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Fig. 44 - Gain of three·element Vagi versus director spacin!l, the reflector being fixed at 0.2 
wavelength. 

it does for a corresponding decrease below 
the optimum value. The opposite is true of 
a director. It is advisable to err, 
if necessary, on the long side for a 
reflector and on the short side for a 
director. This also tends to make the 
antenna performance less dependent on 
the exact frequency at which it is 
operated, because an increase above the 
design frequency has the same effect as 
increasing the length of both parasitic 
elements, while a decrease in frequency 
has the same effect as shortening both 
elements. By making the director slightly 
short and the reflector slightly long, there 
will be a greater spread between the upper 
and lower frequencies at which the gain 
starts to show a rapid decrease. 

When the over all length has been 
decided upon, the element lengths can be 
found by referring to Fig. 45. The lengths 
determined by these charts will vary slight­
ly in actual practice with the element 
diameter and the method of supporting 
the dements. The tuning of a beam should 
always be' checked after installation. 
'However, the lengths obtained by the use 
of the charts will be close to correct in 
practically all cases, and they can be used 
without checking if the beam is difficult to 
access. , 

In order to make it even easier for the 
Yagi builder, Table 2 can be used to deter­
mine the element lengths needed. Both cw 
and phone lengths are included for the 
three bands, 20,.15 and 10 meters. The 0.2 
wavel€ngth spacing will provide greater 
bandwidth than the 0.15 spacing. Anten­
na gain is essentially the same with either 
spacing. The element lengths given will be 
the same whether the beam has two, three 
or four elements. It is recommended that 
"plumber's delight" type construction be 
used where all the elements are mounted 
directly on and grounded to the boom. 
This puts the entire array at d.c ground 
potential, affording better lightning pro­
tection. A gamma section can be used for 
matching the feed line to the array. 

Tuning Adjustments 
The preferable method for checking the 

beam is by means of a field-strength meter 
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or the S meter of a communication.s 
receiver, used in conjunction with a dipole 
antenna . located at least 10 wavelengths 
away and as high as or higher than the 
beam that is being checked. A few watts of 
power fed into the antenna will give a 
useful signal at the observation point, and 
the power input to. the transmitter (and 
hence the antenna) should be held 
constant for all the readings. 

Preliminary matching adjustments can 
be done on the ground. The beam should 
be set up so the reflector element rests on 
earth, with the remaining elements in a 
vertical configuration. In other words, the 
beam should be aimed straight up. The 
matching system is then adjusted for I: 1 
SWR between the feed line and driven 
element. When the antenna is raised into 
its operating height, only slight touch-up 

. of the matching network will be required. 
A great deal has been printed about the 

need for tuning the elements of a Yagi­
type beam. However, experience has 
shown that lengths given in Fig. 45 and 
Table 2 are close enough to the desired 
length that no further tuning should be re­
quired. This is true for Yagi arrays made 
from metal tubing. However, In the case 
of quad antennas, made from wire, the 
reflectors and directors should be tuned 
with the antenna in its operating location. 
The reason is that it is practically impossi­
ble to cut and install wire to the exact 
dimensions required for maximum gain or 
front-to-back. 

Simple Systems: the If.otary Beam 

Two- and three-element systems are 
popular for rotary-beam antennas, where 
the entire antenna system is rotated, to 
permit its gain and directivity to be 
utilizedJor any compass direction. They 
may be mounted either horizontally (with 
the plane containing the elements parallel 
to the earth) or vertically .. 

A four-element beam will give still more 
gain than a three-element one, provided 
the support is sufficient for about 0.2 
wavelength spacing between elements. 
The tuning for maximum gain involves 
many variables, and complete gain and 
tuning data are not available. 
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Fig. 45 - Element lengths for a three-eleme(lt 
beam. These lengths will hold closely for tub­
ing elements supported at or near the center. 

The elements in close-spaced (less 
than 1I4-wavelength element spacing) ar­
rays preferably should be made oftubing 
of 1/2 to I inch (13 to 25-mm) diameter. A 
conductor of large diameter not only has 
less ohmic resistance but also has lower Q; 
both these factors are important in 
close-spaced arrays because the im­
pedance of the driven element usually is 
quite low compared to that of a simple 
dipole antenna. With three- and four­
element close-spaced arrays the radiation 
resistance Of the driven element may be so 
low that ohmic losses in the conductor can 
consume an appreciable fraction of the 
power. 

Feeding the Rotary Beam 

Any of the usual methods of feed 
(described later under "Matching the 
Antenna to the Line") can be applied to 
the driven element of a rotary beam. The 
popular choices for feeding a beam are the 
gamma match with series capacitor and 
the T match with series capacitors and a 
half-wavelength phasing section, as shown 
in Fig. 46. These methods are preferred 
over any others because they permit ad­
justment of the matching and the use of 
coaxial-line feed. The variable capacitors 
can be housed in small plastic cups for 
weatherproofing; receiving types with 
close spacing can be used at powers up to 
.a few hundred watts. Maximum 
capacitance required is usually 140 pF at 



Table 2 
Element Lengths for 20,15 and 10 Meters,Phone and CW 

Freq. (kHz) 

14,0~ 
14,250 
21,050 
21,300 
28,050 
28,600 

A 
33' 5-3/8"· 
32' 11-3/4" 
22'4" 
22' 3/4" 
16'9" 
16' 5-1/4" 

Driven 
Element 

33'8" 
B 

33' 2-1/4" 
22' 5-5/8" 
22' 2-3/8" 
16' 10-1/4" 
16' 6-3/8" 

A 
35' 2-112" 
34' 8-112" 

. 23'6" 
23' 2-518" 
17' 7-5/8" 
17' 3-112" 

9 

Reflector 

B 
35' 5-114' 
34' 11-114" 
23' 7-3/4" 
23' 4-1/2" 
17' 8-7/8" 
17' 4-314" 

First Second 
Director Director 

A B A B 
31' 9-3/8" 31' 11-5/8" 31' 1-1/4" 31' 3-518" 
31' 4" 31' 6-3/8" 30'8"- 30' 10-112" 
21' 2-112" 21' 4" 20: 9-118'; 20' 10-7/8" 
20' 11-112" 21' 1" 20' 6-1/4" 20' 7-3/4" 
15' 11" 16' 15'7" 15' 9-112" 
15' 7-1/4" 15' 8-1/2" 15' 3-3/8" 15' 4-112" 

1°.151°.151 0.15 I 
These lengths are for 0.2- or 0.15-wavelength element spacing. 

