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It has been pretty well publicized lately
that the growth of amateur radio is slipping
badly. The total number of hams is not
keeping pace with the overall population.
In addition, the average age of the ham is
increasing while the average age in the coun-
try is on the decline.

Although some parties theorize that this
decrease is a direct result ot the incentive
licensing proposal, license fees or some other
controversy, a closer look will reveal that our
decrease in numbers actually started several
years beftore incentive licensing was even
mentioned. Interestingly enough, the first
decline closely ftollowed the FCC's announce-
ment of the 27 MHz citizens’ band in 1959.
Since then we haven't been able to hold our
OW.

Youngsters used to join ham radio in
droves—now theyre going to CB. In many
high schools it's not unusual for the CB club
to outnumber the ham club by fifty to one!
It's not hard to explain either. Look at how
much easier it is to get a Class D Citizens
License—no code and no theory. This state
of affairs is not only detrimental to the fu-
ture of ham radio, it seriously effects the
critical shortage of electronics technicians.

The shortage is so critical in some areas
that firms are scouting for technicians in
other parts of the country. This was unheard

2

of a few years ago. The federal government
has tried to curb the shortage of technical
people in part by providing financial aid to
electronics programs at technical schools and
colleges. You can appreciate their concern
when vou realize that the demand for skilled
technicians in our highly technological so-
ciety is increasing every year.

Thirty years ago the majority of radio tech-
nicians was introduced to electronies through
amateur radio. This is not true now, nor is
it apt to be again in the future—electronics
is too diversified. However, it we can inter-
est more voungsters in amateur radio, we
will not only offer them an interesting hobby,
we will introduce them to the fascinating
world of electronics. Some of them are sure
to pursue careers in this field.

I'm sure that most hams will agree that
the toughest part about amateur radio is
getting started. If vou don’t live in or near
a big city, you aren’t even exposed to ham
magazines. Your public library doesnt have
much to offer either. In fact, there is prob-
ably a pretty good chance that there isnt
even an active amateur in vour town. How
then, can you be interested in a subject
that youre not even exposed to?

If a youngster surmounts these obstacles,
locates a local amateur and goes to a meet-
ing of the local radio club, all he meets is
indifference. Not always, but usually. Even
if he isn't greeted by indifference, he has
to sit through a two-hour business meeting
before they bring on the star attraction. If
he ever comes back after this experience, he
has more fortitude than most teenagers. He
is more likely to join the local CB group
where he can get on the air right away.

To encourage new hams, we have to ex-
pose more people to our hobby. At the pres-
ent rate, in another twenty years ham radio
will be all but extinct. In the days of wire-
less, the big attraction was the uniqueness
of sending messages through the ether—even
if it was from one end of the block to the
other. And when you made it, everybody
in town heard about it. In this age of trans-
oceanic television, the fascination of radio
is somewhat limited. To get in the public
eye you have to do something new and
unique—be newsworthy. The only time we
get in the newspapers today is when we
provide communications during an emer-
gency. We arent going to attract many new
hams if we must depend on natural disasters
to get in the public eye. (Turn to page 116)
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ROHN.

Tall in the tower field

ROHN towers have distinct ad-
vantages . . . not inherent in
other towers manufactured for
the same purpose . . . CATV,
microwave, communications,
broadcast, home TV or amateur
use.

Unusual Strength ¢ Remarkable
Durability e Complete Versatility

e Qutstanding Service e Functional
Design e Attractive appearance

These advantages are the result
of computer — assisted engi-
neering and design, modern
manufacturing techniques and a
continual search for methods to
raise ROHN standards.

In addition, ROHN warehouses
complete lines of towers, light-
ing, microwave reflectors and
accessories and provides com-
plete turnkey tower erection
service throughout the world.

Representation and Distribution
Worldwide

ROHN.

Home Office
P.0. Box 2000, Peoria, lllinois 61601
Ph. 309/637-8416 TWX 309,/697-1488

de W2NSD|]

Don Miller Hassel

never say die

It is reported that well over half of the
latest ARRL board of directors meeting was
taken with clearing up the Don Miller has-
sel. Since this matter has been obscured by
much misleading information, perhaps we
should take the time to look at it and bring
out all the facts. Here’s what happened.

The entire DX world was shocked to its
core when on February 20th the ARRL
Awards Committee published an announce-
ment that Don Miller WOWNV had been
suspended from DXCC and that many of
his recent DXpedition stops would not count
for ARRL DXCC. This announcement was
sent to the League directors and assistants,
to all TARU societies worldwide, to DX clubs
worldwide, to all DX bulletin editors and to
the DXCC honor roll. Don’s reputation
worldwide looked to be completely ruined
by the claims of impropriety and outright
cheating made in the announcement.

Don, who had wind of this, had talked
with John Huntoon just two days before it
was issued by overseas phone from Mombasa,
asking him to hold up until he could fur-
nish documents to answer all ARRL allega-
tions. Don was not given the courtesy of
facing his accusers with the proof which he
had in hand.

The ARRL announcement was ten pages
long, filled mostly with generalities. Specifi-
cally they claimed that Don was guilty of
poor sportsmanship, issuing QSL’s for con-
tacts which never took place to amateurs who
had made substantial donations, and even
avoiding contacts with leading DXers who
had not sent contributions. Don was further
accused of misrepresenting certain foreign
consulate activities to the award committee,
resulting in a decision which later had
to be reversed (HC8E and TI9C). Further,
the committee claimed that Don’s Navassa
Island expedition damaged the prestige of

amateur radio in government circles and thus
the K1IIMP/KC4 trip must be disqualified.

(Turn to page 112)
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To guarantee
you'll get the gear you

ask for ... Waters announces

a new policy . ..

We have been concerned for quite some while at Waters over
the inability of many hams fo find our products readily avail-
able in the general market. Many letters of complaint attest to
this.

The amateur radio picture has changed greatly in recent years.
Ham shacks simply ain't what they were! And neither are the
old time, full-service amateur dealers. Many have fallen by the
wayside. Many more have switched their major efforts to CB,
TV, appliances and the like with ham radio relegated to some-
what scanty stocks on hand. Modern, full-service dealers are
relatively few in numbers today and are located almost without
exception in the larger metropolitan areas.

