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PREFACE

The Amateur radio hobby encompasses a wide range of operational (ARES/RACES, DXing, QRPing, contesting, rag chewing,
etc.) and equipment related activities (home brewing, kit building, antenna design, etc.). While there is frequently much debate
and contention within the amateur community over the merits of specific activities (e.g. code versus non-code, on-air operation
versus experimentation, etc.), in reality, all of these interests are equally valid facets of the hobby. Indeed, most amateurs tend to
focus on a variety of different aspects of the hobby, which frequently change during their Ham career.

The complexity of today’s state-of-the-art (SOA) transceiver designs (hybrid analog/digital) and technologies (surface mount
components, very large scale integrated circuits, and microprocessors) preclude many of the equipment modification and mainte-
nance activities common in days past. This is perhaps part of the impetus behind the renewed interest in the refurbishment,
repair, maintenance, and operation of tube-design boat-anchor radios. This was certainly true in my case. After purchasing a
new SOA transceiver with many bells and whistles in January 1999, a minor distortion problem was finally traced to the rig it-
self. One look at the innards confirmed that there was no possibility of repair by me. So began a time of intense frustration —
numerous phone calls and the hassle of shipping it to the West Coast, not once, but twice before the problem was finally cor-
rected.

Although I was initially licensed in 1957, I had never extensively worked with tube equipment nor was I even in the amateur
ranks during the 1960s and 1970s, the heydays of commercial tube-design radios. Nevertheless, this experience with SOA equip-
ment made me yearn for a rig in which I could not only see the components, but could actually repair myself! No nested menus,
no triple function buttons, no arcane labeling, and no surface mounted components! A review of the manufactures of that era
brought my attention to Swan Electronics, stumbling on the Swan-Network clinched the deal — not only reasonably priced and
relatively readily available rigs, but a loose-knit fraternity of Swan users with decades of expertise available and willing to help a
neophyte! A Swan would be my first boat anchor (and as it turns out, my 2", 3, etc.). Obvious many others feel the same way
about old tube-era equipment. The semi-regular articles and columns appearing the OS7, CQ, and other Ham publications attest
to the popularity of this aspect of the hobby.

For me, this Compendium is just another facet of the boat-anchor aspect of the amateur radio hobby. It assembles into one
document, Swan tube-design transceiver information derived from Swan-Net activities (website information, reflector correspon-
dence, on-air discussions), internet boat-anchor newsgroup postings, Swan Manuals and Service Bulletins, archival amateur radio
magazines, tube-era electronics books and reference sources, and last but hopefully not least, my own personal experiences. As,
such, it represents the collective wisdom, folklore, experiences, opinions, and advice from many Swan and boat-anchor aficiona-
dos. While it started out as just a collection of my personal notes as I learned some of the basics of vacuum tube technology in
general and Swan transceivers in specific, it became apparent that it might also be useful to other Swan enthusiasts, especially
other neophytes and perhaps even old-hands with years of experience. It was assembled in the spirit best expressed by Swan in
their receiver sensitivity service bulletin for the model 250 six-meter transceiver, where they “ . . . encourage each owner to make
the modifications himself, in the amateur tradition of being a technician as well as an operator.” Sadly, old-timers with experi-
ence with Swan radio repair are becoming scarce. Swan owners by necessity are forced to become “a technician as well as an
operator” in order to maintain their radios. Hopefully the information contained herein will be of assistance to those wishing to
keep their Swan radios, a major part of American amateur radio history, repaired, aligned, properly operating, and on the air.

This Compendium focuses primarily on technical aspects and, in most cases, the information has not been verified for accuracy
or completeness. When dealing with such a wide variety of transceiver models, synoptic information of this type will not be
universally applicable, and indeed in many cases, is transceiver model and even version specific. Much Swan information dis-
cussed by the sources is not included, so always cross check to confirm accuracy and completeness. There is redundancy
between some sections and the edited Swan Newsletters included in Appendix A, however in most cases, either slightly different
information is presented or a different perspective is given. Read the complete unedited Newsletters; they contain a great deal of
background and ancillary information not included in the edited versions. Use the Swan-Net to confirm or clarify information; it
is a tremendous asset that taps a wealth of information available from old timers with years of Swan and tube-radio experience.

Regards,

Bok, NB3W
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1. INTRODUCTION

1.1.Company History

Swan Electronics Corporation, originally called Swan Engineering,
was begun as a one-man operation by Herb Johnson in late 1960.
Herb named the company in memory of his father, whose given
name in his native land of Sweden was Sven, but upon arrival in
the USA, it was Americanized to Swan. Fig. 1-1 shows a photo-
graph of Herb taken at the Swan product information kiosk during
a 1966 Ham Convention in Miami, Florida. Herb Johnson
(W6QKI) became a silent key on February 1, 2001.

While the reduced spectrum bandwidth requirements and improved
RF signal power utilization benefits of the Single Side Band (SSB)
radio transmission mode had been recognized as ecarly as the
1920s, the first amateur SSB QSO didn’t occur until September
1947, due to both technology limitations and World War II restric-
tions on amateur activity, which retarded development. The first
viable commercial SSB equipment began appearing in 1950 and
1951 (e.g. the Collins 75A-1 receiver and the WEldico SSB, Jr.
transmitter). With limited equipment availability and an amateur
reluctance to accept this new mode, only about 300 SSB stations
were reported as active in 1953 by the ARRL. General mainstream
amateur acceptance of SSB didn’t really begin until the late 1950s,
spurred on by on-air demonstrations of its advantages and wider
equipment availability (e.g. Collins KWM-1 mobile capable trans-
ceiver, introduced in 1957). By the early 1960s, even most AM die-hards had conceded that SSB was not only
here to stay, but would one day supplant AM as the dominant transmission mode. See the article “Amateur Radio
and the Rise of SSB” in the January 2003 issue of QST magazine for additional information.

Figure 1-1 Herb Johnson, 1966

A consequence of this transition to SSB was a reduction in home-brew equipment construction due to both the de-
sign complexity and associated component costs, making a commercial transceiver especially attractive and even
cost effective. Thus, when Swan entered the market in 1961, it was extremely well positioned to capitalize on this
burgeoning demand for SSB transceivers, since the only other widely available SSB transceiver on the market was
the Collins KWM-2, selling at a premium price. Swan focused on an economical, higher power transceiver design
that targeted the mid-price retail amateur equipment market. They used both low cost television sweep tubes in
the final amplifier that operated in the AB; mode to maximize power capability, rather than true RF tubes, and a
less costly multi-range VFO design, rather than the easier to implement but more expensive single range VFO
used by most other manufacturers. In the mid 1960s, with the introduction of a multi-band capability, very high
power at a very affordable price, solid construction, and good reliability, Swan Electronics became a major player
in the early HF SSB amateur radio market. Many Swan tube-design radios remain in service today, attesting to the
fundamental quality that went into their design and construction.

Swan built its first single sideband transceiver, the mono-band twenty-meter model SW-120, in a garage in Ben-
son, Arizona during the winter of 1960-1961. In 1961, the companion SW-140 forty-meter and SW-175 eighty-
meter mono-band transceivers were introduced. They relocated their operations to Oceanside, California in 1962,
where, with the introduction of the SW-240 tri-band transceiver in 1963 followed by the 5-band model 400 in
early 1964, and very closely thereafter by the very successful 5-band model 350, Swan’s popularity and sales grew
dramatically. In 1967, needing more capital and engineering resources to support this rapid expansion, the com-
pany merged with and became a wholly-owned subsidiary of the Cubic Corporation, San Diego, California. By
late 1968, Swan had a team of ~160 employees designing and constructing transceivers and accessories. While
Herb continued managing the Swan subsidiary until 1973, by 1971 most product control and decision-making had
been assimilated by Cubic.



Although other manufacturers also introduced SSB transceivers in this era, Swan’s very attractive feature, power,
and price tradeoff made it the best selling rig in the mid to late 1960s. For example, in 1964, the model 350 with
an 117C power supply was selling for $480 and the deluxe 400, including the required 420 VFO and power sup-
ply, was priced at $600. The top of the line Collins 75S-3 receiver, coupled with the 32S-3 transmitter sold for a
total of $1370 ($620 and $750 respectively) and the KWM-2 transceiver sold for $1,150 (transmitters rated at
~100-W RF output). These prices were clearly in a category that was far beyond the reach of the average Ham
(remember these are 1964 prices!). Other more moderately priced competitors with lower power outputs included
the Hallicrafters SR-150 with power supply for $750 and the Heathkit SB-300 receiver with the SB-400 transmit-
ter for $665 ($265 and $400 respectively) and even the E.F. Johnson Co.’s Ranger I, a 75-W AM transceiver, sold
for $360.

In the mid-1960s, the Drake line of tube-design radios also became quite popular, and while there is some similar-
ity in physical appearance between some Drake and Swan transceiver models (e.g. TR-3/4, particularly the
cosmetic trim design about the main tuning dial), there apparently was no direct linkage between the two firms
(other than several reported threats of legal action). Such similarity is most likely one of coincidence, since form
frequently follows function, and there are just so many ways to logically layout a front panel or design a practical
single conversion transceiver.

1.2. Early Production Facilities

The series of historic photographs shown in Figs. 1-2 through 1-8, extracted from information posted on the Swan-
Net website, provides a fascinating glimpse into electronics production facilities and techniques of yesteryear in
general, and in specific those used by Swan Electronics in the mid 1960s. As illustrated by the activities shown in
these photographs, these truly were the days when radios were hand-built and judging by the Swan’s staff appear-
ance, facility cleanliness and attention to detail, with a great deal of care.

Figure 1-2 Swan Employees, 1965



Production Facility/Employees.
Fig. 1-2 is a picture taken in
1965 of the Swan Electronics
employees assembled in front of
its production facility at 417 Via
Del Monte, Oceanside, Califor-
nia. In this photograph, Herb
Johnson is standing at the far
right along with his young sons.
The 60 employees shown repre-
sent only about a third of the
total employees that Swan would
grow to in just a few short years,
during its rapid expansion after
transition to Cubic Corporation
ownership in 1967.

Hardware Fabrication. Fig. 1-3
shows a 1965 photograph of the
portion of the plant dedicated to
the sheet metal operations (shearing, bending, and drilling/punching) needed to fabricate the transceiver chassis,
front and rear panels, and cabinet cases. Certainly, by contemporary and perhaps even past standards, Swan’s pro-
duction was unique during this time in that almost all hardware was fabricated in-house. With at least five
employees involved, it was a considerable effort.

Figure 1-3 Chassis and Cabinet Fabrication

Close examination of this photograph shows transceiver front panel blanks stacked in the left-center, with already
painted and slotted black case covers set atop the open-framed heavy metal cart immediately to the right of the
large sheet metal shearing or bending machine in the foreground. As indicated by this photo, this capability in-
volves some heavy-duty equipment for the various sheet metal manufacturing processes. Certainly one would
suspect that even in those days, outsourcing of such subcomponents may have been more cost effective, but doing
so would certainly impact flexi-
bility in transceiver design
evolution and perhaps incur
some loss in quality control.

Primary Assembly. Fig. 1-4
shows an overview of the area
where the majority of the com-
ponent installation and wiring
was done, with 20 staff shown
assembling transceivers.  The
employees in the background
row are working on transceiver
chassis. Close inspection of the
chassis being assembled in the
left foreground shows that most
components and the rear metal
panel are yet to be installed. The
four people on the right appear
to be working on circuit board
sub-assemblies and either power
supply or VFO units. Nearly

Figure 1-4 Primary Component Wiring Area



100 transceivers were started
here each week and reached
completion 5 to 7 days later.

Of particular interest is the ex-
treme neatness and orderliness of
this areca. Remember, this is a
large assembly area — just think
of what a typical Ham shack
looks like when equipment is
undergoing repair or even just
during normal operation! Pe-
rusal of this and the other
pictures show a production envi-
ronment that can be considered
scrupulously clean. While the
areas may have been spruced-up
somewhat for the photo-op,
close inspection of the back-
ground in this and the other E
pictures clearly indicates that Figure 1-5 Testing and Alignment

such conditions were more likely

standard operating procedure rather than a temporary condition produced only for the photo. Herb’s emphasis on
quality was not limited to design and equipment fabrication; memos on the work environment even included such
items as coffee drinking in the work area (permitted with restrictions).

Final Assembly and Testing.
The photograph in Fig. 1-5
shows technicians conducting
what appears to be final hard-
ware testing or alignment of a
batch of early 1965 model 350
transceivers. Since each bench-
top transceiver has a companion
power supply, they may also
have also been powered-up un-
dergoing a burn-in process. All
the units on the bench top al-
ready have their cases affixed
while those beneath the bench
have no covers installed. Indi-
vidual paperwork accompanies
each unit. Notice also that none
of the units has yet had its VFO
tuning knobs, bottom cover with
the rubber feet, or the Swan 350
plaque installed. Note also the
lab coats worn by the electronic
technicians and other staff in this
and some of the other photos,
certainly a dress code and tradi-

Figure 1-6 Troubleshooting and/or Alignment



tion of the past.

Bench Testing. In the foreground of the photograph shown in Fig. 1-6, bench testing, alignment, or possibly trou-
ble-shooting of an early model 350 is being performed. Either an antenna or dummy load is attached to the RF
connector, so the unit is obviously undergoing full-up receiver or transmitter testing and/or adjustment. In the
background a smaller unit, perhaps an 117C or mobile power supply and an additional transceiver are also being
worked on.

Packaging. Fig. 1-7 shows the
final packing room in the Febru-
ary 1965 time frame. Arrayed
on the right bench-top are eleven
350 transceivers. On the left
bench are four more 350s in the
foreground and three model 400s
in the background. All trans-
ceivers shown are awaiting final
cover installation and packaging
into their cardboard shipping
cartons. The covers are lined up
on the upper left-hand shelves.

These model 400 transceivers do
not have raised rubber front feet
installed on their bottom covers
like the 350s. The 400s of that
period were shipped without an
optional plate that the user could
mount to the front of the bottom
cover for base station operation.
Mobile installations normally used the transceiver no-legs, without this optional plate.
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Figure 1-7 Final Assembly and Packaging

Close inspection of the transceivers shows that they are an early version of the 350, which had not yet received
neither the dial-set control nor the full 10-meter coverage VFO design modifications, introduced late in 1965. The
units on the right clearly show the uncovered access holes on the VFO and a sharp corner on the VFO bracket.
The holes were covered and the metal brackets were slope trimmed in later versions of this model.

“Classic” Mobile Installation. Finally, Fig. 1-8 shows what most certainly is not a typical Swan mobile installa-
tion, but what can certainly be considered, both literally and figuratively, an example of a “classic” in a “classic.”
The photos show the 1963 Corvette Stingray of Herb’s longtime friend, Barry Goldwater (K7UGA), outfitted with
a model 400 SSB transceiver and Swantenna mobile antenna during a visit Barry made to Swan’s Oceanside pro-
duction facility in 1966. Swan subsequently used a photo of Barry’s Swantenna installation in 1970 equipment
advertisements.

The installation included an external speaker attached to the overhead behind the drivers seat, just barely visible
through the rear window. As shown in this photograph, the transceiver was mounted very securely and conven-
iently behind the passenger’s seat of the Stingray. Bolted to the top of the transceiver is a small meter, most likely
a field strength meter to obtain a relative measure of RF output power level during tune-up and operation, as indi-
cated by the affixed small whip antenna. An external VFO, a model 406B, was mounted under the dash. Notice
the “new” two-tone front panel color scheme, which was introduced in late 1965 to replace the single-tone light
gray panel used on the earlier version model 400 transceiver.

1.3.Product Line Overview
The majority of the transceivers Swan manufactured were vacuum tube type designs and through the years more
than 80,000 where sold. At its peak, Swan produced as many as 400 transceivers a month from its Oceanside,



Figure 1-8 Swan Stingray Mobile Installation

California plant. The first 20-meter mono-band transceiver was produced in April 1961 and the last tube-design
models were produced in 1980, with residual stock sold into 1981. Swan’s transition to all solid-state designs be-
gan with a 2-meter transceiver introduced in 1971 followed by a number of all solid-state mono-band and 5-band
HF models in 1973, and ended with the Astro model line, sold as late as 1982. However, during this time, the
Japanese imports had captured the tube-design market and continued that trend with their solid-state radios.

Production Philosophy. During the early years, Herb Johnson, in memos to employees and letters to retailers,
clearly indicated he would not sacrifice quality for speed, even though capacity existed at times to produce twice
as many units per week. Swan never once got caught up with retail orders prior to its merger with Cubic Commu-
nications. This early philosophy of quality control and attention to detail certainly seemed to have also carried
over into other areas, such as Operation and Maintenance manuals, which not only include basic operation infor-
mation, but also design theory, detailed parts lists, schematics, and even alignment and repair information. During
this period, Swan provided amazing flexibility in the area of customer service, offering do-it-yourself upgrade bul-
letins and kits, factory upgrades, and even doing unique one-of-a-kind customer-requested modifications and
upgrades.

It is also interesting to note that that Swan perhaps had a more demanding approach than other manufacturers with
respect to their expectations of and relationship with their amateur customers. In addition to encouraging user de-
sign changes, circuit modifications, and performance upgrades, even their fundamental approach to equipment
operation was much more technical than some of the other manufacturers. While Swan transceiver designs in-
cluded a relatively accurate measurement of cathode current (in addition to a detailed manual discussion of its
operational implications), other manufactures merely included a meter labeled to provide relative readings along
with instructions of the “adjust to the red line” type (e.g. Galaxy V mk4, Heathkit 32A, etc.).

Throughout its corporate life, Swan’s philosophy (or perhaps more accurately its capability) in product develop-
ment and production changed significantly. Prior to the 1965 time frame, Swan generally had only one transceiver
model in production at a time with very few accessories. The early mono-band transceivers were replaced by the
first multi-band model, the tri-band 240, which in turn was replaced by the 400, the first 5-band model. When the
240 was being produced in late 1963, the only other products in production were the matching 117AC power sup-
ply and TCU (external VFO for the 240).

After 1968, when Swan became a subsidiary of Cubic, the expanded financial and manpower resources permitted
upgrades and design modifications of nearly all existing models (i.e. C models — the 250C, 350C, and 500C) and
the introduction of many new types of equipment, resulting, by early 1970, in a multitude of transceiver models
and a wide variety of accessories concurrently in production. For example, during the 1972 time frame, Swan had
simultaneously for sale the 160X, 250C, 270B, 310/320 (commercial), 400 (commercial), S00CX, 600T and 600R



(plus the 2-meter solid-state FM-2 and FM-1210) radios, as well as a host of accessories, such as the WM series
wattmeters, external crystal controlled oscillators, VFOs, linear amplifiers, and a line of base station and mobile
antennas! This profusion of transceivers and accessories is clearly depicted by the photo on the front cover of
Swan’s 1973 equipment catalog shown in Fig. 1-9 and also by the snapshots of available products and their selling
prices in the 1971 through 1973 time period as illustrated by Swan advertisements placed in QST, shown in Ap-
pendix B (Figs. B1 through B5).

Model Evolution. The transceiver designs transitioned quickly from the early mono-band 120, 140, and 175 mod-
els produced in 1961 and 1962 to the tri-band model 240 in late 1962 and then in early 1964, to the 5-band 400.
The model 400 series is unique in that it is the only Swan amateur transceiver without an internal VFO, requiring
either an external VFO or crystal oscillator for operation, a more costly and perhaps unwieldy approach for many
amateurs. However, in late 1964, the 5-band 350 model with an internal VFO was introduced, which quickly be-
came wildly successful and an amateur classic. That design then slowly evolved during the next 16 years through
a succession of models to the last of the tube-design breed, the HS-700S.

The mono-band transceiver concept was re-introduced in the mid 1960s and early 1970s to address the VHF re-
gion with the six-meter 250/C and the lower range of the HF band with the 160/X. Also introduced in late 1968
was the Cygnet (“Young Swan”) design concept — a 5-band, easily portable transceiver with built-in power supply,
but with much lower power than the base station models (e.g. 350, 500, etc.).

Most of these base station and mobile or portable models use either a single or a paralleled pair of television sweep
tubes in the RF power amplifiers, such as the 6DQ5, 6HFS5, 6JE6C, or 6LQ6. Exceptions to the sweep tube usage
includes the 250/C six-meter mono-band transceiver, whose power amplifier uses a pair of 6146 tubes, and the
higher power 700CX, which uses a pair of 8950 tubes. Solid-state components were used in the VFO circuits of
all but the earliest models and were incorporated into a couple of additional circuits in the last few models. An
overview of most tube-design transceiver models and their production and sale time periods is shown in Fig. 2-1.

Most Swan transceivers require a separate power supply, except the Cygnet-like designs and the 600T/R series
stand-alone transmitter and receiver pair, all of which have an internal power supply. The last tube radios pro-
duced from 1978 to 1980 were the model 350A/B/D, 750CW and HF700S transceivers, which were outfitted with
solid-state balanced modulators, calibrators and carrier oscillators, and in the case of the 350D, a digital display
and associated solid-state electronics. In general, the overall quality of transceiver construction deteriorated
somewhat in the later models, which have higher failure rates in some of the solid-state circuits and smaller, less
accurate meters, as attempts were made to remain cost competitive with the Japanese imports.

The first Swan single band radios (e.g. SW-140) had light gray, enameled cabinets with a clear anodized-like
Gold-Faced front panel color scheme (later versions of this model had very light-gray panels). This transitioned to
the very light blue-gray used on the 240 panel to the mono-tone light gray used on the early 400s (two-tone light
and dark gray used on later units) to a darker two-tone gray (light and dark, as shown in Fig. 1-9) used for most of
the transceivers produced, to the solid dark gray, and finally to the all flat black front panels of the last models.
Some production models used two of the color schemes (e.g. 400 and 700CX), depending on date of manufacture.
Likewise, the front panel configuration of some models (e.g. 7S0CW) was also produced with two or more control
layouts and front panel styles, although the internal design remained essentially the same.

Marketing. As noted previously, during the late 1960s and especially in the early 1970s, transceiver models were
quickly upgraded and a number of models were simultaneously in production, along with a plethora of accessories,
as shown in Fig. 1-9. During that period, upgraded models had both C (e.g. 350C, 500C) and CX suffix designa-
tors (e.g. 500CX, 700CX) appended to the model numbers, however in cases such as the 500C to 500CX
transition, this was more a marketing gimmick than any real improvement, as changes from the replaced model
were minimal. In other cases two models, or variants of the same model, were sold concurrently with one model
being marketed as standard and the second as a deluxe or top-of-the-line version, such as the 350 and the deluxe
400, or the standard 260 Cygnet and the deluxe 270 Cygnet. In other cases, the replacement version of the same
model was billed as the deluxe version of an earlier design, as in the case of the 500 and 500C.



During the 1965 time frame, Swan had an innovative program that offered 30% discounts off list prices for trans-
ceivers, power supplies, accessories, and upgrade kits sold by dealers to amateur radio clubs. This was a win-win
situation for both amateurs and Swan. It provided a nice benefit and incentive for radio clubs to purchase Swan
equipment, while at the same time providing a way for Swan to give many amateurs hands-on experience and ex-
posure to Swan transceivers, most likely significantly contributing to the great success of the 350.

With the increasing competition and success of the Asian manufacturers in the 1970s, Swan pursued a number of
approaches to combat this threat. In addition to design changes oriented to reducing or controlling costs (smaller
less accurate meters, elimination of features such as the internal dc power supply in the 270B, etc.), Swan also ex-
plored cost saving approaches in the area of marketing. In 1971, they instituted a “factory direct,” sales policy that
offered a 10% savings (from dealer pricing). According to Swan, the rationale behind this sales approach was:
“For more than a year now, American manufacturers and distributors of amateur radio equipment have been
faced with a growing challenge from imported products, which in most cases are being sold on a direct basis from
importer to user. After considerable deliberation, Swan has decided to meet this challenge by offering a new dual
sales policy for 1971. This new program permits us to substantially reduce prices for the entire line and also in-

Figure 1-9 Swan Equipment Line-Up, 1973




clude the valuable customer relationship provided by knowledgeable distributors. Thus with no sacrifice in
Swan’s high standards of engineering, reliability, and craftsmanship we can now offer our product for prices
which are more than competitive with any foreign-made equipment. (Swan advertisement in February 1971 OST)”

While Swan continued to offer its products through local dealers, one has to wonder how enthusiastic the retail
dealers were with this marketing strategy and whether in the long run it adversely affected sales and market share.
In the 1970s, Swan even offered their own credit card with a “revolving credit plan” which could be used to order
equipment on credit directly from them or at “participating dealers!” In 1972, terms included an annual percent-
age rate of 18% on the first $1,000 and 12% on that portion over $1,000, so this credit offer wasn’t exactly an
altruistic endeavor.

It is ironic to note that while Swan was transitioning from a dealer only distribution network to some factory direct
sales, the foreign manufacturers were transitioning from direct sales to a dealer distribution network.

Customer Support. Up until the early 1970s, one of the exceptional features of the Swan organization was the
outstanding support provided for older equipment in the form of factory upgrade installations, user installed kits,
and service bulletins for a wide variety of circuit design updates and modifications. An idea of their customer-
friendly support approach and philosophy is illustrated by the type of instructions and advice provided in their ser-
vice bulletins and modification kits.

For example, in their sensitivity service bulletin for the model 250 six-meter transceiver, Swan digresses to explain
the rationale for switching in later versions of that transceiver from the 6CW4 nuvistor to the 6HAS in the RF am-
plifier and mixer stages. Likewise, in discussing circuit performance of the IF stages of that same transceiver, they
relate reported tube change experimentation experiences from Swan users (e.g. use of a 6GM6 in place of the
6EW6 and the 12AU6 in place of the 12BA6) and, as they put it in their discussion of these changes, “. . . the
AGC control characteristics will be altered, and the experimenter may enjoy trying it.” With regard to the S-meter
modification for that same transceiver, they note: “We also would like to encourage each owner to make the modi-
fications himself, in the amateur tradition of being a technician as well as an operator. If any problem develops,
the set may be taken to your dealer for servicing, or shipped to the factory at Oceanside, California where we will
do the work and re-ship within a few days.”

In addition to this user-friendly approach to standard updates and modifications, they were even quite willing to do
some non-standard work on equipment, often based only on an informal phone call to the factory. This was espe-
cially true during the earlier model 350 years (1964-67 time period), when Swan service personnel were very
receptive to accommodating just about any customer whim. Thus, it is possible to find transceivers from that time
that have unique one-of-a-kind modifications that were factory installed (e.g. see discussion of the model 700R
and 700T in Section 2.3.14).

The radios could be initially ordered from the dealer or from Swan (after factory direct sales were instituted) with
the desired kits factory installed and the radio would be built to your order, kind of like options on a car. Trans-
ceivers could also be returned to Swan for kit factory installation (usually done in conjunction with other repair
work), however most kits were commonly ordered post-sale for user installation. The cost of such factory in-
stalled modifications increased dramatically in the later years. For example, a common 350 factory modification
was the SSB Selector Kit — initially the factory installation cost was only $18 for the kit plus $10 for installation,
whereas in 1975 that installation cost had increased to a flat ~$75.

Transition to Solid-State. Swan’s transition to the all solid-state, no-tune era began in January 1971 with the in-
troduction of the two-meter FM-2 transceiver quickly followed in 1972 by the FM-1210. Late 1973 saw the
introduction of Swan’s first all solid-state 5-band HF transceivers, the SS-15, SS-100, and SS-200 (15, 100, and
200-W dc input PEP, priced at $579, $699, and $779 respectively) and even a re-introduction of the mono-band
HF transceiver concept with the MB40 and MB80 ($250 each, March 1973). In 1974, an upgraded version of the
SS-200, the SS-200A was introduced, with an increased input power to 300 W.

Thus began Swan’s journey to all solid-state radio designs, but not its immediate abandonment of the tube-design
transceiver. During the mid to late 1970s, they still continued a major emphasis on tube-design transceivers, in-



troducing the medium power Cygnet-like 350A/B/C models as well as a series of ever higher rated input power
base-station models, progressing from the 500CX to the 700CX and finally to the last of the line, the 7S0CW and
HS700S.

In about 1978, the Swan subsidiary name was changed to Cubic Communications, Inc. and the operation was
moved to one of the campus-styled facilities at Cubic’s main location. In addition, during this time Swan/Cubic
started transitioning away from amateur radio products to focus on high-tech electronics, including sophisticated
general-purpose data communication receivers (e.g. built-in RF analyzer, multiple selectable IF bandwidths, etc.).
The amateur market wasn’t totally abandoned until the early 1980s. They continued to market the all solid-state
Astro line of amateur transceivers (102/X, 103/X, 150/A, 151) and some accessories as late at 1982. An early ver-
sion of the Astro 102 was even initially marketed under the Swan name for a while before the transceiver labeling
was finally changed to Cubic.

Post Script. The Swan and other vacuum tube transceivers of this time period literally represent the end of an era
when men were men, components could be seen without a magnifying glass, and real live people actually installed
and wired the components by hand, one at a time!

1.4. Atlas

Herb Johnson ultimately left the Cubic organization in 1973. He went from the founder and owner of America’s
leading supplier of amateur radio SSB transceivers in 1966, through a progression of positions of lesser and lesser
authority as the manager of the Swan subsidiary. Johnson subsequently left and founded his second company, At-
las Radio in 1974, which produced a line of compact, rugged solid-state transceivers (e.g. Atlas 180, 210/X,
215/X, 350XL) that became a favorite for mobile communications. Over 23,000 Atlas models were sold.

As with every American amateur radio company, both Swan and Atlas experienced severe difficulties in produc-
ing new solid-state transceivers that were both feature and price competitive with Japanese radios. In an attempt to
revive fortunes, Atlas Radio introduced a new 3™ generation HF transceiver in August 1994, the 400X “Little Gi-
ant”” While the radio was actively marketed with an initial selling price of $699 in anticipation of its full
production, the design and development “wandered into a mire of technical problems” and the company failed to
commercially produce the radio. In 1995, O.M. Radio struck a deal to take over Atlas Radio’s assets and manage
the company. O.M. Radio also operated an Atlas Radio repair service and even promised to make good on deliv-
ering the new transceiver, but nothing ever came of the effort.

1.5. Siltronix

For a short while in the 1971 time frame Swan sold, but did not produce, the tube-design model 1046 transceiver
as their initial entry into the CB market. It was built by Palomar Electronics, who also produced the Skipper 71/73
series CB radios upon which the 1046 was based, and relabeled with the Swan name. Shortly thereafter, Swan
built and sold the amateur model 1011, a mono-band 10-meter transceiver with 11-meter receive-only capability.
The 1011 is of particular note in that it was frequently modified by users for illegal high power 11-meter citizen
band operation. That transceiver is similar to the design of the Swan 260 Cygnet, differing in that the electronics
associated with other than the 10-meter amateur band were removed, the VFO modified to include an 11-meter
capability, and a 6LF6 or 8950 was used in the final power amplifier to increase power output, since the 260 typi-
cally only has about 55 to 65 watts RF output on 10 meters.

Because of the disapproval of the amateur radio community, Swan entered into an agreement with Palomar-
Siltronix to market the 1011 radios under the Siltronix label. While Swan no longer sold the radio, they continued
to design and manufacture that product line in their Southern California plant, along with Siltronix accessories,
such as VFOs and wattmeters, which were basically relabeled clones of Swan products.

Although the 1011 series transceivers and associated products were used for CB, Hams did (and still do) use them
legally on the 10-meter radio band. For additional information on Siltronix as well as additional Swan/Cubic in-
formation, visit the Swan/Siltronix website at: www.radiowrench.com/siltronix.
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2. GENERAL TRANCEIVER INFORMATION

2.1.Swan Nets and Resources
21.1. On-Air
Swan Nets are conduced weekly at the times and frequencies listed below. During holidays or periods when ma-
jor contests are being conducted, these nets may be cancelled. While the focus of the nets is primarily on the
maintenance, repair, and operation of Swan equipment, discussions of other tube-era gear or amateur related
questions and comments are welcome. You do not need to own or be operating Swan equipment. See the Inter-
net Chat Room discussion below for information on real-time Internet audio streaming of these nets.

e Swan User Net - Sunday 5 PM Eastern time on ~14,250 kHz.
e Swan Technical Net - Wednesday 2300 UST on ~14,251 kHz.
e Swan Technical Net - Saturday 2-4 PM Eastern time on ~7,235 kHz.

2.1.2. Internet Resources

If you have access to the Internet through a home computer or public library, visit the websites shown in Table
2-1. They contain a wealth of both background and specific information related to Swan transceivers and other
tube-era equipment. The Swan-Net Internet websites listed are interrelated and have cross-links in many cases,
so transfer between those pages and other referenced resources is easy.

Swan Internet Reflector and Message Archives. Since numerous Swan users and enthusiasts, many with years
of Swan equipment background knowledge and technical expertise, are signed up to these reflectors, it is an ideal
forum to ask technical questions, obtain equipment information, or just discuss any Swan or tube-radio issue.
Remember, every time you send a message, it is automatically retransmitted to all reflector members, so it is
usually not helpful or appropriate to conduct personal or off-topic personal discussions.

Reflectors. An Internet e-mail reflector is a system that automatically retransmits any message it receives to
all other members who have joined that particular reflector group. There are three independent Swan related
reflectors, one located on Yahoo, a second on Topica, and a third at the QTH website. Prior to using any of
these reflectors, you must first register or sign up for the service.

Topica. To sign up for the Topica based reflector, simply send an e-mail message to Swan-Net-
subscribe@topica.com. As an alternative, go to the Topica website located at www.topica.com, where sign-
up instructions are also outlined. E-mail correspondence with this reflector is addressed to and from Swan-
Net@topica.com. Any posted responses to received messages are automatically retransmitted to all reflector
members. To respond directly to a message originator, you must manually copy the originator’s e-mail ad-
dress from the reflector message (right click on the message and select properties to see the sender’s address
information) to a new conventional e-mail form.

Yahoo. The Yahoo Groups reflector requires you to first register as a Yahoo user. Go to their website at

Table 2-1 Swan Related Websites

Swan Radio Network at www.geocities.com/LateMod97/.

Swan Radio Net Trader at www.angelfire.com/ny2/hamradio/sell. html.
Swan Network at groups.yahoo.com/group/Swan-Network/

The Swan Virtual Museum at www.pcs.mb.ca/~standard/.

Swan Transceiver Information at www.aade.com/hampedia/swan/swan.htm.
Siltronix Transceivers Information at sonic.ucdavis.edu/siltronix/.

Swan Reflector Edited Messages at www.topica.com/login.html.

Swan Reflector Message Traffic Archives at www.qth.net/.

Swan/Cubic Manuals at 6mt.com/swan.htm.

Swan and Siltronix Manuals at bama.sbc.edu/swan.htm/.

Tube Data and Substitution Information at www.nostalgiaair.org/otcr.htm.
Tube Data and Substitution Information at www.duncanamps.co.uk/cgi-bin/tdsi3.exe/.
Tube Data and Substitution Information at hereford.ampr.org/cgi-bin/tube/.
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http//groups.yahoo.com/group/Swan-Network and follow the instructions to register and join the e-mail re-
flector. Any e-mail correspondence with this reflector is addressed to and from Swan-Network
@yahoogroups.com. Any new messages or posted responses to received messages are automatically re-
transmitted to all reflector members. To respond directly to a message originator, you must manually copy
the originator’s e-mail address from the reflector message (right click on the message and select properties
to see the sender’s address information) to a new conventional e-mail form.

QOTH. The QTH reflector requires you to register at www.qth.net. After first selecting the displaying the Di-
rectory of Lists, simply select the Swan list and you will be directed to the sign-up page. E-mail
correspondence with this reflector is addressed to and from the swan@mailman.qth.net. This reflector gives
you the option to directly respond either to the individual message originator or to the entire reflector mem-
bership.

Message Archives. The messages that appear on each reflector are also available in their respective message
archives at the Topica, Yahoo, and QTH websites. In the case of Topica and Yahoo, the archival messages
have been edited to remove extraneous, non-Swan related material. Go to those website and login as required
to access the archives. For example, go to www.fopica.com. A screen will appear prompting you to login.
You will have to either register if you have not already done so or sign-in with your full e-mail address and ex-
isting password. Another screen will appear showing that you are subscribed to Swan-Net; click on it and you
will go a self-explanatory screen for finding old messages.

Chat Rooms/Streamed On-Air Swan-Net Audio. A chat room is an Internet based system that permits multi-
ple users to simultaneously meet and discuss various topics in real-time. There are two Yahoo Groups based
Chat Rooms related to the Swan-Net. The first Swan Radio Chat QSO Room can be accessed by going to
www.geocities.com/latemod97/ and following the instructions — no special password is required to enter this
room. It is open 24 hours a day. Once you and others have entered the room, you may freely converse with
one another, kind of like an on-air roundtable QSO.

The second Swan Radio Network chat room at Yahoo Groups is being used for streaming live audio from the
weekly HF Swan Net on-air operations. So, if propagation conditions or license restrictions preclude conven-
tional on-air net participation from your QTH, use this chat room to participate! Gain access by going to
http://groups.yahoo.com/group/Swan-Network/ and follow the instructions. If you are not already a registered
Yahoo member, it will be necessary to do so before you can enter that Chat Room and hear the audio. You
will be able to communicate with the net control via the chat-room’s text messages.