To convert ft to meters multiply ft x 0.3048. 
Convert in. to mm by multiplying in. x 25.4. 
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TO ~~j~~~~~i~:, TRANS. 

LOOPA- ( 
TO C2 

COAX LINE- TO 

TOC1 

LOOP A (FEET)' f7;~z) OF D~~~~E:L. 
4 :1 COAX BALUN 

(C) 

Fig. 46 - Illustrations of gamma and 
T-matching systems. At A, the gamma rod is 
adjusted along with C until the lowest SWR is 
obtained. A T-match is shown at B. It is the 
same as two gamma-match rods. The rods and 
C 1 and C2 are adj usted alternatElly for a 1: 1 
SWR. A coaxial 4:1 balun transformer is shown 
at C. A toroidal balun can be used in place of 
the coax model shown. The toroidal version 
has a broader frequency range than the epaxial 
one. The T-match is adjusted for 200 ohms and 
the balun steps this balanced value down to 50 
ohms, unbalanced. Or, the'T-match can be set 
for 300 ohms, and the balun used to step this 
down to 75 ohms, unbalanced. Dimensions for 
the gamma and T-match rods are not given by 
formula. Their lengths and spacing will depend 

I upon the tubing size used, and the spacing of 
the parasitic elements of the beam. Capacitors 
C, Cl and C2 can be 140 pF for 14-MHz beams. 
Somewhat less capacitance will be needed at 
21 and 28 MHz. ' 

14 MHz and proportionately less at the 
higher frequencies. 

If physically possible, it is better to 
adjust the matching device after the 
antenna has been installed at its ultimate 
height, since a match made with the 
antenna near the ground may not hold for 
the same antenna in the air. 

Sharpness of Resonance 

Peak performance of a multielement 
parasitic array depends upon proper' 
phasing or tuning of the elements, which 
can be exact for one frequency only. In the 
case of close-spaced arrays, which because 
of the low radiation resistance, usually are 
quite sharp-tuning, the frequency range 
over which optimum results can be 
secured is only' of the order of one or two 
percent of the resonant frequency, or up 
to about 500 kHz at 28 MHz. However, 
the antenna can be made to work 
satisfactorily over a wider frequency range 
by adjusting the director or directors to 
give maximum 'gain at the highest fre­
quency to be covered, and by adjusting the 
reflector to give. optimum gain at the 
lowest frequency. This sacrifices some 
gain at all frequencies, but maintains 
more uniform gain over a wider frequency 
range. 
. The use of large-diameter conductors 

will broaden the response curve of an 
array because the larger diameter lowers 
the Q. This causes the reactances of the 
elements to change rather slowly with 
frequency, with the result that the tuning 
stays near the optimum over a con­
siderably wider frequency range than is 
·the case with wire conductors,' 

Delta Loops and Quad Beams 

One of the more effective DX arrays is 
called the "cubical quad" or, simply, 
"quad" antenna. It consists of two or 
more square loops of wire, each supported 
by a bamboo or fiberglass cross-arm 
assembly. The loops are a quarter 
wavelength per side (full wavelength 
overall) one loop being driven, and the 

other serving as a parasitic element -,­
usually a reflector. A variation of the 
quad is called the delta loop. The 
electrical properties of both antennas are 
the same, generally speaking, though 
some operators report better DX rest11ts 
with the delta loop. Both antennas are 
shown in Fig. 47. They differ mainly in 
their physical properties, one being of 
plumber's delight construction, while the 
other uses insulating support members. 
One or more directors can be added to 
either antenna if additional gain and 
directivity is desired, though most 
operators use the two-element ~rrange­
ment. 

It is possible to interlace quads or 
"deltas" for two or more bands, but if 
this is done the formulas given in Fig. 47 
may have to be changed slightly to com­
pensate for the proximity effect of the sec­
ond antenna. For quads the length of the 
full-wave loop can be computed from 

Ful!-wave loop (ft) 

Full-wave loop (m) 

1005 
=f(MHz) 

306 
=f('MHz) 

If multiple arrays are used, each 
antenna should be tuned up separately for 
maximum forward gain as noted on a 
field-strength meter. The reflector stub on 
the quad should be adjusted for the 
foregoing condition. The delta loop 
gamma match should be adjusted for a I: 1 
SWR. Nil reflector tuning is needed. The 
delta loop antenna has a broader fre­
quency response than the quad, and holds 
at an SWR of 1.5: 1 or better across the band 
it is cut foI'. 

The resonance of the qua,d antenna can 
be found by checking the frequency at 
which the lowest SWR occurs. The 
element length (driven element) can be 
adjusted for resonance in the most-used 
portion of the band by lengthening or 
shortening it. 

A two-element quad or delta loop 
antenna cempares, favorably with a 
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L 

~J 
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TO TRANS. 

CUSI.CAL QUAD 

Fig. 47 - Information on building a quad of a delta·loop antenna. The antennas are electrically 
similar, but the delta-loop uses "plumber's delight" construction. 

three-element Vagi array in terms of gain 
(see QST, May, 1963 and January, 1969, 
for additional information). The quad and 
delta-loop antennas perform very well at 
50 and 144 MHz. A discussion of 
radiation patterns and gain, quads vs. 
Yagis, was presented by Lindsay in May 
1968 QST. 

An Optimum-Gain Two-Band Yagi Array 

If optimum performance is desired 
from a Vagi, the dual four-element array 
shown in Fig. 48 will be of interest. This 
antenna consists of four elements on 15 
meters interlaced with. the same number 
for 10. Wide spacing is used, providing ex­
cellent gain and good bandwidth on both 
bands. Each driven element is fed. 
separately . with 50-ohm coax; gamma­
matching systems are employed. If 
desired, a single feed line can be run to the 
array and then switched by a remotely 
controlled relay. 