So we had to conclude that if we were to provide the amateur
operator with service and good products, we must also provide
easy access to this service and our products. A major change
in our marketing set-up was necessary,

As of July, 1967, Waters products may be purchased in the
United States through 9 reputable dealers. Orders may also be
placed directly with the factory. Each of these dealers will
maintain complete stocks of ALL Waters products at ALL times.

If you reside within the area of a dealership, you should order
from that dealer. If you live outside of dealer areas, you may
order directly from Waters using our catalog and order forms.
Instaliment credit may be arranged.

With this new system, Waters products are as near as your
mailbox. You will no longer be subjected to Brand X switching
and the fast sell! Your QSL card or a postcard will bring our
new catalog by return mail.

BOB WATERS WI1PRI

WATERS

AV, MANUFACTURING INC.

AUTHORIZED
WATERS DEALERS

AMRAD SUPPLY, Inc.

San Francisco, California
AMATEUR ELECTRONIC SUPPLY
Milwaukee, Wisconsin
Chicago, lllinois
Orlando, Florida
ARROW ELECTRONICS, Inc.
Farmingdale, L.1., New York
Mineola, L.I. New York
Norwalk, Connecticut

HARRISON RADIO CORPORATION

New York, New York
Long Island, New York
HENRY RADIO, Inc.

Los Angeles, California
Anaheim, California
Butler, Missouri
Phoenix, Arizona

STERLING ELECTRONIC SUPPLY
New Orleans, Louisiana

UNCLE GEORGE'S HAM SHACK

Wheaton, Maryland
ELECTRONICS CENTER, Inc.

Dallas, Texas
WORLD RADIO LABS, Inc.

Council Bluffs, lowa

CANADA

M. J. HOWARD CO., Ltd.

Ottawa, Canada

WAYLAND, MASSACHUSETTS
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George Cousins 3CITG
Box 18, RR 2
Lower Sackville, Nova Scotia, Canada

North of the Border

The story of amateur radio in Canada.

On January lst 1967 the ears of the ama-
teur world were somewhat startled by the
appearance of a whole series of strange-
sounding calls beginning with the prefixes
3B or 3C, and for a few days we in Canada
spent almost as much time making explana-
tions as we did in actual QSO’s. The reason,
of course, was the advent of our Centennial
Year, and as part of a whole series of cele-
brations we were given the privilege of
changing from our normal VE and VO calls
to the new prefixes selected from the list of
internationally assigned call letters. Thus
VO1 became 3B1, VE1 became 3CI1, etc.,
and this state of affairs will continue
throughout 1967. This might be a good
place to point out that these new prefixes
are not obligatory; those of us who would
prefer to carry on with the normal VE or
VO call may do so, so you will find quite
a mixture of calls from up this way during
the year.

Because of this call-sign business and the
other celebrations we have planned, no doubt
we'll be getting a lot of ham visitors during
the months ahead, so perhaps you would
like to know a little about our ham radio
structure. A few vyears ago I spent over
a year in California—very enjoyably I might
add—and regularly attended meetings at
a local radio club. I found that whenever 1
announced my call T was greeted with rather
surprised looks, and one night T even had
one chap ask me just how radio conditions
were in Australial All of which makes me
believe a little information about Canada

6

would be helpful.

Since were such close neighbors, it's only
natural to compare our set-up here with that
of the United States, and the first big dif-
ference is in the number of amateur licence
classes in Canada. We have only two—Ama-
teur Radio Operator and Advanced Amateur
Radio Operator—with nothing similar to the
Novice or Technician classes. Our regulatory
body is the department of Transport (DOT),
whose telecommunications branch maintains
offices in major centers across the country.
Like the FCC, these are the gentlemen who
conduct our examinations, issue our personal
and station certificates and monitor our
activities. Our rules of conduct are contained
in the General Radio Regulations of the
Radio Act, which among other things tells
us the frequency allocations and modes of
transmission which we may use. Depending
upon the class of licence held, we may or
may not use all the available frequencies or
modes, but more about this in a moment.

When a chap in Canada gets the urge to
become a ham, his best bet is to drop a
line to the nearest DOT office and get a
copy of the Syllabus of Examination which
gives all the details and outlines the proper
procedure. Since we must all crawl before
we can walk, the first step is the straight
amateur licence, and for this a number of
preparations are necessary. Our lad must be
a British subject, or, he must be a Landed
Immigrant for not more than six years, in
which case his application must be approved
by the Minister of Transport. He must also

73 MAGAZINE



be at least 15 years old, so you won't (or
shouldn’t) find any real young fellows on the
airways up here. There’s no upper limit of
course, and the inspectors are also very
sympathetic towards those with physical lim-
itations. The “really big” step, which is an
absolute must, is the learning of the Inter-
national Morse code. At the time of his
examination our budding ham has to send
and receive code at not less than 10 words
per minute for three consecutive minutes in
each case, and consisting of plain language,
figures, punctuation marks, and possibly some
Q-signals and distress signals. Since this is
the first part of the exam, and because he
must pass this test or discontinue the exam
immediately, it’'s best to be capable of close
to 15 w.p.m. before making the attempt.
I'm sure we all remember our moments of
uneasiness when we sat down at the table
and everything seemed to go completely
blank just at the wrong time! Inspectors are
human too, and a kind word and few minutes
of warm-up practice at the key have saved
many of us from beating a too-hasty
retreat.

Having negotiated the code test, the
world seems a little brighter, and our lad
now must face an oral exam and answer
questions on operating procedures, adjust-
ment of his equipment, and such highly
practical things as the elimination of key
clicks, BCI and TVI. He will also have to
know his frequency allocations.

Whether an oral or written exam is eas-
ier makes little difference, since he now has
to sit down and write a paper on the funda-
mental theory of electricity, radio and opera-
tion of ham equipment in general. He also
has to prove his knowledge of Canadian
regulations regarding amateur stations as
well as international regulations and pro-
cedures.

One might think he would be finished by
now, but he still hasn’'t shown that he could
recognize a tube from a toothbrush, so he
must now draw a series of diagrams of
simple equipment: an amateur type trans-
mitter and superhet receiver, some form of
frequency meter, an overmodulation indica-
tor, a wave-trap, a key-click filter and
finally, a power supply operating on ac and
using full wave rectification and filter. The
inspector has the option of asking questions
about specific components on the diagrams,
so our boy should have a pretty good idea
of just what the resistors and capacitors

JULY 1967

are aclually there for.

