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Introduction

What is a radio telescope?

Static on your radio does not COMC from out of nowhere. 1t may be from ground based
interference, but some of it is from objects in Space emitting natural radio signals. These arc essentially
natural {ransmitters. Unlike an optical telescope, & radio telescope is a receiving systemd designed to watch
{hese signals and identify where these gignals arc coming from in space. Radio telescopes are used at
many different frequencies. The radio telescope at my school is at the frecuency of hydrogen, 1430 Miz.
This is the most popular frequency for radio astronomy.

A basic radio telescope consists of four major sections: the antenna systemd, the front end, the
back end, and 2 data logging device. Most cadio telescopes at 1430 MHz have @ parabolic dish with a
1430 Mz fed horn. Then, cither the entire receiver of its first stage is on the dish. The demodulated
signal of the Intermediate Frequency (IF) is sent down to the back end. The back end is usually where the
signal is amplified and integrated for data logging. The final section of a basic radio telescope is the data
logging device. Most amateur radio telescopes will use a Girip Chart Recorder (SCR) or 3 simple Analog
{0 Digital converter {A/D cotverter). This is where the signal out of the back end is logged over long
periods of time to look for changes in signal strength. An increase in signal strenggh indicates 2 rise in
temperature 10 where ever your dish may be pointing. All of the data collected can be put together 0
make a map of the radio universe and thus you 568 things in the universe that cannot be sech with an

optical telescope.

How 1 became involved.
1 became involved in radio astronomy through my friend Steve. Steve and [ had been 1o
clectronics, Amateus Radio, and computers for years. We Were Jooking for 2 technical club at school and

so joined the Radio Astrononty club. The reason why I joined was 1o work on the electronics. Every



year the front end is taken off the dish over {he summer months when school is out, This year when we
put the front end back on the dish it worked fine at first then stopped working, 1t stopped working after a
cable mix-up in the control room. Since I was the only one who knew electronics it was my job t0 fix the
receiver. 1 worked on it all the time, and we even took it to the National Radio Astronomy Qbscrvatory in
Green Bank, West Virginia and used all of their good test equipment. This thing was not working
anytime soon. But I did rebuild the Operational Amplifier (OP-Amp) board and many other things. And
from this I became a believer in radio astronomy. Even though the system was otill not working the
advisor of the club asked me if 1 wanted do make a project for the science fair. Sol designed a new

recciving system for the radio telescope that was an original design.

An electronics background

Ever | could remember my life has been devoted to electronics. Ialways used to take things apart
like old television sets, radios, stereos, car radios, marine two-way rigs, gverything, People would always
give to me their broken appliances. But eventually 1 started to build things out of all thesc parts laying
around my basement. I knew how {o use tools, and learned to draw and read schematics at age 8. learned
how 1o used transistors when 1 was 9, and 1 came into radio when 1 was 10 or 11 with CB radios. I then
became bored with CBs and moved on to amaicur radio at age 12.

I was interesied in amateur radio mainly because people would build their own equipment and
HBAM equipment looked so inicresting and professional. [ finally passed my Novice and Technician
theory test in May of '93 and received my license in August of *93 at age 13. 1 immediately started
building my own equipment. 1 would try building guirky (ransmitters out of old {elevision and radio parts.
1 soon became better at {his and went to all the HAM swaps. 1 started collecting military and commercial
surplus gear. Al the good parts could be found in this kind of surplus. 1 started building amplifiers. and
converling commercial gear {o the HAM bands. I even built my own Very High Frequency (VHF) two
meter {2m) synthesized recelver.

During 8" grade the shop {eacher at my middle school started a new after school project: The

solar car. In the solar car project 1 was in charge of the elecironics, and came up with the designs for



many other parts of the vehicle. We started in January of "94 where 1 was in charge of also getting all of
the electronics, including the motor, for the car. This is where 1 learned to get things done because we
had a fully operational vehicle by the end of the school year in "94. This was an incredibte feat in such a
short time.

Our high school radio astrononty club often takes field trips o other radio observatorics and, in
my sophomote year, We took a field trip lo see the impressive Big Ear radio telescope at Ohio State
University. While visiting Big Ear ] was talking to a physicist who runs an engineering firm in Powell
Ohio. After talking to him for a while about all Kkinds of other radio subjects | was offered an internship at
his company. [ worked the entire summer for Aeroflex LINTEK as an intern engineer. Al LINTEK we
build radar systems for military stealth programs; Northrup’s B2 program, and do custom RF design.
While 1 was working this past summer I learned huge amounts of theory in RF, digital, and construction
techniques. During the day 1 would build radar systems at work and after work 1 would work on my

receiving system for the radio telescope.

The Idea

After being asked by the radio astronomy club advisor to do a science project 1 had to think of
something original. After thinking it over for a couple weeks 1 decided to build an entirely new receiving
system. The new system was to have a spectrutn anatyzer and be a supethet design. 1 couldn’t just design
and build a specirum analyzer, {here’s nothing different about that, 1 would be reinventing the wheel. So |
had 1o come up with another idea to go with the spectrum analyzer. This idea was to filter out Radio
Frequency [nterference (RFT) by manipulating the demodulated signal off the output of the spectrum
analyzer (the video signal) by comparing that to the sweep oscillator’s output within the sweeping Local

Oscillator (LO) circuit.



The Problem

When a radio telescope is placed within a city there is a huge amouut of RFI to be dealt with.
You can’t go around to every cellular phone tower and complain to the FCC about a messy transmiter,
Or write the garage door company & complaint about {heir remote openers because of their spurions
emissions. 1t is up to the engineer o design a receiving system that can eliminate this RF1. This is where

my idea comes into play.

Hypothesis

1 hypothesize that RFI can be identified and eliminated by the design and fabrication of a new
receiving system for our radio telescope. My system would include a downconvertor, spectrum analyzer,
the Frequency vs. amplitude plot separator, and the Filter Chassis. RFI could be eliminated after the

commarison of maiy scans worth of data over a long period of time.

Procedure

The overall design for the new receiver was that of a spectram analyzer. Using a video signal the
system would be able to manipulate the data going into the data acquisition devices. This system was
built in seven different sections. These sections are: the Downconverter, IF Chassis, Filter Chassis,
Frequency vs. amplitude plot separator, Power Supply, Cabling System, and the placing together of the

entire system. Each section was researched, designed, fabricated, redesigned, and field tested.



The Downconverter

Problem

The problem here was that the previous receiver was a direct conversion type (g Dand!l needed
a superheterodyne in order to build a spectrum analyzer. The old receiver had an interesting design. The
entire receiver was mounted at the focus of an 18 foot parabolic dish. From there the video signal was fed
into the control room t0 3 back end. The RF would come in through an isolator. into a 27db gain LNA,
then through a bandpass filter with center frequency at 1415MHz and band width of 30MHz. Next it went
into another 27db gain LNA through a 3db attenuator, and then through a last 27db gain LNA. This
went to a bandpass filter with center frequency of 1415 MHz and a bandwidth of 30 MHZ. then to a square
law detector. The squarc law detector’s output went to a video amplifier board with a gain of %200. On
top of the RFI problems encountered therc Were also numerous design flaws that Were causing problems.
Thete were problems with feedback from the tremendous gain of the threc LNAs at the same frequency.
This would cause the receiver to oscillate and give large but false signal strength readings. There were

also problems with saturation of the third LNA for the same TEAso.

Hypothesis

A new receiver was needed, This was because of the problemns with the old direct conversion
receiver and becausc a superhet was needed for spectrumm analysis. The 1430 MHz RF is 100 high of
frequency for a 150 foot cable run of RG-9913, but § could not place the eniire Teceiver up on the roof and
run the video sigoal down to the control roof. So 1 decided to spiit the superhet Teceiver into two
different sections. The section on the roof is called the downconverter. The downconverter cOnverts the
1430 MHz RF signal into an IF frequency of 75 MHz which retains all the characteristics of the 1430
MHz signal except at & Jower frequenicy and can be sent down o the control room without the loss of

signal.

Designs, problems, and design changes



The first design incorporated a triple conversion superhet, where the first and gecond stages werc
in the downcomnverter up ofn the roof ncar the dish. The first and sccond 1F’s were tuned by UHF VCO's
satvaged from old commercial radios being swept by a function generator set 10 output a low frequency
sine wave from the control room. The I was then mixed with a crystal oscillator then to a ceramic filter
and to a detector. The detector’s output was then amplified and fed into an oscilloscope ont the y axis
input with the sweep coming in on the X axis input, The rest of the system worked off this video signal.