The element lengths shown in Fig: 48 
are for the phone portions of the band, 
centered at 21,300 and 28,600 kHz. If 
desired, the element lengths can be 
changed for cwoperation, using the 
dimensions given in Table 2. The spacing 
of the elements will remain the same for 
both phone and cwo 

Construction Details 

The elements are supported by commer­
cially made U~bolt assemblies. Muffler 
clamps also make excellent element sup­
ports. The boom-to-mast support (Fig. 
49) is also a manufactured item that is 
designed to hold a 2-inch (51-mm) 
diameter boom and that can be used with 
mast sizes up to 2-112 inches (63.5 mm) in 
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diameter. Another feature of this device is 
that it permits.the beam to be tilted after it 
is mounted in place on the tower, pro­
viding access to the elements if they need 
to be adjusted once the beam has been 
mounted on the tower. 

A Small Yagi for 40 Meters' 

A 7-MHz antenna for most amateur in­
stallations consists of a half-wavelength 
dipole attached between two convenient 
supports and fed power at the center with 
coaxial cable. When antenna gain is a re­
quirement on this frequency, the dimen­
sions of the system can become over­
whelming. A full-size three-element Vagi 
typically would have 68-foot (20.7-m) 
elements and a 36-foot (IO.9-m) boom. 
Accordi'ngly, half-size elements present 
some distinct mechanical as' well as 
economical advantages. Reducing the 
spacin~ between elements is not recom­
mended since it would severely restrict the 
bandwidth of operation and make the 
tuning critical. This array (Fig. 50) 
features good directivity and reasonable 
gain, yet the mechanical design allows the 
use of a "normal" heavy-duty rotator and 
a conventional tower support. Element 
loading is accomplished by lumped induc­
tance and capacitance hats along the 
38-foot (11.6-m) elements. This design 
concept can be applied on any of the 
amateur hf bands. . 

Construction 
The system described here uses stan­

dard sizes and lengths of aluminum tubing 
available through most aluminum sup­
pliers. For best mechanical and electrical 
performance, 6061-T6 alloy should be 
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Fig. 48 - The element lengths shown are for 
the phone sections of the bands. Table 2 pro­
vides the dimensions for cw frequencies. 

Fig. 49 - The boom-to-mast fixt.ure that holds 
the two 12-foot boom sections together. The 
unit is made by Hy-Gain Electronics. 

Fig. 50 - The shortened 40-meter Vagi beam 
closely approximates the siz~ of a standard 
20-meter Vagi. it is shown on a SO-foot (1.8-m) 
telephone pote. 

used. All three elements are the same 
length; the tuning of the inductor is 
slightly different on each element, how­
ever. The two parasitic' elements are 



grounded at the center with the associated 
boom-to-element hardware. A helical 
hairpin match is used to provide a proper 
match to the split and insulated driven ele­
ment. .Two sections of steel angle stock 
are used to reinforce the driven-element 
mounting plate since the Plexiglas center 
insulating material is not rigid and ele­
ment sag might otherwise result. The 
parasitic element center sections are con­
tinuous sections of aluminum tubing and 
additional support is not needed here. Fig. 
51 and 52 show the details clearly. 

The inductors for each element are 
wound on 1-1I8-inch (28-mm) diameter 
solid Plexiglas cast rod. Each end of the 
coil is secured in place with a solder lug 
and the Plexiglas is held in position with 
an automotive compression clamp. The 
total number or turns needed to resonate 
the elements correctly is given in Fig.- 54. 
The capacitance hats consist of II2-inch 
(13-mm) tubing 3 feet (0.9 m) long (two 
pieces used) attached to the element 
directly next to the coil on each parasitic 
element and 2 inches (51 mm) away from 
the coil for the driven element. Complete 
details are given in Figs. 53 and 54 . 
. The boom is constructed from three 

sections of aluminum tubing which meas­
ures 2-1/2 inches (63.5 mm) diameter and 
12 feet (3.65 m) long. These pieces are 
joined together with inner tubes made 
from 2-1/4-inch (57 mm) stock shimmed 
with aluminum flashing. Long strips, 
approximately one inch wide, are wound 
on the inner tubing before it is placed 
inside the boom sections. A pair of 3/8 X 
3-1/2 inch (9.5 X 89 mm) steel bolts are 
placed at right angles to each other at 
every connection point to secure the 
boom. Caution: Do not overtighten the 
bolts since this will distort the tubing 
making it impossible to pull apart 
sections, should the need arise. It is much 
better_ to install locking nuts over the 
original ones to assure mechanical se­
curity. 

The helical hairpin details are given in 
Fig. 55. Quarter-inch copper·. tubing is 
formed into seven turns approximately 4 
inches long and 2-114 inches (102 mm) ID. 

Tuning and Matching 
The builder is encouraged to carefully 

follow the dimensions given in Fig'. 54. 
Tuning the elements with the aid of a dip 
oscillator has proved to be somewhat 
unreliable and accordingly, no resonant 
frequencies will be given. 

The hairpin matching system may not 
resemble the usual form but its operation 
and adjustment are essentially the same. 
F or a detailed explanation ofthis network 
see The ARRL Antenna Book, 13th 
edition. The driven element resonant 
frequency required for the hairpin match 
is determined by the placement of the 
capacitance hats with respect to the ends 
of the coils. Sliding the capacitance hats 
away from the ends of the coils increases 

Fig. 51 - An aluminum plate and four 
automotive muffler clamps are used to affix 
the parasitic beam elements to the boom. 

Fig. 52 - The driven element of the antenna is 
insulated from the boom by means of PVC tub-
ing, as shown. 

\ 

Fig. 53 - Each loading coil is. wound on Plex­
iglas rod. The capacitance hats for the 
parasitic elements are mounted next to the 
coil, as shown here. The hose clamps com· 
press the tub(ng against the Plexiglas rod. 
Each capacitance hat consists of two sections. 
of tubing and aSSOCiated muffler clamps. 

the resonant frequency (capacitive reac­
tance) of the element to cancel the effect 
of the hairpin inductive reactance. The 
model shown here had capacitance hats 
mounted 2-1/2 inches (63.5 mm) out from 
the ends of the coils (on the driven 
element only). An SWR indicator or 
wattmeter should be installed in series 
with the feed line at the antenna. The 
hairpin coil may be spread or compressed 
with an insulated tool (or by hand if 
power is removedl) to provide minimum 
reflected power at 7.050 MHz. The 
builder should. not necessarily strive for a 
perfect match by changing the' position of 
the capacitance hats since this may reduce 
the bandwidth ofthe matching system. An 
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DIRECTOR ~3 
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Fig. 54 - Mechanical detailS and dimensions 
for the 40-meter Vagi. Each of the elements 
uses the same dimensions; the difference is 
only the number of turns on the inductors and 
the placement of the· capacitance hats. Feet x 
0.3048 = m. Inches x. 25.4 = mm. See the text 
for more details. 

