Good Websites: ¢

A- Infos radio Project- share audio files of breaking news with activists around the world. ’ -
http://www.radiodall.org/radio/ } d
[Radio For All] he grand nexus of Free Radio websites and movement information. l r‘ a e ' 0’ { O

www.roc“ojou,org i

[Rogue Radio Research] Sriholurly s.h.nd)(l of microrodig. Site comoinf original reszorch c::ln | \: R :"Er"' ;;ra“_‘ ) LA ECR PRSI S

micro radio, general and specific guides, information, an anotated links to micro radio an 1 i A . . £
gener pecific g A Technical Primer §

related resources. hiip://www.roguecom.com/rogueradio/

[Lorenzo Milam's books] How lo get your own copy of the classic Sex and Broadcasting.
lorenzo Milam did in the sixlies and seventies what we are frying to do today. His books have
shown us how it's done- must read|

About.com Radio Microradio and Free Radio information and links. Most thorough and urlo-
date information about everything pirate radio and LPFM here. Just about everything you cou d
imagine you can find here. mp:?/;,)im!erodio.ubout.com/lvrodio/piroierudio/?once-lrua&

Jeremy Lansman- One of the pioneers of the Communily Radio movemenl, a friends of
Prometheus from way up in Alaskal Inferesting articles debunking inferference claims and other
low-power resources. [http://www.kyes.com/rw/index. tml]

Beginners Guide to Low Power Broadcasting By Rick Harrison. A Good basic all over

look at the technical issues of low-power radio. Very thorough.
http:/ /www.freespeech.org/lowpower/guide.himl
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Americans for Radio Diversity: Based in Minneapolis, ARD started lo oppose the sale of
local slations 1o chains. They have commented extensively to the FCC, participated in Low power
radio tours, helped opplicants in their region, and spearheaded a campoaign 1o hold NPR
accounlable for its dastardly stand on lP?M. Maost useful documents- current headlines in media
and democracy, on their main page [www.radiodiversity.com) Their un-pledge poge is:

http:/ /www.radiodiversity.com/unpledge.himl

Media Access Project. MAP hos played a key role by Iendin? their inside-the-beltway
legifimacy 1o the LPFM movement. They specialize in producing literalure and negotialing out the
finer points of the implementation of low power radio with the FCC. Their focus is on advocacy
and research for the LPFM movement as a whole, as opposed lo direct services for individual
applicants. Most useful document- their sample, filled out opplication, available as a .pdf from
hiip: / /www.microradio.ora/opply.him, www.mediaaccess.org

Community Media Services CMS is Nan Rubin, a 25 year veleran of communil?grudio
media. She is a consultant for the Methodist Church to help all sorts of groups apply for and
build radio stations. She is especially familior with the Native American radio world.
She produced excellent, occessible literature on how to filk out the technical parts of the FCC low
wer radio application, and a good introductory piece on building radio stations. Available at
tip:/ /www.microradio.org/apply.htm

Low Power Radio Coalition LPRC focuses on organizing in colleges, among musicians, and
helping the low power radio movement survive the special interest dominated halls of Congress.
They can help you sel urp meelings with your elecled representalives and explain the
excrucialing minutiae of our somewhal democralic system of government. Most helpful
documents: They maintain a website with easy, documenlable ways to make your voice heard in
Congress. hitp://congress.nw.dc.us/lpr/ Their email bullelins have information on Congress

that is always up ~to the-minute. .

Microradio Implementation Project MIP is the larges! of the clearinghouse organizations,
sponsored by the United Church of Chris!. They do outreach lo organizations that should know
about LPFM, support o good website with very accessible applications, ond ore all around
involved in all elements of the low power issue. The difference between MIP and Prometheus?
Not @ lot- though you'd probably rather bring one of the MIP folks home to show your mother for
a date. Prometheus sprung from the pirale radio milieu, and though we are now working
exclusively on licensed mjlio, our rools as buccaneers of the airwaves slill show. Prometheus is
more publicly combalive with organizations like NAB and NPR. We focus our work and
outreach on public access cenlers, aclivist organizations and so on, while MIP focuses on ethnic
business associations and churches. We are more likely 1o tell you how to wire your audio

section logether with coal hangers and chewing gum, while MIP is more likely to refer such
questions o a licensed engineer. Our literature is informal, goofy and frought with run-on
senlences, while there's is probably belier 1o present lo the board of directors. Our groups often
collaborate closely.

Prometheus Radio Project: And of course there's us- a media activist group focused on
Microradio, but connected 1o all struggles for more democratic communications. We provide
service similor (if a litle rougher uroung the edges) to MIP, we comment on FCC proposals,
organize conferences and demonslirations, lefter writing drives and Independent Media Cenlers.
We do oulreach fo find good people and noify them of the LPFM opportunity, and we lake to
the road a lot and meet applicants and give public talks about a range of media democracy
issues, especially LPFM. Our website is www.prometheus.tao.ca

Ambherst Alliance Amhersts’ members submitted the first petition for Rulemaking to the FCC on
Low Power FM. They are advocales of expanding the service to accepl commercial stafions.
Amherst is closely connected to The Radio Free Richmond project, which is an excellent web
resource. http://members.aol.com/wrfr

Most helplul documents: WRFRs video on LPFM

Christian Communirr FM This organization focuses on Christian applicants for LPFM,
offering a wide range of services for the faithful: Mos! helpful documents: website with info on
opplicants and MX situalions



self-promotion by D] of his/her own book, record, or other project

................... reeereereseeeeneaeeeeensenneeenen SUbtrAct 4 for each minute it goes on

use of the pretentious NON-WOIRd "MUSICS" ..........ccomnnnirerssssrensassessnnes subtract 20
p| referring to what he/she is doing as “radio art” ...l subtract 25
prank phone call made live on the air, il it's entertaining ......................
(If to a government or corporate official L add an additional 25)
College stations: D] talking about self for more than two minutes

consecutively, unless it’s really funny P - subtract 20
College show underwritten by local "hip” record store . ... ....~subtract 25
College DI mispronouncing person or place name during news

b1 S subtract 25
Gratuitous reference to fellow Dis by name, or other “in” station

FEEBTBIIOR . ... cocervsrarsssrmsssssassnnssin FibsRes AR RR SRR P S o T S subtract 20
Joking or bantering with station colleague who is off mic (i.e.,

TiE e e (] e R ot subtract 5 for each 5 seconds it goes on
During public station fundraising drive: Excessive repetition of pledge-

line number.......... subtract 5 for each mention more than 6 per half-hour
Denunciation of people who listen but don't pledge as “ripping the

SLALION O OLE.. ... ssiis sivinsssio s st ST TR SIS S T subtract 30
Either of the following offered as membership premiums: coffee mug,

VORELBIAR 1...oicivssissmiionsmmossssssissiamissesintisasasmetsoissensdiser s foagiassansnnss subtract 20
Anything at all that makes you laugh uncontrollably (I'm assuming

this ISRt @ASY 10 dO) ..c..iivuivirimissismnsisseissnsasmsassanisssssessnsssassssassnesensass add 50
Each Christmas song ptayed during Christmas season .................. subtract 1/2
("Santa Claus Is Coming to Town" by Bruce Springsteen

............................................................................ subtract an additional 15)
Any holiday song played during the wrong season ... s s Add 29
SCORING:
500 or lower.  Even worse than | thought
200 - -499, About average
;)'(;'199: Not bad at all

greater: Check your math

An (admittedly biased) guide to organizations
working on Low Power Radio:

National Lawyers Guild Committee on Democrati i
' : cratic Communicatio

:;JLSICDC has beinfmvolved in the struggle for community radio since the Io'le %s having done
: g|h suE[:)po:; work for Mbanna Kantako, Steven Dunifer and others. They are chiefly res ?‘)n ibl
T?: eH roadcas! sng'nal lobs study that convinced the FCC that LPFM was lechnicoﬂy viabl e
[h:g—?/ er |ego|1 sedrwces;tr) op) |ic0nlsc.‘ Most helpful documents: the CDC LPFM FAQY “

://www.nlgede.org/faq.ht the Li i i icafi .
{hnp;//www.nlgcdc.org/licznsir;]g.c],-.?m] e Licensing Project 5 step application process.

Micropower Broadcasting - A Technical Primer

Many people still assume that an FM broadcast station consists of rooms full of equipment cosling lens of
thousands of dollars. The Micropower Broadcasting, Free Radio Movement has shown this lo be untrue.
Micropower broadcasting uses FM transmitters whose power output is in the range of 1/2 1o 40 walts, Such
\ransmitters have a physical size thal is not greater than that of your average brick. These transfnitlers
combined with other equipment including inexpensive audio mixers, consumer audio gear, a power supply, filter
and anlenna enable any community o put its own voice on the air al an average cost of $1000-$1500. This is
far more affordable than the tens or hundreds of thousands required by the current FCC regulalory struclure.