After designing this the current receiver failed yet again and it was decided to purchase another
receiver. This system was 2 superhet and had a downconverter that was {0 be placed by the dish, the same
as my previous design. So the old downconverter design was scraiched and my receiver’s design was
changed to work with this downconverter. This system consisied of a feed horn at 1475 MHz according 10
the Smith Chart printouts (fig 3) and the VSWR printout (fig 4) from the Wiltron Network analyzer at
work. The feed hom went into an LNA with a gain of 27db at 1475 MHz and a bandwidth of about
1000MHz according 10 the frequency vs. ampiitude plots off the network analyzer (fig 5). The LNA feeds
into a downconverlor. Inside the downconverier is a bandpass filter with center frequency of 1475 MHz
and a bandwidth of 95 MHz. This feeds into & mixer whose LO 1s a P1L frequency synthesizer set 10
1400 MHz. The output of the mixer goes 10 2 75 MHz low pass filter which gives a 73 MHz and lower IF.
This feeds into an IF amp. Then the TF exits the downconverter box and is fed into another IF amp with a
gain of 18db. The output of this IF amp feeds out of the hermetically sealed enclosure to a 150 foot
cable run of RG-9913 o the control room and from there to the back end. Inside the back end the 73
Mz if is fed into another IF amp then to a detector circuit. The detector circuit’s output is then amplified
through MUMerous video amps and infegration amplifiers. Then the integrated video signal is oulputted to
some sort of data acquisiton unit.

This system was first instatled and tested in January of "96. The system failed and was sent back.
The problem found was that the 1475MHz input 1o the downconverter module’s connector had a piece of
wire stuck in it shorting the input. This wasa quality problem on the manufacturer’s part by using a cable
TV F connector instead of a good 50 ohm connector. The tempotrary enclosures were not very waterproof

to be on the roof all day and there were watel problems.



Taking all these probiems into consideration and knowing that we now had a Jdownconvertor and
a new one no longer needed to be fabricated, rescarch was done into finding a good way 1 construct a
waterproof enclosufe. Two mikitary surplus pieces of equipment Were purchased at the Dayton
Hamvention "96. One of them was some cort of aircraft test computer and the other was a signal
generalor. 1 wanted 1o keep {he signal generator SO 1 chose the test computer’s ¢ase {0 be used to house
the downconverter. The test computer had never been opened 5o it still had all of its military connectors
and good parts inside of it.

1 used the military counnector off of the test computer for power on the downconverter box (test
computer box). I attached the military connector and two N female bulkheads onto the box and water
sealed them. Next 1 wired a bus off the military connector and wired a test point panel to the bus 1
salvaged off of the test computer’s insides. 1 was now ready to put the modules of the system inside the
box. 1 lined up the modules so that there would be the shortest cable run possible for the 1475 MHz signal
(which was this downconverter’s center frequency) which has the highest loss and longer runs for the 73
MHz IF which has the lowest loss. 1 used old picces of Semi-rigid 402 taken out of garbage cans at work
for the 1475Mkiz signals. Then 1 used RGS8 for the 75MHz IF. 1 replaced the cheap F connector on the
downconverter module with a gold plated SMA female bulkhead for Qemi-rigid 402. A thermocouple was
also installed in the box to monitor termperature. After lining up the mounting holes on everything and
puiting it together it worked with only one hang up.

The problem was there was 10 signal coming out of the second IF amplifier. ! believed the
problem to be at first the saturation of the second IF amp. But further analysis showed that there was also
no signal coming from the 1475 MHz LNA. The problem tarned out to be the +12 volt line wasn't
distributing power (o all modules that needed +12 volts. These were the 1475MHz LNA and the second
1F amp.

Bench test results
A log periodic antenia was attached 10 the 1475 MHz input on the hermetically sealed

downconverter box and when the lights were turned on and off the output varied by about 1 volt from the



back end. And the 1F output when hooked up to my spectrum analyzer was stronget than before peaking
past 0 dbm (fig 10).
Field test results

Scans were made using the downconverter and the back end supplied with this system. The
system proved to be extremely sensitive. Large variations in signal strength between 6V and 7.38v were
indicated by one of our first scans (fig 6). This proves that the downconverter was Very sensitive when
used with the bare bones back end.
Current Design

The current design isn’t much different from the manufacturer’s intended design. The
components are housed in a military surplus hermetically sealed case. The 1475 MHz RF eniers through
an N bulk head connector {hat feeds into semi rigid 402. The 402 feeds into an N connector that goes into
the 27 db gain LNA. The output of the LNA goes into the downconverter module through a gold plated
§MA female bulkhead that T replaced the old F cormector with, There are 110 more modifications within
the downconverter module which feeds out into a BNC female connector. Sitver plated BNC male to male
cable connects the output of the downconverier module to the second IF amplifier module. Then there’s
another BNC male conneclor hooked up to the output the IF amp module that goes Over {0 a silver plated
N fermale bulkhead where the 75 MHz IF exits the case.

Power enters the hermetically sealed case through a 9 pin militaty bulkhead connector. Each pin
of the connector is soldered to a wiring bus then from the wiring bus to a test point panel within the case.
There is a thermocouple sel up as a voltage divider with a 1K Ohm resistor on the wiring bus that is

outputted back through the military connector.



The IF Chassis

Problem

I needed a spectrum analyzer. The spectrum analyzer had to be the back end of the receiver.
This is because the 1475 MHz is too high of a frequency to bring into the control room with 150 fect of
9913 cable. The spectrum analyzer had 10 SWCEp the TF frequencies and be sensitive enough to give a high
video signal output but not be too sensitive as io saturate its RF components and thus render itself uscless.
Hypothesis

T order to have an accurate video signal for the rest of my system the spectrum analyzer must
sweep frequencies very quickly. [t must be stable and sensitive, but not too sensitive. And the spectruin
analyzer must have both a video output and a sweep oscillator output. This is because the sweep oscillator
controls what frequency the LO is on in the spectrum analyzer and is thus 2 voltage that1s a funiction of
frequency. This is how the rest of the system ¢amn determine what frequency it is on.

Design, problems, and design changes

The original design incorporated two commercial VCOs to be swept by 2 function generator set
to output a low frequency Sign wave. The IF output of this front end went down into the conirol room
where it was mixed once more with a crystal oscillator then to the long wave receiver, and from there to
two video amplifier {Fig 2).

Redesign started immediately after the purchase of the new downconverter modules to make my
spectrum analyzer compatible. The gecond design was made up for the spectrum analyzer sweeping in
frequency the 75MHz IF. Research again took place using the Secrets of RE Circuit Design, The ARRL
Handbooks, and in the Mini Circuits RF IF designer’s guide.

The sccond design incorporated a AN/TRM-3 sweep generator found at the swap 10 reptace the
original design of the two commercial VC(O's and function generator, This design incorporated one
frequency mixer and a long wave receiver. The 75 MHz IF would be fed into the mixer, the mixer was
injected by an LO signal from the TRM-3 and the output of the mixer fed into the long wave Teceiver

which had a frequency range of 230 kHz to 430 KHz. The receiver was then modified so that the detector



was DC coupled to make signal strength measurements instead of AC coupled which is used for listening
to audio. If a circuit is AC coupled only waves that arc always changing in time will pass like sine

waves and video signals but not straight DC signals because they do not vary over time. When a circuit is
DC coupled everything will pass, even straight DC voltages. This was then amplified with two video
amplifiers. All of {his was mounted on a slab of alyminum. This system (fig 7) would give a wider
frequency range that can be listened to because there is only the addition of one stage at a maximum of
450 kHz. So the received frequency would be 450 kliz + TRM-3 frequency + 1400 MHz. Because this
system would allow me to listen to lower frequencies off the TF it would work perfectly.

The third design was an adaptation of the second. This design also incorporated a rack mounted
enclosure for mounting all equipment neatly in a standard 19 inch rack that had to be & inches deep to fit
the long wave receiver and had to be made of 10 gauge aluminum front panel and 32 gauge for the rest of
the case. ‘The first IF (75MHz 1) would come down into the control room into the IF chassis through a N
bulkhead. There it would go through a Mini Circuits ZFAT-51020 programmable attenuator which had a
very flat bandwidth of 1000 MHz on each different attenuation setting (fig 11-15). A problem was
encountered with the programmable attenuator. While testing it on the Wiliron Network Analyzer al
work the device stopped compietely and there was no signal coming out of its output. The programmable
attenuator was sent back to Mini Circuits and they found that one of the Transistor Transistor Logic
(TTL) lines was fused to the chip (fig 21). They said this was because of high voltage (static, power
surge, etc.) ot {from having the TTLS biased without power flowing to the device. But none of these had
happened and I was grounded to the network analyzer while testing so it must have been a power surge or
a quality problem. A new atlenuator was purchased and the old one was sent back.

