



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































628

DRIVEN ELEMENT
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Fig. 225 — Principal dimensions of the 50-MHz
5-over-5, with details of the 3/4-wavelength
@-section matching system, The propagation factor
of 0.66 applies only with solid-dielectric coax.
Gamma-matching assemblies are coaxial-capacitor
units (Kirk Electronics C6M),

is usually the objective on 144 MHz and higher
bands, where the structural problems are not
severe.

5-OVER-5 FOR 50 MHz

The information provided in Fig. 22-5 is useful
for a single S-element Yagi, or for the stacked pair
of Fig. 2244, either to be fed with a 50-ohm line.
The phasing and matching arrangement may be
used for any pair of Yagis designed for 50-ohm
feed individually. With slight modification it will
serve with Yagis designed for 200-ohm balanced
feed.

Mechanical Details

Construction of the single Yagi bay or a stacked
pair is simplified by use of components that should
be available to most builders. Element-to-boom
and boom-to-mast mounts are aluminum castings
designed for these applications by Kirk Electronics,
134 Westpark Road, Dayton, Ohio 45459. The
gamma matches shown schematically in Fig. 22-5
are of coaxial construction, waterproofed for long
life, available from the same supplier.

Booms are made of two 8-foot lengths of
1 1/-4-inch aluminum (Reynolds) found in many
hardware stores. Reynolds makes a special fitting
for joining sections of the tubing, but these are not
widely available from the usual hardware-store
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stocks, so a handmade splice was substituted. A
piece of the same-diameter tubing as the booms, 12
inches or more in length, is slotted with a hacksaw,
and then compressed to fit inside the ends of the
two 8-foot lengths, as seen in Fig. 22-6.1f the splice
is held in the compressed position with large pipe
pliers or a hose clamp, the ends will slide inside the
boom sections readily. When the splice is released
from compression, the two tubes can be driven
together. Self-tapping screws should be run
through the tubes and the splice, to hold the
assembly firm, Use at least two on each side of the
splice.

Elements are 1/2-inch aluminum tubing, Alcoa
alloy 6061-T6. Almost any aluminum should be
suitable. Kirk Yagi clamps, one-piece aluminum
castings designed for this job, are available for 3/8
as well as 1/2-inch elements, and 1 1/4-inch boom.
The eyes through which the elements pass are
drilled, but must be tapped for 10-32 setscrews to
tighten the elements firmly in place, two screws
per element. The portion of the clamp that
surrounds the boom can be spread slightly to allow
the clamp to slide along the boom to the desired
point. The interior surface is slightly rough, so
tightening the yoke with the screw provided with
the clamps makes the element set firmly on the
boom. The reflector, driven element and first
director are all in back of the boom splice.

The vertical member of the stacked array is
1 1/4-inch thick-wall anodized steel tubing,
commonly used in large antenna installations for
home TV. Do not use thin-wall aluminum or light
galvanized steel masting. The aluminum is not
strong enough, and inexpensive steel masting rusts
inside, weakening the structure and inviting failure.

Spacing between bays can be a half wavelength
(10 feet), 5/8 wavelength (12 feet), or a full
wavelength (20 feet), though the wide spacing
imposes mechanical problems that may not be
worth the effort for most builders. The 5/8-wave
spacing is a good compromise between stacking
gain and severe support problems, and is
recommended with the materials used here.

The 10-foot lengths of steel masting could be
used, with the bottom 8 feet running through the
tower bearing to the rotator. A heavier main
support is preferable, however, and it is “l-inch
water pipe” in this installation. This is iron, about
13/8-inch outside diameter, extending about 8
feet out of the tower. The steel masting between
the Yagi bays is fastened to the pipe with four
TV-type U-clamps, spaced evenly in the overlap-
ping area of the two supports.

The booms are braced to the mast fore and aft,
using the longest pieces of element stock left over
when the forward directors are cut from 12-foot
lengths. Ends of the braces are flattened about one
inch, and bent to the proper angle. Outer ends
fasten to the booms with two self-tapping screws
each. The mast ends are clamped to the support
with one TV U-clamp for each pair. This bracing is
good insurance against fluttering of the booms and
elements, which can cause failures after long
periods, even though a structure appears adequate-
ly strong.
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Fig. 22-6 — Details of the boom splices used in the
b-element 50-MHz Yagis. Two 8-foot lengths of
1 1/4-inch tubing are joined to make the 16-foot
booms.

Phasing and Matching

A single 5-element Yagi can be fed directly with
50-ohm coax, through the Kirk coaxial gamma-
match assembly (Type C6M). This has an
adjustable coaxial capacitor, and an arm that
connects to the driven element with a sliding clip.
Both the capacitor and the point of connection
should be adjusted for minimum reflected power,
at the center of the frequency range most used.
Doing this between 50.2 and 50.4 MHz is suitable
for most operators, other than those using fm
above 52.5 MHz. Each bay of the stacked pair
should be set in this way. The pair can then be fed
through a double QO-section of 75-ohm coax, as
shown in Fig. 22-5.

The Kirk gamma-match assembly has an
S0-239 coaxial fitting built in, so the phasing lines
are fitted with PL-259 coaxial connectors at both
ends. The inner ends attach to a matching coaxial
T fitting, The main run of 50-ohm line connects to
the center of the T, with a coaxial through-
connector and a PL-259 fitting. When the antenna
is installed all connectors should be wrapped
tightly with plastic tape, and sprayed with Krylon
or other protective spray. Dow-Corning Silastic
RTV-732 sealant is also good for this use. If the
coaxial phasing sections are wrapped around the
booms and vertical support a few times, they will
just reach the T-fitting, when 12-foot spacing is
used. :

The lines should be any odd multiple of a
quarter-wavelength. If both are the same length the
gamma arms should attach to the same side of the
driven elements. If there is a half-wavelength
difference in the lines, the arms should connect to
opposite sides. The length given in Fig. 22-5 is
nominal for solid-dielectric coax. If foam-dielectric
line is used, the propagation factor given by the
maker should be substituted for the 0.66 figure. It
is best to grid-dip the line sections for resonant
frequency, in any case. Cut the line three inches or
more longer than the expected length. Solder a
loop of wire between the center pin and the
mounting flange of an SO-239 connector. Attach
this to the PL-259 connector at one end of the
line, and couple it to the dip-meter coil. Trim the
line length until resonance at the midpoint of the
intended frequency range is indicated. This will not
change appreciably when the other coaxial
connector is attached.

The line used in the model described is
RG-59A/U, which is satisfactory for any amateur
power level, so long as the SWR is kept low. Larger
coax, suchas RG-11A/U, is recommended for a
greater margin of safety.
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Adjustment and Testing

An individual Yagi can be tested and matched
properly by mounting it a haif-wavelength above
ground, in a large area that is clear of obstructions
for many wavelengths. The boom can also be tilted
up, until the ground-reflected wave is not a factor
in the field-strength meter reading. The SWR
bridge should be connected at the gamma match,
or an electrical half-wavelength therefrom. Apply
low power (not over 10 watts) and adjust the
gamma capacitor and the point of connection to
the driven element for zero reflected power, at the
desired frequency range. The model was flat from
50.2 to 50.4 with just perceptible reflected power
showing at 50.1 to 50.5. Adjusted in this way the
array should work well up to about 51 MHz.

The best way to check operation of the stacked
pair is to support the array with the reflectors
resting on the ground and the booms pointing
straight up. A 6-foot step-ladder can be used fora
temporary support. The bays can be fed separately
with 50-ohm line, in this position, and the gamma
settings should be the same as obtained in the first
check, described above. Now connect the two
75-ohm phasing lines, and insert the SWR bridge in
the 50-ohm line to the T fitting. The SWR should
be the same as when the bays are fed separately
through  the 50-ohm line; close to 1:1. The array
can be dismantled and reassembled atop the tower,
and matching should remain correct.

The matching-phasing system described is
useful for any two loads designed for 50-ohm feed.
The 5/8-wave spacing is usable with up to at least
6-element bays, though wider bay spacing is
needed for maximum gain with long Yagis.
Individual antennas intended for 200-ohm bal-
anced feed can be matched with 75-ohm coax in
the phasing harness and baluns at each load.

Bay spacing is not critical. Close spacing gives
somewhat lower gain, but a very clean pattern. The
main lobe gets sharper and larger as spacing is
increased, but minor lobes also increase. These take
over from the main lobe if spacing of bays is
carried too far. The effect of increasing bay spacing
is shown graphically in Fig. 8-11 of The Radio
Amateur’s VHF Manual, and associated text.

144 OVER 50

Four phased 144-MHz Yagis are shown
mounted above a 50-MHz 6-element Yagi in Fig.
22-7. The latter can be mechanically similar to the
S-element antennas of Fig. 22-4, though this
two-band system was built almost entirely by
hand. Element spacings are closer than in the
S-element 6-meter arrays, in order to fit 6 elements
onto a 20-foot boom, The individual bays of the
2-meter array can be used singly, in pairs, or in the
4-bay system shown, Feed details are given for
each application,

6-Element 50-MHz Yagi

The 6-meter elements were designed for light
weight, with 1/2-inch tubing for half their length
and thin-wall fuel-line tubing inserts for the outer
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Fig. 22-7 — Antennas for two bands on a single
support. Four 5-element Yagis for 144 MHz, top,
have one-wavelength spacing each way. The
50-MHz Yagi is set up to make optimum use of 6
elements on a 20-foot boom.,

portions. One-piece half-inch elements are equally
good, though a bit bulkier. Elements can be run
through the boom and held in place with clamps,
as in Fig. 22-8, or mounted in Kirk castings. (See
Selement array description.) Lengths are 116,
1101/2, 1051/2, 104, 102 3/4, and 101 1/2
inches. Spacings, in the same order, are 36, 36, 42,
56 and 66 inches. The boom is made of two
10-foot aluminum mast sections, braced from
above with 3/4-inch tubing. See Fig, 22-8.

The gamma matching was handled in two
different ways. A coaxial capacitor and moving
arm was hand-made, as shown in Fig. 22-9 using
1/2-inch and 1/4-inch tubes, insulated from one
another by plastic sleeves that just fit inside the
1/2-inch fixed portion. The inner tubing can be
wrapped with plastic tape to build up the needed
thickness, to the same end. The arm is supported at
two points with 1-inch ceramic pillars.

A second and simplier matching arrangement
uses merely an extension of the main coaxial line,
with a 100-pF fixed transmitting-type capacitor in
series with the inner conductor and the sliding
contact. The matching point was about 20 inches

VHF AND UHF ANTENNAS

Flatten

Fig. 22-8 — Elements may be run through a wood
or metal boom, and held in place with simple
aluminum clamps, left. At the right is a clamp for
holding boom braces on the vertical support in the
50-MHz 6-element array.

out from the boom with a 100-pF capacitor. It is
suggested that the matching be done first with a
variable capacitor, substituting a fixed one when
the desired value is found.

An element-mounting clamp no longer available
appears in Fig. 22-9. The Kirk 1/2-to-1 1/4-inch
element-mounting clamps (see 5-over-5 descrip-
tion) do this job nicely.

5-Element 144-MHz Yagis

An optimum design for 5-element 2-meter
Yagis, to be used singly or combined in stacked
systems, is shown in Fig. 22-10. Dimensions given
work well from 144 to 146 MHz, if the matching is
adjusted at 145. Lengths should be reduced 1/4
inch for each megahertz higher center frequency
than 145 MHz. The original elements have center
sections of 1/4-inch aluminum tubing, with
5/32-inch rod inserts that slide into the center
members. One-piece elements of 1/8 to 1/4-inch
tubing or rod will work equally well. The larger
size will permit fastening in place with self-tapping
screws bearing on the elements. For smaller sizes,
use a clamp like that of Fig. 22-8. The booms are
3/4- or 1-inch diameter aluminum. Wood dowelling
could be used equally well.

Feed Methods: A delta match is used in
conjunction with a coaxialline balun to feed a
single S-element Yagi. Some experimentation with
delta dimensions may be required to achieve the
best match. (See Fig. 22-1C and detailed
description of the delta match earlier in this
chapter.) This arrangement makes a fine small Yagi
that can be dismantled readily, for carrying about in
portable work.

Fig. 229 — A hand-made coaxial
gamma match for 50-MHz arrays.
A 1/4-inch rod or tube 14 inches
or longer slides inside a 1/2-inch
sleeve that is connected to the
coaxial fitting above the boom.
The rod slides on plastic sleeves
inside the larger section. Separa-
tion is maintained with two cer-
amic pillars mounted with wrap-
around clips. Both the coaxial
capacitor and the sliding clip be-
tween rod and element are ad-
justed for minimum refiected
power in the coaxial line.



144-MHz Yagis

REF. D.E. D 02 D3
41" 8% {38%" 37 36%"
W Boom
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Fig. 22-10 — Optimum design for a 2-meter Yagi,
using 5 elements on a 6-foot boom. When used
singly, this antenna can be fed as shown in Fig.
22-1C, with 4-inch delta arms connected 3 inches
either side of center. The balun loop would be
about 27 inches long. With lengths shown, the
antenna works wel from 144 to above 146 MHz,
but gain drops sharply above 147 MHz.

Use of two S-clement Yagis with 1-wavelength
spacing is shown in Fig. 22-11A. The phasing
harness can be any open-wire line, preferably not
spaced more than one inch, Delta dimensions are
not critical in this application, as the matching is
done with the universal stub at the center of the
harness.

The 4-bay 20-element system in Fig. 22-7 and
22-11B uses two sets of 5-over-5, connected
between centers with another 1-wavelength line.
The universal stub is connected at the center of the
horizontal section. In each case, the stub length
and lineconnection point are adjusted for
minimum reflected power in the main line.

An interesting phasing method was used 1n the
4-bay array. Common electric zipcord, available in
any hardware store, was split into its two parts.
The insulation was left on, and spreaders made of
ordinary 1/2-inch wood dowel were used to hold
the wires one inch apart. Holes were drilled in
these of such size that the zipcord could just be
pulled through them. They are held in place with
any good cement. If supported with TV-type
screweyes that grip the spreaders, such a low-cost
line is very durable. The array shown was taken
down after two years of use in a very exposed

'_MZP%;ZI"W\ - [%mor
» ®)
!
I

S0-0hm line

50-0hm line
and balun and balun

Fig. 22-11 — Stacking details for the 5-element
Yagis of Fig. 22-7 and 22-10. The short on the
universal stub, and the point of connection of the
main transmission line, are adjusted for minimum
reflected power in the latter, Balanced line could
be connected similarly for the main turn,

location, and no deterioration was apparent. There
was no breakage, even under several heavy ice loads
each winter. Using several supports on each harness
section is the key to this long life.

The transmission line was switched between the
six- and two-meter arrays by means of a
waterproofed antenna relay. To avoid the dangers
of a 115-volt line run, 6.3-volt transformers were
used at each end. This one-line hookup makes it
possible to use a single rather expensive line to its
fullest potential on two bands.

13-ELEMENT YAGI FOR 144 MHz

Many combinations of element lengths and
spacings work well in long Yagis. The 13-element
array detailed in Fig. 22-12 is the product of many
months of joint experimental work by W2NLY and
W6QKI, First described in QST for January, 1956,
it has been a winner ever since. Elements are
1/8-inch hard-drawn aluminum wire, except for the
folded-dipole driven element. Thisis the step up
variety, intended to give a feed impedance of 200
ohms, for feeding with 50-ohm line and a coaxial
balun.

The 24-foot boom carries a light load, and can

Directors:
TS ] it -:."-{ 92" +fle- 92" ~fo 32"+ fe- 32" .‘-32"-1-32"-1 e 32"
Ref—
Driven | o
Element +—"
411 38)
' 8% —l . Directors are each )
R Boom_ 7 36%" long Fig. 2212 — High-perfor-
e - mance long Yagi for 144 MHz,
s E P from experimental work by
B ' %' di W2NLY and W6QKI. Dimen-
Plastic 16 dia. r )
Spacer . sions are for maximum gain
s0-0hm line % ’gzﬁl,’,”?ﬂ' between 144 and 145 MHz.
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To Trans.
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Driven 2'x2"wooden
Element (257 Boom, 12°long
Ref.
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\h
Dig D2] D3] 04] OS] D6] D7) DBf D9
'1%-7}4”-.9"7-12%"--14" 1475>e 18" #1618 >4e- 8>+ 18"+

be made of thin-wall tubing if braced in the
manner of the S0-MHz arrays previously described.
Elements run through the boom and are held in
place with clamps, as in Fig. 22-8. Lengths are for
optimum gain between 144 and 145 MHz. Gain
drops rapidly above 145.2 MHz. For a center
frequency of 145 MHz, cut element lengths 1/8
inch. Broader frequency response can be obtained
by tapering element lengths 1/8 inch per element,
beginning with the second director.

Effective stacking of such long Yagis requires
bay spacing of 11/2 to 2 wavelengths. Pairs or
pairs of pairs can be fed in the manner of Fig.
22-15, using dimensions of Table 22-1.

11-ELEMENT YAGIS FOR 220
AND 432 MHz

High-gain antennas are almost a necessity for
any serious work on 220 MHz and higher
frequencies. The 11-element Yagis shown in Figs.
22-13 and 14 were worked out experimentally for

Driven Flement (13 1"xé"wfnoden

oo,
6' long
Ref |
(18%9
orfoz] o3| o4] os] s p7] opaf o9
}a%"“s%".].‘%-’. 6/2-‘- m"-]. Wiele 9'/2"44— 4 o 9V ol 9'/;’-‘
" 1
ooty ,"_i/ Wooden Boom
[ IT I_" I 1T — | D1 = 12"
D2= 1%’
D3= 1%’
D4= 117"
15" D5= “'3//2:,
- Ye-Waselength D6= 1%
% Balun D7 = 1%’
. D8 = 1Y%’
N 50-0hm line D9 = 11
7 . All elements made
@ lnans. rom % or 33 Alum. Rod.
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Fig. 22-14 — 11-element Yagi for 432 MHz,
designed for optimum performance on a 6-foot
boom. Operation should be uniform between 432
and 436 MHz, if the stub matching is adjusted
when moving more than one megahertz in
frequency.
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Fig. 22-13 — 11-element Yagi for

i
g;; ggg 220 MHz. Dimensions are for
03 = 23“ maximum gain in the lower 2

= 22%° MHz of the band. Recommended
D5 = 22%° feed method is a deita match,
D6 = 22%" with universal stub and balun.
D7 = 22% Delta sides should be about 3
08 = 22% inches, tapped 2 inches either side
Do = 22’ of the element midpoint.

maximum gain per element. They are intended
primarily to be used in stacked pairs or sets of
four, as shown (for 432 MHz) in Fig. 22-15.
Elements are stiff wire or welding rod, 1/8-inch
diameter for 220, 3/32 or 1/8 inch for 432. Wood
booms are shown, and are recommended for
stacked arrays, particulary for 432. Metal booms
should be 1/2-inch diameter for 432 and 3/4 to 1
inch for 220. Element lengths should be increased
0.5 to 1 percent if metal booms are used.
Frequency coverage without appreciable loss of
gain, and no readjustment of matching, is about 1
percent of the operating frequency. Lengths of
elements given are for 220 to 222 MHz and 432 to
434 MHz. Coverage can be extended somewhat
higher by readjusting the matching for the desired

- higher frequency.

Recommended phasing is by open-wire line two
wavelengths long each way. No. 12 wire spaced 1/2
to 3/4 inch with Teflon spreaders is ideal. If a
metal supporting structure is used, it should
preferably be entirely in back of the plane of the
reflector elements.

COLLINEAR ANTENNAS

Information given thus far is mainly on
parasitic arrays, but the collinear antenna has much
to recommend it. Inherently broad in frequency
response, it is a logical choice where coverage of an
entire band is wanted. This tolerance also makes a
collinear easy to build and adjust for any vhf
application, and the use of many driven elements is
popular in very large phased arrays, such as may be
required for moonbounce (EME) communication.

Omnidirectional Verticals

Two or more half-wave elements mounted in a
vertical line and fed in phase are often used to
build up some gain, without directivity. A simple
omnidirectional collinear of rugged construction is
shown in Fig. 22-16. It is made entirely of copper
pipe and matching elbow fittings, obtainable from
plumbing supply houses and some hardware stores.

Initially the phasing stub was operated in the
manner of Fig. 22-1A. When the optimum
dimensions were found, the assembly was complet-
ed by making the angles with plumbing fittings,
and the balun connections with bolts, nuts and star
lugs.

Preferably the antenna should be mounted on a
wooden support, though the center of the stub can
be grounded for lightning protection. Dimensions
given are for the upper half of the 2-meter band,
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Fig. 22-15 — Phasing methods
for using two or four 11-
element Yagis for 432 MHz,

l—~—NO. 12 SPACED

with 2-wavelength spacing.
Universal-stub match permits

ANY COAX ANY COAX I3, 15" LONG use of any type of trans-
AND BALUN AND BALUN mission line.
S.W.R. BRIDGE
A\ N —N —oSe

though it works well enough all the way down to
144 MHz.

Any number of radiators can be used, if
quarter-wave phasing stubs are connected between
them. Commonly an odd number is used, and the
center radiator is broken at its midpoint and fed
with a universal stub. This type of antenna can be
made of wire and strung up in a horizontal
position. The pattern is bidirectional when this
type of collinear is mounted horizontally.

Large Collinear Arrays

Bidirectional curtain arrays of 4, 6 and 8
half-waves in phase are shown in Fig. 22-17.
Usually reflector elements are added, normally at
about 0.2 wavelength in back of each driven
element, for more gain and a unidirectional
pattern, Such parasitic elements are omitted from
the sketch in the interest of clarity. Dimensions are
not critical, and may be taken from Table 22-I.

When parasitic elements are added, the feed
impedance is low enough for direct connection
open line or Twin-Lead, connected at the points
indicated by black dots. With coaxial line and a
balun, it is suggested that the universal stub match,
Fig. 22-1A, be used at the feedpoint. All elements
should be mounted at their electrical centers, as
indicated by open circles in Fig. 22-17. The
framework can be metal or insulating material,
with equally good results. A model showing the
preferred method of assembling an all-metal
antenna is pictured in Fig. 22-18. Note that the
metal supporting structure is entirely in back of
the plane of the reflector elements. Sheet-metal
clamps can be cut from scraps of aluminum to
make this kind of assembly, which is very light in
weight and rugged as well. Collinear elements
should always be mounted at their centers, where
f voltage is zero ~ never at their ends, where the
voltage is high and insulation losses and detuning
can be very harmful.

Collinear arrays of 32, 48, 64 and even 128
elements can be made to give outstanding
performance. Any collinear should be fed at the
center of the system, for balanced -current
distribution. This is very important in large arrays,
which are treated as sets of 6 or 8 driven elements

mnr

19”

|

vt Standott

each, and fed through a balanced harness, each
section of which is a resonant length, usually of
open-wire line, A 48-element collinear array for
432 MHz, Fig. 22-19, iltustrates this principle.

PLANE AND PARABOLIC REFLECTORS

A reflecting plane, which may be sheet metal,
wire mesh, or even closely-spaced elements of
tubing or wire, can be used in place of parasitic
reflectors. To be effective, the plane reflector must
extend on all sides to at least a quarter-wavelength
beyond the area occupied by the driven elements.
The plane reflector provides high front-to-back
ratio, a clean pattern, and somewhat more gain
than parasitic elements, but large physical size rules
it out for amateur use below 420 MHz. An
interesting space-saving possibility lies in using a

(

BEON

[N
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A
40
|
i

BALUN, RG-8/U
OR BETTER
50-0HM

Fig. 22-16 — Rugged 2-meter -omnidirectional
vertical antenna made entirely of 1/2-inch copper
pipe and elbows. The midpoint of the stub can be
grounded, for lightning protection.



634

Fig. 22-17 — Element arrangements for 8, 12 and
16-element collinear arrays. Parasitic reflectors,
omitted here for clarity, are 5 percent longer and
0.2 wavelength in back of the driven elements.
Feed points are indicated by black dots. Open
circles are recommended support points. The
elements can run through wood or metal booms,
without insulation, if supported at their centers in
this way. Insulators at the element ends (points of
high rf voltage) tend to detune and unbalance the
system,

single plane reflector with elements for two
different bands mounted on opposite sides.
Reflector spacing from the driven element is not
critical. About 0.2 wavelength is common.

The reflector can be formed into parabolic
shape for a focussing effect, similar to that in a
searchlight. Parabolic reflectors must be very laige
in terms of wavelength. Principles involved in
parabolic reflector design are discussed by
WA9HUYV in QST for June, 1971, page 100.

CIRCULAR POLARIZATION

Polarization is described as “horizontal” or
“vertical,” but these terms have no meaning once
the reference of the earth’s surface is lost. Many
propagation factors can cause polarization change:
reflection or refraction, passage through magnetic
fields (Faraday rotation) and, satellite rolling, for
examples. Polarization of vhf waves is often

l-—-IZ%"—-I t——lZé”——{
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Fig. 22-18 — Model showing recommended method
for assembling all-metal arrays. Suitable assembling
clips can be cut and bent from sheet aluminum.
Supporting structure should be in back of all active
elements of the array.

random, so an antenna capable of accepting any
polarization is useful. Circular polarization, gener-
ated with helical antennas or with crossed elements
fed 90 degrees out of phase, has this quality.

The circularly-polarized wave, in effect, threads
its way through space, and it can be left- or
right-hand polarized. These polarization “‘senses”
are mutually exclusive, but either will respond to
any plane polarization. A wave generated with
right-hand polarization comes back with left-hand,
when reflected from the moon, a fact to be borne
in mind in setting up EME circuits. Stations
communicating on direct paths should have the
same polarization sense.

Both senses can be generated with crossed
dipoles, with the aid of a switchable phasing
harness. With helical arrays, both senses are
provided with two antennas, wound in opposite
directions.

Helical Antenna for 432 MHz

The 8-turn helix of Fig. 22-20 is designed for
432 MHz, with left-hand polarization. It is made

Fig. 22-19 — Large coi-
3 linear arrays should be fed
as sets of no more than 8
driven elements each, inter-
connected by phasing lines.
This 48-element array for

Lt

-
53z 432 MHz (A) is treated as
! if it were four 12-element
collinears. Reflector ele-
ments are omitted for clar-
ity. Phasing harness is
shown at B.




Circular Polarization

Fig. 22-20 — An 8-turn 432-MHz helical array,
wound from aluminum clothesline wire. Left-hand
polarization is shown. Each turn is one wavelength,
with a pitch of 0.25 wavelength. Feed is with
50-ohm coax, through an 84-ohm Q section.

from 213 inches of aluminum clothesline wire,
including 6 inches that are used for cutting back to
adjust the feed impedance.

Each turn is one wavelength long, and the pitch
is about 0.25 wavelength. Turns are stapled to the
wooden supports, which should be water-proofed
with lquid fiber glass or exterior varnish. The
reflecting screen is one wavelength square, with a
Type N coaxial fitting soldered at its center, for
connection of the required coaxial @ section.

The nominal impedance of a helical antenna is
140 ohms, calling for an 84-ohm matching section
to match to a 50-ohm line. This can be
approximated with copper tubing of 0.4-inch
inside diameter, with No. 10 inner conductor, both
6 1/2 inches long. With the antenna and trans-
former connected, apply power and trim the outer
end of the helix until reflected power approaches
zero.

The support arms are made from sections of
1X1 wood and are each 60 inches long. The
spacing between them is 8.25 inches, outer
dimension. The screen of the antenna in Fig. 22-20
is tacked to the support arms for temporary use. A
wooden framework for the screen would provide a
more rugged antenna structure. The theoretical
gain of an 8-turn helical is approximately 14
decibels. Where both right- and left-hand circu-
larity is desired, two antennas can be mounted on a
common framework, a few wavelengths apart, and
wound for opposite sense.

A TRANSMATCH FOR 50 AND
144 MHz

The antenna couplers as shown in Fig. 22-21
will permit unbalanced transmitter output lines

635

(50-75 ohms) to be matched to balanced feeders in
the 300 to 450-ohm impedance range. Also,
“coax-to-coax” matching is possible with this
circuit, permitting 50-ohm lines to be matched to
75-ohm lines, or vice versa. In situations where a
high SWR condition exists where an antenna is
being used in a part of the band to which it has not
been tuned, this coupler will enable the transmitter
to look into a flat load, thus permitting maximum
loading for better efficiency.

Couplers of this type are beneficial in the
reduction of harmonic energy from the trans-
mitter, an aid to TVI reduction. It should be
possible to realize a 30-dB or greater decrease in
harmonic level by using this Transmatch between
the transmitter and the feed line. When connected
ahead of the receiver as well — a common
arrangement — the added selectivity of the
coupler’s tuned circuits will help to reduce images
and other undesired receiver responses from out-
of-band signals. It is wise to remember that the use
of devices of this kind will not correct for any
mismatch that exists at the antenna end of the line.
Although it assures a good match between the
transmitter and the line, it can only disguise the
fact that a mismatch exists at the antenna.

The Circuit

Balanced circuits are used for both bands, Fig.
22-22. Butterfly capacitors are employed to aid in
securing good circuit symmetry. The links of each
tuned circuit, L2 and L3, are series tuned by
single-ended capacitors to help tune out reactance
in the line.

Construction

A 4-1/2 X 4-1/2 X 2-inch homemade cabinet
houses the 2-meter Transmatch; A Ten-Tec JW-5 is
used as an enclosure for the 50-MHz unit. Other
commercially made cabinets would be suitable,
also. The two tuning controls are mounted in a line
across the front of each cabinet. The main coil in
each Transmatch is supported by a ceramic
standoff insulator on one end and by the con-
nection to the TUNING capacitor on the other.
The links are self supporting. The coil taps are
effected by bending standard No.6 solder lugs

2221 —

These 6-
matches may be used with powers up to 500 watts.
They can be employed with either balanced or
unbalanced feeders.

Fig. and 2-meter Trans-
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Fig. 22-22 — The schematic diagram of the vhf Transmatches. Capacitance is in pF unless otherwise

noted. Resistance is in ohms, k = 1000.

C1 — 26-pF per section butterfly (E.F. Johnson
167-22).

C2 — 100-pF miniature variable (Millen 20100).

C3 — 35-pF miniature variable (Millen 20035).

C4 — 10-pF per section butterfly (E.F. Johnson
167-21).

J1-44, incl. — Insulated binding post.

J5-48, incl. — S0-239-style chassis connector.

L1 — 7 turns No. 10 copper wire, 1 1/2-inch dia,

Fig. 22-23 — Inside view of the two Transmatches.

around the coil wire at the proper spots, then
soldering the lugs in place. No. 20 bus wire is used
to connect the taps of L1 to jacks J1 and J2. When
operating coax-to-coax style, a short jumper wire
connects J1 to its ground lug, or J4 to its ground
lug, depending on the band being operated. The

jumper must be removed for balanced-feeder.

operations.