He must make 100% on his code tests to
pass, but he can get by with 75% on the oral
and written exams and 50% on each of his
diagrams. Still, by the time he’s finished
he can use a breather.

If he has failed, he can come back and
try again, usually at three month intervals,
but let’'s assume he was a good fellow and
came through with flying colors. His certi-
ficate and his station licence will be along
in a short while, complete with the all-
important call sign. The frequency alloca-
tions for this class are basically CW only
for all bands from 30 MHz down, and either
CW or phone on the bands above 10 meters.
The actual frequencies are almost identical
to yours in the USA, and even though we
are permitted to operate on CW over the
whole band we try to stay within the general-
ly accepted CW “portions” and not come
galloping up through the SSB and AM sta-
tions. For instance, I think it will be a very
rare day that youll find a bunch of VE or
3C stations ecalling CQ or running
CW QSO’s up above 14,200—or even above
14.100 for that matter—and the only reason I
single out this band for particular mention is
because of the steady increase in the CW in-
vasion of the 14.1 to 14.2 foreign phone
allocation. Let’s think a little more about
the “gentlemen’s agreement’!

Now that our friend can call himself a
real ham, he is free to operate to his heart’s
content on CW (or VHF phone if he wishes),
and after six months, his diligence can be
rewarded by the endorsing of his station
licence to permit phone operation on 10
meters. No exam is necessary for this, but
he must prove that he has actually been
operating his rig on CW for these six months.
While ten meters was dead and almost for-
gotten this might not seem of much con-
sequence, but there have been many cases
where hams have gotten this 10 meter en-
dorsement and just never got around to going
any further. Of course this can be pretty
restricting, but just as a VHF man can go
along for years without even thinking about
the lower bands, a confirmed 10 meter man
can spend the same number of years watch-
ing the sunspot cycles come and go.

However, our friend has more ambition
than this, so even though he has some phone
privileges he keeps on improving his CW
speed, learning more about procedure, and
doing some study on the technical end of

7
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radio, He should work diligently because
after he has been on the air one full year
he is eligible to write his second exam. If
he is successful he will receive his Advanced
Amateur licence and full phone privileges.
At the advanced exam he must sit down at
the table again and pass his code test at
15 w.p.m.; again he must achieve 100%
copy for three consecutive minutes. After this
comes a written test on advanced radio theory
and equipment operation, with special em-
phasis on telephony, and another test on
regulations and procedure.

Although the main advantage of success-
fully passing this exam is the granting of
phone privileges on 15, 20, 40 and 75 meters,
there is a little more than this. As you
probably know, our phone allocation is
somewhat different than in the USA and
starts at 3725, 7100, 14100, 21100 and
28100 kHz. Therefore, we have the benefit
of a few more kHz to enjoy. Of course,
dont think this is all peaches and cream—
we tind ourselves competing with most of the
rest of the world on these “extra” fre-
quencies. Remember too that our bands on
80 and 40 meters, especially our lower phone
allocation, are the same as your CW alloca-
tion. We have to live together in one piece
of the spectrum and learn to like it. 1
didn't mention anything about 160 meters,
but perhaps I should at this point. Our
allocations are in four steps—1800-1825;
1875-1900; 1900-1925; and 1975-2000 kHz.
We can use both CW and phone. The big
difference lies in our geographical location.
In Newfoundland, Nova Scotia, Prince

Edward Island, New Brunswick, Quebec,

Ontario and the Districts of Keewatin and
Franklin we can operate in the segments
1800-1825 and 1875-1900 kHz. In the rest
of the country we must use the last two
segments,

Now that our new ham has received his
licence and call sign, he can start to operate
and put his efforts to good use. He is allowed
a maximum dc¢ input to the final of 1000
watts except on 160 meters, where he can
run 375 watts during the day and 150 watts
at night., The transmitter must be equivalent
in stability to crystal control on any fre-
quency below 220 MHz with sidebands not
exceeding plus or minus 300 Hz. He may
use any language during his QSO’s, but
must sign on and off in either English or
French. If he wishes, he can allow another
licenced ham to operate his station and a
third party may speak over the transmitter

8

providing the licencee is present and retains
physical control of the station. We have a
“forbidden” list of countries, which in gen-
eral is slightly greater in number than in
the USA and we have similar arrangements
in regards to third party tratfic. At the
moment we can run third party tratfic be-
tween Canada and the USA, Venezuela, Cos-
ta Rica, Honduras, Mexico, Chile, El Salva-
dor, Bolivia and Peru. Our basic station li-
cence also allows operation of one portable
station and one mobile unit in a car, on board
a pleasure vessel operating in Canadian terri-
torial waters and registered under the Canada
Shipping Act, or on a private aircraft. If
the ship or plane is operating ouside Cana-
dian territory limits, permission must be ob-
tained from the master of the ship or the
command pilot of the plane, and application
must be made to the DOT for special per-
mission to install and operate the station.
A seperate call sign is issued. The best
examples of this are the VEQ@ stations on
board ships, with VE@N for naval ships and
VE®M calls for civilian ships. All such marine
or airborne stations may use the normal
frequencies except no operation is permitted
on 160 meters (because of possible interfer-
ence to Loran navigation). Also, the band
7.0 to 7.3 MHz cannot be used outside of
ITU Region 2.

You can see that we have just about the
same privileges here in Canada as you have
in the States except for the extra phone
frequencies. Our station licences are only
valid for one vear and must be renewed each
spring. The fee for the licence is $2.50 per
vear, and to be truthful, I got quite a kick
out of the furor which erupted when the
FCC first proposed charging a fee for state-
side licences. We have been doing this for
yvears and years, and I doubt very much if
any of us have ever begrudged this small
amount of money for the year of enjovable
ham radio which we get in return.

How do we spend our hours in hamming?
If vou took a poll you would probably find
we have just about the same proportions of
DXers, traffic men, rag-chewers, etc. as in
any similar group. There is a possibility
that we may have more fellows using lower
power and perhaps a few more using home
made equipment, but remember, a great per-
centage of our ham gear is American-made
and imported, and you know what that
means! Take the price ot a piece of gear
in your country and add about 30% to it and
that's the price we have to pay. If this
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happens to be something like a KWM2 or
similar item you can see how much extra it
costs to put together a commercial-built sta-
tion. So, like evervone else, if we can afford
to buy, we buy; if not, we build, but either
way we manage to keep a pretty fair per-
centage of our licencees on the air.