Al of the technical aspecls of putling together a micropower broadcasling station are covered in the following
material, It is important to note that the main argument the FCC uses against micropower broadcasting is the
issue of Interference with other broadcas! services. Interference is a valid concern.” By using equipment that is
frequency stable and properly fitted with harmonic suppression fillers along with good operating procedures and
standards, the FCC's argument can be effectively neutralized.

Furiher, the technical aspects of micropower broadcasting require some pasic knowledge in the areas of
electronics and broadcast practices. Hopefully, this primer will be able lo convey some of this knowledge 1o you.
If you are unsure of your abilities try to find someone who has he technical experience to help you. Itis hoped
that as this movemenl grows a network of people with the required technical skills will be formed to assist in the
process of empowering every community wilh ils own voice. If you are a person with engineering or technical
experience, please contact Free Radio Berkeley to become part of this network.

FINDING A FREQUENCY

Before you can proceed any further you must determine If there are any available frequencies in your area. Due
to frequency congestion in the large urban metroplexes such as Chicago, Boston, LA, NYC, etc. this may be a
bil difficull. You will need several ilems 1o do a frequency search: a listing of the all the FM radio stations within
a 50-70 mile radius of your area; and a digitally luned radio. There is a database on the world wide web which
can be searched for FM radio stations in any given area. Web site is: www.jagunel.mnw-kudistslaliun.hlml

Channel separation is the biggest problem. FM broadcast frequencies are assigned a frequency channel 200
kiloherlz wide. Good broadcasting practice requires that at least one channel of separation must exist on either
side of the frequency you intend to use. In other words, if you have picked out 90.5 as a possible frequency
then 90.3 and S0.7 should be clear of any receivable signals. This is why a digital receiver Is an important item
for the frequency search. -

Once you have a complete listing of all the FM radio stations look for possible frequencies with the
appropriate channel spacing. Depending on topography, distance and the outpul power of the other slations
certain "used" frequencies may in facl be open. Compile a list of the possible frequencies. Then, using a digital
FM receiver with an exlernal antenna, scan and check these frequencies. Do this from a number of locations
and at varied limes within the area you propose o cover. In most cases weak, intermittent, or static filled signals
can be ignored and counled as either usable or providing the necessary channel separation. Hopelfully you will
find @l least one or two usable frequencies. If you live in a more rural area or some distance from a large urban
area, finding a usable frequency should not be very difficult. 87.9 can be used as a frequency under two
conditions. One, if there is not an exisling station on B8.1, and two if there is not a TV Channel 6 being used in
your area.

After compiling your list of possible frequencies have your friends check them oul on their receivers or
radios as well. Itis helpful to do this since a variety of different receivers will more accurately reflect the listening
conditions in your area. After all of this you should have a workable list of frequencies lo use. i

LOCATION OF STUDIO AND TRANSMITTER

Before you set up the station an adequate localion must be found. Since the antenna will be there as
well a site with adequate elevation is required. Ideally the top of a hill or a spot somewhere on the side of hill
overlooking the area of coverage is best. FM transmission is "line of sight” the fransmitting antenna and
receiving antenna must be able to “sge” each other. Therefore, any large obstructions will have a tendency 10
black the signal path. Keep this in mind when choosing your location. If your site is a 1 10 3 story building, a 30
foot push up style mast attached and guyed to the roof or a TV antenna style tower bracketed to the side of the
building will be needed 1o provide adequate height for the antenna. At the very least you need to have the
antenna at least 40-50 feel above the ground. In some areas a building permit may be needed to attach a mast
or lower to a building. ;

It is good praclice 1o keep the ransmilter some distance from the audio studio since the radio frequency
emissions from the transmitter can gel into the audio equipment and cause noise and hum. Your transmitler
should be set up in another room, attic space, elc. as close 0 the antenna as possible. Keep the distance from
the transmitter to antenna as short as possible 1o minimize signal loss in the coaxial cable feeding the antenna.

These are some of the basic issues regarding site selection, Landlords, room males, leases elc. are
your problem.



FM TRANSMITTERS

FM is an abbreviation for Frequency Modulation. Modulation is how information is imparted to a radio
frequency signal. In the case of FM the audio signal madulates what is called the carrier frequency (which is the
frequency of the broadcast signal) by causing it 1o shift up and down ever so slightly in response o the level of
the audio signal. An FM radio receives this signal and extracts the audio information from the radio frequency
carrier by a process called demodulation.

Modulation of the signal takes place within the FM broadcast transmitter. The transmitter consists of
several different sections: the oscillator, phase locked loop, and gain slages. Generation of the broadcast
carrier frequency is the responsibility of the oscillator section, Tuning (as distinct from modulation) or changing
the frequency of the oscillalor section is either done electronically or manually. For a practical radio station that
will be operated for more than a few minutes, it is almost essential 1o have the tuning done under electronic
control since free running or manually tuned oscillators will drift in frequency due (o temperalure and inherent
design limitations. This is an important consideration is selecting a transmitler. Since one of the goals is lo
deprive the FCC of technical objections to micropower broadcasting it is critical 1o have transmitters that stay on
frequency and do not drift. This, of course, rules out using transmitters based on free running oscillators.

Frequency control brings us 1o the next seclion. Oscillator frequency drift Is corrected by a circuil known
as a phase lock loop (PLL) controller, In essence, it compares the oulput frequency of the oscillator lo a
reference frequency. When the frequency starts lo drift it applies a correction voltage lo the oscillator which is
voltage tuned, keeping it locked to the desired frequency. In a PLL circuit the frequency Is selected by selling a
series of small switches either on or off according 1o the frequency setting chart thal comes with the transmitier.
In some cases the swiltch array may be replaced by 4 dial-up swilches that show a number for the FM frequency
of transmission, i.e. 100.1 for 100.1 MHz. Even simpler, some unils have a display like a digital radio with up
and down buttons for changing frequency.

One part of the oscillalor section, the voltage tuning circuit, serves a dual purpose. As described above it
allows the oscillator 10 be electronically tuned. In addition, it is the means by which the broadcast carrier
frequency is modulated by an audio signal. When the audio signal is applied to this saction the variations in the
audio signal voltage will cause the frequency of the oscillator to shift up and down. Frequency shifts brought
about by audio modulation are ignored by the PLL controller due to the inherent nature of the circuit design, Itis
important nol to over modulate the transmitter by applying an audio signal whose level is loo greal. Many
wransmitlers are equipped with an input level control which allows one lo adjust the degree of modulation.
Further control of the audio level is provided by a compressorflimiter which is discussed in the studio section.

As the modulation level increases the amount of space occupied by the FM signal grows as well. It must
be kept within a certain boundary of interference with adjacent FM broadcas! channels will result, FCC
regulations stipulale a maximum spread of plus or minus 75,000 cycles centered aboul the carrier frequency.
Each FM channel is 200,000 cycles wide. Over modulation- the spreading of the broadcast signal beyond these
boundaries- is known as splatter and must be avoided by controlling the modulation level. As a resull the signal
will be distorted and interference with adjacent channels will take place.

. Following the oscillator section are a series of gain stages which buffer and amplify the signal, bringing It
to a sufficient strength for FM broadcast purposes. In most cases this will be 1/2 to 1 watt of output power. This
tevel is sufficient for a broadcast radius of 1-2 miles depending on circumstances. For increased power a
separate amplifier or series of amplifiers are used to ralse the power level even higher. Amplifiers are covered
in the next part of this primer. e

Transmilters are available in kit form from a number of different sources including Free Radio Berkeley,
Progfessive Concepts, Panaxis and Ramsey. Assembly requires a fair degree of technical skill and knowledge
in mosl cases. Free Radio Berkeley offers an almost fully assembled 1/2 watt PLL transmitter kit requiring a
minimal amount of assembly. Kits from Ramsey are rather debalable in lerms of broadcast quality. An English
firm Veronica makes some rather nice kils as well.

AMPLIFIERS

Although 1/2 to 1 walt may be perfectly adequate for very localized neighborhood radio coverage, higher
power will be required lo cover larger areas such as a town or a portion of a large urban area. In order o
increase the outpul power of a low power FM exciter or transmitter an amplifier or series of amplifiers are
connected to the output of the transmitter. Amplifiers are also referred lo as amps, and should not be confused
with the unit of current also called amps.