Operation

Attach the vhf transmitter to J7 or J8 with a
short length of coax cable. Connect a balanced

spaced one wire thickness between turns. Tap 2
1/2 turns from each end.

L2 — 2 turns No. 14 enam. or spaghetti-covered
bare wire, 2-inch dia, over center of L1.

L3 — 2 turns No. 14 enam. or spaghetti-covered
bare wire, 1 1/2-inch dia. over center of L4.

L4 — 5 turns No. 10 copper wire, 1-inch dia,
spaced one wire thickness between turns. Tap 1
1/2 turns from each end.

feeder to J1 and J2 (for 50-MHz operation), or to
J4 and J5 (for 144-MHz operation). A reflected-
power meter or SWR bridge connected between
the Transmatch and the transmitter will aid in the
adjustment process. Adjust C1 and C2, alternately
(for 50-MHz operation) for minimum meter

‘reading on the SWR indicator. For 144-MHz

operation, tune C3 and C4 in the same manner.
Repeat the tuning until no further reduction in
reflected power is possible. The meter should fall
to zero, indicating a 1:1 match. No further
adjustments will be needed until the transmitter
frequency is moved 50kHz or more. The tuning
procedure is identical for matching coax to coax.
In doing so, however, the antenna feed line (coax)
is connected to either J3 or J6 and the shorting
strap (discussed earlier) must be connected to J1 or
J4. In some situations, it may be possible to get a
better match by leaving the shorting strap off.

After the coupler is tuned up, the transmitter
power can be increased to its normal level. These
units will handle power levels up to 500 watts
(transmitter output power) provided the coupler is
tuned for a matched condition at all times.
Reduced power (less than 50 watts) should be used
during initial tune up, thus preventing parts from
being damaged by heating or arcing. The coupler
should never be operated without a load connected
to its output terminals.

AN INEXPENSIVE DIRECTIONAL COUPLER

Precision in-line metering devices that are
capable of reading forward and reflected power
over a wide range of frequencies are very useful in
amateur vhf and uhf work, but their rather high
cost puts them out of the reach of many vhf
enthusiasts. The device shown in Fig. 22-25 is an
inexpensive adaptation of their basic principles.
You can make it yourself for the cost of a meter, a
few small parts, and bits of copper pipe and fittings

that can be found in the plumbing stocks at many
hardware stores.

Construction

The sampler consists of a short section of
hand-made coaxial line, in this instance of 50 ohms
impedance, with a reversible probe coupled to it. A
small pickup loop built into the probe is termin-
ated with a resistor at one end and a diode at the
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other. The resistor matches the impedance of the
loop, not the impedance of the line section. Energy
picked up by the loop is rectified by the diode, and
the resultant current is fed to a meter equipped
with a calibration control.

The principal metal parts of the device are a
brass plumbing T, a pipe cap, short pieces of
3/4-inch ID and 5/16-inch OD copper pipe, and
two coaxial fittings. Other available tubing com-
binations for 50-ohm line may be usable. The ratio
of outer-conductor ID to inner-conductor OD
should be 2.4/1. For a sampler to be used with
other impedances of transmission line, see Chapter
20 for suitable ratios of conductor sizes. The
photographs and Fig. 22-26 just about tell the rest
of the story.

Soldering of the large parts can be done with a
300-watt iron or a small torch. A neat job can be
done if the inside of the T and the outside of the
pipe are tinned before assembling. When the pieces
are reheated and pushed together, a good mechan-
ical and electrical bond will result. If a torch is
used, go easy with the heat, as an over-heated and
discolored fitting will not accept solder well.

Coaxial connectors with Teflon or other heat-
resistant insulation are recommended. Type N,
with split-ring retainers for the center conductors,
are preferred. Pry the split-ring washers out with a
knife point or small screwdriver. Don’t lose them,
as they’ll be needed in the final assembly.

The inner conductor is prepared by making
eight radial cuts in one end, using a coping saw
with a fine-toothed blade, to a depth of 1/2 inch.
The fingers so made are then bent together,
forming a tapered end, as seen in Fig. 22-26. Solder
the center pin of a coaxial fitting into this, again
being careful not to overheat the work.

In preparation for soldering the bodyyof the
coax connector to the copper pipe, it is convenient
to use a similar fitting clamped into a vise as a
holding fixture, with the T assembly resting on
top, held in place by its own weight. Use the
partially prepared center conductor to assure that
the coax connector is concentric with the outer
conductor. After being sure that the ends of the

1000pF
czp

Fig. 22-25 — Circuit diagram for the line sampler.

C1 — 500-pF feedthrough capacitor, solder-in type.

C2 — 1000-pF feedthrough capacitor, threaded
type.
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Fig. 22-24 -—
sampler. The brass T and two end sections are at
the back of the picture. A completed probe
assembly is at the right. The N connectors have
their center pins removed. The pins are shown with
one inserted in the left end of the inner conductor
and the other lying in the right foreground.

Major components of the line

pipe are cut exactly perpendicular to the axis,
apply heat to the coax fitting, using just enough so
that a smooth fillet of solder can be formed where
the flange and pipe meet.

Before completing the center conductor, check
its length. It should clear the inner surface of the
connector by the thickness of the split ring on the
center pin. File to length; if necessary, slot as with
the other end, and solder the center pin in place.
The fitting can now be soldered onto the pipe, to
complete the 50-ohm line section.

The probe assembly is made from a 1-1/2-inch
length of the copper pipe, with a pipe cap on the
top to support the upper feedthrough capacitor,
C2. The coupling loop is mounted by means of
small Teflon standoffs on a copper disk, cut to fit
inside the pipe. The disk has four small tabs around

CALIBRATE
50K

CR1
1N295, or similar.

J1,J2 — Coaxial connector, type N (UG-58A/U).

L1 — Pickup loop, copper strap 1 inch long X 3/16

— Germanium diode 1N34, 1N60, 1N270,

inch wide. Bend into “C"” shape with flat
portion 5/8-inch tong.

M1 — 0-100-UA meter.

R1 — Composition resistor, 82 to 100 ohms. See
text.

R3 — 50,000-ohm composition control,
taper.

linear
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Fig. 22-26 — Cross-section view of the line sampler.
The pickup loop is supported by two Teflon
standoff insulators. The probe body is secured in
place with one or more locking screws through
holes in the brass T.
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the edge for soldering inside the pipe. The diode,
CR1, is connected between one end of the loop
and a 500-pF feedthrough capacitor, C1, soldered
into the disk. The terminating resistor, R1, is
connected between the other end of the loop and
ground, as directly as possible.

When the disk assembly is completed, insert it
into the pipe, apply heat to the outside, and solder
the tabs in place by melting solder into the
assembly at the tabs. The position of the loop with
respect to the end of the pipe will determine the
sensitivity of a given probe. For power ievels up to
200 watts the loop should extend beyond the face
of the pipe about 5/32 inch. For use at higher
power levels the loop should protrude only 3/32
inch. For operation with very low power levels the
probe position can be determined by experiment.

The decoupling resistor, R2, and feedthrough
capacitor, C2, can be connected, and the pipe cap
put in place. The threaded portion of the capacitor
extends through the cap. Put a solder lug over it
before tightening its nut in place. Fasten the-cap
with two small screws that go into threaded holes
in the pipe.

Calibration

The sampler is very useful for many jobs, even
if it is not accurately calibrated, though it is
desirable to calibrate it against a wattmeter of
known accuracy. A good 50-ohm dummy load isa
must.

The first step is to adjust the inductance of the
loop or the value of the terminating resistor, for
lowest reflected-power reading. The loop is the
easier to change. Filing it to reduce its width will
increase its impedance. Increasing the cross-section
of the loop will lower it, and this can be done by
coating it with solder. When the reflected-power
reading is reduced as far as possible, reverse the
probe and calibrate for forward power, by increas-

ing the transmitter power output in steps and
making a graph of the meter readings obtained. Use
the calibration control, R3, to set the maximum
reading.

Variations

Rather than use one sampler for monitoring
both forward and reflected power by repeatedly
reversing the probe, it is better to make two
assemblies by mounting two T fittings end-to-end,
using one for forward and one for reflected power.
The meter can be switched between the probes, or
two meters can be used.

The sampler described was calibrated at 146
MHz, as it was intended for 2-meter repeater use.
On higher bands the meter reading will be higher
for a given power level, and it will be lower for
lower-frequency bands. Calibration for two or
three adjacent bands can be achieved by making
the probe depth adjustable, with stops or marks to
aid in resetting for a given band. And, of course,
more probes can be made, with each calibrated for
a given band, as is done in some of the commercial-
ly available units.

Other sizes of pipe and fittings can be used, by
making use of information given in Chapter 20 to
select conductor sizes required for the desired
impedances. (Since it is occasionally possible to
pick up good bargains in 72-ohm line, you might
like to make up a sampler for this impedance.)

Type N fittings were used because of their
constant impedance, and their ease of assembly.
Most have the split-ring retainer, which is simple to
use in this application. Some have a crimping
method, as do apparently all BNC connectors. If a
fitting must be used that cannot be taken apart,
drill a hole large enough to clear a soldering iron
tip in the copper-pipe outer conductor. A hole of
up to 3/8-inch diameter will have very little effect
on the operation of the sampler.



Assembling
Station

The actual location inside the house of the
“shack™ — the room where the transmitter and
receiver are located — depends, of course, on the
free space available for amateur activities. Fortu-
nate indeed is the amateur with a separate room
that he can reserve for his hobby, or the few who
can have a special small building separate from the
main house. However, most amateurs must share a
room with other domestic activities, and amateur
stations will be found tucked away in a corner of
the living room, a bedroom, or even a large closet!
A spot in the cellar or the attic can almost be
classed as a separate room, although it may lack
the “finish” of a normal room.

Regardless of the location of the station,
however, it should be designed for maximum
operating convenience and safety. It is foolish to
have the station arranged so that the throwing of
several switches is required to go from “receive” to
“transmit,” just as it is silly to have the equipment
arranged so that the operator is in an uncomfort-
able and cramped position during his operating
hours. The reason for building the station as safe as
possible is obvious, if you are interested in spend-
ing a number of years with your hobby!

CONVENIENCE

The first consideration in any amateur station is
the operating position, which includes the opera-
tor’s table and chair and the pieces of equipment
that are in constant use (the receiver, send-receive
switch, and key or microphone). The table should
be as large as possible, to allow sufficient room for
the receiver or receivers, transmitter frequency
control, frequency-measuring equipment, monitor-
ing equipment, control switches, and keys and
microphones, with enough space left over for the
logbook, a pad and pencil. Suitable space should be
included for radiogram blanks and a Callbook, if
these accessories are in frequent use. If the table is
small, or the number of pieces of equipment is
large, it is often necessary to build a shelf or rack
for the auxiliary equipment, or to mount it in
some less convenient location in or under the table.
If one has the facilities, a semicircular ‘‘console”
can be built of wood, or a simpler solution is to use
two small wooden cabinets to support a table top
of wood or Masonite. A flush-type door will make
an excellent table top. Homebuilt tables or con-
soles can be finished in any of the available oil
stains, varnishes, paints or lacquers. Many opera-
tors use a large piece of plate glass over part of
their table, since it furnishes a good writing surface
and can cover miscellaneous charts and tables,
prefix lists, operating aids, calendar, and similar
accessories.

Chapter 23

If the major interests never require frequent
band changing, or frequency changing within a
band, the transmitter can be located some distance
from the operator, in a location where the meters
can be observed from time to time. If frequent
band or frequency changes are a part of the usual
operating procedure, the transmitter should be
mounted close to the operator, either along one
side or above the receiver, so that the controls are
easily accessible without the need for leaving the
operating position.

A compromise arrangement would place the
VFO or exciter at the operating position and the
transmitter proper in some convenient location not
adjacent to the operator. Since it is usually possible
to operate over a portion of a band without
retuning the transmitter stages, an operating posi-
tion of this type is an advantage over one in which
the operator must leave his position to change
frequency.

Controls

The operator has an excellent chance to exer-
cise his ingenuity in the location of the operating

LA W

This modern-day operating position was built by
K@GKB, of Boulder Colorado. Installing a desk in a
corner allows a large amount of table-top area, to
be within reach of the operator. Shelves mounted
above the operating position provide convenient
storage space for books and station accessories.

639
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controls. The most important controls in the
station are the receiver tuning dial and the send-
receive switch. The receiver tuning dial should be
located four to eight inches above the operating
table, and if this requires mounting the receiver off
the table, a small shelf or bracket will do the trick.
With the single exception of the amateur whose
work is almost entirely in traffic or rag-chew nets,
which require little or no attention to the receiver,
it will be found that the operator’s hand is on the
receiver tuning dial most of the time. If the tuning
knob is too high or too low, the hand gets cramped
after an extended period of operating, hence the
importance of a properly located receiver. The
majority of cw operators tune with the left hand,
preferring to leave the right hand free for copying
messages and handling the key, and so the receiver
should be mounted where the knob can be reached
by the left hand. Phone operators aren’t tied down
this way, and tune the communications receiver
with the hand that is more convenient.

The hand key should be fastened securely to
the table, in a line just outside the right shoulder
and far enough back from the front edge of the
table so that the elbow can rest on the table. A
good location for the semiautomatic or “bug” key
is right next to the hand-key, although some
operators prefer to mount the automatic key in
front of them on the left, so that the right forearm
rests on the table parallel to the front edge.

The best location for the microphone is directly
in front of the operator, so that he doesn’t have to
shout across “the table into it, or run up the
speech-amplifier gain so high that all manner of
external sounds are picked up. If the microphone is
supported by a boom or by a flexible “goose neck”
it can be placed in front of the operator without its
base taking up valuable table space.

In any amateur station worthy of the name, it
should be necessary to throw no more than one
switch to go from the “receive” to the “transmit™
condition. In phone stations, this switch should be
located where it can be easily reached by the hand
that isn’t on the receiver. In the case of cw
operation, this switch is most conveniently located
to the right or left of the key, although some
operators prefer to have it mounted on the
left-hand side of the operating position and work it
with the left hand while the right hand is on the
key. Either location is satisfactory, of course, and
the choice depends upon personal preference.
Some operators use a foot- or knee-controlled
switch, which is a convenience but doesn’t aliow
too much freedom of position during long operat-
ing periods.

If the microphone is hand held during phone
operation a ‘“‘push-to-talk™ switch on the micro-
phone is convenient, but hand-held microphones
tie up the use of one hand and are not too
desirable, although they are widely used in mobile
and portable work.

The location of other switches, such as those
used to control power supplies, and phone/cw
changeover, is of no particular importance, and
they can be located on the unit with which they
are associated. This is not strictly true in the case

ASSEMBLING A STATION

of the phone/cw DX man, who sometimes has need
to change in a hurry from cw to phone. In this
case, the changeover switch should be at the
operating table, although the actual changeover
may be done by a relay controlled by the switch.

If a rotary beam is used the control of the beam
should be convenient to the operator. The direc-
tion indicator, however, can be located anywhere
within sight of the operator, and does not have to
be located on the operating table unless it is
included with the control.

Frequency Spotting

The operator should be able to turn on only the
oscillator of his transmitter, so that he can spot
accurately his location in the band with respect to
other stations. This allows him to see if he has
anything like a clear channel, or to see what his
frequency is with respect to another station. Such
a provision can be part of the ‘‘send-receive”
switch. Switches are available with a center “off”
position, a “hold” position on one side, for turning
on the oscillator only, and a “lock™ position on the
other side for turning on the transmitter and
antenna relay. If oscillator keying is used, the key
serves the same purpose, provided a ““send-receive™
switch is available to disable the rest of the
transmitter and prevent a signal going out on the
air during adjustment of the oscillator frequency.

For phone operation, the telegraph key or an
auxiliary switch can control the transmitter oscilla-
tor, and the ‘‘send-receive” switch can then be
wired into the control system so as to control the
oscillator as well as the other circuits.

Comfort

Of prime importance is the comfort of the
operator. If you find yourself getting tired after a
short period of operating, examine your station to
find what causes the fatigue. It may be that the
chair is too soft or hasn’t a straight back or is the
wrong height for you. The key or receiver may be
located so that you assume an uncomfortable
position while using them. If you get sleepy fast,
the ventilation may be at fault.

POWER CONNECTIONS AND CONTROL

Following a few simple rules in wiring your
power outlets and control circuits will make it an
easy job to change units in the station. If the
station is planned in this way from the start, or if
the rules are recalled when you are rebuilding, you
will find it a simple matter to revise your station
from time to time without a major rewiring job.

It is neater and safer to run a single pair of
wires from the outlet over to the operating table or
some central point, rather than to use a number of
adapters at the wall outlet.

Interconnections

The ac wiring of most stations will entail little
more than finding sufficient wall outlets to accept
the power-cable plugs from the several units.
However, a more sophisticated station would pro-
vide the various outlets at some inconspicuous area
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at the operating table or console. If the transmitter
power is in excess of 500 watts it is advisable to
provide 230 volts for its power supply (Gf it will
work from 230 volts) rather than the more
common 117-volt source. The higher voltage
source will provide better regulation, and the house
lights are less likely to “blink” .with keying or
modulation. A single switch, either on the wall of
the “shack” or at the operating position, should
control all of the 117- and 230-volt outlets; this
makes it a simple matter to turn on the station to
the “standby” condition.

The nature of the send-receive control circuitry
depends so much upon the equipment in use that it
is impossible to give anything but the broadest
principles to follow. With commercial equipment,
the instruction books usually provide some sugges-
tions. In some cases the antenna-transfer relay is
provided also, so that the antenna is connected to
the transmitter and a cable from the transmitter is
connected to the receiver. Normally the receiver is
connected to the antenna through this relay. When
the transmitter is “on” the relay transfers the
antenna to the transmitter output circuit.

Lacking a built-in antenna transfer relay, many
arnateurs make do with a short separate wire for
the receiving antenna. While this is acceptable in
many instances, it is seldom as effective (on
receiving) as using the same antenna for transmit-
ting and receiving. A separate antenna relay can be
used; several models are available, for use with
coaxial or open-wire line. Models are available for
use with 117-volt ac or 12-volt dc. Some have an
auxiliary set of contacts that can be used to
control the transmitter ‘“‘on” function and the
receiver “‘mute” circuit.

Break-In and Push-To-Talk

In cw operation, “break-in” is any system that
allows the transmitting operator to hear the other
station’s signal during the “key-up” periods be-
tween characters and letters. This allows the
sending station to be “broken” by the receiving
station at any time, to shorten calls, ask for “fills”
in messages, and speed up operation in general.
With present techniques, it requires the use of a
separate receiving antenna or an electronic “T-R”
switch and, with high power, some means for
protecting the receiver from the transmitter when
the key is “down.” If the transmitter is low-pow-
ered (50 watts or so), no special equipment is
required except the separate receiving antenna and
a receiver that “recovers” fast. Where break-in
operation is used, the output stage should be
disabled when adjusting the oscillator to a new
frequency, to avoid radiating an unnecessary signal.

“Push-to-talk™” is an expression derived from
the “PUSH” switch on some microphones, and it
means a phone station with a single control for all
changeover functions. Strictly speaking, it should
apply only to a station where this single send-
receive switch must be held in place during
transmission periods, but any fast-acting switch
will give practically the same effect. A control
switch with a center “OFF” position, will give
more flexibility than a straight “push” switch. The
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one switch must control the transmitter, the
receiver “on-off” circuit and, if one is used, the
antenna changeover relay. The receiver control is
necessary to disable its output during transmit
periods, to avoid acoustic feedback. A “foot
switch™ on the floor at the operating position is a
convenient control.

Many ssb transmitters provide for “VOX”
(voice-controlled) operation, where the transmitter
is turned on automatically at the first voice syllable
and is held on for a half second or more after the
voice stops. Operation with a VOX-operated ssb
transmitter is similar to cw break-in, in that a
separate receiving antenna or an antenna transfer
relay or an electronic T-R switch is required.

Switches and Relays

It is dangerous to use an overloaded switch in
the power circuits. After it has been used for some
time, it may fail, leaving the power on the circuit
even after the switch is thrown to the “OFF”
position. For this reason, large switches, or relays
with adequate ratings, should be used to control
the plate power. Relays are rated by coil voltages
(for their control circuits) and by their current and
voltage ratings. Any switch or relay for the
power-control circuits of an amateur station should
be conservatively rated; overloading a switch or
relay is very poor economy. Switches rated at 20

WBOFMH
operating position of their high school club station.
This very active radio club is equipped for all bands
from 1.8 MHz through 450 MHz on several modes,
including SSTV.

and WBODMX are shown at the



This modern amateur radio station is equipped for
use in the hf bands. The gear is neatly arranged to
provide the operator (K1ZND) with easy access to
the various units. The foundation is made from
plywood fashioned in the form of a console. The
station belongs to K1THQ.

ampers at 125 volts will handle the switching of
circuits at the kilowatt level, but the small toggle
switches rated 3 ampers at 125 volts should be
used only in circuits up to about 150 watts.

When relays are used, the send-receive switch
closes the circuits to their coils. The energized
relays close the heavy-duty relay contacts. Since
the relay contacts are in the power circuit being
controlled, the switch handles only the relay-coil
current. As a consequence, this switch can have a
low current rating. '

SAFETY

Of prime importance in the layout of the
station is the personal safety of the operator and of
visitors, invited or otherwise, during normal operat-
ing practice. If there are small children in the
house, every step must be taken to prevent their
accidental contact with power leads of any voltage.
A locked room is a fine idea, if it is possible,
otherwise housing the transmitter and power sup-
plies in metal cabinets is an excellent, although
expensive solution. Lacking a metal cabinet, a
wood cabinet or a wooden framework covered
with wire screen is the next-best solution. Many
stations have the power supplies housed in metal
cabinets in the operating room or in a closet or
basement, and this cabinet or entry is kept locked
— with the key out of reach of everyone but the
operator. The power leads are run through conduit
to the transmitter, using ignition cable for the
high-voltage leads. If the power supplies and
transmitter are in the same cabinet, a lock-type
main switch for the incoming line power is a good
precaution.

A simple substitute for a lock-type main switch
is an ordinary line plug with a short connecting
wire between the two pins. By wiring a female
receptacle in series with the main power line in the
transmitter, the shorting plug will act as the main
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safety lock. When the plug is removed and hidden,
it will be impossible to energize the transmitter,
and a stranger or child isn’t likely to spot or
suspect the open receptacle.

An essential adjunct to any station is a shorting
stick for discharging any high voltage to ground
before any work is done in the transmitter. Even if
interlocks and power-supply bleeders are used, the
failure of one or more of these components may
leave the transmitter in a dangerous condition. The
shorting stick is made by mounting a small metal
hook, of wire or rod, on one end of a dry stick or
bakelite rod. A piece of ignition cable or other
well-insulated wire is then run from the hook on
the stick to the chassis or common ground of the
transmitter; and the stick is hung alongside the
transmitter. Whenever the power is turmed off in
the transmitter to permit work on the rig, the
shorting stick is first used to touch the several
high-voltage leads ‘(plate rf choke, filter capacitor,
tube plate connection) to insure that there is no
high voltage at any of these points.

Fusing

A minor hazard in the amateur station is the
possibility of fire through the failure of a compon-
ent, If the failure is complete and the component is
large, the house fuses will generally blow. However,
it is unwise and inconvenient to depend upon the
house fuses to protect the lines running to the
radio equipment, and every power supply should
have its primary circuit individually fused, at about
150 to 200 percent of the maximum rating of the
supply. Circuit breakers can be used instead of
fuses if desired,

Wiring

Control-circuit wires running between the oper-
ating position and a transmitter in another part of
the room should be hidden, if possible. This can be
done by running the wires under the floor or
behind the base molding, bringing the wires out to
terminal boxes or regular wall fixtures. Such
construction, however, is generally only possible in
elaborate installations, and the average amateur
must content himself with trying to make the wires
as inconspicuous as possible. If several pairs of
leads must be run from the operating table to the
transmitter, as is generally the case, a single piece
of rubber- or vinyl-covered multiconductor cable
will always look neater than several pieces of
rubber-covered lamp cord, and it is much easier to
sweep around or dust.

Solid or standard wire connected to a screw
terminal (ac plug, antenna binding posts) should
either be “hooked™ around a clockwise direction,
or, better yet, be terminated in a soldering lug. If
the wire is hooked in a counter-clockwise position,
it will tend to move out from under the screw head
as the screw is tightened.

The antenna wires always present a problem,
unless coaxial-line feed is used. Open-wire line
from the point of entry of the antenna line should
always be amranged neatly, and it is generally best
to support it at several points. Many operators



A world map can be placed under a large sheet of
glass to provide a convenient position for refer-
ence. A skill, which has been developed by many
amateurs, is the ability to write with one hand
while operating the key with the other. Shown
here is WATNNC.

prefer to mount any antenna-tuning assemblies
right at the point of entry of the feedline, together
with an antenna changeover relay (if one is used),
and then link from the tuning assembly to the
transmitter can be made of inconspicuous coaxial
line. If the transmitter is mounted near the point
of entry of the line, it simplifies the problem of
“What to do with the feeders?”

Lightning and Fire Protection

The National Electrical Code (NFPA No. 70)
adopted by the National Fire Protection Associa-
tion, although purely advisory as far as the NFPA
is concerned, is of interest because it is widely used
in law and for legal regulatory purposes. Article
810 deals with radio and television equipment, and
Section C treats specifically amateur transmitting
and receiving stations. Pertinent paragraphs are
reprinted below:

810-11. Material. Antenna and lead-in conduc-
tors shall be of hard-drawn copper, bronze, alumi-
num alloy, copper-clad steel or other high-strength,
corrosion-resistant material. Soft-drawn or medi-
um-drawn copper may be used for lead-in condue-
tors where the maximum span between points of
support is less than 35 feet.

810-12. Supports. Outdoor antenna and lead-in
conductors shall be securely supported. They shall
not be attached to poles or similar structures
carrying electric light or power wires or trolley
wires of more than 250 volts between conductors.
Insulators supporting the antenna conductors shall
have sufficient mechanical strength to safely sup-
port the conductors. Lead-in conductors shall be
securely attached to the antenna.

810-13. Avoidance of Contacts with Conduc-
tors of Other Systems. Outdoor antenna and
lead-in conductors from an antenna to a building
shall not cross over electric light or power circuits
and shall be kept well away from all such circuits
so as to avoid the possibility of accidental contact.
Where proximity to electric light and power service
conductors of less than 250 volts between conduc-
tors cannot be avoided, the installation shall be
such as to provide a clearance of at least two feet.
It is recommended that antenna conductors be so
installed as not to cross under electric light or
power conductors.

810-14. Splices. Splices and joints in antenna
span shall be made with approved splicing devices
or by such other means as will not appreciably
weaken the conductors.

Soldering may ordinarily be expected to weak-
en the conductor. Therefore, the joint should be
mechanically secure before soldering.

810-15. Grounding. Masts and metal structures
supporting antennas shall be permanently and
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effectively grounded, without intervening splice or
connection.

810-21. Grounding Material. The grounding
conductor shall, unless otherwise specified, be of
copper, aluminum, copper-clad steel, bronze, or
other corrosion-resistant material.

810-22. Insulation. The grounding conductors
may be uninsulated.

810-23. Supports. The grounding conductors
shall be securily fastened in place and may be
directly attached to the surface wired over without
the use of insulating supports. Where proper
support cannot be provided the size of the ground-
ing conductor shall be increased proportionately.

810-24. Mechanical Protection. The grounding
conductor shall be protected where exposed to
physical damage or the size of the grounding
conductor shall be increased proportionately to
compensate for the lack of protection.

810-25. Run in Straight Line. The grounding
conductor shall be run in as straight a line as
practicable from the antenna mast and/or lightning
arrestor to the grounding electrode.

810-26. Grounding Electrode. The grounding
conductor shail be connected to a metallic under-
ground water piping system. Where the building is
not supplied with a (suitable) water system (one
buried deeper than ten feet) the connection shall
be made to the metal frame of the building when
effectively grounded or to a grounding elecirode.
At a penthouse or similar location the ground
conductor may be connected to a water pipe or
rigid conduit.

810-27. Grounding Conductor. The grounding
conductor may be run either inside or outside the
building.

810-52. Size of Antenna. Antennas for
amateur transmitting and receiving stations shall be
of a size not less than given in Table 810-52.

Table 810-52

Size of Amateur-Station Outdoor Antenna
Conductors
Minimum Size of
Conductors

When Maximum Open
Span Length Is

Less than Over
Material 150 feet 150 feet
Hard-drawn copper 14 10
Copper-clad steel, bronze
or other high-strength
material 14 12
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810-53. Size of Lead-In Conductors. Lead-in
conductors for transmitting stations shall, for
various maximum span lengths, be of a size at least
as great as that of conductors for antenna specified
in 810-52.

810-54. Clearance on Building. Antenna con-
ductors for transmitting stations, attached to build-
ings, shall be firmly mounted at least 3 inches clear
of the surface of the building on nonabsorptive
insulating supports, such as treated pins or brack-
ets, equipped with insulators having not less than
3-inch creepage and airgap distances. Lead-in con-
ductors attached to buildings shall also conform to
these requirements, except when they are enclosed
in a continuous metal shield which is permanently
and effectively grounded. In this latter case the
metallic shield may also be used as a conductor.

810-55. Entrance to Building. Except where
protected with a continuous metal shield which is
permanently and effectively grounded, lead-in con-
ductors for transmitting stations shall enter build-
ing by one of the following methods:

(a) Through a rigid, noncombustible, nonab-
sorptive insulating tube or bushing.

(b) Through an opening provided for the pur-
pose in which the entrance conductors are firmly
secured so as to provide a clearance of at least 2
inches.

(¢) Through a drilled window pane.

810-56. Protection Against Accidental Contact.
Lead-in conductors to radio transmitters shall be so
located or installed as to make accidental contact
with them difficult.

810-57. Lightning Arrestors — Transmitting
Stations. Each conductor of a lead-in for outdoor
antenna shall be provided with a lightning arrestor
or other suitable means which will drain static
charges from the antenna system. )

Exception No. 1, When protected by a continu-
ous metallic shield which is permanetly and effec-
tively grounded,

Exception No. 2. Where the antenna is perma-
nently and effectively grounded.

810-59. Size of Protective Ground. The protec-
tive ground conductor for transmitting stations
shall be as large as the lead-in, but not smalier than
No. 10 copper, bronze or copper-clad steel.