From the programmable attenuator the signal goes into a Mini Circuits double balanced mixer
ZFM-2 that has an LO/RF frequency range of 1 to 1000 MHz and an IF frequency range of DC 1o 1000
Mz (fig 16). The TRM-3 sweep generator’s RF output is fed into a Mini Circuits ZFL-1000LN LNA
that has a gain of 20db and a bandwidth of 1000 MHz (fig 17). The mixer’s saturation level is 7dbm but
il vou go too far below 7 dbm the RF saturation level decreases from ] dom. The sweep generator’s

highest stable output is Odbm. There is an attenuator built into the sweep generator which is set to 13db.



Thus the output of the sweep generator ig ~13db. When the LO enters (he IF chassis it is amplified by
20db by the Mini Circuits LNA to give an output of 7dbim which is within the mixer’s threshold of 1op
performance. The output of the mixer fed into an old AM long wave receiver which covered 230 kHz 10
450 kHz. This goesto 2 video amp and then out to the rest of the systent. Another problem had arisen.
the power supply couldn’t carry the Jong wave receiver. The power supply’s 24 volt output was only rated
for 1A, and the Long Wave Receiver needed more than that. Also, the receiver was very temperamemal
in its operation. Sometimes 1t worked sometimes it didn’t. This was because of loose wires. The
receiver was also not a very accurate instrament for measurement so it was replaced in (he fourth design.

The fourth design was a re-engineering of the second IF that was the long wave receiver. In the
long wave receiver’s place there was a ceramic filter with a center frequency of 455KHz and 2 bandwidth
of 3 kHz. Then a square law detector was hooked up to the output of the ceramic filter (fig 8). The
problem with this was that it produced cosine waves which are 180° out of phase from sine waves but at
the same frequency. My cosine waves were being produced within the mixer. A frequency mixer has
geveral different frequencies coming out of it at once. These include the RF-LO, RF+LO, RF, and LO. In
my circuit 1 wanted the RF10O. 1 achieved this by filtering out all other frequencies with the ceramic
filier. But whencver the RF was less than the LO there would be 2 “pegative” [requency. or a cosine
wave. When the LO was set Lo 100MHz and the RF at 100.455 the output of the mixer was 100,455
MHz-100 MHz = 4355 kHz sine wave which was the desired signal that showed up on the output of the
square law detector, But when the RF was set t0 99 505 and the LO was at 100MHz then 99 505MHz-
100MHz=-455KHz. or a 455K Hz cosine wave which 1s undesired and also showed up on the output of the
square law detector. From this there would be 2 spikes on the spectrum display on the sWeep generator
instead of one when an IF signal at a fixed frequency was injected from my signal generator {fig 20). This
would also not work,

The fifth design was the addition one more stage to replace the ceramic filter. On the output of
the Mini Circuits mixer there was an IF board added that was salvaged out of an old Ensign VHF marine
radio from the early 70°s late 60°s (fig 18). 1 made nuIMErous modifications 0 this board. 1 isolated its

front end and cut 1he circuit hoard foil around it with a razor blade to take it out of the circuit. Then 1



hooked the input of its 20MHz crystal filter to a gold plated SMA female bulkhead. The output of the
Mini Circuits mixer fed into there. The second {F is made of an LNA on the output of the crystal filter
that feeds into another mixer, This mixer’s LO is a crystal oscillator at 20.455MHz. Thus mixing t©
20MHz-20.455MHz=-45 5Kz, There's 435KHz filier on the output of that ntixer which goes to the third
IF amp and then 1o a relay which selects either the square law detector 1 placed onto the board or its
original narrow band FM phase discriminator. On the output of the squarc law detector is a video amp
with a gain of x1000. This was calculated by using the gain formula for non-inverting op-amp circuit,
gain= 1+R1/R2). The relay that switches fhe third TF also gwitches the input of the audio ampiifier on the
IF board between the HP squate law detector and the phase discriminator so that signals can also be
listened to in case we intercept narrow band FM {ransimissions that may be harmonics of commercial
transiuitters,
Bench test results

I attached my HP-510 signal generator 10 the IF input of the I chassis. 1 set the signal generator
to 75 MHz and the TRM-3 sweep generator 0 73 MHy7 - 20 MHz - 455 kHz = 54,505 MHz. 1 set the
sweep 10 20% deviation and 1 picked up only one spike from the signal generator (fig 19). This proves
that the cosine wave probiem had been eliminated with the addition of one more stage.
Current design

The current design (fig 22} is much more complicated than the first. When the 75 MHz IF entets
the IF chassis it goes straight into the Mini Circuits ZFAT-5 1020 prograrmnable attenuator. The
programmable attenuator’s output is fed into the Mini Circuits ZFM-2 double balanced mixer. The mixer
is injected with an LO signal from the AN/TRM-3 after being amplified by the Mini Circuits ZFL-
1000LN. The IF output of the mixer is fed into the Ensign VHF marine radio board that makes up the
second and third IF stages. The mixer’s output goes into a 20 MHz crystal fiiter. The filter’s output feeds
into an IF amp. The IF amp feeds mto another mixer that 18 injected with a 20.455 MHz crystal
oscillator. The output of this mixer is the third stage that has a narrow band 455 kHz filter that feeds into
an other IF amp. The output of this IF amp foeds into a relay which selects between the phase

discriminator on the VHF board and the HP squarc taw detector | installed with a gold plated SMA female
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bulkhead connector. The demodutated output of the square law detector feeds into a video amplifier board
with a gain of x1000. The gain and offset controls for the video amplifier board arc on the front panel in
two ten tutn precision potentiometers. The 100 K Ohm is set up ag a voltage divider between -15and +15
voits for the offsct control and is biasing the feedback resistor on the second op-amp of the video amplifier
board. The other potentiometer is valued at 10 K Ohm. This is the feedback resistor for the first op amp
on the video amplifier toard. This varics the gain from 1 10 160 on the first op-anip. and since the second
is fixed at x100 the gain varies from x100 to x1000. The output of the video amplifier goes t0 2 female
BNC connector on the back of the chassis next 10 the 1F input and LO input connectors. The video output
also goes over {o the phase discriminator and square law detector relay where it can be switched between
the phase discriminator’s output 0 {he audio amplifier built into the marine VHF board.

There are also three switches with red Light Emitting Diodes (LEDs) above them. These are for
the 5 volt bias voltages for the programmable attenuator. The programmable aitenuator has 4.7 K Ohm
resistors in series with the three TTL switches to keep the pias current down.

The power enters the chassis through 2 6 pin female Jones bulkhead connector. This is the
standard power pin out for all chassis. +5, +12, +15, -15, and +24 volis enters here. All voltages except
for the +24 volt line are wrned on by a four way switch on the front panel and a green LED in series with
a 1 K Ohm resistor 10 +17 volts indicates power. The +24 is switched on by a relay controlled by +12 volt
line.

There is a volume and squeich control for the VHF marine radio on the front panel that controls
the volume for the audio amplifier and the squelch for the phase discriminator only. The control turns off
the audio amplifier in full counterclockwise position. The switch to the left of the volume and squelch
control turns the power for the phase discriminator and square Jaw detector relay. When furned on, the
relay selects the third TF to the phase discriminator and the input of the audio amplifier 0 the phase
discriminator’s output. When turned off it sclects the third 1F to the square law detector and the audio

amplifier input t© the output of the video amplifier poard.



Filter Chassis

Problem

Now that I had a spectruin analyzer | needed a way 10 eliminate RFL The device cannot
climinate RF1 at the RF or IF level becausc of the high expense it would take to do this. Also, since (he
RFI will be seen on the spectrum analyzer, 1 did not need expensive adiustable helical filters OF funed
cavities. This device must be able 10 eliminate narrow band RFI that shows up on the spectrum display to
keep it from affecting the video signal’s overall average.

Hypothesis

To satisfy the above requirements 1 designed the Filter Chassis. Since IF and RF filtering
measures cannot be taken to climinate RF1 the Filter Chassis must utilize the video and sweep voltage to
perform this task.

Designs, problems, solutions, and design changes

The Filter Chassis utilizes window comparators that compare reference voltages to the sweep
voltage coming out of the TRM-3 sweep generator. The reference vollage & a sine wave which is a
fonction of frequency. When the sweep voltage meets of exceeds a reference voltage the video signal 18
turned off and when the sweep voltage meets of exceeds another reference vollage ihe video signal is
turned back on thus taking an RF1 spike occurring at that frequency out of the video signal average.

The first problem with the Filter Chassis was the decade counier beard (g 23). Because 1 was
desperate for Integrated Circuit (1C) sockets this summer used old wire wrap sockets, The problem that
occurred was i {he hooks 1 made on my wires attached 1o the sockets. 1 used hoolss because 1 couldn’t
bend the pins over 10 solder. These hooks were close together and they shorted. Qo 1 replaced all the old
wire wrap sockets with regular ones 10 solve the problem.

