normalize the impedance of the
.- . load by dividing 40 j 32 by 50 ohms. 40 + j32 = .8 + jO.6k,

15. Locate .8 on the resistance line (the horizontal line to the left
of centar on the Smith Chart).
16. Move upward and to the right along the .8 line until the .64
' point Iis reached (the point where a line drawn from the inductive
. component at .64 would intersgct.tge .8 line). ‘
17. Draw g>circle whose radius is the -8 + jO.6l point to the center ° ~

of the/ Smith Chart. R . )
18. Draw a lifie from the center of the chart through’the .8 + J0.64
. -~ -point’to the outermost scate of theichart. ¢
19. Draw a line through the point where”the circle {drawn in,Step 17)
. crosses the circle.passing through 1.0 (centér 6f the chart).or

chart. Extend this line’to the 8utermost scale of the chart.
20. Read the "wavelengths toward generator''’scale where the lines
- drawn in Steps 17 and 19 intersect Tt or .128 and %]152. Subtract
.152 - 128 = ,024., This_is' the distance that the stub Is located.

i
+]0.75 above the horizontal line passing through the center of the

from the load. .
21. Locaté the point that corresponds to -j0.75 capacitive reactance.
Draw a line from the center of the chart through the point just
located (-j0.75) extending It on to“the outermost circle of the |
chart. (To cancel the +j0.75 reactance.) ~ . |
22. Read the value where this line crosses the ''wavelength toward generator' ]
scal€ or .3975. This Is the lengtH of the matching shorted stub.’ ' |
23. “Check with your instructor to see if additional problems have been

.assiqned. . " R 1
’ |
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Job Questions:

)
1.

. PAGE3 OF_6
Where is the line corresponding to vswr located on the Smith Chart?

¥

Where is the section corresponding to inductive susceptance located
on the Smith Chart? .

~ o

Why are values of impedances ''normalized'' for use with the Smith
Chart? M : .
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Related Study Assigﬁmég:Né. 10: Mlcrowave .Recelvers S \

/ a . . J
Objective:; /

Upon complet[on of this assignment the student will: (1) Be acquainted
with the various sections of a typical microwave receiver and (2) be
required to pass a vNWEtep examinathn with a score of 75% or more.

Introduction: ‘ a
The microwave receiver of today is very similar to receivers operating
in the lower frequency bands.- The major differences are: (1) The
frequencies employed by the local oscillator and intermediate-freguency
// amplifiers and (2) the shapes and sizes of various components. '

The input signal Is usually fed directly to a balanced mixer for conversion \

to the intermediate fréquency rather than being amplified first by a
radio frequency amplifier and then being mixed or heterodyned to the

‘ IF frequency. The balanced mixer enables the circuit to cancel any
noise input from the loca] oscillator. Both klystron and solid state
local osclllators are fed Into the balanced mixer type circdit. Fig.l
shows a basic balanced mixer clircuit.

/
y ®

~ -

’ RING HYBRID

TUNED oKT | .
X T > IFouT

LO IN

LI

. ~ -

~'?}g. 1--Balanced Mixer Circuit

-
-
o
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Continued .

After mixing, the heterédyned signal is usually fed into an intermediate
frequency preamplifier. Two popular frequencies. of IF's are 130 MHz
and 70 MHz, although the frequency may be any value. The preamplifier
increases the signal amplitude and passes it to the IF amplifier. "
Here the signal is ralsed again and bandwidth Is taken into consider-
atiorf for accurate reproduction of the transmitted sjgnal.

» . S P
Demodulation stages folTow'the IF amplifier and some method af automatic

stajes to increase or decrease the gain of these amplifiers.
a fairly constant output signal even under fluctuating input signal

due to path changes. At this same point many units develop an automatic
frequency control (AFC) voltage to correct the local oscillator frequency
so as to always produce the Intermediate frequency under varying signal
conditions. The demodulated signal itself.is fed on to other amplifiers
(video, audio, jetc.) to bring the signal amplitude up to the desired
level./ .

Noise Figure Is Important in any receiver. Nolse figure is defined as
follows: In a network (such as an input clrcuit to a receiver) when
an antenna is conngcted to the input, the noise figure is the ratio of
the total sIgnalgﬁﬁjnoise power ratio at the input terminals to the total
signal-to-noise powér ratio at the output terminals after correcting
+ for the bandwfdth of the recelver.
. that generated no noise within its circuits, noisé would be Introduced
into the receiver when it Is connected to an antenna. Any signal that
is present then must compete with the noise input. Any noise generated
within the receiver adds to the input noige and the input signal must
be yet stronger to overcome the total®noise. .

v -

To calculate the noise factor of a network the following equation can

be used:
sit
Nf = kTB -
S out
_, N out
where NF = noise facépr
Sin = Signal power input from the source . ,
k = Boltzmann's constant (1.374 'x 10723)
T = absolute temperature (degrees Kelvin)
B = noise bandwidth of the network
A S out = power output of the signal
N out = power output of the noise

If more than one network is used (as would be in a typical receiver), °
the noise output is cumulative and would be equal to the equation:

NFl,2=NF|+N_F%_"__]_ _ :
. —

12]

gaintcontrol (AGC) Is usudlly taken from this point to feed back to earlier
This assures

If it were possible to build a receiver

v
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Introduction: Continued P ' ‘ .
where NF1,2 = combified nolse figure of 2 networks - .
NFy = noise -figure of network |

NF2
Py

naise figure of network 2 .
power gain available from network 1. o .

"Input and ogtput'impqdances will Ehénge the amount of output signgi and
output nolse of a network or receiver. ’

‘ 4 .

> , . .
' .- These equations above are given to show how noise and signal are related
' as to useful output and how the signal input must be strong enough at
the antenna terminals to overcome the irnherent noise. If the-calcula~ .-
" tions for transmission path gains and losses are correct, the signal )
arriving at the receiver will be more than_the miyimum required to pro-
duce a useable output. Path calculations are covered in another R.S.A.

Bandwidth Is impod@%ﬁt id the receiver_circuTts. Bandpass shape is the
curve showing outpldt voltage or powér of the amplifiers in relation

* to frequency as the input signal pawer ‘is held constant. Phase regponse
of an amplifier can become important in some receivers where transients
are present. The phase of a signal can be shifted as it passes through
an amplifier, thus changing the output data. Instructions for measuring
and adjysting the receiver for bandwidth, bandpass shape, ard phase

- ,tuning fre usually covered in detail in the alignment instructions of’ the

manufacturer's maintenance manual. :

[l by
A typlcal microwave receiver block diagram is shown in Fij;’g,f
-~
?

. .
. - . .
¢ . - - - N
~ E - . .
” < »

4

RF BANDPASS .| mxer gl IF » DEMOD s} BASEBAND
N FILTER PREAMP | | AMPS| k , | AMPS ‘
/ u$ ﬁ L ‘-< . k * i b - 1 ]
- , T ™\ [ ~
* ’ “ . . . . l ’
LOCAL - | POWER AGG |*  .DATA
. ‘ 0S6 | SUPPLY L -~ ouT

Rl 1) N . .
R e 1 . ~

T < Flg. 2--MléroWéye Rgcelver.Bloci Diagram

\
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introduction: Continued .

«*Alarm circuits are usually optional extras to warn the operating per-

sonnel of a failure or to automatically switch to a standby,

#hy -7, This can minimize or_eliminate loss of operating time where
" . equipment is aval]éble??é*swltch into service.
. L)

~

unit. . .

"hot standby''

R e, N '
ey Qgggﬁéchnlcian will find thaty the typical microwave receivers

is not top:gifferent from other receivers that have beéh encountered

in other ZerVices. They are designed for ease of maintenance with plenty

of test points and metered circuits for quick diagposis and repair.