810-60. Size of Operating Grounding Con-

ductor. The operating grounding conductor for
transmitting stations shall be not less than No. 14
copper or its equivalent.

810-70. Clearance from Other Conductors. All
conductors inside the building shall be separated at
least 4 inches from the conductors of other light or

ABJUST +-No 4 or LARGER

TO GROUND

[*——— SAME SPACING AS FEEDERS—“J

Fig. 23-1 — A simple lightning arrester made from
three stand-off or feedthrough insulators and
sections of a 1/8 X 1/2-inch brass or copper strap.
It should be installed in the open-wire or
Twin-Lead line at the point where it is nearest the
ground outside the house. The heavy ground lead
should be as short and direct as possible. Gap
setting should be minimum for transmitter power.

signal circuit unless separated therefrom by
conduit or some firmly fixed non conductor such
as porcelain tubes or flexible tubing.

810-71. General. Transmitters shall comply
with the following:

(a) Enclosing. The transmitter shall be enclosed
in a metal frame or grille, or separated from the
operating space by a barrier or other equivalent
means, all metallic parts of which are effectually
connected to ground,

(b) Grounding of Controls. All external metal-
lic handles and controls accessible to the operating
personnel shall be effectually grounded.

No circuit in excess of 150 volts between
conductors should have any parts exposed to direct
contact. A complete dead-front type of switch-
board is preferred.

(c) Interlocks on Doors. All access doors shall
be provided with interlocks which will disconnect
all voltages in excess of 350 volts between
conductors when any access door is opened.

(d) Audio Amplifiers. Audio amplifiers which
are located outside the transmitter housing shall be
suitably housed and shall be so located as to be
readily accessible and adequately ventilated.

This station, owned by the
Talcott Mountain UHF Soci-
ety, WA1I0X, is designed
expressly for moonbounce and
advanced amateur satellite
work. The operator
{(WA1JLD) is able to control
simultaneously the several re-
ceivers, “'steer’” the antennas,
and still have access to the
peripheral equipment for data
recording and measurement,

The basic equipment is
located on a table with home-
made wooden shelves. Acces-
sory equipment is located at
either side on stands or in
racks. This arrangement pro-
vides room for operation of
the station by more than one
operator at the same time —
an important consideration for
an advanced club station such
a WATIOX.




Safety

If coaxial line is used andan antenna has a dc
return throughout (gamma match), compliance
with 810-57 above is readily achieved by grounding
the shield of the coax at the point where it is
nearest to the ground outside the house. Use a
heavy wire — the aluminum wire sold for
grounding TV antennas is good. If the cable can be
run underground, one or more grounding stakes
should be located at the point where the cable
enters the ground, at the antenna end. A grounding
stake, to be effective in soils of average
conductivity, should be not less than 8 feet long.
Galvanized 3/4-inch iron pipe is acceptable, as is
5/8-inch steel rod or 1/2-inch nonferrous rod.
Making connection to the outside of the outer
conductor of the coaxial line will normally have no
effect on the SWR in the line, and consequently it
can be done at any point or points. A commercial
model of a lightning arrester for coaxial line is
available.

In some areas the probability of lightning surges
entering the home via the 117/230-volt line may be
high. A portion of the lightning surges originating
oun an overhead primary feeder can pass through
the distribution transformer by electrostatic and
electromagnetic coupling to the secondary circuit,
even though the primary is protected by
distribution-class lightning arresters. Radio equip-
ment can be protected from these surges by the use
of a ‘“secondary service lightning arrester.” A
typical unit is the G.E. Model 9L15CCB007,
marketed as the Home Lightning Protector. It is
mounted at the weatherhead or in the service
entrance box.

Rotary beams using a T or gamma match and
with each element connected to the boom will
usually be grounded through the supporting metal
tower. If the antenna is mounted on a wooden pole
or on the top of the house, a No. 4 or larger wire
should be connected from the beam to the ground
by the shortest and most direct route possible,
using insulators where the wire comes close to the
building. From a lightning-protection standpoint, it
is desirable to run the coaxial and control lines
from a beam down a metal tower and underground
to the shack. If the tower is well grounded and the
antenna is higher than any surrounding objects, the
combination will serve well as a lightning rod.

A blackboard mounted near the operating posi-
tion allows members of this club station, W8SH,
to list operating information for the benefit of
other club members.

The sole purpose of lightning rods or grounded
roofs is to protect a building in case a lightning
strike occurs; there is no accepted evidence that
any form of protection can prevent a stroke.*

Experiments have indicated that a high vertical
conductor will generally divert to itself direct hits
that might otherwise fall within a cone-shaped
space of which the apex is the top of the
conductor and the base a circle of radius
approximately two times the height of the
conductor. Thus a radio mast may afford some
protection to low adjacent structures, but only
when low-impedance grounds are provided.

*See “Code for Protection Against Lightning,”
National Bureau of Standards Handbook 46, for
sale by the Superintendent of Documents,
Washington DC 20402,



Chapter 24

Operating a Station

Good on-the-air operating practices are im-
portant to every amateur for at least three good
reasons: to assure compliance with regulations, to
permit a large volume of activity to be conducted
as efficiently and as simply as possible, and as a
matter of personal pride and competence. Good
practices is a very bewildering subject at first to
many new amateurs, but as in so many other fields,
it soon becomes apparent that there is a sound
basis of custom and tradition which has produced a
body of standard practices. These have evolved
over more than a half-century of experience. One
of the League’s important functions has been to
formalize, to foster and to encourage good
standard practices so that they have become
universal and accepted. Some of our standard
practices go back a long time; others have been
developed to meet changing circumstances, re-
quirements and technology.

It used to be that one standard was all that was
required. Today, things are different. There are
standard operating practices for cw, voice, RTTY
and repeaters, with additional standards for ATV
not too far away. Those for cw and voice are
pretty firmly established, but RTTY is newer and
repeater operation newer still. Your League will
take a crack at all of them. If its recommendations
don’t “take hold,” they will be changed until they
become acceptable to a majority in a particular
operating specialty. This has been the pattern on
cw and phone and will be the pattern on RTTY,
repeaters, satellites and whatever else comes along
in the future. Operating is better than 50% of most
amateurs’ lives. Better learn to do it right.

Initially, we’ll talk about phone and cw, be-
cause they can be covered together. RTTY and
repeaters will be handled separately.

ESTABLISHING A CONTACT

The best way to do this, especially at first, is to
listen until you hear someone calling CQ, and call
them. This requires a little patience, but that’s
something else all amateurs must learn if we are to
share our bands in harmony. Tune around near
your own frequency. If you hear a CQ, put your
vfo on that frequency (without putting a signal on
the air), wait until he indicates he is listening, then
call him, thus: “W6ZRJ, W6ZRIJ, this is WIPGY,
W7 Papa Golf Yankee calling, Over” On cw:

W6ZRJ W6ZRJ DE WTPGY W7PGY AR. If no
answer (to anyone) this may be repeated; brief,
repeated calls are preferred to long drawn out ones.
Chances are, if he is to hear you at all, he will hear
your first brief call; most amateurs seldom tune far
from their transmitting frequency to listen after a
CQ. Note the ending signals. These have a special
significance of their own to indicate to a casual
listener the “‘status of the contact.”

In answer to your call (assuming you are
heard), the called station will reply: “W7PGY from
W6ZRJ, roger . . .” and then go into con-
versation. On cw, it would be W7PGY DE W6ZRJ
R . . .. That “roger” (R) means that he has
received your call correctly. That’s all it means -
RECEIVED. It does not mean correct, 1 agree, |
will comply. It is not sent unless everything was
received correctly. Note also that “roger” is the
phonetic equivalent of the letter R only in this
usage. The regular phonetic for R is “Romeo.”

Perhaps W6ZRJ heard W7PGY but did not
catch his call. In this case, he might come back with
“The W7 station, please repeat your call, this is
W6ZRJ, over.” On cw: QRZ? W7? DE W6ZRJ AR.
The presence of interference (QRM) and at-
mospherics (QRN) in the amateur bands makes use
of this procedure fairly frequent, The contact
(QSO) can then continue. Please note the FCC
requirements on identification (97.87).

CALLING CQ

If you hear no CQ, you may wish to make such
a call yourself. Refrain from CQing unless you are
willing to establish contact with whoever calls. CQ
means “I wish to contact any amateur station.” If
this is not your desire, then don’t CQ, or be
specific in doing so. A CQ call can be somewhat
longer than a call to a specific station, because you
are trying to attract the attention of casual
listeners, including those tuning around looking for
someone to call. However, please avoid the com-
mon operating discrepancy of calling CQ endlessly;
it clutters up the air and drives off potential
“customers.” The average call would go something
like this: “Hello CQ, CQ, CQ, calling CQ, this is
WPPAN, W zero Papa Alpha November,
Bloomington, Minnesota, calling CQ and listening,
£0.” On cw: CQ CQ CQ DE W@PAN WQPAN
W@PAN K. After a brief standby for replies, if no
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OPERATING ABBREVIATIONS AND PREFIXES

Q SIGNALS

Given below are a mumber of Q signals whose
meanings most often need to be expressed with

brevity and clearness

in amateur work. (Q

abbreviations take the form of questions only
when each is sent followed by a question mark.)

QRG

QRH

QRI

QRK

QRL

QRM

QRN
QRO
QRP
QRQ
QRS

QRT
QRU

QRV
QRW

QRX

QRY
QRZ
QSA

QSB
QSD
QSsG
QSK

QSL

QsSM

QSN

Qso

Will you tell me my exact frequency (or
that of . . . )? Your exact frequency
(or thatof . . . )is . . . kHz.

Does my frequency vary? Your frequency
varies.

How is the tone of my transmission? The
tone of your transmission is . . . (1.
Good; 2. Variable; 3. Bad).

What is the intelligibility of my signals (or
those of . . . )? The intelligibility of
your signals (or those of .. .)
is . . . (1. bad; 2. poor; 3. fair; 4,
good; 5. excellent.

Are you busy? I am busy (or I am busy
with . . . ). Please do not interfere.

Is my transmission being interfered with?
Your transmission is being interfered
with . . . (1. nil; 2. slightly; 3.
moderately; 4. severely; 5. extremely.

Are you troubled by static? I am troubled
by static . . . (1-5 as under QRM).

Shall I increase power? Increase power.

Shall 1 decrease power? Decrease power.

Shall I send faster? Send faster
(... wpm).

Shall [ send more slowly? Send more
slowly ( . . . wpm).

Shall I stop sending? Stop sending.

Have you anything for me? I have
nothing for you.

Are you ready? I am ready.

Shait I inform ., . . that you are calling
him on . .. kHz? Please inform
. . . that I am callingon . . . kHz.

When will you call me again? I will call
you again at . . . hours (on . ..
kHz).

What is my turn? Your turn is number

Who is calling me? You are being called
by . .. (on . .. kHz).

What is the strength of my signals (or
those of . . . )? The strength of your
signals (or those of . . . )is . ..
(1. Scarcely perceptible; 2. Weak; 3.
Fairly good; 4. Good; 5. Very good).

Are my signals fading? Your signals are
fading.

Are my signals mutilated? Your signals
are mutilated.

Shail I send . . . messages at a
Send . . . messages at a time.

Can you hear me between your signals
and if so can I break in on your
transmission? I can hear you between
my signals; break in on my transmis-

time?

sion,
Can you acknowledge receipt? I am
acknowledging receipt.

Shall I repeat the last message which I
sent you, or some previous message?
Repeat the last message which you
sent me [or message(s) number(s)

Did you hear me (or .. .) on
. kHz? I did hear you (or . . . )

on . .. kHz.
Can you communicate with . . . direct
or by relay? I can communicate

Qsp
QSU

Qsv

QsSw

QSX
QSY

QSZ

QTA
QTB

QTC

QTH

QTR

with . . . direct (or by
through . . . ).

Will you relay to . .
to . ..

Shall I send or reply on this frequency (or
on . . . kHz)? Send or reply on this
frequency (oron . . . kHz).

Shall I send a series of Vs on this frequen-
cy (or. . . kH2z)? Send a series of Vs
on this frequency (or . . . kHz).

Will you send on this frequency (or
on . . . kHz)? I am going to send on

relay

.7 1 will relay

this frequency (or on . . . kHz).
Will you listen to . . . on . . . kHz?1
am listening to . . . on . . . kHz.

Shall I change to transmission on another
frequency? Change to transmission on
another frequency (or on . . . kHz).

Shall I send each word or group more
than once? Send each word or group
twice (or . . . times).

Shall I cancel message number . . . ?
Cancel message number . . .

Do you agree with my counting of
words? I do not agree with your
counting of words; I will repeat the
first letter or digit of each word or
group.

How many messages have you to send? I
have . . . messages for you (or for
R

What is your location? My location
is .

What
is

is the correct time? The time

Special abbreviations adopted by ARRL:

QST

General call preceding a message ad-
dressed to all amateurs and ARRL
members. This is in effect “CQ
ARRL.”

| ~Unreadable.

2--Barely readable, occasional words distinguishable.
3--Readable with considerable difficulty.

4 - Readable with practically no difficulty.
5-Perfectly readable.

| ~Faint signals barely perceptible.
2~Very weak signals.

3-Weak signals,

4--Fair signals.

S5-—Fairly good signals.

6--Good signals.

7-~Moderately strong signals.
8-Strong signals.

9-~Extremely strong signals.

1 -Sixty-cycle a.c. or less, very rough and broad.
2-Very rough a.c.. very harsh and broad.
3~Rough a.c. tone, rectified but not filtered.
4—Rough note, some trace of filtering.
5-Filtered

6-Filtered tone, definite trace of ripple modulation.
7~Near pure tone, trace of ripple modulation.
8-Near perfect tone, slight trace of modulation.

THE R-S-T SYSTEM
READABILITY

SIGNAL STRENGTH

TONE

rectified a.c. but
modulated.

strongly ripple-

9.-Perfect tone, no trace of ripple or modulation of
any kind.

The *‘tone’ report refers only to the purity of the
signal, and has no connection with its stability or
freedom from clicks or chirps. If the signal has the
characteristic steadiness of crystal control, add X to
the report (e.g.. RST 469X). If it has a chirp or “tail
(either on “make™ or “‘break”), add C (e.g., 4690). If
it has clicks or noticeable other Keying transients, add
K {e.g.. 469K). Of course a signal could have both
chirps and clicks, in which case both C and K coutd be
used (e.g.. RST 469CK).
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one answers and the frequency is still clear, you
can try again. Short calls and frequent standbys are
the best way to establish contact with the min-
imum QRM. This kind of procedure is easy to use
when using VOX or keying through your VOX
relay, or using cw break-in procedure.

THE QSO

During the contact, be sure to observe the FCC
identification rules (see ARRL License Manual)
Aside from that, there are no legal limits to what
you can talk about, although it is recommended
that controversial subjects connected with politics
and morality be avoided. Keep everything on a
friendly and cordial level, remembering that the
conversation is not private and many others,
including possibly members of the lay public, may
be listening. Try to avoid the habitual utterances,
procedures and inanities which so often make
amateur radio contacts boring — things such as the
drawn out ‘ahhhhhh’ to keep the VOX relay
closed, or repeated “double dash™ (dahdidididah)
sign on cw, or hackneyed expressions such as
“there” (referring to the other fellow) and “‘here”
referring to yourself, or “we” when you mean “L.”
Both on cw and voice it is possible to be informal,
friendly and conversational, and this is what makes
an amateur radio QSO enjoyable. During the QSO,
when you stand by the recommended signal is “go
only” on voice, KN on cw, meaning that you want
only the contacted station to come back to you. If
you don’t mind someone else breaking in, just
“go” or K is sufficient. Of course, using VOX or
break-in the conversation can proceed as it would
face to face, without ending signals after each
transmission; this is more normal in a voice contact
than in a cw QSO.

ENDING THE QSO

When you decide to end the contact, end it. If
the other fellow indicates a desire to end it, don’t
keep on talking, don’t say “I won’t hold you,”
then hold him. Express your pleasure at having
contacted him and sign out, thus “W1QV from
W6KW, clear.” If you don’t want further contacts,
say *clear and leaving the air.” On cw, it’s SK
W1QV DE W6KW, and, if leaving the air, CL.

All these things establish amateur radio as a
cordial and fraternal hobby at the same time they
foster orderliness and denote organization. Most of
them have no legal standing; FCC regs say little
about our internal procedures. The procedures we
ourselves adopt are even more important than that,
because they indicate that we are not just a bunch
of hobbyists playing around in random fashion,
but that we are an established communications
service with distinct and distinctive procedures
tailored to our special needs.

COURTESY

One thing that is considered the height of ill
manners and “liddy”’ procedure in amateur radio is
to tune up or make any transmission on a fre-
quency which is already occupied. In some cases
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this is necessary, in others inadvertent; but it
should always be avoided where possible. For
example, if you are committed to a legal one-way
transmission or schedule with a friend on a certain
frequency at a certain time, it is sometimes
unavoidable to cause temporary inconvenience to a
going contact or even a net. In another situation,
you may not hear another station on the frequency
because of “skip,” in which case an inquiry “Is the
frequency in use?” or, on cw, the Morse letter C
(didit dit) should bring a response if you are
interfering with a station which you cannot hear.
Use the same procedure in tuning up your antenna
(use a dummy antenna for testing your rig) — don’t
ever fire up the rig and start tuning it without first
turning on the receiver and checking the fre-
quency. The amateur bands are crowded; con-
sideration for the other guy will make things better
for everybody.

RTTY PROCEDURES

On radioteletype, the methods of transmission
and reception are somewhat different, so slightly
different procedures are required. Voice is seldom
a “written” mode and cw need not be, but RTTY
always is. You type your transmission on a
keyboard and it is received at the other end in
printed form. Thus, most cw abbreviations can be
used to good effect. In addition, such things as line
feeds and carriage returns must be considered, as
well as shifts for “letters” and “figures.” These are
nonprinting functions nevertheless essential for
teleprinter operation.

Because of wide variations in RTTY machines,
different mechanical procedures can often be used,
but if you don’t know the machine at the other
end it is best to assume that it has none of the
refinements.

As in other operating, the best thing to do is
listen. The typical beadle-beadle of RTTY is
familiar enough that it can be tuned in with an
ordinary communications receiver, then put
through the converter to copy on your printer.
Some typical calls can be identified just by their
sound, such as RY (the RTTY “test’”) and CQ and
even your own call. The procedure is much the
same as for cw ~ zero your vfo while copying and
call your station on the same frequency. Even
though he finishes his CQ with a carriage return
(CR) and line feed (LF), it is a good idea to get
into the habit of transmitting these functions, to
“clear the machine.” Thus: (2CR) (LF) K6DYX
K6DYX K6DYX DE WIAW W1AW AR (2CR)
(LF).

To initiate a CQ, find an unused point in the
band, activate your carrier and transmit: (2CR)
(LF) CQ CQ CQ DE K6DYX K6DYX K6DYX K
(CR) (LF).

During the QSO, when you come to the end of
a line (or the end-of-line indicator on tape equip-
ment), send 2CR, LF, 2LTRS. That is, after your
carriage return and line feed at the end of a line,
the two nonprinting “letter” pulses serve to allow
sluggish machines to get ready for the next line,
and take less than a second to send. This is
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especially important with tape transmissions at the
higher machine speeds — 75 and 100 wpm.

Most stations equipped for RTTY are also
equipped with tape equipment. While RTTY can
be sent manually from a keyboard, the use of tape
for material which can be prepared ahead of time is
much preferable, since it allows the machine to run
at an even speed, faster than it could be typed by
hand even by an expert typist. The tape is punched
on a perforator and fed into a transmitter-
distributor (TD) which is motor-driven. Thus, CQ
calls or other prepared text (including message
traffic) can be made up in advance. It is also fairly
common practice to punch tape in ordinary QSOs,
keeping ahead of the TD with the perforator. Many
operators start punching their reply tape while
they are still receiving from the operator at the
other end, thus getting ahead far enough so that
even if their typing speed is below the speed of the
machine (usuvally 60 wpm) there is enough leeway
to allow for the difference. Taped transmissions
have no pauses, which can be irksome in manual
transmissions,

RTTY equipments operate at different speeds
and with different frequency shifts, depending on
the sophistication of the equipment. Most ama-
teurs, however, operate at a standard 60 wpm and
850-hertz shift, and those with 100 wpm and
170-hertz shift capability can usually switch to the
standard. The considerate RTTY operator will be
glad to do so whenever called upon, just as a
considerate cw operator will stow down to the speed
of his QSO.

REPEATER OPERATING

While repeater operation is voice operation, it
has some ramifications that are not present in the
type of operation used in direct contact on phone.
Most repeaters are of the “‘open” type — that is
any signal appearing on the repeater’s input fre-
quency is automatically repeated on its output
frequency. Some repeaters have limited access,
such as by means of a tone, a series of tones or
pulses, or some other means to prevent their being
triggered by a casual signal as described in Chapter
13. In either case, a repeater has to be built by
somebody, installed by somebody, and maintained
by somebody, usually at considerable expense and
trouble. In some cases this “somebody™ is an
individual but more often a group, either or-
ganized for the purpose or an already-existing club
undertaking repeater operation as a project. So a
first point of repeater operating not exactly an
on-the-air concept is to lend some kind of support
to the group or individual that sponsors the
repeater you use regularly.

Being somewhat new, no specific standards
have yet been developed for repeater operating
procedures, but certain customs are being observed
which tend in this direction. Here are a few “dos”
and ‘‘don’ts” put forward by repeater groups that
may serve as useful guidelines:

1. Monitor the repeater you plan to use. Each
system has its own peculiarities. Don’t “key up” a
repeater until you’re familiar with its operation.
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2. Don’t activate the repeater without iden-
tifying yourself. Just by pressing your transmitter
button you can tell if the repeater is being keyed
(and therefore if it is active). It is considered poor
practice (indeed, it is illegal!) to do this without
identifying yourself.

3. Don’t call CQ through a repeater. It isn’t
necessary, because all reception is done on the
same frequency. If you want a QSO, all you have
to do is key the repeater, identify yourself and
stand by, thus: “This is WIUED mobile one
monitoring the WA1KGR repeater.”

4. During a repeater QSO, always pause
momentarily before transmitting, after your con-
tact has stood by for you. Two or three seconds
seems to be the rule. This permits hearing
“breakers.”

S. Keep transmissions short. Most repeaters go
off automatically after a certain length of trans-
mission and must be rekeyed. If the repeater you
are using does this, it’s a sign you’re talking too
much, Keep transmissions under a minute in
length.

6. Don’t interrupt a going QSO unless you have
reason for doing so, or unless participants invite
breakers. When you do break in, don’t say
“break,” just announce your call. “Break” means
you have time-factor traffic. A double break
(“break-break’’) means you have urgent traffic. A
triple break (“break-break-break”) signifies a
disaster situation and should immediately stop all
other operation.

7. It is most discourteous to use the pause
between transmissions to call another station not
in the QSO. Proper procedure is to request the
channel. When or if granted, make your call,
complete your business promptly, and return the
channel to those who were using it.

8. Use a dummy load for tuning if possible. If
you must tune up on the air, don’t do so on a
repeater input or output frequency.

9. Present logging rules for mobiles do not
require that you log each individual QSO, only the
beginning and ending of on-the-air operation for a
given operating period. Your log must show how-
ever, such basic information as frequency band
used, power input, signature of the operator, type
of emission, and an indication of the location of
the station. Mobile stations can comply with this
latter item simply by noting “local” if within 100
miles of the address shown on the license. If on an
extended trip, your log must show the location of
the first and last QSO of each day, and must, if
appropriate show compliance with the rule about
notice of operation away from the authorized
location.

ARRL makes available a repeater directory
without charge to anyone requesting it If you
want a copy, send three units of first-class postage
(or a self-addressed stamped envelope, 7 X 9-inch).

CW PROCEDURE

Cw operating procedure has been developing
for over a century, for our present International
(Continental) Code had its beginnings on the
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telegraph wire lines. There is more to talk about in
cw procedures than any other mode for this
reason, not because it is the most popular mode.
Phone many years ago outstripped cw as the most
popular mode. But cw is far from dead. A listen to
a rare DX pileup in the cw bands, or the cw section
of any contest will demonstrate that conclusively.
And it has many advantages over any other mode.
Any amateur who avoids the use of cw because he
is too lazy to become proficient enough in the
code to realize its full benefits is missing almost
half of amateur radio pleasure.

Good Sending

In many ways, cw can be compared with the
spoken word. For the proficient cw man, it is
indeed equivalent to this. But just as enunciation
must be precise for best understanding in speaking,
proper character formation and spacing is required
in sending the code. And the learning processes are
also similar. The beginning cw operator is subject
to the same stresses and pressures as the child
learning to talk, and can learn bad habits. He
becomes subject to outside influences to his own
possible detriment in everyday operating

Actually, it is far easier to learn code today
than it was, say, forty years ago when nearly all
amateur operation was by cw, because there are
more helps available. On the other hand, there is
less reason to learn it today than there was then.
True, the licensing requirement still exists, but
once you have your license if you prefer (and
many amateurs do), you can spend 100 percent of
your amateur operating time on voice or other
modes that require no knowledge of the code. In
the 1930s, you needed the code to communicate,
not just to get your license. There are also, today, a
great many gadgets on the market that, while seeming
to make code easier only serve really to instill bad
habits on the operator. Some teachers for
example, would have you start out with an

Voice-Operating Hints

1) Listen before calling,
2) Make short calls with breaks to listen.
ééoid long CQs; do not answer over-long

s.

3) Use push-to-talk or voice control.
Give essential data concisely in first trans-
mission,

4) Make reports honest. Use definitions
of strength and readability for reference.
Make your reports informative and useful.
Honest reports and full word description of
signals save amateur operators from FCC
trouble.

5) Limit transmission length. Two
minutes or less will convey much informa-
tion. When three or more stations converse
in round tables, brevity is essential.

6) Display sportsmanship and courtesy.
Bands are congested . . . make transmis-
sions meaningful . . . give others a break.

7 Check transmitter adjust-
ment . ... avoid a-m overmodulation and
splatter. On ssb check carrier balance care-
fully. Do not radiate when moving VFO
frequency or checking nfm swing. Use re-
ceiver BFO to check stability of signal.
Complete testing before busy hours!
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electronic keyer, but this weds you to such a
device forever more. The best way to start is with
an ordinary straight key, learning characters by
their sound, and striving to imitate machine
sending by learning to control the muscles used in
manipulating this key. This makes “‘graduating” to
a bug or an electronic key much easier at a later
date.

In order to make your sending good, you have
to know what good sending sounds tike. The way
to acquire this is to copy W1AW’s bulletins and
code practice, or other perfect sending, then strive
to imitate it Sometimes you can get a copy of the
practice text (it’s listed in advance in QST), and try
to send along with WIAW. Most amateur cw
operators today have difficulty maintaining proper
spacing, probably because so much equipment in
use demands that we key through a VOX relay. On
cw the control for this relay is usually set for
minimum delay, so it will close quickly and open
just as quickly; but on most equipments it still
doesn’t close quickly enough, so a part of the first
dit or dah of the first character is cut off. This has
a tendency to cause the operator to run his words
together so the relay will stay closed while he is
sending but open immedjately when he stops,
making his sending very difficult to copy.

Nobody’s sending is perfect, and therefore
every operator should continually strive for im-
provement. Watch out for the customary pitfalls as
your cw proficiency develops. Do you ever send Q
for MA, or P for AN? Do you have a “‘swing?” Yes,
even on an electronic key you can develop personal
idiosyncrasies. Be your own worst critic, and make
sure your sending, at whatever speed, is beyond
reproach.

Break-In

On cw can you have true break-in — the ability
to hear the signal of the other station while you are
keying your transmitter. Technical considerations
are covered elsewhere in this manual. Once this
part of it has been accomplished, the full ad-
vantages and benefits of break-in can be realized.
Long calls are unnecessary, because you can hear
immediately if the station being called comes back
to someone else. Much QRM is thus eliminated. If
both stations in a QSO are using break-in, no
station transmits unnecessarily; if the transmitting
station is not being received, the receiving station
“breaks” him and transmission stops. If another
signal comes on the frequency, it can be heard
immediately and any appropriate action taken. If
message or other recorded traffic is being trans-
mitted, any material missed can be filled
immediately because the transmission can be in-
terrupted just by the tap of a key. You can even
call a CQ using break-in, and stop the moment
someone hears you and starts calling. The cus-
tomary procedure is CQ CQ CQ DE W@PAN
WPPAN BK (pause) CQ CQ CQ . . ., until some-
one breaks or until it seems obvious no one is going
to. Alternatively, the Q signal QSK can be used,
either in sending CQ or at the beginning of a QSO
to indicate to the other station that you are
equipped for break-in and invite him to use it. QSK
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is the mark of a well-equipped and well-operated
cw station.

VOICE OPERATING

The use of proper procedure to get best results
is just as important as in using code. In telegraphy
words must be spelled out letter by letter. It is
therefore but natural that abbreviations and
shortcuts have come into use. In voice work,
however, - abbreviations are not necessary, and have
less importance in our operating procedure.

The letter “K” is used in telegraphic practice so
that the operator will not have to pound out the
separate letters. The voice operator can say the
words “go” or “over.”

One laughs on cw by sending HI. On phone,
lough when one is called for.

The matter of reporting readability and
strength is as important to phone operators as to
those using code. With telegraph nomenclature, it
is necessary to spell out words to describe signals
or use abbreviated signal reports. But on voice, we
have the ability to ‘“‘say it with words.”
“Readability four, strength eight” is the best way
to give a quantitative report, but reporting can be
done so much more meaningfully with ordinary
words: “You are weak but I can understand you,
so go ahead,” or “Your signal is strong but you are
buried under local interference.”

Voice Equivalents to Code Procedure

Voice Code Meaning

Over AR  After call to specific sta-
- tion

End of message AR  End of transmission or
o record message

Wait; stand by AS Self-explanatory

Roger R All received correctly

Go K Any station transmit

Go only KN Addressed station only
_ transmit

Clear SK  End of contact or

communication
Closing station CL Going off the air

Phone-Operating Practice

Efficient voice communication, like good cw
communication, demands good operating. Adher-
ence to certain points ‘‘on getting results” will go a
long way toward improving our phone-band
operating conditions.

Use VOX or push-to-talk. If you use VOX
(most home stations do), don’t defeat its purpose
by saying ‘‘aaahhh’™ to keep the relay closed. If
you use push-to-talk (common on mobiles so
traffic noises won’t affect transmission), let go of
the button every so often to make sure you aren’t
“doubling” with the other fellow. Don’t be a
monologuist — a guy who likes to hear himself
talk.