2.2. General Characteristics

Model Overview. A summary of most amateur Swan tube transceiver models is shown in Fig. 2-1 and Table 2-2.
These listings are not all-inclusive and a few of the more esoteric models are omitted. Information on the listed
models and some omitted models are included in the Selected Transceiver Comments Section 2.3. For a synopsis
of the technical specifications and photographs of some of the transceiver models, be sure to visit the Swan Virtual
Museum at www.pcs.mb.ca/~standard/. Likewise, a review of the Swan advertisement samples shown in Appen-
dix B, Figs. B1 through BS5, can be helpful in gaining a general familiarity with Swan transceivers and accessories.
In many cases, Swan’s model numbers denote the transmitter’s minimum SSB dc input PEP (peak envelop power)
capability, although there are also exceptions to this generalization, such as the 350, which is rated at 400 W and
the 350C, rated at 520 W.

Physical Characteristics. Almost all Swan tube transceivers have the same physical dimensions (~5.5" H {~6.5"
w/feet}, ~13" W, ~11" D {~12.5" with dials and rear panel connectors}). The model 600R receiver and 600T
transmitter twins are exceptions to this generalization, as each has a 6.5" height (~7.5" with feet), 15" width, and a
12" depth. Transceiver weight varies from about 11 1bs for the early mono-band models to 24 Ibs for the Cygnet
designs with built-in ac power supplies. The 600R/T twins, which include built-in power supplies, are also excep-
tions, each with a weight of approximately 32 Ibs.

Manual/Schematic Caveats. The are a number of factors to consider when using the original manual that came
with the rig or one that is acquired from a secondary source (web download, vendor, eBay, etc.). The first is to be
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aware that from the 1968 or 1969 time period on the manuals unfortunately were not up to previous Swan stan-
dards, containing many errors, misspelled words, unclear references to coil and component locations, etc.

It is also extremely important to recognize that not all transceivers with the same model number are necessarily
physically or electronically identical. There were at least two and as many as seven distinct design versions of
every tube-design transceiver model produced by Swan with changes sufficient enough to warrant the issuing of a
revised schematic. The entire manual was updated only rarely with new model versions and even then, some of
the first rigs of the updated version may have been shipped with the old manual and/or schematic. Thus, it’s pos-
sible to have a one-owner rig with the original manual and schematic and still have the incorrect one!

Consequently, you may purchase an after-market copied manual for say a 500C version that shows a five-position
mode switch while your transceiver has only a three-position switch. On the other hand, when looking at a re-
placement manual, it may show a 500C with a 17-tube schematic, but your later version unit might have only 15
tubes — there is no V-14 carrier oscillator (replace by a solid-state oscillator) and, since voltage regulation was no
longer required to insure stable V14 operation, there also is no 0A2 regulator tube. Conversely, you may also find
a 500C schematic that shows 15 tubes, but it’s for the intermediate version that has a 3-position switch rather than
S-position mode switch.

To further complicate the situation, there are also cases where the manual and schematic for the last version of one
model may be used for the first version of the model that replaced it, as is the case with the 500C and the S00CX.
See the discussions on the individual transceiver models below and in the Manual Section 4.9.

Power Supplies. Most two-tube PA transceivers require an external power supply and most one-tube PA units
have a built-in supply. Exceptions to this generalization are the early mono-band and tri-band models that have a
single-tube PA, but required an external power supply, and the 600T transmitter that has a dual-tube PA but also
has a built-in power supply, as does the companion 600R receiver. All 117X and equivalent power supplies (117B
and later) are interchangeable with any model 350, 400 or later model transceiver. Only a small modification is
required to make these later 117X-type supplies compatible with the earlier transceiver models and likewise only a
small change is required to make the earliest power supply model (117AC) compatible with the later transceivers.

For most transceiver and power supplies models, the HV is specified as 800 V. This is just a nominal value, typi-
cal of what is measured with an 117X power supply during average transmitter operating conditions. The actual
voltage will range from ~925 V in the receive mode, to ~890 V during idle transmitter conditions, to as little as
700 V during maximum dc input power conditions when the supply is used with the highest power transceiver
models. Likewise, the MV, bias, and other power supply voltages will not necessarily be the nominal value speci-
fied — they will also vary somewhat as a function of loading. The voltage values measured on a particular unit will
also be dependent on ac power line voltage. An overview of the specified minimum, nominal, and maximum
power supply voltages and current requirements for the early mono-band, the tri-band, and later dual-tube trans-
ceiver models is shown in Table 3-1 in the Power Supply Commonality Section 3.2. Measured power supplies
voltage levels under various operating conditions are shown in Tables 3-5, 3-6, and 3-7.

2.2.1. Serial No./Schematic/Production Info

Between 1965 and 1971, all transceivers, except for the mono-band models, have a letter designation prefix to
the serial number. The letter A was reserved for the 240 transceivers built prior to 1965, B was used for the 400,
and C was used for both the 350 and 350C models. The letter O was used for power supplies.

After 1971, under Cubic management, a revised numbering scheme(s) was used. Serial numbers and their for-
mat became varied and non-uniform, probably reflecting the production of sub-assemblies and/or transceivers at
Cubic facilities other than the Oceanside plant and the use of outside vendors. While one may intuitively think
that the C in 350C or 500C refers to the addition of a crystal calibrator or some other specific feature, it report-
edly just designates “Cubic.” The 250, 350, 400, and 500 were the last transceivers built under the total control
of Herb Johnson. In 1968, after Swan became a subsidiary of Cubic, the C was affixed as an upgraded model
suffix designator (i.e. 250C, 350C, 500C). Coincidental with this was the decision by Cubic to change from the
5.173-MHz to the 5.5-MHz intermediate frequency used in most later amateur transceiver models. Transceiver
models that were originally factory equipped with the SS-16 IF filter include a SS prefix to the serial number.
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Fig. 2-1 provides a graphic overview of the approximate production/sale years of most transceiver models.
These and some additional models are discussed in Section 2.3. As indicated, many had extended production
runs. During these extended runs and indeed, even for those models with production runs of only a year or so,
significant circuit design changes resulted in two or more versions of the schematic in all cases. To distinguish
between schematics, usually a letter and/or a date is affixed to denote version number (e.g. C would be version
3), although is some cases there is no designation other than the actual circuit changes (e.g. first two versions of
the amateur model 400). To find out the actual production date (year and month) of a particular unit, just check
into the On-Air Swan Nets or provide the serial number to the Swan-Net via email (SwanRadio@Anglefire.com),
the reflector, or their website. They have the old Swan production records in a database and can provide the spe-
cific date of manufacture, model version, and appropriate schematic information and in some cases, even the
name of the original owner and selling store may be available.

As with the circuit design changes made on a given model, front panel and/or cabinet modifications also oc-
curred during a production run. Such features may be used to obtain a general idea of a rig’s production year or
to identify which schematic is applicable if the serial number is missing or unreadable. Exemplars of the type of
change that might be useful to identifying a model version include:

e With the model 140 transceiver, the front panel color changed from the initial gold to a very light gray and
the tuning dial changed from a simple panel punch-out scheme to the use of a rectangular plastic
bezel/cover in the later version. The meter also changed from an off-the-shelf surface mounted unit to a
plastic bezel/cover similar in design to that used on the tuning dial display.

e The 240’s meter changed from an off-the-shelf surface mounted unit, similar to that used in the early ver-
sion mono-banders (e.g. 140), to a custom-scaled meter enclosed in a rectangular bezel/cover similar to that
used on the tuning dial.

e During production of the model 350, the tuning dial was changed, with units produced after mid 1965 using
the dial with the familiar green band (needed to display full-band coverage), while the earliest version has a
solid white dial.

o Cabinets also had various configurations of ventilation holes that evolved over time from: (1) the larger,
widely spaced circular holes on the upper cabinet sides used in the mono-band models and early version
240, (2) to the vertically oriented larger, widely spaced oblong slots on the upper sides/top edge used on
the later version 240 and early version 350 and 400, (3) to the extension of those slots a bit further down
the sides and onto the top on the later version 350 and 400 models, (4) and finally after ~1965, to the grid
of small holes over the entire top and sides that was used on all subsequent models. However, since most
cases have the same form/fit factor, switching of cases between units is possible.

Accessory Jumper Plug. The one glaring omission from the manuals and schematics is the failure to specify or
to make any mention that those models equipped with an accessory socket must have either an external VFO or
the factory provided 9-pin jumper plug, with pins 1 and 8 jumpered (VFO signal path) and pins 3 and 4 jumpered
(=10/~14 V path), installed in order for the radio to operate. Other models, such as the early mono-banders, the
240 tri-bander, and the Cygnet-like (e.g. 350A/B/D) do not require this plug. Without the plug installed, there
will be no VFO signal and the transceiver will not function (just a white noise hiss will be heard on receive).

2.2.2. VFO Drift Issues, Specifications
Swans and other tube-design transceivers are frequently criticized as having VFO frequency drift problems.

While this is more likely to occur for some models and/or specific units, one should recognize that with vintage
tube radios that do not employ a phase-lock-loop or other exotic stabilization approaches (crystal ovens, etc.),
some significant drift during warm-up is both expected and normal. Even after full temperature stabilizations,
tube radios will not come anywhere close to matching the tens of Hertz or less of frequency stability and accu-
racy over the operating temperature range specified for state-of-the-art (SOA) equipment. Before concluding
that there is a VFO frequency drift problem, confirm that the reported or observed drift is not due to operational
factors (cyclic retuning by the receiving and/or sending station during a QSO) or that it is in fact just due to un-
reasonable expectations relative to SOA radios.
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For most later transceiver models (i.e. post 240) Swan specified a drift tolerance during the first hour of opera-
tion of less than £1 kHz in the 80, 40, and 20-meter bands, and less than +2 kHz when operated in the 15 or 10-
meter bands. The six-meter Swan 250 transceiver also specifies £2-kHz drift within the first hour. With the
240, drift of less than 500 Hz in the first half hour and 200 Hz/Hr thereafter is suggested by the manual as attain-
able, but only with proper adjustment of the temperature compensation trimmer capacitors. Beyond the initial
one hour warm-up time, drift is not specified in most manuals, however independent measurements suggest that
drift rates of less than 200 Hz per hour are reasonable. After a properly functioning radio has operated for a full
hour, any frequency variations should be dependent only on temperature variations associated with the trans-
ceiver’s operational duty cycle and power output.

Frequency drifts significantly in excess of these values or a single band-specific excessive drift problem suggests
problems in the VFO circuitry. See the Drift Problems and Solutions Section 9.2 for further discussions.

2.2.3. IF Filter Design Information
Intermediate Frequencies (IF). Swan transceivers use intermediate frequencies (IF) of 5.173, 5.775, 5.500,

5.600, 10.700, or 10.900 MHz, depending on the model and in some cases model version, as shown in Table 2-2.
Because of these frequency differences, external VFOs, which are designed for a transceiver’s specific IF (see
Table 4-1), are not necessarily directly interchangeable among the various transceiver models. VFOs and trans-
ceivers that have close IF design frequencies can be used together, but will only display the correct frequency
and properly track across the band with re-alignment and/or significant modification of the VFO.

The very first Swan models built (120/140/175) use a 5.775-MHz IF, however this was switched to 5.500 MHz
in the later units to help discriminate against unwanted signals that were reported to be leaking-in near the 5.775-
MHz frequency. The IF was then switched in the multi-band 240, 350, 400, and 500 models to 7.1745 MHz be-
cause in the VFO and carrier oscillator signal mixing process the same VFO frequency can then be used for both
40 and 80 M (depending on which side-band is used); thus, only 4 VFO ranges are required for these multi-band
transceiver models. Because of unwanted interfering signals in the front-end circuit stages, RF traps were in-
cluded. In all later transceiver models (except for the 250 and 250 C, which used the 10.700 and 10.900-MHz
IF) the IF was changed to 5.500 MHz; that design required 5 VFO ranges but it was found that unwanted signal
leaks were still problem so various types of traps were also included in that design.

There may be some confusion terminology used by Swan in their definition of the IF. Initially Swan sometimes
referenced the IF filter to the center frequency of its bandpass (model 240 transceiver), but later on this was
changed to reference a nominal frequency on the lower filter skirt, typically in the vicinity of the ~20 dB down
point. Thus, an early IF filter designation of 5.1745 MHz is in fact the same as the later 5.173 MHz, which is
referenced to the lower skirt frequency (5.173 MHz + 1,500 Hz).

IF Filter Characteristics. All transceiver models use a crystal filter at the IF to provide signal selectivity. The
filter evolved from a discrete 4-crystal design (4 pole with ~24-dB/octave skirt slopes) to a discrete 5-crystal de-
sign (also 4 pole, but with an extra shunt crystal to further suppress any residual carrier oscillator signal from the
balanced modulator) to an encapsulated 8-crystal design (8 pole with ~48-dB/octave skirt slopes), and finally to
the optional encapsulated SS-16/B “super selective” filter (16-crystal with a ~96-dB/octave skirt slope). That
distinctive filter (twice the height of the stock unit) has much steeper skirts with superior out-of-band signal and
noise rejection than the stock 8-crystal encapsulated filter and was available for the mid to late production HF
transceiver models (both 5.173 and 5.5-MHz IF models). The 250 and 250C six-meter transceivers both used an
8-crystal encapsulated crystal filter; a SS-16 type filter was not available for that IF (10.7/10.9 MHz). Addi-
tional filter design comments regarding the shunt crystal operation in the discrete S-crystal design used in the
240 and early version 350 transceiver models are given in Section A.10.7; also discussed is a modification of
that circuit that reuses the shunt crystal as part of a tunable IF notch filter modification. Additional general
comments on filter design and terminology (poles, zeros, etc.) are given in the end of this subsection.

The very earliest mono-band models transceiver models (120, 140, 175), the 240 model, and the early version
400 and 350 transceiver models produced prior to mid 1965 all use 4-crystal filters that have an IF 6-dB down
bandwidth of 3 kHz. Beginning in mid 1965, the encapsulated 8-crystal filter, with a 2.7-KHz, 6-dB down band-
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width was used as standard in all subsequent transceiver models. The optional SS-16 filter also had a 2.7 kHz, 6-
dB down bandpass. Thus, all of the later encapsulated 8/16 crystal filters have a 2.7 kHz bandwidth; except for
the encapsulated 8-crystal filters used on the 250/C, which have a 2.8-kHz bandwidth. However it should be
noted that versions of the SS-16/B filters designed for the nominal 5.5-MHz IF apparently had slightly different
filter center frequencies that could require the installation of different carrier oscillator crystals from those pro-
vided with the stock 8 crystal filter — see the additional discussion in SS-16 IF Filter Section 4.5.

The 5.173-MHz encapsulated filters are directly interchangeable with the 5.1745-MHz, four discrete-crystal fil-
ter designs (3-kHz BW) used on the early version 350 and 400 transceivers. Even a later 5.5-MHz encapsulated
IF filter can be used, however the carrier oscillator crystal(s) must be changed, the IF stages and balanced modu-
lator transformer must be aligned, and the VFO calibrated accordingly.

Shunt Crystals. 1t has been reported that the Swan encapsulated 8 and 16-crystal IF filters utilize two and four
of the crystals respectively for CO shunt purposes, similar to what was done with one crystal of the 5 discrete-
crystal design, and therefore these filters might have only 6 and 14 poles respectively. However careful exami-
nation of the Swan published IF filter skirts clearly shows that all 8-crystal encapsulated filters have 8-poles
since their filter skirt slopes are ~48 dB/octave and therefore use 8 crystals for filter bandpass formation. Like-
wise the SS-16/B encapsulated 16-crystal filters have 16 poles since their filter skirts slopes are ~96 dB/octave
and therefore use all 16 crystals for filtering purposes. In addition, in the case of the SS-16, Swan literature ex-
plicitly and repeatedly states that the unit is a 16-pole filter design. Therefore, if shunt crystals are incorporated
into these designs, they are in addition to the 8 and 16 crystals used for filter bandpass formation.

Filter Design Comments. The number of poles in a filter is generally determined by the total number of crystal,
RC, RL, or LC components used in its construction. The terms “poles” and “zeros” are associated with the

Table 2-2 Summary of Transceiver Intermediate Frequencies

MODEL BAND COVERAGE IF (MHz)
SW-115 Mono-band, 15 meter
SW-120 Mono-band, 20 meter 5.775/5.5/5.173"
SW-140 Mono-band, 40 meter 5.775/5.5/5.173"
SW-175 Mono-band, 75 meter 5.775/5.5/5.173"
SW-240 3 band, 20-40-75 meter 5.173
160/X Mono-band, 160-meter 5.500
250/C Mono-band, 6-meter 10.7/10.9
260 5-band, 10-15-20-40-80 meter (Cygnet) 5.500
270 5-band, 10-15-20-40-80 meter (Cygnet) 5.500
270B 5-band, 10-15-20-40-80 meter (Cygnet) 5.500
300B 5-band, 10-15-20-40-80 meter (Cygnet) 5.500
310 Single fixed frequency HF 5.600
320 Dual fixed frequency HF 5.600
350 5-band, 10-15-20-40-80 meter 5.173
350C 5-band, 10-15-20-40-80 meter 5.500
350A/B/D 5-band, 10-15-20-40-80 meter (Cygnet-like design) 5.500
400 5-band, 10-15-20-40-80 meter 5.173
400E/F/G/H Multi (5/12) fixed frequency HF 5.600
500 5-band, 10-15-20-40-80 meter 5.173
500C/CX 5-band, 10-15-20-40-80 meter 5.500
600T 5-band, 10-15-20-40-80 meter transmitter 5.500
600R 5-band, 10-15-20-40-80 meter receiver 5.500
700CX 5-band, 10-15-20-40-80 meter 5.500
7008 5-band, 10-15-20-40-80 meter 5.500
T750CW 5-band, 10-15-20-40-80 meter 5.500
1011 Mono-band, 10 meter transmit, 10 & 11 meter receive 5.500

* See comments in Section 2.3.1
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mathematical transfer functions (i.e. differential equations) that define the theoretical filter shape and characteris-
tics (bandpass frequencies, bandwidth, ripple, slope, phase response, etc.), which are implemented by the
physical components. One crystal is required for each pole in the network, or for a LC filter, there is usually one
inductor/capacitor pair per pole. In general, each pole generates a 6-dB/octave amplitude roll-off, thus a 4-pole
low pass filter has a ~24-dB/octave roll-off above or below its design frequency. A 6-pole filter requires either
six crystals or six LC sections and has a ~36-dB filter skirt roll-off, and so on. The effect of the number of poles
on the steepness of the filter-skirt roll-off is clearly seen in the differences between the standard stock 8-crystal,
optional SS-16/B 16-crystal, and mechanical and LC filter design curves, as shown in Fig. 4-2.

2.2.4. Transceiver Intermediate Frequencies
All Swan tube radios are a single conversion design, meaning the audio base-band and RF signals are both trans-

lated to one fixed intermediate frequency (IF), which permits; (1) high RF amplification, (2) good selectivity
using a single fixed-frequency/bandpass IF crystal filter, and (3) high stability. Consequently, the VFO signal
frequency used for each band must be adjusted such that during the mixing process the lower or upper sideband
of interest is always precisely positioned so that it passes the signal information through the IF filter’s bandpass.
The intermediate frequencies used in the various transceiver models are listed in Table 2-2 and Table 4-1 in the
VFO Section 4.14.1 lists the corresponding IFs for which the external VFOs are designed.

VFO Mixing Process/Implementation. To obtain the proper operation frequencies across the amateur bands in
the 5-band Swan transceivers, the VFO uses four different frequency ranges in early models (the same range is
used for both 80 and 20 meters) and five different ranges in later models. Most other manufacturers of that pe-
riod employed a single frequency range VFO that is used for all bands resulting in a VFO that is easier to
implement, but costlier than the Swan approach. For example, the Drake TR-3 VFO tunes from 4.9 to 5.5 MHz
for all bands: (1) for 80 and 20 M operation the VFO output is mixed with a 9 MHz IF oscillator (lower and up-
per sidebands respectively) and (2) for the 40, 15, and 10 M operation the VFO signal is first mixed with a
separate crystal oscillator and heterodyned in a pre-mixer circuit — this pre-mixing in effect performs the same
function as the frequency shift in the multi-range VFO used in the Swan design described below.

During receive, the VFO signal mixes with the RF signals received through the band-pass of the tank’s tuned n
network (except in the 250/C which bypasses the tank), creating the sum and difference signal components that
translates those RF signals to the fixed frequency of the IF crystal filter. The output of that filter passes only the
RF sideband information of interest (lower or upper) for subsequent mixing with the carrier oscillator signal,
which in turn translates the signal down to the base-band audio frequencies that are heard on the speaker.

During transmit, the VFO output is mixed with the IF crystal filter’s output (containing the base-band audio that
had previously been mixed with the carrier oscillator to translate it up to the IF filter’s bandpass), which trans-
lates the IF signals to the actual operational RF frequency where it is then feed through the driver to the PA.

When tuning, say a model 400 transceiver (5.173-MHz IF) for operation on 80 or 40 meters, the VFO frequency
will be ~5,173 kHz higher than the operational RF frequency. For operation on the upper three HF bands the
VFO frequency will be ~5,173-kHz lower. Therefore, when you tune through the 7.0 to 7.3-MHz band, the ac-
tual VFO frequency will vary from 12,173 kHz to 12,473 kHz. An external VFO designed for a 5,173-kHz IF
(Table 4-1) will not properly work with transceivers using a 5,500-kHz IF (Table 2-2). In addition to this obvi-
ous major 327-kHz frequency offset, there will also be a linearity discrepancy across the tuning range.

USB/LSB. While you are free to operate either lower sideband (LSB) or upper sideband (USB) within any fre-
quency band approved for that modulation mode, by convention, on the 80 and 40-meter bands, “normal” SSB
signals are transmitted using the LSB audio information and the highest three bands are transmitted using the
USB. The VFO frequency is completely independent of LSB or USB selection. During either receive or trans-
mit, normal or opposite sideband operation is dependent only on the carrier oscillator (CO) frequency. Using the
standard LSB/USB convention, the normal sideband switch setting positions the CO frequency so that the ap-
propriate sideband information falls exactly within the IF crystal filter’s bandwidth during the mixing process.
When the opposite sideband is selected, the CO frequency is shifted ~3.3 kHz (e.g. from 5,173 kHz to 5,176.3
kHz). This frequency change automatically positions the opposite sideband within the filter’s bandwidth.
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Additional information on the relationship among the audio information, VFO, and carrier oscillator signals,
USB/LSB selection, etc. during the mixing and transmission processes is given in the Transceiver Signal Proc-
essing Section 6.2.8. Review of that information should assist in gaining a fundamental understanding of how
and why the specific VFO and carrier oscillator frequencies are selected.

2.2.5. First Rig Suggestions
Amateurs considering entering the Swan tube transceiver market frequently ask, “What would be a good starter

rig?” In response to such questions, Swan owners and users have recommended the transceivers listed below.
Regardless of the model selected, it’s always a good idea to be sure the radio you are considering has not been
heavily modified. This is especially true if the modifications are non-standard (i.e. ones that are not a Swan ser-
vice bulletin or performance upgrade modification) and if there is no accompanying documentation. You will
find units with additional front panel and rear apron switches, stand alone solid-state circuit board additions, and
various wiring and parts substitutions. Obviously, such units can be exceedingly difficult to repair and maintain.

e 240. While it’s only a three-band transceiver, the 20, 40, and 80-meter bands are those favored by many
amateurs. It does require an external power supply. An optional TCU (VFO) is available, but it’s quit
rare.

e 260, 270, 300. For compactness and simplicity, these Cygnet transceivers with a built-in power supply are
all good candidates as first rigs. The 260 even includes a hard-wired microphone.

e 500C. This model closely rivals the 400 model as one of the best dollar values (relative to production
costs) and easiest to maintain of all Swan transceivers, particularly the early version 500Cs.

e Pre 700CX. For the first time Swan owner who wishes to maintain his own or her equipment, any of the
two-tube PA radios made prior to and including the Swan 700CX would be a good choice.

2.3.Selected Transceiver Comments

As indicated by Table 2-1, Swan produced quite a large number of tube-design transceiver models over its 20-year
life span. If you total all of the various tube models and variants (e.g. 350 and 350C; 350A, 350B, and 350D; etc.)
along with the all solid-state transceivers models introduced beginning in 1971 through the Astro models of the
early 80s and the more esoteric commercial models, such as the MHF-650, Swan easily produced upward of 40
specific models. If one also includes all of the design versions within a specific model (i.e. three versions of the
240, five versions of the 260, seven versions of the 500C!), the number of unique designs truly becomes prodi-
gious! Fig. 2-1 provides an overview of the production and sales time-line of most of the models. To assist in
providing a general distinction among the various models, they have been roughly grouped into six general catego-
ries with similar characteristics, namely:

e  The Mono-Band transceivers which have a single or dual-tube PA and require an external power supply,
e  The Tri-Band transceiver (model 240) which has a single-tube PA and requires an external power supply,
o  The High Power 5-band transceivers, which have a dual-tube PA and require an external power supply,

e The Cygnet and Cygnet-like design 5-band transceivers, which have a single-tube PA and an internal
power supply (The 260, 270, 270B, and 300B were specifically called “Cygnet” with a corresponding
front panel nameplate affixed; the 350A, 350B, and 350D models are classed as “Cygnet-like” even
though they have a later production date and are not specifically named Cygnet because they are similar in
design and function to the earlier Cygnet models.),

e The stand-alone receiver and transmitter Twins (models 600R and 600T — dual-tube PA transmitter), that
also include individual internal power supplies, and finally,

o Commercial/Military transceivers that are channelized. Channelized means it is adjusted to operate at a
limited number of pre-set frequencies, however it can still be tuned-up anywhere throughout the various
frequency bands.

Swan was not rigorously consistent with model numbers. While some model lines were an orderly evolutionary
progression within the same design family (e.g. 500, 500C, 500CX), others model series represent significantly
different designs. For example, the closely related dual-tube PA, high power, 350 and 350C transceivers are dis-
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tinctly different and separate designs from the single-tube PA, lower power 350A/B/D, as suggested by their dis-
similar production dates shown in Fig. 2-1. The 350A/B/D are in fact closely akin to the Cygnet design series
(260, 270, 270B, and 300B). Another example of this model numbering inconsistency is the vast differences be-
tween the 300B, a 5-band HF Cygnet design, and the 300, 310, and 320 model family of channelized commercial
transceivers.

2.3.1. 115,120, 140, 175 (Early Mono-Band)

Mono-Band Models. While Swan’s mono-band transceivers include the SW-115, SW-120, SW-140, SW-175,
SW-160/X, 250/C, and 1011/B, these models actually represent a number of distinct families, each with its own
appearance and design characteristics. The early mono-band models (SW-115/120/140/175) are closely related
contemporaries (1962) while the SW-160/X, 250, and 1011 were produced during the mid production years and
each has unique characteristics. Swan did produce other mono-band transceivers, however they were either citi-
zen’s band (1046) or all solid-state 2-meter VHF and HF designs (such as the MX-40 and MX-80).

APPROXIMATE PRODUCTION/SALE YEARS
MODEL 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

120 —
140 —
175 —
160X [ E—

240 )

250 ——
250C (
260 Im—

270 o

270B (E——

300B E—
300/10/20 T

350 NN

350C .

350A/B (]
350D ]

400 OOOE..y
400E/F/G/H T )

500 NN
500C M-S

500CX NN

- Mono Band (Ext PS)

- Tri Band (Ext PS)

- Hi Pwr (5 Band, Ext PS)
- Cygnet (5 Band, Int PS)
- “Twins” 5 Band, Int PS)
- Comm (Channelized) NI

600R/T

700CX
750CW
700S

MMNOPOEOhhrrrsmmrrrre-

7 N
JEL
HU2N

7
.
é
7

Figure 2-1 Swan Model Production Date Summary
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Early Mono-Band Models. These were the very first transceiver models built by Swan Electronics. As noted
above, the SW-120, SW-140, and SW-175 are closely related and even share the same Operation Manual, in
which they are referred to as the series 100 SSB transceivers.” The manual is fairly austere, consisting of only
15 pages and 3 inserts. The early mono-band transceivers were built from 1961 through the end of 1962. They
are all rated at 240-W dc input peak envelope power (PEP), use a single horizontally mounted 6DQ5 tube in the
power amplifier, and were built for any one of four bands, with the last two digits of the model number indicat-
ing the band in meters, namely the 175, 140, 120 and the extremely rare (and maybe even extinct) 115.

The first units built had a gold colored front panel color scheme, while on later units it was changed to a very
light gray panel. Since a very late dated schematic (9/27/62) is labeled as D, there may have been four versions
produced, although that might not be true for all models since these three models were phased in over a short
time period.

Tune-Up Power Issue. While subsequent single-tube PA mono-band models (e.g. Cygnets) switch in a cath-
ode or screen resistor when in the TUNE mode to limit power during tune-up and hence minimize the
potential of damaging the PA tube, that is not the case with the early mono-band models, so use extra care
(short tune-up durations) when tuning-up.

The 12AV6 AF Oscillator tube (V15) shown on the schematic of the model SW-120/140/175 transceivers
was only included in the initial version. It is used as an audio oscillator that is connected to the microphone
amplifier circuit in order to provide a tone for transmitter tune-up. Since later versions were modified to use
the offset carrier balance method for tune-up, that tube became superfluous and was removed.

IF Comments. These models all have a 3-KHz IF bandwidth filter. Two different IFs were used as the de-
sign evolved. The very first versions use a 5.775-MHz IF and in the last version it was changed to 5.500
MHz (the joint 120/140/175 Operation Manual’s schematic (D, date 9/27/62) clearly labels the IF filter as 5.5
MHz), reportedly to help discriminate against unwanted signals that were “leaking” in near the 5.775-MHz
frequency.

Power Supply Issues. All early mono-band transceiver models required an external power supply. Since
Swan did not produce an ac power supply at that time, they recommended a Heathkit HP10 (12 V) or HP20
(117-V ac). However there was a 12-V supply available from Swan in 1962 that sold $100. For operation
with homebrew or other power supplies, the manual specifies minimum, nominal, and maximum operating
voltage sets, corresponding to HV levels (PA plate voltages) of 250, 800, and 900 volts, along with associated
screen and bias voltages. The dc input PEP (peak envelop power) capability will vary accordingly.

Swan ac power supplies can operate these transceiver models, however a simple modification has to be made
to the transceiver and, in most cases to the power supply, depending on model. Regardless of the Swan
power supply used, there needs to be a jumper installed between the transceiver’s Cinch-Jones connector be-
tween pins 7 and 9. Pins 7, 9, and 11 should all be un-used on that connector. The transceivers expect to see
~+275 volts (MV) on pin 10 of that connector. However all Swan power supplies route the medium voltage
(MV) to the transceiver via pin 9 and also include an internal jumper within the power supply’s Cinch-Jones
plug between pins 7 and 10. Thus, with the added jumper between pins 7 and 9 on the transceiver’s Cinch-
Jones socket, the MV is routed from pin 9 on the cable to pin 10 on the transceiver socket. On later model
transceivers, the MV is routed to pin 10 using a similar Cinch-Jones connector jumper (e.g. 5S00CX) or
through other transceiver internal circuit wiring and switching (e.g. 240, 400).

Since the SW-117AC (designed specifically for use with the follow-on tri-band model 240 transceiver), has
output voltages nearly consistent with those required for early mono-band model transceiver operation, no
additional modification are needed to that power supply (the 117AC schematic, along with Cinch-Jones con-
nector pin wiring, is shown in Fig. 3-5). If a later model power supply, such as the 117X is used, the bias
supply voltage is a bit too high and it should be reduced with a simple modification to the bias output circuit.
Insert a ~1.5-kQ, 1-W or 2-W resistor in series with the bias output. The 4.7-Q relay resistor is also a bit low,
since only one relay is used in the early mono-band and tri-band transceiver models, and should be replaced
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with a 15-Q value, as is used in the SW-117AC power supply. See also the discussion is the Power Supply
Commonality Section 3.2 and the model 117AC Power Supply Section 3.3.5.

SW-115. The 15-meter model 115 mono-band transceiver should probably be considered more of a develop-
mental production prototype than a commercial production model, since reportedly only four units actually left
the factory. The VFO tube operated at too high a frequency, resulting in a badly drifting VFO frequency that
was not stable enough to provide satisfactory operation. Obviously, in the very unlikely event you run across
one of these in any condition, rescue it for posterity.

SW-120. The SW-120 model is a single-band transceiver operating on 20 meters. There were reportedly three
versions made of this model. It was the very first transceiver built by Swan, introduced in early 1961, and ini-
tially sold for $275. The first nine units were serial numbered from 101-1 to 109-1.

SW-140. This transceiver, a 40-meter variant of the basic SW-120 design, was the second model built by Swan.
As with the 120, it was produced during the 1961 to 1962 period. The first unit of this model built and the tenth
transceiver built by Swan was serial numbered 110-1.

SW-175. This transceiver is the 75-meter variant of the SW-120 and was the last of the initial group of mono-
band designs, produced in 1962.

2.3.2. 160, 160-X (Mono-Band)

While the SW-160 and 160-X are 160-meter mono-band transceivers and share the same 100 series designator as
the early SW120/140/175 models, they bear little resemblance to those units in either appearance or design. The
baseline 160 model was introduced in the 1971 time frame and sold for $429 in August 1971. Since only ~450
units were built, it is a relatively rare transceiver. The 160-X model replaced the baseline 160 in 1972 and also
sold for $429 (or $489 when factory equipped with the SS-16B filter). The 160/X uses a 5.5-MHz IF (2.7-kHz
filter bandwidth), covers the frequency range from 1.8 MHz to 2.0 MHz, uses a pair of 6LQ6 PA tubes in the
PA, and includes a front panel switch for selecting SSB dc input PEP levels of 50, 100, 200, or 400 W. An ex-
ternal 117X(C) or equivalent power supply is required. A matching external VFO (the model 160 vfo) was
available to permit split-frequency operation.

2.3.3. 240 (Tri-Band)
The SW-240 was Swan’s first multi-band and only tri-band SSB transceiver, covering the 20, 40, and 75-meter

bands. This transceiver contains no S-meter function. The 240 replaced the early mono-band models (120, 140,
etc.) and was built from November 1962 through February 1964, when it was subsequently replaced by the 400
model 5-band transceiver. An external power supply is required. As with the early mono-band models, the
power amplifier uses a single, horizontally mounted 6DQS5 PA tube and the SSB dc input PEP is specified as ei-
ther 240 or 180 W, depending on the power supply’s PA plate voltage level (800 or 600 V respectively).

Two accessories were offered for this unit, the matching 117AC power supply and the TCU (external VFO),
both of which matched the light gray color scheme of the 240’s front panel.

Reduced Tune-Up Power. This model, like many of the other single-tube PA designs, limits input power when
in the TUNE mode. The 240 switches a resistor in series with the PA tube screen grid to decrease power and
protect that tube during tune-up (most other later single-tube PA models switch in a cathode resistor to accom-
plish the same objective). Since this dc input power limiting resistor is not used during normal (CW or SSB)
operations, the actual operational input and output powers will be greater than that achieved during tune-up.

However, the amount of PA screen voltage decrease during tune-up is dependent on the model version. For a
specific exemplar of the earliest version, this resistor reduced the screen voltage from ~206 V to ~184 V — in that
version a 6-kQ resistor is switched in series with the screen during tune-up and the manual specifies tuning-up
loading to a ~275-mA cathode current dip when in the TUNE mode. For a later version production unit, the
screen voltage dropped from ~201 V to ~114 V — its manual specifies tune-up loading to only ~160 mA in the
dip. That version switches in a 6-kQ and 10-kQ resistive voltage dividing network (with the 6 kQ in series with
the screen grid and the 10 kQ resistor connected to ground) when the mode switch is in the TUNE position,
causing a ~60% decrease in screen voltage (the measured drop was 57%, in very close agreement to the expected
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value). For the later version (160 mA in the dip), expect to see about 60 or 65 W RF output in the TUNE mode.
For any of the versions, expect to achieve a SSB PEP output in the 100 to 120 W range for a rig in average con-
dition.

Version Differences. There were three different versions and schematics (labeled A, B, and C) and alignment
procedures applicable to this model. The earliest version has: (1) a series of circular ventilation holes punched in
the upper sides of the cabinet, (2) a surface mounted commercial off-the-shelf direct reading 0-400 mA reading
cathode current amp-meter (similar to that used in the early 120/140/175 mono-band models), (3) a limited fre-
quency converge (i.e. the 7.000 to 7.050-MHz range was not covered), and (4) uses a single tone, very light blue-
gray front panel color scheme with a black horizontal accent/trim strips. Since the direct reading meter wasn’t
back-lighted, a notch was cut into the front panel directly above the meter and a small angled metal plate in-
stalled to reflect pilot lamp light onto the meter face (the interior top-view photograph in later version manuals
still show this original configuration, even though the front cover shows the updated meter described below).