Because of the freedom of travel between
Canada and the USA, a lot of W and K
hams visit Canada each year and during
1967 probably still more will come to see
us. With the reciprocal licencing agreement
—which has been in effect for many years—
American hams can come to Canada with
their mobile or portable gear and enjoy their
stay even more. If you would like to do
so, just drop a line to the DOT, Ottawa,
Ontario, and let them know your proposec
time of arrival and length of stay. You'l
receive the necessary forms in return and
vour path will be smooth sailing all the way.
Try to allow a couple of weeks for the paper-
work to sort itself out before vou have to
start out, and its a good idea to have a
record of your equipment serial numbers
and proof of ownership. Get hold of some
of us on the air and find out the net fre-
quencies for the province youre going to
visit as well as the operating times, and you'll
enjoy checking in with the gang as you
drive along. One note—you must hold at
least a General ticket to get in on a recip-
rocal licence arrangement.

How about our numbers and organization?
Well, we've about 12,000 licenced amateurs
at the present time with the biggest concen-
tration in Ontario and Quebec, which fol-
lows the population density. Every city and
a great many towns have some sort of local
club or association, and there are Provincial
organizations such as the Nova Scotia Ama-
teur Radio Association, Radio Society of On-
tario, etc. At the moment the only national
(or international) affiliation is with the
ARRL which has about 4000-odd members
in Canada. Canada is a vast country in
physical area with a comparativelv small
population, so it is very difficult to weld
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together a tightly-knit National group, but
were gradually working towards that end.
Already some of the preliminary work is
being done between the provincial groups
and perhaps before long we will make the
grade. In most areas there are conventions
and hamfests each vear, usually publicized
pretty well in advance and open to anyone
who wants to attend. This yvear we're also
having the ARRL National Convention in
Montreal, the first time this event has been
held outside of the USA. For the July 1st
weekend at least, we should have the chance
to meet quite a few of yvou. The same week-
end will feature the annual meeting of the
Radio Amateur du Quebec, Inc.

Before closing, I should perhaps mention
that we have a lot of very interesting awards
offered for various operating achievements.
Some like WAVE (Worked All VE) are
well known and have been around for years,
but there are quite a few more recent ones,
especially some which have been inaugurated
just for Centennial Year. In all cases, we've
tried to make them as attractive as we can,
with requirements which are tough enough
to be a challenge but not so tough as to
be impossible. In working for them you'll
meet a lot of interesting fellows, particularly
the gang in the far north. A lot of them
are on some of the most isolated outposts
in the world—weather stations and police
posts, military sites and Eskimo villages. To
them, ham radio has always been a very real
link with civilization and home.

I've been asked at times if there is such
a thing as a VE9. Yes, there is, but not on
the ham bands. These are stations which are
licenced for experimental or business pur-
poses such as university projects and com-
mercial point-to-point circuits, and there
aren t verv many of them.

This wraps up this little glimpse of ham
radio here. It's by no means as complete as
it could be, but the purpose is to enlighten
without boring you, so if yvou want to know
more, meet us on the air or come visit us

sometime. oo o VEITG
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John Janssen VE7PQ
Box 254
Comox, British Columbia

Canada

Suppressed-Carrier
Amplitude Modulator

If you've been procrastinating about getting on sideband,
why not try this simple double-sideband adapter for AM

rigs.

This rig originated one day several years
ago. VE6BT, Bill, was visiting with us and
I was explaining this idea to him. He became
enthusiastic and said, “let’s build it.” As I
was working on my scope at the time, I drew
up a diagram for the adapter designed to
work with my Ranger, rounded up some
parts, and Bill proceeded to build the thing
in the workshop. I got the scope ready about
the same time as he finished the adapter, so
we were able to check its output when we
got it hooked up to the Ranger and fed into
a 52 ohm dummy load. The patterns were
as pretty as a picture and on the air results
were so good that numerous people have
requested diagrams and information. VE6MM
is running one at about 10 watts, VEGPZ
has one on a Viking 1, and VESGH is putting
one on a I'BS-50.

Development of the suppressed-carrier
Amplitude Modulator requires the following:

1. A source of rf—the oscillator and mul-
tiplier chain in the AM rig.

2. A source of audio—an AM modulator.
3. Appropriate power supplies — con-
tained in the AM rig.

4. A balanced modulator.

The balanced modulator is the only item
that we do not already have—so we build it
as follows:

Take a look at the circuit diagram and
then gather up the necessary parts. This
model is suitable for use with rigs having a
pair of 6L6s, 6146's or equivalent in the
modulator. The parts list in Table 1 looks
impressive but the unit is very compact.

A 5" x 6” chassis will do fine. Mount the

10

coil centered near one end of the top plate.
Mount the tube sockets symmetrically across
the width of the top, leaving enough clear-
ance for the coil. Wire the unit up, keeping
leads close to the link on the tank coil, and
the rf input connector close to the grids of
the tubes. Use the extra octal socket to bring
in the two audio leads from the modulator,
filament power from the transmitter, and a
ground lead.

Now it is necessary to bring out the audio
and rf from the transmitter. Locate the leads
from the secondary of the modulation trans-
former and disconnect them from the B+
line and the line feeding the final. On the
Viking Ranger, this is simple, as it is only
necessary to pull the plug in the accessory
socket on the back. Now arrange to connect
the two modulation transformer secondary
leads to points A and B on the adapter
through the connecting cable and plug. On
the Ranger I used an extra plug that fit into
the accessory socket.

Set the adapter aside for a moment and
take the transmitter out of its case. Locate
the grid pin of the final amplifier and mount
a two terminal tie point as close as possible,
Disconnect the lead which feeds the rf drive
to the final grid and connect this lead to
one tie point. Connect the final grid to other
tie points. Run two short pieces of coax
from these tie points to two rf connectors
on the back panel of the transmitter. Ceramic
centered audio jacks are OK. Keep the coax
as short as possible. Use high impedance
coax, preferably an old car antenna lead-in,
in order to avoid adding parallel capacity.