References: ’ ) o

-

-~

- ~

NiC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/

: McGraw-Hi11 Booki Read pages 536, .537, and 550.
P ) { A
. Study.Quégtions:' ﬂ@% Tt N -
,‘ N N\;'l;'r C .
}. What type mixer is usually employed in afmicrowave'recé?ver? Why?
" . i .."'/“*‘“:«: . 4
‘ gp e
2. What devices are usually found operating in the. local ‘oscillator
_circuit?‘ ’ : o o
i X Lo AR
~ % 3. Define "nolse figure." = - , .
- 2

~ a

L. bDoes the noise generated in one sfaée add to the noise generated
_ In a second stage to.produce a total noise signal?

' . i
i . . [ 4 ' '
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* Job: Draw Block Diagram of Microwave Receivers o ‘ , _“;7[’ '
Objective: - le" ..
' The student will: (1) Draw a block diagram of a typical microwave
receiver and (2) Identify the vagious sections of a microwave recelver
by writing the names of the blocks in the diagram. ¢
Job Information - . ' .
...' 4 — > - ~ . S .
f . The student should be amiliar with the various’. blocks of a microwave
y receiver block diagrap.” This will ‘enable one ito determine signal paths
| . through the receiver and to identify the functTon qr purpose of .each \
| ' section. Review, if necessary, the R.S. A on microwave recelvers ) . v
| ;- b Tools, Materfals, and Equipment ;
L', "~ +1. Pencil ,
[' . \ 2. Paper '
5 References: ) o - ) .

- - . " 4

1. R.S.A. 10 of Microwave

~ . ', Procedure: , \ " . ' U .
P - ‘ : . L

1. Draw a block diagfam of a-typical microwave receiver.

IR .~ 2, Label each block of the above diagram with the appropriate name. X
Job Quest ighs: e P ' o 1‘1 -
\ 1. How does the block diagram of the microwave receiver differ from o
!\ -the block diagram of a broadcast band receivetr? oD
;: ’/ 3 /
. ] 2, What stage is missing from the block diagram that is typically found
R in other superheterodyne receivers? ’ :

- s 2 . A
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Related Study Asglgnmént ﬁq. 11: Microwave Transmission Path Ca];hlations

- Objective:

;N\

Upon completion of this assignment, the student will: (1) Be acquainted
with microwave transmission phenomena in relation to the line of sight
propagation, (2) learn how to calculate several values that must be

-

ascertained when Installing or modifying microwave transmitting and
receiving apparatus, and. (3) be required to pass a written examination

with a score of 75% or more. -

Introduction:
Microwave energy ls transmltted or receIVed in a narrow beam comparable
to the beam of a spotlight or flashlight. The energy from the transmitter
is focused into this narrow beam for several reasons. The two primary
. . reasons are to increase the distance that the signal may be transmitted
by concentrating all the energy: in one direction and to prevent radiation
in a direction‘that would not be useful to the broadcaster or that would
¢ interfere with other servlces on the same frequency lf iscatter' were
permitted .

“~Under actual operating conditions, the microwave -beam does not travel
_ . in just a single path but takes an infinite number ,of paths and is in-
3} » fluenced .by weather, atmosphere, terrain, and man-made obstructions.
S It may experience refractions .in any direction. These factors may cause
Intermlttent fading, poor receptlon, or a loss of the signal entirely.
Ay ¢ ..4\
To assure that the system provldes the greatest posslble reltability,
the technician must provide the bést possible installation of all appara-
tus and malntain the ‘equipment at optimum operating levels.
Since.the signal may arrive at the receiver from séveral different

. ] paths, a system of ‘numbering these paths has been devised and the paths
T ~ are called Fresnel zones. The first Fresnel zone is the straight line
path between the transmitting and receiving antenna. There are a great
many other Fresnel zones, According to the numbering system, all even
numbered zones are related to the first zone on a half-wave basis and v
- ard® 1800 out of phase and, tend. to have a canceling effect. All odd" .
? numbered zones are related on a full-wave basis to zone "} and are phase

additive. The most desirable signal then is contained in the first

zone. |f at all possiple then, the first zone should provide the .
best. path while elimlnatlng or severely limiting all other zones.
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Introduction: “Continued - R

The fisast zone must be in a path that is free of all obstructions
. s buildings, trees, or even the earth itself. A clearance of

about .5 times the radius (of the circle that makes up the first Zone)
s a standard value when calculating the path. If it is assumed that
a large obstruction Is in the path and the first zone radius needs to
be known at the point of obstruction, it can be calculated usiqg

r=72 {}g?‘ .

F

1

where r = radius of the zone in feet ‘ .
x = distance from transmitting antenna to the obstruction in miles
y = distance from the obstruction to the receiving antenna in miles
1 = length of the entire path in miles -
f = frequency in GHz ’ A

(4

Since microwave frequencies are line of sight signals and the earth

is curved, it becomes apparent that the signal .will encounter the earth

at some distance away from the transmitter. The best method to overcome
this obstacle (assuming that the path must extend beyond the horizon)

i{s to increase the antenna or passive -reflector height above the earth.
The transmitting or receiving antenna (or ‘both) can be elevated to provide
an unobstructed transmission path. The distance to the horizon may

be calculated using the equation: '

d=1.23 Vh

where d = distance to_the horizon in miles and
' h = the transmfftlng antenna height in feet.

vl

If the recelver antenna Is also elevated, the distance to'the horizbn is
- d P L, ——

d=1.23 ( Vht'+ Vhr) .
where ht = the transmitting antenna hélght and
hr = the rece!ylng antenna height. » o B

If the earth has an Irregular contour over the path, these irregularities
must be taken Irto account. It becomes apparent that some type of |
plot' is needed showing the path, elevations of transmitting and receiving
antennas, earth curvature, and obstructions in the path. Several alds
are avallable to help. in plotting .the path. )

RN - ) . .
One afd that is readily available to use in determining elevations

. and sevéral may be needed {f the path is long. These maps are avallable

Is a tos§jraph!c map of the area. A map will cover a specific area

from thelUnited States Geological Survey in Washington for. areas east
of the Mississippl River or in Denver, Colorado for areas west of the
Mississippi. Information contained on these maps Is elevations of land
areas above sea level, obstructions such as towers., timbered areas,

and other important major obstructionS. .

g

.
¥,
gk :
LI .
« Y 1} * -
! t ' /v‘/
- . - .
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introduction: Continued ‘ )

Another way of determining elevations and obstructions is the use of -
\ conventfonal surveying methods although these are rather time cbnsumingr
and costly. ~

. ' 5
Accurate altimeters, elther hand held or moun ted in aircraft, may be
used. st )

-

One other very important factor to consider in path calculations is

fade margin. |f the system is to provide round-the-clock communications
Tt must be able to produce a quality signal even in adverse weather
conditions. For 100% reliability in a 24 hour period the system must ~
deliver.to the receiver a usuable signal for 86,400 seconds (60 seconds
times 60 minutes times 24 hours). For 99% reliability the signal coulq\\
be inferior or nonexistant for a period of .14 minutes a day. Obviously;
this if unsatisfactory so the system.must be designed with a higher
percentdge of reliability in mind. ;-“

. 1f the path values are calculated for the minimum signal strength

to operate the receiver, there will be no fade margin. .Most systems
have reserve gain incorporated into the equipment by increasing transmitter

. power, using a higher gain-antenna, adding a receiver preamplifier,
or Installimg-relay stations between thé originating and terminating
points. ) . . o
: . ) ' 2 _
The factors to’ cohsider when determining path values are transmission
line losses (transmitting and receiving), signal loss in free space,
antenna gain (transmitter and receiver), and transmitter power output.’
Other considerations are signal-to-noise ratio, carrier-to-noise ratio,
and miscellaneous losses. \

Signal~to-noise ratio of a microwave system depends on antenna gains,

path attenuation, and equipment design. Antenna galns are determined

by the operating frequency, antenna efficiency, and antenna size. Path .«
attenuation is affected by Qpeqat}hﬁﬂﬁkequency and the length of the path.
Design considerations in the equipment are thermal noise in the receiver,,
deviation (in an FM system), and-powér output of the transmitter.
Carrier-to-noise ratio in an FM microwave system depends on ‘the receiver
noise characteristics and the amount of signal received. The receiver

~. noise figure can be obtained from the equipment specifications supplied
. by the manufacturer and the received signal can be calculated-using the .
. équatlonﬁ

' C/N = Tp + Gt + P1 + Gr - Nr -

where C/N = the carrler-to-noise ratfo

Tp = Ehe transmitter power in decibels referenced to one milliwatt
dBm) ] . :
Gt = the transmitting aritenna gain in dB .
P1 = the path loss in dB _ ‘
Gr = the receéiving antenna gain in dB and
« ‘Nr= o

the receiver noise figure in dBm. -

034
N b

.
H
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Example:
i?' \ Assume the following values
Transmitter output g
Gt (parabola gain) ’
L : P1 (x miles at fx)

Gr (parabola gain)
Received signal

Receiver noise figure . .