Amplifiers are much simpler in design and construction than a transmitter. Most of the amplifiers used in
micropower broadcasting employ only one active device, an RF power transistor, per stage of amplification. By
convention most broadcast amplifiers have an input and output impedance of 50 ohms. This is similar lo audio
speakers having an impedance between 4 and B ohms. When an RF amplifier with a 50 ohm input impedance
is attached lo the 50 ohm output impedance of a transmitter this matching of impedances assures a maximum
flow of eleclrical energy or power between the two units.

A mismalch between any elements in the chain from transmitter to amplifier to filter to anlenna will
reduce the efficiency of the entire system and may resull in damage if the difference is rather large. Imagine the
results if a high pressure waler pipe 4 inches in diameter Is forced to feed into a 1/2° water pipe with no
decrease in the action of the pump feeding the 4 inch pipe. in an RF amplifier the RF power transistor will heat
up and self-destruct under analogous conditions.

Piece of non-Westermn music played for no reason (i.e., not part of a
special or specialty Show) ...,

Any Beatles song except "Old Brown Shoe”

“lesus Was Way Cool” by King Mssile

Any record not eusily pURhESBDLE ...l itusmmnmnsssassiedossisisbinssesseon
Any piece of music longer than six MINULES ... add 20
Any piece of music longer than 14 minutes............cocooviin, subtract 20
Song so bad you have to change the station before it's over........... subtract 30
(IETORenIona) ..o s mmaisssnaiie st vt add 10 instead)
Song promoting shoplifting or other blatantly illegal act .................... add 35
Heavy metal song that actually [rightens you........... LEE S RN add 20
Cynical attempt to feign affinity with wage-slave listeners ("Thank God

it's Friday,” reference to Wednesday as “"Hump Day,” etc.) .......subtract 40
Bona-lide pirate station received ................co.ocvvne.. S add 45
(If station plays any rec_ord you've heard on a commercial station in

lhe. Past three Weeks .............cc.ouevvvvvreeerere e subtract 30 instead)
DJ coughing, sneezing, etc. on mic................. rdisendkith add 20
.
( ryung RO AIY ...l et SUbbrACt: 25 instend)
Dl reading poetryon the air ............ocoooovveviennnn. subtract 20
T DMLY S @ity s e e bl
L \ I”S:wn poetry............... e subtract an additional 15)

a‘ -hour or more of continuous music without bragging about it .......add 20
Patriotic remark of any kind ... sui:.)-tract 30
ARitI-Cub temark. Y Bl o e e e subtract 25
Pro-Cuba remark ..o subtract 25
ROCHE MO IR i L i« g b g o subtract 3%
T S e add 35
(I D1 is a Third World Nationalist type subtract30|nsteadl
Anti-cop remark .........cooooovevveiee add 35
Use of the expression “politically correct” by right-wing talk—siwc;;‘c'l:;;;

e N H——— R _..subtract 30
Anti-music business remark ... N add 20
(i Ib_Y someone selling "alternative” product ....................... sgllj.lln}lrac;.zl;i.rlsteadl
Arfnti-drug rema[lt or advertisement ........................... - subtract 40
Advemse.ment read personally by D] (unless comically flubbed or

deliberately sabotaged) ... subtract 23
Any discussion of the weather ................
......................................... subtract 15

Jazz shows only: Excessive time spent reading personnel or session

information fora track ............... subtract 4 for each minute over | minute

Approving references to Satan or Satanism by anyone |5 or younger .. add 40

Approving references to Satan or Satanism by anyone older

thatiilT i R sy
TEEI LR YRR 1 O 5 subtract 25



How Awful Is the Radic
~ in Your City?
Take This Simple Test

D' Nl :

Listen to local radio lor lour consecutive hours (come on, you

can do it!), randomly changing the station every so olten Stan

with 500 points, and add or subtract points as indicated lor each
occurrence of an event listed here Then check your city's score against the
scale below—the lower the score, the more awful.

L s R ARRT  vieie s e e P subtract 2
Public station: Pseudo-classy "underwriting” ad by prestige-seeking

corporation or lUNRABtION ... coienmmmmismmm o subtract 10
Any straight-faced claim that station is “the best” (“The Best Music,”

"San DigRo’s BESt ROUK.T BIC) ........cocvomsssessisssimsionsisiossssisnsisiins subtract 20
Putportedly “non-stop” music that is in fact interrupted ... subtract 25
The word “relaxing” Hd in description of station’s format .............. subtract 20
The phrase “Clasiys Rock™ used in any way ..............cccoooveeiiiicncin, subtract 20
Contest requin'nﬁsténers to embarrass themselves by answering

their phones'\l'rilh asinine promotional slogan ....................... subtract 25
Station giving out 900 number for requests, polls, or anything ......... subtract 25
Violation of FCC regulations (obscenity, failure to air legal station

DR reqUitedietc) add 20
PR OOUETY AELBBRIE ... ooimmmmmssiiirissssisasssisisassissssans add an additional 10)
Live in-studio interview with band or author that is not trying to

sell anything (tour, new record, book, €1C.) .......cccccecciniiimniinnnn, add 30
Interview with really stupid band with nothing tosay.........c.cccccceeenee subtract 25
[they take calls live on the @if..........ccoovvevvvererrrree subtract an additional 15)
Kids' show actually produced by Kids ...............cc..omrmeereeeeesoorsicrsen add 30

Any song you've heard played on the radio in the past three days ...subtract 20
“Stairway to Heaven,” “Bohemian Rhapsody,” “"Won't Get Fooled

Again,” or any other '70s stadium-rock anthem ........................ subtract 39
Any song or other recording featuring sounds of people having sex,

biit only IF iU INCIUdESs MYEN s nssinssmissimsiis i add 25
Any song by Nick Drake ...........ccccocniininninniiininnas e add 39
Any piece of music from a Touch cassette ............cccocoooenicivniciinennnnn., add 39

_AnRF power amplifier consists of an RF power transistor and a handful of passive components, usually
capacilors and inductors which are connected in a particular topology that transforms the 50 ohm lr{pul and
Du[ﬂl.lll mqedgnces of the amplifier to the much lower Input and output Impedances of the RF power ftransistor
Detailed circuit theory of this interaction between the components is not covered in this primer. '

Amplifiers can be categorized as either narrow band or broad band. Narrow band amplifiers ar
one specific frequency. Broad band amplifiers are able to work over a specified range of f?equ:ngi:s“\:‘if:o:ﬁ
1un|n_g. Most of the amplifiers that have been used in micropower broadcasting are of the first lype. A tunable
ar_nplaﬁar can be a bit o!la prqblem for those without much experience. In a typical tuned stage arl';pliﬂer there
will be two luning capacitors in the inpul stage and two more in the outpul stage. If not comectly adjusted the
transistor can produce unwanted sideband spurs at other frequencies both within and outside of the FM band,

To make set up easier for the average micropower broadcaster a broad band amplifier i
one with a minimal amount of tuning stages. Several designs are available. One rathernp‘lgpu?ar zr?;eifse;aglg_;;
watt amplifier using a Phillips BGY33 broad band power amplifier module. Il is a rather rugged device that
requires no tuning and produces a full 20-24 watts output for 250 milliwalts of drive from the transmitter. Free
Rad_lo Berkeley halns a kit based on this device. This kit includes an outpul filter as well which other vendors may
not include in Ihefr kits. Regardless of the source, the BGY33 is not the most efficient device and requires a
good sized heat sink for proper dissipation of heal, and the use of a cooling fan is strongly suggesled as well.

If you buy a kil or transmitter package based on this device be certai

1 n to determine from the manufacturer that
::r;z sasciivs:asnlgimc;:.lnted'd;pctix to the heat sink, not to a chassis panel with a heat sink on the other side of the

" must directly contact the heat sink with a layer of heat si

module mounling lange and the heal sink surface. ~ R RIS PN S I it
fBroaq band _deslgns are not as a common due lo the. degree of design experience required to create a
unctional unil. It seems a number of kit providers are content not lo optimize and improve their amplifier
designs. _Free Radio Berkeley Is now offering amplifiers that are either no tune or minimal tune designs in
several different _rangasior power. Certain broad band designs may be too wide in their range of frequency
coverage and will amplify the harmonics equally well. For FM broadcast purposes the width of frequency
coverage should be for only the FM band, about 20-25 Megahertz wide.