The next problem was with the window comparatoss. On the output of the comparator circuits
there was a strange wave form, not a high-low signal that was expected. But this wave form was in SYnC
with the sweep voltage (fig 24). When 1 changed the reference vollages the phase of the signal also

changed because the reference voltages would trigger the signal according to the 75 Hz sweep voliage.



The window comparator circuits were powered by +12 volts at the time and the ground on gach LM339
comparator chip went to ground. Ichan ged the VCC voliage from +12 1o +15 volts and 1 placed 13 volts
at the ground of the two LM339 comparator chips. Now the signal was a high-low signal but the high
was at 0 volts and the low was at -15 volts in sync with the sweep voltage (fig 25). Because of this the
polarity on the [N914 diodes had to be switched around so that negative signals could pass. And because
the trigger signals were negative coming out of the comparator circuits they would not be usable for TTL
input to the 7404 hex inverter chip. 1 had to add inverting buffer amplifiers to the output of each
comparator circuit. These inverted the signal so that the low is now +15 volts and the high is 0 volts (fig
26).

Next 1 had to run this signal off of each inverting buffer amplifier into an inverter on the 7404
hex inverier in order to give the proper signal to short the video, This is because there are four filters
which translates to four comparafors. Fach comparator is .15 volts when the sweep voltage is not between
the two reference voltages and 0 volts when it is. When the sweep voltage is between the two reference
voltages the video signal is 1o be shorted out and thus that portion is taken out of the video signal’s
average during every cycle of the sweep voltage. The output of each comparator is inverted by the
inverting buffer amplifiers and then the low is +15 volts and high is 0 volts. The problem here was that
the signal should not be shorted when the voltage is +15. it needed to be shorted when the voitage is 0. So
that is why there is a 7404 hex inverter in the circuit. This chip inverts signals at TTL voltages, +5 volts
high 1o 0 volts low, and 0 volts to +5 volts. So I ran the +15 volts trigger into four out of six inverters on
the IC. The outputs Were +5 volts for high and 0 volts for low. This was perfect.

The 7404 hex inverter ctaried to overheat because the input +15 input voltages were 100 high for
an 1C designed for +5 input voltage. So I had to build voltage dividers to put on the output of each
inverting buffer amplifier. [ used the voltage divider formula: Vo = Vin x (R1 [ (RI + R2)). Using a 47
K Ohm resistor as a constant resistance as R1 T solved for R2 and came up with 47 K Ohm for a voltage
divider that divides the +15 volis into +7.3 voits which is high for a TIL signal but 1 wanted it this way in
case the 7404 hex inverters drew the voliage down. The formula was: 15 volts x (47 K Ohm INCYR'S

Ohm + 47 K Ohm}) = 7.5 volts.
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When testing the output of each hex inverter there was nothing Then the input of each hex
inverter was checked. 1 found that a 1.75 volt DC signal was coming out of the input pin of gach hex
inverter. This signal offset the output of the voltage dividers $0 that they were not turning the hex
inverters over (fig 27). This was from their jnternal inverting circuitry. Sol had to find a way 10 pull
down that 1.75 volts without changing the voltage dividers. 1 decided to use a diode whose polarities are
such that the anode goes 10 the output of each inverting buffer amplifier so that when the inverters output
a 0 volt signal (when they go high), the 1.75 volt signal off the input of each hex inverter will drain back
into the inverting buffer amplifiers and short itself out (fig 28). This proved effective and the hex
inverters were functioning.

The next step was 0 replace the transistor video switching circuit that was from the original
design with a better video switch. The idea was to short the video becausc alt [ had to do was gwitch if on
and off, high and low. So I couldn’t just short the video- 1 had to buffer it first. What 1 did was run the
video through a buffer amplifier and then to a 47 K Ohm resistor. Off {he resistor was a NPN {ransistor’s
collector. The emitter went (0 ground and the base was hooked to 2 72 K Ohm resistor afler optimum bias
current was calculated for that transistor 10 ground using Ohny’s law V=1x R. The bias current turned
outtobe I=V/R=35 volts / 22 K Ohm = 2.27 x 10E-4 amps. The collector of lhis transistor which is
connected to the 47 K Ohm resistor goes in (o the second buffer amplifier and outputs the filtered video 10
the rest of the sysiem. Thus when the transistor is biased the video is shorted out on the output of that
first buffer amplifier. This video signal could be 415 volts at maximum S0 the maximum current that first
buffer amplifier must be able 1o handle is 1= 15 volts / 47 K Ohm = 3.19 % 10E-4 amps, which is well
within operating specs of that particular IC.

Another problem that occurred was that the video was being switched on and off at the opposite
time it was designed o be. This was becausc the output of each hex inverter connected 0 cach inverting
buffer amplifier was tied together. Then this signal was inputted into another hex inverter and then the
output of that hex inverter went to switch the video signal on and off, This would not work so 1 took the
exira hex inverter oul of the circuit and replaced it with a jumper directly from the 22 K Ohm bias resistor

{0 the tied-together hex inverier outputs of each individual filter.



Bench test results

After all of these problems werc solved the Filter Chassis was {ested on the bench and checked
out perfectly. Since 1 didn’t have a video signal available from the receiver yet [ used the +5 volt line
instead. When compared to the 25 1z sweep voltage off my function generator the +5 volt signal coming
out of the Filter Chassis switched perfectly (fig 29). This proved the Filter Chassis to be operational.
Current Design

The current design incorporates all of the design changes from above (fig 30). Power comes in
through the system’s standard 6 pin female bulkhead Jones connector on the back panel of the rack mount
enclosure. +15, -15, and +5 volts ar¢ switched using a four way switch on the front panel with one pole
left for spare. A green LED acts as 2 power indicator and is coupled in series with a 1 K QOhm resistor to
the +15 volts side of the four way switch. The power is then distributed to each of the ten turn 10 K Ohm
reference voltage potentiometcrs and to all of the boards. There are (wo potentiometers per filter. One of
them sets the start voltage and the other the stop voltage for however long the video signal is t0 be shorted
out. There is also a switch that switches sweep voltage to each comparator circuit in order to turn on and
off the filters. The other switch is Lo turn on integration on each filter.

The filter board itself contains four filter circuits. On each filter circuit there is a window
comparator circuit using half of an LM339 comparator 1C. The window comparator is made ap of two
high and low comparators comtbined together with diodes where the high signal is 0 volts and the low
signal is -15volts. Wherte these diodes meet is fed into an inverting buffer amplifier circuit taking up Y of
an LM2902 op-amp IC where the high signal is 0 volis and the low signal is now +15 volts. This is fed
into a voltage divider which drops the +13 volts down to +7.5 volts that goes into a hex inverter which
takes up 1/6 of the 7404 hex inverter IC. Since the 7404 leaks 175 volts out of the inputs of its hex
inverters a diode was added in cach voltage divider to feed that 1.75 volts back into the inverting buffer
amplifiers to short it out. The outputs of each of the four hex inverters goes to a decade counter board that
divides the TTL signal by ten and drives the red gate LED’s on the front panel that indicate the filters

triggering. The TTL signal is divided by ten so that the action of the TTL 18 noticeable and not flashing



{00 fast. The outputs of each of the four used hex inverters arc also tied together and fed into the 22 K
Ohm bias resistor that biases the shorting transistor in the video switching circuit. In {he video switching
circuit the video signal is passed into a puffer amplifier, through a 47 K Ohm resistor. and into another
buffer amplifier that are both on an LM358 op-amp. On the input of the second buffer amplifier the
collector of an NPN transistor is connected. When biased by the 7404 hex inverter IC the {ransistor shorts
the video to ground and thus turns off the video signal to the rest of the system taking a dirty signai out of

the average.

1<



Frequency Vvs. amplitude plot separator

Problem

Now that I had a way 10 perform spectrum analysis at 1475 MHz and 1 was able to filter out
unwanted RFI picked up by the spectrum analyzer I needed a way to collect data off the spectrum
analyzer. On a radio telescope data is collected over long periods of time and it’s hard to collect data off
of a spectrum analyzer that is sweeping back and forth in the frequencies 25 times per second. And
another problem is that RFI can oceur at any given moment, whether it be at 4:30 am or at mid-day.
Hypothesis

The Frequency vs. amplitude plot separator was designed to use the video and the sweep voltage
to split the bandpass (the frequencies that are being swept by the spectrun analyzer) into four channels.
In each of these channels the strongest signal’s frequency and amplitude will be outputted as a function of
voltage.
Designs, problems, solutions, and design changes

The first design for the Frequency vs. amplitude plot separator used many different aspects of the
first design of the Filter Chassis (fig 31). The sweep voltage would go into a comparator circuit. The two
reference voltages on each of {he four channels were sct t0 v, of the sweep voltage sine wave, thus dividing
up the bandpass into four channels. Because {the comparator circuits were identical to the first design of
the Filter Chassis they feed directly into a bias resistor and into a hex inverter. The transistor being
biased would short out a peak detector integration capacitor when the sweep voltage was not within the
two reference voltages, of in other terms when the gpectrum analyzer is not within that channel’s
designated bandpass. The peak detecior would output the peak of the video signal when it was not shorted
out by the transistor. The output went out 10 a data acquisition device.