The later version(s) use: (1) a two-tone light blue-gray color front panel color scheme (with black accent strips),
(2) has slotted ventilation holes along the upper portion of the cabinet sides extending onto the top surface, (3)
uses an indirect sensing voltmeter (a resistive network is used to establish calibration for a low current voltmeter,
similar in concept to the meter sensing circuit design employed in later transceiver models) with a matching plas-
tic covers/bezels over the tuning dial and meter that transitioned from a rounded-corner configuration to a square
cornered design in the last version (similar to that used on the later transceiver models), and (4) has full-band
frequency coverage. Two different tubes were used in the VFO, either the 6AU6 or the 12AU6, depending on
version.

Common Problems/Issues. There are a number of common problems or issues encountered with this model.
These include:

Front Panel Cleaning/Wear. A common cosmetic problem with this model is excessive wear of the front
panel labels (either the white or black printing on the lower or upper portion of the panel — one section may ad-
here much better than the other) and horizontal/boarder black accent stripes. These features can easily be
damaged or removed during cleaning, even when using the mildest cleaning products. Use extra care to pre-
vent damage — test a small portion and use Q-Tips to clean around the labeling.

It is not uncommon to see this model with ugly Dynamo or masking type labels affixed to the front panel, re-
placing the labeling inadvertently wiped-off during cleaning. Other than completely re-silk-screening, a costly
proposition, the only other alternative is to affix new labeling. One option in re-labeling that has been used
successfully and looks very presentable is to: (1) remove all remaining original labeling, (2) use a computer
graphics program to generate the appropriate sized text and graphics, (3) print new labels on a clear Mylar ad-
hesive backed printer sheet (available at larger copy stores) or on specialized decal paper (available at
http://www.decal-paper.com/), and finally, (4) cut-out the labels with a X-Acto® type knife and carefully affix
the new labels/symbols to the panel — a tedious process.

Standby/Filter Switch Operation. The Swan 240 (and the 400) uses two inter-connected switches to control
power distribution — the FILAMENT on-off switch and the SUPPLY OFF switch on the mode control. The
manual incorrectly states and the front panel switch labeling suggests that only filament voltages are present
when the filament toggle switch is up (FIL ON) and the mode switch in the SUPPLY OFF position. This is in-
correct. All power supply voltages are present within the transceiver. The Swan 240 (and 400) employed the
SUPPLY OFF function switch only to cut-off the 275 V at the switch when in the OFF position. This switch-
ing arrangement was deemed helpful in keeping the filaments warm for quick operation and especially for
having a fully warmed up VFO. Since the MV is unloaded when in SUPPLY OFF mode, its level will increase
to ~325 V. This dual switch system was discarded with the introduction of the Swan 350.

Power Supply Issues. If this transceiver is used with a power supply that is intended for later transceiver mod-
els (e.g. 350, 400, etc.), such as the 117X, the bias supply voltage will be far too high for the 240. Operation
with older transceivers requires a 1.5-kQ (or thereabouts), 1 or 2-W resistor in series with the bias output. The
resistor can be inserted directly in the power supply or, if the supply is also to be used with a later model trans-
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ceiver, it can be placed inside the transceiver; just break the bias supply line directly from Cinch-Jones termi-
nal 3 and insert the resistor. The relay resistor in the 117X type power supplies also should be changed since
the 240 employs only one relay versus the two used in later transceiver models — the 4.7 Q resistor needs to be
changed to a 15 Q unit. See also the related discussion in the 117AC Power Supply Section 3.3.5.

The measured unmodified bias voltage from an 117X of about —141 V (in receive mode) decreased, after this
modification (a measured 1.27-kQ resistor was used), to —126 V (PS-4", Table 3-5). However these measure-
ments might be a bit higher than normal, as typical 117X measurements are in the 132 V range (unmodified),
which should result in a modified BIAS voltage of ~117 V. For comparison, the measured BIAS voltage
from an 117AC power supply was —99.4 V (in receive mode), but the HV and MV levels are also a little lower
than that of the 117X (Table 3-6). In transmit mode, the measured BIAS levels will drop a couple volts from
these values at full output power. This lower voltage range obtained from a 117X type supply with bias drop-
ping resistor installed is much more compatible with the maximum power supply voltages recommended in the
manual, namely, HV ;,,x = 1000 V, MV ;.. = 325 V, and BIAS,,,,x =—-120 V.

Low Carrier Level Tune-up Issue. Note that you may not be able to tune-up reliably using some alternate
low-level carrier insertion methods (Section 6.4). For two versions of the 240 transceiver (early and late) that
functioned and operated properly when tuned-up in accordance with the manual’s procedure (i.e. TUNE
mode), it was found that when tuned-up using very low to moderate carrier insertion levels, a cathode current
dip was not achieved at resonance, but rather an increase in cathode current was noted, which also corre-
sponded to maximum RF output power, suggesting proper tuning. At high carrier insertion levels, tuning was
normal and as expected (with a dip at maximum power output), similar to that achieved when in the TUNE
mode.

Neither the cause of this behavior was reported nor its universality over all units confirmed. However, such
behavior might perhaps be associated with an inherent design related self-oscillation that occurs under such
low-level carrier conditions and the associated LOAD and PLATE control tune-up positions. In any event, it is
highly desirable to use an external wattmeter to ensure that it is tuned to near the maximum power point and to
prevent excessive loading.

6DQ5 Tube/Filament Wiring Issues. The tube filament wiring configuration used in this transceiver is quite
unusually in that it depends on a number of parallel-wired miniature tube filaments in series with the PA tube’s
filament to obtain the proper voltages. There is a problem with some GE brand (and other) 6DQ5 tubes in that
two identical looking and labeled versions with different filament currents were produced. Because of the par-
allel/series tube filament wiring design used by Swan, this filament voltage is critical and can cause operational
problems — see the related discussion in the 6DQ5 Section 8.6.3. The physical PA design is also unusual in
that the tube is mounted horizontally, so if it is abused during operation it may have an increased potential for
electrode sag with excessive heat and perhaps an increased likelihood of inter-element shorting.

Filament Voltages. As noted above, you may also find that some 6DQ5 tube brands do not yield the ideal
50% split in the filament voltages between the 6DQ5 tube and the 9 paralleled miniature tubes that are in se-
ries with it (i.e. V5, V7-14). For example, with a measured 13.8-V ac filament supply voltage, a Sylvania
brand 6DQ5 tube yielded 8.6-V ac across its filament and only 5.4-V ac on the parallel tube filaments. So
it’s possible that a number of manufactures, in addition to GE, somewhat reduced the high 2.5-A filament
current specification of the 6DQ5 to save on heat and power consumption, assuming that the tube would not
be operated in series with other tubes having dissimilar current requirements.

It has been reported that some makes of the 7360 used in the 9 parallel-wired mini-tube series can also draw
filament currents much lower than the specification nominal (0.35 A). However, even if that were the case,
because of the multiple parallel tubes and its much lower current draw than the 6DQS5 (0.35 A versus 2.5 A),
the impact of even a 50% reduced current would be minimal.

Filament Re-Balancing Modification. What can you do if your filament voltages on this tube series are ex-
cessively unbalanced? Perhaps nothing if the transceiver’s been operating proper for an extended time with
a somewhat higher voltage difference, but certainly if its on the order of say only 4.5-V ac on the parallel
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tube filament string and 9.3-V ac on the 6DQ5, you’re in trouble. The 4.5 volts is so low that that the tubes’
electronic performance may become erratic and the voltage on the filament of the 6DQ5 is so high as to
cause undo stress. Something should be done. Of course, putting in a 6DQ5 tube with the proper filament
current draw is the easiest and best solution.

But what is you have a rack of four pristine GE NOS tubes that, when checked in the rig, have pin 2 filament
(filament pin 7 is connected the full filament voltage, 13.8-V ac in this case) voltages of only 4.3, 4.4, 4.4
and 4.6-V ac? One solution is to rebalance the current draw between the 6DQS5 and the parallel tube string
by rewiring the 12AU7 (V11) and 12AX7 (V12) filaments, both of which are part of the paralleled tubes,
from 6.3-V ac to 12.6-V ac filament operation. With 6.3-V ac operation of these tubes, the two ends of the
filament (pins 3 and 4) are tied together and grounded, and pin 9, the filament center tap, is used as the 6.3-V
ac feed (or visa versa). This will remove a total of 0.6 amperes of current from the parallel tube string side.

You can easily test the effect of this modification prior to doing it by simply removing each of the V11 and
V12 tubes sequential from the rig while powered-up in the standby mode. In a test case, with a low current
GE 6DQ5 installed, the voltage level on pin 2 was 4.63-V ac, with 13.8-V ac on pin 7 (therefore 8.17-V ac
on the 6DQ5’s filament). With the 12AX7 removed, the pin 2 voltage increased to 5.12-V ac and with the
12AU7 also removed, it further increased to 5.89-V ac.

While this is probably satisfactory, the voltage split between the filaments can be further improved by wiring
a resistor in parallel with the 6DQ5 filament. With the filaments of V11 and V12 rewired for 12.6-V ac op-
eration as discussed above, and a 50-Q resistor installed across the filament, the voltage on pin 2 increased
to 6.25-V ac (with therefore 7.55-V ac across the 6DQ5’s filament). While a somewhat lower resistance can
be used to achieve an even better a filament voltage balance, because of its large current draw, the required
resistor’s power dissipation rating becomes prohibitive. In the case of ~50 Q, the power dissipation is
1.125-W and a 2-W resistor is required. If a 10- Q resister yielded a perfect 6.9-V ac voltage split, then a
4.6-W power dissipation would be required and a resister rated at least 6 W or greater would be prudent to
permit an adequate safety margin.

Neutralization/PA Oscillation. The 240 is a bit unusual in that it contains an adjustable neutralization capaci-
tor for both the PA tubes and the driver tube. On most models, the driver tube’s neutralization capacitor is a
fixed value (see Section 7.7 for further information on 240 driver neutralization). Note that there are two
forms of the unwanted, autonomous and self-sustaining power amplifier oscillations: (1) a self-oscillation
whose frequency is at or near the tuned frequency, and (2) parasitic oscillation, whose frequency is much
lower or higher than the tuned frequency (normally much higher and usually in the VHF region).

There are many problems that can cause or contribute to self-oscillation. Just how bizarre some causes can be
is illustrated by personal correspondence from Swan to the owner of a late version 240 (one of the very last off
the production line), in which the following advice is given to correct a persistent self-oscillation problem:
“Most certainly your rig driver or final stage is self oscillating. This problem can sometimes be a real stinker
to track down, but we have found in most all cases that it can be traced to the grounding of the band-change
switch. There are ground loops which are often reduced or illuminated in strange ways. You will note three
beryllium copper straps on the band change switch. Try prying (up) the loose end of these and letting them
snap back a few times each. We found also that tightening the nuts on the ends of the supporting shaft
through-bolts can be helpful. Also take two screw drivers and apply pressure on the supporting shafts of the
band change switch inward (toward each other) using the edge of (the) chassis for leverage against the out-
board shaft and the slots in the chassis for leverage against the in-board shaft. This sounds like it borders on
sorcery, but after tracing the problem on several rigs, it appears to be the best answer. (Dated Nov 5, 1964)”

IF Filter Alignment Comments. The IF filter alignment procedure specifies the use of a RF generator to inject
a sinusoidal signal during transmit into the center of the IF crystal filter’s bandpass to adjust the balance modu-
lator’s transformer and filter ripple. Unfortunately, this is a somewhat complicated procedure involving the
actual measurement of the filter’s ripple amplitude to determine its exact center frequency. The availability of
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a RF generator with an accurate vernier capability needed for these measurements may also be a problem for
many owners.

Inspection of the manuals from later model transceivers (e.g. 500CX) shows that this area of the alignment
procedure was revised to require merely injecting a ~1,500-Hz audio tone (the approximate IF filter’s center
frequency, relative to the 6-dB down frequency of its lower skirt) into the microphone input prior to adjustment
and then merely adjusting the two coil slugs on the balanced modulator transformer for peak transmitter power
output. This basically performs the same function as the RF signal generator approach and is certainly much
easier to do.

CW Operation. While the SW-240 is not advertised as a CW transceiver, Swan did offer two options for CW
operation in their Operation and Maintenance Manual.

(1) The first is to simply plug a key into the microphone jack (center contact and ground, sleeve uncon-
nected), rotate the CAR BAL control full cw or ccw, and tune-up for maximum RF output. During CW
operations, key closures activate the relay and transmits the unmodulated carrier; it automatically provides
for break-in type operation, but it does not shift the frequency up ~700 Hz in frequency as is commonly
done when in the CW mode. They claim the relay will follow fairly high speeds from a bug or electronic
type keyer. Note that the specified keyed tune-up method circumvents the screen resistor normally
switched in when in the TUNE mode, so use extreme care and short transmit periods during tune-up.

(2) The second method requires a minor modification that provides for grid-block keying. It specifies that
the wire (white-black) in the cable harness leading to terminal 8 of the relay be broken and a closed circuit
1/4 inch jack be installed in series. The jack must be insulated from the chassis with shoulder washers
since the dc potential on the jack is —45 V at low current.

Transmitter Control Unit (TCU). The SW-240 does have an optional TCU unit that provides split frequency
external VFO operation, VOX capability, 100-kHz crystal calibrator, WWV or WWVH reception on 15 MHz,
and extended CW band coverage in the 80-meter band. A minor modification to the SW-240 is required for
TCU installation, as discussed in the TCU instructions. The transceiver’s power supply (because of form-
factor constraints, the 117AC will not fit, so it must be a modified 117B or 117X) may be mounted inside the
TCU cabinet, which is physically the same size as the transceiver. No separate power supply is needed for the
TCU. See Swan Newsletter, Issue 8, Section A.8.4 for additional details.

2.3.4. 250/C (Mono-Band)
The Swan 250/C models are 6-meter mono-band transceivers with specified dc inputs of 240-W SSB PEP, 180-

W CW, and 75-W AM. Both models are somewhat atypical of Swan transceivers in that each uses a pair of
6146B tubes in the PA vice the sweep tubes used in most other models. There is a small IF deviation between
the two models (10.7 MHz versus 10.9 MHz) — their IFs are significantly different from the HF transceiver mod-
els ~5.173/5.5 MHz). With both of these models, problems have been reportedly encountered when using two
different versions of the PA tube (e.g. 6145A and a 6146B) — see the discussion in Section 8.6.13.

250. The selling price of the 250 when introduced in the spring of 1965 was $325.00. The 250 covers the 50
to 54-MHz frequency range, except for a narrow segment about 53.5 MHz. It uses a 10.7-MHz intermediate
frequency filter with a 2.8-kHz bandpass. The baseline 250 does not include a S-meter function — front panel
switching only permits the meter to monitor either relative RF power output or PA cathode current. As with all
HF models, there were a number of versions and schematics. Design changes associated with the various ver-
sions resulted in an altered tube line-up. For example, when Swan found there was “no measurable
advantage” in using the 6CW4 nuvistors in the RF amplifier and mixer, they were replaced in later versions by
the 6HAS, designed specifically for VHF use.

In addition to the TV-2 two-meter transverter option, an external 210 VFO was made for the 250C, but it will
also work with this model, providing the VFO adaptor socket is installed. If the frequency dial is to read and
track properly, its frequency must be realigned, since the 210 was calibrated for the 10.9-MHz IF of the 250C
rather than the 10.7-MHz IF used by the 250.
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Modifications. A number of Swan recommended and other modifications were routinely made to this
model. The early version had potential problems with sensitivity due to inherent defects in the design used
in the initial production run. A service bulletin was issued that identifies those transceivers with this poten-
tial problem (those built before July 25, 1967) by their serial number and Swan offered a
modification/upgrade kit to correct it. It is likely this modification has been made on most existing early-
version 250s. Those with higher serial numbers and later production dates had that design change factory
installed. See the Modification Sections 5.9 and 5.10 for further details. Another simple modification to in-
crease sensitivity was also discussed in the “Update Your Swan 250,” article in Ham Radio, December 1969.

Additional modifications frequently made on this model include: (1) a S-meter circuit, since the lack of this
function was considered a serious drawback to many users, (2) a CW side-tone (Swan issued a side-tone cir-
cuit modification and an additional one for the 350, which should also work in the 250, was discussed in
Ham Radio, June ‘72, “Ham Notebook”, (3) a CW break-in capability, requiring the installation of the ac-
cessory socket and a VX-2 VOX, and (4) a crystal calibrator. When used with the optional TV-2 two-meter
transverter, additional changes were frequently made to the transceiver’s —10-V power supply (resistor val-
ues and the addition of 0.01-puF bypass capacitors).

Issues. Among the most common complaints with this model are poor frequency stability and inadequate
carrier suppression. Poor transceiver frequency stability is discussed in Section 9.2. In the case of carrier
suppression, a number of fixed were recommended, including: (1) two approaches suggested in a Ham Ra-
dio, October ‘76, “Hints and Kinks” article, (2) carefully matching (within 1%) the 100-kQ balanced
modulator resistors (some also recommended using matched resistors throughout that circuit, i.e.
R1302/1303, R1305/R1309, and R1306/R1310), (3) carefully readjusting the carrier oscillator as outlined in
the manual, and (4) using a sensitive external wattmeter rather than relying solely on the cathode current me-
ter minimum during tune-up to ensure that that the CAR BAL is nulled as precisely as possible.

250C. The 250C is an upgraded version of the 250 introduced in 1968, with a list price of $420. This model
uses a 10.9-MHz IF with a 2.8-kHz bandpass, rather than the 10.7 MHz used in the baseline 250. In addition
to the full 6-meter band (50 to 54 MHz) frequency coverage, a number of improvements, most of which were
frequently made post-production upgrades to the baseline 250, included: (1) a selectable USB/LSB, (2) a S me-
ter, (3) a built-in 250-kHz crystal calibrator, (4) an improved frequency-readout scales and locking MHz dial,
(5) an improved front-end using cascaded nuvistors, (6) a built-in accessory socket, (7) a change of the 7360
balanced-modulator tube to a 6JHS, (8) a rearrangement of the function and mode switches, (9) circuitry for in-
serting the optional noise blanker, and (10) the elimination of AGC switching in the IF amplifier, freeing that
set of relay contacts for the S-meter circuit.

Optional accessories include a matching external model 210 VFO and an off-board NS-1 Noise Silencer, both
designed for the 250C’s 10.9-MHz IF.

CW Break-in Modification. Since the early Swan 250C does not have the key line connected for semi
break-in CW operation when used with the VX-2 VOX, a modification needs to be made to the transceiver
to enable use of this capability. If there is a wire connected to pin 5 of the VOX socket, the modification
was made by a previous owner or was installed at the factory.

2.3.5. 260 Cygnet
The 5-band model 260 was the first of the “Cygner” (“Young Swan”) single-tube PA design transceivers, selling

for $395 in February 1969. The primary marketing emphasis was on its potential for both base station and port-
able operation, since it was their first model to incorporate both internal ac and dc power supplies and even
includes a carrying handle. However, those benefits came at the expense of a much lower power rating than the
dual-tube PA base-station oriented models — it was rated at 260-W SSB PEP and 180-W CW dc input power.
While it was produced for only about one year, from late 1968 to late 1969, it went through five design changes
during that short time, with five different schematics. The first four versions have similar PA circuitry; a major
change to that stage didn’t occur until the final version. The earliest version used a 5-pin Cinch-Jones connector
for battery power and included a 12-V dc/110-V ac switch for power source selection. Later versions used only

26



a single 12-pin Cinch-Jones connector and did not include the power source switch since that function was pro-
vided through jumper wiring on the connector. This model is unusual in that it had the microphone physically
hardwired to the transceiver.

The 260 did not include as standard equipment a meter to monitor PA cathode current but, along with early ver-
sion 270 and the 600T transmitter (which also included a meter), was the only Swan equipment to use the 6FG6
Electron Ray Indicator tuning eye tube. The tuning eye system was used to adjust for maximum power during
tune-up and was touted as a more accurate method to set SSB modulation levels because of its instantaneous re-
sponse to varying signal levels. The manual also provided instructions for adding an external meter to provide
quantitative PA cathode current readings, along with the corresponding tune-up procedures. In addition, the 260
did not include a separate audio gain potentiometer on the front panel, just a RF GAIN control labeled REC
GAIN. A modification upgrade bulletin was subsequently issued to add a separate dedicated RF gain pot to the
front panel, along with the circuitry to convert the REC GAIN pot to an audio-frequency gain control.

During tune-up on most Cygnet and Cygnet-like design transceivers, a resistor is switched in series with the
cathode to protect the PA tube by limiting current. Therefore, the less than 100-W maximum RF output power
seen during initial tune-up is less than the actual RF output power when operating either CW or SSB.

2.3.6. 270, 270B Cygnets

270. The 270 “Little Giant” was first introduced in late 1969 as an evolutionary improvement (more accu-
rately, a replacement) of the 260 and was also sold for only about a year. Approximately 1,400 units were
produced between September 1969 and October 1970. It was sold concurrently with the 260 for awhile, with
the 270 marketed as a deluxe and the 260 as the standard Cygnet. The 270 sold for $529 and the 260 for $435
in December 1969. Like the 260, it’s a single-tube PA, 5-band Cygnet design with a built-in ac/dc power sup-
ply and the same 260-W SSB dc input PEP rating as the model 260. Design improvements made to the 270
during its production include: (1) a separate AF gain control on later versions, (2) a normal/opposite sideband
selector switch, (3) a DIAL SET control on later versions, and (4) the addition of a cathode current/S meter on
later versions.

The earliest version of the 270 has: (1) no S or PA cathode current meter, (2) employs a tuning eye for PA
tune-up (like its predecessor, the 260), (3) has a hardwired microphone, (4) has no separate AF gain control,
and (5) has a plastic, rear-illuminated dial. Later versions of the 270 can be identified by the presence of a
small rectangular PA current meter about the same size as the tuning eye, which it replaced, and a metal VFO
dial scale, which is illuminated from the side. This dial change was reportedly made to make tuning smoother
by reducing the potential for shaft binding. Later versions may also have a factory modification incorporated
to improved carrier suppression (an additional capacitor and trim potentiometer in the balanced-
modulator/input-transformer circuit).

As with most Cygnet-design transceivers, a resistor is switched in series with the cathode to protect the PA
tube by limiting cathode current during tune-up. Therefore, the less than 100-W maximum RF output power
seen during initial tune-up is less than actual operating power.

270B. About 2,200 model 270B radios were built from October 1970 through October 1973. During that time
period minor design variations resulted in five versions (schematics). While the 270 and 270B were produced
concurrently for a short time, the 270B is just a slightly stripped down version of the 270 that permitted Swan
to sell it for a lower price. The only significant difference from the 270, other than minor circuit changes, is
that it only has an internal ac power supply — it does not contain the internal dc-to-ac inverter. Since “customer
feedback on the 270 indicated only a small number of users were taking advantage of the built-in dc inverter . .
. it was deleted from the 270B and the optional 14A plug-in dc module was offered for mobile use. Swan
marketed this dc supply removal to tout the price reduction from the “deluxe” model 270. The selling price of
the 270B in July 1970 was $499, with the optional model 14A, 12-V converter priced at $39.50.

As with most single-tube PA design transceivers, during tune-up a resistor is switched in series with the cath-
ode to protect the PA tube by limiting current. Therefore, the less than 100-W maximum RF output power
seen during initial tune-up is much less than actual operating power.
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2.3.7. 300B Cygnet

The 300B belongs to the Cygnet family of amateur transceivers rather than the family of commercial model 300
series of channelized transceivers discussed below. The 300B Cygnet “de novo” or Latin for anew, was intro-
duced in late 1973 with a selling price of about $500 and sold through 1975. It was essentially the evolutionary
replacement for the Swan 270B. Like its predecessor, it’s a single-tube PA, 5-band HF transceiver marketed
primarily for both its portable and mobile uses. The PA tube was changed to an 8950 with a 30% higher plate
dissipation capability (which in 1973 was also being used in the 700CX and 1200 linear amplifier) permitting the
specified dc input PEP to be increased to 300 W. A CW side-tone was also added.

Like all Cygnet designs, it retained the internal ac power supply, but as with its immediate predecessor, the
270B, it does not have an internal 12-V dc supply. Mobile operation requires the use of the optional 14A dc
supply. After production of this model was terminated, the 350A, which provides a similar multi-functional ca-
pability (portability, mobility, base station) and similar design features (built-in power supply, single-tube PA,
etc.) was introduced, essentially as its replacement, but it was not marketed under the Cygnet moniker.

As with tune-up on the other Cygnet model transceivers, a resistor is switched in series with the cathode to pro-
tect the PA tube by limiting cathode current. Therefore, the 100-W RF output power range seen during initial
tune-up is less than actual operating power.

2.3.8. 300, 310, 320 Commercial (Channelized)

This line of transceiver models was designed for commercial applications and as such, the emphasis was on sim-
plicity of operation. Each model permitted operation only on a small number of user pre-selected frequency
channels (with very limited operator frequency tuning about the selected channel) anywhere within the 2 through
50-MHz band and required no operator PA tuning. They have internal driver (GRID), plate, and load controls
that were pre-tuned at the desired operation frequencies by technicians.

These models are distinctly different in design from the amateur Cygnet 300B, Cygnet-like 350A/B/D, and base
station 350/C transceivers. Many of the 300/310/320 units were sold for foreign commercial applications and
are relatively rare. The 310, 320, and 400H were sold concurrently for a time (circa 1973).

300. The 300, introduced in about November 1968, was designed and marketed for commercial applications.
It can be tuned to four user selected transceiver channels and included an internal power supply. As with its
companion models, it was designed for minimal technical expertise of the user, having only the 4-position
channel frequency selector switch, volume control, fine tuning control, USB/LSB selection control, tuning eye
display, and microphone jack on the front panel.

310. The Model 310 contains only a single RF section (channel), combined with an internal power supply, au-
dio section, and speaker. It operates on only one user pre-set frequency channel — there is no channel selector
switch. It is ultra simple to operate, having no USB/LSB selector switch and tuning/loading controls are lo-
cated inside the cabinet, away from operator access. Limited transmitter and receiver frequency tuning about
the preset frequency is permitted via a front panel control.

320. The Model 320 is similar to the 300 and 310, but it contains two RF sections, permitting operation on two
widely separated frequency channels. A front panel control switches the circuitry to either the A or B opera-
tion frequency. It includes an USB/LSB selector switch for each channel. The unit has a duplicate set of
controls for the second frequency and like the other models, it is also ultra simple to operate, with the tune-up
and loading controls located inside the cabinet. Limited transmitter and receiver frequency tuning about the
preset frequency is permitted via a front panel control.

2.3.9. 350, 350A, 350B, 350C, 350D

Single Versus Dual-Tube PA Designs. While the 350/C and 350A/B/D transceivers bear the same model series
number, they represent two distinctly different families. The 350 and 350C are evolutionary versions of the
same design and both are part of the family of Swan dual-tube PA, high power transceivers requiring a separate
power supply and primarily intended for base station use. On the other hand, the 350A/B/D series belong more
to the Cygnet family of single-tube PA, lower power transceivers with an internal power supply, intended for
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both portable and base station applications. There is also a drastic difference between the 350/C and 350A/B/D
models in their production timeframe. The 350/Cs were designed and built in the 1964-1967 period, while the
350A/B/Ds were all produced more than a decade later, in 1978-1980 time frame.

The 350A/B/D are minor variants of the same basic design, with the 350B and 350D nearly identical, other than
for the digital display on the 350D. The 350A/B/D, along with the 750CX and the HS700S were the last of the
tube-design models that Swan built — production ceased in 1980, but residual stock continued to be sold in 1981.

Single-tube PA Design Comments. Like the Cygnet designs, the 350A/B/D models switch a high wattage resis-
tor into the cathode circuit when in the TUNE/CW mode to limit cathode current, so the maximum power seen
during initial tune-up is less than actual operating power. Thus, RF output power during tune-up is usually lim-
ited to between 60-W and 90-W PEP, while during SSB operation the resistor is bypassed and about 125 to 175-
W PEP is typically achieved. The meter on these Cygnet-like transceiver designs is relatively inaccurate and it is
quite easy, due to adjustment or meter error, to have the PA cathode idle current set somewhat high. If that is the
case, during longer transmissions it is possible to blow the fuse due to the higher average duty cycle power (av-
erage SSB modulation current coupled with higher idle current).

350. The 350 is a 5-band transceiver that uses a pair of 6HF5 PA tubes to obtain the specified 400-W SSB dc
input PEP. The selling price of the 350 in November 1964 was $395, with the companion 117XC ac power
supply with speaker selling for $85. The 350’s circuitry is quite similar to the model 400 (it uses the same IF
as the 400) that preceded it in production in the Spring of 1964, except of course for the internal VFO (the 400
requires an external VFO). More 350s were produced during its 3's-year production run from late 1964 to
early 1967 than any other Swan transceiver. There were 8,975 built with serial numbers affixed and at least 25
without, many of the latter went to VIPs, were presented as gifts, or mysterious disappeared around the end of
the production run. All 350 versions have serial numbers beginning with the letter C.

The 350 uses a 5.173-MHz IF. It has four VFO ranges, using the same tuned circuit for both 20 and 80 meters.
Because of the co-use on 20 and 80 meters, the VFO circuit cannot use the 5.5-MHz IF employed in later mod-
els with five VFO ranges. The 406, 406B, 410 or 420 external VFOs can be directly used with the 5.173-MHz
IF and their frequency dials will accurately read and track the operational frequency. However, the 350 re-
quires the addition of an external VFO socket (offered as an upgrade kit) and a VFO adaptor model 22 or 22B
(which plugs into the transceiver’s optional VFO socket) is also needed, in addition to the VFO (which plugs
into the adaptor), to permit split-frequency operation. Along with the 400 and 500 models, the LOAD control
has a 10-position control, versus the 7-position switch used in later models (350C, 500C, etc.)

The initial version used full carrier insertion when in the TUNE mode. This was changed in later versions so
that variable carrier insertion during tune-up and CW operation is obtained by adjusting the CAR BAL control
cw or ccw. Swan routinely updated 350 transceivers returned to them for service or other upgrades to include
this feature and provided updated tune-up instructions. As it turns out, this change was made not because of
any tune-up considerations, but rather to address a harmonic problem during high-power, full-carrier CW op-
eration on 15 M. See the Modification Sections 5.3 and 5.4 for discussion of this issue.

Four versions of the 350 design were produced, with the schematics dated July 1964 (A), March 1965 (B), No-
vember 1965 (C), and April 1967 (D). The earliest versions have a discrete four-crystal (4 filter crystals + 1
shunt crystal) IF filter with a 3-kHz (6-dB down) bandwidth, while later versions use the encapsulated 8-crystal
filter that has a 2.7-kHz bandwidth. The manuals for versions 1 and 2 suggest that the RF GAIN control be ro-
tated 3/4™ of maximum (not full-on) for optimum receiver sensitivity. With the gain adjusted too high, some
reports of audio distortion on high-level signals have been reported.

During alignment, the early version 350 should be aligned and neutralized on 10 M with the main frequency
dial set to 28.5 MHz and the GRID adjusted to the 11:00 O’clock position. See additional information in the
Alignment Section 7. Some of the version 3 production units were initially shipped with the version 2 sche-
matic, however most should have the correct one, as about 6,000 of those schematics were produced. The
schematics for versions 3 and 4 show the accessory socket installed.
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There are a number of distinctive transceiver design features that can also help identify the applicable sche-
matic version. These include:

e The earliest version uses a S-meter scale that reads backwards. Like the 400 model transceiver, it reads
right-to-left and the pointer doesn’t have the nasty habit of slamming against the stops when ac power is
applied — see the Meter Issues and Problems Section 9.8.7 for additional information.

o Earlier versions also have a three-position function switch and do not have the DIAL SET control.

e For a short time in the March 1965 time frame, the VFO transistor was repositioned into a small steel box
protruding beneath the bottom cover, as discussion below.

e In ~June 1965 the IF design was also changed to used the 8-crystal encapsulated filter rather than the 5
discrete-crystal (4 pole) design.

e In October 1965, the design was changed to make full-band 10-meter coverage standard (early 350s cov-
ered 500 kHz, but an optional full-band conversion kit costing $15.00 was available). The earlier, limited
bandwidth units have a solid white tuning dial; the later units with full-band coverage have the green-
banded multi-scale dial.

Factory Updates. The 350 model received more factory updates and post sale modifications than any other
piece of Swan equipment. The most popular factory installed options or modifications included: (1) a full cov-
erage 10-meter VFO range, (2) a 100-kHz crystal calibrator — if this option is installed, the original RF GAIN-
ON/OFF switch will have been changed to a pull-on type switch that was included with the 100-kHz Crystal
Calibrator Kit, (3) an opposite sideband selector — with this feature the dot on the skirt of the REC/CW/TUNE
selector switch is used to reference those functions when operating in the opposite sideband (switch positions
three and four), (4) a conversion to 6LQ6 or 8950 PA tubes (covered in detail on page 42 and page 47 of OST
April 1979 and in QST “Hints & Kinks,” August 1978), (5) a dial-set capability (not on early 350s), (6) a CW
side-tone circuit, (7) a change from the 7360 to the 6JH8 tube for the balanced modulator, (8) 15-meter RF
driver circuit modification, (9) optimization of out-of-band operation for MARS, FAA and other commercial
and government use, and (10) many low volume or one-of-a-kind changes to meet owner needs. This rig was
also often modified by owners (and perhaps by the factory) to use 8950 PA tubes to increase RF output power
from 200 or 250 W to about 400 to SO0W. Note that the 8950 tubes are now extremely expensive!

PI Network Air-Core Coil Sag. A common problem on the first two versions of the 350 (and also the early
400s) is sagging of the top of the air-core coil to one side (located within the HV gage) due to melting of the
plastic reinforcement turn separators/supports. This is caused by excessive heat build-up from the high RF cur-
rents in the top few turns of the coil when the transceiver is held in the TUNE/CW too long, especially on 20
meters. A moderate amount of sag should not affect 15 or 10-meter operation but can reduce efficiency
slightly on 40 meters at the high end of the band. Swan corrected this problem by installing the more familiar
hard ceramic coil-form on all radios built after 1966.

If the sagging is only minor and confined to the top few turns, it probably does not need to be corrected. How-
ever if it’s markedly slumped over, it can be either repaired or replaced. To avoid the trouble of a coil change,
try repairing by carefully softening the deformed plastic coil supports with a heat gun or small propane torch
and pushing-out/repositioning the coil/form on the most compressed side, aligning the turns by eye. If you de-
cide to change to a ceramic coil salvaged from a later version parts rig, it will not require any pruning — just
make the connections at the appropriate band taps. Since it’s almost impossible to work within the small con-
fined VFO cage, in either case it is advisable to take off the back panel (relatively easy to do, just disconnect
the antenna connector and unscrew about 7 or 8 screws).

Factory VFO Design Modifications. The earliest versions of the model 350 had the VFO compartment’s coil
adjustment holes on the top plate uncovered. Since excessive VFO drift was attributed to temperature stability
problems due to air circulation though those holes, these holes were covered in later units with a metal plate.

One mid-version 350 model transceiver has the VFO board physically mounted in a separate box perturbing
from the bottom plate of the cabinet. In mid (~June) 1965, many Swan 350s were closing in on a year’s worth
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of operation and were beginning to develop drift problems in varying degrees. Swan reasoned the Q1 VFO
transistor might be going thru some warm-up changes that caused the frequency to slowly vary. They decided
to put Q1 outside the bottom chassis cover to reduce any effect caused by heat. A year later it was determined
that heat and the under chassis mounting had nothing to do with the kind of drift they were experiencing, so
they put the Q1 transistor back onto the board underneath the chassis.

To gain access into the belly of the radio this box first has to be removed in order to take off the bottom plate,
since the tiny enclosure screws go through the small Q1 transistor circuit board, bottom plate and enclosure
box, with the small nuts exposed on the bottom. It’s quite a nuisance removing and replacing that small square
box, especially since the long transistor leads, which extend through the Q1 circuit board to the interior VFO
board, could easily get broken or shorted, in addition to just losing the small nuts and washers that fasten the
box itself. So, for owners of one of these 350 units who want to avoid this problem, Q1 can be repositioned
back onto the VFO board.

350A4. The 350A, a Cygnet-like transceiver design introduced in 1977, uses a single-tube PA, includes a built-
in power supply, and has a much lower power output than the 350/C models, with 300-W dc input PEP on SSB
and 200-W input on CW (note: a cathode resistor limits dc input power during tune-up — see discussion in the
Single-Tube PA Design Comments paragraph of this section). Therefore, typical PEP SSB RF output is in the
range of 125 to 175 W. It was introduced after production of the 300B Cygnet model was terminated, basically
as its replacement, having similar functionality and design characteristics. It was sold concurrently with the
350D and is closely related in design to the 350B/D models. Since there were only ~325 of the 350A models
made, they are quite scarce.