Selecting the right amount of power is rather important since you should only use enough power to cover
the desired area. Unfortunately there Is not an easy answer to the question of how much area a certain amount
of power cover. Antenna height is very critical, 5 walts at 50 feet will not go as far as 5 walts at 500 fget.
Assuming you do not have a 10 story building or a convenient 500 foot hill to site your antenna and lransmiller
on, experience in urban environments has yielded the following rough guidelines. With an anlenna
approximately 50 feet above the ground. 1/2 to 1 wall will yleld an effective range of 1 to 3 miles, 5-6 watls will
cover oul 1o about 1-5 miles, 10-15 watts will cover up lo 8 miles, 20-24 watts will cover up to 10-12 miles and
30-40 walls will cover up to 15 miles. Coverage will vary depending on temain, obstructions, type of antenna,
etc. If your antenna is very high above average terrain you will be able to go much further than the figures given
above. Quality of the radios receiving your signal will be a determining factor as well. Since the power levels
are rather low in comparison to other stations an external antenna on (he receiver Is highly suggesled, especially

an outdoor one.

It Is very important to provide adequate cooling for RF amplifiers. This means using a properly sized heat sink
and an extemal cooling fan. Heat sinks have heat dissipating fins which must be placed In an upward painting
direction. Overheating will cause premature failure of the transistor, A cooling fan, usually a 4 to § inch square
box fan, will offer extra insurance. It should be placed so that the air flows over the fins of the heat sink.

Under no circumstances should an amplifier/transmitter be operaled without a proper load altached lo lhe
oulput, Failure to do so can destroy the outpul transistor. When lesting and tuning, a dummy load is used lo
present a load of 50 ohms to the transmitter/amplifier. It is very bad praclice to tune a unit with an antenna
attached. Use a dummy load of proper waltage raling to match the transmitter output wattage.

An cutput filter must be used between the transmitter/amplifier and the antenna. Some amplifier kils come with
a filter included, such as the 20 Watt FRB amplifier. These do not need an additional filter, More on this in the

filter section.

Heavy gauge (12-16 AWG) Insulaled stranded wire Is used to connect the amplifier to the power supply.
Observe correct polarity when making the connection. Reversing the polarity will result in catastrophic failure of
the transmitter. Red is positive and black is negative or ground.

POWER SUPPLIES-

Most of the transmitters and amplifiers used in micro broadcasting require an input voltage of 12‘ o 14 yans DC
Higher power amplifiers (above 40 walts) require 24-28 volts DC. Ina fixed location the voltage is provided by a
power supply which transforms the house voltage of 110 volts AC lo the proper DC voltage.

Power supplies are not only measured in terms of their vollage bul current as well. A h!ghar power amplifier is
going to require a greater amount of inpul power as compared 10 a lower power amphﬁgr. QOutpul current is
measured and specified as amps. A power supply is selected on the basis ol its gontmuous current _oulpul
which should be higher than the actual requirements of the amplifier. Power supplies operated at their fully
rated output will have a tendency lo overheat under continuous operation. An amplifier which raqwres_a amps
will need a power supply with a 10 to 12 amp continuos capacity. In moslt cases the following ralings are
suggested for transmitters requiring 13.8 volts. ¢



1-5 Walt Transmiller 2-3 Amps
10-15 Watl Transmilter 5-6 Amps
20-24 BGY33 Based Unit 10 Amps
40 Watt Transmitter 12 Amps

Any power supply you use must have a regulated voltage output along with protection circuilry. Some
reasonably priced brands include Pyramid, Triplite and Aslron. Do not use any of the wall transformer type of
power supplies. Such units are not adequate for this application. Higher power transmitlers require power
supplies with an oulpul voltage of 28 volts. Astron Is the best manufacturer of this type of power supply. A 75
wall transmitler will require a power supply with a current raling of 6-8 amps and 28 volts, = 2

For mobile applications voltage can be fed from the cigaretie lighter socket of a car with the correct plug and
heavy gauge wiring. This may not work well in some newer vehicles with are reported to have some sort of
current limit protection on the lighler socket. Check with an aulo mechanic about this if you are in doubl.
Eleclrical syslems on newer vehicles are ralher sensilive and can be damaged if not properly understood.
Another problem wilh mobile operalion is ballery drain. A 20-40 watt transmitler running for 4-5 hours can
deplete the battery lo the point where the vehicle may not slart. It is better to have a separate baltery running
parallel to the charging system with an Isolalor. Isolalors are available from Recreational Vehicle accessory
suppliers. Use a high capacity deep discharge type of battery.

Lead acid balleries are not very benign. Acid can leak and spiil on people, clothing and equipment. 1t is best to
keep the ballery in a plaslic battery box. Vapors from the baltery are explosive in confined areas. Keep this in
mind for mobile vehicle operations. You might consider using a gell cell type of battery which Is sealed and can
nol leak. These are a bit pricey but have far fewer problems. A good quality gel charger must be used to
ensure battery longevity.

Smaller gel cell batteries work really well for setting up a low power (6 walts or less) transmitter on a street
cofner as a public demonstration of micropower radio, In Berkeley a 6 walt micropower station Is sel up at the
local flea market as a community demonstration on weekends. Il is called Flea Radio Berkeley. Transmillers
can be sel up al demonstrations and rallies so molorists can lune their radios lo the frequency which is
displayed on large banners near the sireets and listen in on what is happening. This has worked very well. Use
your imagination to show how micropower broadcasting can be brought into the community. .

FILTERS

Although it is rather simple In design and conslruclion a filter is one of the most important elemenls In
broadcasting. No matter whal, a proper filter must be used between the transmitler and antenna, Use of a filter
will help deprive the FCC of one of ils main arguments against micropower broadcasling - interference with other
broadcast services.

A proper filter reduces or eliminates harmonics from your broadcast signal. Harmonics are produced by the
transmitter and are multiples of the fundamental frequency you are tuned for. For example, if you broadcast at
104.1, you may produce a harmonic at 208.2, and (less likely) 312.6 and so on. Mos! filter designs are of the
low pass type. They let frequencies below a certain frequency pass through unaffected. As the frequency
increases and goes beyond thal point the filter begins lo allenuale any frequency thal is higher than the set
poinl. The degree of attenuation increases with the frequency. By the time the frequency of Ihe firsl harmonic
Is reached it will be severely attenualed. This is very imporiant since the first harmonic from an FM transmitler
falls in the high VHF TV band. Failure to reduce this harmonic will cause Inlerference to neighboring TV sets.

You do not want lo generate complaints from folks who engage in the odious habit of walching TV. Noble
sentiments, such as lelling them to smash their TV if they have a problem will nol suffice. Use a filter.
Complaints Increase the possibility of the FCC showing up at your door, One needs lo be good broadcast
neighbor and an asset to the community

Harmonlics further up the scale can cause Inlerference to other moblle and emergency radio services. Not
desirable either,

Transmitters with oulput power ratings of less than 25 walls will need al least a 7 pole design. Higher power
unils will need a 9 pole design. An increase in number of poles Increase the degree of atlenuation.
Representalive designs are shown. If you bulld one of these put it in a melal, well shielded enclosure.

Not really related to fillers bul an important side issue is Ihe use of FM frequencies at the botlom and lop ends
of the band. Do not use 87.9 to 88.3 or so if their is a channel 6 TV frequency being used In your focal area.
Television sels have notoriously poor seleclivily and your signal might end up coming in on the sound carrier of
the TV il channel six is being used. Al the top.end of the band do not go any higher than 106 MHz If the
transmitter is near an airport. In fact, do everything possible not be too close - al least several miles and away
from the flight path(s). Even though Interference possibilities are minimal there is not any point in taking
chances since the FCC has claimed airplanes will fall from the sky if micropower broadcasling Is given lree
reign! Comer cutling corporate airline maintenance polices most likely pose a greater danger to public safety
than micropower broadcasting, however

ANTENNAS

An antenna’s primary purpose is o radiate the FM broadcast signal from the transmitter to surrounding FM radio
receivers. In order lo do this several condilions must be met. First, the anlenna must be tuned lo the frequency
taing ransmitled. Secondly, it must be sited and orlented properly.

A: They will have to goto court to obtain a warrant to enter your home. But, if they have probable cause to believe
youarecurrently engaging inillegal activities of any sort, they, with the assistance of the local police, can enter your
home withouta warrant to prevent those activities from continuing. Basically, they need either a warrant, or probable
causeto believeacrime is going on at the time they are entering your home.

Q) Iffdo not cooperate with their investigation, and they threaten to arrest me, or have me arrested, should I cooper-
ate withthem?

A: Ifthey have alegal basis for arresting you, itis very likely that they will SeF Ei.
prosecute youregardless of what you say. Therefore, what you say will only a IT RIGHT THERe,
assistthemn in making a stronger case against you. Donot speak to them RADIO MAN | FCC.
withoutalawyer there. SH

Q) Ifthey have an arrestora search warrant, should I let them in my house?