The hex inverter would invert the signal so that when the output of the comparator circuit was
low the output of the hex inverter was high. This would bias another transistor which would send the
video signal into a buffer ampiifier. The buffer amplifier’s output was integrated with 2 capacitor and

gent into a comparator. The comparator would compare the average video signal for that bandpass



obtained from the integration capacitor to the video signal that was not integrated. Whenever the non-
integrated video would exceed the integrated video the comparator would output a high signal and bias a
transistor that would pass sweep voltage out into an integration capacitor and oul to a data acquisition
device. This would output the frequency of the strongest signal within that bandpass.

This circuit would not work at all because of the problems found when redesigning the Filter
Chassis. So an entirely new board had to be designed (fig 32). In this circuit +15 and -15 volts were
powering all the op-amps and comparators instead of +12 volts and ground. This gave a wider dynamic
range in dealing with the video and sweep voltage and this was also needed to get the LM339 comparaior
I1C’s to function., The diodes in the window comparator circuits were switched around to allow negative
voltages to pass instead of positive. Since the output of the window comparator circuits was -15 volis low
and 0 volt high, inverting buffer amplifiers were put on the output of each window comparator circuit for
each of the four channels. A voltage divider (the same as the one used in the Filter Chassis on the output
of its inverting buffer amplifiers) was used pefore the input of the hex inverters in each circuit. Diodes
were also installed to short out the 1.75 volt leakage voltage on the input of each hex inverter to the output
of each inverting buffer amplifier to short the leakage voltage. The output of the hex inverters went to
shorting out the peak detector’s integration capacitors. Then the output of the peak detector went through
a diode and a .33 UF integration capacitor to ground and then to a data acguisition unit giving the
amplitude of the strongest signal within the set bandpass.

The output of the voltage dividers off of the inverting buffer amplifiers also went to biasing
shorting transistors whose collectors short the video off of a 1 K Ohm resistor on the output of a buffer
amplifier where the video is first fed into ground. OfF of the collector of cach shorting transistor is a diode
that feeds into an integration circuit with a .22 UF capacitor to ground. From there the signal goes into
another buffer amplifier and into a comparator on an LM339 comparator IC as a reference voltage. This
is compared to the non-integrated video signal. The output of the comparator gocs into an inverting
buffer amplificr on an LM2902. The output of this biases an other NPN shorting transistor. The sweep
voltage is fed into a buffer amplifier and then through a 47 K Ohm resistor and to the collector of that

shorting transistor. Off the collector the signal goes through a diode and into an integration circuit of a



22 UF capacitor to ground. This feeds into another buffer amplifier whose output £oes fo a data
acquisition unit giving the frequency of the strongest signal within the set bandpass.

One of the problems with this peak detecting circuit design was in finding the values for the
integration capacitors. Since exact input impedances were not known for the different op-amps, it was
strictly trial and error.

A problem did occur with the comparator in the frequency circuit. The integration of the video in
this circuit was on the input of the comparator but it would not worlk there. The comparator would
function then slow down as the integration capacitor discharged. So the problem was fixed by installing
the integration capacitor and diode on the input of the buffer amplifier that fed the reference signal to the
comparator.

One other problem that occurred with this circuit was in the integration circuits on the input of
the buffer amplifier that feeds the comparator a reference signal (as discussed below) and with the
integration circuit on the input of the buffer amplifier that outputs the frequency of the strongest signal to
a data acquisition unit, In both cases it was taking too long for these capacitors to discharge over time due
to the high input impedance of the buffer amplifiers they were going into. S0 drainage resistors were
installed. A 100 K Ohm drainage resistor was installed on the input of the buffer amplifier that fed the
comparator. And a 1 M Ohm resistor was installed in the input of the buffer amplifier that would output
the frequency of the strongest signal.

Bench test resuiis

The Frequency vs. amplitude plot separator worked well on the bench. The output of the hex
inverter was going high and low in sync with sweep voltage (fig 33). All threc shorting transistors in
each channel were functioning properly turning the video, sweep voltage, and integrated signals on and
off (fig 34). The output of the peak detector is choppy because of capacative discharges (fig 35) but goes
up when there is a spike within its bandpass and down when the spike is out of its bandpass. And the
frequency circuits are working similarly, locking on to spikes when they enter their bandpass with a

choppy output just Jike the peak detectors from integration capacitive discharges.
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Current design

Power enters through the back of the chassis on the system’s standard 6 pin female Jones
bulkhead connector. The system operates on + 15, <15, and +3 volts. These voltages are switched on by a
four way switch on the front panel where a green LED is hooked up to the +15 volt line in series with a 1
K Ohm resistor. Sweep and video signals are inputted through BNC female connectors on the back panel.

The sweep voltage is turned on an off from switches on the front pancl for each channel. Sweep
voltage goes into a window comparator circuit for each of the four channels where it is divided up. The
reference voltages divide up the sweep voltage into four and the comparators output into diodes. The
diodes in the window comparator circuits are set up to allow negative voltages to pass instead of positive.
Since the output of the window comparator circuits was -15 volts low and 0 volt high, inverting buffer
amplifiers were put on the output of each window comparator circuit for each of the four channels. A
voltage divider on the output of its inverting buffer amplifiers was used before the input of the hex
inverters in each circuit. Diodes were also installed to short out the 1,75 volt leakage voltage on the input
of each hex inverter to the output of each inverting buffer amplifier. The TTL. output of the hex inverters
goes to a decade counter board which has four divide by ten circuits on it using 7490 decade counter IC’s.
This board is used to drive the gate lights on the front panel to show that each channel is triggering and
divides the TTL signal by ten so that the flashing rate is slow enough to notice actionr, The output of the
hex inverters also goes to shorting out the peak detector’s integration capacitors. Then the output of the
peak detector goes through a diode and a .33 UF intcgration capacitor to ground and then to a data
acquisition unit giving the amplitude of the strongest signal within the set bandpass.

The output of the voltage dividers off of the inverting buffer amplifiers also goes to biasing
shorting transistors whose collectors are shorting the video off of a 1 K Chm resistor on the output of a
buffer amplifier where the video is first fed into ground. Off of the collector of each shorting transistor is
a diode that feeds into an integration circuit with a .22 UF capacitor and a 100 K Ohm drainage resistor.
From there the signal goes into another buffer amplifier and into a comparator on an LM339 comparator
IC as a reference voltage. This is compared to the non-integrated video signal and the output of the

comparator goes into an inverting buffer amplifier on an LM2902. The output of this biases another NPN
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shorting transistor. The sweep voltage is fed into a buffer amplifier and then through a 47 K Ohm resistor
and (o the collector of that shorting transistor. Off the collector the signal goes through a diode and 1010
an integration circuit ofa 22 UF capandal M Ohm resistor 10 ground. This feeds into another buffer
amplifier whose output goes (o a data acquisition wnit giving the frequency of the strongest signal within

the set bandpass.
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Power Supply

Probiem

[ needed a power supply for all of this equipment, This power supply could not be switching
because the harmonics produced from switching power supplies would distutb the front and back ends of
the spectrum analyzer. And the power supply had to put out +5, +12. +15, -15, and +24 volts of at least
one amp each.
Hypothesis

In order to construct a power supply to fit the above specifications I would use numerous linear
power supplies already in the junk box at the desired voltages under one enclosure. This would not give
off the harmonics switching power supplies do and would save huge amounts money from having to buy a
new power supply that could handle all of the desired voltages.
Design, problems, solutions, and design changes

Three power supplies were chosen. One put out +15 and -i5 volts at 1 amp, another that

supplied +5 volts and +24 volts at 1 amp each, and a third that supplied +12 volts and -12 volts at 2 amplts.
These power supplics were rated for 1 amp fuses off of their primary coils and no fuse was needed for th

outputs. [ built a fuse panel on the door of the old telephone line enclosure salvaged off of the wall in the
control room. This enclosure worked perfectly for fitting all three power supplies. 1 also added fuses on
the outputs for the power supplics 1o be safe even though the current limiting circuitry works better than
fuses. I used 14 gauge wire throughout the power supply box. 1 found a 15 amp switch T used for power
which is well overrated for its maximum of 3 amp load needed. | also purchased a neon lamp for a
power indicator and placed it next to the power switch on the side panel.