Carrier to noise =

The microwave signal suffers loss (as does any
it passes throlugh space. The path attenuation

®  using the equation:
; v
‘ : Pl = 36.6 + 20.logyg FMHz + 20 Logjg D miles :
. _where Pl = path loss in dB .- -
. A FMHz = carrier frequency in megahertz
: -~ D miles = distance of the path
36.6 = a constant v -
. Example: (using assumed values)
P = 36.6 + 20 Logjg 6000 MHz + 20 Logjg 30 miles W
36.6 + 20 (3.7781) +20-(1.4772)
36.6 + 75.56 + 29.54
Pl = 141.7 dB )
8 This equation comes from a comparison of "two isotropic antennas where )
: T one,antenna is located at each end of the transmission pathk. The .
. a free space loss is the amount of signal that ‘does not arrive at the re~ , °
: . -ceiving. antenna after_being“radiated by the transmitting antenna. Since
e . - ... .energy fadiated by an isotropic antenna is propagated equally in all
| directions, the total enerdy radiated is related to the area of a
L . sphere ot A2/Lw, the area of the lsotropic antenna. (Antisotropic
" antenna is defined as a hypothetical antenna radiating or receiving
A _equally well in all directions and is sometimes referred to as a unipole.
‘ As. used with electromagnetic waves, -unipoles do not exist physically
AT . but represent convenlent reference antennas for expressing directive
- properties ofs actual .antennas. o .
i;ﬂn- ) The pathlloss between two isatropic antennas may be expressed as the
- . ratio of powers radiated to power received or ’
3 ' > - Pt

Pl = —

~ \ Pr
where he radiated power and
Pr power received’

~
+23 dBm
+40 dB,
-138 dB
-+38,3 dB-
-36.7 dBm

. =(-83.1) dBm
S T

4 db

REA. I

PAGE_OF_8
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E o
other radio wave) as
(1oss in dB) is calcuTated

s

A}

-
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Introduction: Continued N " .
or ) . -
Pt=r2 b
. : P . VA : . i‘
. J . ETr

r = the radius of a sphere and
22 = the area lof" an Isotropic antenna.

T )
The area of the sphere is r2hw . See Fig. 1..

where

U
TRANSMITTED POWER

Area of the sphere = 4wr?

A=

NOTE:

r and » must be in the same
measurement units such as inches,

KJ meters, efc.

RECEIVED" POWER
. . a2
Area of isotropic radiator = ,Aw

(= wavelength) / ' =

, ' ‘ .
Fig. 1--Ratio of Power Transmitted to Power Received .
) . /
Antenna gain of a parabola (or other aperture-type antenna that is
circular in shape) may be found using

6 = e(T2)°

E =.efficiency
D = diameter
2 = wavelength

. Example: (using assumed values) -

G*='.5-‘—T—‘-§-2-'-7->2 \j Co E = 50% .

3 D = 182.7 cm (6 ft)
| , , i \
= 5 3.143.x 182.7 A= 3 cm (?Y 10 GHz)

3 .
= .5 x 36567
'« 18283 (or in dB’= 10 Log ,0_1' ;1)8§83 = h2.6 dB)
‘ . “J o

-
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Introduction: Gontlnued?

Chafts on various sizes of parabolic reflectors and their gains at
different frequencies are found in any good commun icat fons textbook
pnd these should be referred to when needed.

.

Signal-to-noise ratio of an FM microwave installation can be calculated

N . using the equation:
. . ~ N
N S/N (in dB) = C/Ny (in-dB) + 10 Logyo SF- + 20 Lyyo V3 Edey
. .. ] iy . F.
= Where . . i
, ,/*r s/N (in dB) = signal to nagse voltage ratio in dB
C/Ny(in dB) = carrier to noise i dB . _
BWi f = intermediate frequency bandwidth'in MHz ’
F = highest modulating frequency . '
Fd = highest microwave frequency deviation in MHz
S = signal in RMS volts : o
N = noise in RMS volts - - : |
\ ' (. c = carrier in RMS volts ’ .
~ . Ny = |F noise in RMS volts ’ ) |
. ) A 2 .
f;\, For the power ratio, jus;quuaEe s/N or (5/N)2 = (C/N)2 x §¥lf- X 3x %i 2 i
. s ’ . “ [y 4 |
v Receivér noise (Nr) power is é;lculated using the equation: .. ",
. A P : .
° . ’ Nr = Nf KTB o . ‘
. E s . . )
where Nf = receiver noise figure L -23 ’ .
K = Boltzmann Constant (1.374 x 107 °°) ’ ,
' T = temperature in,degrees Kelvin . . oy
] B = .

bandwidth in hertz.’ . ) von

-

- ’ .
- o Miscellaneous- losses ate found in isolators, skin efééht losseJ in
waveguldes ,*misalignment of antennas and/or .reflectors, accumulation
of forelgn matter on antennas, and polarization errors.
. . s "

~

The net path loss then is composed of the free spacé loss plus all other -

losses minus the antenna gains or PLnet = OL + ML - AG where PL = the e

free space loss, ML = misc. loss, and.AG = gain of all antennas and

refiectors. The receiver input signal then is Rin = Tout - Plnet o

(Rin = Receiver power .in, Tout = transmitter output in dBw, and Plnet
. .is the net path loss). i * :

An actual-plot of the path should be placed on graph paper, either the,
. - kind- designed for this purpose or ordinary 10 square paper that has
. - been cprrected to a 4/3 ratlo to.compensate for the earth's curvature.
« A Sheet of this paper is supplied with the job associated with this R.S.A.




State Vocational-Technical Schools of Louisiana | ‘ N

MICROWAVE - ) RSA __ 11

PAGE.L_OF _8 _
Introduction: Continued )

Sinde the earth is rarely a smooth curve but is made up of hills and
valleys, small rises or depreisions, etc., contour must be taken. into
account, - Assuming a path of 25 miles and a rather high hill at a distance
from the transmitter of 10 miles a calculation for correction Is necessary.
Using the equation h = 3 xy gives a value of ¥ (10) (15) = % (150)# 75ft
(h = bulge o; thehearth'wlthfa ::llil:iat dlstance Ay = p?th minus x)

Next, solve ? the radius of the first Fresnel zone using the equation

given earHer r o= 72{""’ = 72 10) (15) =
25) (7

€

72 © 150 = 72 (.926) = 66.65 ft.

Minlmum clearance is .6 times 66.65 ft and equa]s 110 ft. When the mini-
_mum clearance is added to H (75ft) the antennas must be mounted at a
height of 115 ft. Any other obstructions in the path would also require
additional elevation of the antennas or reflectors.

. An evaluation of an assumed path using thfa following values will give
an overview of the calculations that a{e necessary.