A: Yes. Give them your name and address, and tell them that Yyouwantto
have your lawyer contacted immediately before youanswerany more ques-
tions. If you are arrested, you have aright to make several telephone calls
within 3 hours of booking,

Q) Other than an FCC fine for engaging inillegal transmissions, what other
risks do I take in engaging in micro-radio broadcasts.

A: Section 501 of the Act provides that violations of the Act can result in the imposition ofa $10,000 fine or by impris-
onment foratermnotexceeding one year, orboth. A second conviction resultsina potentially longer sentence. (f you
are prosecuted under this section of the Act, and you are indigent (unable to hire an attorney), the court will have to
appointone for you.

Q) Are there any other penalties that can be imposed upon me for “illegal broadcasts.”

A: Under Section 510 of the Act, the FCCcan ptto have your icating equipment seized and forfeited for
violation of the requirements set forth in the Act. Ofice again, ifthey attemptto do this, you willbe given notice of
action against you, and have an opportunity to appearin court to fight the FCC's proposed action. Realize, though, that
they will ry to keep your equipment and any other property they can justify retaining until the proceedings arecom-
pleted. Youhave aright toseck return of your property from the court at any time.

Q) Ifthe FCCagents ask meif [knew [ was engaged in illegal activities, should I deny any knowledge of FCClaws or
anyillegal activitics?

A: No. You will have plenty of time to answer their accusations after you have spoken withanattomey, Itisasepa-
ratecrime to lie to law enforcement officials about material facts. Remain silent. :

Q) Iflam considering broadcasting over micro-radio, is there anything I can do ahead of time to minimize the liklihood
of prosecution? :

A: Yes. Speak with an attorney before you are approached by law enforcement to discuss the different aspectsof
FCClaw. Arrange ahead of time for someone to represent you when and if the situation arises, so that you will already
have prepared a strategy of defense.

Q) Whatcanldoif the FCC agents try to harass me by going to my landlord, or some other source to apply pressure

onme?

A: Solong as there is no proof that you have violated the law, you cannot be prosecuted orevicted. If thercisevi-
dence of misconduct, youmight have to defend yourselfin court. Depending upon what the FCC said or did, you might
beable toraise adefenseinvolving selective prosecution or otherequivalent argument. If the conductof the agenlsis
clearly harassment, rather than a proper investigation, you can filea complaint with the F.C.C, orpossibly acivil action
againstthem.

Q) I wanttolegally pursue FCC licensing for a new FM station, what should 1 do?

A: Itisn'tthe purpose of this Q and A sheet to advocate or discourage non-licensed broadcast operations. A person
cited by the FCC foritlegal broadcasting will find it virtually impossible to later obtain permission to geta license. If you
wanl to pursue the licensing procedure, sce the procedures set forth in the Code of Federal Regulations, Title 47, Part

P o e



Samson S-12 hypercardold microphone - $60. -
An excellent low impedance unit for the broadcast studio. 25 foot XLR cable is $18.00

VARIOUS & SUNDRY ITEMS

Tweak stick - $2.50

Essential to tuning transmitters and amplifiers. Non-conductive bod-y with
tiny metal blade at end. In tuning these transmitters and amplifiers

metal screwdriver will cause falsa tuning 10 happen due lo the in.temcﬂve.
effects of the metal and the holder of the screwdriver with the circuit. A
plastic TV tuning tool kit can be found at Radio Shack as well

Seizing the Alrwaves - $13.00

A FraaERadio Handbook by Ron Sakolsky and Stephen Dunifer. Let us conjure up a vision of a Wild Raé!lu
Stampede disrupting the territorialized lines of Authority artificially drawn in the air surrounding Mother Earth.....
Within this book, the myriad voices of the Free Radio Muvsfnonl come nlhre_wllh the game urgency that has
challenged both corporate and governmental control of radio-activity. If seizing the airwaves is a crime, then
welcome to the millennial police state.

ORDERING INFORMATION

¢ oice of
Proceeds from the sales of these kits go to the furtherance of mlcrupowar_broadcasting, bringing a v
empowermaent lo every community, Please add $6.00 for handling ang shipping for 1-2 kits and $3.00 for each
addilional kit, $6.00 for the 2.5 & 7 amp power supply and for each _bnck enc!osym and $15.00 for the 14 amp
power supply. Normal shipment is either UPS ground or priority mail depending on size and welght. [ofe]s]
orders add $8.00. Air mail to other countries, $12.00 per kit. We ship within 2-3 weeks after receipt of order,
sometimes sooner depending on the work load.

Payment to be made out to Free Radio Berkeley. Foreign orders please payby money order drawn on US bank

Free Radio Berkeley, 1442 A Walnut St., #406 Berkeley, CA 94709. (510) 549-0732

Email: xmtrman@pacbell.net

Check our web site for more information and the latest updates -
www.freeradio.org

WHAT TO DO WHEN THE FCC KNOCKS ON
YOUR DOOR

Produced by the Committee on Democratic Communications — A National
Committec of the National LawyersGuild

NOTE: The following discussion assumes thatyouare nota licensed
broadcaster.

Q) If FCC agents knock on my door and say they want to talk with me, do [have to answer their questions?

. 0] i . '“
i hcnand;fyouspukwuh:hcm.mdmmmuym

: No. Youhaveari huuuymuyouw:nulawyupuscmw e
:iv:l;uu l;:imam:s.syou will be back in touch with them. Unless you have been licensed to broadcast, the FCChu-

norightto“inspect” your home.

i if I have broadcasti i dolhave
Q)'Ifthcynythethearighuuenlermy}muuwnhounwmntmm:fl.... g equip

toletthemin?

) of Title 47U.S.C., the FCC has arighttoinspectany transmitting dcvif:r.; that ::\;'s‘tbc.
licensed under the Act. Nonetheless, they musthave pcrmi!s:;: u;enhl::zour:l:x::,r:] ’s:;fco:l;h:;:::: n;)::;om g
isori i i o arn
ond their mere supervisorial powers. Wlum!Jer nolm:r_: y t . -
:;:{iccs. If they have given you notice of apending investigation, contactalawyer immediately

A: No. Under Section 303(n

" =1 ) i (heyenter anyway, even withouta
Q)l!theyhavecvidcncemnllam illegally broadcasting from my home, canthey

warfantor withoutmy permission?

Al FM frequencles the radio waves travel In a straight line unlil an obstacle is met. This is known as line of sight
transmission. |f the receiving antenna and transmitling antenna can “see” each other and the path distance is
not too great to altenuate the signal, then the broadcast signal can be received. Radio signal strength is based
on the inverse square law. Double the distance and the signal strength will be 1/4 of what it was.

Since FM broadcast transmisslons are line of sight, the height of the antenna is very important. Increasing the
height Is more effective than doubling or tripling the power. Due fo the curvature of the earth the higher he
antenna the greater the distance to the horizon. Increased height will place the antenna above obstructions
which otherwise would block the signal. Your antgnna should be at least 40-50 feet above the ground. Cdunt
\loursall' lucky if you can site the antenna on a hill or a ten story building.

An antenna is rough tuned by adjusting the length of the radiating element(s). Many antenna desligns are based
on or derived from what is called a dipole, two radiating elements whose length is roughly equivalent to 1/4 of
the wavelength of the desired frequency of ransmission. Wavelength in inches Is determined by dividing 11811
by the frequency in megahertz. The resull is either divided by 4 or multiplied by .25 to yield the 1/4 wavelength.
A cormrection factor of .9 to .95, depending on the diameter of the element, Is mulliplied times the 1/4 wavelenglh
resulting in the approximate length of each element,

Fine twning the antenna requires the use of an SWR power meter. SWR is an abbreviation for standing wave
ratio which is the ratio between power going Into the antenna and the power being reflected back by the
anlenna. A properly tuned antenna Is going lo reflect very little power back. Correct use of an SWR meter is
described a bit further down in this seclion. IF you can afford $100 get a dual needle meter which shows both
reflected and forward power at the same time, A good brand is Daiwa.