The front panel of the earlier version 350As retained the color scheme and style of the 500CX, 700CX, etc.
model series, while the last group of 350As produced used a modified front panel design, similar to the
HS700S. Features include a two-step audio filter (80 and 100-Hz bandwidth) for improved CW reception,
similar to that incorporated into the 750CW.

350B. The 350B is a Cygnet-like design transceiver introduced in 1977. It includes a built-in power supply
and, since it uses only a single-tube PA, it has a much lower rated PEP input than the dual-tube PA 350/C
models, the same as the 350A (note: a cathode resistor limits power during tune-up). There are a number of
circuit differences between the 350A and the 350B/D models, including: (1) a change in the keying relay cir-
cuit (provides a ground) for direct compatibility with the 1200Z linear amplifier, (2) implementation of
variable carrier level injection via the CAR BAL control (including when in the TUNE mode), and (3) the in-
clusion of the SIDETONE on/off switch (the side-tone must be off if no key in inserted, or audio feedback may
occur).

It is nearly identical in design to the 350D (they share a common Operation Manual), other than the conven-
tional analog display dial (and associated calibration circuits) versus the red digital LED display (and
associated digital logic/display-driver circuits) used in the 350D. Features include a two-step audio filter (80
and 100-Hz bandwidth) for improved CW reception. As with the 350A, only ~325 of this model were pro-
duced, so these units are also relatively scarce and also like the 350A, this model was also produced using both
the older and the newer front panel styling. In fact, the first 50 units manufactured used excess 350A front
panels (same styling as the 700CX) while later units had the panel design changed to an all flat-black format,
similar in appearance to the 350D and HS700S.

It is interesting to note that this is one of the few transceivers (along with the 350D) in which the RF power
output, rather than the dc input power level is specified by Swan. While it apparently has the same power am-
plifier/driver design and therefore should have near the same dc input power capability as the 350A (300 W),
the expected RF output power is specified as only 125-W SSB and 90-W CW, with about 10% less on 10 M
and 15 M.

In the Swan 350B, the 6AV6 AGC amplifier AGC attack and decay rates can be controlled by adjusting the
values of R112 and R116. If you wish to experiment with this adjustment, just replace R112 (270 kQ) with a
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500-kQ variable potentiometer in series with a 100-kQ fixed resistor. This gives an adjustment range of 100
kQ thru 600 kQ.

350C. The 350C was an evolutionary replacement for the very successful 350 and was produced during the
1968-1970 period. It is a distinctly different design from the 350A/B/D Cygnet-like models. A major change
relative to the 350 is the use of 6LQ6 instead of 6HFS5 tubes in the power amplifier, resulting in a significant
increase in SSB power rating from 400 to 520-W dc input PEP, the same as the “deluxe” 500C, which was sold
concurrently. The rated minimum CW and AM dc input power is 360 W and 125 W respectively.

The 350C model incorporated most of the 350 service modifications and update options into its design and also
included the dial-set function and full-frequency 10-meter coverage. Other major design changes included the
use of a 5.5-MHz IF and five-range VFO that uses separate tuned circuits for the 20 and 80-meters bands.
With this change in IF, the 406, 406B, 410 or 420 external VFOs, which are directly compatible with the 350,
will neither indicate the correct operational frequency nor maintain tracking linearity across the bands if used
with the 350C. The model 410C and 508 external VFOs are designed for use with the 350C’s 5.5-MHz IF.

350D. The 350D, a Cygnet-like design introduced in 1977, contains an internal ac power supply and uses a
single 6MJ6 PA tube (some late production units were reportedly equipped with the 6L.Q6 tube), so it has con-
siderably less power capability than the dual-tube PA transceiver models, the same as the 350B (note: a
cathode resistor limits power during tune-up). The 350D was sold concurrently with the 350A/B models and
it’s a minor variant of the 350B model, with the major difference being a red LED digital frequency display in
place of the analog dial. Both the B and D models share a common Operation Manual.

There were ~700 units of this model produced. Features include a two-step audio filter (80 and 100-Hz band-
width) for improved CW reception, similar to that incorporated into the 7SOCW. There were two front panel
styles used on this model. The first 200 units manufactured have the front panel configuration and two-tone
gray color scheme similar to that of the Cygnet design transceivers (e.g. 260). The last five hundred units have
an updated front panel layout and color scheme (all black with aluminum bezel around the front) similar to that
of the HF700S transceiver. See also the related discussions in the 350A and 350B sections above.

The counter/display sub-assembly inputs, via cables, the VFO and 5.5 MHz carrier oscillator signals, which are
basically mixed together, effectively adding or subtracting the 5.5 MHz carrier from the VFO signal (subtract-
ing on the 80/40 M bands and adding on the 20/15/10 M bands). If one of those two inputs is missing, most
likely only the VFO or carrier oscillator frequency will be displayed — on 80 M the display were to show a fre-
quency of 9,500 K, the 5,500 KHz signal is probably missing, and the “real” frequency would be 4,000 KHz.
Other problems with the display have been associated with poor grounding — see Section 3.5.1.3.

The digital display and associated logic electronics of this model can be made to operated with other 5.5-MHz
IF model transceivers (350C, 500CX, 700CX, etc.), however considerable effort would be required to extract
the unit, repackage, and interface it to a different transceiver.

2.3.10. 400 (Amateur)
The 400 series transceiver model is unique in that it is the only Swan transceiver without an internal VFO. Like

most other dual-tube PA models (other than the 600T), it requires an external power supply. An external VFO
designed for the transceiver’s 5.173-MHz IF (model 406, 410, 420) or the 405/X Crystal Controlled Oscillator
(all of which also contain the transceiver’s RF GAIN control) and an 117X type power supply are required for
operation. The amateur 400 models have features that were not included in the 350 that followed it in produc-
tion, including a sideband selection, a 100-kHz crystal calibrator, and a built-in speaker.

When the model 350 (which also uses the 5.173-MHz IF) was introduced at end of 1964, the amateur model 400
was not dropped, but continued to be produced, since Swan had a considerable investment in this model. They
finally terminated production of the amateur model 400 in 1968. Most of the units manufactured towards the
end of that production run were sold to governmental agencies such as the FAA, FCC, CHPS (California High-
way Patrol), and reportedly, even to the CIA. While production of the amateur version was terminated, the 400
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model series still continued in production; it was significantly redesigned (including a 5.6-MHz IF and channel-
ized tuning) and marketed to both military and commercial users as the 400E/F/G/H.

The 400 was introduced in the spring of 1964 to replace the Swan 240 (tri-band), as the first 5-band SSB trans-
ceiver offered by Swan. This design uses a 5.173-MHz intermediate frequency. Since mobile operation was on
the increase during the period, Herb felt he could meet the demands of both mobile (see Fig. 1-8) and fixed sta-
tion operation in one package. This step back to an external VFO from the internal VFO used in the earlier
mono-band and tri-band transceivers was one way of making the 400 attractive to all Hams. The use of an ex-
ternal VFO permitted the transmitter to be physically separated from the transceiver in mobile installations and
circumvented the internal VFO heat related drift as all those tubes warmed-up the transceiver to its static steady-
state temperature after the first hour of operation.

The earliest version 400 retained the 240’s light gray front panel color and used the same meter surface mount-
ing method. Its introduction just preceded that of the 350 and it was marketed concurrently with the 350. While
both were rated at 400-W dc input PEP and used a pair of 6HF5 PA tubes, the 400 was touted as the deluxe
transceiver since it included a sideband selector, full frequency coverage with the external 420 VFO, internal
speaker, etc. The 400 sold for $395 in December 1965, but required the 420 or 406 VFO and power supply, so
the complete package, including power supply was about $600, rather pricey for the time. Even with the higher
package retail price, it was very expensive for Swan to produce due to engineering overhead and Herb’s demand
for high mechanical and electronics quality, limiting profitability. The 400 is considered by many to be the best
dollar value of anything Swan built, relative to the cost of production.

Over a 3'4-year period, 1,150 units were built. There were three versions of the 400, with the earliest using four
discrete crystals (plus one shunt crystal) in the IF filter (3,000-Hz IF bandwidth), rather than the hermetically
sealed 8 crystal, 2,700-Hz bandwidth unit used in later versions (after mid 1965). It received a facelift in late
1965, with the front panel being refinished in two-tone light gray. Along with the 350 and 400 models, the
LOAD control has 10 positions, versus the 7-position switch used in later models (350C, 500C, etc.).

The were a few hundred model 400s of the last version made at the end of the production run, but only about 100
schematics, however that later schematic is nearly identical to the initial version of the model 500 transceiver
(less the VFO). The schematics for the first two versions have no identification (date or letter), while the last has
a date affixed. Model 400 units with serial numbers B19.. & B20.. use the later schematic, which also shows, in
addition to the date, an encapsulated crystal filter instead of the five individual crystal filter design. The later
schematic also shows a border around the 12-pin Cinch-Jones connection, whereas the earlier schematic does
not. On the earliest versions, the design applied full power during tune-up; on version three this was changed to
protect the PA tubes from damage by switching a resistor into the screen grid circuit when in the TUNE mode,
which decreases the screen voltage and hence the maximum dc input power.

A common problem on early model 400 production units (and the 350) is sagging of the PI output stage air-core
coil (on the top and to one side) due to melting of the plastic reinforcement turn separators/supports. See the dis-
cussion of this problem in the model 350 transceiver Section 2.3.9.

Issues/Comments

VFO Options. For mobile operation with the 400, Swan offered the partial frequency-band coverage (most of
the audio portions of each band) external 406 VFO (matching panel, but approximately % the height of and
less length than the 400) with an extended length interface cable, which permitted the transceiver to be placed
anywhere in the vehicle, even the trunk. The full-coverage external 420 VFO (height and style match that of
the 400), which has 20-frequency ranges (200-kHz per range), was offered primarily for fixed station opera-
tion. A replacement VFO was developed in mid-1965, the 410, which is also full coverage but band switching
is considerably simplified (and production costs reduced) as it has only eight frequency range selections.
When the inventory stock of 420 VFOs was depleted, Swan 400 owners had to buy either the 410 or 406B.
The 405/X Crystal Controlled Oscillator was also available for net or other fixed-channel type applications.
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Standby Switch. This model (along with the 240) employed an inter-connected STBY (standby) mode switch
and an ON-OFF switch on the audio gain potentiometer to control power distribution within the transceiver.
The manual’s discussion and switch labeling suggests that only the filament voltages are present when the ON-
OFF switch is ON and the mode switch is in STBY - this is not true, as all power supply voltages are present
within the transceiver chassis. The STBY switch merely interrupts the MV (~+275 V) within the transceiver.
The rationale behind this arrangement was to keep the filaments warm for quick operation. Since in standby
the MV is unloaded it will rise to a higher than normal operating voltage value. This system was discarded be-
ginning with Swan 350 and on all later models.

5,175-kHz and 13-MH?, Filter Trap Alignment Comments. These two traps are used as part of the receiver
RF amplifier input circuit. There are no alignment instructions in the 400 manual for the 13-MHz trap adjust-
ment. However, the model 350, which contains a similar circuit, does provide the following information on
alignment: “Tune the VFO to 14,325 kHz, insert a RF signal into the antenna at 13,000 kHz, and tune the RF
generator for a beat signal in the speaker. Adjust L603 and L604 for minimum beat signal.”

5,175-kHz Trap. Alignment instructions for the 5,175-kHz trap require the adjustment of L602. Unfortu-
nately, the chassis labeling of that coil and the 13-MHz coils (L603/L604) is a bit confusing. The two 13-
MHz trap coils are mounted on the bottom of the chassis and the 5.175-MHz IF trap is mounted on the top.

13 MHz Trap. The 13-MHz trap system uses a pair of LC tuned circuits. The parallel combination of
L604 and C606 is really the trap for 13 MHz; it is in series with the incoming signal and grid of the RF am-
plifier and has a high impedance, which significantly attenuates any signal in that frequency region. Even
though that trap is good, a little residual signal voltage still gets by to the grid because it needs to be sort of
a broadband and doesn’t focus in on a very narrow frequency segment about 13 MHz. Therefore, the sec-
ond resonant circuit made up of L603 and C605 is included in the circuit. It’s not really a trap at 13-MHz,
but at that frequency it functions as a low impedance signal path that channels any residual 13-MHz signals
reaching the grid of the RF amplifier (V6) to ground.

2.3.11. 400E/F/G/H (Commercial/Military)

The Swan 400E/F/G/H model transceivers are redesigned versions of the amateur model 400, intended for com-
mercial and military applications. The commercial 400 model series continued in production after the baseline
amateur 400 was dropped from the product line in the beginning of 1968. As with the amateur model 400, all of
these models require an external VFO signal to operate, since they contain no internal VFO.

Among the significant differences from the amateur 400 was the change of IF from 5.173-MHz to 5.6 MHz, so
none of the 406, 410, or 420 external VFOs will directly work properly with these models. The mili-
tary/commercial models are also notably different in that they are capable of operating without modification on
the 160-meter band. A toroid is used in the -output network of sufficient inductance to permit them to be easily
tuned down to 1.8 MHz, making them an excellent 160-meter SSB transceiver. On the high frequency end, they
will tune to the 12-meter band. Swan went back to a air-core coil design in the w-output network in later ver-
sions in order to cut costs, but the frequency range capabilities remained the same.

These transceiver models were intended for use with an external crystal oscillator (405/X), since for military or
commercial operations, ease of use on preset frequencies (channelized) with little or no operator knowledge, is
essential. Most military radio operators were just as the name implies, operators — hence the commercial units
had fewer controls on the front panel to be accidentally fiddled with. In the E/F/G/H models the number of op-
erator accessible controls progressively decreased until the operator had only control of the frequency channel
and transmit/receive selection.

While there was no specific VFO produced for use with these commercial units, the 410C VFO, intended for use
with 5.5-MHz IF transceivers, is sufficiently close to the 5.6-MHz IF of the 400E/F/G/H transceivers so that it
can be adjusted to function satisfactory (without calibration adjustment, there will be a 100 kHz dial reading off-
set error), although there will still be perhaps up to a couple of kHz of linearity error from a mid-scale calibration
frequency to the high and low VFO band edges. The transceiver’s accessory socket must also be modified (dis-
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connect wires going to socket pins 5 and 6) to remove the 12 V required for relay switching in the 405/X Crystal
Control Oscillator.

Any of the Swan amateur radio 117X or equivalent power supplies is compatible with these commercial units
and conversely, the 400-PS ac supply that was offered with the 400E, F, G and H is also directly compatible with
any of the post model 240 Swan amateur radios. They are all plug and go — no wiring changes at all.

E/F/G Models. The Swan 400E started leaving the Swan factory within a few months after the last amateur
400 model unit was built. The same pre-punched and labeled chassis used for the amateur 400 was also used
for the 400E. Only about 50 of this model were produced before Swan transitioned to the F model. In the case
of the 400E, the microphone gain and carrier balance controls were re-located inside the cabinet on the chassis
top and the bias control potentiometer has a locking nut to prevent maladjustment. These models have no S
meter, as that function was not considered important for the intended government and industry applications.
The intent was to make the units as simple as possible, so that little or no technical knowledge was required for
the operator to effectively use the radio. As this model series evolved, front panel controls were progressively
removed from the front panel to the inside of the case, where the operator could not adjust them.

H Model. By the early 1970s, feedback from users indicated something had to be done in order to even further
limit the front panel operator controls. This resulted in the final version of the series, the 400H. The H model,
like its immediate predecessor, has no PA PLATE, PA LOAD, or GRID controls on the front panel. Indeed,
this design actually uses five separate sets of PLATE and LOAD capacitors, with adjustment only from within
the transceiver’s cabinet. Each capacitor set is selected via the 5-position switch on the front panel. This
means the radio can be pre-set to five different frequencies. The maintenance technicians would tune each
range to the frequency and antenna to be employed and, if neither the frequency nor the antenna was changed,
an operator could simply switch from say 4,685 kHz to 16,992 kHz and talk. Both frequencies would already
have been tuned at an earlier time, maybe weeks previously. This makes the H series good for net operations
or a sort of no-tune radio within a user adjustable 25 to 50-kHz frequency tuning spread on five different bands
or different sections of a single band.

Commercial/Military Model 400E/F/G/H Audio Level Issues. The audio on 400 commercial units was inten-
tionally designed so that it could not be completely silenced. The military did not want the operator to be able
to turn the AF gain down so low that a transmission could be missed. Other government and industrial users
felt the same way, so the 400E is outfitted with a 100-kQ resistor in series with the AF gain potentiometer.
When the AF gain is at minimum, there remains a 100-kQ resistance between it and ground, thus the control
grid of the 6GK6 AF tube cannot be fully grounded — full ground will prevents any AF signals being passed on
from the 6GK6.

Since carbon composite resistors can change value over time (usually increasing in value), minimum audio
levels on some 400s got progressively louder with time and in some cases, a little distracting. Therefore, in the
400F and G models, the series resistor was changed to 22 kQ, but that didn’t work either, as the level was quite
often too low. When the 400H was introduced in the early 1970s, the design reverted to the 100-k< series re-
sistor. To enable full AF silencing of 400 commercial radios, merely remove the resistor and ground the
potentiometer lug (or put a jumper wire across the resistor). On early models, that resistor is designated as
R1204 and in later units, it’s R1202.

2.3.12. 500, 500C, 500CX

The 500 model series is an evolutionary development of the same transceiver design, with each model incorpo-
rating capabilities that were added during production of the previous model (i.e. the last version of the 500C is
nearly identical to the 1¥ version of the 500CX), as well as additional features (e.g. the peak relative power tune-
up procedure of 500C/CX versus the cathode current dip tuning technique of the earlier model). Because some
units could experience VFO drift problems (as with other models), during the 500 series production Swan issues
a specific "Special Note" service bulletin to address potential problems that could cause excessive drift and re-
lated fixes for these problems. This service bulletin is shown in Fig. 9-4.
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500. A total of 2,950 units were produced during the 500’s limited one-year (1967) production run. The 500,
using a pair of 6HF5 PA tubes, has specified dc PEP inputs of 480, 360, 125 W respectively, during SSB, CW,
and AM operation. The transceiver uses a 5.173-MHz IF and all circuit stages use tubes. This transceiver de-
sign requires manual carrier insertion during tune-up (and for CW operation) by adjusting the CAR BAL
control to the full ccw or cw position (unlike some other designs, which automatically inserted full carrier
when in the TUNE or CW modes). See the Modification Sections 5.3 and 5.4 for a discussion on changing full
carrier TUNE/CW design transceivers for variable carrier insertion or vice versa.

There were two versions of this model built, with the earliest version having separate RF gain and volume con-
trols. In mid-production these two controls were co-located on a ganged dual-potentiometer/on-off switch
assembly. With that configuration, based on customer feedback Swan made an additional change in May 1967
to reverse the position of the RF gain and volume controls on the shaft, so that assembly is not necessarily di-
rectly interchangeable among 500s. Along with the 350 and 400 models, the LOAD control has a 10-position
control, versus the 7-position switch used in later models (350C, 500C, etc.). The 406, 410 and 420 external
VFOs are directly compatible with this model.

500C. After discontinuing the Swan 350C, 400 and 500 models at the end of 1967, production of the 500C
commenced in January of 1968 and continued through March/April of 1970, with a total of about 4,100 units
sold. The use of 6LQ6 tubes permitted the specified dc input PEP to be increased to 520 W (same as the 350C,
which was sold concurrently for a time), with a potential to achieve as much as ~570 W without flat topping.
Selling for $520 in March 1968, it was marketed as their top-of-the-line or deluxe transceiver since it included
a crystal calibrator, sideband selector, CW side-tone, ALC, and other features missing from the 500 and 350C
models. The 500C (particularly the early versions) compares favorably with the 400 model as one of the best
dollar values and easiest to maintain of all Swan transceivers. The last version of the 500C is almost identical
to the initial version of the S00CX, except for the 100-kHz calibrator with 25-kHz signal spacing.

Relative to the 500, major changes made to the 500C included the use of a pair of 6LQ6s tubes in the PA, a
5.5-MHz IF, the addition of a CW side-tone, and the inclusion of a relative RF OUTPUT LEVEL control. The
500C (along with its 500CX successor) uses a different tune-up methodology than its predecessors (e.g. 350,
500, etc.) because in the TUNE position, the meter indicates relative power, rather than cathode current as in
previous models, but it still indicates cathode current when in the SSB or CW mode. Thus, when tuning-up,
the meter is peaked rather than dipped to achieve maximum RF power output for a given LOAD setting. The
OUTPUT LEVEL control adjusts the sensitivity so that the relative RF output power displayed remains within
the meter’s display range. This model is directly compatible with the model 508 external VFO.

During its production run, the 500C underwent more changes than any other Swan transceiver model (7 differ-
ent versions and corresponding schematics!), yet each version was a very good and reliable unit in its own right
— the earliest are considered by some to have a slight edge in dependability. The schematic diagram versions
are identified with a letter appended on the lower edge; G and F versions are very close and can be considered
interchangeable for troubleshooting purposes. The last 25 of the 500Cs produced are unique in that they use
the 6JH8 tube for the balanced modulator rather than the 7360 used in all previous units. In 1968 Swan
switched from the 7360 to the 6JH8 tube, which was then used in all subsequent designs, except for the very
last models, such as the 350D and HS700S, which employ a solid-state balanced modulator.

The first two versions of the S500C have three-position function switches: CAL, REC, and TUNE/CW. Later
units have five-position function switches: CAL, REC, TRANS, CW, and TUNE. Unfortunately, that later
five-position switch takes such a beating going back and forth while tuning-up and during CW operation that it
has a much higher failure rate than the three position switch used on the first two versions. The very first 500C
was an all tube design like its predecessors, using a tube crystal calibrator, tube carrier oscillator, and tube
voltage regulator.

The second version of this model is distinguished by having the 6BN8 AGC tube repositioned from the top and
mounted horizontally under the chassis. Only 400 units of this version were produced. This tube orientation
permitted installation of the carrier oscillator crystals and associated trimmer capacitors on top of the chassis in
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place of the tube socket. However, this design was short lived — in the next version the 6BN8 was relocated
back to its original position and compression type capacitors were installed under the chassis for trimming the
carrier oscillator frequency.

Solid-state stages started showing up in the 500C during the middle production period with the inclusion of a
transistorized crystal calibrator and carrier oscillator. Since the VR (voltage regulator) tube was then no longer
required to keep the carrier oscillator tube stable, it too was deleted. Some versions use a 3-transistor VFO de-
sign which was installed in an effort to correct the frequency drift that appeared in many transceivers after two
years or so of use, however that design was dropped when they found the earlier 2-transistor design was just as
good, had a lower failure rate, and had nothing to do with the drift problem.

6LQ6/6HF6 Conversion. While the 6LQ6/6JE6 PA tubes used in the S500C are still readily available, they are
becoming somewhat pricey. Some users have reported doing a PA circuit modification to convert it to the
6HFS5 PA deck used in the model 350 transceivers (but with a little lower power), by: “. .. look at the under-
side of your 350 and you will see the precise layout and wiring configuration that you will need to duplicate.
You will need a couple of new sockets for the 6hf3s and a few disc caps as the old ones will probably break,
but overall it’s pretty straightforward. There are no odd or fussy details to worry about. The sockets are
available from places like "Antique Electronic Supply" and "Ocean State Electronics" at a fair price. The
usual things like solder and buss wire are nice to have. Be patient and just duplicate that 350s wiring. The
prices on NOS 6HF5s are around $18.00 each, which is great. They have 28 watts of plate dissipation each
and the 8950 is only a little more at 30 watts, which makes the old reliable 6HF'5 a very good choice”.

500CX. The 500CX was produced from early 1970 (February/March) through the first week of October 1973.
The first couple hundred 500CX transceivers produced have a serial number much different from the remain-
ing production run (i.e. 1657756 versus the #4140 type serial numbers of the later units). The serial numbers
for the early units are similar to those used for the last 500Cs produced, since the chassis used on the initial
500CXs were left over from the S00C production run. This model was marketed as their deluxe transceiver
and sold for $565.

The initial version of the 500CX is almost identical to the last version of the 500C. Incorporated in it were
most of the features that had been added to the 500C during its design evolution, in addition to a new
AGC/ALC amplifier and a 25-kHz crystal calibrator. The S00CX (along with its predecessor, the S00C) uses a
different tune-up methodology than preceding models because in the TUNE position, the meter indicates rela-
tive power, rather than cathode current as on most other models. Thus, when tuning-up, the meter is peaked
rather than dipped to achieve maximum RF power output for a given LOAD setting. An output level control is
used to adjust sensitivity so that the relative measure of power shown remains within the meter’s display range.

500CX MARS Special. Swan made many transceivers for MARS work during the early 1970s. Those
500CXs produced specifically for military related use have a “Swan Mars Special” plate located directly
under the VFO tuning knob. It also has a grid-tuning knob with a wide skirt on it with a numeric calibra-
tion from 0 to 100 and a VFO vernier tuning with a 3% to 1 tuning ratio. The PA course and fine-tuning
loading controls are also calibrated from 0 to 100, instead of the typical one through seven (numeric or
graphic markers) labeling. Military operators needed the 0-100 scales to more accurately log the control
positions that were determined to produce the most power on a particular frequency so they could easily re-
set the controls when returning to that frequency.

The 500CX MARS Special has a slightly different z-output section in order to operate more efficiently be-
yond the high end of the normal ham bands. Note that in general, MARS operations were conducted using
the opposite sideband from that normally used in the ham bands, so that the sideband normal/opposite
switch incorporated on most Swan transceivers is a necessary feature for such operations.

MARS. The MARS (Military Affiliate Radio System) is an organization sponsored by the Army, Air
Force, and Navy that includes many FCC licensed Amateur Radio Operators interested in military commu-
nications and electronics. It is a volunteer manned communications system of trained radio
communications personnel to provide auxiliary communications for military, civil, and disaster officials
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during periods of emergency and provides Department of Defense sponsored emergency communications
on a local, national, and international basis as an adjunct to normal communications. These auxiliary
communications include administrative traffic, morale and quasi-official record and voice communications
traffic for U. S. Armed Forces and authorized U. S. government civilian personnel stationed throughout the
world — most noteworthy are the phone patches provided for military personnel (especially in the 1960s and
1970s). Go to the U.S. Army website at www.netcom.army.mil/MARS/ for further information.

2.3.13. 600R/RC/T Twins
The model 600R (a.k.a. 600RC) and 600T twins were introduced in 1971 and in April of that year the transmitter

sold for about $495, the baseline receiver sold for $395, and the Custom receiver for $495. Therefore, the total
system price was pushing $1,000 without any of the optional accessories, considerably more than the other con-
temporary Swan transceivers (e.g. the S00CX sold for about $489 plus power supply). These units are a
matching receiver and transmitter pair that are slightly different in physical size (6%2" H, 15" W, and 12" D) from
the other Swan tube transceivers. Each includes its own built-in power supply and contains or had as options, a
number of features not found on the other Swan models. While the two units may be operated independently,
when used together there is an interconnecting cable with 11-pin male and female connectors (wired pin-to-pin,
that is 1—1, 2—2, etc.) that controls transmit/receive switching, etc.

700R/700T. 1t is interesting to note that there was a special version of the 600R/T made (probably only one unit
of each) that was labeled under the Siltronix brand name as the 700R and 700T models. They was reportedly
made for a Swan/Siltronix distributor back in the 1970s. Supposedly, when ordered from the factory he did not
have his ham radio license so he had the basic 600R/T design factory modified to put the 27-MHz band in in-
stead of the 28-MHz band. The front panel design is identical to the 600R/T and all other bands and features
remained the same, other than for the label/model plaques, which are similar in appearance to the standard Swan
design. See discussion of the Siltronix brand in Section 1.5.

600T. The 600T transmitter includes a high/low power switch on the front panel to reduce the rated 600-W
SSB PEP and 500-W CW dc input power by about 50%, particularly useful for novice power restrictions dur-
ing that time period and also for driving transverters or amplifiers that require lower drive levels. To
implement this feature the switch does two things. First, it inserts a second resistor in the screen lead, reducing
screen voltage from a nominal high of 215 V down to about 150 V. Second, the switch selects a second bias
adjustment circuit with a separate potentiometer, required because of the significant change in screen voltage.
The 500-W CW dc input power rating is the highest of any Swan transceiver, including the 700CX or 750CW
(400 W).

The 600T and the 260 and 270 (early version) Cygnet transceivers were the only Swans that used the 6FG6
Electron Ray Indicator tube (tuning eye), however the 600T also includes a conventional meter. The tuning
eye provided a means of displaying peak relative RF output power modulation levels and was touted by Swan
as a more accurate method to adjust SSB modulation levels because of its instantaneous response compared to
a conventional meter movement, which is dampened by inertia effects.

600R/RC. There were two versions of this stand-along receiver sold, the baseline 600R and the 600RC cus-
tom model. There were early and late versions of the 600R/RC produced, with several small design
differences between the two. The 600R/RC receiver, when used with the matching optional model 330 general
coverage tuner, provides reception capability over the entire 3 to 30-MHz portion of the HF spectrum (exclud-
ing a 2-MHz guard band about the 5.5-MHz IF). The internal VFO covers only the conventional amateur HF
bands.

The special 600R Custom version (a “Model 600R Custom” plaque is affixed on the front panel below the main
tuning dial) of the receiver also includes: (1) a built-in IF Noise Blanker (used to clip signal impulse noise
pulses prior to feeding it to the crystal filter — it is a similar circuit to that used in the stand-alone Model NB-
500 IF Noise Blanker accessory kit that was available for some Swan transceivers), and (2) an IC Audio Filter
(in the notch mode it provides a tunable null to suppress heterodynes and unwanted CW signals or, when in the
peak mode, it provides a tunable and variable narrow bandpass for enhanced CW operation — it is a solid-state
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integrated circuit design similar to that used in the ICAF Audio Notcher-Peaker, which was available as a
stand-alone accessory for Swan transceivers). A version of the 600R/RC was also offered and advertised with
the SS-16 IF filter factory installed (as were other transceiver models).

A choice of two external speakers with cabinets that matched the 600 twins in styling and height was available:
The 600S ($18 in November 1971) includes only the speaker in a cabinet (similar in design to that used for the
117XC) and the Deluxe 600SP ($59) includes not only the speaker, but also the FP-1 phone patch with the
controls located along the lower front panel. Also offered as an optional accessory along with the 600S/SP
speakers were a 600-Hz BW CW filter ($22) and a 6-KHz BW AM filter ($29).

2.3.14. 700CX, HS700S, 750CW

Swan made at least one unit each of a transmitter and receiver labeled as the Siltronix 700R and 700T. The
700R/T models do not share any common design traits with the 700CX or HS700S, but rather are essentially
identical to the 600R/T, except that the 27-MHz CB band is used instead of the 28-MHz ten-meter band (see re-
lated discussion in Section 2.3.13). The 700R/T model numbers were probably just a convenient designation
used by the factory for this special order (probably one of a kind).

700CX. With the introduction of the 700CX “Champion” in 1973, Swan yet again increased the minimum dc
input PEP the power rating of their top-of-the-line barefoot base-station transceiver to an astonishing 700-W
SSB and 400-W CW. This model is an evolutionary development of the 500CX, which it replaced, and it is
nearly identical except for the PA tubes, using twelve-pin 8950s operated at a higher screen voltage in place of
the nine-pin 6L.Q6s. It sold for about $570 and continued in production until 1977. The decision to use the
8950 tube was probably due to both the desire to increase power for marketing purposes and the economies of
scale achieved (better price per unit when purchased in volume) since they also used it in the 300B Cygnet and
1200 series linear amplifier at the same time.

The 700CX is unique among Swan dual-tube PA transceivers in that it will operate with only one tube in place.
That is because the PA tubes have 12.6-V ac filaments wired in parallel and thus can run one at a time, while
all other two-tube transceivers use 6.3-V ac filament tubes wired in series. With one PA tube filament open on
the 700CX, the PA control tuning will be a little off normal, but it will still produce power from the one re-
maining tube.

The 700CX, like the 500CX, is a little different to tune-up because in the TUNE position, the meter indicates
relative power, rather than cathode current as is shown on early models. Rather than tuning to a cathode cur-
rent dip, the user simply tunes for a meter peak, the same as one would do if an external RF wattmeter were
used. Note that when the mode switch is in either the CW or SSB position, cathode current is still displayed on
the meter, so if you wish to tune-up while monitoring cathode current, simply select CW mode and use a key
and the CAR BAL control to inject carrier. However doing so is probably ill advised unless an external watt-
meter is used since peak RF power output, rather than maximum cathode current dip, is the better indicator of
proper tuning at the maximum power/efficiency point, hence Swan’s inclusion of the relative output power in-
dication capability for tune-up purposes.

The later 700CX units manufactured had the serial number stamped in two places on the chassis, directly be-
neath the antenna connector and in the lower mid back apron where the ID sticker had previously been placed.
Note that the original 700CX manual and schematic dated 10/73 contain several errors, including an incorrect
table entry at pin #2 of V12. It should read —8 V in the receive mode, however the design range is roughly —6
to —10 V. Ironically, the closest accurate schematic and voltage chart for first 700CX units produced is that
contained in the manuals for last versions of the S00CX, dated 11/4/71 or later.

Power Reduction Modifications. Because of the high stress placed on the components and PA tubes due to
the extremely high dc input power levels, some users decrease power using: (1) the power supply modifica-
tions discussed in the Section 3.6 (which changes the power supply’s HV level from ~900 V to ~600 V,
significantly reducing RF output power by 125 to 150 W), or (2) the screen operating voltage modification
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discussed in Section 5.8.1.2 (which inserts a resistor in series with the screen grid, reducing that voltage
from ~270 V to ~245 V and thereby modestly reducing RF power output).

8950 Tube issue. A major drawback to this transceiver is the current exorbitant cost of 8950 tubes, espe-
cially if they are a matched pair (2003 retail prices range from $75 to $90 per NOS tube, unmatched).
Couple this cost factor with the potential of being unable to neutralize on 10 meters, even with a new set of
matched tubes (see discussion in the 8950 Tube Section 8.6.15), and ownership/operation of this rig on
higher bands (10/15 M) can be problematic. However, a simple modification to rewire the filaments in se-
ries will permit the direct substitution of a number of much lower cost tubes such as the 6LB6, which is
essentially identical to the 8950 tube, except for the 6.3-V ac filament voltage, or the 6LF6.

8950 to EL-509 Conversion for Higher Power. A number of users have converted various Swan trans-
ceiver models to obtain an even higher input power. With the 700CX, EL-509 tubes have been used in
place of the stock 8950 PA tubes. The EL-509s can be driven quite easily on 75 thru 20 meters. However,
they rapidly lose gain at higher frequencies. Thus, more drive is required on 15 M and especially on 10 M.
The 6GK6 RF driver is not capable of providing any additional drive on those higher frequencies. When
used in the 700CX, the pair of EL-509s is capable of at least 800-W PEP input on 75 through 20 meters,
500 W on 15 meters and 250 W on 10 meters when the driver stage is re-aligned and the PI output stage
optimized. Since this tube substitution modification is relatively uncommon, it’s best to request informa-
tion via the Swan-Net Reflector from those who have done it or are thoroughly familiar with the procedure.

HF700S. The HF700S (a.k.a.700S) is the final dual-tube PA transceiver model built by Swan and is the evolu-
tionary dead end of their tube-transceiver designs. It is quite similar in design to the 7S0CW. Relative to early
models, changes include the use of a solid-state IC balanced modulator (built around the mc1496 chip), and
newer style switches, front panel and case. It uses a pair of 6LQ6 tubes in the power amplifier and its rated dc
input power is 550-W SSB and 350-W CW. It was marketed during 1979-80 and only about 950 units were
produced. By the time this model was introduced, the Asian manufacturers had already captured the market
and continued production was not economically viable. The front panel of this unit uses a more streamlined
and modern looking all flat black with a surrounding aluminum bezel styling, similar to the later version of the
350B, 350D, and the subsequent Astro models. The matching power supply for this transceiver is the PSU-3A,
aredesigned and repackaged 117X, which is directly interchangeable with the 117X.

This model was outfitted with a front panel selectable two-step audio filter for improved CW reception (80 and
100-Hz bandwidth, similar to that on the 350A/B/D and 750CW). While, as with the 750CW, no companion
external VFO was produced, it uses a 5.5-MHz IF and the 508 VFO is directly compatible. The internal VFO
is identical to earlier units and should be stable, if only because it has minimal use compared to the ~35 year
age of the earlier transceiver models.

There were a few shortcuts in design, hardware, and manufacturing used with this model in order to try to
compete with the foreign equipment and still make a profit. The meter is one area of cost savings. It is not
nearly as accurate as the familiar 24" meter used on most earlier Swan dual-tube models. There were also
more solid-state circuits in this unit compared to earlier transceivers such as the 700CX, but unfortunately, they
are more prone to operational failures. The solid-state balanced modulator was one of those solid-state circuit
changes; in addition to its higher failure rate, a frequent complaint with that design is a “tinny” sounding audio.
However even with these cost-cutting changes and solid-state circuits, in good operating condition it can per-
form as well as earlier units — the received audio may not always be as pure, but it can be, with a suitable
speaker and careful alignment.