Table 3 
Materials for Two-Band Vagi 

Quantity Length Diameter Reynolds 
(ft) (in.) No. 

2 8 1 9A 
4 8 3/4 8A 
1 8 1-1/4 10A 
1 6 7/8 4231 

2 U-bolts, TV antenna to mast type, 1 variable capaci" 
tor, 150 pF maximum, any type, 1 plastic freezer con­
tainer, approximately 5 X 5 X 5 inches, to house 
gamma capaCitor. 

Gamma rod, 3/8- to 1/2-inch diameter aluminum tub­
ing, 36 inches long. (Aluminum curtain rod or simi­
lar.) 
R X 0.3048 = m. In. X 25.4 = mm. 

SWR of less' than 2: I was achieved across 
the entire 40-meter band with the antenna 
mounted atop an 80-foot tower. 

The tuning of the array can be checked 
by making front-to-back ratio measure­
ments across th~ band. With the di­
mensions given here, the best figures of 
front-to-back (approximately 25 to 30 
dB) should be noticed in the cw portion of 
the band. Should the builder suspect the 
tuning is incorrect or if the antenna is 
mounted at some height greatly different 
than 80 feet (24.3 m) retuning of the 
elements may be necessary. 

A Three-Band Quad Antenna System 

Quads have been popular with 
amateurs during the past few decades 
because of their light weight, relatively 
small turning radius, and their unique 
ability to provide good -DX performance 
when mounted close to the earth. A two­
element three-band quad, for instance, 
with the elements mounted only 35 feet 
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7 TURNS 1/4" Dill. 
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Fig. 55 - Details of the hairpin matching network on the driven element. See Fig. 54 for metric con· 
version. 

Table 4 
Three·Band Quad Loop Dimensions 

Driven 
Band Reffector Element 
20 meters (A) 72'8" (8) 71'3" 
15 meters (0) 48'61/2': (E) 47'71/2" 
10 meters (H) 36' 2 1/2"· (I) 35'6" 

First 
Director 
(e) 69'6" 

Second 
Director 

(F) 46'5" (G) 46'5" 

Third 
Director 

(J) 34'7" (K) 34'7" (L) 34'7" 
Letters indicate loops identified in Fig. 54. Feet X 0.3048 =' m. Inches X 25.4 = mm. 

(1O.7m) above the ground, will givegood 
performance in situations where a triband 
Vagi will not. Fig. 56 shows a large quad 
antenna which can be used as a basis for 
design for either smaller or larger arrays. 

Five sets of element spreaders are used 
to support the three-element 20-meter, 
four-element 15-meter, and five-element 
IO-meter wire-loop system. The spacing 
between elements has been chosen to pro­
vide optimum performance consistent 
with boom length and mechanical con­
struction. See Fig. 57. Each of the 
parasitic loops is closed (ends soldered 
together) and requires no tuning. All of 
the loop sizes are listed in Table 4 and are 
designed for a center frequency of 14.1, 
21.1 and 28.3 MHz. Since quad antennas 
are rather broad-tuning devices excellent 
performance is achieved in both cw and 
ssb band segments of each band (with the 
possible exception of the very high end of 
10 meters). Changing the dimensions to 
favor a frequency 200 kHz higher in each 
band to create a "phone" antenna is not 
necessary. 

One question which comes up quite 
often is whether to mount the loops in a 
diamond or a square configuration. In 
other words, should one spreader be 
horizontal to the earth, or should the wire 
be horizontal to the ground (spreaders 
mounted in the fashion of an X)? From 
the electrical point of view, it is probably a 
trade-off. White the square configuration 
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has its lowest point higher above ground 
than a diamond version (which may lower 
the angle of radiation slightly), the top is 
also lower than that of a diamond shaped 
array. Some authorities indicate that 
separation or the current points in the 
diamond system gives slightly more gain 
than is possible with a square layout. It 
should be pointed out, however, that there 
never has been any substantial proof in 
favor of one or the other, electrically. 

Spreader supports (sometimes called 
spiders) are available from many different 
manufacturers. If the builder is keeping 
the cost at a minimum, he should consider 
building his own. The expense is about 
half that of a commercially manufactured 
eqUivalent and, according to some au­
thorities, the homemade arm supports 
described below are less likely to rotate on 
the boom as a result of wind pressure. 

A 3-foot (0.9-m) long section of I-inch 
(25-mm)-per-side steel angle stock is used 
to interconnect the pairs of spreader arms. 
The steel is drilled at the center to accept a 
muffler clamp of sufficient size to clamp 
the assembly to the boom. The fiberglass 
is attached to the steel angle stock with 
automotive hose clamps, two per pole. 
Each quad-loop spreader frame consists 
of two assemblies of the type shown in 
Fig. 58. 

Beam-Antenna Elements 
Most Vagi antennas are made from 

Fig. 56 -:- The assembled and installed three· , 
band cubical·quad beam antenna. 

fore, it is best suited to experimental 
,antennas or emergency use. Similarly, 
bambqo with conducting material affixed 
to it will deteriorate rapidly when exposed 
to the natural elements for a period of 
time. For the foregoing reasons it is wise 
to use aluminum tubing for Vagi elements 
and booms. 

sections of aluminum tubing which has 
been extruded or drawn. Compromise 
beams have been fashioned from less­
expensive materials such as electrical 
conduit (iron) or bamboo poles wrapped 
with conductive tape or aluminum foil. 
The iron conduit is heavy, a poor 
conductor and is subject to IlUSt. There-

Tower Guy Wires 

The guys used to stabilize an antenna 
support .receive and reradiate rf energy. 
Reradiation can distort the pattern of a 
directional array and,can sometimes con­
tribute to RFI. These conditions are ag­
gravated when one or more guy wires is 
resonant at the operating frequency or 
one of its harmpnics. To avoid resonance 
the guys should be broken' up into 
nonresonant lengths by means of egg 
strain insulators. Fig. 59 shows wire 
lengths that fall within 10 percent of half­
wave resonance in the currently allocated 
hf amateur bands. These lengths should 
be avoided. 