4

L watts (6 dBw) /

Assume: Transmitter power =
! - Waveguide loss = 1°dB per 100 ft.
’ v Waveguide length = 150 ft. per run (2 runs)

6 ft. parabola @ 50% efficiency (42, 5 dB) 2 dishes
Path length = 25 miles ‘ )

~ . Frequency = 7-G0Hz N : T
.6 Fresnel zone clearance ¥
Free space path loss = 141.5 dB

&
(6 dBw is a 6 dB Increase over a 1 watt reference -3 dB would be a power
gain of 2x, another 3 dB would be 2x, henTeﬂ’Z x 1 v‘att 2W and 2 x W =
bW or 6 dBw) ‘

PLnet = PL ~ (antenna%ains - waveguide’ loss)
= 141.5 ~-(8 -
= 141,5 - 82
= 59.5 dB

‘

Received lnput power Is Pr = Pt - Plnet
Pr = 6 ddw - 59 = ~53 dB

‘ and (at 50 ohms input impedance) e T
Recei’Ver voltage in'= Inverse Log db x 7.07
- 20 .
RCVR Tn = Inv log 233.x 7.07 = .0022 x 7.07 = .015827 volts or 15,827
mlcrovolts 20 j
I3 | - "f_
where RCVR in. In volts relate ;’to dB at 1 watt and E .

7.07 = the RMS voltage’across a-50 ohm load at 1 watt.

: N ,

.
gty
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lhtroduction: Continued

The equipment to be installed or maintained will dictate the amount

of power output from the transmitter and“the required signal tnput for
the receiver. These values will dictate the antenna gains necessary
to overcome all losses associated with the system. [f the technician
understands the path losses and how to solve problems associated with

these losses, the result will be a more reliable communications system.*

“ .

‘References:

1. Harold E. Ennes, AM/FM BROADCASTING EQUIPMENT, OPERATIONS AND MAIN-

TENANCE, Ist Ed., Howard W. Sams Publishing Co. ' Read pages 3hk--355.

2. John D. Kraus, ANTENNAS, 1950 Ed., Gregg-McGraw-Hi11 Book"Co.

3. lRichard K.'Moore; TRAVEL | NG-WAVE ENGINEERING, 1960 Ed., Gregg/
N McGraw-Hill Book Co.\] )

.
<

L, George Kennedy, ELECTRONIC COMMUNICATIONS SYSTEMS, 2nd Ed., Gregg/
McGraw-Hi1l Book Co. Read pages 536, 537, and 550

Study Questions“

1. What are Fresnel zones? ‘ )

L3
.
-

.

2. What is the minlmum clearance for the first Fresnel zone when cal-
*culat!ng the path? L '

. ~ T Y e
-

T3, What aid for path plotting is readily available from the U.S.
Geological Survey office? .

L. The system should have a reliability of better than whgﬁ perc¢ntage
. (fade margin)?. .

5. What factors must be‘considered when determining path calculations?
. R

6. What is an isotropic entenna?

-
e

‘e

L !

7.’ Name four losses (othe(‘than free space loss) that are found !p
fcrowave systems. i
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‘Job: Microwave Path Calculations

Objective:

The student will calculate a typical microwave path using the information
suppl ted.,

Tools, Materials, and Eéuipment:

1. Pencil v
2. Paper ;
. 3‘0 RU]el‘ N ‘ & ’
k. Microwave profile chart ’ P
References: . - |

1. Harold E. Erines, AM/FM BROADCASTING-EQUIPMENT, OPERATIONS, AND 4
MAINTENANCE, 1st Ed., Howard W. Sams Publishing Co. Read pages

o ’ ' _ 34h--355. - 1 ) .
- 2. R.S.A. 11 of Microwave. : ’ ’ )
' Procedure: ) . o c
. . 1. Ccalculate the fi(st:Fresnel zone.radlus for a path of 32 miles

- where the transmitting antenna Is located at a height-of 200 ft.,

the Peceiving antenna is at 500 ‘feet, the frequency is 7 GHz, ~

the distance from the transmitting antenna to a certain obstruction
122 ft. high at 17 miles and the distance from theuqbstr:Ftion '

to the receiving antenna is fS miles. Transmitter power Jis 2 watts.
in the

»

Calculate the clearance needed for the frst Fresnel Zon
‘ problem in Step 1. T :
Calculate the distance to the hotizon in tha above problem.
Calculate the path loss in dB for Step 1. . .

Calculate the antenna gain of a parabolic reflector with a diameter
of 8 ft. and an efficlency of 62% operating at 7 GHz. '
Calculate the recelver input power in dB. \

Calculate the receiver input voltage (assum
_and no transmission line losses). :

ohm input ~impedance

v ,

.2
x

CNOY T W

Job Questions:

» . .
1. Why must the height of a hill or talk building be taken into account
when calculating a microwave path? :

o ’ -~

’ . ]
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J Job Questions: Continued
2. What consideration would be necesséry if the transmitting and receiving

antennas were mounted on towers whose bases were not at the same

~

distance above sea level?

Why is the microwave path calculated to eliminate all the Fresnel

3.
zones except the first one?

Why is reliability (operating time percentage) Important as related

L,
to the microwave system?
¢
.
4
‘: L4 ‘.f
.‘;' 1]
. ‘ ¢
t 7y | .o
rs 4 »
/ ! b \
) |
S ' 3 S ] -
S ’ ) A ~ X
) L3 )
“ -
N ’ <4
~ s , 4,
. . .
. .
A
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Related Study Assignment No. 12: Multiplex

7 L, .
Objective: . . ‘ e ’ =

Upon completion of this assignment, the 'student will become familiar -
with the various equipment that comprises a multiplex system for trans-
mission of data on a microwave system. ° “ oo

Introductions ) ) L \ " ©oa

‘
.

Multiplexing {cémmonly abbreviated MUX) fs_the method or system tsed )
- to transmit and receive 2 or .more signals while using only one transmitter
- carrier wave as-a medium, R : -

P -
¥

. o ’ .
v Various systems are in use today and it would be impossible to cover .
every manufacturer's equipment so only a typical system will be dis- -~
cussed in this R.S.A. . . R

ﬂﬁn overall block diagram of‘a muitiplex sfstem is shown in Fig. 1. >
system can be bullt to include more-and more data channels: by 'pyra- .
miding!! or adding additional units. . ,

]

\\,..
.

S OPTIONAL L e R
B ‘ o . | opTioNAL |-
— Ohl 4-8Khz — - |R£°-|  [trRanysmrr] R ! H
— o2 8-z ———— S 3 BN
—  oh3 1216 ———— ‘ oL ’ SAME.
Lo - ' AS - .
' ¢ch4 1620 — - e
20-24 o : RECEIVER ‘
L Ch5 20-26 ——f C '
DA I L (awp - | - - Uawp —
OUT ° A\l cne 24-28 —— © T S ,
» \ | R EX;
“b— Ch7 28-32 — . - ~
1 - N '
, i— ch 8 32-36 ——— XMT MUX
' ¢h 9 36-40 ' ( ‘
"L en 10 40-44 Khz | 5 . ° DATA .
L . ) - N O , Y
' <L ; : '
REC/MUX . , ;- ,
N . f’ . A
) 135 , ) ‘ ) L
' . - , .
' : JFIg. 1--Basic MUX Systeﬁ‘/ Ty

»’ ~ - '
b, .
\ ' ¢ S fe ’
-
Y . X ©

\ BV Lo f . . P
\ - < x
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References: ° T
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Major unlts of the system are modulators crystal oscillators, channel
ampllflers, group amplifiers, demodulators, and power supply. (Here

agaim, ‘a manufacturer may call one of the components by .another name.)
¢

If the system is to carry voice fessages it wlll be divided lnto channels
that are 4 kHz wide (since only about 3 kHz Is needed to produce ade-
quate voice communications). Normally, a channel amplifier will contain
approximately 10 individual channels beginning at 4 kHz and going' up

to 4l kHz with an optional channel from 0 to 4 kHz. These.chanpels ‘
are numbered 1 throggh 10 with the optional channel referred to as ser-
vice channel, etc. An amplifier that will pass all the frequencies
contained ‘in the ten channels follows the channel ampllfler output. *

lf an additional ten voice channels are needed, a second channel amplifier

..identical to the first Is added with its output fed to the same type

-»«#s;;¢~t,rsldeband of the one used in‘set nu

3}

broadband amplifier. At this point It Is necessary to heterodyne the
output of the broadband amplifier to frequencies other than 4 to 4k kHz
so_a group modulator (or oscillator, etc.) is added (usually in the
range of 52--92 kHz). -This output will use SSB transmission and will
use elther upper or lower sidebands of each channel. A third set of
votce channels may be added using 4--4k kHz channel amplifiers as in
the first two sets. This set of chznnels would then use the opposite
ber .two. .