As with many other of the later model transceivers, the manual contains a number of errors. In various places
throughout it you may find the model referred to as the 700-S and in others, as the 750-CW — this latter refer-
ence is most likely just a re-write/editing error that occurred when the 750-CW’s manual was updated to reflect
the HF-700S’s design. Also, as in a number of other manuals, it refers to the adjustment of the PLATE TUNE
control (there no such control labeling) during the tune-up process when it should be PA PLATE.
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750CW. This model was introduced in 1977 as a replacement for the 700CX. It is more functionally equiva-
lent to the HS700S. It sold for a $700 and represents, along with the 700S, the evolutionary end point of
Swan’s high power, base station, tube-design transceivers. Despite the higher power suggested by the 750
model number, the dc PEP SSB power rating remained at 700 W, the same as the 700CX.

Changes in the 750CW relative to the 700CX included: a smaller and less accurate meter, 6MJ6/6LQ6 PA
tubes instead of the more costly 8950s, a solid-state balanced modulator (1496 chip), and a two step audio filter
(80 and 100-Hz bandwidth) for improved CW reception. With the inclusion of the audio filters, this trans-
ceiver’s marketing claim to fame was that it was a “CW operator’s dream.” The front panel configuration was
flat black with the same general styling as earlier transceivers (e.g. 700CX). There were less than 1,000 units
produced of this model.

The first 12 of the 750CW units produced are unique in that they still had the tube-design balanced modulator
versus the solid-state design used in the remainder. Failure rates on the solid-state design balanced modulator
are as much as 20 times higher than the 6JHS tube-design employed in the 700CX and earlier transceiver mod-
els, so if problems are encountered with the 750 in the balanced modulator area (e.g. no carrier, malfunctioning
carrier balance, etc.), that circuit is high on the list of likely suspects. Note that the 750 manual refers to peak-
ing the PA TUNE control for maximum meter indication during tune-up. This is a manual error; the PA
TUNE is labeled as PA PLATE on the front panel. Swan used these two terms interchangeably.

2.3.15. 1011 (Mono-Band)
The mono-band Swan 1011 transceiver has full ten-meter amateur-band receive and transmit capability, but also

includes an 11-meter CB band receive capability, hence the 1011 moniker. This model was introduced in the
early 1971 time frame during the CB craze and while clearly advertised as having only “tunable coverage of the
11-meter Citizen’s Band,” Swan also noted that at CB frequencies “the transmitter relay circuitry does not func-
tion.” One could perhaps read into that advertised information an implication that with a little modification, the
relay would function.

The 1011 is a Cygnet-like design containing a built-in ac power supply and speaker (similar to the 260 on which
it was based) and uses a single 6LF6 PA tube to obtain a 10-meter dc input PEP rating of 260-W SSB and 180-
W CW. For mobile operations, the 14-A dc converter was required. The 1011 sold for $500 and the 14-A for
$40.

This model was only produced and sold under the Swan name for a short time. Because of the potential to easily
modify the transceiver for illegal high power 11-meter CB operation, the amateur community pressured Swan to
stop production and sale of the unit. While Swan stopped directly selling the transceiver under their name, they
continued to manufacture this unit as well as other models and accessories for a separate corporate and legal en-
tity (Siltronix), thus giving Swan a hands-off relationship with this product line. For additional information of
the 1011 (and other Siltronix models) go to the following web-link: www.radiowrench.com/siltronix.

2.3.16. 1046 CB Transceiver

The 1046 is a 12-tube Citizen Band (CB) transceiver, sold by Swan in the 1971 time frame. While not an ama-
teur model and not even produced by Swan, it is included because of both its uniqueness and for completeness.
It was produced by Palomar Electronics, packaged with the same styling (cabinet type, front panel colors) as
other contemporary Swan-built amateur transceivers, and relabeled with the Swan name. Comparison of its front
panel control layout and styling to that of the Skipper 71B type CB transceivers built by Palomar Electronics
shows them to be quite similar. As with the Skipper 71B, it has: (1) a small rectangular meter, (2) a square cen-
ter-mounted front panel speaker grill, (3) a built-in power supply, (4) a tuning dial that is labeled for CB
channels 1 through 24, and (5) the same front panel controls, including a MIC GAIN, AF/ON/OFF, RF GAIN,
AM/LSB/USB mode selector switch, and a CLARIFIER control to fine-tune about the main tuning dial selected
channel.

2.4.Operating Issues (SSB, AM, CW, PSK31)

The following comments are derived from discussions and measurements presented in other sections of this docu-
ment. Refer to the Table of Contents or Index for detailed discussions of the various topic areas.
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2.41. Tune-Up Essentials

Warm-up Drift. Allow sufficient warm-up time for the majority of VFO frequency drift to occur during initial
power-up, at least 20 to 30 minutes. The frequency should be stable (i.e. less than 100 to 200 Hz/hr drift rate)
within an hour, usually within a half hour. Drift on tube-design radios is both normal, expected, and indeed is
part of their charm.

Meter Zeroing. The cathode current meter’s pointer should be at zero when no power is applied, if not, the dis-
played cathode current will likely be correspondingly higher or lower. It the pointer position cannot be adjusted
to the zero position with the mechanical zeroing control, the idle current level should be adjusted to compensate
for any error (e.g. if the meter reads 5 mA with no power applied, then a 55-mA idle setting would most likely be
a true 50-mA current).

Bias Setting. The PA bias level and associated bias current (also called idle current) refers to the amount of
negative voltage from the power supply needed on the control grid of the PA tube(s) to maintain a specific cath-
ode current when no other signal is applied. This sets the operating point on the characteristic curve such that
when the varying modulating signal voltage is added to the static bias voltage, the tube(s) operates over the por-
tion of the characteristic curve consistent with the AB, amplifier class.

The nominal bias current is typically ~25 £5 mA for single-tube models and ~50 £10 mA for dual-tube PA Swan
transceivers. Adjusting the idle current significantly lower will cause signal distortion and reduced output
power. Adjusting the idle current too high will cause a corresponding increase in average current during SSB or
CW operation with an increased potential to damage the PA tubes due to excessive heat.

The CAR BAL must be fully nulled and the MIC GAIN must be minimum when the BIAS adjustment is made.
If not, the meter will measure the total current due to both bias and signal. With the CAR BAL fully nulled, the
GRID control has no effect on cathode current.

Grid Peaking. 1t is essential to peak the cathode current with the GRID control immediately (using only a small
account of carrier injection) prior to any subsequent tune-up operations. Peaking this control simultaneously
resonates the driver (i.e. 6GK6) and mixer (i.e. 12BE6) tube circuits so that maximum power is delivered to the
PA circuit and, more importantly, minimum power is dissipated by the driver tube. Failure to fully peak this cir-
cuit during tune-up or on-air operations will reduce power output and can potentially damage the driver tube due
to excessive heat build-up or cause failure of its HV plate supply RF choke due to excessive current. Never de-
tune the GRID to obtain a lower RF power output level.

Tune-Up Duration. Prior to commencing any transmitter tune-up procedure, adjust the GRID, PLATE, and
LOAD controls for maximum receiver and S-meter signal or noise level, as specified in the Swan manuals.
These adjustments approximately resonates the PA tank, mixer, and driver circuits for the selected frequency,
thus all controls should be near, but not necessarily identical to their correct positions after transmitter tune-up.
The 250/C model 6-meter transceiver is an exception to this rule since its receiver signal is routed around the
transmitter’s tank circuit (i.e. the PLATE and LOAD controls have no affect on the receiver).

Any tuning should be completed with the least amount of sustained TUNE mode or key-down time. Use tuning
periods of no more than 5 seconds at a time while adjusting the GRID, PLATE, and LOAD control settings. A
full, continuous carrier with the least amount of inefficient operation is very taxing on PA tubes (and the driver
tube if the GRID control is un-peaked) and excessive tune-up periods under such conditions are a leading cause
of premature PA tube failure or other component breakdown (wafer switches, etc.) due to the additional power
dissipation required.

To save wear and tear on the mode switch, especially on those models with five-position switches, consider tun-
ing-up in the CW position, using a key to control transmit time. With a key, it is easy to adjust the PLATE and
LOAD controls during very short transmit periods, rather than alternately increasing LOAD and dipping the
PLATE while constantly in the TUNE mode. If desired, initial tune-up at a lower carrier insertion level can be
used on transceiver models that permit variable carrier insertion levels via the CAR BAL control. Transceiver
models without that feature can be modified to provide that capability (see Modification Section 5.3). Tuning-up
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using the CW mode in single-tube transceiver designs should be done with extreme caution, as the CW mode
bypasses the cathode or screen grid resistor that is normally inserted in the circuit when in the TUNE mode to
protect PA tube from damage due to excessive current during tune-up.

Receiver Versus Transmitter Control Settings. The GRID, PLATE, and LOAD control settings obtained while
in the receive mode will not necessarily be exactly the ones obtained during transmitter tune-up. You will likely
find that the transmit settings obtained after tune-up yield slightly less signal level when switched back to the re-
ceive mode than was obtained with the preliminary control settings. This behavior is both normal and expected.
While the receiver and transmitter circuits ideally are both tuned to the same load, there are circuit aspects dis-
cussed below that result in slightly different control positions, especially on the 15 and 10-M bands.

The transmitter tune-up settings take priority as they are much more critical to the overall operation, since those
control adjustments are essential to obtain maximum RF power output and efficiency. When tuning-up to a spe-
cific load impedance, these controls are generally adjusted for the maximum RF power output condition at
maximum signal level (i.e. full carrier) — if adjusted for even slightly lower carrier level conditions (or when
lightly loading), the LOAD control position (and to a lesser extent the PLATE) will change somewhat.

In addition, the PLATE control’s position is dependent on the PA tubes’ neutralization adjustment and hence its
position will change to some extent depending on the degree of neutralization (which varies from band-to-band).
Therefore, different receive versus transmit control settings, especially of the PLATE and LOAD control are ex-
pected, although position changes are usually not pronounced (especially for the GRID control).

Tuning-Up to Maximum Power. Always tune to near the full-carrier maximum-RF power output and efficiency
point prior to SSB, AM, and full carrier CW operations, as this insures best linearity and efficiency. As you
tune-up and the LOAD control is progressively advanced while the PLATE control is used to dip the cathode
current (or preferably, to peak the RF power output, if an external wattmeter is used), you will reach the maxi-
mum RF power point. At LOAD control positions below that point the dipped cathode current and RF output
power would be lower, but with a lower efficiency. At LOAD control positions above that point, the RF output
power will begin to decrease, while the dipped cathode current will continue to increase. The dip at the maxi-
mum power point will be typically ~10% to 15% down relative to the off-resonance cathode current (i.e. if the
PLATE control is rotated off-resonance, the current might increase to say 600 mA and will typically dip to ap-
proximately ~540 mA when properly tuned) when near the apparent maximum power/efficiency point, however
that dip minimum will not necessarily correspond to the maximum RF output power point when it is adjusted us-
ing an external wattmeter, as discussed below.

This behavior is depicted by the data shown in Figure 6-8, where the RF power amplifier output (curve labeled
PA output) is shown as a function of transceiver loading. Since that data were collected by tuning-up to the
maximum power point by using an external wattmeter (see following sub-section), cathode current in the “dip” is
not shown. Although that current will increase in unison with the power output curve as loading in increased, it
is important reiterate that beyond the maximum power point, where RF power output actually decreases, the
cathode current will still be increasing and the “dip” will become very shallow (much less than 10%).

Note that in Section 6.2, Herb Johnson, in quoted correspondence with QST, emphasizes that the transmitter
should always be tuned-up under full carrier, however, implicit in that declaration is that any succeeding on-air
operations will be conducted at full SSB or CW modulation levels and not with a significantly, intentionally re-
duced carrier level. Nevertheless, an exception to this axiom of tuning to the full-carrier maximum-power point
is perhaps if very low RF output level CW (or even SSB) operation is desired. In that case, it should be advanta-
geous to tune to the maximum power at the lower carrier insertion level used during CW operation to increase
efficiency and minimize power amplifier tube power dissipation requirements under those operating conditions
(see Section 6.2.9.3).

Recognize also that if a transmitter is tuned-up at significantly different frequencies within a band, the GRID,
PLATE, and LOAD control positions at the maximum power, peak efficiency point will generally vary since the
PA tank output network sees differing loads (i.e. the resistive, inductive, and capacitive load components of the
load’s impedance frequently vary significantly across a band) — in other words, if two differing antennas loads
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are used (e.g. a 50-Q dummy load with a SWR = 1 and an antenna with a SWR = 2), the PLATE and LOAD
control positions will not be the same for both conditions.

Also, recognize that the measured forward RF power output will vary as a function of the load’s SWR. With a
50-ohm dummy load (SWR = 1) the measurement will accurately represent the true RF output, but as the SWR
increases from unity, the reading from the wattmeter will become progressively higher than that obtained with a
SWR = 1, since the meter reading will be artificially increased by the effects of the reflected power phenomenon
(see Sections 4.16.1 through 4.16.3) — the reflected power is added to the true power output.

Tune to RF Output Maximum rather than Cathode Current Dip. The most efficient operation is achieved
when the PA is adjusted for maximum RF output power using an external wattmeter (or the relative power out-
put meter function on later transceiver models). The cathode current dip is really only an approximate indication
of proper PA stage tuning, as the dip will only coincide with the maximum RF output power setting if the PA
tubes are perfectly neutralized. Since neutralization does not track exactly from band-to-band, some inconsis-
tency between maximum power output and PA cathode current dip is both normal and expected. So, when
tuning-up using an external wattmeter, the cathode current reading is essentially ignored and, most likely, the
current dip will not correspond to the minimum current dip.

It is easy to see why tuning-up to the maximum power output point using an external wattmeter is beneficial by
perusing the data shown in Figure 6-8, which shows the measured RF PA output as a transceiver is tuned-up
with an external wattmeter at various transceiver loading settings. That curve clearly shows the expected pro-
gressive increase of output power as the loading is increased and, more significantly, the obvious maximum
output power peak — if loading in increased beyond that peak, a user can very easily see the decrease in maxi-
mum power output on the wattmeter with any further LOAD control increases. With the load and “dip” tune-up
method, the procedure is subjective — there is no such direct and obvious indication of peak power.

After Swan incorporated a relative RF output power measurement capability into the design of the 500C and
later dual-tube PA transceiver models, they changed their tune-up procedure from the cathode current-dip
method to a tune-to-maximum relative power procedure (which is equivalent to using an external wattmeter) for
this reason. Gross discrepancies between the cathode current’s dip minimum and a wattmeter’s maximum RF
power output point give a strong indication that readjustment of neutralization is needed.

Do Not Use Significantly Light or Excessive Loading. Be careful during tune-up not to adjust the LOAD con-
trol such that it is significantly light or excessive (LOAD control either much too low or much too high) for the
carrier insertion level used (usually full carrier). Do not light load, as this will cause the PA to operate at signifi-
cantly reduced efficiencies and could actually require the tubes to dissipate more heat than if it were tuned to
maximum power! Do not excessively load; while the LOAD control can be adjusted beyond the maximum
power point and the dipped cathode current readings will still continue to increase, RF output power will actually
decrease, efficiency will radically decrease, and tube power dissipation requirements will drastically increase, as
shown in Figure 6-8 and discussed in Section 6.2.9.1.

Tune-Up Accuracy. Don’t get wrapped-around-the-axel trying to precisely adjust the PLATE and LOAD con-
trols so that tuning is absolutely perfect. Even if the transmitter were adjusted exactly to the maximum RF
power output point under full CW carrier insertion conditions, ironically it still would not be optimally adjusted
for the range of actual operational SSB grid signal levels anyway (see discussion on amplifier efficiency and per-
formance discussion in Section 6)! Prolonged peaking and tweaking just puts excessive wear and tear on the PA
tubes. Close is good enough. It is far better to slightly lightly load than excessively load during tune-up as the
consequences in terms of RF power output, efficiency, and PA tube heat dissipation are more benign (see Sec-
tion 6.2.9).

Inter-Band Retuning. Always retune, or at least check the tuning conditions, with any appreciable change of
frequency within a band until you have a good “feel” as to how the control positions are affected by frequency
changes (for a given antenna system). While the LOAD and PLATE settings seldom require significant adjust-
ment, other than for gross frequency changes within a band, the GRID control can be particularly sensitive to
frequency changes in some bands. At a minimum, insert a little carrier and re-peak the GRID for maximum
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cathode current after significant frequency changes until you understand how the system (transmitter, feed-line,
and antenna) behaves.

Snap, Crackle, and Pop. 1t is not normal to hear any high voltage arcing snap, crackle, and pop sounds during
tune-up. Such startling sounds should never be heard, but when they do occur, they are usually due to arcing be-
tween the PA tuning capacitor plates or between PA tube internal electrodes.

If it occurs, check to ensure that the tuning capacitors are dust free. Stop and review the tune-up procedures to
be absolutely sure you are not inadvertently improperly performing the tune-up process, as excessive loading or
significantly inaccurate PLATE adjustment can severely stress the system. Of course, such sounds can also be
heard with a discrete component failure, such as a RF choke in the driver tube plate supply or a capacitor failure,
however such cases they are usually accompanied by smoke and/or odor and the transmitter will usually no
longer function.

Fan Cooling. Always run a fan on the PA tubes to aid in heat dispersal, especially during AM or CW operations
when the PA tubes are operating at or even somewhat exceeding their power dissipation rating.

24.2. SSB

2.4.2.1. Audio Quality

Most tube-era gear produced excellent SSB audio, although it can be said that some manufacturer’s equipment
did produce better quality audio than others — maybe not a lot better, but discernible none the less. Swans have
always been known for excellent audio quality on SSB. The Swan transceivers of the early 1960s sounded just
as good back then as the new equipment of today. Nothing has changed in SSB transmitting technology over
the years; SSB is still SSB. Therefore, since the human voice and ear haven’t changed and a near perfect re-
production of a person’s voice was achieved in the early days, there is little or nothing further to be
accomplished to make it sound any better. While one can consider narrower ~2.1-kHz IF filters, audio fre-
quency response shaping and/or compression advancements that improve operations in high QRN, QRM, or a
contesting environment, they certainly aren’t necessarily an improvement to the sound of the audio.

2.4.2.2. Modulation Level Adjustment (1/3" Rule)
Swan manuals typically recommend that the MIC GAIN be adjusted such that maximum modulation peaks

produce cathode current readings no higher than 150 to 225 mA (dependent on transceiver model) on the trans-
ceiver’s cathode current meter. This adjustment insures that the power amplifier operates over the highest
efficiency linear portion of the characteristic curve without overdriving or flat-topping the transmitted signal,
thus achieving optimal audio fidelity while limiting RF splatter and distortion. The corresponding cathode cur-
rent during tune-up might be 500 to as much as 600 mA or more (e.g. 500 mA for the model 400). In some
cases, an expected tune-up current is not directly specified, but inferred by discussions in the power specifica-
tion section of the manuals (e.g. a 500CX achieves 500-W dc input PEP for a 600-mA cathode current). These
values are all predicated on a properly aligned transmitter with new driver and power amplifier tubes.

As tubes and components age, and alignment settings change with time, a transmitter’s capability will dimin-
ish. The maximum cathode current at the maximum power/efficiency point during tune-up may fall from 625
to 500 or even 300 mA or lower. Most Swan manuals do not address how the MIC GAIN should be adjusted
for such cases. A general rule-of-thumb used by some is to adjust the MIC GAIN such that the peak SSB cur-
rent meter reading is a maximum of 1/3™ of that obtained during tune-up. If the cathode current at the dip or at
the maximum RF power output point, as indicated by an external wattmeter, is say 400 mA, then the cathode
current on SSB modulation peaks should be no higher than ~135 mA.

This 1/3™ rule conservatively maintains the same tune-up current to modulation peak current ratio as that rec-
ommended in some manuals for a properly aligned, new condition transceiver. For example, the manual for
the model 400 transceiver indicates that with a 500-mA tune-up current in the dip, the SSB modulation peaks
should be in the 175 to 200-mA range.
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Carrier Balance. Always remember to fully null the CAR BAL control during SSB operation. Failure to do
so causes the carrier to be transmitted along with the SSB signal, not only causing needless QRM, but also in-
creasing the average cathode current and placing an additional power dissipation burden on the PA tube(s).

243. AM
Just as with SSB, if a Swan transceiver is properly aligned and in peak form, the AM quality will also be of the
highest order. Comments for ensuring optimum AM performance include the following items.

2.4.3.1. Balanced Modulation Signal Generation

Swans have an edge in AM transmission capability over some of the other SSB transceivers of the 1960s and
1970s since their design uses a balanced-modulator AM generation as opposed to screen-grid modulation. Bal-
anced-modulator AM is about as close to plate modulation as one can get. The Swan AM mode lacks only the
double sideband process. Meaning, the AM carrier is only modulated by a single sideband audio frequency
due to the IF crystal filter’s suppression of the unwanted sideband as it normally does during SSB operation.
This has absolutely nothing to do with the audio output quality of the transmitter, which remains excellent,
since both sidebands contain the exact same audio information, but with the LSB just inverted in frequency.

In fact, efficiency is increased by not wasting the power needed to amplify the unwanted and more specifically,
unnecessary sideband. The only drawback that comes to mind with single sideband-with-carrier type AM is at
the receiving station. If one is copying an AM signal produced by a Swan transceiver and has the BFO (beat
frequency oscillator) turned on, the proper SSB position must be selected in order to hear the AF signal. The
BFO is an additional stable oscillator incorporated in a receiver when it is used to receiver a CW signal, so that
the mixed (or beat) output produces an audible tone. With the BFO off, as most AM receivers are set, demodu-
lation of the AM transmission is normal and oblivious to which sideband is present, although precise
adjustment is more difficult for weaker signal conditions.

2.4.3.2. Carrier Level Adjustment
It is not absolutely required that the 150-mA cathode current recommended in many Swan manuals (dual-tube

PA models) be used for the AM carrier operating level; 125 mA or even 100 mA is satisfactory as long as
modulation peaks barely nudge the meter 5 to 10 mA above the selected carrier level.

As indicated in Fig. 3-4, 150-mA carrier power is equivalent to ~130-W dc input power and 100-mA corre-
sponds to ~90 W. In addition, as noted in Fig. 6-8, which shows measured CW efficiency and PA power
dissipation as a function RF output power, the transmitter efficiency falls off dramatically at lower power lev-
els. So based on those measurements, at 150 mA the steady-state carrier efficiency will be much lower (i.c.
~15 to 20%) than the ~60% attained during tune-up under full carrier and RF carrier output power will be only
~25 W. Therefore, PA tube plate power dissipation will be almost 105 W.

Of course, during voice operations the carrier is not steady state, it’s constantly being amplitude modulated.
The resultant signal includes periods of where the signal has higher RF output power where the cathode current
is much higher, but is much more efficient and periods of low signal current levels where not only the effi-
ciency, but also the required dissipation is much lower. Even though the average power output/efficiency
condition during AM operations may reduce the heat dissipation requirements of the PA tubes to acceptable
levels (relative to a steady-state, unmodulated carrier), AM operation still clearly places a high stress on the
transmitter.

Operating with a 100-mA carrier level would decrease the unmodulated carrier level to only ~10-W RF output,
but it will also significantly reduce the average PA tube power dissipation requirements. In any case, a fan on
the PA tubes is obviously highly beneficial, or even essential, during AM operation!

2.4.3.3. Separate Receiver
Consider using a separate receiver for AM operations. Otherwise, unless you have a means of turning off the

carrier oscillator between transmissions, you will be constantly zero beating the carriers of the many partici-
pants of a round table QSO. A good communications receiver can also enhance AM operation by offering
variable selectivity, filtering, split frequency, BFO OFF, etc. An external receiver is easily paired with a Swan
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transceiver by using the relay terminals on the rear of the Swan to mute the receiver and feed the antenna’s
signal to the receiver.

The V6 (receiver RF amplifier) output plug on the rear of 500CX and later model Swans can be used to feed
the received signals to the external receiver. The benefit of doing this is that the signal coming into the trans-
ceiver is first amplified by V6, then fed to the transceiver’s receive mixer stage and to the V6 output plug.
This means the received signal is pre-amplified before it goes to the external receiver, essentially adding an ex-
tra RF stage to the front end of that receiver. In order to use this set-up on Swan 500C and older models, the
V6 output wiring will have to be installed. Just use a RCA jack or coax connector, a 5 or 10-upF capacitor,
and a short piece of hook-up wire or coax.

244. CW

The mode switch, particularly the S-position switches (CAL, REC, TRANS, CW and TUNE), takes quite a beat-
ing, especially when used frequently for CW operations. However, if you have an optional VOX (a modified
VX-1, or a VX-2/3/4) unit installed, it can be used for normal semi break-in operation when the mode switch is
in the CW position and the PTT/VOX switch is in the VOX position. If the mode switch is left in the CW posi-
tion, the PTT/VOX slide switch can be used to switch between continuous transmit and continuous receive
modes, saving the wear and tear on the mode switch. In the PTT position, the transmitter will be continuously
activated and CW may be sent normally. When switched back to the VOX position, either semi break-in CW
operation can be conducted by normal keying, or, after the VOX’s short time delay has elapse, the transceiver
will revert to a continuous receive mode for CW signal reception.

If it is desired to operate at very low CW RF output levels, say 20 W or so (and the transceiver model is designed
for or has been modified such that the CW insertion level is controlled by CAR BAL control), it is advisable to
tune-up to the maximum RF output power point at that lower carrier insertion level. Normally a transmitter
should always be tuned to the maximum power point under full carrier to obtain maximum efficiency and mini-
mum PA tube power dissipation. However, when the transmitter is intentionally operated at low carrier insertion
levels to obtain a very low CW RF level (after first tuning-up under full carrier as is normally done), this forces
the power amplifier to operate at a very low efficiency. By re-tuning under the very low carrier level insertion
condition, the power amplifier tuning is adjusted to best match that operating condition. Efficiency at these low
carrier insertion operating conditions will be improved and power dissipation requirements will be dramatically
decreased (relative to the same operation conditions after a full carrier tune-up), reducing stress on the PA tubes.
See detailed discussion on low carrier level CW efficiency in Section 6.2.9.3.

CW Output Level. In the circuit design of many transceivers, the carrier level during CW operation is controlled
by the CAR BAL control. But, because of the way the balanced modulator circuit is designed, you might find
that with the later model transceivers (e.g. 500, 500C, etc.) with this variable CW carrier insertion feature that
you will achieve somewhat higher CW output levels when the CAR BAL is rotated fully to the left (ccw) versus
to the right (cw).

Grid-Block Keying. Note that many tube-design transceiver models use grid-block keying. For Swan models,
this means that about —110 V (referenced to chassis ground) is applied to the transmitter mixer tube’s control
grid through a 100-KQ resistor when switched to the CW/TUNE mode. This shuts the tube off and you have no
output to the driver. When the key is closed, the —110 volts is shunted to ground, the mixer tube conducts, and
you have output.

This —110 V appears across the key jack, so be careful what you connect to it. In general, that voltage doesn’t
present a significant safety hazard since it is fed through the 100-KQ resistor. Newer CMOS and TTL keyers
designed for solid-state rigs generally don’t like that much voltage applied to them unless buffered by a relay or
high voltage MOSFET or transistor switch. Some keyer models are designed with this in mind, having grid-
blocked output options (i.e. some MFJ Models).

CW Side-tone. Some early transceiver models do not include the CW side-tone feature as part of their basic de-
sign (e.g. 350). While a modification for adding this capability is available, another option is to just use an off-
board electronic keyer (e.g. MFJ-401, MFJ-8043 IC, or equivalent) that generates an audio tone and includes an
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output option to drive a grid-block keying design transmitter, such as is used in the Swan transceivers. In the
case of the MFJ keyers, simply wire-up a RCA phono plug (that mates with the keyer output) to the %4 inch mono
plug (ground-to-ground and center contact-to-tip contact) via a coax cable (e.g. RG 174), plug an appropriately
wired paddle into the keyer, and you have both paddle capability and audible side-tone from the MFJ unit.

24.5. PSK-31

Go to the www.teleport.com/~nb6z/psk3 1.htm Internet website for basic connection information for PSK-31, in-
cluding a PTT keying circuit. PSK-31 works well on a Swan since it automatically handles the drifting of the
older tube-design transceivers. The simplest configuration uses the optional Swan VOX unit to key the trans-
ceiver and it requires only two cables, one for sound-in and one for sound-out. One male mini (for PC
sound/mike input) to % inch mono-headphone 2-conductor jack is required for Swan audio output. One male
mini (for PC sound output) to % inch stereo headphone 3-conductor jack is required for Swan microphone input
(caution: the Swan keying circuit is on the tip of the % inch plug so make sure you don’t wire the microphone
input to the tip of the %4 inch plug.).

An inline attenuation circuit that needs only two resistors is desirable, requiring only that: (1) the grounds are
wired direct on both plugs, and (2) the signal lines are wired with approximately a 50-kQ to100-kQ resistor in
series with the cable with a 1-kQ to 5-kQ resistor wired in parallel with the Swan input. This reduces the signal
down to ~10% of its normal level and makes it easier to adjust your Swan input/output and computer in-
put/output to their mid-range positions. Some users have also inserted a 600-Q to 600-Q isolation transformer
inline to cut down on hum and ground noise.

Be sure to keep the power output level of the Swan down real low and watch the modulation levels carefully
since it is very easy to overdrive and splatter using PSK31. See the discussion in the Modification Section 5.8
on RF power output reduction methodologies. Monitor the waterfall display of your signal on the PC screen to
confirm that it is within specification. Increased frequency stability can be achieved by using a Swan fixed-
frequency crystal controlled oscillator (e.g. 510X, see VFO Accessories Section 4.14) that can be employed with
just about any Swan. Each of the crystal control oscillators has a vernier that permits tuning £3 to £5 kHz
around the tuned frequency.

2.4.6. MARS

You should have no difficulty operating on the MARS frequencies with Swan transceivers; indeed, they even of-
fered a 500CX MARS Special model. MARS operations on 40 M (e.g. 7.6 MHz) are no problem, as the main
tuning dial on most transceivers will already cover that frequency range. For 80-M operation, the easiest way
(and also for 40 M, if very frequency stable operation is desired) is to use a highly stable external crystal control
oscillator (e.g. model 405/510).

An alternative for 80-M operation (on 4,025/4,035 kHz) is to intentionally adjust the VFO trimmer capacitor (on
top of the VFO case) for that band to a higher frequency. Of course, after doing so, you will have to remember
what the real frequency is on the VFO dial! If you’re doing this, it’s a good idea to go a full 100 kHz up on 80
M, so that the top end is 4.1 MHz (rather than the normal 4.0 MHz) — there should be enough trimmer capacitor
tuning range. Just listen for the net control station and tune to it to establish the correct frequency relative to the
main tuning dial, or you can also adjust the dial set so the calibration signal falls at one of the 5-kHz ticks on the
dial to be relatively accurately calibrated.

2.5.Published Articles and Reviews

251. QST

Table 2-3 shows the search results of the ARRL database for Swan articles and comments published in QST.
Multi-year collections of OST issues are available on CDROM. Some hard copy back issues are also available at
the cost of the current cover price, $5.00 in 2004. Contact the ARRL Publications Sales Department
(pubsales@arrl.org) for back issue information. Photocopies of articles are also available for $3.00 per photo-
copy for ARRL members and $5.00 per copy for non-members (prepayment is required for non-members).
Contact their Technical Department Secretary (reprints@arrl.org) for reprint information.
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Table 2-3 Swan Articles in QST

Issue Page Title Author
Jun 92 84 Swan Net (Strays)
Oct 82 42 Swan 45 Mobile-Antenna Repairs (Hints & Kinks) Webb, John, KO5D
Oct 82 42 Expanded RIT Range For The Astro-150 (Hints & Kinks) Holt, Lance, N9CDD
Dec 80 54 Improving The Swan 500 CX Calibration Oscillator (Hints & Kinks) Torgenrud, Dave, WAOPDB
Jul 80 41 Swan Astro-150 Transceiver, The (Product Review) Pelham, John, W1JA
Jun 79 35 Swan 100MX HF Transceiver and Accessories (Product Review) Woodward, George, WIRN
Apr 79 47 On Updating the Swan 350 (Hints & Kinks) Coleman, Carl, K4WJ
Aug 78 32 Kink (Hints & Kinks) Schwartzbard, C., WB2IWH
Jul 77 50 Two More Tips for the Swan 250 (Hints & Kinks) Mollentine, Richard, WAOKKC
May 77 49 ALC for the Swan 250C (Hints & Kinks) Richardson, Hamp, KSEFW
Nov 76 42 Updating the Swan 350 (Hints & Kinks) Coleman, Carl, K4WJ
Oct 76 19 CW Monitor for the Swan 270, A (Feedback)
Aug 76 44 A CW Monitor for the Swan 270 (Hints & Kinks) Armold, Jerry, WA6MBP
Feb 74 22 Rec/Counter for Swan 500 Receivers Daigh, Robert, K6ZCN/5
Feb 73 54 Swan Model WM-1500 RF Wattmeter, The (Recent Equipment) Myers, Robert, WIFBY
Feb 73 23 Add AVC to Your Swan 260 (Feedback)
Jan 73 44 Swan Twins (Recent Equipment) Niswander, Rick, WAIPID
Jan 73 44 Swan Twins (Recent Equipment) Nelson, John, WIGNC
Dec 72 20 Add AVC to Your Swan 260 Sears, Stanley, W2PQG
Oct 69 42 Swan Multidrive 2-Meter Antenna, The Tilton, Edward P., WIHDQ
Sep 69 85 Swan Prototype 432 Ant. (photo) (World Above 50 Mc) Smith, Bill, K4AYO
May 69 86 Swan 250 Notes (The World Above 50 Mc) Smith, Bill, K4AYO
Jan 69 77 Stolen Swan Recovered (Correspondence) Willingham, F.F., WA4EWC
Dec 68 44 Semiautomatic CW Break-In with the Swan 350 (Hints & Kinks) Willard, D., WIUXS/K1ATG
Oct 68 96 ZF1DT Swan 250 (photo) (World Above 50 Mc) Smith, Bill, WB4HIP
Jun 68 39 On Swan 350 Modification (Hints &Kinks) Johnson, Herbert G., W6QII
Jan 68 42 Swan 350 Modifications (Hints & Kinks) Carpenter, Wayne, W4IMU
Sep 65 61 Swan 350 Transceiver, The (Recent Equipment) Blakeslee, D., A.,, WIKLK
Aug 62 52 Swan Mobile SSB Transceivers (100 series) (Recent Equip) Campbell, E. Laird, WICUT

2.,5.2. Ham Radio

Table 2-4 shows the search results of the ARRL database for Swan articles and comments published in the now
defunct Ham Radio magazine. All back issues of Ham Radio are available from both ARRL and CQ magazine
on CD ROM.

Table 2-4 Swan Articles in Ham Magazine

Issue Page Title Author
Aug 79 42 Swan 350, curing frequency drift WAGIPH
Nov 78 92 Swan Electronics SSB Transceiver (100 MX) (New Products)
Oct 78 36 Swan 160X birdie suppression (Ham Notebook) W6SAI
Aug 77 90 Swan Electronics/Cubic New Antennas (Swan TB-4HA; TB-3HA;
MB-40H; 742; 1040V; TB-2A)(New Products
Oct 76 79 Swan 250 Carrier suppression (Ham Notebook) WBSLGA
Jan 75 60 Swan SSB Transceiver (700CX) (New Products)
Sep 74 77 Swan’s World of Amateur Radio (catalog) (PR Bandstand)
May 73 77 Swan 350 CW monitor (Comments) Correction: letter
Apr 73 75 Solid-State High-Frequency SSB Transceiver (Swan SS-200. SS-100,
SS-15) (New Products)
Jun 72 63 Swan 350 CW monitor (Ham Notebook) KI1KXA
Jul 71 64 Swan 350, receiver incremental tuning (Ham Notebook) KI1KXA
Apr 71 46 Swan television interference: an effective remedy W20UX
Dec 69 84 Swan 250, update your (Ham Notebook) K8ZHZ
Aug 69 67 Swan 350 and 400, RTTY operation (Ham Notebook) WB2MIC
May 68 8 Swan 120, converting to two meters K6RIL
253. CQ

Table 2-5 shows a partial summary of Swan articles and comments published in the CQ magazine. All back is-

sues are available from CQ magazine on CD ROM.
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Table 2-5 Swan Articles in CQ Magazine

Issue Page Title Author
Apr 69 50 CQ Reviews: The Swan Model 500C Transceiver Wilfred M. Scherer, W2AEF
Nov 69 64 CQ Reviews: The Swan Cygnet Model 260 Wilfred M. Scherer, W2AEF
Oct 71 51 CQ Reviews: The Swan Twins Wilfred M. Scherer, W2AEF
Feb 83 23 Converting The Swan 350C To 30 Meters Romig, WAOKHV
Mar 71 39 A Crystal Controlled WWYV Converter For The Swan Cygnet John L. Clark, WIOE
Oct 71 64 CQ Reviews: The Swan FM02X Meter FM Transceiver Glen E. Zook, K9STH
Oct 71 101 Some Notes on the Swan 350 Paul K. Pagel, KIKXA
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3. POWER SUPPLYS, DC CONVERTERS

Caution — when working on tube transceivers and power supplies, lethal ac and dc voltages are present. Under the
wrong conditions, even lower voltages can be fatal! Always disconnect the ac power, always disconnect the trans-
ceiver from power supply, always wait at least a couple of minutes for the bleeder resistors to discharge the high
and medium voltage filters, and to be absolutely sure, always discharge all power supply filter capacitors and other
terminals to ground with an insulated handle tool, even if power has not been applied for a long time. The —110 V
bias (~—140 V unloaded) and the ~18 V relay supplies have no bleeder resistors and if the supply is disconnected
from the transceiver, those capacitors retain a charge for a long time, so these must be manually discharged.