A Heavy-Duty Freestanding Foldover 
Tower 

Antenna supports are potentially the 
most e~pensive components of an 
amateur' station. The builder who is 
mechanically adept and has access to 
welding equipment can put together a 
tower f.or an amount that undercuts 
manufactured tower prices by a large 
margin. Bob Graves, N5BQA, designed 
and built the 47-1I2-f-oot tower 
documented here. 

The tower is hinged at the base (Fig. 60) 
for convenience in raising the 25-foot bot­
tom section. The top section is 22 feet, 6 
inches long. A trussed raising arm, about 
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Fig. 60 - Hinged base of the N5BQA tower. 

12 feet long, is operated with a winch. 
Figs. 61 and 62 detail the junction be­
tween the base and top sections. 

The base of the tower begins with a 
piece of 24-inch pipe ring, and in in­
crements of 24 inchescenter-to-center, the 
diameter tapers to 22 inches, 20 inches, 18 

, inches and so on down to 8 inches. Eight­
inch rings are used to complete the tower. 
Three pieces of 2- X 2- X 3/16-inch 
angle iron 25 feet long form the vertical 
members of the base structure. They are 
welded to the pipe rings and mate with 
three 1-112 X 1-1/2- X 'lI8-inch angle 
irons that are the vertical members ofthe 
top section. The top section has 20 feet of 
angle iron and pipe ring with a 30-inch 
pipe extension for antenna mounting. 

Figs. 63 and 64 show ~dditionid construc­
tion details. Pipe rings are available in 
large cities having boiler and pressure 
vessel manufacturers. An industrial band 
saw or stock saw can be used to cut the 
pipe. 

A 3-foot-deep, 3-legged hole filled with 
19 sacks of ,concrete anchors the base 
hinges. The tower base section weighs 475 
lb and the top section weighs 200 lb. With 
a small quad at the top, this tower has re­
mained practically motionless in 65-mph 
winds. 

A Remote Antenna Switching System 

The antenna switching system shown in 
Fig. 65 was designed to allow up to four 
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Fig. 62 - Detailed assembly drawing of the 
foldover hinge. 

Fig. 63 - This photo shows the tapered base 
section with its winch. 

Fig. 64 _ Top section of the foldover tower. Note the raising-arm truss at the far end and the pipe extension at the near end. 
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antennas to be switched between two sta­
tions_ The system consists of two units_ 
The first contains the power supply and 
switching circuits while the. second con­
tains the relays. Because the relays are 
mounted in a separate enclosure, they 
may be located in a remote position, for 
instance· behind the operating table or 
even on a tower. 

S1 - Spst toggle switch, 117 Vac, 1 A. 
S2 - Single pole, 4-position rotary switch. 

The relay box contains four relays. One 
switches the output between stations, 
while the other three switch between the 
four antenna inputs. The relays shown in 
the picture are Potter & Brumfield time­
dday units with the time-delay circuitry 
removed. However, any relay with con­
tacts having a current rating greater than 
the rf current to be handled should be ac-

G 

0.01 K4A 

S3 - Single-pole, 2-position rotary switch. 
T1 - 12.6 Vac, 0.5 A. 

ceptable. The wires carrying rf should be 
as short as possible. 

The power supply shown will work with 
relays requiring coil potentials up to 12 
volts. Since the relays used here required 
only 6 volts, two 56-ohm, I-watt resistors 
(R I, R2) were used to drop the voltage to 
the required level. Other relays may re-
quire different resistors. . 
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Chapter 21 

VHF and UHF Antennas 

I mproving an antenna system is one of 
the most productive moves open to the 
vhf enthusiast. It can increase transmit­
ting range, improve reception, reduce 
interference problems, and bring other 
practical benefits. The work itself is by no 
means the least attractive part of the job. 
Even with high-gain antennas, experi­
mentation is greatly simplified at vhf and 
uhf because an array is a workable size, 
and much can be learned about the nature 
and adjustment of antennas. No large 
investment in test equipment is necessary. 

Whether we buy or build our antennas, 
we soon find that there is no one "best" 
design for' all purposes. Selecting the 
antenna best suited to our needs involves 
much more than scanning gain figures and 
prices in a manufacturer's catalog. The 
first step should be to establish priorities. 

OBJECTIVES: GAIN 
Shaping the pattern of an antenna to 

concentrate radiated energy, or received­
signal pickup, in some directions at the 
expense of others is the only way to 
develop gain. This is best explained by 
starting with the hypothetical isotropic 
antenna, which would radiate equally in' 
all directions. A point source of light 
illuminating the insIde of a globe uni­
formly, from its center, is a visual 
analogy. No practical antenna can do this, 
so all antennas have "gain over isotropic" 
(dBi), A half-wave dipole in free space has 
2.1 dBi. If we can plot the radiation 
pattern of an antenna in all planes, we can 
compute its gain,- so quoting it with 
respect to isotropic is a logical base for 
agreemel1t and understanding. It is rarely 
possible to erect a half-wave antenna that 
has anything approaching a free-space 
pattern, and this fact is responsible Jor 
much of the confusion about true antenna 
gain. . 

Radiation patterns can be controlled in 
various ways. One is to use two or more 
driven elements, fed in phase. Such 
collinear arrays provide gain without 
markedly sharpening the frequency re­
'sponse, compared to that of a single 
element. More gain per element, but with 
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a sacrifice in frequency coverage, is 
obtained by placing parasitic elements, 
longer and shorter than the driven one, in 
the plane of the first element, but not driv­
en from the feedline. The reflector and 
directors of a Yagi array are highly 
frequency sensitive and such an antenna is 
at its best over frequency changes of less 
than one percent of the operating fre­
quency. 

Frequency Response 

Ability to work over an entire vhf band 
may be important in some types of work. 
The response of an antenna element can 
be broadened somewhat by increasing the 
conductor diameter, and ~ tapering it to 
something approximating! a cigar shape, 
but this is done mainly with simple 
antennas. More practically, wide fre­
quency coverage may be a reason to select 
a collinear array, rather than a Yagi. On 
the other hand, the growing tendency to 
channelize operations in small segments 
of our bands tends to place broad 
frequency coverage low on the priority list 
of most vhf stations. 