‘Since the voice channels are each 4 kHz wlde there -must be some filters
located within the clrcuit to minimize cross talk between’ channels. ~

° These filters would.need to be desighed ‘to have very sharp leading and
trallfng edges on thelr response curves. Some manufacturers use crystal
filters which are quite expensive but very effective. Filters are used
extensively throughout the entire frequency range of the multiplex sys-
tem and-will appear in the block and schematic diagrams of the various
brands on the market today. F

e ~

MUX'are not-limited to use with microwave relay systems but are'used‘

. extenslvely by telephone companles, industry, and governmental agencies.

They are fed into telephone wire circuits (in several configurations),
VHF, UHF, or microwave radlo Eircuits. The communications student who
, goes lnto the field of servicing apparatus used to exchange information
wlll sooner or later encounter a multiplex operation..

Study the block diagram taking special note of the frequencies used ° .
as input and output to each block. This is, of course, only one

of the systems that are in use today but represents the basic idea of
multiplex transmission,systems. - “

<

T e e e
. d —

- . ¥

i. , George Kennedy, ELECTRONIC COMMUNICAT|ONS SYSTEMS, 2nd Ed., Gregg/ -
‘ McGraw-Hlll Book Co. Read pages 109--110, 526--532 and 593-759h.ﬂ

LI e ‘.
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oh 21-30 4 '44 usse ?‘%%UP 100-140 Khz
R X S
m —[EEEE
OF
RS on1-30

SUPER

| GROUP

MOD
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MICROWAVE T
) , - - .
i - . .
) @ 4-44 Khz - ' )
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C Ch 81-90 ~ -

oo
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»

‘

., \.}&_ -
- Fig. 2--A 90 Channel MUX
(without filters being shown)
' v
, oo
! ‘ ’ \
. 7
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»
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TEST SHEET -

Introduction to Microwaves

Name: Date: Grade:

R}

= DIRECTIONS: In the blank sPace ngore each statement, write the letter
corresponding with the correct answer.
I 1. Most microwave equipment operates in the range of ‘

| kMHz to 50 GHz
1 GHz to 50 GHz ’
1080 MHz to 50 GHz -
A and B above

A, B, and C aQove

Mmoo >

P

2. Modern day usage of microwaves does not include

point-to-point data transmission.
frequencies up to 100,000 GHz.
specia] transmission lines.
parabolic antennas. .
omidirectional antennas.

mooO w>

3. A microwave frequency of 5.88 GHz has a wavelength of

A. .5 meter. . ,
B. .05 meter.
C. 50 cm. ,
. D. 1.75 inches. J
E. .159 inch. '
L. One characteristic of micfoyave circuits is —_—
«! A. all vacuum tube constnuction.
B. all solid state construction. .
C. critical component Placement.
D. standard electronic components are always used.
E. none of the above. ’
5. A pdrabolic antenna is » ‘
/  a special circular polarized antenna.
B. a special cdllinear array.
C. & special unidirectional antenna.
D. a special multidirectional antenna. /
E. a special slot antenna.

141 | N

<’
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> 6. Microwaves are used to cook food by

TEST SHEET:

A.
B.
c.
D.
E

Y
Ty

x-ray radiation.

rapid reversal of current flow.
heating from anode heat sinks.
narrow beams focused on containers.
molecular structure change.

7. Transmission of microwaves can be

A. on regular transmission lines.
B. along the surface of conductors. *
C. along special hollow pipes.
D. B and C above.
E. A, B ‘Erd C above. ; '
8. One speciall precaution to observe while working around microwave
equipment Is W
A. wear protective clothing. .
- B. never touch active transmission 1lines. ' . o r
C. adjust only with insulated tuning tools. )
. D. never look into open waveguides. J
E. all of the above.

Mo O D>

.

A.

Mmoo

guide wavelength.

9. Voltages and currents in microwave transmission lineslgi

“are~propagated as in all other transmission lines.
are of a secondary consideration.

4 are always at right angles to the waveguide large dimenslon.

require silver plated lines.
propagate only where air is the dielectric.

10. Twice the wavelength of the dominant mode of a rectangular wave=
guide is known as the

operating frequency.

cutoff frequency.
traverse frequency.
resonant frequency.
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«yl;/ Microwave Systems
, ' x ‘
. Name: . Date: } Grade:
e~
- DIRECTIONS: In the blank space before each statement, write the letter

corresponding with the correct answer,
\

1. Deemphasis Is employed primarily in the

A. modulator.

g B. oscillator.
C. receiver. A
D. baseband amplifier.
E. wavequide.

2. Aiweatherproof covering for a microwave antenna-.is called a

A. weatherhead.
B. parabola.
C. buttonhook.
D radome.
E

diﬁfu'er. .
3. Molsture accumulation in waveguides can be prevented by

pressurized lines. |\
weatherproof antennas.
. . logg horigzontal runs. )
sealing klystron cavities. L
none of the above. .

mooow>

4k, The number of channels a baseband will accept is determined by

the carrier frequency.
the data levels.,
the wavelength in centimeters.
the preemphasis network.
. the isolator frequency.

moo o>

———

5. Typical gain of a parabolic antenna may be

20,000 to 40,000 dB. ¢
2,000 to 40,000/ dB.

2,000 to 40,000,

20,000 to 40,000 .

20,000 to 400,000.

mooom >

.t
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Continued

- on

i 6. Discontinuities Between the dish and the waveguide are corrected by

~ A. using shock mounts on the dish. .
\B. using flexible waveguides.
)C. using shock mounts on the transmission line.

tightening bolts properly.
none of the above.

JE.

Z. One microwave oscillator that contains several tuned cavities Is the

/ . ' .
; A. magnetron. \\
/! B. back wave oscillttor.
/ C. traveling wave tybe.
D. reflex klystron.
E. tunnel diode.

A dent in a waveguide

A increases SwWr. T

B. lIncreases power losses.’

C.., does not Qhange propagation characteristics. . '
D. A and B abovés ‘ '

E. none of the above.

icrowave transmitters are usually

M
~A. amplitude modulated . .
' B. frequency modulated
C. pulsed.. .
D. operated A0 (A Zero). : '
E. operated FO (F zero).

i\

’ \
10. Whish_is not a true diode?

impact avalanche diode *

hot-carrier diode .

PIN diode ) ’ -
. step recovery diode

Gunn diode ~

moowmd>
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Microwave Oscil lators

Name: , = Date: Grade:
- .
\\ DIRECTIONS: -In the blan%,space before each statement, write the letter
corresponding with the correct answer. . \
1. A reflex klystron . .

A. is tuned mechanically. - |
B. is usually amplitudé modulated. g |
C. acontains no grid. |
D. produces relatively high power output.