Listen with care. It’s natural enough to answer
the loudest signal who calls, but do a little digging,
if necessary, to answer the best signal instead,
where there is a choice. Every amateur can’t run a
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kilowatt, but there is no reason why every amateur
cannot have a signal of the highest quality. Don’t
reward the guy who cranks up his gain and
splatters by answering his call if another station is
calling.

Interpose your call frequently. Say it often and
distinctly, in measured tones. Too often, iden-
tification is muffled or slurred. The fastest voice
communication doesn’t come from the guy who
talks fastest; it comes from the operator who
speaks distinctly. Your call especially is important,
you can be cited for improper identification if it
cannot be understood.

Listen before transmitting. Make sure the fre-
quency isn’t being used before you come barging
onto it. Our voice bands are pretty crowded and
QRM is inevitable, But this is a reason for more
courtesy, not less.

Keep modulation constant. By turning your
gain “widé open” you are subjecting anyone
listening to all kinds of extraneous noises that
don’t belong on the air. Speak as closely to the
mike as you can without breath modulation, turn
your gain down so that only your voice can be
heard. A good stunt is to hold the mike at the
corner of your mouth and talk across it, rather
than into it. If you use a stationary mike, turn it so
that your breath goes across it, not into if;
otherwise, your “explosives” will distort your
speech.

Have a pencil and paper always handy. Take
notes on the other guy’s conversation while he’s
talking, so you can answer him or comment on the
things he has said; otherwise he might get the
wrong impression that you are deliberately
ignoring some of his remarks.

Avoid repetition. Don’t repeat back what the
other fellow has just said. Just say you received
everything, don’t try to prove it.

Avoid inanities. There are many of them in
phone operation, and they are contagious. “That’s
a roger.” “Yeeeaaah!” “By golly.” The phoney
laugh. The affected speech. If you must parrot,
parrot the polished operator, not the affected or
idiotic one.

Steer clear of such controversial or suggestive
subjects as politics and sex, and of profanities, even
those considered acceptable in today’s permissive
society.

Use phonetics only as required. When clarifying
genuinely doubtful expressions and in getting your
call identified positively we suggest use of the
International Civil Aviation Organization list.
However, don’t overdo its use.

The speed of radiotelephone transmission (with
perfect accuracy) depends almost entirely upon the
skill of the two operators involved. One must learn
to speak at a rate allowing perfect understanding as
well as permitting the receiving operator to copy
down the message text, if that is necessary.
Because of the similarity of many English speech
sounds, the use of word lists has been found
necessary. All voice-operated stations should use a
standard list as needed to identify call signals or
unfamiliar expressions.
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A — ALFA N - NOVEMBER
B — BRAVO O - OSCAR

C — CHARLIE P — PAPA

D — DELTA Q —~ QUEBEC
E — ECHO R - ROMEO

F - FOXTROT S — SIERRA

G - GOLF T —~ TANGO

H - HOTEL U — UNIFORM
I — INDIA V — VICTOR

¥ - JULIETT W — WHISKEY
K - KILO X — X-RAY

L - LIMA Y — YANKEE
M - MIKE Z - ZULU

Example: W1AW . .. W1 ALFA WHISKEY. . .

W1AW

Round Tables. The round table has many
advantages if run properly. It clears frequencies of
interference, especially if all stations involved are

DX OPERATING CODE
(For W/VE Amateurs)

Some amateurs interested in DX work
have caused considerable confusion and
QRM in their efforts to work DX stations.
The points below, if observed by all W/VE
amateurs, will go a long way toward making
DX more enjoyable for everybody.

1. Call DX only after he calls CQ,
QRZ7?, signs SK, or phone equivalent there-
of.

2. Do not call a DX station:

a. On the frequency of the station he
is working until you are sure the QSO is
over. This is indicated by the ending signal
SK on cw and any indication that the
operator is listening, on phone.

b. Because you -hear someone else
catling him. o

c. When he signs KN, AR, CL, or
phone equivalents.

d. Exactly on his frequency.

e. After he calls a directional CQ,
unless of course you are in the right
direction or area.

3. Keep within frequency-band limits.
Some DX stations operate outside. Perhaps
they can get away with it, but you cannot.

4. Observe calling instructions of DX
stations. “1QU” means call ten kHz up from
his frequency, “15D” means 15 kHz down,
etc.

S. Give honest reports. Many foreign
stations depend on W and VE reports for
adjustment of station and equipment.

6. Keep your signal clean. Key clicks,
chirps, hum or splatter give you a bad
reputation and may get you a citation from
FCC.

7. Listen for and call the station you
want. Calling CQ DX is not the best
assurance that the rare DX will reply.

8. When there are several W or VE
stations waiting to work a DX station, avoid
asking him to “listen for a friend.”” Let your
friend take his chances with the rest. Also
avoid engaging DX stations in rag-chews
against their wishes.
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on the same frequency, while the enjoyment value
remains the same, if not greater. By use of
push-to-talk, or vox, the conversation can be kept
lively and interesting, giving each station operator
ample opportunity to participate without waiting
overlong for his turn.

Round tables can become very unpopular if
they are not conducted properly. The monologuist,
off on a long spiel about nothing in particular,
cannot be interrupted; make your transmissions
short and to the point. “Butting in” is discourteous
and unsportsmanlike; don’t enter a round table, or
any contact between two other amateurs, unless
you are invited, It is bad enough trying to copy
through prevailing interference without the added
difficulty of poor voice quality; check your
transmitter adjustments frequently, In general,
follow the precepts as hereinbefore outlined for
the most enjoyment in round tables as well as any
other form of radiotelephone communication.

WORKING DX

Most amateurs at one time or another make
“working DX a major aim. As in every other
phase of amateur work, there are right and wrong
ways to go about getting best results in working
foreign stations, and it is the intention of this
section to outline a few of them.

The ham who has trouble raising DX stations
readily may find that poor transmitter efficiency is
not the reason. He may find that his sending is
poor, his calls ill timed, or his judgment in error.
Working DX requires the know-how that comes
with experience. If you just call CQ DX you may
get a call from a foreign station, but it isn’t likely
to be a “rare one.” On the other hand, unless you
are experienced enough to know that conditions
are right, your receiver is sensitive and selective
enough and your transmitter and antenna properly
tuned and oriented, you may get no calls at all, and
succeed only in causing some unnecessary QRM.

The call CQ DX means slightly different things
to amateurs on different bands:

a) On vhf, CQ DX is a general call ordinarily
used only when the band is open, under favorable
“skip” conditions. For vhf work, such a call is used
for looking for new states and countries, also for
distances beyond the customary “line-of-sight”
range on most vhf bands.

b) CQ DX on our 7-, 14-, 21-, and 28-MHz bands
may be taken to mean “General call to any foreign
station.” The term “foreign station” usually refers
to any station on a different continent. If you do
call CQ DX, remember that it implies you will
answer any DX who calls. If you don’t mean
“‘general call to any DX station,”’ then listen and
call the station you do want.

Snagging the Rare Ones

Once in a while a CQ DX will result in snagging
a rare DX contact, if you’re lucky. This seldom
happens, however; usually, what you have to do is
listen — and listen — and then listen some more.
You gotta hear ’em before you can work ‘em! If
everybody transmits, nobody is going to hear
anything. Be a snooper. Usually, unless you are
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lucky enough to be among the first to hear him, a
rare DX station will be found under a pileup, with
stations swarming all over him like worker bees
over a queen. The bedlam will subside when the
DX station is transmitting (although some stations
keep right on calling him), and you can hear him.
Don’t immediately join the pack, be a little cagey.
Listen a while, get an idea of his habits, find out
where he is listening (if not zero on himself), bide
your time and wait your chance. Sometimes
“tail-ending” works. This is the practice of waiting
until the station your DX is working starts his
sign-off, then just transmitting your own call. Be
careful however; this could backfire. If your DX
station doesn’t respond to such tactics, best to
avoid it. Some of them don’t like it

Make your calls short, snappy. No need to
repeat his call (he knows it very well, all he needs
to know is that you are calling him). but send your
own call a couple of times. Try to find a time when
few stations are calling him and he is not trans-
mitting; then get in there! With experience, you’ll
learn all kinds of tricks, some of them clever some
just plain dirty. You’ll have no trouble discerning
which is which. Learn to use the clever ones, and
shun the dirty ones. More than you think depends
on the impressions we make on our foreign friends!

Codes and Ethics

One of the most effective ways to work DX is
to know the operating habits of the DX stations
sought, and to abide by the procedures they use.
Know when and where to call, and for how long,
and when to remain silent waiting your chance.
DXing has certain understood codes of ethics and
procedures that will make this popular amateur
pursuit more fun for everybody if everybody
follows them. One of the sad things about DXing is
to listen to some of the vituperation and abuse that
goes on, mostly by station on “this™ side, as they
trample on each other trying to raise their quarry.
DX stations have been known to QRT in disgust at
some of the tactics.

If W and VE stations will use the procedure in
the “DX Operating Code” detailed elsewhere on
these pages, we can all make a good impression on
the air. ARRL has also recommended some
operating procedures for DX stations aimed at
controlling some of the thoughtless practices some-
times used by W/VE amateurs A copy of these
recommendations (Op Aid No. 5) can be obtained
free of charge from ARRL Headquarters .

Choosing Your Band

If it does nothing else in furthering your
education, striving to work DX will certainly teach
you a few things about propagation. You will find
that four principal factors determine propagation
characteristics. (1) The frequency of the band in
which you do your operating. (2) The time of day
or night. (3) the season of the year (4) The
sunspot cycle. The proper choice of band depends
pretty much on the other three factors. For
example, the 3.5-4.0-MHz band at high noon in the
summertime at the “node” part of the sunspot
cycle is the poorest possible choice, while the same
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band at midnight during the wintertime at the
‘null’ part of the cycle might produce some very
exciting DX. Similarly, you will learn by ex-
perience when to operate on which band for the
best DX by juggling the above factors using both
long-range and other indications of band con-
ditions. WWV transmissions can also be helpful in
indicating both current and immediate-forecast
band conditions.

Conditions in the transmission medium often
make it possible for the signals from low-powered
transmitters to be received at great distances. In
general, the higher the frequency band the less
important power considerations become, for
occasional DX work. This accounts in part for the
relative popularity of the 14-, 21- and 28-MHz
bands among amateurs who like to work DX.

QSL CARDS AND BUREAUS

Most amateurs who work another station for
the first time, especially a foreign station, will later
send the station a postcard confirming the contact.
These cards are known as QSLs, taken from the
international signal meaning, “I acknowledge
receipt.” A number of printing firms specialize in
producing these postcards, following standard
designs, or following the directions of an individual
amateur. Advertisements of these printers appear
each month in OST, ARRL’s official journal.

Since it is rather expensive, for a foreign station
especially, to send a QSL separately to each U.S. or
Canadian station he’s worked, ARRL has set up a
system of QSL Bureaus, manned by amateur
volunteers in each call area. The bureaus get
packages of cards from overseas, which are sorted
by call. Individual amateurs may claim their cards
by sending a supply of stamped, self-addressed
envelopes to the QSL manager in their call area.
QST carries the addresses of these bureaus nearly
every issue. Or write to ARRL Hq. for
information.

Similarly, U.S. and Canadian amateurs may
send QSLs in bulk to bureaus overseas rather than
direct. Addresses for overseas bureaus appear in the
IARU News department of QST each June and
December.

KEEPING AN AMATEUR STATION LOG

The FCC requires every amateur to keep a

‘complete station operating record (log) that shows

(1) the date and time of each transmission, (2) all
calls and transmissions made, whether contacts
resulted or not, (3) the input power to the last
stage of the transmitter, (4) the frequency band
used, (5) the time of ending each contact (QSO),
and (6) the signature of the licensed operator.
Written messages handled in standard form must be
included in the log or kept on file for a period of at
least one year.

But a log can be more than just a legal record of
station operation. It can be a “‘diary” of your
amateur experience. Make it a habit to enter
thoughts and comments, changes in equipment,
operating experiences and reactions, anything that
might make enjoyable reminiscences in years to
come. Your log is a reflection of your personal
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES. FCC REQUIRES IT.

A page from the official ARRL log is shown above, answering every FCC requirement in respect to
station records. Bound logs made up in accord with the above form can be obtained from Headguarters
for a nominal sum or you can prepare your own, in which case we offer this form as a suggestion, The

ARRL log has a special wire binding and lies perfectly flat on the table.

experience in amateur radio. Make it both neat and
complete.

ARRL headquarters stocks log books and
message blanks for the convenience of amateurs.

PUBLIC SERVICE OPERATING

Amateurs interested in rendering public service
in operating under ARRL sponsorship have formed
the Amateur Radio Public Service Corps (ARPSC).
This organization has two principal divisions. One
is the Amateur Radio Emergency Corps (AREC),
an emergency-preparedness group of approxi-
mately 30,000 amateur operators signed up
voluntarily to keep amateur radio in the forefront
along preparedness lines. The other is the National
Traffic System (NTS), a message-handling facility
which operates daily (including weekends and
holidays) for systematic handling of third-party
traffic.

Also recognized by ARRL as a part of the
organized amateur radio public service effort are
the Radio Amateur Civil Emergency Service
(RACES), a part of the amateur service serving civil
defense under a separate sub-part of the amateur
regulations; the Military Affiliate Radio Service,
sponsored by the armed services to provide
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RADIOGRAM
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PLEASE LET US KNCW YOUR PLANS FOR SUMMER VISIT X LOVE

RITA

Here is an example of a plain-language message as it
would be prepared for deflivery. If the message
were for relay instead of delivery, the information
at the bottom would be filled in instead of that in
the box.

military training for amateurs; and numerous
amateur groups organized into nets by individuals,
clubs or other amateur entitites for public service
and registered with the League. The detailed
workings of ARPSC and RACES are covered
briefly herein and explained in somewhat more
detail in Public Service Communications, Operating
an Amateur Radio Station, available to interested
amateurs without charge, and The Radio Ama-
teur’s Operating Manual,

MESSAGE HANDLING

Amateur operators in the United States and a
few other countries enjoy a privilege not available
to amateurs in most countries — that of handling
third-party message traffic. In the early history of
amateur radio in this country, some amateurs who
were among the first to take advantage of this
privilege formed an extensive relay organization
which became the ARRL.

Thus, amateur message-handling has had a long
and honorable history, and like most services, has
gone through many periods of development and
change. Those amateurs who handled traffic in
1914 would hardly recognize it the way some of us
do it today, just as equipment in those days was far
different from that in use now. Progress has been
made and new methods have been developed in
step with advancement in communication tech-
niques of all kinds. Amateurs who handled a lot of
traffic found that organized operating schedules
were more effective than random relays, and as
techniques advanced and messages increased in
number, trunk lines were organized, spot frequen-
cies began to be used, and there came into
existence a number of traffic nets in which many
stations operated on the same frequency to effect
wider coverage in less time with fewer relays; but
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the old methods are still available to the amateur
who handles only an occasional message.

Although message handling is as old an art as is
amateur radio itself, there are many amateurs who
do not know how to handle a formal message and
have never done so. As each amateur grows older
and gains experience in the amateur service, there
is bound to come a time when he will be called
upon to handle a written message, during a
communications emergency, in casual contact with
one of his many acquaintances on the air, or as a
result of a request from a non-amateur friend.
Regardless of the occasion, if it comes to you, you
will want to rise to it! Considerable embarrassment
is likely to be experienced by the amateur who
finds he not only does not know the form in which
the message should be prepared, but does not
know how to go about putting it on the air.

Traffic work need not be a complicated or
time-consuming activity for the casual or occasion-
al message-handler. Amateurs may participate in
traffic work to whatever extent they wish, from an
occasional message now and then to becoming a
part of organized traffic systems. This chapter
explains some principles so the reader may know
where to find out more about the subject and may
exercise the message-handling privilege to best
effect as the spirit and opportunity arise.

Responsibility

Amateurs who originate messages for transmis-
sion or who receive messages for relay or delivery
should first consider that in doing so they are
accepting the responsibility of clearing the message
from their station on its way to its destination in
the shortest possible time. Forty-eight hours after
filing or receipt is the generally-accepted rule
among traffic-handling amateurs, but it is obvious
that if every amateur who relayed the message
allowed it to remain in his station this long it might
be a long time reaching its destination., Traffic
should be relayed or delivered as quickly as
possible.

Message Form

Once this responsibility is realized and accept-
ed, handling the message becomes a matter of
following generally-accepted standards of form and
transmission. For this purpose, each message is
divided into four parts: the preamble, the address,
the text and the signature. Some of these parts
themselves are subdivided. It is necessary in
preparing the message for transmission and in
actually transmitting it to know not only what
each part is and what it is for, but to know in what
order it should be transmitted, and to know the
various procedure signals used with it when sent by
cw. If you are going to send a message, you may as
well send it right.

Standardization is important! There is a great
deal of room for expressing originality and
individuality in amateur radio, but there are also
times and places where such expression can only
cause confusion\ and inefficiency. Recognizing the
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need for standardization in message form and
message transmitting procedures, ARRL has long
since recommended such standards, and most
traffic-interested amateurs have followed them. In
general, these recommendations, and the various
changes they have undergone from year to year,
have been at the request of amateurs participating
in this activity, and they are completely outlined
and explained in Operating an Amateur Radio
Station a copy of which is available upon request
or by use of the coupon at the end of this chapter.

Clearing a Message

The best way to clear a message is to put it into
one of the many organized traffic networks, or to
give it to a station that can do so. There are many
amateurs who make the handling of traffic their
principal operating activity, and many more still
who participate in this activity to a greater or lesser
extent, The result is a traffic system which spreads
to all corners of the United States and covers most
U.S. possessions and Canada. Once a message gets
into an organized net, regardless of the net’s size or
coverage, it is systematically routed toward its
destination in the shortest possible time.

Amateurs not experienced in message handling
should depend on the experienced message-handler
to get a message through, if it is important; but the
average amateur can enjoy operating with a
message to be handled either through a local traffic
net or by free-lancing. The latter may be
accomplished by careful listening for an amateur
station at desired points, directional CQs, use of
recognized calling and net frequencies, or by
making and keeping a schedule with another
amateur for regular work between specified points.
He may well aim at learning and enjoying through
doing. The joy and accomplishment in thus
developing one’s operating skill to the peak of
perfection has a reward all its own.

If you decide to ‘‘take the bull by the horns™
and put the message into a traffic net yourself (and
more power to you if you do!), you will need to
know something about how nets operate, and if on
cw, the special Q signals and procedure they use to
dispatch all traffic with a maximum of efficiency.
The frequency and operating time of the net in
your section, or of other nets into which your
message can go, is given in ARRL’s Net Directory.
This annually-revised publication is available on
request. Listening for a few minutes at the time
and frequency indicated should acquaint you with
enough fundamentals to enable you to report into
the net and report your traffic. From that time on
you follow the instructions of the net control
station, who will tell you when and to whom (and
on what frequency, if different from the net
frequency) to send your message. Cw nets use the
special “QN” signals, so it may be helpful to have a
list of these before you (available from ARRL Hq.,
Operating Aid No. 9B).

Network Operation

About this time, you may find that you are
enjoying this type of operating activity and want
to know more about it and increase your
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proficiency. Many amateurs are happily “addicted”
to traffic handled after only one or two brief
exposures to it. Much traffic is at present being
conducted by cw, since this mode of communica-
tion seems to be popular for record purposes — but
this does -not mean that high code speed is a
necessary prerequisite to working in traffic
networks. There are many nets organized specific-
ally for the slow-speed amateur, and most of the
so-called ‘“‘fast” nets are usually glad to slow down
to accommodate slower operators.

It is a significant operating fact that code speed
alone does not make for efficiency — sometimes the
contrary! A high-speed operator who does not
know procedure can “‘foul up” a net much more
completely and more quickly than can a slow
operator It is a proven fact that a bunch of
high-speed operators who are not “‘savvy” in net
operation cannot accomplish as much during a
specified period as an equal number of slow
operators who know net procedure. Don’t let low
code speed deter you from getting into traffic
work. Given a little time your speed will reach the
point where you can easily hold your own.
Concentrate first on learning the net procedures

Voice modes are exceptionally well suited to
short-range traffic work and require knowledge of
phonetics and procedure peculiar to voice opera-
tion. Procedure is of paramount importante on
phone, since the public may be listening.

Teamwork is the theme of all net operation.
The net which functions most efficiently is the net
in which all participants are thoroughly familiar
with the procedure used, and in which operators
refrain from transmitting except at the direction of
the net control station, and do not occupy time
with extraneous comments, even the exchange of
pleasantries. There is a time and place for
everything. When a net is in session it should
concentrate on handling traffic until all traffic is
cleared. Before or after the net is the time for
rag-chewing and discussion. Some further details of
net operation are included in Operating an Ama-
teur Radio Station, mentioned earlier, but there is
no substitute for actual participation.

The National Traffic System

To facilitate and speed the movement of
message traffic, there is in existence an integrated
national system by means of which originated
traffic can normally reach its destination area the
same day the message is originated. This system
uses the state or section net as a basis. Each section
net sends a representative to a ‘‘region” net
(normally covering a call area) and each “region”
net sends a representative to an ‘“‘area” net
(normally covering a time zone). After the area net
has cleared all its traffic, its members then go back
to their respective rcgion nets, where they clear
traffic to the various section net representatives.
By means of connecting schedules between the
area nets, traffic can flow both ways so that traffic
originated on the West Coast reaches the East
Coast with a maximum of dispatch, and vice versa.
In general section nets function at 1900, region
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nets at 1945, area nets at 2030 and the same or
different regional personnel again at 2130. Some
section nets conduct a late session at 2200 to
effect traffic delivery the same night. Local
standard time is referred to in each case.

A system of daytime nets similar to the above is
also in the initial stages at this writing. It is called
“Daytime NTS” (DNTS). @ST will cover details as
they unfold,

The NTS plan somewhat spreads traffic
opportunity so that casual traffic may be reported
into nets for efficient handling one or two nights
per week, early or late; or the ardent traffic man
can operate in both early and late groups and in
between to roll up impressive totals and speed
traffic reliably to its destination. Old-time traffic
men who prefer a high degree of organization and
teamwork have returned to the traffic game as a
result of the new system. Beginners have shown
more interest in becoming part of a system
nationwide in scope, in which anyone can
participate. The National Traffic System has vast
and intriguing possibilities as an amateur service. It
is open to any amateur who wishes to participate.

The above is but the briefest resume of what is
of necessity a rather complicated arrangement of
nets and schedules. Complete details of the System
and its operation are included in the ARRL Public
Service Communications Manual.

EMERGENCY COMMUNICATION

One of the most important ways in which the
amateur serves the public, thus making his
existence a national asset, is by his preparation for
and his participation in communications emergen-
cies. Every amateur, regardless of the extent of his
normal operating activities, should give some
thought to the possibility of his being the only
means of communication should his community be
cut off from the outside world. It has happened
many times, often in the most unlikely places; it
has happened without warning, finding some
amateurs totally unprepared; it can happen to you.
Are you ready?

There are two principal ways in which any
amateur can prepare himself for such an
eventuality. One is to provide himself with
equipment capable of operating on any type of
emergency power (i.e., either ac or dc), and
equipment which can readily be transported to the
scene of disaster. Mobile equipment is especially
desirable in most emergency situations.

Such equipment, regardless of how elaborate or
how modern, is of little use, however, if it is not
used properly and at the right times; and so
another way for an amateur to prepare himself for
emergencies, by no means less important than the
first, is to learn to operate efficiently. There are
many amateurs who feel that they know how to
operate efficiently but who find themselves
considerably handicapped at the crucial time by
not knowing proper procedure, by being unable,
due to years of casual amateur operation, to adapt
themselves to snappy, abbreviated transmissions,
and by being unfamiliar with message form and
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procedures. It is dangerous to overrate your ability
in this; it is better to assume you have things to
learn.

In general it can be said that there is more
emergency equipment available than there are
operators who know properly how to operate
during emergency conditions, for such conditions
require clipped, terse procedure with complete
break-in on cw and fast push-to-talk or VOX on
phone. The casual rag-chewing aspect of amateur
radio, however enjoyable and worth-while in its
place, must be forgotten at such times in favor of
the business at hand. There is only one way to gain
experience in this type of operation, and that is by
practie. During an emergency is no time for
practice; it should be done beforehand, as often as
possible, on a regular basis.

This leads up to the necessity for emergency
organization and preparedness. ARRL has long re-
cognized this necessity and has provided for it.
The Section Communications Manager (whose
address appears on page 6 of every issue of OST) is
empowered to appoint certain qualified amateurs
in his section for the purpose of coordinating
emergency communication organization and pre-
paredness in specified areas or communities. This
appointee is known as an Emergency Coordinator
for the city or town. One should be specified for
each community. For coordination and promotion
at section level a Section Emergency Coordinator
arranges for and recommends the appointments of
various Emergency Coordinators at activity points
throughout the section. Emergency Coordinators
organize amateurs in their communities according
to local needs for emergency communication
facilities.

The community amateurs taking part in the
local organization are members of the Amateur
Radio Emergency Corps (AREC). Al amateuts are
invited to register in the AREC, whether they are
able to play an active part in their local
organization or only a supporting role. Application
blanks are available from your EC, SEC, SCM or
direct from ARRL Headquarters. In the event that
inquiry reveals no Emergency Coordinator appoint-
ed for your community, your SCM would welcome
a recommendation either from yourself or from a
radio club of which you are a member. By holding
an amateur operator license, you have the
responsibility to your community and to amateur
radio to uphold the traditions of the service.

Among the League’s publications is a booklet
entitled Public Service Communications. This
booklet, while small in size, contains a wealth of
information on AREC organization and functions
and is invaluable to any amateur participating in
emergency or civil defense work. It is free to
AREC members and should be in every amateur’s
shack. Drop a line to the ARRL Communications
Department if you want a copy, or use the coupon
at the end of this chapter.

The Radio Amateur Civil
Emergency Service

Following World War II there was established
within our government the Federal Civil Defense
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Before Emergency

PREPARE yourself by providing emer-
gency power for your station.

TEST your emergency equipment and
operating ability in the annual Simulated
Emergency Test and Field Day.

REGISTER with your ARRL Emer-
gency Coordinator. If none, offer your
services to local and civic relief agencies and
explain what amateur radio can do during
disasters.

In Emergency

LISTEN before you transmit, always!

REPORT to your Emergency Coordina-
tor so he will have latest data on your
facilities. Offer local civic and relief agencies
your services directly in the absence of an
EC.

RESTRICT all on-the-air work in accord-
ance with FCC regulations, Sec. 97.107.

SOS is the International Distress Call for
a dire emergency. The phone equivalent is
MAYDAY. Use these calls for emergency
only, False distress calls are unlawful.

RESPECT the fact that success in emer-
gency depends on circuit discipline, The net
control station is the supreme authority.

COOPERATE with those we serve. Be
ready to help, but stay off the air unless
there is a specific job to be done that you
can handle more efficiently than any other
station.

COPY bulletins from WI1AW. During
emergencies, special bulletins are trans-
mitted.

After Emergency

REPORT to ARRL Headquarters
promptly and fully so that the Amateur
Service can receive full credit.

Administration (FCDA), which, at the behest of
ARRL and other amateurs, considered the role of
the amateur in civil defense communication should
the U.S. become embroiled in another war. This
resulted, in 1951, in the establishment of the
Radio Amateur Civil Emergency Service (RACES)
with rules promulgated by FCC as a part of the
Amateur Radio Service. FCDA has evolved into the
present Defense Civil Preparedness Agency, part of
the Department of Defense, and although the
RACES rules have undergone several minor
changes they are still essentially the same as
originally put into effect.

RACES is intended solely for civil defense
communication during civil emergencies, through
the medium of amateur radio, and is designed to
continue operation during any extreme national
emergency such as war. It shares certain segments
of frequencies with the regular (i.e., normal)
Amateur Service on a nonexclusive basis. Its
regulations are a subpart of the.familiar amateur
regulations (Part 97) and are included in full in the
ARRL License Manual.

If every amateur participated, we would still be
short of the total operating personnel required
properly to implement RACES. As the service
which bears the responsibility for the successful
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implementation of this important function, we
face not only the task of installing (and in some
cases building) the necessary equipment, but also
of the training of thousands of additional people.
This can and should be a function of the local unit
of the Amateur Radio Emergency Corps under its
EC and his assistants, working in close collabora-
tion with the local civil defense organization.

The first step in organizing RACES locally is
the appointment of a radio officer by the local civil
defense director, possibly on the recommendation
of his communications officer. A complete and
detailed communications plan must be approved
successively by local, state and DCPA regional
directors, and by FCC. Once this has been accom-
plished, applications for station authorizations
under this plan can be submitted direct to FCC. A
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complete bibliography of QST articles dealing with
the subject of civil defense and RACES is available
upon request from the ARRL Communications
Department.

In the event of war, civil defense will place
great reliance on RACES for back-up radio
communication. Even in peacetime, RACES can be
of great value in natural disaster communications.
As a part of our total amateur public service effort,
it deserves our whole-hearted and enthusiastic
support and will permit us to continue to function
in the public service, as amateurs, in RACES in
wartime as we function in AREC and NTS during
peacetime. If interested, inquire of your local civil
defense agency and get sighed up with your radio
officer.

ARRL OPERATING ORGANIZATION

Amateur operation must have point and
constructive purpose to win public respect. Each
individual amateur is the ambassador of the entire
fraternity in his public relations and attitude
toward his hobby. ARRL field organization adds
point and purpose to amateur operating.

The Communications Department of the
League is concerned with the practical operation of
stations in all branches of amateur activity.
Appointments or awards are available for rag-
chewer, traffic enthusiast, phone operator, DX
man and experimenter.

There are seventy-four ARRL Sections in the
League’s field organization, which embraces the
United States, Canada, and certain other territory.
Operating affairs in each Section are supervised by
a Section Communications Manager (SCM) elected
by members in that section for a two-year term of
office. Organization appointments are made by the
SCMs, elected as provided in the Rules and
Regulations of the Communications Department,
which accompany the League’s By-Laws and
Articles of Association. SCM addresses for all
sections are given in full in each issue of QST.
SCMs welcome monthly activity reports from all
amateurs in their sections, regardless of status.

Whether your activity embraces phone or
telegraphy, or both, there is a place for you in the
League organization.

LEADERSHIP POSTS

To advance each type of station work and
group interest in amateur radio, and to develop
practical communications plans with the greatest
success, appointments of ARRL members holding
Conditional Class licenses or better to serve as
leaders and organizers in particular single-interest
fields are made by the SCM. Each leadership post is
important. Each provides activities and assistance
for appointee groups and individual members along
the lines of natural interest. Some posts further the
general ability of amateurs to communicate effi-
ciently at all times by pointing activity toward
networks and round tables; others are aimed
specifically at establishment of provisions for
organizing the amateur service as a standby com-
munications group to serve the public in disaster,
civil defense need or emergency of any sort. The
SCM appoints the following in accordance with
section needs and individual qualifications:

PAM Phone Activities Manager. Organizes activi-
ties for voice operators in his section. Promotes
phone nets and recruits Official Phone Station
appointees. The appointment of VHF-PAM is open
to Technician licensees.