There were absolulcly no problems with the power supply except that } did not include -135 voli
output at first but it was added later.
Bench test results

The bench test turned out good. 1 left the power supply on for long periods of time while 1 was

working on other syslems in on my workbench. There is some warmth to it after about 6 or 7 hours but
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not much, it is hardly noticeable above room temperature, All the voltage outpuls also stayed stable after
long periods of time.
Current Design

The power supply is made up of three different linear power supplies (fig 36). 120 volts AC line
voltage enters the box from a grounded power cord through a Heyco strain relief. The power cord is 16
gauge wire, and is hooked right into a screw terminal bus. The bus is hooked up to the main power
switch. The switch controls the neon power indicator and the power of all the other supplies through 1
amp fuses on each supply. The outputs of the power supplies each go onto the fuse panel mounted on the
door, then to a screw terminal bus and back to the main chassis throngh a system standard power

connector, female 6 pin Jones bulkhead.



The Cabling System

Problem

The new receiving system needed a good way to utilize ali of the wires in each cable going up to
the dish on the roof. This system had to be organized and all outside connections waterproofed because of
problems cncountered in previous years with cables not waterproofed. There had to be a way to conirol
the power on the rool and calibration devices. This was not possible in previous years. 1 also wanted to
design an intercom link to {alk to the control room, which was not possible in past ycars.
Hypothesis

A junction box was designed for the control room with every wire attached to a different position
on screw terminal blocks. And another junction box was designed for the roof, one that was hermetically
sealed. with waterproof connections from the cables into the box. The box needed a control panel where
the front end power could be turned on and off, the actuator arm controlled, the calibration controlled, an
intercom installed, and test points availabie for all key wires.
Design, problems, resolution, and design changes

1 finally found a suitable enclosure for the roof junction hox at a swap. It wasa radio test set,
brand new military surplus straight out of the bag. Tt came with all the military cables and connectors.
The hermetically sealed box even had the mating ends of all the connectors attached to the cables. There
was a panel of switches, test points, 24 volt lights, and sitver plated BNC bulkhead connectors inside. 1
scraped the enamel off of the panel and painted it gray to get rid of the old labels. 1 put switches and
lights in different locations for my application. 1 purchased four screw terminal blocks for all the wires off
the military bulkhead connectors ot the box in order to utilize every pin on all the connectors, 1 then
wired each pin to a position on the terminal blocks. Next I designed the front panel.

The front panel consisted of two double poled switches for power of +12, +24, +15, -15, and +5
v and was switched on by a relay powered off the +12 V line. Fuses were installed at 1 amp each for
every voltage on the front panel so they were gasily replaceable. Test points were installed on the fuses

and 24 volt lamps were placed next to cach fuse and test point to indicate power. The only problem here
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was that the 24 volt lamps only worked at full brightness with 24 volis. So a lamp driver board was
designed (fig 37) and bias resistor values were calculated for each driver using Ohm’s law where 47 K
Ohm is the optimum bias resistor value at +12 volts. The values turned out to be about 47 K ohm at +15
and -15, and 22 K Ohm at +5V. Lamp drivers were also needed for the +3 volt TTL going down to the
control Toom for the controls for moving the actuator arm. The lamp driver board was assembled and
worked.

An intercom jack was installed. And a silver plated BNC bulkhead was also instalied to monitor
the video signal from the roof while doing work on the receiver. Extensive pin out charts were also made
of all cables and connectors to keep good track of wires.

Bench test results

The box was time tested on the bench. The lamp driver board’s NPN and PNP driver transistors
became mildly warm. And the lamps also became warm. Everything was well within its operating specs
and the box was ready for installation on the roof.

Current design

The current design is practical (fig 37). Power and other miscellancous signals come into the
box through mititary bulkhead connectors. There is a position on the screw terminat buses for cach pin
off the military connectors. These screw terntinal buses are to be wired together accordingly for future
modifications. Power is Switched on and off for the downconverter from this box on the front panel. The
power first goes to the power switches and relay on the front panel. When switched on each voltage goes
through a fuse at | amp then to a test point and to the front end through a military bulkhead connector.
The voltages also go to a lamp driver board that turns on the 24 volt lamps accordingly to the lower bias
voltages. There is a two way single pole swiich for North and South connected to a momentary switch
hooked up to +5V, There are two lines going back into the control room junction box so that when one is
biased from the North South switch and momentary switch combination the actuator arm will move the
dish North or South accordingly. There is also an intercom and a video output jack that are wired into the

bus and out the military connectors through the miscellancous signals cable.
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The System

Problem

The individual subsysiems were now ready to be put together into the system. The system had to
be neatly mounted though. Chassis had to be placed together for short cable runs and self contained so
that things do not become a mess.  The main problem is that all the systems must work well together,
Hypothesis

In order to keep things neat and cable runs short, the system was mounted in 2 standard 19 inch
rack. And the system should work well together after assembling all the subsystem components.
Design problems, solutions, and design changes

A rack was donated the Big Ear observatory this past summer. It is a dual 4 foot high rack and
the equipment fills it nicely. A wiring harness was made out of 16 gauge wire to distribute power to all
rack mounted chassis from the power supply. The power supply was mounted off the side in the rack.
Two picces of angled hardened steel were cul by my [riend Kevin to hold up the heavy TRM-3 sweep
generator in the rack. The TRM-3 was modified to output fixed and varied sweep voltage from its sweep
oscillator (fig 38) output for the rest of the system to operate from. BNC cables were made to rouic the
video and sweep voltage signals. A shielded cable with a 15 pin “D” type make connector was found and
used to connect to the 15 pin “D” type bulkhead connector that output data from the Freguency vs.
amplitade plot separator.  All of these cables were wire tied together into a large wiring harness. A
junction box was also made that plugged into the power supply and provided for two system standard 6
pin Jones female bulkhead connectors so the roof power could also be hooked up to the system’s power
supply.

Some problems that occurred were in the low sweep voltage out of the sweep generator. This was
affecting the frequency vs. amplitude plot separator and the problem was solved by adding an amplifier to

the sweep input of the frequency vs. amplitude plot separator (fig 32).
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There was a problem with the video signal being inverted so an inverting buffer amplifier was
installed on to the video amplifier board {fig 22). This was affecting the Frequency vs. amplitude plot
separator also but the problem was resolved.

Another problem that occurred within the system was that the IF amp in the third stage was
being saturated easily. This was because the HP scuare law detector was pulling down the signal coming
out of the TF amp too much to the point where it also brought down the saturation level of that amplifier.
This was resolved by turning up the Mini Circuits programmable attenuator to keep the IF below
saturation levels.

Field test results

At first test the Frequency vs. amplitude plot separator was giving out weak voltages on its
outputs as indicated in the first scan with the entire system (fig 39). The problem was a short in wires I
hooked up too quickly into the input module of the Fluke data acquisition unit.

The next two scans (fig 40, 41) indicated questionable Frequency vs. amplitude plot separator
performance. Even though the output voltages were high the data looked strange. And this is where the
saturation problem was found and solved with the video signal. The video signal would not rise past a
certain point (fig 42) over long periods of time. The programmable attenuator was turned up even more
and fixed this in the last scan (fig 43). But the frequency vs. amplitude plot separator necded more work.
After hours of trouble shooting 1 found that two integration capacitors in each channel of the Frequency
vs, amplitude plot separator were draining too slow causing false readings- ones that would not change
very much over time. So this was fixed by adding a 1 M Ohm and 100 K Ohm resistors to two different
places on the frequency portion of the channels. The last scan collected indicated a big change in
performance proving that the frequency vs. amplitude plot separator now was fully operational {fig 44).
Current design

The downconverier feeds into the IF Chassis, and the IF Chassis is tuned by the TRM-3 sweep
generator. The video output of the IF Chassis goes into the Filter Chassis along with the varied sweep
output of the TRM-3. The Filter Chassis’ video output goes into the frequency vs. amplitude plot

separator and into the vertical input of the TRM-3. The fixed sweep output [rom the TRM-3 is also
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inputted into the Frequency vs. amplitude plot separator. The Frequency vs. amplitude plot separator
outputs 8 different voltages, 2 per channel. Each channel outputs the frequency of the strongest signal in
its ¥ of the bandpass and the strength of that strongest signal. This data is then inputted into the Fluke
data acquisition unit and that is hooked up to the 486 dx 33 computer for data collection. DC power is
distributed from the power supply to the rooftop junction box, the IF Chassis, the Filter Chassis, and the
Frequency vs. amplitude plot separator. The rooftop junction box controls the power to the downconverter
box. Line voltage first enters the rack though a rack mounted power distribution panel that is relay
controlled. From here line voltage of 120 volis AC is distributed to the power supply, TRM-3, and the

Fluke data acquisition unit.
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Signal Generator

Problem

Now that the system was ready I had to construct a device to test everything, This device must be
able to create strong and weak signals that are to be transmitted to the feed horn into the system not
directly injected into the front end.
Hypothesis

A signal generator was designed to accomplish the above. This signal generator uses a Mini
Circuits POS-2000 and a Mini Circuits TOAT-51020 programmable attenuator. The attenuator should
weaken the signal as necessary and the VCO should be able to strongly oscillate within the 1400 MHz
range.
Designs, problems, solutions, and design changes

The main design was to control the VCO by a precision ten turn 10k ohm potentiometer set up as
a voltage divider. The output of the VCO would feed into the programmable attenuator. And the
attenuator’s TTL would be controlled by three switches on the front panel.