E. has electrical and mechanical adjustmcht$<_

)
' - |
2. A magnetron &\\\, ,
i
|

. A. ‘has a high average power output.
. B. has a high positive anode potential.
C. is used primarily- in microwave relay systems.
D. has a highly negative cathode and grounded anode.
E. A and-B‘above. .- !
|
3. A helix is ‘ . . - }
" A. a coil external of the TWT. S - )
B. an internal coil of the TWT.
C. at a high negative potential. , |
E. the cavity portion of the TWT.
E. a lossy coll surrounding the anode .
!
L, A BWO
* A. has a two-wire helix and unbalancéd output.
B. has a tunable cavity.
C, 1{s voltage tunable.
D. uses a lossy attenuator. .
E. has low efficiency. ///
5. A varactor 1//) ' .
, A. is a good cavity oscillator. '
B. i tuned using a metal screw,
C. fis a good frequency multiplier.
D. has a linear voltage drop across it.
E. A and B above.
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"~ 6. PIN.diodes are useful as

A. microwave detectors. < 3/ .
B. modulators. ' (
C. waveguide swifches

D. A, B,-and G above.
E. Q and C above.

7. Gunn diodes

3 A. have lower power output than LSA diodes.
B. are not true microwave oscillators.
C. are unable to withstand peak powers. ‘ .
' D. contain two junctions instead of one.
E. have relatively high power output at 50 GHz. N

8. A ferrite isolator is used as
A. a waveguide insulator,

B.” a waveguidg switch. ™ .
C. parallel resonant circuit to pass energy along a waveguide.
D. 'a wavetrap.

E. a waveguide mixer.

[ S

-

9. A YIG resonator can be used as

armpe—————

special cavity resonator.

A, a

B. a waveguide tuning device. _ . N

C. a tunable band-pass filter.

D. a frequency measuring indicator. (
E. a waveguide dummy laad. ;

T \\\\Tb>\_A circulator is a

—————
a

A. type of directional coupler.
’ , B. special oscillator-mixer.
C.\_type of oscillator feedback circuit.
D. vswr indicator. ~
E. a waveguide rotating joint.

L)
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Microwave Modulators
Name: - Date: Grade:

DIRECTIONS: In the blank space before each statement, write the letter
corresponding with the correct answer.

1.

_____1{ 2,

3.

) B.

mooom> "’

Klystrons are usually

A. r frequency modulated. !

B.
C.
D.
E.

amplitude modulated.

"double sideband supressed carrier modulated.

single sideband supressed carrier modulated.
vestigal sideband modulated.

Input data to the modulator Is supplied by the

A. - differential amplifier.

B.
C.
D.
E.

miltiplex amplifier.

baseband amplifier. {
ciTeulator.

dupleker.

\
Bandwidths encountered In microwave systems may be

A.
B.
c.
D.
E.

5 kHz or less.

50 kHz to 40 MHz.
5 kHz to 50 kHz.
5 kHz to 40 kHz.
50 kHz or less.

Modulating voltages are usually Impressed upon the klystron

A

c.
D.
E.

" The

cavity.

control grid.

cavity grid. -
repeller.

anode.

bandwidth of a television video signal is

L.5 kHz.
6.8 kHz.
6.8 MHz.
L.5 MHz.
7.6 MHz.
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| 6. Modulation in a transistor microwave oscillator circuit is usually

K ~applied to the Lo
A. _baseband amplifier voltage.
B. driver amplifier voltage.
) C. output amplifier voltage.
- D. AFC amplifier voltage. ' “
i E. transistor bias voltage.
| 7. A microwave transmitter may be modulated using
A. “amplitude modulation.
B. frequency modulation.
C. phase modulation. F
| D. B and C above. -
E. A, B, and C above. '
8. A station that is licensed as 50F3 operates with
A. 50 kilowatts frequency modulated.
B. 50 watts frequency modulated.
C. 50 Hz bandwidth frequency modulated.
* D. 50 kHz bandwidth frequency modulated
E. none of the above.

9. The bandwidth is. usually determihed by the

A. baseband amplifier.
B. transmitter oscillator.
C. preemphasis network. -
D. transistor bias network. '
E. reflex klystron cavity frequency.
10. Input levels to the modulator are adjusted by using a
A. variable pad in the multiplex system.
B. variable pad in the klystron circuit.
C. variable pad in the baseband amplifier. )
D. variable pad in thestransmitter oscillator. <:"\>\
E. variable pad in ;he bias network. -

[y

=~
-
o
!
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Microwave Transmission Lines

Name: ' " Date: Grade:

DIRECTIONS: In the blank space before each statement, write the letter
corrésponding with the correct answer. '

1. A waveguide

A. is a good low frequency transmission line.
B. s made from an infinite number of half-wave shorted stubs.
C. has a high dielectric loss.
D. is simpler to construct than coaxial cable.
E. propagates*eni;?y at the speed of light.
i 2. Cutoff frequency of a waveguide is \
A. determined by its narrow dimension.
B. determined by the size of the cavity resonator.
C. determined by the half-wave length dimension.
D. " determined by the dielectric constant.
E. determined by the length of the line.

3. A line formed into a loop in a waveguide magnetic field is called

a mode.

a stress.

an E line.

an H line.

a boundary condition.

moow®d>
e o o e

4. The magnetic field in a waveguide

i{s maximum near the edge of the guide.

is maximum near the center of the guide.

is perpendicular to the surface of the guide.
can exist alone in a guide.

reverses at quarter-wave intervals.

mooO®>
. o e e o

! 5. E lines are

A. lines of electrostatic stress ’
B. tangent to the walls of guide.

C. perpendicular to the walls of the guide.
D. A and B above.

E. A and C above.

~
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" TEST SHEET: continued

6.

R.S.A. 5 -

A TE 0,1 mode in a’ rectangular waveguide contains

A. a zero change‘across the wide dimension.

B. a zero change across the ndrrow dimension.

C. two maximums counted around the perimeter.

D. a zero at each side with a maximum in the center across the
narrow dimension. -

E. a maximum at top and bottom/and a zero in the center across
the side dimension. N

Group veloclity is

A. the axi city of a wavefront. -

8. the amdunt of phase change per unit length.

C. at the’speed of light.

D. greater than the speed of light.

E. the 8jagonal velocity of a wavefront. ~

The angle of_incidence in a waveguide
. increases with Txequency.
decreases with frequency.

does not change with frequency.
can never reach 90 degrees.

none of the above.

A

B.
c.
D.
E.

9. _A waveguide whbse dimen>tons are 1.4 cm by 2.8 cm will not propagate

T

|
|
|

a signal of .

“A. 21.43 GHz.

B. 10.715 GHz

C. 1.3 cm.
D. 2.7 cm. -
E. 5.5 cm..
Crossing angle of a wavefront in a guide is
A. a funétion of wavelength and dominant mode.
B. a function of frequency and wavelength alone.
C. a function of dominant mode alone. : .
D. a function of wavelength and cross sectional dimension.
E. a function of cross sectional dimension alone.
« i

 PAGE2 OF_2_ / 2
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TEST SHEET

Transmission Lines

Name: Date: Grade:

T 7
DIRECTIONS: In the blank space before each statement, write the letter
Corresponding with the correct answer.

1. The amount of excitation to a waveguide when using a probe may ,
be controlled by )

A. a potentiometer.
;| L
B. a.rheostat.
C. shielding.
D. a loop of wire.
E.

none 'of the above. . .

horn antenna

-

. matches line impecance to space

A

A .

B. Is directional. \\\\\\

C. minimizes reflections. -~ -
D

E

. A and B above.
. A, B, and C above.

3. The radius of a bend In a waveguide section Is
A. one-qﬁsrter wavelength or less.

B. one~half wavelength or more.

C. one wavelength long or less.

D. two wavelengths or more.

E. one wavelength or more.

w

: - . A . )
L. A 90 degree bend usually consists of two 45 degree bends lodated

A. ane-quarter wavelength apart. <;\~

B. one~half wavelength apart. ’
C. one wavelength apart.

D. two wavelengths apart.

E. more than two wavelengths apart.

5. A waveguide choke joint Is a !

A. tapered section on the narrow dimension.’
B. wavegulde section with internal rf chokes.

\ C. a low loss connection. ,e
D. section utilizing a quarter-wave short clrcuit. )
E. C and D above. '

L4
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TEST SHEET: Continued

6. The

en———

B.