73 MAGAZINE



Fabricate a coax jumper lead which can be
connected across the two rf connectors to
distinguish them apart, as you only use the
rf output connector with the adapter. Make
up a coax cable to reach from the rf output
jack to the rf input of the adapter.

The changes you have just made in your
transmitter would be necessary if you in-
tended to use an SSB adapter such as the
SB10, so you are now also prepared for such
an eventuality.

Now connect the adapter to the transmit-
ter and connect a dummy load to the output
of the adapter. Hook up your scope across
the dummy load, or use a VIVM if no scope
is available. The purpose is to indicate maxi-
mum output. Turn on the equipment, and
after a suitable warmup period, put the
transmitter on tune position. Adjust the trans-
mitter controls to provide the desired rf
drive. Feed an audio tone, preferably about
1000 Hz, into the mike input, either from
some form of audio oscillator, or even a cali-
brator heterodyne from your receiver. In-
crease the rf drive in steps and raise the
audio gain each time until flattopping oc-
curs. If a light bulb load is used, the point
just below maximum brightness would be
the correct point of adjustment in each case.
You will find that with a small amount of
rf drive you can only use a small amount of
audio before flattopping occurs. These
amounts increase in step with one another
until you reach a point where providing more
rf drive will not allow vou to increase the
audio before flattopping occurs. You have
now reached the maximum capability of the
tubes in the adapter, and the correct operat-
ing point is just below this point. Set rf drive
just above the point necessary to allow
reaching the maximum tube point, and then
reduce the audio drive to just below this so
that Hattopping will not occur. Now remove
the audio tone and try a bit of speech. If all
is well, remove the dummy load and connect
up to resonant antenna. You are now on sup-
pressed carrier AM. Have fun.

The temptation to use the centre tap on
the secondary of the modulation transformer,
when provided, in place of the silicon diodes,
should be rejected. We found both the audio
quality and the power output were much
improved by using the diodes rather than
the center tap.

The final tube in the transmitter is not
used. In the Ranger it is protected by a
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This simple suppressed carrier adapter may be used
with many popular AM rigs. Points 'A' and 'B' are
connected across the secondary of the modulation
transformer. Point 'C' is connected to the coaxial
cable which taps off rf excitation from the trans-
mitter.

clamp tube but in any case, you should make
sure that there is no plate or screen voltage
applied to your final if it is not protected by
clamp tubes while using the adapter.

" To go back on AM, merely connect the rf
jumper lead on the back of the transmitter,
connect the modulator transformer secondary
leads to the original connections by putting
in a jumper plug or similar means. Tune up
in the usual manner.

This adapter could be designed for any
power level. Use a pair of tubes equivalent
to those in yvour modulator, and be sure the
PIV rating of the diodes will not be exceeded
by the voltage output of the modulation
transformer. Otherwise, nothing is very criti-
cal. We have two mobile transmitters under
construction using this circuit and preliminary

tests are very encouraging.
... VE7PQ

Parts list

6L6 tubes or equivalent.

octal sockets.
500 mA, 400 PIV silicon diodes.

100K | watt resistors.
20K | watt resistors.
47K | watt resistors.

001 uF ceramic capacitors.

200 pF mica capacitors.

140-0-140 dual tuning capacitor, 1000 volt spacing.
dual BC variable.

push-pull centre linked coil (B & W Baby

Inductor type MCL, for band desired).

2 rf coax connectors.
| 5 pin socket for coil.

| 2.5 mH RFC.
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Harold S. Ramsey VE&KS
Box 365
Olds, Alberta, Canada

A Homebrew 50 Foot Tower

A tilt-over, self-supporting tower of simple construction.

Here it is—a fifty foot tower with no
guy wires. It tilts over with the weight
of your hand and fits into a foot and a
half of space. The only thing it has not
been in is a “twister’—which Canada does
not have.

First of all, you need some used steel
well casing. Two 20 foot sections four inches
in diameter; ten feet of three inch, ten feet
of two inch, and ten feet of one and a half
inch. You will also need several swedges. If
you do not know what a swedge is, and I did
not, any pipe fitter will tell you.

Now to get the pipe. That could be a
long story. It depends on whether you want
to spend the money for new sections. It took
me about two years of nosing around, but
I finally got the pipe for a tank of gas.
Then, if you can find a ham who is a
welder you've got it made. The next best
bet is to catch a welder in an off season.

After you get the tower welded together,
set it in the ground at least six feet. Better
vet, eight feet. The pipe will never break
off, so set it deep in good concrete. If vou
are able fill the first stand of pipe with
concrete—it will add to the strength—but,
[ really don't think it is necessary.

Make the hinge out of three-quarter inch
steel plate and hinge it on a three-quarter
inch steel bolt. Arc welding is the best and
will minimize the tendencyv for the steel to
warp. Your welder well see through the whole
business in a minute. Put the hinge right
at the point where the upright balances.
When vou put the beam, rotor and the brack-
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et on the top, you can slide enough scrap
pipe into the four inch pipe until it balances
with a match stick.

The frame that holds the rotor is just a
piece of pipe that slides over the last two
inch pipe on the tower and is held in place
with a lock nut. The roller bearing is from
an old piece of machinery that will accept
the 1%" pipe from the rotor. My welder
made the whole frame out of steel so it
weighed about 60 pounds or more. I am
quite sure that you can shade that to about
30 pounds without danger of weakening the
structure. Keep the top roller bearing dry—
a graphite lubricating powder is all you need.
I took a large tin funnel, cut the bottom out
of it and slipped it over the 1%” mast.
When it is pushed down over the roller
bearing and soldered (or taped) in place,
it keeps the rain, snow and ice off the bear-
ing.

VE6CK put one of these towers up to
over 70 feet. He started with 6” pipe, put
the rotor on the ground and put a rod up
through the whole thing to the beam. It’s
quite heavy but it sways very little in the
wind.

The structural design and actual construc-
tion credit must go to VE6AKA. Jack is a
welder by trade and he can use the torch
like an artist. I would also like to thank
Chester, WATCJS/VE6, Superintendent of
construction for the Fluor Corporation in
Alberta, for his help and advice. What did
I do? Well, somebody has to stand around
and look important on anv job!

VEG6KS
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Mike Goldstein YEIADH
9 Edgehill Road
Armdale (HFX)

Nova Scotia, Canada

Simplified Transistor Design
for the Ham

How to design simple transistor amplifiers with a minimum

of effort.