A dipole with tuning stubs is one of the easiest antennas to make and tune. Two dipoles can be combined on a
10 foot masl if they are spaced 3/4 of a wavelength from center 10 center with the elements verlical and fed with
a phasing harness. A phasing harness consists of two 1.25 wavelength pieces of 75 ohm coaxial cable (RG11)
cul lo a length thal Is the product of the 1.25 wavelength times the velocity factor (supplied by the manufacturer)
of the cable. A PL259 plug is attached lo the end of each cable. These are connected to a 259 T adapter with
the center sockel being the cannection for the feed cable coming from the Itransmitter. The other ends go
Bespecl'wely to each dipole. Such an arrangement will increase the power going into the antenna by a factor of

Besides the dipole a number of other antenna designs are employed in micropower broadcasling. Each one
has a characleristic pattern of coverage. Antennas can be broken down into two basic types - omnidicectional
and directional, Under most circumstances the omni is the antenna of choice for micropower broadcasting.
Polarization is another aspect to consider but does nol play that big of a role in moslt cases. Antennas can be
vertical, horizontal or circular in polarization. Most micro broadcast anlennas are veriically polarized. In theory
a vertically oriented recelving antenna will receive betier if the wransmitling antenna is vertically orlented as well.
Obstructions in the receiving environment will have a tendency to bounce the signal around so thal the signal
will be not be exaclly vertically polarized when it hits the receiving antenna, particularly in a car that is moving.
Commerclal broadcasters employ circular polarization which yields both vertical and horizontal components (o -
the signal, It is said that this Is best for car radios. This may be lrue given the dependence of comimercial
broadcaslers on "drive lime” as a peak listening period. .

A single radiating element vertically oriented will have a rather high angle of radiation where a good portion of
the signal is going up o the sky at angle of around 35 degrees or more. When you combine two vertical
elements such as two dipoles you reduce the angle of radiation to a point where the signal is more concentraled
in the horizontal plane. This is what accounts for the apparent doubling of radiated power when you usé two
dipoles phased logether. Power oulput from the antenna of antenna array is known as effective radiated power
(ERP) and is usually equal lo or grealer than the inpul power.

Several vertical element antenna designs have a lower angle of radlation even though they only usé one
element. These are the J-Pole and the Slim Jim designs. Having a signal pattern thal is more compressed into
the horizontal plane makes the Slim Jim ideal for urban environments. Both can be easily constructed from vz
copper pipe and fittings. Plans are available from FRB directly or the FRB wab site: www.freeradio.org.

Another class of antennas are the 1/4 and 5/8 wave ground plane antennas. A commercially manufactured 5/8
ground plane for FM broadcast purposes is available for around $100. It is an ideal antenna for those want an
easy to tune and assemble antenna. Sel up time is less than 15 minutes, Plans for these anlennas are
available from FRB.

Directional antennas are not usually required for micropower broadcasting. If the area you wish to cover lies in
one particular direction you might consider the use of such an antenna, An easy way lo do this is to put a
reflecting screen 1/4 of a wavelength behind a vertical dipole. The screen will need Lo be bit taller than the lotal
length of the elements and aboul 2-3 feet wide. This will yield a nice aifacﬂonal'patt_ern with a fair amount of
power gain. Your pattern will be about 60-70 degrees wide. Another type ol directional antenna is the yagi
which has a basic dipole as the radiating element but additional elements as reflectors and directors. A yagi can
be a bit difficult o build for those not well versed in antenna design and construction. Your best choice is a
dipole with a reflector.

For those who wish for a practical design that can be built and put to use the following is a basic dipole antenna
which can be constructed from common hardware store llems. Il uses 1/2 Inch copper water pipe and fittings
along with aluminum tubing. A half inch plastic threaded T is used with a copper jl?. if)ch lnr_eac?ed o 1/2 inch
slip adapters al all three points. An aluminum tube 9/16 of inch or so in diameler will fit into this slip adapler and
is attached wilh two #6 self tapping sheet metal screws. This tubing is 20 inches long. Anacther piece of



aluminum tubing 15 inches long with a diameler small enough to slip inside the other tubing is used as the
adjustable luning element. Four slots 90 degrees apart and 1 1/2 inches long are cul inlo in one end of the
larger tubing. A small diameter hose clamp is slipped over that end. With the smaller hsbiing inserfed inside the
hose clamp is tightened to hold it in place. This is repeated for the second element. A copper half inch thread
to slip adapter is soldered to one end of a 36 inch plece of 1/2 inchcopper tubing which is the supporl am for
the dipole. A copper T is soldered to the other end. Then, two 3 inch pieces of 1/2 inch copper lubing are
soldered to the T fitting. This allows easy clamping to a mast. A solder lug is attached lo each element using
one of the sell tapping screws holding the elements to the slip fitlings. Your coaxial cable will be attached to
these solder lugs, Center conduclor lo one, braid or shield to the other, You can get a fittle fancier and make
an aluminum bracket 1o hold an S0239 sockel and altach this fo the T connector. ¢

Once you have it all put logether as shown in the diagram it is time to tune it. Adjust the element lengths to the
1/4 wave lenglh you arrived al with the above formula. Tighlen the clamps so the tuning stubs can barely slide
back and forlh. Mark each stub where it enters the larger tubing. Using either hose clamps or U clamps altach
the antenna 16 the end of a mas! plece 10 feet long. The element to whicti the braid or shield of the coax is

attached must be pointing down Support the mast so that it stands straight up with the antenna al the top. It is
best to do this oulside. .

Set up your transmilter and connecl an SWR/Power meler between the transmilter and the antenna. Adjust
your meter to read SWR according lo the directions that came with it. SWR is the ralio of power coming from
the transmilter and the power reflected back from the antenna. A properly luned anlenna will reflect very little
power back, resulling in a very low SWR ratio. Too much reflected power can damage the transmitter.

Turn on the transmitter and observe the SWR or amount of reflected power. Shut the transmitter off if the level
is very high and check your conneclions. Rough tuning the antenna by measurements should have brought the
readings down 10 a fairly low level. Turn off the transmilter and adjus! each tubing stub up or down about 1/4 of
an inch. Turn the transmitler back on and note the readings. If the reflected power and SWR ratio went lower
you went the right direction in either increasing or decreasing the length of the stubs. Tum off the transmitter
and conlinue another 1/4 inch in the same direction or the opposile direction if the SWR ratio and reflecled
power increased. Turn the transmitter on again. If the reading is lower continue to go in the same direction in
1/4 inch increments being sure to turn off the transmitier to make the adjustments. Continue fo do this cycle

unlil you have reached the lowes! possible reading. At some point the readings will starl to Increase again.
Stop there.

You can do this with two dipoles as menlioned earlier in this section. Each dipole is tuned by itsell and then
both are connected with a phasing harness when mounted to the mast section.

CONNECTORS AND CABLE

Radio frequency cables are referred lo as coax as a generic term. Il is short for coaxial. A coaxial cable
consists of an inner conductor inside an insulaling core. This is surrounded on the outside by a melal braid or
foil, called the shield, This shield is in tum covered by an insulaling jackel of plaslic material. Coaxial cables are

specified in terms of impedance which for most micropower broadcasting purposes is 50 ohms except for dipole
phasing harnesses.

In the 50 ohm calegory lhere are a number of choices when selecting coaxial cable. The most important
characteristic of coax is its level of signal attenuation. This depends on the lenglth of the cable and its particular
frequency response, RG58 coaxial cable has a high degree of attenuation and should only be used for short
connections. RGBX or mini 8 works well for lengths under 50 feet and is suited for portable and mobile set ups
since it is rather flexible. RGB and its higher performance cousins such as 213 and Belden 9913 are the best for
fixed Installations. Belden 9913 has the lowesl loss for any given length as compared to other variations of
RG8. In fact, it has a loss figure at 100 MHz that compares well with commercial broadcast hard-ine coax. Itis
rather stiff cable and must be installed correclly. .

Coaxial cables do not take rough Irealment very well, especially 9913. They must be carefully rolled up by
hand, not wrapped between palm of hand and elbow like a rope. Kinks are to be avoided at all costs. When

rouling a cable keep the bends from being sharp and keep it away from circumstances where it can be pinched
or slammed.

Three types of connectors are in general use - BNC, PL259 and N. Most micropower broadcasting equipment
uses PL259 and its mating socket known as the SO239. Any connector will introduce some small degree of
signal loss. N connectors are used where high performance and reliability are of most importance.

STUDIO SET UP

A typical broadcast studio consists of an audio mixer (DJ style works best), one or more CD players, one
or more cassetie tape decks, a tumiable or two, several , and a compressor/flimiter. Optional items
can include a cart machine and a phone patch.

Reasonable quality mixers start at $200 and go up In price from there. DJ styles are best since they
have a large number of inpuls available and support lurntables without the need of external phono preamps.
Any mixer you select should have leasl 2 or more microphone Input channels. These should be low impedance
inputs. Other fealures to look for include high visibility VU (level) meters, slide faders for each channel,
swilchable inputs for each channel, stereo or mono selection for the output signal, and an auxliiary output for an
air check lape deck.