This design was good except for the supply and maximum tuning voltages of the VCO {fig 46}.
The Mini Circuits POS-2000 VCO has a maximum supply voltage of +10 volts. This was a problem
considering the power available from the signal generator’s soon to be power supply. The supply would
output +5 volts, +12 volis, -12 volis, and +24 volts. So a voltage regulator had to be installed in the
voltage input pin of the VCO. Since 1 could not find any voltage regulators left in the “10v reg” drawer 1
had to build on from scratch. A formula was obtained from the 1994 ARRL Handbook for building a
voltage divider with a zener diode. In the formula the amount of current draw, input voltage, and zener
diode voltage were all held constant where the limiting resistance was calculated. The POS-2000 VCO
draws a maximum of 4.5 ma but T solved the equation for 7.0 ma to give a little room for error. With an
input voltage of +12 volts, a current draw of 7.0 ma, and a zener diode voltage of 10 volts the formula

came out to be about 200 ohms.
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Rs = (Vin-Vzener) / (1.1 x )

Rs = (12 volts - 10volts ) / (1.1 x .007 amps) = 200 chms

Another problem was in the maximum input voltage of that same VCO. The maximum input
voltage was +22 volts and the power supply did not supply this. So using the +24 volt side of the supply 1
calculated out a voltage divider formula where I solved for R1 keeping R2 constant at 10k ohms because
this was my precision potentiometer for tuning.

Vout = Vin x R2 / (R1 + R2})
This ended up to be 909.1 ohms. So a 900 ohmn resistor was put in series with the precision potentiometer
for tuning,
Bench test resulis

The signal generator worked perfectly on the workbench. The programmable attenuator was
lowering the signal output and the VCO appeared to be changing in frequency when adjusted by the
tuning potentiometer.
Field test results

In the ficld the signal generator also performed very well, A small calibration antenna was newly
installed onto the dish. This was hooked up to the signal generator affer about a 200 foot cable run.
When the system was on and the signal generator tuned into frequency a spike could be viewed on the
spectrum output of the sweep generator. This indicated the signal generator was working and doing is
job by being detected by the system.
Current design

The current design is very straight forward (fig 45). The VCO is controlled by a precision
potentiometer. The output of the VCO is fed into a programmable attenuator. The output of the
attenuator goes out the front panel. Power comes in through a system standard 6 pin Jones female
bulkhead connector on the back panel. There is a four way switch which turns on +5 volts, -+12 volts, and
+24 volts to the circuitry. A power indicator LED is attached to the +12 volt side of the power switch.
+12 volts goes into a voltage regulating circuil which powers the Mini Circunits POS-2000 VCO. The +24

volt side goes into a voltage divider which is used for the VCO control voliage controlling the frequency
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of the signal generator. And the +5 volt side goes into the TTL control switches and LED’s which
control the programmable attenuator. +5 volts is also distributed to the programmable attenuator’s +5
volt input.

Capacitors were placed on the input and output of the voltage regulator and on the +5 volts input
into the programmable attenuator. Semi rigid 402 was soldered to the bottom of the board to connect the
RF sections of the two Mini Circuits parts. 4.7 K ohm resistors were put in series with the TTL switches
and the programmable attenuator on the front panel of the signal generator. Three LED’s were also
hooked up off the TTL switches with 470 Ohm resistors. A switch was installed to switch between the
potentiometer and an exterior VCO conirol voltage. And finally semi rigid 402 was placed from the

signal generator board to the SMA female bulkhead connector on the front panel.
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Conclusion

According to the data collected off of the video signal (fig 43) and the Frequency vs. Amplitude
Plot Separator (fig 44), the system is performing well. A strong 75 MHz [F output is indicated from the
saturation of the IF Chassis. The IF is not saturating the receiver which is also indicated in the last scan
(fig 43).The final data collected off of the Freguency vs. Amplitude Plot Separator indicates the
frequencies of the four strongest signals and their signal strength. The Filter Chassis is also operational,
but because of lack of data needed to accurately set the filters the Filter Chassis, could not be field tested
in the system. The Cabling System works well. There were no lose wires at any time during data
collection and power made it to the Downconvertor. Also the power supply was on for about one week
straight without failure and it did not overheat.

The data collected off the system with the simulated RFI signal injected by the signal generator
shows that the system does in fact receive at the 1400 MHz frequency range, is able to detect RFI spikes
over time, and is able to filter them out. This is shown in scan I1. The scan was started at 7:05 PM.
This ran for a while until 7:14 PM when the signal generator was turned on. Then at 7:22 PM a filter was
set to knock out the RFI created by the signal generator. At 7:42 PM the signal generator was turned off,
At 7:50 PM the filter was turned off. And finally at 7:56 PM the scan was stopped. When the scan was
compiled and printed out it was evident when the signal generator was turned on and when the filter was
set (fig 47). The initial rise of signal strength indicates the signal generator being powered up. The drop
in that strong signal indicates the filter being turned on to climinate this signal. In addition, the
differentiation in frequency indication and peak signal strength in each of the voltages graphed indicates
the Frequency vs. Plot Separator is functioning propetly. The system is fully operational in detecting and

eliminating RFI
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PROJECT LOGS

DATE TIMES TOTAL # OF
HOURS
/8195 400PM - 800PM
1216/96 120PM - 207PM 0.78
1219/96 300PM - 430PM 15
1219196 120PM - 207PM 0.78
12/10/96 510PM - 800PM 2.78
12/10/96 120PM - 207PM 0.78
12/11/96 120PM - 207PM 0.78
12/12/96 120PM - 207PM 0.78
12113196 1000PM - 1200AM 2
12/13/96 120PM - 207PM 0.78
12/15/96 200PM - 330PM 1.5
12/16/96 300PM - 530PM 15
12/16/96 120PM - 207PM 0.78
12/17196 510PM - 800PM 2.78
12/17196 120PM - 207PM 0.78
12/18/96 120PM - 207PM 0.78
12/19/96 515PM - 700PM 0.75
12/19196 120PM - 207PM 0.78
12120196 120PM - 207PM 0.78
12/21/96 150PM - 500PM 1200AM - 3
12122196 300PM - 600PM 925PM - 240AM 8.25
TA123196 230PM - 450PM 100AM - 300AM 2.33
2124196 1200PM - 1245PM 0.75
12127196 540PM - 700PM 133
12/28/96 120AM - 230AM 1166666667
12/30/96 400PM - 830PM 2.5
172197 430PM - 705PM 2.5
173197 430PM - 800PM 1140PM - 1200AM 3.83
114197 1230AM - 305AM 2.5
116197 120PM - 207PM 0.783333333
117197 120PM - 207PM 0.78
178197 TOOSAM - 1052AM__|120PM - 207PM 1.563333333
179197 810PM - 800PM 1833333333
179197 T005AM - 1052AM__|120PM - 207PM 156
1110/97 T005AM - 1052AM | 120PM - 207PM 156
1113197 TO05AM - 1052AM___[120PM - 207PM 156
1114197 T005AM - 1052AM | 120PM - 207PM 156
115197 1005AM - 1052AM __[120PM - 207PM 1.56
1/16/97 T005AM - 1052AM___|120PM - 207PM 156
117197 300PM - 1200AM 4
17197 TO05AM - 1052AM ___|120PM - 207PM 156
1118197 455PM - 700PM 2083333333
1719197 945AM - 130PM 3.75
“119/97 1100AM - 100PM 2
1120197 700PM -