Foreword

Over the past few years, emphasis has
shifted more and more toward the application
of solid-state devices in amateur equipment.
Most new circuits in the ham magazines are
transistorized, and many valuable tube col-
lections and heavy power supplies gather
dust while their owners scrounge transistors,
diodes and small batteries. Such is progress.

For the serious builder the time usually
comes when no existing designs quite satisfy
what is required and he begins to think about
a design of his own. This is the point where
many worthwhile projects come to an abrupt
halt; this is where many hams decide that
transistors are just too complicated and that
all solid-state designers are wizards. The pro-
cedures I propose here are satisfactory for
all but the most rigorous design requirements
and may be used in the design of professional
as well as amateur equipment.

Information required for design
The characteristic curves of the device

(transistor or diode) should be at hand be-
fore any proper design can be attempted.
While some information may be available
from transistor manuals or transistor testers,
only manufacturer’s curves describe how the
device will work under any given conditions.

14

Manufacturers will usually supply curves
upon request.

For practical thinking, an intimate know-
ledge of semiconductor physics serves little
purpose. In terms of design, transistors are
as simple as tubes. A vacuum tube is a valve,
the current flowing from cathode to anode
being controlled by varying the relative amp-
litude of the control-grid to cathode voltage.
Simple. A transistor is a valve, the current
flowing from emitter to collector being con-
trolled by how much current flows into the
base. Field effect transistors should be con-
sidered solid-state triodes for our simple ap-
proach—just as simple and just as adequate
for design thinking.

The operation of NPN and PNP transistors
is identical—only the polarities of the voltages
applied to the transistor (bias) are different.
Transistors are biased with the following rules
in mind (see Fig. 1):

Moving the base level closer to the B
minus level (by decreasing Rz) causes more
base current to flow, and therefore more col-
lector current to flow. Note that with a PNP
transistor the base must be negative with
respect to the emitter, and the collector must
be more negative with respect to the emitter

than the base.
The valve principle may be clearly illus-
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trated by examining the collector curves for
a typical transistor in Fig. 2. These curves
could describe the operation of either a PNP
or NPN transistor.

A constant collector-emitter voltage (Von),
is chosen by drawing a vertical line through
any desired Vs on the scale (7 volts). When-
ever this vertical line intersects with a base
current curve, a horizontal line is drawn
from that point to the collector-current scale.

Point X3 is the point where, with a V
of 7 volts, a base current flow of 0.3 mA
causes a collector current of 10 mA. Increas-

ing the base current to 0.4 mA moves our

operating point to X1, and causes the col-
lector current to increase to 20 mA. Note
that these curves describe the transistor
operation for a given set of conditions.

Design procedures

Power output

For a sate design, use a transistor which
is rated at ten times the required power out-
put (at room temperature of 25°C). This
seems extreme, but transistors are derated
quite sharply (dissipation-wise) as tempera-
ture rises.

Frequency
The upper frequency limit of a transistor
is usually specified as fure or fs. If the fre-

O B-

ﬂ B +

Fig. 1. Simple biasing circuit for a PNP transistor.
lo is the collector current, |z is the base current,
and Ver is the voltage between the collector and
emitter. Since lp is much smaller than lc, the base-
biasing resistor Rg is much larger than Rg, the col-
lector resistor. This circuit may be used with NPN
transistors by simply changing the polarity of the
supply voltages.

quency rating given 1s “fhm”, divide the fae
figure by the h:. rating for the transistor to
obtain fur.. This is the point where the stage
gain will be down by 3 dB (halt-power
point). For reliable design use a transistor
whose minus 3 dB frequency is ten times the
maximum frequency of operation.

Supply voltage

Most amateurs feel more at home with a
positive supply voltage so let us use NPN
designs. The available supply will determine
the transistor. The transistor rating to con-

: .oBmP
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Fig. 2. A PNP transistor amplifier and its dc (static) load line. Point X3 is the quiescent point determined
by the emitter-collector voltage of 7 volts. Saturation occurs at XI, cutoff at X2.
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Fig. 3. Plot of the forward current gain, Hypg, as
a function of the collector current. The maximum
Hee of 50 coincides with |c = 100 mA, but moving
up or down from this point does not alter it appre-
ciably. To maintain linearity in amplifiers, the quies-
cent point is chosen on a reasonably flat portion
of this curve.

sider here is BVeeo, the collector-emitter
breakdown voltage. If the amplifier has a
resonant circuit in the collector circuit, the
BVoro rating should be four times the supply
voltage (Vec)—indeed, if the stage is being
modulated, the BVero must be at least 4 Vec
or breakdown of the collector-emitter path
may occur. These large satety factors may
seem extreme, but are desirable for trouble-
free designs.

Our design examples will use the 2N7388,
a fictitious silicon 100 MHZ NPN transistor,
rated at 0.5 watt at 25°C; BVero = 50 volts
ﬂl]d Iouax = 1 Amp

Setting the operating point:

The first step in the design—once the cir-
cuit has been selected—is to set the dc op-
erating point. This point of operation affects
the gain of the stage, and determines the
power drawn from the supply under no-
signal conditions. The usual requirement is
to obtain the most gain. In portable gear,
gain may have to be sacrificed to keep power
drain low, or higher-gain transistors may
have to be obtained.

The choice of operating point can be made
by examining the plot of hee (forward current
gain) against Io (collector current). The
hre/Ic curve for the 2N7388 might look like
Fig. 3. The procedure we will follow in
choosing our operating point is as follows:

1. Examine the peak of the curve (max-

imum hee point) and see what Ic it re-

quires.

2. If this current drain seems extreme,

move to the left of this peak until a

compromise between gain and current

drain is obtained.

3. Try to work over a reasonably flat

portion of the curve so that changes in

Ie around the chosen operating point do

16

not affect the stage gain very much.

Choosing our operating point from the
curves of Fig. 3, we see that a maximum hee
of 50 occurs at Ie = 100 mA. If we choose
Ic = 10 mA, hre is still about 45. Moving
Ic either way from the 10 mA point does not
change hre appreciably. We will therefore
set our dc operating point with no-signal
input (quiescent or “Q” point) at Ie = 10
mA and hre = 45.

Once the operating point is set, we can
quickly establish the rest of the dc condi-
tions in our circuit by examining the plot
of le versus Ve (Fig. 4).