CD players and tape decks can be your average higher quality consumer audio gear. Day in and day out
usage will eventually take their toll so pay for the extra warranly period when it is offered. When one wears out
in 6 months or so just take it back under warranty for either repair or replacement.

diameter. Regardless of the type, all such cables exhibit a loss that increases with frequency of operation and
the length of the cable. For most purposes we will concern ourselves with RG213 and RGBx (mini version of
RGB8). In very short runs RG58 can be used, but we prefer RGBx due to its lower loss and ability to stand a bit
more abuse. RG213 has the lowest loss of the group. Under no circumstances should the cables be twisted,

kinked or crushed, this will cause major problems. We supply both RGBX and RG213 in the following lengths.
Each end is terminated with a PL259 plug.

RGBX: 25 feet - $15, 50 feet - $25, 75 feet- $35, 100 feel - $40
RG213: $00.75 ft in 25, 50, 75 and 100 ft lengths (custom lengths - $1.00 ft)

ENCLOSURES

BOX7

7 x 7 aluminum chassis punched and drilled for % watt PLL transmitter
with or without the 6 watt amp - $25

Tha Brick Enclosure

15 c\::u siz:‘:jd 5f.r 20-40 walt size -$60. 75 walt size - $75, 150 walt size - $95. Combined heat sink and
enclosure e from extruded aluminum. Will support a % walt PLL on a slide-in i i
15, 40, 75 or 150 watt amplifiers. s 2 i S 1 BN

Rack Enclosure - $75

Will work for a 1 watt with or without stereo generator, 1 watt PLL & 6 watt amp with or without stereo
goneralor, 1 watt PLL and 15 watt amp with or without stereo generator. Please specify which combination.

- Compact switching power supply for internal mounting - $50.

LIMITERS L]

A limiter is required to prevent over modulalion of the FM signal. Over modulation will cause spurious
emissions and interference with other signals plus sound very distorted. It is extremely important to prevent
this.

Alesls Nanocompressor - $125

C-omapct compressor limiter with good performance
Berhringer Autocom Limiter/Compressor - $195.00.
Professional audio limiter/compressor with lots of features.

MIXERS & MICROPHONES

We offer the entire Behringer and & Samson audio line including mixers.
Please inquire for catalog and pricing. Prices start at $175.

Basic 4 channel mono mixer kit - $45 -

i channels for mono
An introduct: tevel mixer kit that has two channels setfor hi-z microphones and 2
line level swqrtr:yel. Will operate on two 9 volt batteries. Two mixer circult board can be ganged for 8
channels. .

Optionalhdvua;\dhudmmardklt-ﬁswlmnordrwnmmkk-sa’:

Samson Mixpad 4 - $175

i i with one stereo
A good choice for portable and field operations. It features two XLR low impedance Inpuls
hgul for a CD player or tape unit. Power source is either AC or 9 volt batteries.

Pyramid PM4001 DJ Mixer - $165
Entry level DJ mixer with 1 XLR microphone input and 8 line level inputs including 2 phono.

Pyramid PM8200 DJ Mixer - $225
Pyramid's better quality mixer with 2 XLR microphone inputs and 3 tumtable inputs plus 6 line level inputs.



Slim Jim - $20

50239 connector and clamps. Works very well for urban areas where a powerful horizontal pattem Is needed.
If used at too great of height, an area surrounding the antenna will be skipped over due to its low angle of
radiation. Even at a height of only about 12 feet mounted on a traffic sign pole this antenna was able send a 5
watt signal 2-3 miles. Requires soldering of copper pipe. Can be placed inside a 6" piece of black plastic pipe
for concealment, Provides a gain of 2-3,

Dipole - $35 .
Easy and quick design. Includes the aluminum antenna elements.

POWER SUPPLIES

Unless you are planning on operating from a 12 volt lead acid battery or from the lighter socket in a vehicle you

will need an AC operated DC power supply. Wall adapter units cannot be used. We have the following units
available. Small switching type supplies for mounting inside the enclosure are available as well, see the no-
tune PLL section. 2 amp 12 volt switcher - $30, 3 amp 24-28 voll switcher $40.

PS-3-2.5 Amp 13.8 V DC power supply - $40

PLL with a 6 watt Use this to power either the % watt PLL transmitter or
a Y% watt amp‘liﬂar

PS-7 - 6 Amp 13.8 V DC power - $50

Use this to power the the 15 watt amplifiers.

PS-14-12 Amp 13.8 V DC power supply - $80

‘Use this to power the 40 watt amplifier The above are Pyramid brand power supplies, We have higher quality
Astron 13.8 volt DC power supplies available as well,

Astron 28-10 - 10 Amp 28 V DC power supply - $150

Use this to power a 75 watt amplifier

Asltron 28-15 - 15 Amp 28 V DC power supply - $225

Use this to power a 150 watt amplifier

Switching 13.8 V 12 amp DC power supply - $125

A very compact lightweight power supply that is % of the weight of the PS-14. Ideal for overseas shipments.

METERS

Power & SWR Meters

These are essential to the proper tuning and setting up of both transmitters and antennas. An antenna has to
be fine tuned so that it accepts the full power of the transmitter and reflects the lowest amount possible back,

that ratio of forward power to reflected power is known as the standing wave ratio (SWR). The various stages
of both transmitters and amplifiers have adjustable capacitors which are used o tune the unit to the frequency
of operation. A power meter allows you to see the effect of these adjustments on the power level and to set
everything at an optimum level,

Economy Power/SWR meter - $35
A compact in-line unit that works up to a frequency range of 150 MHz.
Dalwa Meters - Model CN-101 - $100 / 100 Model CNBO1H - $140

Dual cross needle meters that shows both forward and reflected power on the same meter face. Ma'l'(:a tuning
up very easy, no need to switch back and forth between these two functions. The model CNBO1H has a large
meter face that is very easy to read, .

FREQUENCY COUNTER - $80

To accurately maintain your operating frequency a digital frequency counter Is highly recommended. This unit
is 8 6 digit unit usable to 350 MHz.

COAXIAL CABLES

A coaxial cable is a special type of wiring that has an inner conductor surrounded by an insulating plastic
sheath which is covered by a braid of copper wire that Is then covered by a plastic Jacket. The 75 ohm video

cable used in home TV applications is one type of coaxlal cable, For most RF purposes, 50 ohm cable is used.

Quite a number of 50 ohm coaxlal cables are available ranging from the rather small to cables over 1" in

DJ style turntables are the best choice for playing vinyl. Cheaper units just will not stand up lo the wear
and tear of daily usage. Select a heavy duty stylus as well,

Microphones should be fairy good quality vocal types. They can be either directional or omnidirectional.
Directional microphones will pick up less amblent noise bul need to be on axis with the person's mouth for best
pick up. Since some folks do not pay attention 10 where the microphone is in relation to their mouth, an
omnidirectional might be considered a better choice if this is the case. A distance of about 4 inches should be
maintained between the microphone and mouth, Place a wind screen foam piece over each microphone. Some
microphones have built-in shock and vibration isolation to keep bumps to the microphone from being audible. It
Is a good idea to use some sort of isolated holder for the DJ microphone. An old swing arm lamp can be
adapted to hold a microphone.

For programmers who do a lot of reading on material on the alr a headphone microphone Is something lo
consider since it will maintain a uniform distance from mouth to microphone no matter where the head moves to,
One drawback is that they tend to be a bit fragile in rough hands. .

Headphones are essentlal for monitoring and curing up pmgram'ma:erial. You can either opt for high
quality rugged units that are a bit costly or plan on replacing an inexpensive set every few months.

A limiter/compressor is an essential part of the audio chain. Il is used lo keep the audio signal from
exceeding a preset level. Without this the transmitter will be overmodulated resulting in signal splatier and
distortion. Signal splalter will cause interference with adjacent stallons and distortion will send your listeners
elsewhere.

Common to most limiter/compressors are a set of controls - input level, outpul level, ratio, threshold,
altack and decay. To properly set up the mixer, limiter/compressor and Iransmitter you start with a steady audio
source (a signal generaltor plugged into the board or a test tone CD, tape or record). You adjust the input level
and master outpul level controls so that the meters are reading zero dB8, Master level should be at mid position.
Audio output goes from the mixer to the limiter/compressor and from there 1o the transmitter. Do nol turn the
transmitter on al this time,

Most limiter/compressors have Indicator lights or meters to show how much gain reduction Is being
applied and the output level. Set the ratio control to the infinity setting, this enables hard limit function. Attack
and decay can be sel around mid position. Adjust the threshold and the input level until the gain reduction
shows activity. Adjust the output level so that the indicalor lights or meters show a 0 dB output level,

Turn the level input on the transmitter all the way down and power up the transmitter. Monilor the signal
on good quality radio. Slowly turn the level control until you can hear the test tone. Compare the signal level to
that of ather stations. Your level should be slightly less since most other operations are using quite a bit of
audio processing on their signal. You may have lo make fine adjustments to the limiter/compressor lo get things
exactly right,

When everything Is set up correctly any audio signals that exceed 0 dB on the board will be kept at that
level by the compressorflimiter. You will need to listen carefully to the signal to make sure when a "hot* audio
source exceeds this that the transmilted signal keeps an even level and does not distort or splatter. There will
be some interplay between the output level and the threshold setting. Nor do you want a signal that is too low in
level either since that will produce a weak sounding broadcast.