RM Route Manager. Organizes and coordinates
cw traffic activities. Supervises and promotes nets
and recruits Official Relay Station appointees.

SEC Section Emergency Coordinator. Promotes
and administers section emergency radio organiza-
tion.

EC Emergency Coordinator. Organizes amateurs
of a community or other local areas for e-
mergency radio service; maintains Haison with
officials and agencies served, also with other local
communication facilities. Sponsors tests, recruits
for AREC and encourages alignment with RACES,
A Technician Class licensee may receive this

appointment if a qualified higher class licensee is
not available,

STATION APPOINTMENTS

ARRL’s field organization has a place for every
active amateur who has a station. The Communica-
tions Department organization exists to increase
individual enjoyment and station effectiveness in
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amateur radio work, and we extend a cordial
invitation to every amateur to participate fully in
the activities, to report results monthly, and to
apply to the SCM for one of the following station
appointments. ARRL membership and the condi-
tional class or higher license or VE equivalent is
prerequisite to all appointments, except where
otherwise indicated.

OPS Official Phone Station. Sets high voice

operating standards and procedures, furthers phone
nets and traffic.

ORS Official Relay Station. Traffic service,
operates cw nets; noted for 15 wpm and procedure
ability. Open to RTTY traffickers.

OBS Official Bulletin Station. Transmits ARRL
and FCC bulletin information to amateurs. Open
to Technician licensees.

OVS Official VHF Station. Collects and reports
vhf-uhf-shf propagation data, may engage in
facsimile, TT, TV, work on 50 MHz and/or above.
Takes part as feasible in vhf traffic work, reports
same, supports vhf nets, observes procedure
standards. Open to both Novice and Technician
licensees.

OO0 Official Observer. Sends cooperative notices
to amateurs to assist in frequency observance,
insures high-quality signals, and prevents FCC
trouble.

Emblem Colors

Members may wear the ARRL emblem with
black-enamel background. A red background will
indicate that the wearer is or has been SCM. SECs,
ECs, RMs and PAMs may wear the emblem with
green background. Observers and all station
appointees are entitled to wear blue background
emblems.

RADIO CLUB AFFILIATION

ARRL affiliation is available to any amateur
society having (1) at least 51 percent of the voting
club membership as full members of the League,
and (2) at least S1 percent of members govern-
ment-licensed radio amateurs. In high school and
college radio clubs bearing the school name, the
above requirements are modified to require only
that the trustee or sponsor (for example) is a
licensed amateur and a full member of ARRL.
Where a society has common aims and wishes to
add strength to that of other club groups and
strengthen amateur radio by affiliation with the
national amateur organization, a request addressed
to the Communications Manager will bring the
necessary forms and information to initiate the
application for affiliation. Such clubs receive field-
organization bulletins and special information at
intervals for posting on club bulletin boards or for
relay to their memberships. A travel plan providing
communications, technical and secretarial contact
from the Headquarters is worked out seasonally to
give maximum benefits to as many as possible of
the active affiliated radio clubs Papers on club
work, suggestions for organizing, for constitutions,
for radio courses of study, etc., are available on
request.

Club Training Aids
One section of the ARRL Communications
Department handies the Training Aids Program.
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This program is ptimarily a service to ARRL
affiliated clubs. Material is aimed at education,
training and entertainment of club members.

Training Aids include such items as motion-
picture films, slides, audio tapes, lecture outlines
and quizzes. Bookings are limited to ARRL-
affiliated clubs primarily although bookings can be
made to other groups on a non-priority basis.

All Training Aids materials are loaned free
(except for shipping charges). If your club is
affiliated but has not yet taken advantage of this
service, you are missing a good chance to add the
available features to your meeting programs and
general club activities. Watch club bulletins and
OST or write the ARRL Communications De-
partment for TA-21.

W1AW

The Maxim Memorial Station, WI1AW, is
dedicated to fraternity and service. Operated by
the League headquarters, WI1AW is located
adjacent to the Headquarters offices on a
seven-acre site, The station is on the air daily,
except holidays, and available time is divided
between the different bands and modes. Facilities
for all commonly used amateur modes are provided
for all bands from 1.8 to 144 MHz.

Operation is roughly proportional to amateur
interest in different bands and modes with
maximum legal power on most bands. WI1AW’s
daily bulletins and code practice aim to give
operational help to the largest number.

W1AW was established as a living memorial to
Hiram Percy Maxim, to carry on the work and
traditions of amateur radio. The station is on the
air daily and is open to visitors at all times it is in
operation. The W1AW schedule of operation and
visiting hours is printed each month in the
Operating News section of QST.

OPERATING ACTIVITIES

Within the ARRL field organization there are
many special activities. For all appointees and
officials quarterly CD (Communications De-
partment) Parties are scheduled to develop
operating ability and a spirit of fraternalism.
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In addition, ARRL sponsors various other
activities open to all amateurs. The DX-minded
amateur may participate in the Annual ARRL
International DX Competition during February
and March. This popular contest may bring you the
thrill of working new countries and building up
your DXCC totals; certificate awards are offered to
top scorers in each country and ARRL section (see
page 6 of any QST) and to club leaders. Then there
is the very-popular Sweepstakes in November. Of
domestic scope, the SS affords the opportunity to
work new states for that WAS award. A Novice
activity is planned annually. A 160-Meter Contest
is scheduled for early December. The interests of
vhf enthusiasts are also provided for in contests
held in January, June and September of each year.
Where enough logs (three) are received to consti-
tute minimum “competition” a certificate in spot
activities, such as the “SS” and vhf party, is
awarded the leading newcomer for his work con-
sidered only in competition with other newcomers.

As in all our operating, the idea of having a
good time is combined in the Annual June Field
Day with the more serious thought of preparing
ourselves to render public service in times of
emergency. A premium is placed on the use of
equipment without connection to commercial
power sources. Clubs and individual groups always
enjoy themselves in the ‘“FD” and learn much
about the requirements for operating under
knockabout conditions afield.

ARRL contest activities are diversified to
appeal to all operating interest, and will be found
announced in detail in issues of QST preceding the
different events.

AWARDS

The League-sponsored operating activities,
heretofore mentioned, have useful objectives and
provide much enjoyment for members of the
fraternity. Achievement in amateur radio is also
recognized by various certificates offered through
the League and detailed below.

WAS Award

WAS means “Worked All States.”” An amateur,
anywhere in the world, who succeeds in getting
confirmed contacts with all fifty U.S. states and
sends them in for examination, may receive this
award from the League. There is a nominal service
charge to those amateurs located within the
League’s operating territory (U.S., possessions,
Puerto Rico and Canada) who are not ARRL
members. For others, there is no charge except
postage, which is expected to accompany the
cards.

You can make the contacts over any period of
time and on any or all amateur bands. If you wish,
you may have your WAS award issued for some
special way in which you made it, such as all cw,
all phone, all on one band, all with lower power,
etc. — only providing all cards submitted plainly
show that a contact took place under the special
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circumstances for which you wish the award
issued.

Before you send your cards, drop the ARRL
Communications Department a line requesting a
copy of the rules and an application blank.

SBWAS

The Five Band Worked All States Award
became effective January 1, 1970. Only contacts
made after that date count. Contacts must be
confirmed with all 50 states on each of five
amateur bands. Rules require applicants in the U.S.
and possessions, Puerto Rico and Canada, to be a
full member of ARRL. Basic WAS rules apply,
with the addition of an application form fee of $10
(U.S.). This fee covers cost of return of the cards
by first-class registered mail and a personalized
plaque.

DX Century Club Award

The DXCC is one of the most popular and
sought-after awards in all of amateur radio, and
among the most difficult to acquire. Its issuance is
carefully supervised at ARRL headquarters by a
staff member who spends full time on this function
alone.

To obtain DXCC, an amateur must make
two-way contact with 100 ‘“‘countries” listed on
ARRL Operating Aid No. 7, which also contains
the complete rules. Written confirmations are
required for proof of contact. Such confirmations
must be sent to ARRL headquarters, where each
one is carefully scrutinized to make sure it actually
confirms a contact with the applying amateur, that
it was not altered or tampered with, and that the
“country” claimed is actually on the ARRL list.
Further safeguards are applied to maintain the high
standards of this award. A handsome king-size
certificate is sent to each amateur qualifying.

The term ‘‘country™ is an arbitrary one not
necessarily agreeing with the dictionary definition
of such. For DXCC purposes, many bodies of land
not having independent status politically are
classified as countries. For example, Alaska and
Hawaii, while states of the U.S., are considered
separate ‘“‘countries” because of their distance from
the mainland. There are over 300 such designations
on the ARRL list. Once a basic DXCC is issued, the
certificate can be endorsed, by sticker, for
additional countries by sending the additional
cards in to headquarters for checking.

A separate DXCC award is also available for
stations making all contacts by phone.

Because of the meticulous care in checking
cards and handling this award, amateurs in the
U.S., its possessions (including P.R.) and Canada
who are not League members, are charged a
nominal service fee both for basic DXCC and
endorsements.

Before sending in your cards, be sure you are
familiar with the rules (ARRL Operating Aid No.
7), which are quite detailed. In addition, get a copy
of the DXCC application form (CD-164).
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Five-Band DXCC

Entirely separate from DXCC, ARRL also
offers a Five-Band DXCC (SBDXCC) Award for
those amateurs who submit written proof of having
made two-way contact with 100 or more countries
on each of five amateur bands since January 1,
1969. Only full ARRL members are eligible in the
U.S., possessions and Canada; elsewhere, any
amateur may apply.

A charge of $10 (U.S.) is made for application
forms; this covers the cost of returning cards by
first class registered mail and issuance of a
personalized engraved plaque for those qualifying.

For a copy of the complete rules, drop a line to
ARRL Headquarters, 225 Main St., Newington,
CT 06111.

WAC Award

The WAC award, Worked All Continents, is
issued by the International Amateur Radio Union
(IARU) upon proof of contact with each of the six
continents. Amateurs in the U.S.A., Possessions
and Canada should apply for the award through
ARRL, headquarters society of the IARU, Those
elsewhere must submit direct to their own IARU
member-society. Residents of countries not repre-
sented in the Union may apply directly to ARRL
for the award. Two basic types of WAC certificates
are issued. One contains no endorsements and is
awarded for cw, or a combination of cw and phone
contacts; the other is awarded when all work is
done on phone. There is a special endorsement to
the phone WAC when all the confirmations
submitted clearly indicate that the work was done
on two-way ssb. Special endorsements are also
available for RTTY and SSTV. The only special
band endorsements are for 1.8, 3.5, and 50 MHz.

Code Proficiency Award

Many hams can follow the general idea of a
contact “by ear” but when pressed to “‘write it
down” they “muff” the copy. The Code
Proficiency Award permits each amateur to prove
himself as a proficient operator, and sets up a
system of awards for step-by-step gains in copying
proficiency. It enables every amateur to check his
code proficiency, to better that proficiency, and to
receive a certification of his receiving speed.

This program is a whale of a lot of fun. The
League will give a certificate to any interested
individual who demonstrates that he can copy
perfectly, for at least one minute, plain-language
Continental code at 10, 15, 20, 25, 30 or 35 words
per minute, as transmitted monthly from W1AW
and W60OWP.

As part of the ARRL Code Proficiency program
WI1AW transmits plain-language practice material
each evening and week-day morning at speeds from
5 to 35 wpm, occasionally in reverse order. All
amateurs are invited to use these transmissions to
increase their code-copying ability. Non-amateurs
are invited to utilize the lower speeds, 5,7 1/2 and
10 wpm, which are transmitted for the benefit of
persons studying the code in preparation for the
amateur license examination. Refer to any issue of
QST for details.
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Rag Chewers Club

The Rag Chewers Club is designed to encourage
friendly contacts and discourage the “‘hello-good-
bye” type of QSO. It furthers fraternalism through
amateur radio.

Membership certificates are awarded to ama-
teurs who report a fraternal-type contact with
another amateur lasting a half hour or longer. This
does not mean a half hour spent trying to get a
message through or in trying to work a rare DX
station, but a solid half hour of pleasant “visiting”
with another amateur discussing subjects of mutual
interest and getting to know each other. If
nominating someone for RCC, please send the
information to the nominee who will (in tum)
apply to Headquarters for RCC.

Members sign “RCC” after their calls to
indicate that they are interested in a chat, not just
a contact.

Operating Aids

The following Operating Aids are available free,
upon request: 4) Emergency Operating. 5) DX
Operating Code. 6) Contest Duplicate Contact
Record. 7) DXCC Countries List. 8) W.A.S.
Record. 9b) ARRL Message Form. 13) Ready
Reference Information. 14) A composite aid;
Ending Signals, Time Conversion, Phonetic Alpha-
bets, RST System and Steps in an Emergency.

A-1 Operator Ciub

The A-1 Operator Club should include in its
ranks every good operator. To become a member,
one must be nominated by at least two operators
who already belong. General keying or voice
technique, procedure, copying ability, judgment
and courtesy all count in rating candidates under
the club rules detailed at length in Operating an
Amateur Radio Station. Aim to make yourself a
fine operator, and one of these days you may be
pleasantly surprised by an invitation to belong to
the A-1 Operator Club, which carries a worthwhile
certificate in its own right.

Brass Pounders League

Every individual reporting more than a
specified minimum of official monthly traffic
totals is given an honor place in the QST listing
known as the Brass Pounders League and a
certificate to recognize his performance is fur-
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nished by the SCM. In addition, a BPL Traffic
Award (medallion) is given to individual amateurs
working at their own stations after the third time
they ‘“‘make BPL” provided it is duly reported to
the SCM and recorded in OST.

Public Service Honor Roll

A new listing, supplementing the BPL, was
started in 1970. It takes into account the many
public service functions of amateurs in addition to
the handling of record messages. Points can be
claimed for checking into and participating in nets,
for serving as net control stations, as liaison
between nets, for handling phone patches, for
making BPL, for handling real emergency traffic
and for serving as a net manager. Each such
function has a maximum number of points per
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month so that nobody can make the PSHR by
performing a single type of function, except
handling emergency traffic. Versatility in public
service is encouraged and rewarded. See QST for
details.

0O1d Timers Club

The Old Timers Club is open to anyone who
holds an amateur call at the present time, and who
held an amateur license (operator or station)
20-or-more years ago. Lapses in activity during the
intervening years are permitted.

If you can qualify as an “Old Timer,” send an
outline of your ham career. Indicate the date of
your first amateur license and your present call. If
eligible for the OTC, you will be added to the
roster and will receive a membership certificate:

INTERNATIONAL PREFIXES

AAA-ALZ United States of America
AMA-AQZ Spain

APA-ASZ Pakistan

ATA-AWZ india X
AXA-AXZ Commonwealth of Australia
AYA-AZZ Argentine Republic
BAA-BZZ China

CAA-CEZ Chile

CFA-CKZ Canada

CLA-CMZ Cuba

CNA-CNZ Morocco

COA-COZ Cuba

CPA-CPZ Bolivia

CQA-CRZ Portuguese Overseas Provinces
CSA-CUZ Portugal

CVA-CXZ Uruguay

CYA-CZZ Canada

DAA-DTZ Germany

DUA-DZZ Republic of the Philippines
EAA-EHZ Spain

EIA-EJZ Ireland

EKA-EKZ Union of Soviet Socialist Rep.
ELA-ELZ Liberia

EMA-EOZ Union of Soviet Socialist Rep.
EPA-EQZ iran

ERA-ERZ Union of Soviet Socialist Rep.
ESA-ESZ Estonia

ETA-ETZ Ethiopia

EUA-EWZ Bielorussian Soviet Socialist Rep.
EXA-EZZ Union of Soviet Socialist Rep.
FAA-FZZ France and French Community
GAA-GZZ United Kingdom

HAA-HAZ Hungarian People's Repubtic
HBA-HBZ Switzerland

HCA-HDZ Ecuador

HEA-HEZ Switzerland

HFA-HFZ People's Republic of Poland
HGA-HGZ Hungarian People’s Republic
HHA-HHZ Republic of Haiti

HIA-HIZ Dominican Republic
HJA-HKZ Republic of Colombia
HLA-HMZ Korea

HNA-HNZ lraq

HOA-HPZ Republic of Panama
HQA-HRZ Republic of Honduras
HSA-HSZ Thailand

HTA-HTZ Nicaragua

HUA-HUZ Republic of E! Salvador
HVA-HVZ Vatican City State

HWA-HYZ France and French Community
HZA-HZZ Saudi Arabia

1AA-1ZZ Italy

JAA-JSZ Japan

JTA-JVZ Mongolian People’s Repubiic
JWA-IXZ Norway

JYA-JYZ Jordan

JZA-JZZ Western New Guinea
KAA-KZZ United States of America
LAA-LLNZ Norway

LOA-LWZ Argentine Republic
LXA-LXZ Luxembourg

LYA-LYZ Lithuania

LZA-LZZ People’s Republic of Bulgaria
MAA-MZZ United Kingdom

NAA-NZZ United States of America
OAA-OCZ Peru

ODA-ODZ Lebanon

OEA-OEZ Austria

OFA-0JZ Finland

OKA-OMZ Czechoslovakia

ONA-OTZ Belgium

OUA-0ZZ Denmark

PAA-PIZ Netherlands

PIA-PJZ Netherlands Antilles

PKA-POZ Republic of Indonesia
PPA-PYZ Brazil

PZA-PZZ Surinam

QAA-QZZ (Service abbreviations)
RAA-RZZ Union of Soviet Socialist Rep.
SAA-SMZ Sweden

SNA-SRZ People’'s Republic of Poland
SSA-SSM United Arab Republic
SSN-STZ Sudan .

SUA-SUZ Arab Republic of Egypt
SVA-SZZ Greece

TAA-TCZ Turkey

TDA-TDZ Guatemala

TEA-TEZ Costa Rica

TFA-TFZ Iceland

TGA-TGZ Guatemala

THA-THZ France and French Community
TIA-TIZ Costa Rica

TIA-TIZ Repubtic of Cameroon
TKA-TKZ France and French Community
TLA-TLZ Central African Republic
TMA-TMZ France and French Community
TNA-TNZ Republic of Congo (Brazzaville)
TOA-TQZ France, French Community
TRA-TRZ Republic of Gabon

TSA-TSZ Tunisia

TTA-TTZ Republic of Chad

TUA-TUZ Republic of the ivory Coast
TVA-TXZ France and French Community
TYA-TYZ Republic of Dahomey
TZA-TZZ Republic of Mali

UAA-UQZ Union of Soviet Socialist Republics
URA-UTZ Ukrainian Soviet Socialist Rep.
UUA-UZZ Union of Soviet Socialist Republics
VAA-VGZ Canada

VHA-VNZ Commonwealth of Australia
VOA-VOZ Canada

VPA-VSZ British Overseas Territories
VTA-VWZ India

VXA-VYZ Canada

VZA-VZZ Commonwealth of Australia
WAA-WZZ United States of America
XAA-XI1Z Mexico

XJA-X0Z Canada

XPA-XPZ Denmark

XQA-XRZ Chile

XSA-XSZ China

XTA-XTZ Republic of the Upper Volta
XUA-XUZ Khmer Republic

XVA-XVZ Viet Nam

XWA-XWZ Laos

XXA-XX2Z Portuguese Overseas Provinces
XYA-XZ2Z Burma

YAA-YAZ Afghanistan

YBA-YHA Repubtic of Indonesia
YIA-YIZ raq

YJA-YJIZ New Hebrides

YKA-YKZ Syria

YLA-YLZ Latvia

YMA-YMZ Turkey

YNA-YNZ Nicaragua

YOA-YRZ Roumanian People’s Republic
YSA-YSZ Republic of El Salvador
YTA-YUZ Yugoslavia



YVA-YYZ
YZA-YZZ
ZAA-ZAZ
ZBA-ZJZ

ZKA-ZMZ
ZNA-ZOZ
ZPA-ZPZ

3DN-3DZ

SYA-52Z
6AA-6BZ

Venezuela

Yugoslavia

Albania

British Overseas Territories
New Zealand

British Overseas Territories
Paraguay

British Overseas Territories
Republtic of South Africa
Brazil

Great Britain

Monaco

Mauritius

Eaquatorial Guinea

Norway

People’s Republic of Poland
Mexico

Republic of the Philippines
Union of Soviet Socialist Rep.
Venezuela

Yugoslavia

Ceylon

Peru

United Nations

Republic of Haiti

Yemen

State of Israel

International Civit Aviation Org.
State of Israel

Libya

Republic of Cyprus
Morocco

Tanzania

Colombia

Liberia

Nigeria

Denmark

Malagasy Republic

islamic Republic of Mauritania
Republic of the Niger
Togolese Republic

Western Samoa

Uganda

Kenya

Arab Republic of Egypt

6CA-6CZ
6DA-6JZ
6KA-6NZ
60A-602
6PA-65Z
6TA-6UZ
6VA-6WZ
6XA-6XZ
6YA-6YZ
6ZA-6Z22Z
7AA-71Z
7JA-TNZ
70A-70Z
7PA-7PZ
7QA-7QZ
7RA-7RZ
7SA-7SZ
7TA-7YZ
72A-722
8AA-81Z
8JA-8NZ
80A-80Z

9NA-9NZ

S2A-$32

Syria

Mexico

Korea

Somalia

Pakistan

Sudan

Republic of the Senegal
Malagasy Republic
Jamaica

Liberia

Indonesia

Japan

South Yemen Popular Republic
L.esotho

Malawi

Algeria

Sweden

Algeria

Saudi Arabia
Indonesia
Japan
Botswana
Barbados
Matdive Isiands
Guyana
Sweden

India

Saudi Arabia
San Marino

Iran
Ethiopia
Ghana

Malta
Zambia
Kuwait
Sierra Leone
Malaysia

epa

Republic of Zaire
Burundi
Singapore
Malaysia

Rwanda

Trinidad and Tobago

Republic of Botswana
Kingdom of Tonga
Oman

Bhutan

United Arab Emirates
Republic of Nauru
Principality of Andorra
Argentina

Bangladesh

ABBREVIATIONS FOR CW WORK

Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unneces-
sarily when working an operator of unknown experience.

All after

All before

About

Address

Again

Antenna

Broadcast interference
Broadcast listener
Break; break me; break in
All between; been
Semi-automatic key

Yes

Confirm; | confirm

Check

I am closing my station; call

Called; calling

Calling any station

Could

See you later

Come

Continuous wave (i.e., radiotelegraph)
Delivered

Distance, foreign countries
And, &

Fine business; excellent

Go ahead (or resurme sending)
Good-by

Give better address

Good evening

Going

Good morning

Good night

Ground

Good

The telegraphic laugh; high
Here; hear

Have

How

A poor operator
Milliamperes

Message; prefix to radiogram

No

Net control station

Nothing doing

Nothing; | have nothing for you
No more

Number

wX

XMTR (TX)
XT

XYL (YF)
YL

73

88

Now; | resume transmission

Old boy

Old man

Operator

Old timer; old top

Preamble

Please

Power

Press

Received as transmitted; are

Received

Receiver

Refer to; referring to; reference

Radio frequency interference

Station equipment

Repeat; 1 repeat

Radioteletype

ge!g—addressed, stamped envelope
ai

Signature; signal

Operator’s personal initials or nickname

Scheduie

Sorry X

Service; prefix to service meassage

Traffic .

Tomorrow

Thanks

That

Thank you

Television interference

Text

Your; you're; yours

Variable-frequency oscillator

very

Word after

Word before

Word; words

Worked; working

Well; will

Would

Weather

Transmitter

Crystal

Wife

Young lady

Best regards

Love and kisses
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A Operating an Amateur Radio Station covers the
details of practical amateur operating. In it you
will find information on Operating Practices,
Emergency Communication, ARRL Operating
Activities and Awards, the ARRL Field Organiza-
tion, Handling Messages, Network Organization,
“Q" Signals and Abbreviations used in amateur
operating, and other helpful material. It’s a handy
reference that will serve to answer many of the
questions concerning operating that arise during
your activities on the air.

A Public Service Communications is the *‘bible’’ of
the Amateur Radio Public Service Corps. Within its
pages are contained the fundamentals of operation
of the Amateur Radio Emergency Corps (AREC),
the National Traffic System (NTS), and the Radio
Amateur Civil Emergency Service (RACES), in-
cluding diagrams of how each is organized and how
it operates. The role of the American Red Cross
and FCC's regulations concerning amateur opera-
tion in emergencies also come in for some special
attention.

The two publications described above

may be obtained without charge by
any Handbook reader. Either or
both will be sent upon - request.

AMERICAN RADIO RELAY LEAGUE
225 Main Street
Newington, CT 06111

Please send me, without charge, the following:

(0 OPERATING AN AMATEUR RADIO STATION

[J PUBLIC SERVICE COMMUNICATIONS

LT -

(Please Print)

Address ... ....iiiiiiiit ittt teenes et snnn oot arean ottt soaneno st
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Chapter 25

- Vacuum Tubes
and Semiconductors

For the convenience of the designer, the
receiving-type tubes listed in this chapter are
grouped by filament voltages and construction
types (glass, metal, miniature, etc.). For example,
all miniature tubes are listed in Table I, all metal
tubes are in Table II, and so on.

Transmitting tubes are divided into triodes and
tetrodes-pentodes, then listed according to rated
plate dissipation. This permits direct comparison of
ratings of tubes in the same power classification.

For quick reference, all tubes are listed in
numerical-alphabetical order in the index. Types
having no table reference are either obsolete or of
little use in amateur equipment. Base diagrams for
these tubes are listed.

Tube Ratings

Vacuum tubes are designed to be operated
within definite maximum (and minimum) ratings.
These ratings are the maximum safe operating
voltages and currents for the electrodes, based on
inherent limiting factors such as permissible
cathode temperature, emission, and power dissipa-
tion in electrodes.

In the transmitting-tube tables, maximum
1atings for electrode voltage, current and dissipa-
tion are given separately from the typical operating
conditions for the recommended classes of
operation. In the receiving-tube tables, ratings and
operating data are combined. Where only one set
of operating conditions appears, the positive
electrode voltages shown (plate, screen, etc.) are, in
general, also the maximum rated voltages.

For certain aircooled transmitting tubes, there
are two sets of maximum values, one designated as
CCS (Continuous Commercial Service) ratings, the
other ICAS (Intermittent Commercial and Ama-
teur Service) ratings. Continuous Commercial
Service is defined as that type of service in which
long tube life and reliability of performance under
continuous operating conditions are the prime
consideration. Intermittent Commercial and Ama-
teur Service is defined to include the many
applications where the transmitter design factors of

INDEX TO
I — Miniature Receiving Tubes.......... V16
IT —6.3-Volt Metal Receiving Tubes.... V18

III — 6.3-Volt Glass Tubes, Octal Bases. V19
[V— Control and Regulator Tubes ...... V19
V —Rectifiers .....cciiiiiiiiiiiien.as V19

minimum size, light weight, and maximum power
output are more important than long tube life.
ICAS ratings are considerably higher than CCS
ratings. They permit the handling of greater power,
and although such use involves some sacrifice in
tube life, the period over which tubes give
satisfactory performance in intermittent service
can be extremely long.

The plate dissipation values given for transmit-
ting tubes should not be exceeded during normal
operation. In plate modulated amplifier applica-
tions, the maximum allowable carrier-condition
plate dissipation is approximately 66 percent of
the value listed and will rise to the maximum value
under 100 percent sinusoidal modulation.

Typical Operating Conditions

The typical operating conditions given for
transmitting tubes represent, in general, maximum
ICAS ratings where such ratings have been given by
the manufacturer. They do not represent the only
possible method of operation of a particular tube
type. Other values of plate voltage, plate current,
etc., may be used so long as the maximum ratings
for a particular voltage or current are not
exceeded.

Detailed information and characteristic curves
are available from tube and semiconductor
manufacutrers, in books sold through radio dealers
or direct from the factory.

Semiconductors

The semiconductor tablulation in this chapter is
restricted to some of the more common diodes and
transistors. The units listed were selected to
represent those types that are useful for most
amateur radio experimental applications. These
diodes and transistors were chosen for their low
cost and availability. Most of them can be obtained
from the large mail-order houses or from the local
manufacturer’s distributor. Because there are
thousands of diode and transistor types on today’s
market, this list is by no means complete.