While looking at these curves, it would be
a good idea to examine the circuit we ulti-
mately hope to design, and how Messrs. Ohm
and Murphy can combine to confuse our
thinking.

The simple, basic amplifier circuit shown
in Fig. 5 will work. The “practical” circuit
shown is the same basic amplifier, but Re
has been added and Re is now the parallel
combination of R: and R.. The ac operation
of the two circuits is identical, but the prac-
tical circuit is stable and reliable with changes
in temperature. Let's look at the dc operation
of this amplifier, with its various currents and
voltage drops. To simplify things we shall as-
sume that Iz (emitter current) is equal to
Ic (collector current). We can do this with-
out introducing significant error.

The supply voltage itself will depend on
the value of load resistance required. The
supply voltage must be high enough so that
the IcR: voltage drop does not approach the
value of supply voltage at the quiescent op-
eration point, This would cause the transistor
to “run out of Ver —with resultant distortion.
Try to arrange the Ic¢Ru voltage drop so that
it is not much greater than one-quarter the
supply voltage at the operating point,

The currents and voltage drops are shown
in Fig. 6, The base-emitter voltage (Ver)
of a conducting silicon transistor is approxi-
mately 0.7 volts, and we will assume that it
is so. Ohm’s law tells us that IRz (drop
across emitter resistor) plus IcRe (drop across
load resistance) plus Vee (collector-emitter
voltage) must add up to our supply voltage.
While the collector curves will only show the
placement of the Q point with respect to
Vee, we must consider the various voltage
drops when choosing the Ve: with respect
to the supply voltage. For example, with a
6 volt supply, if we choose a Vee of 5.5
volts, only 0.5 volts will appear across the
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Fig. 4. Comparison of the static and dynamic load lines of a transistor amplifier. Note that going from
dc to ac shifts the position of the load line. The circuit of the amplifier is shown on the left. The base-
bias resistor is shown as a parallel combination of the two resistors that are actually used because this is

the resistance 'seen' by the signal.

load resistance and Re; with a 3 k load (a
practical value), the Ic would have to be
less than 200 wpa. Keeping these various pit-
falls in mind, let's look again at the col-
lector curves (Fig. 4).

We want to place our Q point on the 10
mA Ic¢ level (shown dotted horizontally).
Let's assume a 12 volt power supply and a
300 @ load. What value of Vee do we choose
to fix our Q point?

A general rule to follow is to have 1/10
the supply voltage across Re; with a 12 volt
supply this leaves 10.8 volts. With 10 mA
Ic, the drop across Re is 3 volts (10 mA x
300 2). Our Vee then is 12 V — (3 V +
1.2 V.) = 7.8 volts (shown dotted verti-
cally). The point of operation of our tran-
sistor will be the intersection of the 10 mA

Ic level and the 7.8 volt Ver position. Mark-
ing this intersection as Q. it is seen that
under these conditions our base current will
be 0.3 mA. The power drawn by the tran-
sistor at the Q point (with no signal) is
7.8 V. x 10 mA = .078 watts, or 78 mW.
Since the 2N7388 transistor is rated at 0.5
watts, this is an adequate margin of safety.

As a check on the base current (Is) we
can use the approximation Iz = Ic/hes, In
our case, this works out to be 0.22 mA
(10 mA/45). Considering the fictitious nature
of our curves, this puts us in the right ball-
park. For reference at the operating Q point:

Fig. 5. The simple transistor circuit
shown on the left will work, but the
A\

more practical circuit on the right O—]
is more stable and reliable with
changes in temperature.

| = 10 mA
Vee = 7.8 volts
Ppiss = Vor Io = 0.78 watts (HU Sigﬂﬂ])
IH — 03 mA
O OB+
Ry Ry
(e Il i I
I\ GLITIfI}.IT I\ DUTI_‘?.IT
IFgUT \| ]
/1
Rz
¥
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Fig. 6. The element currents and voltage drops of
the transistor amplifier.

DC circuit values

Having defined the Q point, we can easily
specify values for Re, Re, Ri and R.. For
clarity, let’s show the known conditions on
the de circuit (Fig. 6). We specified Ru as
300 2. If Re cannot be specified, use the
largest value that the transistor and avail-
able supply will allow. This results in mini-
mum loading by the following circuitry.

For stable operation with temperature
changes, it is desirable tp have 1/10 of Vce
across Re. By Ohm’s Law, Re = 1.2 V/10 mA
= 120 ohms.

We can calculate the values of R: and R:
by following a few simple rules.

A. To prevent changes in the transistor
from affecting the circuit, the current
through the series string of R: and Re
should be at least ten times the desired
base current. The current through R: is
greater than that through R: by the
amount of the desired base current. By
Ohm’s Law: R: + R: = 12 volts/3 mA
= 4000 <.

B. The voltage (with respect to ground)
at the base is approximately the sum of
the Re voltage drop plus the voltage
across the base-emitter junction (0.7
volts).

Ve = (1.2V + 0,7V) = 1.9 volts.

C. V= appears across Re, which by Ohm’s
Law is 1.9 volts/3 mA = 634 @,

D. R:. = 4000 — 634 @ = 3366 Q.

E. Checking R: by Ohm’s Law, Ri =
(12 — 1.9 volts) /3 mA= 3360 Q. This
is within 1% of our previous calculation.

The nearest standard resistor values will
be quite satisfactory (680 and 3300 ohms
respectively). Discrepancies between calcu-
lated currents and operating currents are
caused by reading curves inaccurately, slide-
rule errors and variations in transistor char-
acteristics.

AC circuit values

The capacitors used for input, output and
by-passing should have a low reactance at
the operating frequency. Values of 0.1 npkF
to 0.01 uF are usually suitable.

Once we have the amplifier designed, it
is handy to know what it will and won’t do.
Back to the collector curves we go again—
this time to examine the “load lines” of the
amplifier (Fig. 2 and 4).

To draw the load line, the two extreme
operating conditions of the amplifier must
be considered.

1. No collector current at all. With no
voltage drops across Re or Ri, Vee is
equal to the supply voltage (point A
on the curves).

2. So much collector current that the
entire supply voltage appears as voltage
drops across Re and Rw, and Ve is zero,
This collector current is calculated by

Ohm’s Law:
Vee 12 volts
fo e - — 98 Eank
A R PR T 490 2

This point is at B on the curves.