C.
D
E
A
A
B
C.
D.
E
A
A
B
C
D
E

moow>»

The
may

mooOoXP,

impedance of a rectangular waveguide is

A. . directly proportional to the narrow dimension.

inversely propoftional to the narrow dimension.
directly proportional to the wide dimension.
inversely proportional to the dimension.

the same for all sizes of guides.

wedge to terminate @ guide 1s placed

parallel to the magnetic fleld to cut E lines.
perpendicular to the magnetic field to cut E line.
parallel to the magnetic field to cut H lines.
perpendicular to the magnetic field to cut H lines.
none of the above.

choke joint*may have a loss of about.

.01 dB
.03 dB
.05 dB
A dB -
.3 dB

r

A waveguide device used to measure incident and reflected power
is a

2

directional coupler.
twisted section.
termination.
rotating Joint.

all of the above.

proper location for a capacitive tuning scggw on a waveguide
be found by using a

flap attenuator.
directional coupler.
choke "joint.

slide screw tuner.

_twisted section. ‘¢,4¢"-§Qp

Sy
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TEST SHEET

Detectors and Mixers

Name:

Date: Grade:

DIRECTIONS: Circle the "T" if the 'statement is true and the "F' if the
statement is false.

T

T

F

F

1.

2.

3.

10,

The input impedance of a silicon crystal diode is” low.
A silicon crystal diode can be used only as a demodulator detector.

Impedance matching between the crystal diode and its output circuit
is very important. .

The operating impedances of the diode are dependent on the construc-
tion of the diode rather than tircuit parameters.

./iRectified current output from a silicon crystal diode is usually

in the order of .1 ma. ’

Rectified current output is proportional to the effective signal
voltage. ‘

-

Signal output of the diode will be affected by frequency, load, type
of crystal, bias and quantity of signal input.

A silicon crystal diode may not be used as a mixer in heterodyne
type receivers. -

A silicon crystal diode ,is constructed of a silicon wafer and a
barium wire.

Signal conversion using-a silicon crystal diode produces a power
gain at the output of the mixer stage.
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TEST SHEET \

|
Microwave Antennas

————r

Name: : Date: Grade:

DIRECTIONS: Match the following with the best answer. Some answers may be
used more than once. Each answer counts 5 points.

~
1. Determines beam width
2. Selects radiation pattern —

3. A ra&?%tor and reflector

5

. Uses phase velocity action
A flared waveguide
Requires illumination

Frequency sensitive

[0 ~3 o A, ]
. . .

. Very high power gain
9. Feed system

10. Batwing

11. -Grid '
\ i ’ -

12, Determi power gain —/// . )
13. Affects(number of lobes :

14. Causes unnecessarily large lobe \

15. Minimizés minor lobes

16. Very narrow beam width

17. Cone____

ANSWERS : ' .

length of horn

proper design

horn shape

parabolic antenna

highly directional feed -
passive reflector

A. lens antenna

slot" antenna
parabolic reflector
ahgle of flare

horn antenna

but tonhook

TVTZITXIT ®
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Smith Chart

\

AN

, DIRECTIONS: Answer each of the following questions. \\\\\\\\\5__’///7 P

1. Calculate the sending end impedance to a line of 300 ohms that is Lo feet
long at a frequency of 30 MHz. The line is terminated with a pure resistance
of 450 ohms. .

Name: ) ) Date:’

~

™~ '

2. Determine the send]ng end impedance of a line terminated with a pure reactance
of 1.8 2o and 1.17 wavelengths long.

3. Calculate the length of a matching shorted stub for a line with a charac-
teristic impedance of 100 ohms and terminated with a complex load of
65 + j20. ' -

"k. Calculate the distance that the stub wllf be located from the load.

N // ) ‘

-~ L5 , /

155
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Microwave Receivers

Name: Date: Grade: =
4

DIRECTIONS: Circle the "T'' if the statement is true.and the HEY if the
statement is false.

T F 1. Microwave receivers usually do not employ a radio frequency amplifier
stage. ’ R

T F 2. A balanced mixer is used in microwave receivers to assure that the
radio frequency signal and local oscillator signal are equal.

;—_;\\?? Local oscillators in microwave receivers are always klystron tubes
because of the frequencies at which they must oscillate.

T F 4., A popular intermediate frequency amplifierwkn use in microwave receivers
- today operates at U455 kHz. , ’ i

T F 5. Bandwidth is one of the greatest considerations of a microwave receiver.

T F 6. Microwave receivers do not need automatic gain controls because of
the high gains of transmitting and_receiving antennas.

T F 7. Noise figure is defined as the ratio of signal-to-noise power ratio -~
i at the input to the total signal-to-noise power ratio at the output.

T F 8. Noise in each stage of a microwave receiver is added for a cumulative
output. -

N . .

T F 9. The signal arriving at the receiver must be greater than the noise

input to overcome the noise to become useful output,

T F 10. A receiver with no inmherent internal noise will have no noise output
) once an antenna is connected<:) . - .




4
State Vocational-Technical Schools of Louisiana
MICROWAVE - . - RSA
. PAGE _OF
V : TEST SHEET
’ Microwave Transmission Path Calculations
b3
* Name! » Date: ‘ > Grade:
)
DIRECTIONS: Circle the T {f the statement is true and the "F'" if the
statement is false. , :
JsT F 1. Path numbering_of microwave signals is called parabolic zones.
z .
T F 2. Even numbered zones are 180 degrees okﬁ—of—phase with the first
signal zone In the microwave path. .
. T F 3. A standard clearance of .06 .times the radius of the first path zone
. is used to calculate the miqrowa@e path.
T F 4. Whep calculating thg microwave path one needs only to know the curv-
ature of the earth.
T F 5. Signal-to-noise ratio in a microwave system depends on equipment
- design.
T F 6. An isotropic antenna is called a monopole antenna,
T F 7. The net path loss is free space loss minus all other losses plus
antenna gains. .
.o T F 8. Reserve gain Is sometimes referred to as fade margin.
T F 9. Antenna galn depends on the operating frequengcy. )
T F 10. Path attenuation depends on the operating frequency.
r ’ N
. K
\ "
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N TEST SHEET
Multiplex
Name: ) Date: Grade

DIRECTIONS: On the blank line(s) provided, write the word(s) that correctly
complete each statement.

1. ultiplexing is a system designed to

2. UPyramiding' is a term used to indicate that a more complex system may

be~built by

3. A voice channel is usually kHz wide as provided by the channel
amplifier.

L, |n a typical system containing 90 channels, a group modulator will accept

an input from ] §ingle channels.

5. In a typical system the total frequengy output is from to
kHz (for a 90 chanhel system).

N
6. A channel unit will have a total frequency output of to kHz .
[N

7. To separate one channel from another and minimize cross talk, some manu-

- facturers use

.8. Output of the channel amplifier of channels 21--30 is usually
sideband. & ‘

‘

9. MUX may be used with,either radio or circuits.

10. Voice frequencies up to kHz are used in a typical multiplex
system.

~”
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Answers to Job Questions \}

' 1. Fem= 300 x 100
FMHz

2. 2,150,000,000 Hz ‘ '

3. 7152 MHz
7.152 KMHz
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Answers to Job Questions
1. 2.7 cm and 1.06 Inches
4. 47 cm and 1.76 Inches
27270 MHz
s

2.
3.
L, 3.39 cm and 1.33 inches
5.