TUBE TABLES

VI — Triode Transmitting Tubes ...... V20
VII — Multigrid Transmitting Tubes ... V22
VIII - Semiconductor Diodes ....... vee.. V24
IX~— Semiconductors ................... V24

Vi




V2 Vacuum-Tube Data

INDEX TO VACUUM-TUBE TYPES
Base-diagram section pages V5-V15. Classified data pages V16-V34.
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- AK — 2D — BJ 6CN7 — 9EN
_ AD V21 2D - Q 6CQ6 .— 97DB
— AX V21 Fig.3 . V16 9DA 6CQ8 .- GE
— AO v2l Fig.3 - 7DT 6CRE .o EA
-—_ AK V21 Fig.3 . V18 7BZ [} .— GJ
—_ AX - L . V18 7BT .- CK
—_ AA - N . V1 .= CH
—  4AA — 2N — . — F9E
- AQ — ig. 31 . VI .- FZ
-— BAG — 1g. 75 .Vl . — 1CV
b AO A... V23 — . VI . V19 6AM
— Y 4CX1000A.. V23 — . L= GM
AM 4 .. V23 6BK — . V16 12AQ
Y 4 L .- 9CV
AF SBK L — FC
AH . V18 9DX
AT . V16 7EW
AV —
AU —
-—_ CA —_—
_ CB —
- AR —
— 68X .
— BA . —
— §BR -
— 7DW C
— 4G L —_
V19 U .=
6BZ . V2
9y .-
9Y
9Y
4P
— 7CB
— 4D 1A
— 55 4G
— 6B T
— 8G L
— C 4V
- 1L T
—_ A ‘T
- J T
— D T
- ‘lﬂg 22 INT
1A
2E IN
AS IN
B BH 4B
= g :
- V19 8JP — 9AE
—— 4BB 4J V19 6R V17 9AE
- g, 70 47 — B —_— CA
— Fig.21 43 — TH S
—  Fig.21 3 5BK T80 Z Javu
LVl 8KS Lo~ TEW V18 8B
- ¥20 Fig.11 PAE . V19 8BD . V20 8B
. V20 ('j“ju Bf: . V18 9AE — 9T
- . — 6BT —_
.= 88D 1a : V16 9DX - %
BN IN V19 78 — K
.= R 18 V18 7CV — S
va2 AT V16 9AQ
= TeL AN V16 981G 3
Vi b i Vid 213 y
V16 7FN 2BY
— 7CQ T —_ FP R
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Vacuum-Tube Data

Type Page Base Type Page Base Type Page Base Type Page Base Type Page
.. — ©b6BU 6264. . L— AX9903. .. ig. 7 R . — Fig.70 2N33914A... V!
— D 626, CM 18. 2 R D N3304 Vv
— Fig.30 628 CT ig. 5 R L Vv
b BD 630! EX 1g. 7 R D V.
— BD 633 BD J R D V
835 CZ J R AW \%
635 ig. 12 H R — AW V.
636 Fig, 13 b P R — D V:
637 BW —_ AQ R — C V.
838 7 8CJ — C — 6BM V.
41 9K — Fig.73 — Fig.61 v
— )y 44. 9BW — 3 3 —_ g. 64 v
V19 Fig. 79 48 BK — Ig. 16 —_ 1. 64 V!
b CE 52 2 Flg, 76 — N — Fig.64 V:
— CJ 55¢ 9 78 — A — A .V
V20 Fig. 21 62 5BQ - A -— G V!
. —- C. 661 7CC — A — G V!
. V17 66 CM - C — AW V.
. V17 8H 662 CM F — 1g. 15 — N .V
— FiIg.38 663 BT F12 —_— 1g. 15 — N Vi
-— 8BD 664 CE G84 V19 4B — 1g. 60 v
- 8BD 663 BZ G, Fig. 9 —_ - V.
V18 8N 676 CM G Fig. 15 D v
- CS 677 BV GL1 ig. 56 N V!
V19 BN 678 AE G, Fig. 56 N V:
V17 5CB 679 A G Fig. 56 —_ AW! v
— CM 680 A G. — ig. 56 — ig. 48 Ri
— T 681 A GL4: — Figll -  Fig.61 v
V19 7BN 816 Flg. 77 G. — Fle. 11 — g, 61 v
— 5BC 829 A G, — Flg.9 — Fig.67 V:
— 97BK 6850 . g, 76 G —_ ig. 10 — Fig. 45 Vv
— 17CH 6883. CK G. —_ - — P V:
— QA 6884 . Fig. 77 GL6 -— 9CzZ — 3G v
— 9J 6887 . BT G — Fig. 54 _ A Vv
vaz 6893. CK D: — 3N — G v
— Fig.21 6897. g — 2D —_ G v
— Flg. 21 6907 . Fig. — 2D — 2D V!
See 2C37 6939. Fig. 13 ~— 2D — 2D V!
See 2C37 6973. 9EU F — 2N v
— Filg.21 7000 . . 7R F v21 3G . V24
— Fig.21 025 . .— SA Fig. 46 — 2N v
-_ CQ 027A . V19 SHY N — v
— DA 34 . . V23 Fig. 75 ig. 15 N v
V19 4CK 135 . V23 Fig. 75 N — N v
— 78 54 — 9BF — 2N —  Fig.30 Ty
— 4P 55 — BT — 3G — T v
—_ 68 56 — 6CM - D — D V:
V17 9V 57 — BAJ - g. 33 — N V!
—  7BF 58 — 9A — 2D — 3G v
— 5CA 59 . . — 9AE — 2D — G V!
— 9X 60 - — 9DX — 4BC — 3P Vi
— 68 061 . . — 9EU — 4AT — Fig.32 v
-_ AB 077 . — - — 2N — G v
V21 Fig.3 94 . . V23 Fig.82 57 — 7BM —_ D V!
— Fig.3 37. — 7TBQ { — 7BM —_ D V!
— AC 67. — _1EW — 4BC — N V!
— _ Flg. 21 89. . V17 9CV — 2N — N V!
V17 9AD 47 . —_ A 2N — 3G " v
—_ AC 258 .. V17 9DA 2N —_ G LV
— 2J 274 . V22 Fig.84 2N —_ G Do
V20 Fig.21 7 V22 Fig.84 2N V19 4AJ L.V
V22 Fig. 7 0 — 9DE 2N V19 4AJ iy
— AR 6 — PKS8 2N V19 4AJ v
-— CH 10! — TAC 2N V19 4AJ v
— 7BF 543 7BK N —" 4D v
V22 AW 551 1 V22 OLK IN — Flg.s3 v
—i S8R 558 . . . V22 9LK v N — v
19 2AG . —~_ 7AC Q — Fm.2 v
— 9A [ V17 12AQ v AC — Fig.6 v
— 7BF L V17 12A8 D — BAC Ly
— 9A 1 V19 8KQ ¥ G — 5AC Ly
— Tig.36 . — 9PX Y. BO — 8BZ 4
vig 8BD — 6F ¥ Fig, 60 — 2D ‘v
7BZ — 9MS Y G — 4E .V
— 9CD — 7EW s G | vae
Fig. 16 22 Fig.7 G . V28
BD —_ 9NZ G . V28
BF V17 12AQ BO LV
AC — 9PB ) G ..V
Z $r - R AW oY
= 80 v2z 7BM : = Y  SEMICONDUCTORS M
= ¥m i ! 3 A ¥
—_ - _ g ;
= 9K — Fi.8 — Fig.64 Type Page v
V20 7CF — Fig. 54 § —_ T .V V!
—" DB — 4P 3 — 2T v v
— 7DB — 3¢ 3 — 2T v v
— 7BT — P — g, 71 V! V.
— 9A —  4AQ — 4D V24 v
— QA . V22 7CK —_ P .V .V
v19 5BO —" Fig, 51 —  Fig.60 Ly v
V19 5BO vi7 Flg. 65 A% V:
—  8BD T 71 V24 V!
8 [V \'s
3 V! v
084 — #BJ v v
6085 — 9A v v
6 — 9BX v v
7 — 5L v v
1 — 7BF v Vi
2 — 9BA v v
— 6BG v v
38 — 7BK v V.
37 — N v B £
0 - BY V. v
1 — BZ 2D v v
6 V22 7CK 2N V24 Vv
6. V22 7CK 2N A% Nz
6 V22 7CK 2N v V.
5 V23 5BK 2N V! .V
56 V23 S5BK 2N V. v
57 —" Fig. 38 SN v v
58 — 0A b3 v v
59 v22 7CK —  Flg, 52 v v
73 —" Fig. 34 — 8BM v v
—_ B — 4D V. V.
7. — BV — 6BM v v
1 - A — &BM v V:
1 — 8A — &8 v LV
8 — Fig, 37 — 81 v .V
218 - CG — 2D V. .V
— 9BA — 3G 2N4d B v -V
V22 Fig.7 .. vzl .3 -— 2D 2N3055.... V .y
- = AX9901..). — Fig'3 — Fig.69 2N3119. .| V v




Base Diagrams V5

E.l.LA. VACUUM-TUBE BASE DIAGRAMS

Socket connections correspond to the base designations given in the column headed *‘Base’ in the classified tube.data tables,
Bottom views are shown throughout. Terminal designations are as follows:

A == Anode D == Deflecting Plate IS == Internal Shield RC == Ray-Control Eelectrode
B == Beam F = Filament K Cathode Ref == Reflector

BP == Bayonet Pin FE == Focus Elect, N No Connection § = Shell

BS == Base Sleeve G = Grid P Plate (Anode) TA == Target

€ == Ext. Coating H =— Heater P == Starter-Anode U == Unit

CL == Collector IC = Internal Con. Psr = Beam Plates ® == Gas-Type Tube

Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or hexode unit in multi-
unit types. Subscript CT indicates filament or heater tap.

Generally when the No. 1 pin of a metal-type tube in Table II, with the exception of all triodes, is shown connected to the
shell, the No. 1 pin in the glass (G or GT) equivalent is connected to an internal shield.

* On 12AQ, 12AS and 12CT: index = large lug; * = pin cut off
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page VS.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.

V7



V8

TUBE BASE DIAGRAMS

. Bottom views are shown. Terminal designations on sockets are given on page V5.
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Base Diagrams

TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.




Base Diagrams V11

TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.




V12 Chapter 25

TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.




Base Diagrams Vi3

TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets and ® meaning are given on page V5.
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TUBE BASE DIAGRAMS

Bottom' views are shown. Terminal designations on sockets are given on page V5.



Base Diagrams | . o V15

TUBE  BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on -page V5.
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TABLE |— MINIATURE

RECEIVING TUBES

Fi. or Capacitances " Pl ]
Heater pF > E £ £
Type Name Base 8.2 53 g R .’g gg :é s é;
AETERT gy | Bf | s8] 3y |23
Ame| G O] G | 25| 58 | 43| 3% | £F| £& | £3 |E3| 8% |23
o Ay Amp. W T [ = [ — [ [ 2k em | B = | =
BAFAA | Unf—Triode g ool 10K | 63 | 02| 22 |ogs |19 Bl = ol I 1 AKIE0 L B L - 1 -
y 250 ] 18 [ T | 20 | 65 | @Ok [0 | — [ = | =
6AGS S:arp Cut-off Pent. _ 70 | 63|03 | 65 | 18 | 003 (hrtjel oo E0 o8 L BOK IO G - L - -
Sharp Cut-off ent. Amp. 300 160* 150 2.5 10 500K 9600 - — —
BAHE | pont, Trode Amp.| [on | 63| 045 | 100 | 20 | 0B g T 15 ek K @] = 1 =
BAJT| ONf Triode WX | 63| 025 4 |08 | B ® | = =1 B LK K] 2 = | =
180 [ 200 | 10 | 24 [ 17 K [50 [ — | — | —
GAKS | Sharp Cut-off Pent. 180 | 63| 075| 40 |28 jo; [ 10 | B [ M| 22 T | EK [&m [ = = [ =
120 [ 200 [ 10 | 25 | TR 3K 80 | — | — [ —
GAKE | Pwr. Amp. Pert. TBK | 63 | 035 | 36 | 42 [0 [ 80 | -8 [ ® [ 25 [ 15 | 20K [ 20 | — | 10K [ I
BALS Dual Diodet® 6BT 63 ] 03 — — — Max. rms voltage —117. Max. dc output current —9 mA.!
GAMA_ | URF Triode 9BX | 63 [ 025 44 [ 06 [ 4 [ [0 ] — [ — [ 75] B[00 [ B ] — [ =
GANS | Beam Pwr. Peil. 78D | 63 | 045 | 0 | 48 [ 0075 [ 12 | 120F [ T | 120 | % | 125K [ & | — | 25K[ 13
Medium-s Triods 2027 (15 ™[ <6 [ = [ =3 SR B0 | — | - | —
SANBAL | —Sfarp Cut-off Pent DA | 63 | 05 oo o | 20 | e | 50 | 28 | 95 T WK [eW | = =
T80 | -85 | 180 | 34 [ 3% | Bk [ | & 55K 20
GAQSAL | Beam Pwr. Pent. 2 | 63| 0d5 | 83 | 82 | 08 | a T Tk e e
Dual Diode — W 1 [ = | — [ o8] ek 10 [ 0] = [ —
shgs | pual Diode = w830 17 s |18 g e T T
50 | —165 | 250 [ 50/ 3% | oK | 2400 | W] JK | 32
SARS | Pwr. Amp. Pent. S6C | 83104 | — | = | = 'm0 [-B |70 55000 3 | K | 230 | 3| 76K 34
§ASE | Sharp Cutooff Peri TOM | 63 | 005 4 [ 3 [0z [0 | 2 [0 35 Sk [0 [ — [ = | —
§AT6 | Duplex Diode —Highs Triode | 78T | 63 [ 03 [ 23 [ 11T [ 21 | 20 [ -3 | — [ ~— | 1 | sk [0 [ B[ — | —
EAUSAT | Sharp Cuf-off Pant. TBK | 63 | 03 | 55 {5 [ 00035 250 | o6& | 0 | 43 | 106 [ Imeg [ 500 | — ] — | —
§AV6 | Dual Diode— Highys Triode | 78T | 63 | 04 | 22 | 08 [ 20 [ 20 | 2 | = | = [ 12| sk 0 [ W | — | =
Wedium-s Triode 7 [ [ T 6 [ = — B | k[ ®0 [ 0] < | =
SAZS I Somiremote Cut-off Pan. SED | 63 | 05 T ooz | a0 8 | T | 3 | 95 [ 0K [ 600 | — =
§BAG | Remole Cut-off Pent TBK | 63 03 | 55 [ 5 | 00035 250 | 66 [ 10 | 42 | 1L [ imeg [ 40 | — | — | —
6BA7 Pentagrid Conv. 8cT 63 | 03 sc.20kq 250 | -1 100 | 10 38 | 1meg. 950 o -
TBCA | UNT Medium-s: Triods S0R | 63 [ 025 29 [0 [ 16 | 0 [ 000F | — | — | 45 | &8k| K| B = | —
§BES | Pentagrid Conv. TcH [ 63 [ 03 oo 20k2 750 | 15[ 10 [ 68 | 29 | imes | 35 | — | = | —
Wedium-z Triode O O I 0 I B I T R L
8BEBA! ' Sharp Catoff Pent SE6 | 63 ) 05 Mg T9% oW [ 70 [ & | 10 [ 35 ] W0 @K [0 | — | = | =
§BF5 1 Beam Pur. Amp. TBT [ 63| 12 ' M |6 [ 065 | 10 | 75| 10 | 4/105] 3% | TK_| 7500 | %] 25K 19
§BF6 | Dual Diode — Medium-s Triods | 78T | 63 [ 03 18 | 08 | 2 W] 9 | — | — | 951 B85k 190 | 16 | 10K [ 03
§BAE | Sharp Cut-off Pent, TCM [ 63 [ 0.5 54 | 84 [ om0 | 20 [ =1 [ 00 [ 28 | 74 |Amee [ 8% | — | — | —
Vedium-; Triode 76 [ 038 |24 [ 10 | 5 | — | — | 95| Bak[ 30 | 7 | = | —
SBHE! I Sharp Cut-off Pent X | 83106 1oy om0 | & [ 15 | 3a [ 15 [k [ | — [ — | —
§BJ6A | Remoe Cut-off Pent. TeM | 63 [ 005 | 45 | 55 (om0 20 | -1 [ W ] 33 o2 (Bmee [ 30 | — | = | —
6BJT__ : Triple Diode 9AX 6.3 [ 045 Max. peak inverse plate voltage =~ 330 V. Max. dc plate current each diode = 1.0 mA
§BJ8] 1 Dual Diode —Wedium;. Triode | 9ER | 63 [ 06 | 28 [ 0B 26 [ %0 ] -9 T — | — | 8 7.15_7_‘ pE I I
§BKE | Dual Diode —HighuTriode | TBT | 63 {03 | — | = [ — 1 0 | 2 | — | — [ T2 | esk| o0 [0 | — | =
§BKTB | Wedium- Dual Triodel® W [ 63104 [ 3 [T [ [ &% = — 118 1K 90 | B = | =
Triode B8 (15 | | B — [ — 1 ® [ = [0 [ 01— | =
8BS I pentode 06 | 83 |08 513 Toem [ | S35 [ [0 [ K [ e | &1 — 1 —
§BNAR | Mediumz Triode TE6 [ 63 [02 | 32 [14 12 |0 [ | — [ = [ 3 SR 60 [ 8] — | —
§BNG | Gated-Beam Pent. T0F [ 63 [ 03 | 42 [ 33 o008 | & [ -3 W[ 5 [ 08 = [ — | — | 8K | =
FBNG] | Dual Diode — Fighs Triode | SER [ 63 | 06 | 35 [ 055 (25 | 20 | 2 | — | — | 16 [ ®K [0 [ 0 [ — [ —
§B05 | Pwr. Amp. Peant. 9EV [ 63 | 076 [ 108 [ 65 (05 |30 [ I3 W0 | B8 | s B | — | — [ SK[IP
§BOTA | Wedium-; Dual Trioge™® o0 [ 63|04 [ 78 [ 1B |15 [ [ | — | — [ 9 SR 500 | B | = | =
Wedium- Triode 75 (04 [18 | | s [ — | — [ B8 T O L e
SBRA! | Sharp Cut-off Pent. SFA | B3 ) 05 195 oo [ 20 | o [0 [ 35 10 [ A0k [ 50 | — | — | =
FB58 | Low-Noise Dual Triode™® S 53 (04 [ 25 [Im i [ [ 20 | — [ — [ 10 I T I
§8X8__| Dual Triode’® 63 [0 | — | — [ 14 I T I = I S I I - I
§BZ6 | Semiremote Cuf-off Pent. TeM | 63 [ 03 | 75 |18 (007 | 0 | T [ 1 | 26 [ T [ WK |60 | — | — | =
§877 | Medium—s Dual Triogel® A [ 63|04 [ 25 [ 1% [ L [0 [2¢ | — [ = [ 10 I e
§828 | Dual Triode®® W [ 63|04 [ = [ = | = [ [ = [ — W SR @M | &5 | — | —
1] Medium- Triode §B6 | 63 |05 | 18 [ 13 [ 16 [ 20 1 85| — | — | W05 ] 77k[ 7@ | U = [ =
§CBGAT_ | Sharp Cut-of Pent. TeM | 63 | 03 | 65 [ 19 |00 | 20 | 18 | 0 | 28 | 95 [ 60K [ 60 | — | — [ —
SCEST [ Rf Pent TBD | 64 [ 03 | 65 [ 1o [ 003 | 200 | 180" [ 10 | 28 | 65 [ 60K [0 | — | — [ =
§CG6 Semiremote Cut-off Pent. 1BK 63 | 03 5 5 0.008 250 -8 150 2.3 g 720K 2000 - - —
§CG7] | Meduum-p Dual Triode™ ) [ 63 [ 05 | 23 |22 |3 W 8 | — 1 — 139 K[ B0 | 01— | —
BEL6 | Pwr. Amp. Pent 9BV | 63 | 065 [ 11 [ 55 [ 002 | 20 | —3 | 0 [ 72| 3 [ Tk | 1K | 317 73
CWI | Triode T7A0 | 63 |00 [ 4L |17 0% | m [ 0 [ = [ — | & | smk| 25k & | — | —
Wedum - Triode 77 [0 44 1 80 | 0 | — | — | 92| &K[ &0 [ o1 = | —
8CX8  harp Cuteoff Pent DX | 83 | OB T o W [ e | 5 | 52 [ @ | Tk | K| — | = [ =
§EY5 | Sharp Cutoff Tefrode TEW | 63 (02 | 45 |3 [om | W [ —7 | 8 [ 15 [ W0 | 1ok (80 | - | — [ —
§0J8 | Twin Triode A1 | 63 [0 33 T8 |14 W 3| = [ =105 | = [k B[ = | =
§DKG | _Sharp Cut-of Pert. oM | 63 [ 03 | 63 |15 |00 |30 [ 65 80 | 3B [ 7 [ — (%8 | — | = [ =
§0S1 | Figh- Triode T7A0 | 63 [0 A1 |7 T @ T WM [ 0 | — | — | & | 5ak| k[ & [ =
§DT6 | Sharp Cut-off Pert. TEN | 63 [ 03 | 58 | — (002 | 1% | S0- | W | ZI | 11 ] I0K [ | — | — [ —
§0WS | Beam Pwr. Amp. ®K [ 63 [ 12 [ |35 105 [0 25 ™ 2 5% [ K [0 | =1 = [ =
Triode T o I m -z | = == T O T
SEAS! " Sharp Cut-off Pem, SAE | 83 |05 s Tom [ | v [ [ 1 1z [ sk |[ew [ - - | =
High-s Triode W s W[5 | — [ =1 7 [ ok {7 w1 = [ =
SEB® I Sharp Cut-off Pert. WX | B0 T T 9 [ = [ 7T 15 T T ek ===
FEN5 | Power Pentode TV | 63 [ 12 [ 179 |06 [ 1% [ 0 [ 17 | 15 [ & [ 1K | H6k| — | 3K |14
§EWT | Remote Cut-off Pent. A0 |63 (03 | 8 |3 W5 [ 20 | 2 [ 9 | 45 | 12 | 50K | 1ZeK|
Triode I A I - S U I S 0 I I I D
SEHS  —nTagrd Conv. 86 | 83 [0 g Tow B [ oI [ 4 17 [ Owe | — 1 — =
§EFT | Sharp Cut.off Pert. WA | 53 [ 03 [0 |3 N N 3 2 VA 5 O 9 =
§ERS | Tefrode TEN | 63 [ 0.8 | 44 | 30 [0® [0 [ =1z 0 [ 0 [ 10 [ K[ B[ = [ =




TABLE |- MINATURE RECEIVING TUBES — Continved
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S
N
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i

1

L

) =
r Fil. or Capacitances [ n E- ]
i Heater pF > E g8 E
Type I Name Base £ c c ° §5 Y o k-]
vV | Amp.| G C Cy %& ] §£ §< %“ at ‘ EE E'f' ‘Eg ' %-;'-‘
. " out * 183 | Gm | 8| AE| EE| &€ | ~° |<&| S& %O
TESE 1 Dual Triode WE [ 63| 0] 2 |0 [0 [ 2] = =16 [ = K| %[ = | —
§EUT T Twin Triode 0 A R S 0 0 O
Triode 50 (26 100 | W [ — [ =1 =1 KTem 0 = | —
SV poniode S DR et Y A 0 S - V2 S O P
Triple Triode No. 1 14 1
sezp | pivle qhoelel o leka | 63 oas| 26 315 | a0 | - |~ | — | 2] nmskjam | 5] - | —
§FVE | Sharp Cutoff Tefrode e | 6302 [ 45 |3 |00 [ B T [ ® | 5] 0 [k [ | =] — [ =
§GC5 P, Pent. SEU | 63| 1z | 80 [ 70 |08 | N0 75| M0 [ 4 | 5% | DK [0 | -~ | 2k | 21
P (1 oAE | 63 | 06 |34 |16 |26 25 [ -1 | — | — | 135 Sk 80 | 0 — | —
Fontods Sl I I T S Vo V3 A OV S - e N
§6K5 | High.s Triode TP | 63 08| 5 135 (05 [ B | 0 [ =1 — 1 5[5 T I I
GKE | Power Penfode 96K | 63 [ 006 [ 10 | 70 [ 008 | 280 | —73 | 0 | 551 8 | ®K | L] — | 52K 57
§GMS " Pentods TOM | 631 04 | 10 | 24 [00% [ 15 | — [ 341 W 20k Dk =1 — | —
T High- Triode 0% [ [ [ 2 [ = =1 2 1 3K tom [ [ = | =
SGNS I —Sharp Cuteoff Pent. X} 8N OB g T W = W 55T 5 T ek T K — = | =
§HEE | Power Perfode S0 [ 53 | 0% [ 13 [ 80 [ o8 | [ [ [ 62 & | 2k | k| — 1 — | =
§10__ GroundedGrid Triode T80 | 63| 04 [ 75 |38 (00 [ W [0 [ — | -1 5 (S L
M Wedium-s AL AR W ] = — 1 &1 W s80 [ B = | —
GI6A Dual Triode Mier . /o | 631045 22 |04 118 1 g T — T — 1 48 WK 130 [0sc peakvoliage = 3V
*STarp Cutol Pant. 50 176 (00 [ B -1 | 0 [ 35 951 2K (500 [ — ] — [ —
SKDE e o Triode SAE | 83 M T8 T T T T = T = [ w = =
" Medium-u Triode 24 2 13 125 68* o — 13 5.0K | 8000 0 1 — -
SKEE  —Sharp Cut.off Pent. e Al e N Y 800 N N 0 N V- O 2 3 I S0 I L A i
~+Sharp Ciftof Pent. S I T T O I 3 S D I
KRS —iedium. Triode X | 83105 T T T T = T = 5 [ WA B = | =
§KT8 " Remote Cul.off Pent PM T 6303 [ 95 3 [om [ s % | B a2l T [ T Bkl - -
Tligh-s Triode % Tis |30 [ 7 | = 3 30K W (1%
KT8 —Sharp Cat-off Pei. fl I T 0 % 0 B 3 I R I A N VI A L S I L I -
Sharp Cuteoff Pent. 55 134 001 [ -1 (15 & 11 @k [ 70 | = = [ =
8KZb  ~Medium-, Triode 2 ) 830 T T T T T = s o &0 [ %= 1 =
s Sharp Cut-off Pent. oGF | 631 04 55 | 34 | 0015 | 125 | 3¢ | 125 | 35| 12 125K K[ — 1 — —
Wediom-s Triode Sl M I 2 VO 3 O D N I © K gw [ W= | —
Figh s Triode 76 128 |38 [0 2o S T S B VL =
SLYS | —SRarp Cuteoff P, X | 83} OB Iy o T . W 3 [ Bs ek | K| —
Weditum- Triods w0 [ = [ = [ us [ SseK| &0 [ H | - [ =
SMUB i Cutcof Pent AE | 63106 | 3 122 |2 mTr T T Tl Tk T == [ =
&7 T] URF Triode K 63025 % [ 0B [ e [ = =8 THR 00 [ B = [ =
T W[ 1 | — | — [ 8 5 [ 1w [0 [ = | —
6T8A} 7, Triple Diode-High-u Triode 9t 63 | 045 16 1 22 }_kzs_o_‘ = — — 1 3K 00 7 — —
Medium-u Tricde 25 0.4 18 150 56* — — 18 5K [ 8500 40 [ — —
CUBA!  —Sfarp Cutofl Pent, SAE | B3 | 05 e T T e [0 S0 TR [ | == =
" Medium-x Triode j 20 05 14 100 | 100* — — 8.5 69K | — 40 — —
8X8A!  —Sfarp Cutoft Pant. SAK | 63 | 0% gy o [ 0 | o0 | W [ 15 1K [ = | = 1= [ —
N Ay Amp. : 250 | —125 | 250 | 45/7 | & 50K | 4100 95 | 5K | 45
12085 BeamPwrAmp. gh ee0 | i2s |0z 8 s [ | =g L e t“’ R
+— A Amp. i TR0 | —T25 | 750 [ 457 | &7 | 5K | am | 4 [ 5K [ 75
12405 lr Beam pur. Amp, b Tl 1Bz 126 | 0zs| 83 a2 |oms | Tt e L e T
; - 5 005 | w2 oy Iy W [ 20 [ = | = | 37 [ oKk [0 |8 | — [ —
N 10 IV} oY
12T High-u Dual Triode Rl O K L O O O I I I =S 169K | 5500 | &0 =
— - 6 06 L 1 (05 |1y W [ 0 1 — | — | 18] 6mkam [ 95 — [ =
-, 10 L 1
1ZAUTR  Medium- Dual Triode ol K L K I O A O W VY B A L 2 I e
- - TE [ 025 3r [0y (19 W 1% T — 1 =1 38 IR 600 [ 7 [ = [ —
N 0
12AVT | Medium-u Dual Triode? h | mTms [ [ [ T wm [ % | =1 — 1B a3k {8500 | 4l | — | —
s | it B ATDT | gp | 1261 015 16 [0 [ 17 {20 | 7 [ — | — [ 17 ] ek |10 w0 | — [ —
Dual Triode Class B 53103 T IF (oL | m | 0 [ = — [ | = | = [ W[k [7s
Wodumr Ay Amp. 126 | 0.5 w1 4 [ = | =3 | — [0 [ @ = | =
AT | pual Trioget® TowlevalAmp ] °* 6303 | 2 | % |1 | [mww PTate resistor = 20K, Grid resistor = 0.1 me, V.G, = 125
- - 6025 37 105 |10 |0 120 [ =1 — 1 37 [ BK [40 [ 8 [— | —
\ZAZTAL | High-u Dual Triodet® Bl e (e W[ [ = — |1 IR | 5500 [ 80 [ — | =
- - 26 [ 03 | 327 [ 05 [ 26
-, 0 - —_ — —_ -
12BHIAL, Medium-y Dual Triode! on (2833 | 3 02 LI Yo |08 1L5 | 53K |3100 | 165
12BY7A3| Sharp Cut-off Pent. oBF |23 gg 1 |3 |o0ss | 20 | e | 10 | 6 |25 | sk | 1k |10]| — | -
585 | Beam Pwr_Amp. BT % |05 |0 165 (04 |0 [ 75 {0 | 37 [ A | = [ 50 | ¢ | 25K 15
§85 ' Beam Pwr. Amp. 782 {50 | 015 [ 13 | 65 |05 | 10| 75 | 10 | 4/85 | 50r | TR | 750 | 4% [ 25K i9
S0FKS | Pwr. Pent. oV [ 50 [ 01 [ 7 |9 065 | N0 | & [ 15 [ 12 | % | UK | 128K — [ 3K |17
585 | Beam Pwr_Pont. 56 | 631035 | 64 |85 100 | 0 |5 [ 280 | ¥ [ 25 | K (30 | — [ oK [ 27
N - 26 | 045 | # |08 [0 w2 [ = [ = | % TR K[ &= [ =
587 ; Medium-ux Dual Triode!® S O I L L s | = | = [ 125 | 3K |50 [ 165] — | —
§72 | Woise Generating Diode T3 115 1 = 122 T = (W[ = [ = [ =—1% [ = - [ -[-— 1=
1820 | High-u Triode ov | 63|03 | 90 [1s [os5 [0 [ e | — | — | % 18k | uk |4 |~ | -
=7 Fatp Cot.ofl PRt S0 T e (05 [ 27 (24 o5 20 1 =3 [ [ 04 | 18 [Zmeg 00 | = | — =
[Zmeg_| =
§88 | Medium-, Dual Triode™? 80 |63 (0B 2 L 112 [0 [ | — | — | 96 [ ek e | 7 - 1 —
6287 Dual Diode 6BT 6.3 | 02 Max. peak inverse plate voltage = 360 V. Max. dc plate current each diode = 10 mA.
§78 | Pwr. Penfode S0 T 63 (045 | 5 T8 J04 [ [ 05 [ W[ — [ — [ BK T80 [ — [— | =
TI08A_ | Pwr. Pentode 96V [ 63 [ 05 |08 |65 |05 1250 | 73 [ 20 [ 55 [ 8 | 4K | UiK| — | = | —
Sharp Cut.of 7 1o [ [ = [ 15 [ 38 [0 [Tk [0 [ = [ — | =
B8 | ~Fediom- Triade 90R | 1268 1 0195 1T T o3 [ = | — |15 (R T I T
T5 | Wedium- Triode TERG [ 63 | 0% 42 16 [ 27 e = | — 105 (3w | ISk 3% [ = [ =
7587 | Sharp Cuteoff Tet. TR 63 (05 [ 65 |14 [0 |18 [ & | ® [ 27 (10 [k | 0ak| — [ = | =
7885 | Fighy; Triode T2Ra | 63 (005 47 |7 09 T 0 | = | — | 7 1w [om | ® | = | —
56| Medium—y Triode 1780 | 63 | 0435] 40 | L7 [ 21 T 0 T = — [ 58 [ K[ |15 = [ =
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TABLE |~ MINIATURE RECEIVING TUBES —Continved

g - —_—
Fil. '3 - -
g &rr Capncl:_ances > H & ..8 £
Type Name Base > c e F ge T H B
v [amp.] ¢ 5| ma | 82 8. S« | £g | ET |28 34 |EE
mp G | Cout | G | 23| S@ | S| AF | £E | £& | E5 |ES| 38 | 23
8058 High-4 Triode 12T | 63 | 0.135] 60 0.046{ 1.3 110 47* — — 10 — 0K | — 1T — -
8393 Medium- . Triode 12AQ { 135 [ 0.060] 44 L7 24 75 | 100* -- — 105 [ 3000 IL5K [ 35 | -~ -
8628 High-x Triode 1240 63| 010 10 34 L7 150 [ 3.3k* - — 03 41K | 3100 | 127 7K -
8677 Power Triode 1267 | 63 ] 015 6.0 12 — 180 | 1.2K* . — 1 2 3K | 5400 0] - 14
9001 Sharp Cut-off Pent. 18D 63 | 0.15 3.6 3 0.01 250 -3 100 0.7 2 1 meg. [ 1400 — 1~ -
9N Uhf Triode 1BS 63 | 0I5 1.2 Ll 14 250 -1 -- 6.3 114K | 2200 25 | —~ —
FkE] Remote Cut-off Pent. 78D 631 0I5 34 3 0.1 250 =3 100 2.7 6.7 | 700K 1800 = —
9038 Uhf Diode 6BH 63 [ 015 Max. ac voltage = 270. Max. dc output current = 5 mA. -
1 Controlled heater warm-up characteristic. ! Per Plate. % No signal plate mA, 9 Oscillator grid current mA.