Once points A, B and Q are located on
the curves, a straight line is drawn joining
the three points. This is called a load line;
since it was derived from the dc operating
conditions, it is the dc or “static” load line.

The static load line describes the dc oper-
ation of the amplifier. For example, if we
drive the amplifier with more than 0.4 mA
base current, the transistor operates above
point X1 on the load line, and goes into
saturation. If we put in less than 0.2 mA
base current, the transistor goes into a “cut-
off” state. Operation must be between X1
and X2. Note that if this is the case, equal
changes of Ie either side of 0.3 mA produce
equal changes in collector current, This is

Ig; ll. ITlrEﬂ

i
12{Vee)

Vee (VOLTS)

Fig. 7. Expanded view of the operating area with
imposition of the base-input signal. Past the limits
set by 'AA' and 'BB', the change in base current
ceases to be linear and distortion will result if the
signal is driven beyond these points.
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the requirement for linear, distortion-free
operation.

The ac or “dynamic” load line can be
drawn just as easily. For ac, the bypassed
Re does not exist; the maximum collector
current (ac) is now Veo/Rr or 40 mA.

Note that the Q point has shifted slightly
to the right along the I = 0.3 mA line,
from Q1 to Q2. This slight shift in operating
point can, for practical purposes, be ignored.

We now have our load lines. So what?
We can obtain quite a bit of information from
them. We are interested in the ac operation
of our amplifier, so let's use the dynamic
load line. An expanded view of the operating
area is shown in Fig. 7.

First, let’s check the power dissipation.
From the load line we see the ac operating
point sits at Ie = 10 mA, Vee — 10 volts.
This means a Q point dissipation of 100 mW,
well within the rating of the transistor.

Next, let's mark the operating limits on
our load line. These limits must be so set
that equal changes in base current around
the Q point (up and down the load line)
produce equal changes in collector current.
Past the limits shown as AA and BB in Fig. 7
this condition is not met and distortion will
occur, Fig. 7 shows a sine-wave input cen-
tered about the Q point, producing the fol-
lowing results:

Collector current swing of 10 mA (5 mA

to 15 mA)

Base current swing of 0.2 mA (0.2 mA

to 0.4 mA)

Current gain is approximately 50 (10

mA/0.2 mA)

Output voltage of 2 volts peak-to-peak

(9 volts to 11 volts)

Maximum power developed in the load

under these conditions is (0.707 Ic peak)®

x Re. Substituting the figures from our

curves:

Pl:mt w— (3*525 mA)HXSGO 2 = 3.73 IIIW.

Fig. 4 shows that in the ac circuit the
bias network equivalent resistance is in paral-
lel with the input to the transistor. The
transistor input impedance is approximately
equal to 26 hse/lc (mA). The 4000 ohm
equivalent resistance of the base bias net-
work does not alter this impedance appre-
ciably.

The input impedance of the circuit is about
117 ohms and the driving power required is
approximately equal to the product of the
square of the input (base) current and the

input impedance
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Fig. 8. To construct the ac load line of an amplifier,
both the input and output circuits must be included.
For example, to draw the dynamic load line of
amplifier Q2, the effect of the driving #transistor,
QI, and the 600 ohm load must be considered as
illustrated in the text.

Pin= (Is)’xZw= (0.3mA)*x117Q = 10sW
The power gain is Post/Pia or 3.73/.01 = 373

Note that these results only apply if a
300 ohm ac load is presented to the tran-
sistor. If this circuit drives other circuits, a
new ac load line must be drawn, and new
results calculated.

With our two load lines as an example, it
might be a good idea to discuss the effects
of various load impedances presented to the
amplifier. Fig. 2 shows the amplifier with
no external circuitry attached: we saw that
the dc load was 420 € (Rs 4 R:i) and the
ac load was 300 2 (Rw). What happens to
the amplifer when it us used to drive an-
other circuit?

To consider the ac loads on an amplifier,
we must consider all coupling and bypass
capacitors as short circuits and direct short
circuits across all dc power supplies. To il-
lustrate this, examine Fig. 8.

Fig. 8 shows the amplifier driving a 600

O
+ 12VDC

300

3 3 ; '
0T =T 600

680

i

Fig. 9. Transistor amplifier with a transformer-coupled
load. When constructing the dynamic load line for
this amplifier, the impedance transformation ratio
of the transformer must be included in the calcu-
lations.
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ohm load, and being driven by another tran-
sistor, Q1.

The load on Q1 is (Ru: Risz)/ (Rea + Rine)
= (1000 + 117)/1117 = 100 ohms. A 100
ohm ac load line would be required for Q1.
The ac load on Q2 is (300 x 600)/900 or
200 ohms,

The ac load line must now be re-drawn,
using 200 ohms as the ac load. The 300 ohm
ac load has been shunted, and that load line
no longer applies. The dc load line of course
still holds.

Let’s consider an alternative—Fig. 9 shows
the amplifier coupled to the load through
a transformer. Ignoring the dc resistance of
the transformer winding, the dc load line
remains as before. The ac load has changed
drastically.

Remembering that transformers can trans-
form voltage, current and impedance,

Primary impedance = [-Pn iiin

Sec turns

150 J x 600 ohms

] x Sec-

ondary impedance = {

= 2400 ohms
Thus the 600 ohm load is presented to the

transistor as a 2400 ohm load. In addition,
the 300 ohm load resistor is in series with
this, making a total ac load of 2700 ohms.
By bypassing the top of the primary wind-
ing with an 0.1 xF capacitor, we can elim-
inate R: from the ac load line.

The point which this load impedance dis-
cussion should make is that the ac load im-
pedance presented to the transistor must be
decided by the “most likely to succeed” ac
load line. The load impedance this load line
represents is the total ac load, and must
include all non-bypassed bias circuits, trans-
former-coupled loads, and what have you.
The dec circuits in the collector, and any col-
lector transformer turns ratios must be ad-
justed so that the transistor sees this load
impedance. In other words, the load line
is first established, and then the output cir-
cuit is designed to present the proper load
impedance.

With the information presented here it
should be possible for the average ham to
design simple transistor circuits at low fre-
quencies. A treatment of high-frequency
design should be covered as a separate topic,
but the basic ideas and biasing methods
would certainly apply. 5 |
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