9524 MHz

f
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2. F
3. T
. F
5. F
-
6. F ,
4 !
4. T -
8. F .
9. F
10. F
. . .
x:u'«‘;;i
* v ‘ '[’
A
\
v g\
L4
]
E 4
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2. F
3. F
b, F ¢
5. T
6. F
7. 0T
8. T
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‘ Answers to Job Questions

1. Local osgillator frequency, intermediate frequency, and, crystal mixer .
followed by a preamplifier are major differences. .

2. The radio frequency amplifier is usually omitted. )
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< Answers to Test

1. transmit or receive two or more signals v\n one carrier wave
. s )

¥

2. adding additional units
]
3. 4 kHz '

b 10" |
. . . © ‘ «/
5. 4 to 432 kHz ) ., .
‘ 6.'jfto Ly kHz ' . N
. \ P

7. crystal filters

8. upper : .

[ 9. wire ‘ ( . .\’ . |
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Answers to Studf Questionsg /

1. Television relay, telephone messages, telemetry, space communications,
etc. - ) \

» -, !

\

away from open waveguides, be sure all shields are in place,
don't touch active circuits, etc. “

Z. A. L=1.12 to 2.7 GHz
: B. S/ 2.6to3.95 GHz . s
L C. (J =5.85t08.2 GHz . _ . .
A \ D. /X =8.2to12.4 GHz, P = 12.4 to 18.0 GHz . /

’ )

L. Waveguides and low loss coaxial cable . g ,
. ~

/
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Answers to Study Questions

1. A Oscillator--generates the carsier Bignal -
B. Modulator--impresses the data upon the carrier
C. Power supply-<provides necessary voltages and currents .
D. Transmission line--provides a signal path from the transmitter
to the antenna or from the antenna to the receiver N
) E. Receiver--amplifies and demodulates the incoming signal
. . F. AFC system--insures operation on the proper frequency ) .
G. .Control system--provides failure alarm, switching, routing, etc.- *
. Il

2. As applied to microwave, an antenna in the shapé of a dish that )
radiates energy in a parallel beam when the- feed point .is placed e\ -
at the focal’ point of the dish. ) .

. ' = »
: ‘3. The process for amplifying some frequency components of a signal
to help these components override noise or to reduce distortion.

‘.

-

N . o ~ N ,
i, Figure 1, this R.S.A.. - .
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. / f/\T; Answers to Study Questions . T
q < 1 ) . .
1. A. Klystron--a vacuum tube containing a grid, a cathode, and an
. adjustable cavity. A repeller plate is used to cause oscillation

by '"bunching' ef¥ectrons. !

B. Traveling Wave Tube--contalns an electron”focus ing gun, a helical
coil to the anode (internal) and two external hellxes f r -input
and output coupling. 'Bunching' of the electrons due to the action,
of the helixes causes oscillation.
C. Backwave oscillator--basically a traveli g wave tube, but uses -
a bifilar helix+and has a balanced outg/?. .
D. Mdgnetron--a tube that contains several cavities and\a very strong
magnet. " If a very high de¢ potential it applied to tHe elements,
it causes electrons in the central cavity to travel in an elip-
tical pattern which produces oscillations in-the outer cavities ,
as they pass the outer cavities. -
E;‘.$3:n2;03?oae-—oper:tes on the negative resistance pnincip?e. |
X ) ”~
2. A micrometer (or calibrated dial) is attached to ‘a cavity and as the
dial is turned, the size of the cavity is varied. An indicating
(device (meter and crystal diode) indicate when the cavity is resonant
-at the frequency\to be measufed. The dial T®&Ying i's then converted
to Jfrequency if it is not_alr%ady a direct reading instrument. .
. ]
3. A cavity contains\all the necessary characteristics to be a resonant
"'tank'' gircuit. It\consists of an infinite number,of quarter wave
shorted stubs arranged in a complete circle with the short at the outer
edge. When excited with RF energy, it has the same "flywheel" effect o
as a parallel resonant ‘''tank.'!

. Lo

L. High Z at the open end, Tow Z at.the shorted end.

) A

. 4 &/




) ..

. ¥

o State VocationaI-Techqical Schools of Louisiana

-~

)

° Answers to Study Questions ,
. 1. The data to be impres‘sed on the carrier is used tow.vary the,repéller«
_voltage. . . _
2. Bias voltage - " ' - o /’ o
3. Up to around 4O MHz y " . :
. L, FM, double sideband AM, PM, etc. , @&
- v &
\ ' ’ . R .
¢ :
/ . / ™~ .
) J - v ) 4 / '
- ' ‘ .
Y . c" .
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. . Answers to Study Questions .
' ‘¥ .
.+ 1. Round, square, rectangular and elliptical / §
a * 2 ) \ . i . 4
2. A.” Low I“R loss '
B. Low insulation loss ' . -
C. Very rugged - s .t
} - D. -Simple construction : v
e E. «Minimal radiation loss . )
F. Good power-handling capability -
3. A. Physical size is limited - T '
. B. Unable to carry signals less than the design value (i.e. cut'af
" frequency) '
* b, /Electrémagnetic and electrogtatic %
/ ’ . -
5. The norma)-configuration of e électrémagnetic field in a rectangular '
. waveguide.ﬁ - . ! . .
. 6. When the glgctric' field is be.rpgndicminige‘ length of the gui de
x and no E lines are pardllel to the directiomofstravel of the wave.

. *
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Answers to Study Questions =~ -
| 1. Two methods are 1) a small probe inserted into the guide and B) a
loop inserted into ithe guide. % '

¢

2. The field is rotated (see Fig. 6)

3.”A 45 degree bend spaced one-quarter wave from another 45 degree
bend causes a direct reflection in one bend that.is canceled by the
inverse reflection leaving the fields as.if no reflection had occured.
In case of a single 90 degree bend, the fields remain in the same

« Pplane,and,if the bend is not too short, the reflections are minimal.

L. A specially designed joint using stubs to an ‘advantage to keep the
joint from leaking radio freqlency energy. ’

-

<

-~

5. A. Graphited sand in the end of a guide .
B. High resistance rod in the E field ~
C. "A wedge-cuttﬂng the H . limes . AN
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- Answers to Study Questions

1. A detector whose rectified output ‘current s proportional to the square

of the effective value of tHe signal voltage. . M
2. Impedance must be matched, conversion loss, nolse output v
: . o~ v .

3. 1000 MHZ' and up

4 ~
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Anéwers to Study Questions
,Gl. Horn and parébplic ref lector '
2. Angle of the flare of the sides and the length of the fla’red section”
3. High power-gain and narrow begm width S

a4
L. A grid used to bounce (or change direction) of a microwave signal
(1t is not excited directly by the transmitter).

-

P il
a
-
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Answers to Study Questions

N

1. See Smith Chart
4 ;
2. See Smith Chart

Resistance . ’

Conductance .
Impedance -
Susceptange - »

VSWR ’ ) . '

Admittance '
Reflection coefficient

t4

oMM oOO W

~

4, See Smith Chart
5....5 wavelengtﬁs

6. 180° : ‘ : .

- .
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_Answers to Study Questions

A. Balanced mixer
- B. To, cancel any noise input from ‘the local oscillator

Klystron tubes or solid state devices A

Noise figure--ratio of total signal-to-noise power ratio at the input
terminals to the total signal-to-noise power ratio at the output
terminals after correcting for the bandwidth of the receiver.

Yes

-
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Answers to Study Questions

1. A numbering system of the paths that a mircrowave signal may arri;;\\
at the receiving antenna. .

2. .6 x radiu® of the circle of the first zone
3. Topographic map - 7

k. Higher than 99%

5. A. Transmission line losses e
B. Free space loss , ///// \\\\\\\\
C. Antenna gain e . .
D. Y

Tranﬁgjtter°power output

6. A hypothetical antenna radiating or recej ing equaily well in al
. directions \

1
i

. 7. A. Skin effect losses in waveguides : . !
, B.” ‘Misalignment of antennas )
C. Accumulation of foreign matter on antennas
D.

Polarization errors C oy,