A very important consideration is lo keep as much distance between the studio gear and the transmitter
as possible. RF (radio frequency signals) will find their way into audio equipment and produce a hum or other
types of noise. You can separate the two areas by using a low impedance cable between the limiter/compressor
and the transmitier. This can be a long microphone cable with XLR conneclors or a made up shielded 2
conductor cable with XLR connectors. You can have about 150 feet of cable maximum. A high impedance to
low impedance transformer will be needed at one end or both depending on whether the limiter/compressor and
transmitter have low or high impedance connections, These transformers usually have an XLR female
connector on the low impedance side and a 1/4” phone plug on the high impedance side. If your transmitter has
an RCA style input you will need the proper adapter to go from 1/4" phone plug to RCA plug.

Your studio should be arranged to provide easy access lo all controls and equipment wllh~ plenry of table
space. An L or horseshoe shape works well for the studio bench. An open area within the sight line of the
operalor should be provided so there will be a place for extra microphones and guests.

FINAL WORD ; -

Although it seems like there Is a lot to deal with In setting up a micropower station, it can be broken down
Into three areas- studio, transmitter and antenna, It should not be difficull to find someone with studio set-up
experience to help with the project. Transmitters, particularly their construction and tuning, should be left 1o an
experienced person. If such a person is nol available there are a number of people who will assemble, lest and
lune your transmitler for whalever fee they have sel. Slick to a commercial, easy to tune antenna such as the
Comet if your skills are minimal. These can be purchased pre-tuned for an additional fee from FRB8 and L. D.
Brewer. Itis best to put most of the energy into organizing and setting up the station.

Experlence ﬁas shown that once the technical operation is in place and running, it will require very litgle in
the way of intervention except for routine maintenance (cleaning tape heads, dusting, etc.) and occasional
replacement of a tape or CD player.
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pmoe FC(e: in th: radio stall_on. The more diverse and greater number of voices the better. Il is much easier for
1o shut down a “"one man band" operalion than something serving an entire community. Our focus is

on empowering comi z
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Before you commit to your first broadcast it would be advisable to have an attomey available who Is

sympathetic lo the cause. Even though they may not be familiar with this aspect of
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FM Brpadcast Kits & Accessories
From Free Radio Berkeley

First, a word from our legal department:

For educational purposes only. These kits are offered for the furtheran: '

2 ce of one's knowled rdi
frequency design and principles. Al all times during operation the assembled unit must be g;x;ndnlg ;adk:
dummy load. Part 73 of the FCC rules prohibits the unlicensed operation of these transmitters when connected

to an antenna. All it i
Soeialin: responsibilities for the ultimate use of these kits are bom solely by the builder and/or

All kits are complete and come with professlonally manufactured, drilled and tinned P!

pre-wound. Each unit, unless specified, requires 12-14 volts for |:;mpu operation. Fuu%?m ::J!a -
diagran:la included. Required tools Include a 25-30 watt soldering iron with a fine tip, diagonal cutters, needle
nose pliers, assorted screwdrivers and other small hand tools. Full assembly diagrams and Inslrudlo;'ls are
included with each kit. Antenna construction diagrams are provided with each transmitter or amplifier order.

Certain kits are designed to work with each other. The 15, and 40 i

. o wall amplifiers are designed to be driven to
full power with about '4-1 watt of input power, hence they work very well with the % watt PLL transmitter. If you
wish to only boost a % watt signal to 5-7 walts then choose the 6 watt amplifier kit. An amplifier only increases
the output power of a given inpul signal, it can not produce an FM signal whereas a transmitter or an exciter
creates the FM signal at a suitable power level for possible further ampiification by an RF amplifier.

TRANSMITTERS - EXCITERS

1 Watt Easy Tune PLL Transmitter/Exciter - $115

Our newest PLL kit design. Using wideband monolithic components from Mini (

; circults, this PLL covers the
entire broat?cast band by setting the 10 position dip switch. Only two tuning points to peak the power. This kit
comes partially amrpblad with the surface mount components soldered on. It is available fully assembled for
:193‘.;5:0359 :c:‘ :hls is a mono transmitter and requires an extemal stereo generator for stereo broadcast
app ons. Au nput is high impedance, line level. The RF output transistor is
lighter duty type found in most comparable kits. 9 PR S 3. i

AMPLIFIERS

% to 1 watt Amplifier - $35 :

% to 1 watt output for an Input power of 10 mw. Great for boosting lower power VFOs and low power Ramsey
FM-10 type kits. Very compact size, 3 % X 1 % Inches. An optional transistor can be substituted to take the
power up to 1 ¥% watts, add $5 for this option.

6 watt Broadband RF Amplifier - $40

Uses a rugged 6 walt transistor. It Is designed to boost % to 1 walt transmitters to a bit higher output power,
producing up 1o 8 watts of output power. A very small and compact clrcuit measuring 3 x 1 % inches. Easy,
quick assembly with no tuning needed. Requires 12-14 volts DC at % to 1 amp for operatlon.

15 watt RF Amplifier - $65
Uses a very high gain (14dB, power gain of at least 25X) RF transistor to boost a % watt inpul to 15 walts.

Measures 2 % by 5 inches and fits Info a 6 Inch brick enclosure (available punched and drilled).Includes heat
sink_ Easy, point to point surface mount assembly. Requires 12-14 volts at 2 amps for operation.

30-40 Watt Amplifier - $110

30 1o 40 watts of output power for an input of % watt. This is a two

stage unit with a 5 watt and a 40 watt amplifier on the same board. Easy,
large surface mount type assembly. Works very well with the % watt PLL
transmitter. Requires 7 amps at 12-14 volts DC

75 Watt Power FET Amplifier $175 - 100 Watt FET AMP - $210
Uses a high power FET. The 75 watt requires 1-1 % walts to drive it to full power and the 100 needs 5 walts of
drive. Requires a 6-7 amp 24-28 volt DC power supply.

FILTERS

It is absolutely imperative lo use a filter to prevent interference from harmanics generated by the transmitter.
Both these filters are low pass types which start to attenuate the signal at 108-110 MHz or so. Not using a filter
will create problems and give the FCC ammunition to use against us.

7 Element Output Fitter Kit - $15.00

A seven element low pass filter, composed of 4 coils and 3 capacitors, to
fiatten those harmonics. This one works well with the 6 watt and 15 watt
amplifiers. Enclosure is $12.00

9 Element Heavy Duty Filer Kit - $30.00

A nine element low pass filter which will handle power lavels to at least
100 watts. Use this filter with the 30 or 40 watt amplifiers. Enclosure is
$15.00

DUMMY LOADS

Always use a dummy load when testing and tuning transmitters and amplifiers. A dummy load is a non-
inductive resistive load which simulates an ideal antenna impedance of 50 ochms. Never use an antenna for
testing and tuning transmitters.

20 Watt Dummy Load Kit - $15.00

Essential for tuning up and testing transmitters and amplifiers. Will handle 20 watts without any strain, higher
powers for a briefer period of time. Presents a 50 ohm impedance. to the transmitter.

50 Watt Dummy Load - $40 500 Watt Dummy Load $75
Fully assembled commercial units. The 50 watt is a small bench unit while the 500 watt load Is a “can antenna’
style with thae resistive element suspended in a bath of mineral oil in a one gallon can.

ANTENNAS

An FM broadcast station’s signal strength is extremely dependent on having a properly tuned and positioned
antenna. Tuning an antenna requires changing the length of one of more elements and/or the cable
attachment point. An SWR meter is needed to properly tune the antenna.

Comet Antenna - $125.00

A commercially made antenna for the FM broadcast band. It is a 5/8 ground plane design that assembles
quickly and easily. It tunes by sliding the inner element up and down. Has a gain of 2.

ANTENNA KITS

Some are partial kits, just go to your local plumbing supply or hardware store for the copper pipe and/or wire
needed for completion. Full construction diagrams and instructions included.

J-Pole - §45
Works very well for urban areas. Very easy assembly. No soldering of copper pipe required for assembly. Can
be adjusted for operation over the entire FM band. Includes the aluminum antenna elements.