3.1.General Information
Swan power supplies are extremely reliable, although after 20 or 30 years of use, the original bridge rectifier di-

odes and electrolytic filter capacitors are prone to failure. While most of the following discussions are oriented
toward the 117X, the most commonly available Swan power supply, much of the information is also applicable to
the other models. The number of power supplies built was significantly less than the number of transceivers, since
Swan did not initially offer an ac power supply for the 175, 140 and 120 model mono-band transceivers. Even
during the 1964 through 1967 period, during the production of the popular 350, 400, and 500 transceivers models,
Swan built ~14,000 transceivers, but only ~13,000 power supplies. Also, see the discussion on various aspects of
model 117X power supply operation discussed in the Swan Newsletter, Issue 8, Section A.8.3.

Nominal Vs. Measured Voltage Levels. Many Swan ac power supplies use 117 in their model number most likely
since they were originally specified for operation from a nominal 117-V ac power source. While the typical ac
power line voltage was ~117-V ac when these equipment were designed, most voltages today are typically in the
120 to 125 V range (unless it’s a hot day and all those air conditioners are on). As such, the power supply output
voltages and those measured in the transceiver may be 3% to 7% percent higher than if operated at 117 volts.

In the various transceiver and power supply manuals Swan assigns nominal values for the required operation volt-
ages. These are not the actual voltages you will measure, but usually are the values you might see when the power
supply is under an average load (see Section 3.3.8). For example, the high voltage is typically listed as 800 volts.
Under no-load conditions (no transceiver attached) and with the ac line power voltages in the mid 120-volt range,
you might measure as much as 950 V (or even higher, depending on measurement error), during receiver operation
that will drop to ~920 V, under idle transmit conditions it will be ~900 V, and under maximum RF power output
conditions it will drop to ~750 V or less, depending on PA cathode current. The other power supply output volt-
ages will also vary somewhat with increasing total RF power input load. See Tables 3-5, 3-6, and 3-7 for voltage
measurements for a variety of power supplies and operating conditions and Fig. 3-4 for a detailed graph illustrat-
ing the power supply’s high voltage level draw-down as a function of transceiver PA cathode current.

Bleeder Resistors. The HV and MV supplies have 100-KQ, 2-W bleeder resistors installed in parallel with the
electrolytic filter capacitors for safety reasons to draw-down the stored voltage levels to low levels 30 to 45 sec-
onds after the power has been turned off. Neither the bias or relay supply have bleeder resistors installed, so the
charges in those filter capacitors can be retained for a very long time, especially if the power supply is being
worked on without the transceiver attached. Consideration should be given to installing a bleeder resistor across
the filter capacitor in the bias and relay supplies. With a —130 V to —140 V typical bias operating voltage range, a
50-KQ, 1-W (0.45 W dissipation at 150 V) resistor should work fine.

Capacitor Values/Voltage Rating Issue. The actual electrolytic capacitor values used may differ somewhat from
that shown in the schematic. Also, because of the higher ac power line levels discussed above, the electrolytic ca-
pacitors used in many power supply filter designs are operating near their rated value. For example, in the 117X,
the filter is composed of three 350-V capacitors (1,050 V total) in series across the ~925-V HV output. Although
no endemic failures are caused by this situation, consideration should be given when replacing these capacitors to
increasing the rated voltage from 350 V to 400 V or more. For further information on this, see the Capacitor Re-
placement Section 3.4.1.4.

Physical Size. The 117AC, 117C, 117XC, 230X/XC, 400PS ac power supplies all include a cabinet with a front
panel speaker. They all have the same physical size, approximately 874" W, 6%4" H, 11" D, but front height may
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vary slightly because of differences in the rubber front feet. The 117X is the proverbial “black box” (5" Hx 8" W
x 11" D) that is the power supply module used within the 117XC. The 117B is the design maverick of the ac cabi-
net type supplies offered by Swan, having no speaker, a long rectangular form-factor (5" W x 6" H x 15" D), a grill
type enclosure over the entire upper and side portions of the unit, and a simple battleship gray type color. No at-
tempt was made to make the cabinet size and styling anything like that of the transceivers (e.g. 350, 400, etc.).

3.1.1. Grounding

Always connect the power supply chassis (as well as the transceiver, tuner, etc.) directly to earth ground (ac ser-
vice ground) to minimize shock hazard in the event of component failure. This is especially necessary if the
power supply, like most of those built, is one that has the non-polarized two-prong ac plug.

AC Power Wiring. Inspection of the 117X schematic (Fig. 3-7) shows one side of the 117-V ac line routed di-
rectly to transformer’s primary winding and the second side through a fuse and the transceiver’s on/off switch
(and through interconnecting cables to-and-from the transceiver) to the other side of the primary transformer
winding. A 0.0047-pF, 1.4-kV RF ac line-filter safety capacitor is affixed to each side of the ac line (i.e. NEU-
TRAL and HOT) to the 117X’s case ground. Since the two-prong ac plug used by Swan on most equipment
manufactured prior to the mid 1970s is un-polarized, the plug may be inserted in either direction and ac HOT
or NEUTRAL may be on either side of the primary winding. The ac line-filter capacitors and the transformer’s
primary winding isolates both legs of the ac from the power supply’s chassis ground.

AC Filter Capacitors. The two 0.0047-uF, 1.4-kV RF ac line-filter safety capacitors are also known as in-
terference suppression capacitors. These important capacitors are used to filter-out/remove RF line
disturbances and interferences that are picked up by your home’s power lines. The dual capacitor design on
the legs of the primary input is superior to those designs that use filter only one side of the ac input (trans-
former-less AM radios, etc.), since they filter both legs of the ac input.

There are two major classes of interference-suppression ac line filter safety capacitors; namely, X and Y.
Class X capacitors are used in across-the-line (between the HOT and NEUTRAL wires carrying the incom-
ing ac current) applications where their failure would not normally lead to electric shock. A high leakage or
shorted capacitor type failure will cause the fuse or circuit breaker to open.

Class Y capacitors are used in ac line-to-ground (RF bypass) applications where their failure (high leakage
or short) could lead to electric shock if a proper ground connection were lost. Without a separate ground
connection, the failure of this type of line-to-ground capacitor would not necessarily open any safety fuse.
In other words, the failure of a line bypass capacitor could create a 120-volt hot chassis that could give you a
potentially fatal shock. This is the type used in the Swan power supplies.

In the Swan design using the two-prong ac plug, there is no ac line service GROUND connected directly to the
power supply’s chassis since the ac cord does not have the third GOUND wire! If neither the power supply
nor the transceiver chassis (chassis grounds are interconnect via the power supply cable) is grounded through a
separate connection to the ac service earth GROUND, the power supply’s outputs (HV, MV, FIL, etc.) are es-
sentially floating with respect to the ac power’s NEUTRAL or GROUND lines. Both RF bypass capacitors
junction at the chassis’s floating ground and, in the absence of a direct chassis to ac GROUND connection,
measurement with a high impedance voltmeter between an external ac ground and the 117X’s chassis will
show a reading of ~60-V ac. The two capacitors act as a simple voltage divider.

Since the 60-cycle ac impedance (X¢) through the capacitors is extremely high (many MQ), when the chassis
is grounded, the current through the capacitors will be extremely small and, even when an operator touches an
ungrounded 117X/transceiver chassis, this voltage/current is not normally noticeable. Because the electrical
resistance of skin is relatively low (~500 kQ dry to ~1 kQ wet), the major voltage drop is across the capacitors
and the resultant current is limited to very small values (i.e. assuming 5-MQ Xc, the current is 0.000024 A,
well below perceptible levels). In the event of bypass capacitor replacement, they must be rated for ac opera-
tion, rather than capacitors that just have a 1,400-V dc specification.
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If one of the capacitors (or transformer primary winding, etc.) has high leakage, the ungrounded trans-
ceiver/antenna/power supply’s chassis voltage relative to earth ground will be different from ~60-V ac. The
higher this difference, the stronger an indication of leakage imbalance (one of the bypass capacitors has a much
lower impedance) and the higher the probability of chassis shock hazard. The ac voltage measured will depend
on both the leakage imbalance and how the ac plug is inserted - if it’s inserted one way and the measured volt-
age is ~80-V ac, then if reversed it should be about ~40-V ac. This also further emphasizes that in the event of
catastrophic component failure (e.g. by-pass capacitor, primary transformer winding, or on-off switch or asso-
ciated wiring failure), the possibility exists for 117-V ac to be present on the chassis if there is no direct chassis
connection to earth GROUND.

Remember this discussion assumes no direct earth GROUND to the transceiver, power supply, or antenna sys-
tem. Bear in mind that some antenna systems (e.g. ground mounted verticals) connect the coax shield, and
hence the transceiver’s and power supply’s chassis (they are interconnected by the power supply cable wiring),
to ground at the antenna, so in such cases the chassis will be at near ground potential even without a braid con-
nected to the ac service ground, however that is no substitute for a proper equipment electrical ground.
Connecting the system to ac GROUND will reduce the measured chassis ac level to near zero (essentially zero,
if all chassis are individually grounded to eliminate any ground loop effects). Given all this, it’s obvious that
for safety, all Swan equipment must be connected to ac GROUND. Likewise, serious consideration should be
given to switching from the 2-prong ac plug to the 3-prong ac plug, which adds extra safety insurance.

Interestingly, even when the non-polarized two-prong ac plug is connected (plugged in, but not on) and the
power supply and transceiver chassis are un-grounded, the ac level measured on the chassis will be about 2 V
or 122 V (assuming a 124-V ac line level), depending on how the ac plug is inserted. Even without the trans-
ceiver’s power switch off, ac hot or ac ground is directly connected to one of the ac line filter capacitors, and
stray capacitance also couples some energy from the other ac power line leg (either ground or hot), which is
routed to power supply’s cable to/from the transceiver’s on/off switch. As with the power-on case, the imped-
ances are extremely high and these voltage levels do not normally present a danger. However, it again points
to the wisdom of always including a case ac ground to protect against component failure that might place line
voltages directly to the chassis/case (e.g. ac line filter capacitors, wiring insulation, etc.).

Post Script. The Galaxy V Mark3 uses a similar bypass arrangement as Swan, however they had the fore-
sight to note: “The very first connection, and the most important consideration is a good ground connection.
... The ac line in the Galaxy V Mark3 is by-passed and the lack of a ground will result in a slight “shock”
between the equipment and anything grounded, unless you do have a good ground. Also, lack of a good
ground will often result in improper operation in several respects, including TVI problems.”

Power Cord/Power Supply Cable. Neither the ac power cord nor the power supply cable should be warm or
hot to the touch during operation. If so, the cord’s or cable’s wiring is probably an after-market installation
and the wire gauge is too small. The standard Swan power cord length is 8 feet. Remarkably, Swan offered a
30-foot 12-V dc cable for those wishing to mount the transceiver in the trunk or the rear compartment of a mo-
tor home when the power supply itself was located in the engine compartment.

Power Cord/Plug Replacement. Early version Swan power supplies and Cygnet type transceivers with an in-
ternal power supply came with 2-prong un-polarized ac plugs, using 18-gauge stranded wire. This gauge of
wiring is rated at 10 amperes, 117-V ac. It may be advisable to convert the stock cord/plug to the three prong
polarized plug, as Swan did in the later production units (e.g. 117XC, 350D, etc. manufactured after the mid to
late 1970s). Doing so will insure that in the event of transformer, bypass capacitor or other component failure,
the cabinet/chassis will always be connected to earth ground, minimizing the possibility of any shocking ex-
periences.

For late model equipment, in which Swan used the 3-prong plug, the 117X ac cable assembly’s Cinch-Jones
plug internal pin jumper connections should be exactly as shown in the standard 117X schematic (Fig. 3-7),
except that the 3-prong ac plug’s 117-V ac GROUND is connected to pins 7/8/9 (internal Cinch-Jones plug
jumpers), the 117X’s chassis ground. Inspection of a factory installed 3-wire ac cord showed: (1) Cinch-Jones
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connector pin 1 (which is wired directly to one side of the primary winding) was connected to 117-V ac NEU-
TRAL, (2) the ac HOT was wired through the fuse to pins 2/3 (internal Cinch-Jones connector pin jumper),
which is routed through the on/off switch to the other side of the transformer’s primary winding, and (3) the ac
GROUND was connected to pin 7/8/9 (this is also essentially what is done anyway when a short electrical
ground strap is connected from the chassis to ac service ground or a ground rod). This is consistent with elec-
trical code, which typically requires the ac HOT to be immediately routed through the fuse and/or switch to
minimize exposure.

3.1.2. Initial Power Up

When using a new Swan power supply whose pedigree is unknown, it is prudent to check the output voltage pin-
out wiring assignments going to the Cinch-Jones connector to ensure that it hasn’t been rewired for use with a
non-Swan rig. It is also wise to thoroughly clean corrosion from all male and female Cinch-Jones connectors on
both the ac power cord and HV output cable, as these are frequently the cause of a number of problems ranging
from intermittent power supply voltages to audio intermittency, noise, and distortion.

If the power supply and transceiver have been in storage for more than a year or so, a Variac or step-type trans-
former should be used to slowly increase ac line voltage to allow the electrolytic capacitors to re-form
(hopefully) over a period of hours under progressively higher voltages. If there is any sign or suspicion of
dampness, it is worthwhile to first place the unit in a dry, warm environment to drive out the moisture. See addi-
tional discussions in the Smoke Test sub-topic in Section 10.2.

3.1.3. Load Capacity (117X)

Specified model 117X power supply output voltages and currents (under average transmitter load) are shown in
the Table 3-2. A comparison of measured output voltages from various power supply units and models is shown
in Tables 3-3 and 3-4.

Filament. The filament supply of the 117X is taxed most when used with the Swan 350, 400, 500 and early
500C, since those transceiver models have more tubes than later units (e.g. voltage regulator, VFO, carrier os-
cillator, and balanced modulator tubes). However even with that heavier loading, there is still another 1 A of
12-V ac filament current available.

Relay. The relay secondary transformer windings are capable of providing 250 mA of current so there is also
plenty of reserve within the power supply. There is a dropping resistor in series with this output, usually 15 Q
for early power supply models intended for use with the early transceiver models that have only one relay, or
4.7 Q in later models that are used with later transceiver models that have two relays.

Medium Voltage. With the medium voltage (MV) supply, the early transceiver models also tend to place a
somewhat higher load on the supply due to the higher tube counts. Therefore, later models tend to have less
loading and screen voltages are typically higher than the nominal values listed in the manuals. Since early
model transceivers (early mono-banders, 240) have a lower screen voltage specified than later models, if a
117X power supply is used with them, it is desirable to lower the MV level (from which the screen voltages are
derived) by inserting a dropping resister in series with the output (see details in Section 3.2).

High Voltage. The high voltage supply is taxed very heavily during maximum power transmit operations, re-
sulting in significant drops in the supply voltage from ~920 V under receiver only loading to ~730 V or less at
maximum dc input power for the highest power transceiver models (e.g. 700CX).

3.1.4. Fusing/AC Current Draw

Some Swan transceiver manuals and schematics for the 117X power supply show the ac power line fuse as 3AG-
10A, a fast-blow 10-ampere fuse. This is an error. Regardless of whether the fuse is a quick blow or slow blow,
a 10-amp rating is much, much too high. The correct value is a 6-amp slow-blow fuse, but even a 5-amp slow-
blow should work when the power supply is used with all but the highest power transceiver models.

When operated with no load, that is with no transceiver connected, the 117X should draw about ~0.6 amperes,
120-V ac, however a transient current spike during initial power up will still require a 2 or 3-A fuse (slow blow)
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for no-load testing purposes. When operated with a transceiver (e.g. 700CX) connected in the receive mode, ex-
pect to see ~1.25-A, 117-V ac current draw.

3.1.5. Current Inrush Protection

When power supplies are first turned on, they experience a high initial current surge with a fast rise time as the
large electrolytic filter capacitors charge (they initially appear as a short across the output windings during the
first half cycle of ac current flow), current flows to the filaments, etc. The peak-inrush current can be several
times greater than the steady-state current. In certain designs, this power surge can seriously damage or degrade
components, such as tube filaments, switch contacts, stressing rectifiers, blowing fuses, etc.

Fortunately, neither the Swan power supplies nor transceivers have any reported systematic failures associated
with a high current surge during initial power application. Indeed, there is only one transceiver case study (out
of perhaps as many as a hundred discussed on the reflector, Swan-Net newsletters, etc.) presented in Section
3.4.5 that could be directly related to a current inrush, namely a transceiver’s ac on/off switch whose contacts
were vaporized due to arcing, but this is certainly not a common failure.

Nevertheless, many boat-anchor transceiver and tube-design amplifier owners frequently like to include some
method to “’soft start” to mitigate this surge, either because a particular piece of gear is sensitive to this problem
or as a precautionary measure. While there are active (and more expensive) approaches to accomplish this, if
one wished to provide some measure to soften the current and voltage surge when power is initially applied, a
quick and easy solution suggested is to install a passive NTC Inrush Current Limiters (i.e. Negative Temperature
Coefficient thermistors), in series with the ~120-V ac hot line (or both the hot and neutral) to the power supply.
This passive device, also sometimes referred to as a Surge Limiter, is most frequently used on switching power
supplies. It is usually packaged in a disk configuration, similar in size, shape, and appearance to a high voltage
ceramic disk or RF-bypass capacitor, and typically costs only two to three dollars.

A thermistor is a thermally sensitive resistor whose resistance changes significantly and predictably as a function
of temperature. The resistance of an inrush Surge Limiting thermistor quickly (in milliseconds) decreases as its
temperature increases. The surge limiter rapidly self-heats due as the current begins to flow through it. Its resis-
tance rapidly drops after the initial high current turn-on surge that charges the capacitors in the power supply.
After they are charged, the current, heat, and limiter resistance drops during normal operation so that its voltage
drop is insignificant compared to the total impedance of the circuit.

The design resistance of the NTC Inrush Limiters varies widely from an ohm or so to 200 Q or more at cold re-
sistance (prior to power application) and from a few ohms to fractions of an ohm at maximum current. The cold
and maximum resistances and maximum current rating vary widely, so be sure to check the manufacturer (e.g.
Keystone Thermometrics, Western Electric Components Corp., Ametherm, etc.) data sheets to select a properly
sized unit. The resistance is proportional to current load, with the minimum resistance only at the maximum cur-
rent rating and increasingly higher resistances as the steady-state operation current decreases. In general, the
higher the maximum steady-state current rating, the lower the initial cold start resistance (e.g. ~2 Q @ 20 A).

3.1.6. Cover Installation (117X)
The rubber grommets on the stanchion rods supporting the power supply circuit board are normally positioned Y2

the way up the rod. These spacers are needed to keep the grounded case cover away from the terminal strips in-
side the case, which are perilously close to the installed cover. To maintain the grommet positioning when
replacing the black or brass colored box cover, spread the sides out enough so that each side clears the rubber
grommet while pushing down the cover and/or place a few turns of electrical tape around the stanchion rods be-
low the grommets. When the cover is nearly closed, press in on both sides to fit it into the bottom grooves.

3.1.7. Operation Temperature
The transformer core in the 117X characteristically runs warm when properly functioning, so expect the case of

the 117X to be warm to the touch when in operation for any length of time. No systematic failures are associ-
ated with this higher operation temperature.
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3.1.8. Ventilation
Although these power supplies are very reliable even with the totally enclosed black-box design of the 117X,

ventilation can be beneficial when operating in higher ambient temperature environments. If additional cooling
is desired, a few holes in the sides of the cover to encourage a little ventilation can be made without allowing any
substantial amount of dust to enter. Drill a short string of %" or so holes along either side of the removable cover
in the area of the power transformer. It’s best not to position the holes in the top of the case, as this will permit
easier dust entry. Of course, remove the cover before drilling to prevent any possibility of metal drilling chip
contamination. An alternate approach is to use perforated sheet aluminum to replace the solid sheet aluminum
on the supply to provide maximum convection cooling, but this will also permit dust entry.

3.2. Model Commonality
Swan did not build any matching ac power supply for its first mono-band transceivers (120, 140, etc.). In the

mono-band transceiver manual, they specified power supply operating voltage requirements and recommended for
ac operation the Heathkit HP20 or Collins 516F-2 and for 12-V operation the Heath HP-10, Topaz CI0WDG, Ad-
com 250, or the Collins MP-1, even including instructions in the manual for modifying the widely available Heath
HP-20 and HP-10.

Interchangeability. Swan maintained a fairly standard operating voltage set and transceiver plug interface con-
figuration that was directly compatible with all post model 240 tube-design transceivers, as illustrated by the
summary of transceiver power supply voltage and current requirement specifications for the earlier 120, 140 and
175 model mono-band, the 240 tri-band, and the later dual-tube PA models (350 and 700CX) shown in Table 3-1.
The 350 and 700CX have identical specifications, except for the values highlighted in italics.

Therefore, once Swan began building power supplies, other than for the initial 117AC model, output voltages were
essentially identical. In the 117AC, the bias voltage was lower than in later models to conform to the model 240
and early mono-band transceiver voltage requirements (-90 V to —100 V bias, versus the —110 V specified for
dual-tube PA transceiver models) and a higher dropping/isolation resistor was used in the relay circuit (~15 Q ver-
sus 4.7 Q) since only ~100-mA current draw was required (versus the 200 mA needed for the dual-tube PA models
that have two relays).

All Swan 117X-type ac power supplies (117B, 117C, 117X(C), 400-PS, and PSU-3/A) made during the 1964
through 1980 time frame as matching units for the various 5-band and the 160 and 6-meter mono-band tube-design
radios (e.g. 350, 400) are directly interchangeable — no wiring changes, just plug-and-play. Even the 117AC
power supply, designed for use with the model 240 transceiver, needs only a minor change to the bias/relay sup-
plies for use with these later models; conversely, the 117X type power supplies also only need minor changes for
operation with the older model transceivers. See discussions later in this section for modification details. The
schematic for the 117AC is shown in Fig. 3-5, for the 117B/C in Fig. 3-6, and for the 117X in Fig. 3-7

Transformer. While the voltage set and output cable configuration remained consistent, there was a fundamental
change in transformer and rectifier/filter design between the 117X and earlier models. The changes are clearly il-
lustrated by a comparison of the 117AC (Fig. 3-5) and 117C/117B (Fig. 3-6) schematics with that of the 117X

Table 3-1 Specified Transceiver Power Supply Power Requirements

120/120/175 240 Dual Tube Models(350 — 700CX)
MIN NOM MAX MIN NOM MAX MIN NOM MAX
HV (V dc) 250 800 900 250 600-800 1000 600  600-800  1000-1200
25-275mA 300 mA 25-300 mA 350 mA 500-800 mA
MYV (V de) 225 275 325 225 275 325 225 275 325
100 mA 100-110 mA 150 mA
BIAS (Vdc)  -70 -90 -100 -70 -100 -120 -100 -110 -130
6 mA 5mA 100 mA
REL (V dc) 10 12 15 10 12 145 10 12 145
100 mA 100 mA 250 mA
FIL (V ac) 11 12.6 145 11 12.6 145 115 12.6 14.5
345A 345A 5.5-6.7 A
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(Fig. 3-7). Unlike the earlier models, the 117X uses a non-stock transformer built specifically for Swan with mul-
tiple primaries with taps that permitted it to be used with 117-V ac or 230-V ac for base station operation and with
the 12-V dc inverters for portable or mobile operation (the inverter output is fed into the transformer’s filament
winding via Cinch-Jones connector jumpers, which then acts as the primary winding during dc operation). The
117X transformer also uses separate secondary windings for the MV and HV supplies, as opposed to the center
tapped HV secondary winding used in the 117C and earlier model power supplies.

117AC Modification for Use with Post 240 Transceivers. For the modification needed to use the 117AC with
later model transceivers (e.g. 350, 400, etc.), see the discussion in the 117AC power supply section.

117X/(Or Equivalent) Modification for Use with 240 and Earlier Transceivers. If other than a 117AC model
power supply (i.e. 117X, PSU-3/A) is used with one of the earlier transceivers (i.e. 240 and the early mono-band
models), the bias supply voltage is too high and it needs to be reduced with a simple modification to the bias out-
put circuit. Insert a ~1.5-kQ, 1 or 2-W resistor in series with the bias output. The typical measured bias voltage of
~—130 V in the receive mode will decrease to ~—115 V range, much more compatible with the power supply volt-
ages recommended in the manual for the nominal and maximum operating voltage conditions, namely, HV o, =
600-800 V, MV,,on, = +275 V, BIAS, ;o = =100 V; and HV ;5 = +1,000 V, MV,,..x = 325 V, and BIAS,,.x = —120
V. The resistor can be inserted directly into the power supply or, if the supply is to be also used with a later model
Swan transceiver, it can be mounted inside the transceiver — just break the line directly from pin 3 and insert the
resistor. The relay resistor in the 117B/C/X is also much lower than that used in the 117AC supply (4.7 Q versus
15 Q) and should be replaced.

The measurements shown in Table 3-6 indicate that the 117B and the 117C bias output levels are somewhat lower
than the 117X level (-110 to —105 V range versus ~130 V), but even so, with the resistor inserted, the reduced
BIAS level will still be near the —90/~100 V nominal bias values for the early transceiver models.

AC Power Control. No Swan power supply was wired to apply ac power other than via the transceiver’s main
on/off switch, which activated all of the power supply’s operational voltages. In addition to the on-off switch, the
240 and 400 models employ a second switch to control only the 275-V MV. When in the SUPPLY OFF (240) or
STBY (400) mode switch positions, the MV is cut off from the transceiver’s circuitry, but this is only internal to
the transceiver. The power supply still generates all voltages and feeds them to the transceiver. This dual switch
system was discarded with introduction of the Swan 350.

3.3.Model Specifics, Differences

3.3.1. SW-12DC/SW-12A DC

This is a stand-alone power supply was designed for use with the Swan 240 transceiver during mobile operation.
Unlike the model 14 series dc converters discussed below (which only converts a ~12-V dc input power source
to an ac output), this unit is a complete hard-wired, integrated dc converter/power supply unit that uses an 11 to
15-V dc input and outputs the necessary operating voltages for transceiver operation. The nominal output volt-
ages are: HV +600 V @ 415 MA, MV +300 V @ 500 MA, and Bias —90 V, along with relay and filament
voltages. Therefore, the nominal HV level from this unit is about 200 V less than that generated by the 117X
type supply. Specified output power is 250 VA maximum.

3.3.2. 14A DC Converter

This is a plug-in dc converter (it is not a stand-alone power supply, but an inverter that attaches to the Cygnet
and Cygnet-like model transceivers) that provides for 12 to 14-V dc mobile operation of the Swan 270B, 300B,
350A/B/D transceivers. It is designed specifically for the Cygnet-type transceivers that have built-in power sup-
plies and is not interchangeable with the 14C or 14X. See the model 412/512 section for a discussion of a
similar unit designed for the 350/400 and later model transceivers.

3.3.3. 14C, 14X/P DC Converters

These converters are designed for use with the 117X ac power supply. None of these units is a stand-alone
power supply, but merely an inverter that takes the 12-V dc power source and flip-flops it back and forth from
positive to negative, simulating a 12-V ac power source. The resulting 12-V ac square-wave is fed into the 117X
transformer through a filament-winding tap, which becomes the primary of the transformer during dc operation.
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All of these dc converters must be attached to the back of the 117X(C) or 230X (C) power supply, plugging di-
rectly into the Cinch-Jones connector (that normally connects to the 117-V ac power cord) and powered from a
12 to 14-V dc power source. The 14C sold for $65 in April 1968. The existing 117X power cable to the trans-
ceiver is connected in the same manner as during 117-V ac operation. The 14X model is configured for a
negative automobile ground while the 14XP is configured for positive ground systems.

The 14C has an additional control circuit (not in the 14X) that most users negate by connecting the middle ter-
minal on the 14C directly to the +12 dc power source, essentially converting the unit into a 14X. That middle
terminal is normally connected to the power source through an external switch to control the on/off relay. With
those two posts connected together, the transceiver’s power is controlled by its on/off switch.

Swan schematics indicates that either a 50-A fuse or 45-A circuit breaker should be used with the unit, but nei-
ther is included in the converter module — that protection must be added separately. See Appendix A,
Newsletter, Issue 8, Section A.8.3 for further discussions on using the 14X with the 117X power supply.

3.34. 14-117DC
This unit merely combines the separate 14C dc converter with the 117X ac power supply as a complete package

(including cables) for mobile operation with Swan transceivers, except for Cygnet and Cygnet-like models that
use the 14A (e.g. 270B, 300B, 350A/B/D). The 117X can still be operated from 117-V ac source by detaching
the 14A dc module, however the ac cord was not provided with this package.

3.3.5. 117AC
This power supply, also labeled SW-117AC, operates from 117-V ac, was designed as the matching unit for the

240 transceiver, and was manufactured during the early 1963 to late 1964 time period. There were two slightly
different versions built. The schematic for one is shown in Fig. 3-5. It was the first 117-V ac supply produced
by Swan, but appears to be more of a learning effort than a practical design — its mechanical and electrical wiring
quality is significantly inferior to subsequent power supply models. The chassis is formed using simple metal
bends and lacks mechanical rigidity. Both it and the front panel support brackets are thinner gauge aluminum
that can easily be deformed with any rough handling, especially if the cabinet cover is not installed. The electri-
cal wiring is unsophisticated, with terminal strips and soldering lugs used only for some components (diodes,
resistors, etc.), while the numerous capacitors (seven 100-uF, 350-V electrolytics!) are lead-to-lead inter-wired,
with individual snap-in mounting brackets holding each capacitor in place. However, despite these critiques, its
electrical performance, as with all Swan ac power supplies, is quite reliable and trouble free.

It includes a metal cabinet with circular or oblong ventilation holes and an enclosed 5 by 7 inch oval, 3.2-Q im-
pedance speaker. It has the same footprint, form-factor, and general front panel design as the later 117C,
117XC, etc. models, with an upper metal grid (but with a much courser grid pattern than later models) and light
gray paint on the lower portion, consistent with the model 240 transceiver’s front panel color scheme. On later
versions, the cabinet’s front panel color scheme may have been changed (probably in late 1964 when the 240
was discontinued and the 400 and 350 were introduced) to match that of the model 350 transceiver design. The
nominal power supply voltage outputs from the 117AC required for model 240 transceiver operations are shown
in Table 3-1.

This model’s power supply circuit design is significantly different from the later 117X in that: (1) the supply has
the power transformer directly mounted on an aluminum chassis (which has a footprint the same size as the
cabinet), (2) the ac power cord is physically attached to the chassis (no Cinch-Jones connector), (3) it has no dc
battery power capability, (4) it derives the MV from a center tap on the transformer (as opposed to a separate
secondary winding, as in the 117X), and (5) the HV is derived from a single winding, rather than from the series
connection of a 600-V (HV) and 275-V (MV) rectifiers as in the case of the 117X power supply.

Modification for use with Later Transceiver Models. Comparison of transceiver power requirements (Table 3-
1) with the voltages from the this model and the 117X type (117B/C/X) power supplies (Section 3.3.8) show that
the principal differences are in the BIAS supply (=100 V versus —110 V) and in the current requirements for the
relay supply (~100 mA versus ~200 mA). The 117AC’s design includes a resistor in the BIAS that lowers the
output voltage somewhat and the relay output has a 15-Q versus a 4.7-Q series resistor used in the later models.
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Therefore, if used with later model transceivers that employ a solid-state VFO and/or other solid-state circuits
(i.e. all post 240 models), the following changes, as outlined in the 400 Operation Manual, should be made:

e Disconnect power and remove bottom cover,

o Short out (or remove and jumper with a piece of hook-up wire) R6, a 1,000-Q, />-W resistor in the bias
voltage circuit,

e  Replace RS, a 12-Q, %-W resistor (connected to the red and black diode) (117AC schematic dated
3/15/63 shows it as R7, a 15-Q, Y5-W) in the relay circuit, with a 4.7-Q, Y-W resistor (preferable 1 W),

e  Re-install the cover.

3.3.6. 117B

The 117B is the second ac model power supply produced by Swan (replacing the 117AC) and the first that is di-
rectly compatible with all post-240 Swan tube transceivers. While Swan vastly improved its construction quality
from the 117AC, they apparently had a power supply design identity crisis when they designed this one. Its
form-factor and styling radically departs from the 117AC model that preceded it and from the 117C and later
models that followed it, and most significantly, it in no way matches the styling of the contemporary transceiver
models (e.g. 400, 350). It is a totally enclosed rectangular box with a ventilation grid covering the upper portion,
is physically larger (and much more rectangular, with dimensions of 5" wide by 6" high by 15" long) than the
more compact 117C that replaced it, and it has the voltage output cable directly affixed to the unit midway along
the bottom of the long side of the chassis. The upper 2/3™ grid portion is painted black and the lower chassis
portion is gray.

There were two versions of the 117B, with some minor component changes between the two. Fig. 3-6 shows the
schematic for the 117C model power supply, however comparison with that of one version of the 117B shows it
to be identical except that: (1) there is no neon indicator light, (2) there is no speaker or headphone jack (or asso-
ciated wiring), and (3) a 0.5-pF, 600-V capacitor is added in parallel with the first choke in the MV filter. As
revealed by a comparison of the schematics shown in Fig. 3-5 and Fig. 3-6, there were significant circuit changes
from the 117AC to the 117B, primarily in the MV filter design.

Like the 117AC, it also differs from the later, more common 117X in that it derives the MV from a center tap on
the transformer’s HV secondary, as opposed to the separate secondary winding used in the 117X. In addition, as
with the 117AC, the nominal 800 V is derived from a single winding, rather than from the series connection of
the 600-V (HV) and 275-V (MV) rectifiers, as is done in the 117X power supply. A comparison between the
schematics shown in Figs. 3-5, 3-6, and 3-7 depicts this transformer difference.

If this power supply is used with one of the earlier transceiver models (i.e. 240 or earlier), the bias supply voltage
will be too high and it needs to be reduced with the simple modification (in-series voltage dropping resistor) to
the bias output circuit. The relay series resistor is also too low and should be changed from 4.7 Q to 15 Q. See
the discussion of this modification in the Model Commonality Section 3.2 and the 117AC Section 3.3.5.

3.3.7. 117C
This power supply operates from 117-V ac, was introduced in late 1964 as a replacement for the 117B for use

with the 350, 400 and later model transceivers, and was sold until the October 1965 time frame. The schematic
for the 117C is shown in Fig. 3-6. As indicated by the annotation on that figure, the schematic was essentially
identical to that of the 117B, except for the addition of a 3.2-Q speaker, a headphone jack, and power-on indica-
tor lamp. However, the component layout and size are very different from the 117B — its physical style reverted
to that used in the 117AC.

While the 117C model uses the same form-factor and sheet metal/chassis fabrication techniques as the 117AC,
there are some notable differences. The speaker grill pattern was changed from the wider spaced hole matrix to
the smaller, more dense matrix used in all subsequent models, the lower front panel paint was changed from the
powder blue to a the darker gray, similar to that used on the 400/350 transceiver models, and the large round
ventilation holes in the upper portion of the side cabinet were changed to large slotted holes extending from the
upper side portion onto the case top. The sheet metal used in chassis and bracket construction was changed from
the flimsy aluminum to steel, making it much more sturdy. The circuit design and component selection was also
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changed, with the multiple 100-uF HV and MYV filter capacitors replaced by two can-type, multi-section electro-
lytic capacitors to clean us with point-to-point wiring used in the 117AC, two chokes were used in the MV
supply, and a 4.7-Q resistor, rather than the 15-Q resistor, was in the relay supply, since the 117C is intended for
use with the later 350/400 dual relay transceiver models.

While the 117C (and 117AC) cabinet is quite similar in design and styling to that used by the much more com-
mon 117XC that replaced it, the physical power supply configuration is significantly different from that model,
in that the supply is not in a totally enclosed black-box, but has the power transformer exposed and directly
mounted on the chassis (as was done with the 117AC model) that has a footprint the same size as the 117XC
cabinet. The ac power and output cables are attached directly to the rear chassis apron. Like the earlier 117B
and later 117X-type power supplies, it will also power all 350, 400 series and later tube-design transceivers. It
includes a cabinet and loudspeaker like the 117XC, with a similar footprint and cabinet/front panel styling.
However, the front panel may differ somewhat with a grid pattern with fewer and larger holes akin to those used
in the 117AC, but it is still similar in overall design to the 117XC.