Radiation Pattern 

Antenna radiation can be made omni­
directional, bidirectional, practically un­
directional, or anything between these 
conditions. A vhf net operator may find 
an omnidirectional system almost a 
necessity, but it may be a poor choice 
otherwise. Noise pickup and other inter­
ference problems tend to bt} greater with 
such antennas, and those having some 
gain are especially bad in these respects. 
Maximum gain and low radiation angle 
are usually prime interests of the weak­
signal DX aspirant. A clean pattern, with 
lowest possible pickup and radiation off 
the sides and back, may be important in 
high-activity areas, or where the noise 
level is high. 

Height Gain 

In general, the higher the better in vhf 
antenna installations. If raising the anten­
na clears its view over nearby ob­
structions, it may make dramatic im-

provements in coverage. Within reason, 
greater height is almost always \Vorth its 
cost, but height gain must be balanced 
against increased transmission-line loss. 
The latter is considerable, and it increases 
with frequency. The best available line 
may be none too good, if the run is long in 
terms of wavelength. Give, line-loss in­
forll!ation, shown in table form in chapter 
19, close scrutiny in any antenna plan­
ning. 

Physical Size 

A given antenna design for 432 MHz 
will have the same gain as one for 144 
MHz, but being only one-third the size it 
will intercept only one-third as much 
energy in receiving. Thus, to be equal in 
communication effectiveness, the 432-
MHz array' should be at least equaL in size 
to the 144-MHz one, which will require 
roughly thFee times as many elements., 
With all the extra difficulties involved in 
going higher in frequency, it is well to be 
on the big side in building an antenna for 
the higher bands. 

DESIGN FACTORS 
Having sorted out, objectives in a 

.general way, we face decisions on ,sper 
cifics, such as polarization, type of 
transmission line, matching methods and 
mechanical design. 

Polarization 

Whether to position the antenna ele­
ments vertically or horizontally has been a 
moot point since early vhf pioneering. 
Tests show little evidence on which to set 
up a uniform polarization policy. On long 
paths there is no consistent advantage, 
either way. Shorter paths tend to' yield 
higher signal levels with horizontal in 
some kinds of terrain. Man-made noise, 
.especially ignition interference, tends to 
be .lower with horizontal. Verticals are 
markedly simpler to use in omnidirectional 
systems, and in mobile work .. 

Early vhf communication was largely 
vertical, but horizontal gained favor when 
directional arrays became widely used. 
The major trend to fm and repeaters, 



particularly in the 144.MHz band, h!/.s 
tipped the balance'in favor of verticals in 
mobile work and for repeaters. Horizontal 
predominates in other communication on 
50 MHz and higher frequencies. It is well 
to check in advance in any new area in 
which you expect to operate, however, as 
some localities still use vertical almost 
exclusively. A circuit loss of 20-dB or 
more can be expected with cross-polari­
zation. 

Transmission Lines 
There are two main categories of 

transmission lines: balanced and un­
balanced. The former include open-wire 
lines separated by insulating spreaders, 
and twin-lead, in w.hich the wires are 
embedded in solid or foamed insulation. 
Line losses result from ohmic resistance, 
radiation from the line and deficiencies in 
the insulation. Largecbnductors, closely 
spaced in terms of wavelength, and using 
a minimum of insulation, make the best 
balanced lines. Impedances are mainly 
300 to 500 ohms. Balanced lines are best 
in straight runs. If bends are unavoidable, 
the angles should be as obtuse as possible. 
Care' should be taken to prevent one wife 
from coming closer to metal objects than 
the other. Wire spacing should be less 
than 1/20 wavelength .. 

Properly built, open-wire line can 
operate with very low loss in vhf and even 
uhf installations. A total line loss under 2 
dB per hundred feet at 432 MHz is readily 
obtained. A line made of no. 12 wire, 
spaced 3/4 inch (19 mm) or less with 
Teflon spreaders, and running essentially 
straight from antenna to station, can be 
better than anything but the most 
expensive coax, at a fraction of the cost. 
This assumes the use of baluns to match 
into and out of the line" with a short 
length of quality coax for the moving 
section from the top of the tower to the 
antenna. A similar 144-MHz setup could 
have a line loss un(ler I dB. 

Small coax such as RG-58/U or -59/U 
should never be used in vhf work if the 
run is more than a few feet. Half-inch 
(i3-mm) lines (RG-8 or -11) work fairly 
well at 50 MHz, and are acceptable for 
144-MHz runs of 50 feet or less. If these 
lines have foam rathet than solid 
insu,1ation they are about 30 percent 
better. Aluminum-jacket lines with large 
inner conductors and foam insulation 
are well worth their cost. They are 
readily waterproofed, and can last 
almost indefinitely. Beware of any 
"bargains" in coax for vhf or uhf uses. 
Lost transmitter power can be made up 
to some extent by increasing power, 
but once lost, a weak signal can never 
be recovered in the receiver. 

Effects of weather should not be 
ignored. A well-constructed, open-wire 
line works well in nearly any weather, 
and it stands up well. Twin-lead is 
almost useless in heavy rain, wet snow 
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Fig. 1 - Matching methods commonly used in vhf antennas. The universal stub. A. combines tuning 
and matching. The adjustable short on the stub. and the pOints of connection of the transm iss ion line, 
are adjusted for minimum reflected power in the line. In the delta matCh, 8 and C. the line is fanned out 
to tap on the dipole at the point of best impedance match. Impedances need not be known in A, 8 and 
C. The gamma-match, D. is for direct connection of coax. C1 tunes out inductance in the arm. Foldea 
dipole of uniform conductor size, E. steps up antenna impedance by a factor of four. Using a larger 
conductor in the unbroken portion of the folded dipole, E, gives higher orders of impedance 
transformation. . 

or icing. The best grades of coax are 
impervious to weather. They can be run 
underground, fastened to metal towers 
without insulation, or bent into any 
convenient position, with no adverse 
effects on performance. 