. }
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PROJECT LOGS

DATE TIMES TOTAL # OF
. HOURS
6/8/95 400PM - 800PM
10/24/96 120PM - 207PM 0.78
10/25/96 120PM - 207PM 0.78
10/28/96 1120PM - 1140PM 0.33
10/28/96 120PM - 207PM 0.78
10/29/96 120PM - 207PM 0.78
10/30/96 1150AM - 100PM 1.18
10/30/96 120PM - 207PM 0.78
10/31/96 120PM - 207PM 0.78
11/1/96 120PM - 207PM 0.78
11/2/96 1000PM - 100AM 3
11/4/96 120PM - 207PM 0.78
11/5/96 120PM - 207PM 0.78
11/6/98 120PM - 207PM 0.78
11/7/96 430PM - 830PM 2
11/7/96 120PM - 207PM 0.78
11/8/96 930PM - 1200AM 2.5
11/8/96 120PM - 207PM 0.78
11/9/96 B00PM - 1200AM 6
11/11/96 120PM - 207PM 0.78
11/12/96 315PM - 400PM 0.75
4112/96 120PM - 207PM 0.78
1 1/13/96 300PM - 400PM 1055PM - 1130PM 1.5
11/13/96 120PM - 207PM 0.78
11/14/96 1000PM - 1200AM 2
11/14/96 120PM - 207PM 0.78
11/156/96 700PM - 800PM 1045PM - 1200AM 2.25
11/15/96 120PM - 207PM 0.78
11/16/96 1000PM - 210AM 4
11/18/96 120PM - 207PM 0.78
11/19/96 700PM - 745PM 0.75
11/19/96 120PM - 207PM 0.78
11/20/96 120PM - 207PM 0.78
11/21/96 120PM - 207PM 0.78
11/22/96 120PM - 207PM 0.78
11/23/96 230PM - 415PM 600PM - 850PM 3.5
11/24/96 320PM - 60CPM 2.67
11/25/96 120PM - 207PM 0.78
11/26/96 900PM - 1000PM 1
11/26/96 120PM - 207PM 0.78
11/27/96 120PM - 207PM 0.78
12/2/96 120PM - 207PM 0.78
12/3/96 120PM - 207PM 0.78
U496 120PM - 207PM 0.78
1 12/5/96 120PM - 207PM 0.78]
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PROJECT LOGS

DATE TIMES TOTAL # OF
5 HOURS
6/8/95 400PM - 800PM 4
8/25/96 800AM - 915PM 13.25
8/26/96 900PM - 1200AM 3
8/27196 200PM -200AM 12
8/28/96 7100PM - 1200AM _|100AM - 230AM 25
8/29/96 1215PM - 300PM__|915PM - 1200AM 55
8/30/96 1145AM - 1200PM__|100PM - 300PM 515PM - 1130PM 9
8/31/96 145PM - 1030PM 7.75
9/1/96 300PM - 100PM 2
0/3/96 930PM - 1130PM 2
9/21/96 115PM - 340AM 14.33
0/23/96 120PM - 207PM 0.78
9/24196 120PM - 207PM 0.78
9/25/96 120PM - 207PM 0.78
9/26196 120PM - 207PM 0.78
9/27/96 120PM - 207PM 0.78
9/30/96 500PM - 700PM 2
9/30/96 120PM - 207PM 0.78
10/1/96 120PM - 207PM 0.78
10/2/96 850PM - 1100PM 2.18
10/2/96 120PM - 207PM 0.78
73196 120PM - 207PM 0.78
10/4/96 1130PM - 1200AM 05
10/4/96 120PM - 207PM 0.78
10/5/96 215PM - 330PM 1.25
10/6/96 200PM - 530PM 35
10/7/96 120PM - 207PM 0.78
10/8/96 120PM - 207PM 0.78
10/9/96 950PM - 130AM 367
10/9/96 120PM - 207PM 0.78
10/10/96 120PM - 207PM 0.78
10/11/96 745PM - 200AM 6.25
10/11/96 120PM - 207PM 0.78
10/12/96 1030PM - 200AM 35
10/14/96 120PM - 207PM 0.78
10/15/96 1135PM - 100AM 2.5
10/15/96 120PM - 207PM 0.78
10/16/96 120PM - 207PM 0.78
10/17/96 120PM - 207PM 0.78
10/18/96 120PM - 207PM 0.78
10/19/96 730PM - 100AM 55
10/20/96 800PM - 1200AM 4
10/21/96 120PM - 207PM 0.78
/22196 120PM - 207PM 0.78
L10123/96 120PM - 207PM 0.78]
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PROJECT LOGS

DATE TIMES TOTAL # OF
HOURS
013/95 400PM - 800PM 4
6/15/95 600PM - S00PM 3
4/14/96 200PM - 600PM 4
4/15/96 400PM - 800PM 4
4/16/96 700PM - 100AM 6
6/3/96 330PM - 800PM 4.5
6/4/96 500PM - 630PM 1.5
6/5/96 1100PM - 1200AM 1
6/7/96 520PM - 600PM 0.67
6/8/96 700PM - BO0OPM 1
6/9/96 1200PM - 400PM 620PM - 800PM 5.687
6/10/96 1230PM - 300PM 1030PM - 1200AM 4
6/11/96 1020PM - 1200AM 0.67
6/13/96 1130PM - 1215PM 440PM - 530PM 120AM - 220AM 3
6/25/96 700PM - 900PM 3
6/27/96 615PM - 100AM 6.75
6/28/96 900PM - 1020PM 1.33
6/29/96 600PM - 1020PM 4.33
6/30/96 1000AM - 100PM 140PM - 400PM 5.33
7/13/96 1230PM - 130PM 1
7/14/96 930PM - 1110PM 2.687
" 5/96 715PM - 830PM 1.25
11116/96 500PM - 530PM 715PM - 900PM 2.25
7/17/96 710PM - S05PM 2
7/18/96 500PM - 600PM 1
7/19/96 1115PM - 1200AM 0.75
7/21/96 1145AM - 130PM 1.75
7/23/96 545PM - 630PM 0.75
7/24/96 600PM - 700PM 1
7/25/96 500PM - 600PM 1
7/26/96 500PM - 600PM 1
7127196 300PM - 130AM 10.5
7/28/96 1000AM - 400PM 500PM - 915PM 10.25
7/29/96 500PM - 700PM 3
7/30/96 500PM - 900PM 4
7131/96 500PM - 600PM 800PM - 90CPM 2
8/3/96 115PM - 320PM 700PM - 1245AM 7.75
8/4/96 1100AM - 400PM 700PM - 930PM 7.5
8/5/96 730PM - 930PM 100PM - 1130PM 3.5
8/6/96 900PM - 1100PM 2
8/9/96 1000PM - 100AM 3
8/10/96 100PM - 100AM 12
8/22/96 800AM - 1015PM 14.25
r3/96 800AM - 1030PM 14.5

Li

5/10/97




PROJECT LOGS

DATE TIMES TOTAL # OF
: HOURS

Lruf95 400PM - 800PM 4
1/20/97 1005AM - 1052AM 120PM - 207PM 1.56
112097 220PM - 430PM 29
1/21/97 200PM - 245PM 0.75
1/22/97 B845PM - 1045PM 4
1/23/97 740PM - 830PM 1
1/24/97 445PM - 900PM 4.25
1/25/97 1250PM - 125AM 12.5
1/26/97 320PM -600PM 700PM - 1145PM 7
1/30/97 640PM - 845 2
1/31/87 700PM - 815PM 1025PM - 1200AM 3
211197 130PM - 330PM 1030PM - 1150PM 3.2
213197 1050PM - 1200AM 1
2/5/97 1045PM - 130AM 3
2/8/97 230PM - 300PM 0.5
2/8/97 245PM - 530PM 3
2/13/97 610PM - 810PM 2
2/15/97 1200PM -630PM 1135PM - 100AM 8
2/16/97 845PM - 1140PM 5
2/20/97 §55PM -1100PM 1
2/21/97 1130AM - 510PM 55
2/22/97 135PM - 200PM 0.5
2/23/97 950AM - 1200PM 2
¢ 897 1030PM - 100AM 2.5
2 1/97 1000PM - 200AM 4
3/2/97 930PM - 200AM 4.5
3/4/97 315PM -400PM 0.75
3/5/97 530PM - 900PM 3.5
377197 1130PM - 200AM 2.5
3/9197 800PM - 1230AM 4.5
3/10/97 800PM - 1000PM 2
3M1/97 1000PM - 130AM 3.5
3/13/97 1100PM - 1145PM 0.75
314197 1250PM - 115PM 535PM - 610PM 1
315197 1200PM - 330PM 600PM - 200AM 11.5
3/16/97 215PM - 1100PM 9
3/20/97 555PM - 800PM 2
3/23/97 1255AM - 130AM 1145AM - 200PM 2.75
3/23/97 400PM - 400AM 12
3/24/97 330PM - 1000PM 6.5
3/25/97 a05PM - 230AM 5
3/26/97 300PM - 600PM 900PM - 445AM 11
3/27/97 300PM - 1100PM 8
4/7/97 300PM - 500PM 2
4/8/97 300PM - 900PM 6
4/8/97 300PM 1000PM 7
4/10/97 300PM - 1000PM 7
4/41/97 300PM 1230AM 9.5
L 497 1200PM - 200AM 12
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PROJECT LOGS

DATE TIMES TOTAL # OF
HOURS
/95 400PM - 800PM 4
4/13/97 1100AM - 400AM 17
4/14/97 300PM - 230AM 11.5
4/15/97 900AM - 630PM 9.5
5/4/97 1200PM 400PM 4
680.56
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