Like the 117AC and 117B, it also differs from the 117X in that it derives the MV from a center tap on the HV
secondary, as opposed to a separate secondary winding used in the 117X, as can be readily seen by a comparison
between the schematics shown in Figs. 3-5 or 3-6 and 3-7. The nominal +800 V is derived from a single wind-
ing, rather than from the series connection of the +600 V (HV) rectifier and +275 V (MV) rectifier as is done in
the 117X power supply. As noted above, the 117C model uses a dual-choke MV filter design — such a configu-
ration can have a much higher no-load voltage than when under typical operational loading, so if troubleshooting
without a transceiver connected, expect to see MV levels on the order of 380 V that will be drawn down during
operation to about 278 V. Power supply voltage measurement for no-load conditions and while powering a
500CX transceiver are shown in Table 3-6.

If this power supply is used with one of the earlier transceiver models (i.e. 240 or earlier), the bias supply voltage
will be too high and it needs to be reduced with the simple modification to the bias output circuit. The relay se-
ries resistor is also too low and should be changed from 4.7 Q to 15 Q. See the discussion of this modification in
the Model Commonality Section 3.2 and the 117AC Section 3.3.5.

3.3.8. 117XM17XB/M117XC

This power supply is directly compatible with all 350, 400 and later tube-design transceiver models. Even with
the higher dc input PEP requirements of the 700CX and 750CX transceivers (700 W vs. the 400 W specified for
the 350/400 model transceivers), there was no beefing-up of the standard 117X design. The nominal input and
output power ratings for the 117X, when it is under an average 350C/500CX type transmitter load, are listed in
Table 3-2. See Table 3-1 for the power voltage specification for the various transceiver models.

The 117X model number denotes only the actual stand alone black-box power supply package, while the XC
suffix refers to the same 117X enclosed in a cabinet (with a speaker and headphone jack) that matches the
250C/350C/500C/etc. transceiver’s style and appearance. When initially introduced, the 117X/XC may also
have been designated as an 117XB for a short time — they are the same unit. It was first manufactured in 1965 as
a replacement for the 117C and was advertised as Swan’s “Universal” power supply, since it was intended to be
used for 117-V ac, 230-V ac, and 12-V dc operation — only ac power cord Cinch-Jones connector rewiring for
117/230 V operation or an additional inverter for dc

operation is required. Table 3-2 117X Voltage Specifications

The 117X was manufactured for 15 years, the long- Voltage Specification (Nominal)

est production run of any Swan product. It normally AC Input Power — 200 W average, 500-W peak

operates from a 117-V ac power source (unless an
. . HV: 800-V dc @ 200 mA average, 600 mA peak
optional dc converter is used for 12-V battery opera-
MV 275-V dc @ 150 mA

tion) and all versions have the same operational
. . . o BIAS -110-V dc @ 100 mA
specifications and connectors, consistent with its
REL 12-V dc @ 200 mA

immediate predecessor (117C). The last year of FIL 126V 55 A (117-V aci
production for the 117XC model as a complete unit 6-Vac@5.5 A (117-V ac input)
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(power supply and cabinet) was 1977. However, production of the 117X continued for another two and a half
years, primarily for use with the 14C dc inverter for mobile or battery operation.

The 117XC’s cabinet contains a 3 to 4-Q impedance loudspeaker, neon lamp, and a %" phone jack for use with
headphones or an external speaker. The threaded hole, located in the rectangular reinforced section of the
117X’s case just below the Cinch-Jones connector, is provided for mounting the 14C dc-to-ac module on the
power supply. If that module is not used, it is a convenient place to attach a ground braid between the power
supply and transceiver, however be absolutely sure the screw used is not excessively long, as the power trans-
former is mounted directly behind the hole. A schematic that includes component part number designations
(omitted from most schematics for this unit), useful in technical discussions of this power supply unit, is shown
in Fig. 3-7.

The 117X remained fundamentally unchanged over its entire production run, with only minor alterations, such as
a slightly different transformer construction, MV rectifier bridge-diode upgrades, minor changes in filter-
capacitor values, a 17-uH RF choke added to the HV output to suppress RF from entering the power supply, etc.

If this power supply is used with one of the earlier transceiver models (i.e. 240 or earlier), the bias supply voltage
will be too high and it needs to be reduced with the simple modification to the bias output circuit. The relay re-
sistor in series with that output is also too low and should be changed from 4.7-Q to 15-Q. See the discussion of
this modification in the Model Commonality Section 3.2 and the 117AC Section 3.3.5.

Transformer Comments. The 117X uses a non-stock power transformer fabricated by the manufacturer specifi-
cally for Swan and it is designed so that it could be used with 117-V ac, 230-V ac, or on battery if used in
conjunction with the ~12-V dc inverter. When operated on dc, Cinch-Jones plug jumpers connect the dc inverter
output to the filament winding tap of the power transformer, which then serves as the primary winding.

Four versions of the same basic transformer design were produced. The very first version is referred to as the
tarred unit, since it is sealed with transformer tar to tighten the core and laminations and to keep contaminates
out. Unfortunately, when owners suspected power supply problems and opened the black box, the tar smell was
erroneously attributed to overheating due to shorted transformer core windings. Generally, this was not the case,
as the normal operational heating of the tar caused that odor. Power transformers were replaced without further
troubleshooting. After getting enough of these false alarms back to the factory for repair, Swan switched to the
un-tarred version, which halted the hot or burned transformer reports.

These first two versions (1965 — 1968) were actually the best, having a slightly higher current reserve than the
third and fourth versions. The early versions can be identified by their tarred transformer coating or cloth type
insulated wires (and their lower dc resistance of the HV secondary). The later transformer versions had vinyl
type insulation on the wires.

Choke Comments. Antique Electronics Supply is reported to have an exact replacement for the choke (part # P-
T156R — $10.50) used in the MV supply filter. It’s made by Hammond — it has a 1.5 Henry inductance and the
same mounting hole spacing. In addition, the Peter W Dahl Co. is reported to make a custom wound choke re-
placement for the 117B/C that should also work for the 117X.

3.3.9. 230X/230XC

This power supply is identical to the 117X/117XC. The only difference (besides the 230X labeling) is that the
supplied ac power cord is wired for 230-V ac operation via Cinch-Jones connector jumpers that connect two
transformer primary windings in series. In late 1972, the 117XC sold for $110 and the 230XC sold for $116.
Power supply plug wiring for both the 117-V ac and 230-V ac operation is given in most transceiver manuals.

If this power supply is used with one of the earlier transceiver models (i.e. 240 or earlier), the bias supply voltage
is far too high and needs to be reduced with a modification to the bias output circuit. The relay series resistor is
also too low and should be changed from 4.7 Q to 15 Q. See the discussion of this modification in the Power
Supply Commonality Section 3.2.
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3.3.10. 400-PS

The 400-PS ac power supply is the matching model for the commercial model 400E/F/G and H series transceiv-
ers. It is compatible will all later Swan tube-design transceivers (e.g. 350, 400, etc.). No wiring changes or
modifications are required; it has the same connectors and voltage levels as the 117X(C) series power supply. If
this power supply is used with one of the earlier transceiver models (e.g. 240 or before), the bias supply voltage
will be too high and it needs to be reduced with the simple modification to the bias output circuit as discussed in
the Power Supply Commonality Section 3.2. The relay series resistor is also too low and should be changed
from 4.7 Q to 15 Q.

3.3.11. 412/512

These are both mobile dc power supplies, requiring 12 V @ 40 A to produce the necessary operating voltages for
non-Cygnet type transceivers, such as the 350, 400 and later models. The high and medium voltage outputs are
rated at 800 V @ 500 mA and 275 V @ 100 mA. The 512 power supply was manufactured in the mid to late
1960s and includes a hard-wired, built-in transistorized dc-to-dc converter. The unit operates off 12 V (12 to 14
V) and supplies all voltages necessary for transceiver operation.

The later 14C/X/P series dc converter, when coupled with the 117X, provides the same capability as the
412/512. See the 14A Converter Section 3.3.2 for a discussion of that dc converter unit designed for the Cygnet
and Cygnet-like transceivers (e.g. 270, 350A, etc.) that includes a built-in power supply. For use with a model
240 or earlier transceiver model, also see the discussion in the Power Supply Commonality Section 3.2.

3.3.12. PSU-3, PSU-3A

The PSU-3 and PSU-3A, introduced in 1977 to replace the 117XC, are ac only supplies that include a cabinet
with a built-in speaker and are interchangeable with any of the 117X-type power supplies. Like the 117X, the ac
power connector can be wired to operate from either 117-V ac or 230-V ac. They use a power transformer simi-
lar to that used in the Swan 600T transmitter.

The PSU-3 has the same form-factor and appearance as the 117XC (the front panel uses a similar color scheme
as the 500CX transceiver panel); however, the familiar 117X black box containing the stand-alone power supply
is not used. The power supply components are incorporated into a full cabinet-size chassis/enclosure with a full
back plate. Both the ac power cord and the output voltage cable with affixed standard Cinch-Jones connector for
tube transceiver interface are hardwired to the chassis and, along with the fuse, mounted on the chassis’s rear
apron.

The PSU-3A’s cabinet and front panel have an updated styling (black with white lettering and aluminum bezel
around the perimeter) consistent with that of the HF-700S transceiver.

For use with a 240 or earlier transceiver, see the discussion in the Power Supply Commonality Section 3.2.

3.3.13. PSU-2, PSU-5/C, PSU-6

The PSU-2, PSU-5/C, and PSU-6 operate from 117-V ac and are low output voltage power supplies designed for
the use with Swan’s all solid-state transceiver models. They will run any of the Swan solid-state transceivers
(e.g. Astro 150, Astro 102BX, Cubic 103BX), supplying 12 V @ 20A (PSU-5C has a Cubic nameplate).

3.4.Repairs and Troubleshooting
3.41. Common Problems/Issues

3.4.1.1. Fuse Size

If the fuse blows, there may be a hard failure (power supply or transceiver) or there may have been a high tran-
sient current surge, perhaps due to an arc in the PA tubes or between the tuning capacitors plates. If a fuse
failure coincides with a sharp snap arc-like sound, try another fuse to determine if that problem was of a one-
time arc-caused transient. The fuse installed in the power cord connector should be rated at 6 A slow-blow, al-
though a 5 A should also work. If a higher value fuse is required, there is likely some problem causing
excessive current draw.
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3.4.1.2. Cinch-Jones Connector Problems

The power supply’s Cinch-Jones connectors are high on the list of likely suspects for many intermittent power
and audio related problems. Poor electrical contact, primarily due to corrosion, loose mechanical contact be-
tween the plug pins and socket, and even cold or broken solder joints on the plug (this is a high mechanical
stress point due to cable and plug movement) can produce weird symptoms, including: intermittent power or
missing voltages, audio hum, and sporadic static/cracking audio noise. With any new power supply or as part
of periodic maintenance, it is advisable to:

e Always ensure all male and female Cinch-Jones connectors on both the ac power cord and HV output
are thoroughly clean and corrosion free. Burnish/clean with a strip of heavy paper dampened with pe-
troleum distillate or contact cleaner (e.g. DeoxIT) or fine very emery cloth for heavily pitted contacts.

e If'the Cinch-Jones plug/connector mating appears loose, carefully twist the pins slightly to cause a very
small misalignment to make a tighter mechanical and better electrical contact. Remove the shell (make
sure ac is unplugged!) to check the soldered wire connections.

e Run a short ground strap between the transceiver and power supply (even though there already is a
ground connection between the two internal to the power supply cable) and from each to a common
earth ground point. Use a very short #14 or larger solid copper wire or tinned braid.

e If an intermittent problem is suspected, reseat and/or wiggle the ac power cord and power supply volt-
age output connectors to determine if the noise or problem varies.

Audio Loudspeaker/Headphone Hum. Audio hum is a common problem with Swan tube-design transceivers
when using the power supply’s loudspeaker or headphone jack. Its cause is a fundamental design defect in that
the audio cable runs parallel to the other ac and HV power cables and all share a common ground, which in-
duces the ac hum into the audio. This almost universal hum problem is particularly noticeable when
headphones are used. Fig. 3-1 shows a service bulletin that Swan issued to address this problem. This correc-
tion procedure is basically the same as that discussed in the Modification Section 5.6 and in the Swan
Newsletters Issue 2, Section A.2.4 and Issue 3, Section A.3.1.

3.4.1.3. Overheating, 117XC

The transformer core in the 117X characteristically runs warm to hot when properly functioning for any length
of time. No systematic failures are associated with this higher operational temperature. While a higher opera-
tional temperature is normal, care should be exercised to insure there is no transformer problem or high current
condition causing the transformer to feel uncomfortably hot to the touch during operation. Check to ensure
that a component failure has not occurred (e.g. leaky electrolytic capacitor(s), a short in the filter choke, etc.)
that is taxing the transformer but not blowing the fuse, especially if a 10-A fuse had been used. In no case is a
fuse rated at more than a 6-A slow blow required.

3.4.1.4. Capacitor Replacement
See additional discussions on electrolytic capacitor testing and replacement in Section 10.3.1.

Capacitance Value Issue. Some 117X power supplies may have factory installed electrolytic capacitors that
differ in value from those shown in the schematic included with the transceiver’s Operation Manual or Univer-
sal Power Supply Manual (e.g. the bias filter capacitor may be listed on the schematic as a 80 pF but a 100-uF
unit might be installed, the HV filter may be listed as 100 pF, but a 150-puF unit might be installed). Likewise,
with other models such as the 117C, there can be similar inconsistencies (e.g. different schematic versions
show both 100-uF and 250-pF, 25-volt electrolytic capacitors in the relay supply). Such capacitance value
changes are usually not critical because of both filter design considerations and electrolytic capacitor tolerance
specifications, which can be as much as +100% to —50% of the stated value.

A general rule of thumb when replacing electrolytics when the exact nominal value is no longer available is to
use values up to 50% or even 100% greater than that specified, but always use a replacement with a working
voltage rated at least equal to or greater than the original value. A moderate amount of extra filtering capaci-
tance will not hurt. Since new component and manufacturing technology is used in the replacement units, the
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physical size will most likely be half (or even less) that of the units being replaced. Use any new manufacture
electrolytic capacitor that meets these two criteria (capacitance value and working voltage).

When installing, be absolutely sure to observe polarity. It’s a good idea to make a simple physical capacitor
layout sketch with polarity indicated prior to removal of the old units, just to be absolutely sure the new ones
are reinstalled correctly — it’s a lot easier than re-checking your work against the schematic. It’s amazing how
easy it is to lose orientation by turning the power supply or flipping the removed capacitors when working on
the unit, even when you are positively sure you haven’t done so! Additional information on replacing capaci-
tors (especially electrolytics) can be found at the following web page: antiqueradio.org/recap.htm.

Voltage Specification Issue. Note that in most model power supply designs (e.g. 117X), three 100-pF, 350-V
capacitors are used to achieve the nominal HV output of 800 V. With actual ac power line voltages of as much
as 125-V ac (versus the nominal 117 V that was more common when the supplies were originally built), the
power supply output voltages are proportionately higher — in the case of the HV and MV outputs this means
upwards of 950 and 330 volts or more respectively (see Tables 3-5 and 3-6). Consequently, the HV electro-
lytic capacitors are operating near their specified voltage rating (1050 V total). Considerations should be given
to replacing the capacitors with new units having a rating of 400 V or more — unfortunately, the price differen-
tial going from 350-V units to 450-V units can be quite substantial.

3.4.1.5. Relay Supply Short

If a short occurs in the relay circuit in the transceiver, the 4.7-Q series resistor (or 15 Q in the early model) in
the relay power supply can become overheated, causing either a change in its value or burning it completely
open. This resistor serves to provide a measure of supply isolation from the relay circuits and to control the
voltage applied to the relay coil(s). Its exact resistance value is not critical; values in the 2-Q through 5-Q
range should function fine. Many people replacing that resistor can’t read the color bands and use the wrong
value. Replacement resistors of 0.47, 47, 470, and 4700 Q have been found in some repaired power supplies.

Hard failure of this 4.7-Q resistor is not a very common problem, however resistance measurements frequently
show the value has increased significantly with age up to the 7 to 9-Q range. Of course, when it does burn
open, the transceiver’s relay(s) will not be activated when switching to the transmit mode via the microphone’s
PPT or when switched to the TUNE/TRANSMIT position. If the resistor increases in value to the 10 to 15-Q
range, the transceiver’s relays may also fail to operate consistently or chatter because of a marginal coil voltage
caused by the higher voltage drop across this resistor.

As with many schematics and manuals produced after the Herb Johnson era, there is an error in some 117X(C)
schematics as to the value of this series resistor. For example, schematics issued during the Swan 700CX pro-

SWAN Electronics FL #44

A Subsidiary of Cubic Corporation
Manufacturers of Communication Equipment
Tel. 714 757-7525 305 Airport Road Oceanside, California 92054

AC HUM WHEN USING HEADPHONES WITH THE 117XC

Reports have been received of loud ac hum when using low-impedance headphones with the 117XC
power supply. Investigation has revealed that this is being caused by a ground loop existing between
the transceiver and power supply.

Corrective action entails insulating the headphone jack on the power supply with insulated shoulder
washers, and running the ground for the headphone jack and speaker to the transceiver. The headphone
jack and speaker ground can be picked up in the power supply module on terminal 5 of the terminal
strip. A short piece of stranded wire can be connected between the headphone jack and this terminal.

CUSTOMER SERVICE

Figure 3-1 Swan Audio Hum Service Bulletin
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duction period (one is dated 6/74) have that resistor shown as 47.0 Q. This is incorrect and won’t work.
Change the schematic to read 4.7 Q.

3.4.2. Troubleshooting (117X)

If the fuse blows immediately or the transformer is excessively hot to the touch, possible problems, in rough or-
der of likelihood, include: (1) diode failure (especially in the HV and MV rectifier bridges), (2) high leakage/bad
electrolytic capacitor(s), (3) excessive current draw by component failure in the transceiver, (4) shorted connec-
tor or cable, or (5) shorted (or partially shorted) transformer primary or secondary winding(s).

Take special caution if you are working with the power supply totally disconnected from the transceiver (Cinch-
Jones connector removed). Since the —110-V bias and —12-V relay supplies have no bleeder resistors, there is no
load on those circuits without the transceiver connected and the charge remains in the filter capacitors for a very,
very long time before dissipating! To be absolutely safe, always confirm that the ac plug is removed, wait a
couple minutes to allow the bleeder resistors to do their job, and just to be absolutely sure, discharge all output
terminals to ground with a very well insulated handle tool, even if power has not been applied for hours.

3.4.2.1. Problem Isolation

A good first step is to isolate the problem to either the power supply or transceiver. Try swapping transceivers
or power supplies if another unit is available. If not, simply isolate the power supply from the transceiver by
disconnecting the Cinch-Jones connector from the transceiver and installing a temporary jumper between the
ac switch terminals (#1 and #2) on the power supply circuit board. If the power supply operates (fuse does not
blow, the transformer does not get too warm, and the voltages are correct (they will be higher than the nominal
values since the outputs are unloaded), a transceiver high current problem or shorted condition is indicated.

3.4.2.2. Component Testing

If the fuse still blows or the transformer overheats when transceivers are swapped or with this no-load test con-
dition, carefully inspect all components for physical signs of failure. If all appear good, then test individual
components.

Diodes. Check each diode’s forward and reverse resistance with a VOM or diode checker, if available.
One direction should yield very low resistance while the opposite polarity should be high. Since the diodes
are interconnected with other circuit components, their measured values may vary somewhat, however in
no case should any diode indicate real low resistances for both forward and reversed polarity measurement.
If one is suspect, unsolder one lead and re-measure. Since a failed diode can damage other diodes and/or
capacitors, check all components within the circuit section with any bad diode.

Capacitors. Check capacitors for resistance readings, noting the typical resistance reading change with
charging effect as the capacitor charges. A good capacitor should have >>MQ resistance, however such
measurements are problematic. Because of component interconnections, capacitors will not necessarily
yield the expected high resistance readings unless one lead is physically disconnected from the circuit. In
addition, because of the large capacitance values, there is a lengthy charging time using a VOM before a
valid reading is obtained. Make sure the capacitor is discharged before starting any measurement.

Another very useful measure of a capacitor’s health is its effective (or equivalent) series resistance (ESR).
A real benefit of this testing is that it may be performed with the capacitor still in the circuit — no unsolder-
ing! However, either a rather expensive ESR meter or an oscilloscope (and audio signal generator) is
needed. See further discussion in the Capacitor Testing and Replacement Section 10.3.

Filter Choke. The MV filter choke in the 117X power supply should have a dc resistance between 65 Q to
75 Q. Antique Electronics Supply is reported to have an exact replacement (part no. P-T156R — $10.50) -
it’s made by Hammond, has an inductance of 1.5 Henry, and has the same mounting hole spacing. Peter W
Dahl Co. is reported to also make a custom wound choke replacement for the 117B/C — it may also work
for the 117X.

Bleeder Resistors. Bleeder resistors seldom are the source of an excessive current problem, since carbon
composition resistors rarely decrease in resistance as they age. They usually increase in value or just open
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SWAN 271-008 POWER TRANSFORMER

DC RES WIRE COLOR AC VOLTAGE
(NO-LOAD ON ANY CK)

SHORT DC BLK-BRN 9 VAC

SHORT windings BLK-YEL 14 VAC

SHORT BLK-GRN 18 VAC

24 Q primaries BRN-ORG 117/220 VAC INPUT

24 Q YEL-GRN (LINE)

24 Q (H.V) RED-RED/GRN 415 VAC

11Q (M.V) BLUE-VIO 224 VAC

20 Q (BIAS) WHITE-GRAY 95 VAC

Above measurements made with a Simpson Model 260 VOM, ac Voltage measurements made with 117 VAC input —
Primaries connected in Parallel.

Figure 3-2 Swan Transformer Resistance and AC Output Measurements

up and are then no longer in the circuit, thus they do not increase the transformer load and would not nor-
mally cause transformer heating for fuse blowing. If the resistor is open or its value has become
excessively high, it must be replaced for safety and that failure is in addition to your other problem.

3.4.2.3. Transformer Failure

To further investigate the problem if there is no detected component failure, the transformer can be isolated
from the rectifier bridges by disconnecting its secondary winding leads from the circuit board. Carefully label
which lead goes to which circuit board lug, as the wire coloring can be quite difficult to discern is some cases.

When the 117X’s transformer is connected and powering a transceiver (e.g. 700CX) operated in the receive
mod, expect to measure ~1.25-amperes current at 120-V ac. When the transformer secondary windings are
disconnected from the rectifier and filter circuit, expect to measure a no-load current of about 0.56 to 0.67-
amperes at 120-V ac.

If ac power is applied with the secondary windings disconnected and the fuse does not blow and the trans-
former cools down, celebrate — the transformer most likely is not bad! The problem is in all probability
downstream of the transformer secondary in the rectifier or filter circuits. If the fuse blows, the transformer is
still excessively hot when disconnected, and/or resistance measurements show a winding short, the transformer
is bad. An idea of the expected dc resistance values of the various primary and secondary windings is given by
the measurements shown in Fig. 3-2. These data are internal Swan engineering measurements probably made
in the 1974 time frame. The transformer secondary windings used for filament and relay power will normally
show a near zero resistance. Since the 117X uses a transformer specifically designed for Swan, replacement
options are pretty dismal, namely, (1) rewind the transformer (expensive), (2) purchase a replacement unit
from Peter W Dahl Co. (expensive), (3) obtain a used transformer from a parts unit, or (4) buy another power

supply.
Table 3-3 Diode Rectifiers for 117X Power Supply

Model Current (A) Surge (A) Peak Reverse Voltage (PRV/P1V)
1N4005 1 30 600 (original Swan HV MV bride values)
1N4006 1 30 800

1N4007 1 30 1,000

IN5397 1.5 50 600

1N5398 1.5 50 800

1N5399 1.5 50 1,000

1N5408 3 200 1,000
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3.4.3. Rectifier Diodes
3.4.3.1. Diode Ratings
The first two versions of the 117X (1965-68) employed 1-A, 600-PIV (or PRV) diodes in the MV (+275 V)
and HV (+800 V) rectifier bridge circuits and 1-A, 200-V PIV diodes in the 12-V dc relay and —110-V bias cir-
cuits. The terms Peak Inverse Voltage (PIV) and Peak Reverse Voltage (PRV) mean the same thing and are
used interchangeably.

In early 1969, a record of slightly higher failure of the 110-V bias circuit rectifiers over the previous years led
Swan to switch to a 600-PIV diode in that circuit. To simplify diode installation, the 12-V dc relay circuit di-
ode was also switched. Thus, all diodes in the last two versions of the 117X(C) are 600 PIV.

3.4.3.2. Diode Failure and Replacement

If a diode failure occurs, others may also be weak, so it is advisable to replace all the diodes in the rectifier
bridge as a preventive measure. In addition to a simple diode failure, a possible cause of a bad diode is failure
of another component, such as a short in one of the filter capacitors. Replace diodes with new ones rated for at
least 1 A, 1,000 V to insure trouble free operation.

With the cost of diodes such as the 1N4007 only four or five cents each, it makes sense to replace all 10 diodes
when repairing a failure or reconditioning a power supply. Table 3-3 lists some commonly available rectifier
diodes that have been recommended or are suitable replacements, although using anything with a current rating
of much more than 1.5 A is a bit of over-kill.

3.4.4. Rectifier/Filter Board Refurbishment.
An alternative to the repair or refurbishment of the existing 117X circuit board is to install a replacement using

an updated circuit design with all new components, similar to that discussed for the HP23 supply in the Power
Supply Alternatives Section 3.5.1 and also in the October 2003 issue of OS7T. A benefit of this type of new
board design is that it has more filtering and can be configured so that the reduced HV output modification, dis-
cussed for the 117X in the HV Reduction Modification Section 3.6, can be easily made via board level jumpers.
Two sources of such replacement board kits are reported to be available, namely:

e One can be found on the Internet at: www.theheathkitshop.com, although it has been reported that it may
have been discontinued. The cost of the board is ~$15 (+S&H) or the cost of the board plus parts kit is about
~$50 (+S&H).

e A second source is one offered by Bob (K@BGH), also for about $50 (+S&H). For additional details and
purchasing information either visit: www.KOBGH.com or email: rojellis@mchsi.com.

It should be noted that the existing board and circuit design is very reliable and performs extremely well. For
comparison purposes, the complete refurbishment of the 117X’s existing circuit board with all new rectifier and
filter components (except for the MV filter choke) should be less than $30.

3.4.5. Failure Case Studies
Besides the generic problems listed and discussed previously in this section, summarized below are case studies

of specific problems and solutions that have been reported by Swan transceiver users.

¢ Fuse Blows on Power Up
Problem. Immediately upon ac power application, the power supply (117XC) blows its fuse, even when

tested no-load (with no transceiver connected).

Cause. There was a bad diode in the HV rectifier bridge with low resistance measured in both directions.
Solution. Replace all diodes in the HV rectifier bridge and tested other components in power supply filter
(i.e. choke, capacitors, etc.).

e Power Supply Blows Fuses
Problem. A power supply blows fuses (117XC w/700CX) after a few hours of operation — problem is re-

peatable. With no power applied, a physical component examination and in-circuit VOM tests indicated
that all components were good. Unit still had original filter capacitors and diodes installed.
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Cause. The measurement of voltage levels across the two 150-kQ bleeder resistors in the HV filter (no
transceiver connected) showed equal voltage at power turn-on, but a slow decay of the voltage across one
resistor as the unit warmed up, indicating increasing current draw in the filtering circuit. When the filter
capacitors were physically disconnected, the 100-uF capacitor at the output of the HV (going to the input of
the MV filter choke) was found to have high leakage with only ~100-kQ resistance indicated under VOM
test, which probably became worse under operating voltage and temperature conditions.

If the pair of paralleled 100-pF capacitors and 150-k€ bleeder resistors are the same value, there will be
roughly equal voltage (~300 V) across each leg. If the voltage is not balanced across the two capacitors,
one voltage could get high enough to arc-through and damage the diode. If one of the voltages is not stable
(decays with time under steady-state load conditions), capacitor leakage is likely to be varying with tem-
perature. Under such higher leakage conditions, the fuse may not blow until after many minutes of use.

Solution. Replaced all filter capacitors. All HV and MV bridge diodes were replaced with 1-kV, 3-A di-
odes.

No/Intermittent AC Power
Problem. A 500CX has intermittent ac power when the switch is turned-on or it is operating.

Cause. Bad on-off switch on the 500CX, brass internal components had been vaporized by arcing.

Solution. The switch/pot assembly was replaced with one from a parts unit. An alternate solution is to
jumper the switch contacts so that it’s always on when plugged-in. Another approach is to attempt to re-
build the assembly using new parts as described in Section 9.9.1.

No/Intermittent AC Power

Problem. A HF700S intermittently will not turn-on or turns itself off, with some trace odor but no smoke.
Cause. Inspection of the ground terminal lug, located almost under the Cinch-Jones power socket (difficult
to see, near the metal shield), showed that the ground wire from the soldered side of the power connector
was just wrapped around the terminals lug — it was never soldered during assembly.

Solution. The wire was soldered and the ac power problem was solved.

Intermittent Filament Voltage at Transceiver (240)
Problem. The power supply (117X modified for use with 240) was generating all voltages, but the filament
voltage is intermittent at the receiver. When receiver is inoperative, there is no filament glow in the tubes.

Cause. Problem was traced to the ac Cinch-Jones plug and connector. Slight movement of the plug caused
erratic power connection. Close inspection of the plug revealed that the pins were heavily corroded. Since
internal plug jumpers and the pins are used to route the filament voltage to the power supply’s terminal
strip, the corrosion was causing inconsistent filament power.

Solution. Burnished and cleaned ac male and female Cinch-Jones connectors on the ac power cord and HV
output cable. Problem solved.

Pronounced Transformer Hum (117X)

Problem. When powered-up using an isolation transformer, an unloaded 117X power supply generated a
pronounced, ugly sounding ac transformer-like hum, as if it was under extremely heavy load or excessive
current draw conditions. The hum became progressively louder with increasing ac voltage. The trans-
former unit seemed warm, but not uncomfortably hot. With the power supply unloaded (no transceiver
attached), a 2-ampere quick blow fuse failed at full 117-V ac, but a 4 or 5-ampere fuse did not blow.

Cause. Problem was due to a mechanical case vibration! After electronic troubleshooting (disconnecting
secondary windings, etc.) and finding no transformer problems, a very slight deformation in the metal case
beneath the transformer was noted, with the case just barely touching the transformer structure. The 2-A
fuse failure was due to the normal current surge during switching between the isolation transformer’s fixed
step transformer windings that was used during testing. The 117X’s measured transformer current draw
was 0.56 to 0.67-A @ 124-V ac when unloaded (no receiver connected) and ~1.25-A @ 124-V ac when
connected to a transceiver and operated in the receive mode.
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Solution. Case was straightened and transformer was mounted on thin rubber pads (faucet gasket material)
and the hum was completely gone.

¢ No Output/Power Light On
Problem. Power light comes on whenever the supply’s power cord is plugged into the ac receptacle and

connected to a 350C transceiver. The transceiver’s on/off switch has no effect and there is no power at the
transceiver. Unit had previously been operating fine. When the power supply is disconnected from the
transceiver and plugged-in, the power supply’s lamp also remains on.

Cause. The ac power cord was swapped with another cord and the power supply operated properly. In-
spection of the ac cord’s Cinch-Jones connector showed that the fuse connection tab was bent upward
slightly, obviously just shorting against the one or more of the Cinch-Jones connector contacts — fortunately
the shorting was of a benign nature, since no fuse blew or damage occurred within the power supply.

Solution. Fuse tab was bent away from the Cinch-Jones connector and a double layer of tap applied to the
fuse connection tab as extra insurance — power supply then functioned normally.

3.5.Power Supply Alternatives

3.5.1. Heathkit HP20, 23

An alternative to a Swan manufactured power supply is to convert a HP20 or HP23 A/B/C Heathkit power supply
for use with Swan transceivers. These power supplies may be found at HamFests at very modest prices and can
be easily converted. Since Swan did not originally manufacture a power supply for the early mono-band trans-
ceivers, the joint manual for the SW 120/140/175 models even came with conversion instructions for the
Heathkit HP10 or HP20. The HP23 series needs only a 12-pin Cinch-Jones plug, a capacitor, and a diode for the
modification.

If you want to do a complete refurbishment, a detailed article on reconditioning of this unit (by installing a com-
pletely new circuit board containing an updated rectifier and filter design) appeared in the October 2003 issue of
OST. The circuit board for this modification and other information is available on the Internet at:
www.theheathkitshop.com.

3.5.2. Galaxy AC35

The Galaxy AC35 (also the Galaxy AC400) power supply, originally built for the Galaxy III and V, is one of the
easiest to modify for Swan use. After rewiring the Cinch-Jones plug for the Swan configuration, replace the bias
current series resistor R8 (1.5 kQ) with a piece of hookup wire. The full capacity of the bias voltage output is
needed for Swans with solid-state VFOs, as the VFO also relies on the bias supply for current. Then perform
one of the following two modification options:

Modification Option #1. Replace RS with a 400-Q resistor rated for at least 10 W, or add a 300-Q resistor in
series with the existing R5 100-Q, 10-W resistor. The actual drop in output voltage depends on the current
used by the transceiver. Swan specified a nominal requirement of 150 mA for the medium voltage, however
that much is seldom needed. The current draw normally runs between 90 and 130 mA depending on the trans-
ceiver model and whether a remote VFO and/or VOX unit is installed. Early models (350, 400 and 500) draw
the most current. Because of this high/low current draw range, it may be necessary to add another 100 Q of se-
ries resistance to the total specified above. The resistors will get hot, but power dissipation should be within
their rating. If there was a concern, particularly if calculations show the dissipating power is exceeding 80 per-
cent of the 10-W resistor rating, use of a 15 or 20-W resistors would provide even more reliable, long-term
service.

Modification Option #2. Forget all the medium voltage series resistance changes and replace the 10-Q, 2-W
resistor (R4) with a filter choke. The choke value is not extremely critical, but should be around 1.5 to maybe
5 Henry or so.

Remember, the supply is already well filtered. The choke is not there to reduce the ripple any further, but just
to reduce the medium voltage by opposing the voltage peaks at the output of the rectifier, thereby preventing
the full amplitude peaks from getting to the filter capacitors.
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Filter Coke Selection Comments. Selection of filter chokes for JAN, Mil-Spec and state-of-the-art big
company projects requires the design engineer to possess extensive knowledge of specifications and applica-
tion criteria. However, a good practical guideline is to assess a replacement choke based on its physical size
and dc resistance. Any choke that measures roughly 2%" to 3" on the long side, around 2" high and about 1"
wide in frame size is a good candidate. For that physical size choke, check the dc resistance to determine if
it is between 20 and 45 Q. Chokes with these two parameters (size and resistance) in that range indicate the
choke can handle the high-end 150-mA current mentioned earlier. Resistances below 20 Q tend to show that
the choke wire diameter is too large, taking up a lot of the choke size and therefore will have insufficient in-
ductance. Resistance beyond 45 Q or so needs further analysis as to whether the wire is too long, size is too
small, inductance is too high, etc.

If lucky, you may find a choke laying around in a junk box with the specification sheet. One of the choke
specs refers to insulation properties, but it may also be defined in other terms. All transformers and chokes
have a BIL rating. There are three or four different groups of words used for that abbreviation, but people in
the electrical field use Basic Impulse Level. That is, how much voltage can it take before the insulation
breaks down. A ratings of 1,500 V is desirable.

Before mounting a candidate choke permanently to the end/side of the chassis (there is no room other than
on the ends and sides of an AC35), temporarily wire up it in for a trial. When you are satisfied the correct
choke is in hand, complete the mounting. This option converts the medium voltage section of the power
supply to a choke input filter similar to the existing high voltage section of the AC35.

3.6.HV Reduction Modification

Often Swan owners desire to reduce a transceiver’s maximum RF power output level capability (especially for the
higher power 500/700/750 model transmitters) to preserve PA tube life and minimize stresses on other transceiver
components that occur at the rated peak power levels. A reduced fundamental RF output capability is also prudent
when a two-tube PA transceiver model is used to drive a linear amplifier, since it limits input power to the linear.

To achieve either of these two objectives, the 117X(C) power supply can be modified to reduce the HV from a
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nominal +800 V to approximately +525 V, bringing the maximum RF output power down to about 125-150 W.
This modification, shown in Fig. 3-3, isolates the MV circuit (~275 V) from the ~600-V circuit, which are nor-
mally connected in series to obtain the nominal +800 V HV output.

Because the 117AC, 117B, and 117C all use a single winding and rectifier bridge to derive the 800 volts, rather
than the series connection of the ~300-V MV and ~600-V HV circuits as is done in the 117X, it is not possible to
make this modification on those models.