Impedanc.e Matching 
Theory and practice in impedance 

matching are given in detail in earlier 
chapters, and theory, at least, is the 
same for frequencies above 50 MHz. 
Practice may be similar, but physical 
size can be a major modifying factor in 
choice of methods. Only the matching 
devices used in practical construction 
examples later in this chapter will be 
discussed in detail here. This' should 
not rule out consideration of other 
methods, however, and a reading of 
relevant portions of chapters 19 and 20 
is recommended. 

Universal Stub 
As its name' implies, the' double­

adjustment stub of Fig. lA is useful for 
many matching purposes. The stub 
length is varied to resonate the system, 

and the transmission line and stub 
impedances are equal. In practice this 
involves moving both the sliding short 
and the point of line connection for zero 
reflected power, as indicated on an 
SWR bridge connected in the line. 

The universal stub allows for tuning 
out any small reactance present in the 
driven part of the system. It permits 
matching the antenna to the line without 
knowledge of the actual impedances 
involved. The position of the short 
yielding the best match gives some 
indication of amoun~ of reactanc~ 
present. With little or no reactive 
component to be tuned out, the stub 
will be approximately a half-wavelength 
from load to short. 

The stub should be stiff bare wire or 
rod, spaced no more than 1/20 wave­
length. Preferably it should be mounted 
rigidly; on insulators. Once the position 
of the short is determined, the center of 
the short can be grounded, if desired, and 
the portion of the stub no longer needed 
can be removed. 

It is not necessary Utat the stub be 
connected directly to the driven 
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Fig. 2 - Conversion from unbalanced coax to a balanced load can be done with a half-wave coaxial 
balun, A. Electrical length of the looped section should be checked with a dip-meter, with ends 
shorted, B. The half-wave balun gives a 4:1 impedance step up. 
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TOGETHER 

. Fig. 3- The balun conversion function, with no impedance change, is accomplished with quarter­
wave lines, open at the top and connected to the coax outer conductor at the bottom. The coaxial 
sleeve, A, is preferred. 

element. It can.be made part of an 
open-wire line, as a device to match 
into or out of the line with coax. It can 
be connected to the lower end of a 
delta match, or placed at the feedpoint 
of a phased array. Examples of these 
uses are given later. 

Delta Match 

Probably the first impedance match 
was made when the ends of an open 
line were fanned out and tapped onto a 
half-wave antenna at the point of most 
efficient power transfer, as in Fig. IB. 
Both the side length and the points of 
connection either side of the center of . 
the element must be adjusted for 
minimum reflected power in the line, 
but as with the universal stub, the 
impedances need not be known, The 
delta makes no provision for tuning out 
reactance, so the universal stub is often 
used as a termination for it, to this end. 

Once thought to be inferior for vhf 
applications because of .its tendency to 
radiate if improperly. adjusted, the delta 
has come back to favor, now that we 
have good methods for measuring the 
effects of matching. It is very handy for 
phasing multiple-bay arrays with open 
lines, and its dimensions in this use are 
not particularly critica,1. It should be 
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checked out carefully in applications 
like that of Fig. 1C, having no tuning 
device. 

Gamma Match 

An application of the same principle 
to direct connection of coax is the 
gamma match, Fig. ID. There being no 
rf voltage at the center of a half-wave 
dipole, the outer conductor of the coax 
is connected to the element at this 
point, which may also be the junction 
with a me,talIic or wooden boom. The 
inner conductor, carrying the rf current, 
is tapped out on the element at the 
matching point. Inductance of the arm 
is tuned out by means of C1, resulting 
in e1e(,trical balance. Both the point of 
contact with the element and the setting 
of the capacitor are adjusted for zero 
reflected power, with a bridge con­
nected in the coaxial line. 

The capacitor can be made variable 
temporarily, then replaced with a 
suitable fixed unit when the required 
capacitance value is found, orC1 can 
be mounted in a wate·rproof box. 
Maximum should be about 100 pF for 
50 MHz and 35 to 50..pF for 144. The 
capacitor and arm can be combined in 
one coaxial assembly, with the arm 
connecting to the driven element by 

means of a sliding clamp, and the inner 
end of the arm sliding inside a sleeve 
connected to the inner conductor of the 
coax. A commercially supplied as­
sembly of this type is used in a 50-MHz 
array described later, or one can be 
constructed from concentric pieces of 
tubing, insulated by plastic sleeving. Rf 
voltage across the capacitor is low, 
once the match is adjusted properly, so 
with a good dielectric, insulation pre­
sents no great problem, if the .initial 
adjustment is made with low power 
level. A clean, permanent high-con­
ductivity bond between arm and ele­
ment is important, as the rf current is ~igh 
at this point. 

Folded Dipole 

The impedance of a half-wave anten­
na broken at its center is 72 ohms. If a 
single conductor of uniform size is 
folded to make a half-wave dipole as 
shown in Fig. IE, the impedance is 
stepped up four times. Such a folded 
dipole can thus be fed directly with 
300-ohm line with no appreciable 
mismatch. Coaxial line of 70 to 75 ohms 
impedance may also be used if a 4: 1 
balun is added. (See balun information 
presented later in this chapter.) Higher 
impedance step up can be obtained if 
the unbroken portion is made larger in 
cross-section than the fed portion, as in 
Fig. IF. For design information, see 
chapter 19. 

Baluns and Transmatches 

Conversion from balanced loads to 
unbalanced lines, or vice versa, can be 
performed with electrical circuits, or 
their equivalents made of coaxial line. 
A balun made from flexible coax is 
shown in Fig. 2A. The looped portion is 
an electrical half-wavelength. The physi­
cal length depends on the propagation 
factor of the line used, so it is well to . 
check its resonant frequ'ency, as shown 
at B. The two ends are shorted, and the 
loop at one end is coupled to a 
dip-meter coil. This· type of balun gives 
an impedance stepup of 4: 1 in im­
pedance, 50 to 200 ohms, or 75 to 300 
ohms, typically. 

Coaxial baluns giving I: I impedance 
transfer are shown in Fig. 3. The coaxial 
sleeve, open at the top and connected 
to the outer conductor of the line at the 
lower end (A) is the preferred type. A 
conductor' of approximately the same 
size as the line is used with the outer 
conductor to form a quarter-wave stub, 
in B. Another piece of coax, using only 
the outer conductor, will serve this 
purpose. Both baluns' are intended to 
present an infinite impedance to any rf 
current that might otherwise tend to 
flow on the outer conductor of the coax. 