Q Osclllator gridieak or screen-dropping resistor ohms.

2 Maximum-signal current for full-power output. ¢ Effective plate-to-plate.

10Values for each section.

* Cathode resistor ohms, 3 Values are for two tubes in push-pull. 7 Triode No. 1. 11 Micromhos.
** Space-charge grid. * Unless otherwise noted. *Triode No. 2. 12 Through 33K.
TABLE H—METAL RECEIVING TUBES
Characteristics given in this table apply to all tubes having type numbers shown, including
metal tubes, glass tubes with “G* suffix, and bantam tubes with “GT* suffix,
For “G" and "GT”-tubes not listed (not having metal counterparts), see Tables Il and V.
Fil. or Capacitances @ .S 2
Type Name Base Hepter i PF : E £ g § § % g 5
i 25| en B2 B, 2. | 25 |22 |28 |3y (23
V |Amp| Gn [ Cout | G |21 52 | 2SI SE IR | 28 |23 | &2 | 88 |£3
. 250 | -3 100 2.7 3.5 | 360K 550 — - —
8A8 Pentagrid Conv. il Badl B Bl el B Ex (05¢.) 250 V Throtigh 20K, Grid resistor (05c.) 50K. Ty = 4 A, g = 04 A,
EACT | 'sharp Gut-off Pent, o [s3os|n | s o PRE [l 25 [0 I = —1—
BAG7 Pwr. Amp. Pent. 8Y 63 1065 | 13 75 | 0.06 300 3 150 7/9 130731 [ 130K 11K — 10K 3
688 Dual-Diode — Pent. 8E 63 [ 03 6 9 0005 1250 | —3 125 2.3 10 600K 1325 — — =
A Amp.t. S 250 20 2010 — 31/34 2.6K 2600 68 4K 0.85
AB. el 350 [ 730¢ [ 132 — 150/60 — — — 0K g
2 Amp.t. 30 |38 | 137 — [48/%2 | — = - 6K 13
6F6 Pwr. Amp. Pent. A, Amp.S B 63 | 07 65 | 13 0.2 250 | -165 | 250 | 6/11 134/36 | 80K 2500 — 7K 3.2
L AP 75 |20 | 28 [ 7/13 [%/%0 | Bk | B | — | 7K | 48
AB, Amp.t | 375 26 250 | 5/20 | 34/82 — —- [ 10K7 185
2 Amp. 35 | 300° | 20 | &/18 |17 | = o T O
8J5 Medium-x Triode 60 63 | 03 34 36 | 34 250 [ -8 — — 9 17K 2600 20 — -
Sharp Cut- A; Amp. 250 -3 100 05 2 1 meg. 1225 — —
87 off Pgnt. Biased Detector | R 63 03 7 12 0005 750 10€* 1 100 ero signal cathode current = 0. 43 mA. 0.5 meg.
Variable- Rf. Amp. 250 { -3 125 26 [ 105 600K 1650 { 990 — -
KT | pent, - L R Tl Tl A i Rl - = (O I . O, peak valts = 7
Triode — Hexode 250 | -3 100 6 25 | 600K 350 — — —
eKs Hexode Conv. Triode 8K 63 | 03 - B B 100 [ 50Ke| — — 338 T (Osc. ) 0.15 mA.
Ay Amp.1.S 250 | -20 2010 — 40/44 1.7K 4700 5K 14
A; Amp.® 250 | 167* 250 | 54/7.2( 75/18 — — l4‘° 2.5K 6.5
Self Bias 300 | 218 200 [ 3/46 | 51/%% — — 12719 45K 6.5
A; Amp. 8 250 | -14 250 [5/73 | 72/79 | 225K 6000 1410 2.5K 6.5
Fixed Bias 350 | -18 250 [ 2.5/7 | 54/66 | 33K 5200 1810 42K 10.8
Ay Amp.? 750 | 125* | 250 10/15 |120/130] — — 35.611 5K7 lgg
Beam Self Bias 270 | 125¢ 270 | 11717 [134/145] — — 28211 5K7 18.!
SLS-GB" | pyr. Amp. A, Amp® TAG | 831 08 | WS} 95108 e e {10716 [120/100] 245 | s | 3 | Sk | 145
Fixed Bias 270 | --17.5 | 270 | 11/17 |134/185] 23.5% 5700° | 351 5K7 175
AB, Amp.® Self Bias 360 | 270 270 | 5/17 [88/100 — — 40.61 9K7 24.5
AB, Amp.t | 360 | 225 | 270 | 5/11 ]88/140 — — 451 38K | 18
Fixed Bias 360 | -225 | 270 5/15 188/132 — - 451 6.6K" | 26.5
AB, Amp.¢ 360 | -18 225 | 3.5/11 [ 78/142 — — 5211 6K 3]
Fixed Bias 360 | -225 | 270 5/16 | 88/205 — — 2 38K | 47
Pentagrid — A; Amp. 250 | -3 100 6.5 5.3 | 600K 1100 | -3¢ — —
il MixengmD~ Mixer m 63 103 - - B 250 | -6 150 9.2 33 | 1 meg 350 |15 - 1 -
Class-B B Amp.? 300 0 — — 35/70 — —_ 821 8K? 10
SNTBT | Tyin Triode BAmps | % 83|08~ - - BT = = T¢f [ owm ] — [ — | -
6Q7 Dual Diode — High-u Triode w2 63 | 03 5 38 | 14 250 | -3 — — 1 58K 1200 70 — -
BR7 Dual Diode — Triode Tv? 63 | 03 48 38 { 24 250 | -9 — — 9.5 8.5K 1900 16 10K 0.28
BSATGT | Pentagrid Cony, 2R? 63 | 03 95 [ 12 0.13 250 [ 100 8 34 | 800K Grid No. 1 resistor 20K,
100 | -1 100 10.2 36 50K - — -
6SB7Y Pentagrid Conv. R 63 § 03 96 82 ) 013 250 | -1 100 10 38 | 1meg 950 — - -
250 22K8 | 12K% ] 12/13 [6. 8/8 5 0Osc. Section in 88—108 MHz. Service.
6SC7 High- Dual Triode® 8S 63 | 03 2 3 2 250 -2 — — 53K 1325 70 — —
BSF7 Diode — Variable-u Pent. TAZ 63 | 03 55 6 0.004 | 250 -1 100 33 12.4 700K 2050 - ~ -
65G7 Hf Amp. Pent. 8BK 63 [ 03 8.5 7 0003 [250 | -25 [ 150 34 9.2 | 1 meg 4000 — — —
6SH7 Hf Amp. Pent. 8BK 63 [ 03 85 7 0003 [250 [ ~1 150 4.1 10.8 | 900K 4900 — — -
6SIT* Sharp Cut-off Pent. 8N 63 [ 03 [ 7 0.005 | 250 -3 100 038 3 1 meg. 1650 — — -
8SK7 Variable-u Pent. 8N 63 { 03 6 7 0003 §250 | -3 100 26 9.2 | 800K 2000 — — —
8SQTGT | Dual Diode — High-u Triode 8Q 63 [ 03 3.2 3 1.6 250 | -2 - - 0.9 91K 1100 [ 100 — -
6SR7 Dual Diode — Triode 8Qq 63 | 03 3.6 28 { 24 250 ) — — 95 8.5K 1900 16 — -
180 | -85 180 3/4 129/30 | 50K 3700 851¢| 55K 2
A Amp8 250 | -125 | 250 | 4.5/7 | 45/47 | S0K 4100 1250 5K 45
BVGBTA | Beam Pwr. Amp. TAC 63 | 045 | 10 11 0.3 315 | -13 225 | 2.2/6 | 34/35 | 80K 3150 | 130 85K 55
250 | ~15 250 | 5/13 1 70/79 | 60K 3750 3011 10K7 10
AB; Amp.? 25 [ =19 | 285 [4/BB5 70/ | 0K | 30 | 380 | 8k | 14
1620 Sharp Cut-off Pent. TR 63 [ 03 7 12 0005 [250 | -3 100 0.5 2 1 meg. 1225 - - -
5693 Sharp Cut-off Pent. 8N 63 [ 03 5.3 62 | 0005 [250 | -3 100 0.85 3 1 meg. 1650 — — -
* Cathode resistor-ohms. + Also type 6SJ7Y, #Osc. grid leak — Sern. res. 12 Micromhos.

! Sereen tied to plate.

2 No connection to Pin NoFl (f;oTr 6L6G, 6Q76, 6RGT/G,

GS7G
Grid b

6SA7GT/G and

Values for two units.
10 Peak af grid voltage.
U Peak af G-G voltage.

% Values are for single tube or section.
8 Values are for two tubes in push-pull.
7 Plate-to-plate value,

ias = 2 volts if separate oscillator excitation is used.

13 Unless otherwise noted.
14 G, voltage.
15 Units connected in parallel.



TABLE 111 -6.3-VOLT GLASS TUBES WITH OCYAL BASES

(For "G und "GT"-iyps tubes not listed hers, see equivalent Qype in Tublas II and V characteristics and connections will be similar)

= =T T - 1 S S nhmt
] -] Fil, or Capacitances T ‘-‘ " v 2
! w " E (3] £
23 Heater oF : c e £ ge £ -
Type 2 Name ‘:E Base §§ e §£ §< .‘3 ‘23 E{} d% 33 %5'
3 v (amp | cin | Coun | € | 3| 5E | 38| E | 2E| 2& | £2| E£ | 3¢ (ES
: Outer e dg e of any of the three illuminated areas displaced Yis in. min. outward with +5
SALIGT | Electron-Ray Indicator | — | 8CH } 63 | 045 | — | — | — | \gits'to s electrode. Similar inward disp. with --5 volts. No patiern with —6 volts grid.
Dual Diode — — _
6AQTGT High-p Triode gcK | 63 [ 03 28 32 3 %0 | -2 — - 23 | 4K 1600 70 |
BARE Beam Pent. — | 6BQ 63 ] 12 1 7 0.55 250 | -225 | 250 5 77 21K 5400 — — —
sAR7GT | Dual biode — —~ | e | e3los | 55| 75 0003 )20 | 2 | 00| 18] 7 |12meg| 20| — - -
sastar | [uTwinTrode— | | ggp 63| 26 | 65| 22|75 |ms || — | — |15 | om| 70 | 2 - -
SAUSGT Beam Pwr. Amp.2 10 | 6CK 631 125 { 113 7 0.5 115 | ~-20 175 6.8 60 oK 5600 — = —
6BLTGTA | Medium-u Duai Triode! | — | 88D 63 15 44 09 1 6 250 1 -9 — — 40 2.15K | 7000 15 — -
SBASGTE | Beam Pur. Amp.3 1 eam (6312 (15 | 7 |08 |20 .-225] 150 | 21| 57 | 145k | s90 [ — - -
6BX76T Dual Triode! — | 8BD 631 15 5 34 [ 42 250 | 390* — — 42 1.3K 7600 10 — —
§CB5A Beam Pwr. Amp.? 26 | 86D 1 631 25 2 10 0.4 175 [ -30 175 6 90 5K 8500 — — —
ECD6GA Beam Pwr. Amp.} 20 | 58T 63 | 25 P2 95 | 08 175 | -30 175 5.5 75, 1.2K 1700 — - —
BCK4 Low-u Triode — | 8JB 63 [ 125 8 18 { 65 550 | -26 — — 55 1.0K 6500 6.7 - —
6CL5 Beam Pwr. Amp.? 25 | 8GD | 63 | 25 20 115 [ 0.7 175 | -40 175 7 90 6K 6500 — — -
EDNG Beam Pwr. Pent.? 15 | 5BT 63| 25 22 115 1 08 125 | -18 125 6.3 70 4K 9000 — ~ —
Dissimilar 2.2 07 [ 4 350 | -8 — — [] 9K 2500 2 — —
SONT | Dugl Triode |80 16308 T s | 951 — [ | 88 | &K | W | 5 S
$DQS Beam Pwr. Amp. 20 1 8C 163 { 25 23 11 05 175 | -2 125 5 110 5.5K 10.5K — — I =
€DQA6B Beam Pwr. Amp.} 18 | 6AM ! 63 | 12 15 7 0.55 250 | 2251 150 24 75 20K 6600 — - . —
[1:73] Twin Pwr. Pent.! 132t BIP 63 1521 11 5 0.6 300 | 120* 2 15 8) — — - k2 12
BES Eleciron Ray —-Triode | — | 6R 631 03 - - - 280 — - - - - — - — —
Dissimilar — 2.2 06 [ 4 350 | -3 — — 1.5 UK 1900 65 — —
SEAT | Dual Triode S Mt T Ml I 0 T - N - O 0 I = 0 .
SEF6 Beam Pwr. Amp.* — [ 18 631 09 115 9 0.8 250 | 18 250 ] 50 — 5000 — — —
BEYE Beam Pwr. Pent. — | TAC 63 | 068 85 7 0.7 350 { 1751 30 3 44 60K 4400 — - —
8EZ5 Beam Pwr. Pent. — | TAC 63 ] 08 9 7 0.6 350 [ .20 300 35 43 50K 4100 — — —
6FHE Beam Pwr. Pent. -~ | BAM | 63 | 12 33 8 04 770 | -225 220 1.7 75 12K 6000 — —
BGW6E Beam Power Amp.} 175 6AM 1 63 1 1.2 17 7 0.5 250 | -2251 150 2.1 70 15K | 7100 — — —
SK6GT Pwr. Amp. Pent. — |18 63 | 04 5.5 6 05 315 [ -21 250 4/9 { 25/28 1 110K 2100 — 9K 45
6SL7GT High-u Dual Triode! — | 8D [ 631 03 34 38 ] 28 25 | -2 — — 23 | 44K 1600 70, — —
8SN7GTB [ Medium-; Dual Triode! { -~ [ 8BD 63 | 06 3 12 1 4 250 -8 — - 9 17K 2600 20 — —
EWEGY Beam Pwr. Amp. — {78 63 | 12 15 9 05 200 | 180* 125 | 2/85 1 46/471 28K 8000 — 4K 38
6Y6GA Beam Pwr. Amp. — 115 633 1L25] 15 1 0.7 200 | --14 135 | 2.2/9 | 61,66 [ 183K 7100 - 2.6K 6
1635 High-x Dual Triode — 1 88 63 | 06 - — -~ 300 0 —~ — 166/5 — — - 12K? 104
8550 Power Pentode KNS 631 16 14 12 0.85 400 1 -165 [ 225 18 105 27K 9000 - 3K 20
70277 Beam Pwr. Amp. — gHY | 63 [ 09 10 715 115 450 [ --30 350 192 | 194 — 6000 — 6K? 50
7591 Beam Pwr. Amp. 19 | 8KQ | 63 | 08 10 5 0.25 450 | 200+ 400 22 9 — — — 9K2 28
* Cathode resistor-ohms. 2 Plate-to-plate vaiue. 3 Horz. Deflection Amp. 4 Micromhos. A
1 Per section. 5 Vert. Deflection mp.
TABLE IV — CONTROL AND REGULATOR TUBES
= [ Fit. or Heater | Peak | Max. |Minimum| Oper- |  Oper- =1 Tabe
Type Name Base Cathode Fil. or Heater Anode Anode Supply afing a:‘:'g R G:": w Vorta;e
Volts Amp. | Voltage mA Voltage | Voltage mA esistor Drop
o Voltage Regulator 580 Cold - - - - 185 150 530 - -
0A3A/VRTS Voitage [ 4A) Cold - — — — 105 75 540 — —
w Voltage Regulator 580 Cold - - - - I 530 - -
§B3/VAS) | Voitage Regulal [ Cold = g p 125 % 540 = =
oc2 Voltage Regul 580 Cold -~ — — — 105 75 5-30 — —
0C3A/ VRII]S’ Voltage Regulat 4A) Cold — — — — 135 105 5-40 — —
OD3A/ VRIS Voltage Regu! 4A) Cold — — — — 185 150 5-40 - —
5651 Voltage Regul 580 Cold — — 115 — 115 87 1.5-35 — —
5682 Thyratron — Fuse Fig. 79 Htr. 6.3 1.5 200! |, to fuse — 150 Amp., 60 cycle, hatf-wave 50 V
5685 Relay Service BN Htr, 6.3 0.15 500 100 ma. peak current; 25-ma. average.
5121 Gas Thyratron T8N Hir. 63 0.6 650 - ] = — — — —
5823 Relay or Trigger 4CK Cold - - Max. peak inv. volts = 200; Peak mA « 100; Avg. mA - 25,
5862 Voltage Regulator 286G Cold — — — [ —"1 70 [ 70 ] 55 — [ -
5098 Series Regulal 88D Hir, ] 1 I S S N VI N
1 Peak inverse voltage. 2 Valyes in microamperes.
{
TABLE V —RECTIFIERS — RECEIVING AND TRANSMITTING
See Also Table 1V —Controls and Regulator Tubes
B - V ) FH o;:ea;;' "":é ~ 7—0 DC " , Max, T :I“th
. 't IVers ate
Type Name Base Cathode Volts Amp. Voltage Cl:‘rr‘::n ';’uke Current Type
Per Plate mA Voltage J mA
024-6 Full-Wave Rectifier AR Cold - - 300 75 1000 200 GAS
1ss-e1/ Half-Wave Rectifier 1 Fil 125 02 - 19 33000 30 HY
1K3/1)3 Half-Wave Rectifier 3C Fil, 1.25 0.2 — 0.5 26000 50 HV
1V2 Half-Wave Rectifier U Fil. 0.625 0.3 — 0.5 7500 10 HV
2X2-A Half-Wave Rectifier 4AB Htr. 2.5 1.75 4500 15 — — HV
2Y2 Half-Wave Rectifier 4AB Fil. 2.5 1.75 4400 5.0 — HV
722/68 Falf-Wave Rectiier {48 | __ Fi. 25 ] 15 30 Q] = RV
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TABLE V — RECTIFIERS — RECEIVING AND TRANSMITTING — Continved
See Also Table IV —Controls and Regulator Tubes

Max. D.C. 8 P
Type Name Base Cathode Fil. or Heater AC Output ":c::“ Pmt Type
Volts Amp. Voltage Current ea Current YP!
Per Plate mA Voltage mA
" . 5.0 3.0 — 60 20000 300
B4 Half-Wave Rectifier Flg. 49 Fil. 75 30 — £ 0000 1% HV
3828 Half-Wave Rectifier 4P Fil. 25 50 — 250 10000 1000 GAS
SAT4 Fuil-Wave Rectifier §L Htr. 5.0 2.25 550 800 1550 — Hv
3002 3508
5AU4 Full-Wave Rectifier 5T Fil. 50 45 4003 325 1400 1075 Hy
500¢ 3254
. ) 4508 2503
SAW4 Full-Wave Rectifier 5T Fil. 5.0 40 5500 2508 1550 750 HV
I Full-Wave Rectifier 5T Fil 50 20 . =y 2800 650 ™
546 Full-Wave Rectifier 5T Fil. 5.0 30 Same as Type 573 HV
300° 275
5U4GA Full-Wave Rectifier 5T Fil. 5.0 30 4509 2503 1550 900 HY
550¢ 2504
5U4GB 30 300
SASAA Full-Wave Rectifier 5T Fil. 5.0 30 4502 2758 1550 1000 HY
550¢ 2754
SVIA Full-Wave Rectifier 5T Hir. 50 a8 o 350 1400 1200 HY
5V4GA Full-Wave Rectifier 5L Htr. 5.0 20 3758 175 1400 525 HV
5Y3-G-GT Full-Wave Rectifier 5T Fil. 50 2.0 Same as Type 80 HV
523 Full-Wave Rectifier [ Fil. 5.0 30 500 250 1400 — HV
524 Full-Wave Rectifier 5L Htr. 50 2.0 400 125 1100 — HV
6AV4 Full-Wave Rectifier 5BS Htr, 63 0.95 - 90 1250 250 HV
BAX5GT Full-Wave Rectifier [ Htr. 6.3 1.2 450 125 1250 375 HV
6BW4 Full-Wave Rectifier 9DJ Htr. 6.3 09 450 100 1275 350 HV
6B X4 Full-Wave Rectifier 5BS Htr. 6.3 0.6 — % 1350 210 HV
6BY5G Full-Wave Rectifier 6CN Hir. 6.3 16 375 175 1400 525 HV
6CAd Full-Wave Rectifier M Htr. 6.3 1.0 350° 150 1000 450 HV
6DE4 Half-Wave Rectifter 4CG Fil. 6.3 16 — 175 5000 1100 HV
6v4 Full-Wave Rectifier M Htr. 63 0.6 350 %0 — — HV
DLW Full Wave Reatifer 1o Htr. 63 03 o 0 1250 210 Hv
623 Half-Wave Rectifier 4G Fil. 6.3 03 350 50 — — HV
Ny 650 70 1250 210
12X4 Full-Wave Rectifier 5BS Htr. 126 0.3 500° i) 1550 310 HY
2525 Rectifier-Doubler 6E Hr. 25 0.3 125 100 — 500 Hv
KL Half-Wave Rectifier 80 Htr. 35 0.15 125 60 330 600 HV
35Z46T Haif-Wave Rectifier SAA Htr. 35 0.15 250 100 700 600 HV
35256 Half-Wave Rectifier 6AD Htr. 35t 0.15 125 60 - — HV
36AM3 Half-Wave Rectifier 5BQ Htr. 36 01 117 75 365 530 HV
50DC4 Half-Wave Rectifier 580 Htr. 50 0.15 117 100 330 720 HV
S0YSGT Full-Wave Rectifier 1 Htr. 50 0.15 125 8 — — HV
3
80 Full-Wave Rectifier i Fil 50 20 = iz 1400 s Hv
8 Full-Wave Rectifier [ Fil. 5.0 30 500 250 1400 800 MV
83-v Full-Wave Rectifier 4AD Htr. 5.0 20 400 200 1100 — HV
117NTGY Rectifier-Tetrode 8AV Htr. 17 0.09 117 75 350 450 HV
11123 Half-Wave Rectifier 4CB Htr. 117 0.04 117 90 300 — HV
816 Half-Wave Rectifier [13 Fil. 25 20 2200 125 7500 500 [
838 Half-Wave Rectifier 4P Htr. 25 50 — — 5000 1000 HV
866-A-AX Half-Wave Rectifier 4P Fil. 25 5.0 3500 250 10000 1000 MV
8868 Half-Wave Rectifier 4P Fil. 5.0 5.0 — — 8500 1000 [
866 Jr. Half-Wave Rectifier 4B Fil. 2.5 2.5 1250 2502 — — MV
872A/872 Half-Wave Rectifier 4AT fil. 5.0 75 — 1250 10000 5000 MV
1 Tapped for pilot lamps. 3 Capacitor input. § Using only one-half of filament.
2 Per pair with choke input, 4 Choke input.
TABLE VI—TRIODE TRANSMITTING TUBES
Maximum Ratings Cathode Capacitances Typical Operation
2 5
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6F4 20 150 20 8.0( 500 17 83 0.225] 20§ 19| 06 1BR [ C.T-0 150 550* 20 15 0.2 _ 18
20004
12AU7A2 2765 350 128 EEE] 18 6.3 0.3 15 151 05 9A C-T-0 350 | —100 24 7 - 6.0
6C4 5.0 350 25 80| 54 18 6.3 015 | 18 [ 16 | 13 686G | C-T-0 00 | -27 25 1.0 0.35 — 5.5
$675 5 165 30 8 | 3000 20 6.3 0135] 23 [ 13 | 0.09 | Fig.2t{ G-G-0 120 -8 25 4 — - 0.05
EN76T? 5.5¢ 350 308 508 10 35 6.3 0.8 — ] — — 8B C-1-0 350 | -100 60 10 — — 145
40 6.5 500 25 — 500 36 6.3 075 | 21 | 1.3 | 005 | Fig. 11| C-T.0 250 =5 20 03 - — 0.075
c.T 350 [ -33 35 13 24 - 6.5
5893 80 400 40 13 | 1000 27 6.0 033 [ 25| 175] 007 | Fig.21 TP 300 |25 30 o 70 — 3
2043 12 500 40 — | 1250 48 6.3 0.9 29 | 17 ] 005 Fig. 11| C.T-0 470 — 3| — — — 97
25 2000 75 CT 2000 | 130 63 18 4 — 10
3024 17 1600 60 7360 | 24 [ 63|30 [ L7{ 16] 02 20 CP 1600 | -170 53 1 31 — 68
25 2000 75 AB,’ 1250 | —42 | 24/130] 270¢ 34 | 214K ] 112
CT0 [ 1000 ] -%[ 100] 20 3.1 — 75
1623 0 1000 100 25 60 20 83 2.5 57| 67} 09 k][] C-P 750 [ 125 100 20 40 — 55
B’ 1000 | 40 | 30/200] 30° | 42 | 12K | 145
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Maximum kalrnys Cathode Capacuanc;s Typical Operation
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N I B N VS N A O )
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TT (W [T B 30 | 65 [ — |19

a2-A 65 | 1500 | 175 | 35 | 60 | 2 | 63| 40 | 54| 65| 077 | 38 [CF [ R -I5| M0 % [ 76 [ — X
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" o7
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sexicaags (A0 | 1000 L 12541 oy Jocy [ 100 | 60 | 105 | 70| 215| ooss N O ]
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N I S T I

Y L O O R S -
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B 70| a0 e | e R

sBmieaL | 160 | 20 | a5 | — | — (0 (63 40 | —| —| — |8 [Emtet R den s R
TT_[Z0 I W W 1 — 5%

#10 ws | 20 | 0| 75 | 30 | % [0 | a5 | 87| as|n | SR A0Sl 2 PoLR - LB
I 0 72 R 0 V. 7

s P I O I I A P O 75 o I
S I S T L —

T S 0 T O )

250TH 20 | w0 | 30 | ws| a0 | @ {5005 46| 29|05 | |, [MRI-EL MLK 17 - LS
T N OV D ML

A B R P07 N I I M

Py I A

T I 0 N M I I )

2L 20 | 400 | 30 | 30 a0 | 14 |50 |05 [ 37| 30| 07 | 2w oo sl om0l B A [ - L3
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I 00 | s | | 1 1l — 1%

RB; | 1500 |40 | 200/700] 780 | B | 38K | 58

| B0 0] W | B | B — 5%
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N PV I - i

0 | 10 ] 20 | 5 [ 00 | — | 8

1 00 | 200 | B0 | = | S0 |60 | 63 [ 3Z [ W5 0 0B = Ak | 2w | - |70 S | 7 [ — [ 5
00 [ 15 665 | 15 [ 5 700

¢To |2
50 |2 700 | =20 | 60 | 125 | 39 )
50 1220 T & 1 py

4TH 300 | 300 | oo | eoe| 40| 2 s (2| o7 | eec| . |SN-A0L 1 % LR -
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a0TL 300 | 2000 | soo | sow| 40 | 12 121 | 86| 08 | 4se P N T A R ) -1
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0 128 P 0 2077 O T 2
Y [7500 | 730 [160/483] #60° | 0 | 85K [ 610

AB [ TS00 [ 18 | 1107|4007 | 39| 275K, 110

P I S I T )

350 | 3300 3 00 | -160] 85| 0| 0 —

833 50 | 100 % |10 (10 1236385 [Fea| oy [BR[0] H{ B [H | — [
45015| 400018 2015 }___ 3000 | —240 335 70 % — 800

§ | 3000 | 70 [100/750 400 | 20+ | 95K | 1690

) N I I S O O W VA B A I I 7 I 77 o L S
3T ] 00 | 3000 | 400 | — [ I10 |20 |5 s [ 74 | A1 007 | g3 GoB | 30W | 6 [i003m[ a2 | = | 6%
pusseo | o0 | awos| wmo (120 | — | 45 (50 (w45 |76 39| o1 | sek | coa [0 [TOP S@1 7% [ | - T
81863 30T 300 I | 0 W (30 |50 |1l 80| 50 03 | Fig.3| GGB | 2500 0 [ 72/400] 140 35 640
35002 0 | a0 | a0 [ — |10 (160 [5 |ies | 76| a1 | oo | mps| SEBLIO L. L S LR 19 *
FTE {00 | B0 [ B0 [ = [0 [ 75 |3 {17 | 69 | 02| e GGE 300 | 0 [TE/e0] 300 ] 65 ] = |13
S I T I I L U T 3 B B B T 0 ) IR L N —

* Cathode resistor in chms.
1 KEY TO CLASS-OF-SERVICE ABBREVIATIONS
Ay = Class-A, af modulator.
AB, = Class-AB, push-pull af modulator.
AB; « Class-AB, push-ru!l af modulator,
B =~ Class-B push-pull af modulator.
C-M = Frequency multiplier.
C:P = Class-C piate-modulated telephone.
C-7 = Class-C telegraph.
C-T-0 = Class-C amplifier-osc.
G-G-A = Grounded-grid class-C amp.
G-G-B = Grounded-grid class-B amp. (Single Tone).