3.6.1. Plate/Screen Voltage PA Issue

A reduction in plate voltage is normally accompanied by a corresponding reduction in the screen and/or bias
voltages, otherwise the screen current tends to increase, which may significantly reduce tube life as the higher
required screen power dissipation approaches (or exceeds) the tube’s rating (see related discussion in Section 6).
With 6HFS5, 6L.Q6, and 8950 type sweep tubes, and the Swan PA circuit in which they are operated, this moder-
ately lower plate voltage does not significantly increase the likelihood of surpassing the screen grid dissipation
rating. These big horizontal sweep TV output tubes are normally run at much higher screen grid voltages than
true RF tubes (like the 6146), but they also have almost twice the screen dissipation capability.

After this power supply HV modification, the PA circuit parameters are almost identical to those used in the
Tempo One, which uses 6JS6C tubes. While the Tempo AC One power supply has transformer taps for both
600 V and 800 V, Tempo strongly suggested that the 800-V tap never be used, only the 600 V was recom-
mended. Under those conditions, the 6JS6Cs sometimes outlived the owner.

3.6.2. Impact on Circuit
The voltage levels from the 275-V supply will not be appreciably affected by this HV modification. The MV is

not always an exact 275 V due to variations in 117X(C) power supply components, loads, line voltage, etc.; it
typically runs between 265 and 300 V. During receive, the current load added to the HV circuit from the 275-V
MV circuit is very low, essentially the current drawn by the bleeder/divider resistors. Therefore, that’s as high as
it’s going to get.

Going into transmit idle conditions and adding 50-mA of cathode current is still no significant burden on the
275-V section. However, with CW or on SSB modulation peaks, about 500 mA or so current load is added from
the 275-V supply. Since the 275-V section is already providing 125 to 200 mA (depending on transceiver model
and accessory load) for the rest of the circuits, that could mean as much as 700-mA peak is drawn from just the
MV alone. Nevertheless, the MV, with two capacitors and a choke, is much better filtered than the HV— it also
has a transformer secondary winding that has a much higher current capability than the HV winding, so the MV
circuit’s output voltage variation is minimal. After this modification, the removal of the large instantaneous cur-
rent peaks imposed by the plate’s HV variations results

in an even better MV regulation. SOURCE Rxr On Xmt On
3.6.3. Procedure HV (VDC) 571 534
Modify the power supply by isolating the HV from the ll\l/le\l/agfv(gCD)C) 122;7‘ 1%)722
MYV circuit (the HV and MV are combined in the 117X - . .
circuit designs to achieve the nominal +800 V HV out- Fl.l (VAO) 12.3 12.02
put), as shown in Fig. 3-3. See Fig. 3-7 for the circuit Bias (VDC) -118.6 -1144
before modification. If one desires, this modification can AC line (VAC) 116.4 116.4

be made reversible by installing a switch (with proper  Table 3-4 Modified Power Supply Voltages
voltage and current rating) to revert to the original circuit.

e Disconnect the connection going from high voltage rectifier bridge to the positive (+) output of the
medium voltage (MV) rectifier bridge and connect it to ground.

e Disconnect the high voltage (HV) filter capacitor C1802 (100 pF, 350 V) and the bleeder resistor
R1802 (150 kQ, 2 W) that are connected to the positive (+) output of the MV rectifier bridge and con-
nect both C1802 and R1802 to ground.
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e Reset the idle current to 50 mA and re-tune when the transmitter is first operated with this lower volt-
age. The same idle current is used for both modified or normal 117XC high voltage operating levels

3.6.4. Measure Voltages (Mod for Lower HV)

Table 3-4 shows reported voltage levels measured on an 117XC power supply (powering a 350C modified to use
8950 PA tubes) after making the HV reduction modification discussed above. The high voltage level has de-
creased about 65% from the ~900 V typically measured when the transceiver is in receive mode to 571 V. The
transmit-on measurements were made on 20 meters with a two-tone modulation test signal (cathode current read-
ing not specified). For comparison, unmodified power supply voltage levels measured on a variety of power
supplies, transceiver, and operation combinations are shown in Table 3-5.

3.7.Measured Power Supply Voltages
3.7.1. 117XC Voltages (Unmodified)
While the power supply voltage levels for a given model can be expected to vary a little from sample-to-sample
due to component variations, transceiver model loading, ac line-voltage variations, VOM error, etc., measure-
ments show that the output voltages are remarkable consistent. Reported measurements of 117XC power supply
voltage levels from eight different units are shown in Table 3-5, along with the HV measurement from a 350D (a
Cygnet-like transceiver with an internal power supply).

The NL columns refer to a no-load condition with no transceiver physically attached; all others were made with
the supply powering a transceiver (as specified) operated in the receive mode. In the case of the PS-4 (240), the
two bias voltages refer to measurements made before and after the modification (using a 1.27-kQ resistor (meas-
ured value)) needed to lower that voltage for operation with the 240 transceiver.

Note the significant drop in all voltage levels from the no-load case to the receiver mode case — an even greater
drop occurs during maximum dc input power transmit conditions, as shown by the data given in Table 3-7. De-
spite the number of different power supply units and the mixture of transceiver loads, in general the reported
measurements are quite consistent. Excluding outlier values that are most likely measurement error related (e.g.
a HV measurements of 950 V for PS-8 when operated with a 500CX), most measurements are within 5% of one
another. Therefore, these values, particularly the 0.5% accuracy (per cent error of actual readings), should be a
good indicator of expected 117X(C) measured levels.

Measurement Issues. If a voltmeter has a measurement error of 2% of full scale (FS) accuracy, a +900 V
reading made on a 1-kV scale can only be expected to be at best within £20 V of the actual value. Accuracy
with a percentage of full-scale meter is highly dependent on scale range selected — is the same 1-kV scale were
used to measure a 100 V level, the same 20 V applies. A meter with 2% of reading accuracy would be £18 V
for a 900 V reading and only 2 V for a 100 V level. A Simpson 260 with a 2% of full scale accuracy was
used for some measurements (indicated by a * superscript), a 0.5% of reading digital meter for others (indi-
cated by a " superscript), and in the remaining cases, the measurement accuracies were not reported and are
unknown. Since the ac line voltage will also proportionately affect the readings, its measurement was also in-
cluded, when available.

3.7.2. Inter-Model Voltage Comparison.

In Table 3-6, inter-model power supply output voltage comparisons are given. In all cases the measurements
were made while powering a transceiver operated in the receive mode, using a digital VOM with a 0.5% of read-
ing measurement error. The 117XC values shown are the average values for the PS-1, PS-2, and PS-4 units

Table 3-5 Measured 117XC Measured on Various Units

SOURCE | Nom. | PS-1* | PS2* | PS-3 | PS-4* | PS-1* | PS2* | PS3 PS-4* PS5 | PS6 | PS-7 | PS8 | NA'
NL NL NL NL 250 350 | 700CX 240 N/A | 350C | 500CX | 500CX | 350D

AC LINVE 1239 | 1238 1241 | 1239 | 1238 124.1 1243

HV (VDC) 300 925 938 940 943 914 905 927 917 910 | 905 893 950 840

MV (VDC) 275 320 324 332 327 302 304 305 309 320 | 299 298 330

BIAS (VDC) | -110 | -137 143 | 143 | -145 -128 -128 124 | -141/-126 | -135 | -126 | -125 144

REL (VDC) | 120 182 185 | 200 185 176 16.0 18.0 177 180 | 17.0 16.7 186

FIL (VAC) 12.6 137 139 15.0 139 135 12.9 136 134 126 | 126 12.1 137

* 0.5% Accuracy, * 2.0% FS Accuracy, NL —No-load
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Table 3-6 Power Supply Model Output Voltage Comparison

PWR SUP MODEL LINE (Vac) | HV (Vdc) | MV (Vdc) | BIAS (Vdc) | REL (Vdc) | FIL (V ac)
Nominal (117X Type) 117 800 275 -110 12 12.6
117XC (Avg, PS1/2/4)) 124 912 305 132.3 1741 13.3
117C No-load 0.5% 124.4 901 380 1235 19.8 14.2
117C (500 Rxr) 0.5% 123.5 891 2775 -105.5 17.6 13.2
117C (Normalized) 124 887.4 276.4 -105.1 175 13.1
117B (400 Rxr) 125.3 891 275.3 -110.9 175 13.2
117B (Normalized) 124 881.8 272.4 -109.7 17.3 13.1
117AC (240 Rxr) 1234 872 277.7 -98.9 18.6 13.8
117AC (Normalized) 124 876.2 279.1 -99.4 18.7 13.9
Nominal (117AC Type) 117 800 275 -100 12 12.6

shown in Table 3-6, powering a 250, 350, and 240 model transceivers operated in receive model respectively.
The 117AC, 117B, and 117C model data show both the measured value at the operating ac line voltage and cal-
culated normalized measurements that would be obtained if they were operated at the 124-V ac line voltage
measured during the 117X readings. In addition, the 117C’s no-load (i.e. no transceiver attached) are also shown
for reference.

This table also shows two manual specified nominal power supply output voltage values, one for the 117B/C/X-
type supplies that are used to power post-model 240 transceivers, and one for the 117AC, used to power the
model 240 transceiver. Note that for the bias supply, there is a difference between the two nominal operating
voltage sets, —110 V versus —100 V. This voltage differential is consistent with the power supply modifications
required when a late model supply is used with the 240 or the early model (117AC) is used with a later model
transceiver.

While the sample size is very small, the measurements nevertheless clearly show measurable voltage differences
from the 117X(C) model, namely:

e HV. The 117B/C’s HV levels are somewhat lower than the 117X, as are those from the 117AC. In the
case of the 117B, the HV is about 3% lower (31 V) and in the case of the 117AC, the HV is about 4%
lower (35.8 V).

e  Bias. The bias voltage levels from the 117B and 117C are 22.5 V (17%) and 27.2 V (20.5%) lower than
the 117X, while the 117AC is 32.9 V (24.9%) lower. In the case of the 117AC, its design uses a 1-kQ re-
sistor in series with the BIAS supply, not used in the other models.

e MV. The 117C measured MV level was ~380 V when under no-load (far high than any of the other power
supply models) versus 277 V when under receiver load. The 117C uses a dual-choke filter design for the
MYV — in an unloaded condition, such designs have an abnormally high output voltage level. In contrast, as
shown in Table 3-5, the relative MV drop between the no-load and load conditions for the 117X single-
choke filter drops only from ~325 V to ~304 V. The operating MV levels of the 117B/C were near identi-
cal, but significantly lower than the 117X (~30 V), as was the 117AC’s level (~26 V).

e Conclusions. The 117C’s values are virtually statistically the same as the 117B’s, except perhaps for a
slightly higher bias (~6 V). While the HV levels among the models vary somewhat, this is for a lightly

Table 3-7 Power Supply (117XC) Voltages as Function of Load

Power Supply Voltage Range Nominal No-load Rxr On Transmit (V)
Source Spec (V) (V) (V) (V) 50 mA - 580 mA
HV (dc) 600 to 1200 800 962 927 906 = 750
MV (de) 225 to 325 275 332 305 300 = 242

BIAS (dc) —100 to 130 -110 —-143 —124 —124 »+ —123
FIL (ac) 11.5t0 14.5 12.6 15 13.6 13.6 > 12.6
REL (dc) 10 to 14.5 12 20 18 11-+10
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loaded condition — under maximum dc input power conditions (not measured for the 117AC or 117B), the
HV drawdown will not necessarily be consistent. Such small HV differences will have very little impact
on a transmitter’s realizable maximum dc input power. Recall that the 117AC, 117B, and 117C have a
physically different transformer and rectifier/filter design than that used in the 117X(C).

3.7.3. Voltage Levels as Function of Load

Table 3-7 shows measurements made on an 117XC mated with a 700CX transceiver under varying operating
conditions to examine the overall power supply voltage levels as a function of operating extremes. The nominal
voltages shown are those listed in Swan manuals (S00CX). The no-load condition is for operation with no trans-
ceiver physically connected — the power supply was operated with a jumper between the ac power switch
terminals 1 and 2.

The voltage ranges listed in the “Transmis” column reflect the measured HV level in the CW transmit mode
when the PA cathode current varied from a 50-mA idle condition to ~580 mA when the transceiver was tuned
for maximum RF power output. Measurements shown include VOM errors, so each measurement’s true value
may be anywhere within +2% of the full-scale range, but the relative voltage differentials between the measure-
ments should be much more accurate since they were made with the same meter and are confined to the same
portion of the meter’s display range. The 750-V HV measurements under maximum current conditions are con-
sistent with the independent measurements shown in Fig. 3-4 (at 580 mA, that data ranges from 735 to 752
volts).

3.7.4. HV Load Versus DC Input Power

When making measurements of dc input power (HVjue X leatmode), the CW steady-state PA current is directly
available from the transceiver’s meter, however the power supply’s high voltage level is not readily accessible
and an estimate must be used in order to calculate dc input power. Depending on transceiver power amplifier
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current requirements, the HV level will vary significantly, as stated in the Swan Operation manuals and indicated
by the measurements shown in Table 3-7.

Therefore, to estimate dc input power levels at a specified cathode current level, it is very desirable to have a
good estimate of HV e to minimize error. To that end, Fig. 3-4 shows detailed comparisons of measured high
voltage levels as a function of cathode current for four power supply/receiver combinations.

Measurements were made with a 0.5% of reading accuracy digital voltmeter. In all cases the ac line voltage
level was 123.8-V ac and the measurements were made in the 7-MHz band with the voltage and current meas-
urements sampled at the end of a ~3 second transmission period. After first tuning for maximum RF power
output into a dummy load, the CAR BAL control was then used to adjust the CW level. While there will be
some meter error (both VOM and cathode current) and equipment sample-to-sample variation, the results (espe-
cially the relative HV level changes within a curve) should be typical of actual operational values. None of the
transceiver equipment was equipped with NOS tubes, but all were in good repair and alignment.

Review of these measurements shows:

Low/No Current Loads. The measured high voltage levels for each equipment combination when operated un-
der no-load (at the zero current point), receiver only, and idle current only (50 mA) operating conditions
appended to Fig. 3-4 are consistent with expected values. Under these no/low load conditions, all equipment
combinations yielded essentially identical measurements. The total data spread for the no-load, zero-cathode
current condition was between 930 to 943 volts, while during receiver only conditions the levels were between
911 and 919 volts. Moreover, during 50-mA transmitter PA idle current conditions, the measurement variance
was also quite low with values between 883 to 903 volts, only a 20 V spread.

Measured HV Loading. A number of equipment configuration comparisons are depicted by these data sets.
All of the voltage measurements are referenced to the four individually labeled curves that use the graph’s left-
hand axis scale. In all cases, the data sets have been curve-fitted, so in some cases an outlier data point is not
on the specific curve. Two measurement sets show a tarred transformer power supply mated with two different
transceivers, a 400 (denoted by the empty circles) and a 700CX (solid circles). A third data set shows meas-
urements from the same 700CX mated with a later version un-tarred transformer power supply (empty squares).
And finally, a fourth curve shows measurements collected with a second early version tarred transformer power
supply that was operated with a 350C transceiver, labeled Tarred XFRM2 — 350 (solid triangles).

Transmitter High Load Comparison. Despite the differences in transceiver types, one would expect all power
supplies to exhibit similar HV level draw-downs, since the cathode current is the overwhelming dominant
power consumer. The differences in filament or screen supply power demands because of disparities in tube
count or model type are insignificant compared to a ~500-mA of HV current. Therefore, one would anticipate
that under a 500-mA cathode current load, all equipment combinations would yield similar HV loadings.

All curves show the expected progressive higher voltage draw-down with increasing cathode current, with the
curves very well behaved and near linear. Perusal of the data shows that essentially identical curves were
measured in all cases, except perhaps for the 400 transceiver data (empty circles), which has slightly higher
voltages levels than the other three data sets at high current conditions. However, the left-hand axis uses a
high-resolution scale so the measured differences appear pronounced, but are in fact quit minimal. At 500 mA,
there is only a 15-V spread among the other three and, even including the 400 transceiver’s data set, the spread
is only 30 V, well within the measurement error tolerance. While the VOM had a 0.5% proportional accuracy,
most assuredly, the transceiver’s meter calibration and linearity (not checked) were much greater, certainly at
least in the 2 to 5% range, especially since the highest measurements were in the mid to full-scale region while
the meter calibration point is at 50 mA. Therefore, for the curve spread shown, one would suspect that the
slightly high 400 readings are most likely due to cathode current meter calibration/linearity error.

Transformer Comparison. The curve comparison (solid circles and empty squares) between the older tarred
and the newer un-tarred transformer 117X power supplies, when both were mated with the 700CX transceiver,
suggest some possible measurable differences. While both have a quite similar HV variation with load, under
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extreme conditions, the newer un-tarred transformer’s power supply HV is somewhat lower (at 600 ma, 728 V
versus 745 V), indicating that indeed the tarred transformer might have a bit more overall reserve capability
than the newer versions, as suggested by anecdotal information. However, because of the limited sample size
measurement errors these results are far from conclusive.

Measured DC Input Power. Appended to this graph are the corresponding computed CW dc power input
curves set (the four unlabelled curves that use the right-hand scale and the same transceiver/transformer curve
symbols relationship) for each transceiver and power supply combination, based on the measured voltage and
cathode current levels shown in the labeled curves. As illustrated by this plot, the four equipment configura-
tions have near identical dc input powers for any given cathode current level, emphasizing that the 20 to 30-V
level differences among the various high voltage loading curves are operationally insignificant.

Estimated DC Input Power. Therefore, based on the information in this figure, adjusting the estimated high
voltage level as a function of indicated cathode current should provide a better estimate of true operational dc
input power levels for use in efficiency calculations or other measurements. However, recall that these current
and voltage data are for maximum steady-state CW RF output conditions. They cannot be directly compared to
the SSB dc input PEP levels specified in the Swan operation manuals.
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CW Vs. SSB Caveats. Various operating manuals indicate the expected high voltage power supply levels
should be approximately: (1) ~925 V under idle current conditions (50 mA), (2) either ~700 V (700CX) or
~720 V (350C, 500C) during TUNE or CW operation, and (3) on the order of 800 V to 850 V during peak SSB
loading (variable rather than steady-state modulation). The measurements in Fig. 3-4 only address the TUNE
or CW case. These measurements are in fairly close agreement to the Swan values — note that none of the
transceivers were equipped with NOS PA tubes, so the specification maximum dc input power and associated
cathode current conditions were not necessarily achieved.

The shorter duration maximum SSB dc input PEP values will have an appreciably higher cathode current than
indicated by the transceiver’s meter, which is providing only a measure of average SSB current. In addition,
the power supply’s voltage level will drop far less than indicated by this data set due to the transient nature of
the load, which will not discharge or load down the capacitors as much as a steady-state CW signal. Thus, a
transceiver’s instantaneous dc input PEP and corresponding RF output level is substantially greater than the
rated CW specification or as indicated by these measurements.

For additional comments related to this area, be sure to review the discussions on power and tube dissipation
capabilities in the Swan manuals and peruse the RF output data shown in the Expected/Measured RF Power
Output Section 6.2.10.
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4. ACCESSORIES

4.1. Amplifiers, Linear

Swan transceivers have hefty dc input PEP levels, ranging from 240 to 700 W and when optimally tuned-up, the
dual-tube models can routinely generate PEP RF output levels of 400 to 500-W PEP or more (Fig. 6-11). Relative
to today’s barefoot solid-state rigs, which typically have a maximum of 100-W PEP/CW RF output, Swan trans-
ceivers can be considered to already include a linear amplifier! Since a doubling of power results in a 3-dB signal
level increase, a linear amplifier adds little in terms of S-meter signal increases (one S unit equals about a 6 dB in-
crease in signal strength) compared to the barefoot higher-power transceiver models. A 3 to 6-dB power (100 W
to 200 W or 400 W increase results in only %2 to 1 S unit of signal level increase on the receiving end and will not
be dramatically noticeable.

However Swan did produce a line of linear amplifiers for those who needed or desired to operate at full legal
power limit, often marketing them as stand-alone options for use with other equipment or in conjunction with the
lower powered Cygnet-type transceiver models. The linear amplifiers offered by Swan were configured with both
internal and external power supplies, depending on model. They generally had physical sizes larger (the VHF-150
2-meter amplifier is the exception) than the transceivers (i.e. the typical transceiver is 5.5" high and the 600
“twins” are 6.5" high while the linear amplifiers are 8" high and somewhat deeper). Since the typical linear ampli-
fier's maximum RF input power is specified as about 100 W, use with a high power dual-tube PA Swan transceiver
becomes problematic.

Swan Transceiver Modifications for Use with a Linear. If you have one of the powerful dual-tube transceivers
and want to use it with a linear amplifier, in addition to tune-up and/or operating control adjustments to reduce
output power (see Section 5.8.2), there are a couple of hardware modifications that will address the high trans-
ceiver RF power output issue. These include: (1) a relatively simple transceiver ALC modification that can be
made to permit them to be used more easily with linear amplifiers (see Swan Newsletter, Issue 7, Section A.7.6)
and (2) a transceiver power supply modification that will limit the fundamental power from the transceiver by re-
ducing the high voltage level from ~800 V to ~550 V under average transmitter load (see Section 5.8.1.1).

411. Markl

The Mark I is rated at 2,000-W dc input PEP, includes a built-in ac power supply, and with a 55-1b weight, this
unit certainly falls into the heavy-metal boat-anchor category. It sold for $493 ($425 plus $68 for the tubes) in
July 1965. A realistic key down RF output power expectation for the Mark I when powered with 120-V ac is in
the 900-W range.

AM Operation Comments. To use this linear amplifier for AM operation, select the TUNE/CW switch position.
First load the amplifier to full power to make sure it’s set for best linearity. Then, adjust the transceiver’s AM
carrier power level sufficient to push the amplifier to 250 mA of plate current. For a Mark I equipped with three
400Z PA tubes, keep an eye on the plates to make sure 250 mA is not making them too red. If there is no red-
ness evident, the carrier current level can be increased to 300 mA. A little redness is normal and at 300 mA the
dc input power on AM will be approximately 450 W.

Tube Replacement. 1t is reported that the 3-400Z PA tubes may be replaced with 4-400As. However, while
cheaper than the 3-400 tube, the 4-400 does have a lower power capability, which should result in about 100 mA
lower cathode current than the 3-400 tubes when loaded to the maximum power and efficiency point. The tube-
pin configurations are identical; the same socket is used and the metal ring around the base on the 4-400A does
not interfere with its insertion into the flat-ceramic socket meant for the 3-400Z tube. Although the 4-400A is a
tetrode and the 3-400Z is a triode, any socket wired for a 3-400Z should automatically connect both grids of the
4-400A together making it operate as a triode in the Swan linear. Just make sure that the 4-400As you are sub-
stituting are not too much taller than the 3-400Zs in the unit. Some were a little taller so you have to make sure
there is adequate cover clearance. In addition, in most cases, the idle current will be somewhat lower, but as
long as it is at least 100 mA, it should be satisfactory, even if the amplifier is operated in the high power position
all the time.
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41.2. Markll

Like the Mark I, the Mark II linear amplifier also provides 2,000-W dc input PEP on SSB and 1,000-W CW, AM
and RTTY on all amateur HF bands plus the MARS frequencies. The Mark II sold for $395 (August 1967) but it
did not include a built-in power supply; the matching supply sold for $235. It uses a pair of Eimac 3-500Z tri-
odes and requires a power supply that provides 2.5 kV @ 1.2 amperes. The total weight of the amplifier and
power supply is over 50 Ibs and the physical height of both the amplifier and power supply is 8", so they do not
match the Swan transceivers in height.

There were three design variations used during its production run and the early and late production Mark II
power supplies are not interchangeable without rewiring the power cord. The early version(s) has a two-tone
front panel, while the later version(s) has an all black panel (similar in appearance to that used on the model
750CW transceiver), uses 3-400-Z versus 3-500-Z tubes, and a 15-pin instead of a 27-pin Cinch-Jones plug on
the back. The later versions are a bit lower in overall quality, as after the Herb Johnson era some production
corners began to be cut in construction. During Cubic ownership the serial number format was revised — units
produced after that time can be identified by their 4 and 5 digit serial numbers, with 2xxxx five digit numbers be-
ing the latest. All 4 and 5-digit numbered Mark IIs have a larger @ output coil. The meter movement used on
this unit is the same as that used on all mid-term dual-tube PA transceiver models (350 through 700CX).

41.3. 1200X (Cygnet)

The 1200X portable HF linear amplifier was marketed as a companion for the Cygnet-type transceivers and sold
for ~$260 in July 1973. It includes an internal 110/120-V ac power supply and provides 1200-W PEP dc input
on SSB, 700 W on CW and 300 W on AM. A 100-W input-drive power is required. The early 1200X amplifier
used four 6LQ6 (9 pin) PA tubes operating as grounded grid triodes while later units, built from 1973 on, em-
ployed 8950s (12 pin). Although improvement in performance capability with the change in PA tubes (plate
dissipation about 30% higher) was probably a consideration, per unit tube price was also certainly a big factor,
since that change coincided with the introduction of the 300B and 700CX transceivers, which also used that tube.

High-voltage, high-value replacement capacitors for linear amplifier power supply applications can be very dif-
ficult to find. The 225-uF 300-V capacitors originally used in the 1200W and 1200X amplifiers are no longer
readily available. However there are other capacitors, which may be used as replacements, namely Sprague
DX36 series Powerlytics (Sprague/Vishay part number 36DX261F350AB2A). This unit is a drop in replace-
ment for the original capacitors and is rated at 260 pF @ 350 V. It is available from Newark Electronics for only
~$7 each, so replacing all the units is a good idea. Don’t forget to check the old bleeder resistor values while the
capacitors are out. If they’re out of tolerance by more than 5-10%, replace them with metal film resistors of the
same value and wattage.

Cygnet Versus Non-Cygnet Keying. The Cygnets use a floating DC relay keying. The 1200Xs from the factory
are wired for 12-V keying, so the relay requires an external 12-V dc source such as from the Cygnet transceivers.
The entire 12-V dc line is isolated from ground. The 1200X’s factory keying circuit was routinely changed by
users to a more common configuration used by other Swan models and brands of exciters/transceivers. In such
cases, a rectifier circuit has been (or needs to be) installed in the 1200X, which in most cases uses the existing
12-V ac filament power. The 12-V ac is rectified, filtered, and wired in such a way as to energize its own inter-
nal transmit relay. The transmit relay contacts (e.g. 500 transceiver’s auxiliary relay terminals) of the exciter
completes the circuit that keys the amplifier relay. Check to see if the relay control on the 1200 has already been
modified. The 1200X linear amplifier manuals and schematics show the method for changing the keying circuit
to conform to the needs of non-Cygnet radios — just reverse the process if you find it has been modified.

8950 to 6KD6 Tube Conversion. NOS 8950 tubes are becoming prohibitively expensive. If you have the late
version 1200X that uses those tubes, only minimal modifications are required to change from the 12-volt fila-
ment 8950 to the 6-volt filament 6KD6 tubes, as both have 12 pins. Merely change the filament connections so
that V1 and V2 are in series and V3 and V4 are in series. Note that the 1200X was built for several years with a
few variations in the manner in which they laced the socket wiring — if there is a connection to pin 6 of each tube
make sure the same wire (or a jumper) is also at pin 2. In addition, the tubes’ plate caps are the smaller C1-2
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size, so you will have to change or modify the existing plate-cap connectors. If you have an early 1200X
equipped with the 6LQ6, these modifications are considerably more complicated and time consuming.

41.4. 1500ZA

The 1500ZA is a high frequency (80, 40 20, and 15 meters) linear amplifier produced in the 1980 time frame that
is rated at 1500-W dc input PEP, when driven by an exciter with 100-W RF output PEP. Its styling is similar to
that of the 350D and HS700S transceivers (black front panel with aluminum bezel). A built-in power supply
uses a transformer with a split primary winding so that it can be internally configured to operate on either
110/120-V ac or 220/240-V ac. The amplifier circuit uses a pair of 572B/T160L triode tubes operated in a
grounded grid configuration, in conjunction with a wide-range Pi-network output circuit. Features include a me-
ter for monitoring plate voltage, cathode current, or relative RF output power and front panel switching that
permits the unit to be operated in the bypass mode, with the exciter transmitter’s output directly coupled to the
antenna.

4.1.5. Mark 6/B

The Mark 6 and 6B linear amplifiers were built over an 8-year span with a number of design variations that were
made to keep its components consistent with those of the Mark II. The Mark 6 sold for ~$599 in June 1972 and
the Mark 6B for ~$680 in July 1973. It was designed for use with the 250C 6-meter transceiver, provides 2,000-
W dc input PEP on SSB and 1,000 W on CW, AM or RTTY. A 100-W input drive power is required. Like the
Mark II HF linear, it uses two Eimac 3-500Z triodes. The required external power supply provides 2,500 V at
current levels of 1.2 amperes. In addition, like the Mark II, each model has a total weight of about 50 Ibs (in-
cluding the power supply) and is 8" high.

41.6. VHF-150

This linear amplifier provides 150-W dc input power on 2 meters and includes a built-in 117X power supply. It
sold for ~$300 in July 1973. For the FM and CW modes, it operates as a class C amplifier and, with a switch
change, as a class B amplifier for SSB and modes requiring more linear operation. With the addition of the 14C
dc converter module, it can be used mobile. Only 6 to 10-W RF drive is required to provide the full 150-W RF
output. The height of this unit is 5.5", the same as the 250/C transceiver.

4.2. Antenna Tuners

Swan did not market antenna tuners until well into the solid-state era; the initial tuner models (e.g. ST-1) were
styled and designed for use with the later high power base-station transceivers models (e.g. 700CX) and/or linear
amplifiers. Later tuner models (e.g. ST-3) were styled (flat black panel with aluminum bezel) and designed for
used with the portable, lower power tube-design (e.g. 350D) and solid-state transceivers (e.g. 100MX). However
no tuner is generally required for use with tube-design transceivers (unless impedance matching to a long wire,
balance feed-line, and/or an unusually problematic antenna/feed-line system with high SWR (such as the GR5V)
or other RF problems are encountered) since the © network performs essentially the same impedance matching be-
tween the PA circuit and the antenna/coax system as is done by an external tuner.

The ST-2 and ST-3 model designs were both changed mid-production run to include a PEP RF output measure-
ment capability, however when this function was incorporated, there was no change in the model number.
Therefore, tuners that have the same model number may or may not include this feature. With tuners that have
wattmeters that include both forward and reverse RF power measurement capability but without the PEP function,
Swan provided a nomogram that permits the user to quickly determine SWR, similar to that shown in Fig. 4-5.
Small production modifications to each of the tuners resulted in model designator changes to the ST-2A and ST-
3A.

ST-1. The ST-1 is rated for 3-kW PEP over the 1.7-MHz through 30-MHz frequency range. Matching is pro-
vided for coaxial (SO219) and random wire or balanced line tuned feeders using ceramic feed-throughs. The
unit includes a built-in 4:1 balun and it has no meters.

ST-2/A. The ST-2/A is also rated for 3-kW PEP over the 1.7-MHz to 30-MHz frequency range, has antenna in-
puts and a built-in 4:1 balun similar to the ST-1, but also includes both a forward reading 0 to 2,000-W and a
reverse reading 0 to 200-W meter, which measure RF power simultaneously. The unit did not initially have RF
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PEP measurement capability, but some later versions with this same model number did include this function.
The factory direct price for the ST-2 in 1977 was $250.

ST-3/4. ST-3/A is rated at 200-W CW (steady carrier) and should handle from 250 to nearly 300-W PEP on
SSB over the 1.7-MHz to 30-MHz frequency range. Running at higher power will usually takes out one or two
small fixed coupling capacitors. It includes both a 0 to 200-W forward and a 0 to 20-W reverse reading RF
wattmeter. This tuner is designed to match the appearance of the 100MX model HF transceivers (or later tube
versions such as the 350D) with an all black front panel, black main-tuning dial, and a curved aluminum bezel
around the front perimeter of the panel. As noted above, tuners with this model number may or may not include
the PEP function. This unit is similar to the Kenwood AT-230; it has the same specifications and maximum
power rating.

MMBX. The MMBX, is a small (only about 2" x 3" x 2.5") mobile antenna matchbox (impedance matcher) that
handles 500 W over the 3 to 20-MHz range. It is designed to minimize transmission line losses and maintain a
low SWR. A rotary switch is used to select any one of seven fixed impedance adjustment settings, which taps an
appropriate selected impedance from the MMBXs torroid coil.

4.3.Cooling Fans
Needless to say, with a complement of 12 (e.g. 260) to 17 (e.g. 400, 500) tubes, Swan transceivers, like all tube-

era gear, can generate a considerable amount of heat during normal operation. While this may be good on a cold
winter day, it is not too healthy for the rig (especially for the PA tubes) if it’s operated under adverse conditions.
Among the conditions that can cause excessive heat build-up are: (1) long tune-up periods, (2) incorrect tun-
ing/operational adjustments (bias, loading, overdriving), (3) lengthy CW or AM operations, (4) high ambient
temperature environment, and (5) insufficient air circulation space around the rig.

Measured Rig Temperatures. So, just how hot does a typical Swan transceiver get during normal operations?
Fig. 4-1 shows temperature measurements from a S00CX with a temperature probe placed directly atop the cabi-
net, towards but not over the PA cage. The ambient room temperature was initially 67 °F (19.4°C) and the
transceiver was located on a shelf with ~1" clearance on each side and about 2" between the top of the rig and the
next shelf — not ideal, but perhaps representative of the operating set-up used by many amateurs. After the initial
ac power turn-on, the transceiver remained in receive mode until the rig’s temperature stabilized. As shown, with
normal convection cooling (no external fan operating), the temperature increased from the 67° F to ~118° F (47.9°
C), where it became fully stabilized after about 40-60 minutes. During this time, the room ambient increased to
70° F. A similar stabilization temperature was attained directly on the top-center of the cabinet. Is it any wonder
that Swan specified VFO drift
stabilization period of one

hour? MEASURED TRANSCEIVER OPERATING TEMPERATURE
(500CX Transceiver, Ambient =67 - 70 Deg F)
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Figure 4-1 Measured Transceiver Operation Temperature
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striction by the foam filter and transceiver case. As shown in the graph, with the transceiver still in the receive
mode, the temperature decreased ~28° F (14.6° C) to a rather comfy 92° F (33.3° C)!

The fan was then turned off and the transmitter exercised during tests to measure the CW and SSB RF PEP output
in each band. During this extended measurements, the transmit periods were extremely short (~3-5 seconds), with
similar short periods (~5-10 seconds) of transmitter idle time between adjustments and measurements, and some-
what longer time periods (20 or 30 seconds) for receiver operation mode and band changes. Therefore, while the
transmitter is being exercised vigorously for an extended period, its duty cycle was likely no more severe than dur-
ing normal CW or extended SSB operations. With just normal convection cooling (the fan was turned off, but left
in place), the temperature near the PA cage increased to ~180°F (82.2° C), a whopping ~62° F (34.3° C) increase
from the receiver only condition with no external fan cooling! With more aggressive transmitter operation, this
temperature would be even higher. Of course, such high transmitter temperatures are not surprising since tubes,
such as the 6JE6C are specified to have a maximum 482° F (250° C) hottest point envelope temperature, when op-
erated at the maximum rated conditions (e.g. 990-V, 350-mA average or 1,200-mA peak cathode current). When
the fan was turned on and the tune-up and RF power output measurements continued, the temperature decreased
45°F (25° C) to ~135° F (5§7.2° C)!

Of course, a whole host of variables (transceiver model, sensor placement, ambient temperature, transmit levels
and durations, etc.) can affect the measured temperature and its increases as a function of time, but these data cer-
tainly give a good conceptual representation of what’s happening heat-wise. Obviously, a cooling fan will always
be beneficial for the PA tubes, regardless of its operational environment, since it helps to disperse destructive cen-
tralized heat. While many Swan rigs have been used extensively for years relying only on the convection cooling
permitted by the transceiver case ventilation holes, in such cases adherence to proper operating procedures was es-
sential to prevent the overheating that shortens tube and component life. Proper cooling is particularly important
during AM or CW operations, which place the greatest heat dissipation demands on the tubes.

Cooling Fan Options. While additional cooling is obviously of great benefit, it must be emphasized that it doesn’t
replace proper operating procedures. Don’t push the finals just because cooling has been added. You have a
number of options with respect to fan types, installation, and orientation, including:

Orientation. You can orient the fan so that it either pushes air into or pulls air out of the cabinet. Each orienta-
tion has its pros and cons. The puller configuration can certainly remove warm air from the PA tube
compartment more efficiently, but as it draws air in through any opening in the transceiver cabinet, it also
brings in anything floating in the air, including dust, smoke, pet hair, and dander, etc. The pusher, on the other
hand, blows the air out of those openings and its airflow is more restricted by the cabinet, but, with the addition
of a simple filter element (open cell foam window air conditioner filter, etc.) placed at the intake of a pusher
fan/blower, cleaner air passes over the PA tubes and throughout the transceiver.

12-V dc Fans. Use a 12-V dc power supply brick and a 12-V dc brushless fan (CPU/Computer). If desired, a
simple variable dc-to-dc voltage regulator may be used to adjust the voltage and thus the fan speed. While
power can be tapped off the Swan’s interna