G-G-0 = Grounded-grid osc.
G:I-C = Grid-isolation circuit.
G-M-A = Grid-modulated amp.
2 Twin triode. Values, except interelectrode capaci-
tances, are for both sections in push-pull.

2 Qutput at 112 MHz.
leak resistor in ohms.

4 Gri

® Peak values.

¢ Per section.

7 Values are for two tubes in push-pull.

* Max. signal value.

% Peak af grid-to-grid volts.
10 Plate-pulsed 1000-MHz. osc.
1 {ncludes bias loss, grid dissipation, and feed-

through power.
12 1000-MHz. cw osc.
12 Max, grid dissipation in watts.
14 Max. cathode current in mA.
15 Forced-air cooling required.
18 Plate-pulsed 3300-MHz. osc.
171900-MHz. ew osc.
18 No Class-B data available.
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TABLE VIl — TETRODE

AND PENTODE

TRANSMITTING TUBES

Capacitances

I Maximum Ratlﬁgs Cathode Typical Operatlor;
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“Typical Operation

V

N
XX

"7 Maximum Ratings Cathode Capacitances i
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! Grid-resistor.
2 Doubler to 175 MHz.
3 Duai tube, Values for both sections, in push-pull. Interelectrode

capacitances, however, are for each section.
4 Tripler to 175 MHz.
S Filament limited to intermittent operation.
© Values are for two tubes
T Max.-signal value.

¢ Peak grid-to-grid volts.

¥ Forced-air cocling required.
18 Two tubes triode connected, G, to G through 20K &. Input to G,.
1 Tripler to 200 MHz.

12 Tyfical Operation at 175 MHz.
.5 volts.

":!:

Y KEY TO CLASS-OF-SERVICE ABBREVIATIONS

AB; = Class-AB,;.
AB, ~ Class-AB,.

B = Class-B push-puli af modulator.
C-M = Frequency multiplier.
C-P = Class-C plate-modulated telephone.
C-T - Class-C telegraph.
C-T-0 = Class-C amplifier-osc.
GG = Grounded-grid (grid and screen connected together).

15 No Class B data available.

18 HK2578 120 MHz. full rating.

17 Single tone.
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TABLE VIIl — SEMICONDUCTOR DIODES!
This list contains but a small percentage of the available diode types. A compiete listing would be impractical,

Small-Signal General-Purpose Diodes

Type Material2 Use R:v‘:rte M\alz.n:;:wa.{ ¢ e FoMrvav:.rd R!v‘l::.so
Volts Max. mA mA at Max. V u-amp

1IN34A G General Purpose 75 50 5.0 30
IN35 G General Purpose 50 — - 2000
IN5ZA G General Purpose 85 50 5.0 100
1N60 G Video Detector 25 50 5.0 40
IN67A G General Purpose 100 1 4.0 5
ING4A G General Purpose 100 1.0 4.0 5
INS4 S High-Speed 75 10 10.0 5
IN270 G General Purpose 100 90 — 100
1N458A S Signal Diode 125 1 100 25
1N634 G 60-Volt Very Low Z 120 - 50.0 45
IN645A S Signal Diode 225 1 400 05
1N914 S Fast Logic/HF Det. 75 1 75 025
1N3754 S Rectifier 100 1.2 150 300
1N4001 S Rectifier 50 1l 1000 30
1N4002 S Rectifier 100 L1 1000 30
1N4004 S Rectifier 400 L1 1000 30
IN4T19 S Rectifier 50 10 3000 1500
L5070 I W . DualSeries Dinde _____ 100 R 2m 100
e ﬁ7 R, . _ Microwave Mixer and UHF Diodes - . _ -
Type Material2 Use - """ “Average Freq. Noise Fl_gﬁr;
1N21F3 G Mixer 3060 MHz 6d8
IN82A S Mixer 1000 MHz 14d8
meDI0l S Mixer (V- 4v) 1000 MHz (Cr = 1pF @ 0V) 7dB

1A bar, plus si-gETor color dmually demﬁ the cathode er_1d of -cfystal diodes.

Diode color code rings are grouped toward the cathode end.

2§ = Silicon.

G = Germanium.

3 Polarity is such that the base is the anode and the tip is the cathode, R-types have opposite polarity.

TABLE IX — SEMICONDUCTORS

SMALL-SIGNAL TYPES

M Ratings Characteristics Other Data
No. Type |Mate- Diss. Vceo Ic hee fr NF‘:'SJF Use Case ' Base‘ Manu- a
riall | (Watts) | (Voits) (dc) {Min.) (Typ.) (ng') (Typ.) Style ) Conn. f

2N4ag6 PNP G 0.15 —18 - 34 0.65 MHz| — Gen. Purpose 70-1 T 7 R Gen. Purpose
2N706A NPN S 0.3* 20 50 mA 20 400 MHz - if T0-18 T 8 M , Switchi
2N718A NPN S 0.5 50 150 mA 40 60 MHz — — . T0-18 T 8 R itchi
2N1179 PNP G 0.080* | —30 —10mA 100 — — hf Amp. T T045 5 R i Mixer
2N1302 NPN G 0.15 25 0.3A 20 - - Computer T0-5 8 R Osc., Amp.
2N1306 NPN G 0.15 25 0.3A 60 - - Computer T0-5 [ R 0Osc., Amp.
2N222 NPN S 18 T 3 800 mA 35 250 MHz - Gen. Purpose T0-18 8 M vhf Amp., Osc.
2N2925 NPN S 0.2* 25 100 mA 170 160 MHz 28 Gen. Purpose — 1 GE Osc., ff, i-f, af
2N3391A NPN S 0 T % 100 mA 250 160 MHz 19 Audio — 1 GE Low-noise Preamps.
2N3394 NPN S 0.31 25 100 mA 55 — — Gen. Purpose T0-92 2 M Audio Amp.
2N3565 NPN S 0.2 25 50 mA 150 — — — T0-106 7 . - —
2N3568 NPN | S 0.3 60 500 mA 120 60 MHz — 1 — T0-105 — -
2N3638 PNP_ S 0.3 —25 | —500 mA 100 150 MHz — — T0-105 - - itching
2N3663 NPN_ . S T 0.2% 12 25 mA 2 900 MHz 4 f — 1 GE vhf/uhf Osc., Amp., Mix.
2N3702 PNP S T 031 —25 |[—200mA | 60 . 100 MHz = Gen. Purpose T0-92 2 M vhf Osc., Amp.
2N3866 NPN S T 5 3 400 mA 5 800 MHz — Gen. Purpose T0-39 8 ] uhf Amp., Osc.
2N3304 NPN S 0.21 40 200 mA 40 300 MH:z - Gen. Purpose 10-92 2 M | vhf Amp, Osc.
2N3906 NPN G 0.15 25 300 mA 60 — - Computer T0-5 8 R, Osc, Amp.
2N4123 NPN S 0.21 30 200 mA 50 250MH T Gen. Purpose T0-92 2 M " vhf Amp, Osc.
2N4124 NPN S 0.3 25 200 mA 120 250 MHz 5 Audio-rf — 2 M —
2N4126 PNP S 0.3 —25 200 mA 120 250 MHz 4 Audio-rf - 2 [] -
2N4275 NPN S 028 15 - 18 — — — - - - itchi
2N#401 NPN S 031« T 40 600 mA 20 250 MHz — Gen. Purpose” |, T0-92 2 M Osc., rf, i-f, af
2N4410 NPN S 031 80 250 mA 60 250 MHz - Gen. Purpose T0-92 2 M Osc., rf, i-f, af
284957 PNP S 2 30 30 mA 20 1600 MHz 2.6 rf Amp. 70-72 9 M f Amp., Mix., Osc.
2N4959 PNP S 2 30 30 mA 20 1500 MHz 3.2 f Amp. T0-72 9 M rf Amp., Mix., Osc.
2N5032 NPN TS 2 10 20 mA 25 2000 MHz 30 i Amp. 0729 M Low-noise rf Amp.
2N5087 PNP S 0.310* | —50 —50 mA 200 150 MHz 1 7 fAmp. T0-92 T 2 M Low-noise rf Amp.
2N5088 PNP S 0.310% | ~25 ~50 mA 450 175 MHz H rf Amp. T092 T2 M Low-noise rf Amp.
2N5109 NPN S 3.5* 40 0.4 A 70 — 3 vhf Amp. T0-39 | 8 R 7 Wide-band Amp.
2N5178 NPN S 0.200% 12 50 mA 25 900 MHz 45 f Amp. T0-72 . 9 T M uht Amp., Osc., Mix.
2N5183 NPN S 0.5 18 1A 120 200 MHz — Gen. Purpose TO-104 [] R vhf Osc., Amp.
2N5222 PNP S 0310« | —15 —50 mA 20 450 MHz — f Amp. T0-92 18 M f Amp., Mix., Video i-f
2N5829 PNP S 2 30 ImA N 1600 MHz 23 f Amp. T0-72 9 M f Amp., Mix., Osc.
4231 NPN S 0.5* 18 100mA_ V55 60 MHz 2.8 Audio T0-104 7 R Preamps. and Drivers
40235 NPN S 0.18* 35 50 mA 40 1200 MHz 33 f T0-104 [l R vhf/uhf Amp., Osc., Mix.
HEP51 PNP_ S 0.6 =25 [ —-600 mA 80 150 MHz -~ — T0-5 [] M rf Amp.
HEPS53 NPN_ S 0.6 30 600 mA 85 200 MH — — T0-5 8 M f Amp.
HEP56 NPN S 031 20 100 mA 70 750 MHz — - T0-92 18 M uhf 0sc.
MPS918 NPN S 0310 15 — 20 200 MHz 6 | Amp. Osc. T0-92 2 M uhf Amp., Osc.
MPS2926 NPN S 031 18 100 mA 35 300 MHz — Gen. Purpose T0-92 2 M vhf Osc., Amp.
MPS33%4 NPN S 0.31 25 100 mA 55 — - Gen. Purpose 70-92 2 M Audio Amp.
MPS3563 NPN S 0.310* 12 — 20 200 MHz - Amp. Osc. T0-92 2 M uhf Amp., Osc.
MPS3693 NPN S 0.310* 45 — 40 200 MHz 4 f Amp. 10-92 2 M 50 MHz Amp.
MPS3694 NPN S 0.310* 45 — 100 00MHz 14 rf Amp. 10-92 2 M 50 MHz Amp.
MPS3702 PNP S 031 25 [ 200 mA 60 100MHz T — Gen. Purpose T0-92 2 M vhi Osc., Amp.
MP§3705 | NPN 1 S [ 0310*; 20 600 mA 600 00MHz T — | af Amp. T0-92 2 M| AudioAmp.




TABLE 1X — SEMICONDUCTORS — Continved
" SMALLSIGNAL TYPES ~Comtinuod

V25

M m Rating [ Other Data - -

No. Type - iss. t Noise Use Case Base | Manu- i

P ey |G [ @ | oimo | o a5 1 awy Style | Conn. |facturer? Application
MPS6514 NPN S 3 25 100 mA 150 480 MHz 20 Audio-rf 70-92 2 M af-rf Amp.
MPS6530 NPN S 0.310* 40 600 mA 30 390 MHz — Amp, 10-92 2 [ G y Amp _
MPS6534 | PNP S 0310% } —40 [—600 mA 60 260 MHz — zhf Amp. 10-92 2 M Compl y Amp.
MPS6543 NPN S 0.310* 25 — 25 750 MRz — Osc. 10-92 2 M uhf Osc.
MPS6569 NPN S 0.310* 20 - 20 300 MHz 6 i-f Amp. 10-52 18 M vhf Amp., Video i-f
MPSAL2 NPN S 0.310* 20 — 35 — — Audio Amp. T0-92 2 M High-Z Pre-amp.
MPSA55 PNP S 0.5 —60 500 mA 50 50 MHz — Audio Amp. T0-92 2 M Audio Amp.
Tis48 NPN — 1.2* 40 500 mA 40 500 MHz — if T0-92 3 Tl tf, Switchi
TiS54 PNP — 0.25* | 12 —80 mA 30 300 MHz — f T0-92 3 Ti rf, Switchi
TIXM10 PNP — 0.075* | —20 —30 mA 20 [ 630 MHz 4 o T0-72 | 4 Tl of, Preamp., vhf/uhf
LARGE-SIGNAL TYPES
T Maxi Rati C| istics Other Data

. e - iss. Noise 5 Ca: nu- f aati

no e E:ET(V%;S&) Vot @ | o (TfyTp.) (':'95') ('?y:.) Shie | Connitachurers ! Application
NAAL PNP G 150 —40 —15A 20 — — Gen. Purpose T0-36 13 M Switch, Amp. _
WW S 30* 30 | 100mA 15 300 MHz — tf Amp. T0-39 3 | R vhi Amp., Mix.
2N1970 PNP G 170 —50 —~15A 17 — — Gen. Purpose |~ T0-36 13 M| Switch, Amp,
2N2102 NPN S 5t €5 1A 20 100 MHz 6 Gen. Purpose T0-5 8 R af, rf Amps. (Linear)
2N2157 PNP — | 170 —60 —30A 40 100 kHz — af 10-36 13 M af, dc Amp., Switch.
2N2270 NPN S 5t — 1A 10 — [ Amp. T0-5 9 R Low-noise Amp.
2N2631 NPN S 8.751 60 15A — 200 MHz — if T0-39 8 [ Class C rf Amp., Osc.
2N2869 PNP - 30t | =5 —10A 50| 200 kHz — Gen. Purpose T0-3 11 R af, Osc., Amp., Switch.
2N2876 NPN S 17.5¢ 60 15A - 200 MHz — if T0-60 12 R vhf Class-C Amp.

IN3053 | NPN S 5 60 700 mA 50 — — - T0-5 [] R Pwr. Switch

2N3055 NPN S 115 60 15A 2070 1  — — Gen. Purpose 70-3 11 R Switch, Reg., Amp.

2N3119 NPN S 4 80 500 mA 50 450 MHz — Amp. T0-5 [] R Switch, Pulse Amp.

2N3512 NPN — 4 35 500 mA 10 250 MHz - Audio-rf — 7 R —

2N3553 NPN S 7 40 1A 10 500 MHz — of T0-39 8 [ Class A, B, C rf Mult,, Amp., Osc.

2N3583 NPN S 351 175 2A 10 15 MHz — hV Gen, Purp. T0-66 11 R tf, af Osc., Amp. dc Amp.

2N3632 NPN S 23* 65 3A — 400 MHz — tf Amp. T0-60 12 R uhf Pwr, Amp., Osc.

2N3733 NPN S 23 65 3A — 400 MHz — f Amp. 70-60 12 R uhf Pwr. Amp,, Osc.

2N3772 NPN S 150 60 20A 15-60 800 kHz — Pwr. Amp. T0-3 1 R Pwr, Amp. _

2N3866 NPN S 5t 30 04A — 800 MHz — of T0-39 [] R Class A, B, C rf Mutt,, Amp., Osc.

2N3924 NPN S 7* 18 500 mA — 350 MHz — f Amp. T0-39 8 M uhf Pwr. Amp., Osc.

2N3948 NPN S 1* 20 400 mA 15 700 MHz — tf Amp. 10-39 8 [ uhf Pwr, Amp,, Osc.

284012 NPN S 11.6* 40 154 — 500 MHz — tf Amp. T0-60 12 R . uhf Pwr. Amp,, Osc.

2N4037 PNP S 7t —40  ~1A 50 60 MHz - Gen. Purpose 70-5 [] R Amp., Switchi

2N4396 NPN S 62% 60 5A 60 4 MHz — Gen. Purpose T0-3 11 R rf, af Osc., Amp. dc Amp.

2Na427 NPN S 3.5* 20 400 mA — 500 MHz — if Amp. 70-33 [ R uhf Amp.

2N5016 NPN S 30* 65 45A - 600 MHz — f Amp. T0-60 12 R uht Pwr., T Amp.

2N5070 NPN S 70% 65 33A — 30 MHz — Amp. T0-60 12 R 30 MHz Amp.

2N5071 NPN S 10t 65 33A — 76 MHz — Amp. TO-60 12 R 50 MHz Amp.

2N5470 NPN S 3.5¢ 55 200 mA — 2GHz — uhf Amp. — —_ R Microwave Osc., Amp.

2N5635 NPN S 15* 35 1A 5 — - vt Amp. — 23 M 400 Mz, rf Amp.

2N5636 NPN S 15+ 35 15A 5 - — tf Amp. — 3 M 400 MHz, rf Amp.

2N5637 NPN S 30* 35 3A 5 — — f Amp. — 23 M 400 MHz rf Amp.

2N5641 NPR S 15* 35 1A 5 — — tf Amp. — 23 M 400 MHz, rf Amp.

2N5642 NPN S 0* | 3% 3A 5 — — tf Amp. - 23 M 400 MHz, rf Amp.

2N5643 NPN S 60* 35 5A 5 — — f Amp. — 23 ] 400 MHz, rf Amp.

2N5913 NPN S 3.5t 14 330 mA — 900 MHz — uhf Amp. 70-39 [] R 432 MHz Amp.

2N5914 NPN S 10.7% 14 15A —~ 900 MHz - uhf Amp. — - R 432 MHz Amp.

2N5915 NPN S 10.7¢ 14 15 A — 800 MHz — uhf Amp. — — R 432 MHz Amp.

2N5919 NPN S 25¢ 30 45A - 400 MHz — uht Amp. — — R 220 MHz Amp.

2N5921 NPN S 831 50 700 mA — 2.3 GHz — uhf Amp. — - R Microwave Osc., Amp.

2N5941 NPN S 80 35 6.0A 10 50 MHz — it Amp. — 25 M 30 MHz rf Amp.

2N5942 NPN S 140 35 12A 10 50 MHz — rf Amp. — %% 1] 30 MHz rf Amp.

2N5944 NPN S 5 16 0.4A 20 470 MHz — uhf Amp. — 277 [ 432 MHz rf Amp.

2N5945 NPN S 15 i6 08A 20 470 MHz — uhf Amp. — 27 M 432 MHz rf Amp.

2N5946 NPN S 315 16 204 20 470 MHz - uhf Amp. - 21 M 432 MHz rf Amp.

2N5995 NPN S 10.7 14 154 — 175 MHz — vhf Amp. — 3 R vhf rf Amp.

2N5996 NPN S 357 18 50A — 175 MHz - vhf Amp. . — 5] R vhi rf Amp.

2N6136 NPN S 60 13 6.0A 20 470 MH:z — uhf Amp. — 27 [ 432 MHz rf Amp.

MJ48e NPN S 87t 40 1A 30 4 MHz — Gen. Purpose T0-3 11 M af, rf Amp., Osc.

MPS-UOL { NPN S 1.0* 30 15A 70 50 MHz — af Amp. — 20 M Audio Amp.

MPS-U51 | PNP S 100 1 30 ~-154 70 50MHz | — 1 Gen Purpose | — 20 [ af Amp. .

FIELD-EFFECT TRANSISTORS o

Diss. MAX. Top . ;

No. e | Gy Yo | Ve | o | BB | o | bren | Shie | Conm. | fhoturer Application
2N4416 N JFET 175 30 —6.0 | 4000 4 15 450 10-72 15 M vhf/uhf rf Amp, Mix,, Osc.
2N4417 N FET 175 30 —30 4500 35 15 400 — 22 uc vhf uhf Amp.
2N5460 P JFET 310 — 40 1000 5 5 — 70-32 19 M Gen. Purpose Audio
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FIELD-EFFECT TRANSISTORS — Continved

Diss. MIN, C MAX. Top Ca B Manu-
No. Type (mwW) Vos Vas " ul:os (|;st) (':ls:) (H;q:') StysI: c:ns:. lacak::‘er Application
TSR PIFET W= m T 5 = [ Towm B W | Gen Purpose Aud
2N5463 P JFET 310 - 40 1000 5 5 — T0-92 19 M Gen. Purpose Audio
NG P FET MW = W 0| 5 i3 — [ To% | 1 [ W | Gen Purpose Amp.
N5 NIFET Mm% o | 0 | 47 7 — [ Tow § 1 W | Amp Swichi
T NIFET W % 20 [ B0 | A7 5 —— | Tow § | W | Amp. Switching
IR N IGFET W% - 0| 88 | = | w0 1 To7z | W | R | ari Amp, Mix, 055
N N ERE N 85 | [ to | 18 | R -
N boonenvell 0 | 20 | —6+6 | o | 85 | - | s | To:z | 1] R | unriAm
40600 NDualtate 140 | 20 | _s | oo | 55 | 18 | 20 | o2 | 16 R uhf rf Amp.
4001 NDuahGate 1up0 | | s | o0 | 55 | 1 | 20 | o712 | 16 | vhf Mixer
40602 NDuhGate tgo | 20 | —8 | w00 | 55 | 1B | 20 | 1oz | 16 | R uht Amp.
40603 NoudlGate fapg 1 2 | s | wow | 55 | 1 ~ Jtom s ] & of Amp.
40504 NDushGate 140 | 2 | -8 | w000 | 55 | 18 - o2 | ® | & 1 Mix.
40673 NDushGate 1o | 20 | -6 | 12w | s B | w0 | Ton | 1| =R of Amp.
30 RJFET s i T I A ) = T ST | A
HEPEOL NIFET W - R § - | Top [ W | WM | afAmp
HEP302 NIFET W | % — o0 | | % —— Tom 5 1 W [ fAm
MNTE2 | NJFET 73 I ) w0 | 40 | @ — — T W | fAmp. Wi
WPFID2 NJFET W | & | —25 | o | 45 | % | w0 | To®m § | M| af,  Amp, Mix, Osc.
s N JFET w0 | B | - 000 | 45 5 - T0-52 6 | M | Gen Purpose Audio
Meriy/ N JFET | B | 1500 | 45 3 - T0-92 6 | M | GenPurpose Audio
MEELDS/ N JFET 200 2% 45 2000 45 16 100 T0-82 6 M af, rf Amp., Mix, Osc.
MR E e/ N JFET wm | B | -5 20 | 5 0| a2 | Tos 6 M af, tf Amp., Mix, Osc.
Ly N JFET 310 N 00 | 5 2 0 | 1082 6 M VhE-ubf of Amp.
MPF120 NDualbate Voo | 25 | w20 g0 | a5 | 18 | 105 - 2| M | dam.
MPF121 NpuslGate Topo | 25 | =20 | 000 | 45 | @ | - # | m | damp
MPF122 NpulGale Yoo | 25 | a2 o | 45 | 2 | o - # | M| dmix
— Ambient Temp. of 25°C (No heat Sink). _ f = Case Temp. of 25°C (with heat sink). - o T
! § = Silicon, G = Germanium. 2 GE = General Electric. M = Motorola. R = RCA. Sl = Siliconix.  TI = Texas Instuments. ~ UC - Union Carbide.
c B E D @ @ (5) ¢s D @ @
ecs (1) (2) (4) EBGCASEC
(8)
CASE {10) (m CASE (12) B (13) case (14)
=
Gl
6 DS
E B r
Y Case (|5) s CASE (16)  case (|7) (18) oy & 245
(: C & E 6l 62
s > o . o‘o
S D
¢ (22) ls (23) (24) . (25)

The leads are marked C - collector, B - base, E - emitter, G - gate, D - drain, and S - source.



Some Abbreviations used in Text and Drawings

A — ampere

ac - alternating current

A/D - analog-to-digital

af - audio frequency

afc — automatic frequency control

afsk - - audio frequency-shift keying

agc — automatic gain control

alc — automatic load (or level) control

a-m — amplitude modulation

anl - automatic noise limiter

ARC —~ amateur radio club

AREC - Amateur Radio Emergency
Corps

ARPSC - Amateur Radio Public
Service Corps

ATV - amateur television

avc — automatic volume control

bc — broadcast

BCD - binary-coded decimal

bei ~ broadcast interference

bel - broadcast listener

BFO - beat-frequency oscillator

BPL — Brass Pounders League

CB - Citizens band

CCIR - - International Radio Consultative
Committee

ccw - counterclockwise

c.d. - civil defense

CD - Communications Department
(ARRL)

CMOS or COSMOS complimentary-
symmetry metal-oxide semiconductor

coax -- coaxial cable, connector

COR - carrier-operated relay

CP - Code Proficiency (award)

CR - cathode ray

CRT - cathode-ray tube

ct — center tap

CTCSS - continuous tone-controlled
squelch system

cw — continuous wave (code), clockwise

D/A - digital-to-analog

dB — decibel

dc — direct current

DF -- direction finder

DOC - Department of Communications
{Canadian)

dpdt - double-pole double-throw

dpst - double-pole single-throw

dsb - double sideband

DTL - - diode-transistor logic

DX - long distance

DXCC -- DX Century Club

EC -- Emergency Coordinator

ECO - electron-coupled oscillator

ECL emitter-coupled logic

EME - earth-moon-earth

emf - electromotive force (voltage)

FAX - facsimile

FCC -- Federal Communications
Commission

FD Field Day

FET field-effect transistor

FF - flip-flop

fm frequency modulation

FMT - frequency measuring test

fsk  frequency-shift keying

GDO - grid-dip oscillator

GHz gigahertz

GMT - Greenwich Mean Time

gnd - ground

H - henry

hf — high frequency

HFO - heterodyne frequency oscillator

Hz - hertz

TIARU -~ International Amateur Radio
Union

IC integrated circuit

ID - inside diameter

i-f ~ intermediate frequency

in./s - inch per second

IRC - International Reply Coupon

ITU - International Telecommunication
Union

IW - Intruder Watch

JFET - junction field-effect transistor

k - kilo

ke - kilocycle

kHz - kilohertz

kW - kilowatt

LED - light-emitting diode

If — low frequency

LMO -- linear master oscillator

LO - local oscillator

Isb - lower sideband

LSB - least-significant bit

LSD - least-significant digit

LSI -~ large-scale integration

luf -- lowest usable frequency

mA -- milliampere

MARS — Military Affiliate Radio System

Mc - Megacycle

mf - medium frequency

MG -- motor-generator _

mH - millihenry

MHz — Megahertz

mic ~ microphone

mix - mixer

MO - master oscillator

MOSFET - metal-oxide semiconductor

. field-effect transistor

MOX — manually-operated switching

ms — millisecond

m.s. — meteor scatter

MSB - most-significant bit

MSD  most-significant digit

MSI - medium-scale integration

muf — maximum usable frequency

MUX — multiplex

mV - millivolt

mW - milliwatt

nbfm -- narrow-band frequency
modulation

n.c. -- no connection

NC -- normally closed

NCS — net control station

NO - normally open

npn - negative-positive-negative

NTS - National Traffic System (ARRL)

OBS - - Official Bulletin Station

OD - outside diameter

00 - Official Observer

op amp — operational amplifier

OPS - Official Phone Station

ORS  Official Relay Station

osc — oscillator

QVS - Official VHF Station

oz - ounce

PA - power amplifier

pc - printed or etched circuit board

PEP - - peak-envelope power

PEV -- peak-envelope voltage

pF - picofarad

PIV .. peak-inverse voltage

pk - peak

pk-pk - peak-to-peak

PL -~ private line

PLL — phase-locked loop

pm -— phase modulation

pnp - - positive-negative-positive

pot -- potentiometer

PRV - peak-reverse voltage

PSHR - Public Service Honor Roll

PTO - permeability-tuned oscillator

PTT - push-to-talk

RACES — Radio Amateur Civil Emer-
gency Service

RCC - Rag Chewers Club

rcvr - receiver

of - radio frequency

rfc - radio-frequency choke

RFI - - radio-frequency interference

RM - - Route Manager

RM-(number) - FCC rulemaking

rms — root-mean-square

RO - Radio Officer (c.d.)

RST -- readability-strength-tone

RTL - resistor-transistor logic

RTTY - radio teletype

s.a.e. — self-addressed envelope

s.a.s.e. — stamped s.a.e.

SCM — Section Communications Manager

SCR - silicon-controlled rectifier

SEC - Section Emergency Coordinator

SET - simulated emergency test

S.M. - silver mica (capacitor)

SNR - signal-to-noise ratio

spdt — single-pole double-throw

spst — single-pole single-throw

SS - Sweepstakes (contest)

ssb -~ single sideband

SSTV - slow-scan TV

SWL - short-wave listener

SWR - standing wave ratio

sync — synchronous, synchronizing

TCC — Transcontinental Corps

TD - transmitting distributor

TE - transequatorial (propagation)

tfc — traffic

tpi — tums per inch

T-R — transmit-receive

TTL or T2L transistor-transistor
logic

TTY - Teletype

TV — television

TVI — television interference

UJT — unijunction transistor

usb — upper sideband

ubf — ultra-high frequency

V - voit

VCO — voltage-controlled oscillator

VCXO - voltage-controlled crystal
. oscillator

VFO - variable frequency oscillator

vhf — very high frequency

vif - very low frequency

VOM - - volt-ohm-milliammeter

VOX - voice-operated break-in

VR - voltage regulator

VTVM - vacuum-tube voltmeter

VXO - variable crystal oscillator

W - watt

WAC — Worked Alt Continents

WAS — Worked All States

wbfm - wide-band fm

wpm - words per minute

ww — wire wound

wv - working voltage

xtal — crystal

4 - micro (10-6)



Application for MWembenskip

AMERICAN RADIO RELAY LEAGUE

Administrative Headquarters: Newington, Connecticut, U. S. A. 06111

AMERICAN RADIO RELAY LEAGUE,
Newington, Conn., U. S. A. 06111

Being genuinely interested in Amateur Radio, I hereby
apply for membership* in the American Radio Relay League.
I enclose remittance ($7.50 in the U. S., $8.50 in Canada,
$9.00 elsewhere, U. S. funds) in payment of dues for........
.......... year(s), including subscription to QST for the
same period. Please begin QST withthe. .. ... ............
issue. Amount enclosed: $....... ... ... il

The call of my stationis. ............coo i ...

The class of my operator’s license is. .. ...................

I belong to the following radio societies. . .................

Send Membership Certificate [ ]  or Membership Card []

City, State, Zip Code

A bona fide interest in amateur radio is the only essential requirement, but full
voting membership is granted only to licensed radio amateurs of the
United States and Canada. Therefore, if you have a license,
please be sure to indicate it above.

*Membership is available only to individuals. Life Membership is granted to Full Members
for $150 ($170 Canada, $180 clsewhere). Write the Secretary for details.

Any member of the immediate family, living at the same address, may also become a Leaguc
member, without QST, at the special rate of $2.00 per year. Such family membership must
run concurrently with that of the member recciving QST,
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