The functions of the balun and the 
impedance transformer can be han­
dled by various tuned circuits. Such a 



device, commonly called an antenna 
coupler or Transmatch, can provide a 
wide range of impedance transforma­
tions. Additional selectivity inherent to 
the Transmatch can reduce RFI problems. 

The VHF, UHF Vagi 
The small' siz~ of vhf and, especially, 

uhf arrays lopens up a wide range of 
construction possibilities. Finding com­
ponents is becoming difficult for home 
constructors of ham gear, but it should 
not hold back antenna work. Radio and 
TV.distributors have many useful antenna 
parts and materials. Hardware stores, 
metals suppliers, lumber yards, welding­
supply and plumbing-supply houses lind 
even junkyards should not be overlooked. 
With a little imagination, the possibilities 

c are endless. 

Boom Materials 

Wood is very useful in antenna work. It 
is available in a great variety of shapes 
and sizes. Rug poles of wood or bamboo 
make fine booms. Round wood stock 
(doweling) is found in many hardware 
stores in sizes suitable for small arrays. 
Square or rectangular boom and frame 
materials can be cut to order in most 
lumber yards if they are not available 
from the racks in suitable sizes. 

There is no rf voltage at the center of a 
half-wave dipole or parasitic element, so 
no insulation is required in mounting 
elements that are centered in the support, 
whether the latter is wood or metal. Wood 
is good for the framework of multibay 
arrays far the higher bands, as it keeps 
down the amount of metal in the active 
area of the array. 

Wood used for antenna construction 
should be well-seasoned and free of knots 
or damage. Available materials vary, 
depending on local sources. Your lumber 
dealer can help you better than anyone 
else in choosing suitable materials. Join­
ing wood members at right angles is often 
done advantageously with gusset plates. 
These can be of thin outdoor-grade 
plywood .or Masonite. Round materials 
can be handled in ways similar to those 
used with metal components, with U 
clamps and with other hardware. 

Metal booms have a small "shorting 
effect" on elements that run through. 
them. With materials sizes commonly 
employed, this is not more than one 
percent of the' element length, and may 
not be noticeable in many applications. It 
is just perceptible with 1/2-inch (13-mm) 
tubing booms used oil 432 MHz, for 
example. Formula lengths can be used as 
given, ·if the matching is adjusted in the 
frequency range one expects to use. The 
center frequency of an all-metal array will 
tend to be 0.5 to 1 percent higher than a 
similar system built of wooden supporting 
members. 

Element Materials 
Antennas for 50 MHz need not have 

MHz 
50.1 144.1 

0.2.\ 3' 11-118" l' 4-3/8" 

220.1 

10-3/4" 
1'1-3/8" 
l' 4-1/2" 

432.1 

5-1(2" 
6-13/16" 
8-7116" 

0.25. 4' 10-15/16" l' 8-1/2" 
0.308. 6' 9/16" 2' 1-1/4" 

REF DRIVEN DIRECTORS -.. 

/ 
Meters = 0.3048 x feet 
mm = 25.4 x inches 

¢=~=::~r=:;, o.ex 800M 

9.2 d8d 

REF DRIVEN DIRECTORS __ 

1.2~ 800M 

'0.2 dB. 

Fig. 4 - Element spacing for the various arrays, in terms of boom wavelength. 

elements larger than 1/2-inch diameter, 
though up to 1 inch (25 mm) is used 
occasionally. At 144 and 220 MHz the 
elements are usually 1/8 to.1/4 inch (3 to 
6 mm) in diameter. for 420, elements as 
small as 1/16 inch (1.6 mm) in diameter 
work well, if made of stiff rod_ Aluminum 
welding rod, 3/32 to 1/8 (2.4 to 3 mm) 
inch· in diameter is fine for 420-MHz 
arrays, and 1/8 inch or larger is good for 
the 220 band. Aluminum rod or hard­
drawn wire works well at 144 MHz. Very 
strong elements can be made with stiff-rod 
inserts in hollow tubing. If the latter is 
slotted, and tightened down with a small 
clamp, the element lengths can be 
adjusted experimentally with ease. 

Sizes recommended above are usable 
with formula dimensions given in Table 1. 
Larger diameters broaden frequency re­
sponse; smaller ones sharpen it. Much 
smaller diameters than those recom­
mended will. require longer elements, 
especially in 50-Ml:lz arrays. 

Element and Boom Dimensions 

Tables 1 through 4 list element and 
boom dimensions for several Vagi con­
figurations for operation on 50, 144, 220 

and 432 MHz. These figures are based on 
information contained in the National 
Bureau of Standards Technical Note 688 
which offers element dimensions for 
maximum-gain Vagi arrays as well as 
other types of antennas. The original in­
formation provides various element and 
boom diameters. The information shown 
in the Tables represents a highly con­
densed set of antenna designs, however, 
making use. of standard and readily 
available material. Element and boom 
diameters have been chosen so as to pro­
duce lightweight, yet very rugged, anten­
nas. 

Since these antennas are designed for 
maximum forward gain, the front-to-back 
pattern ratios may be a bit lower than 
those for some other designs. Ratios on 
the order of 15 to 25 dB are common for 
these antennas and should be more than 
adequate for most installations. Addi­
tionally, the patterns are quite clean, with 
the side lobes well suppressed. The driven­
element lengths for the antennas represent 
good starting-point dimensions. The type 
of feed system used on the array may re­
quire longer or shorter lengths, as ap­
propriate. Full details of the various 
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1'1) -0.. Table 1 
NBS 50.1 MHz Vagi Dimensions 

0 
Boom Boom Element Insulated :7 

II Length Oiam~ter Oiameter Elements Ref. 
"0 

Driven Oir.l Oir.2 Oir.3 Oir.o4 Oir.5 Oir.6 Oir.7 Oir.8 Oir.9 Gir.l0 - 7' 10"(0.41) 1·1/4" 112' YES 9' 7" 9' 1·3/4" 9' SIS" • .. NO 9' 7·314" 9' 1·314" 9' 1·3IS" meters = 0.3048 x feet 
1'1) 15' 8·1I2"(0.Sl) 2" 3/4" YES 9' 6·112" 9' 1·314' S' 9·11S' 8' 8·318" S' 9·1IS" mm = 25.4 x inches - NO . 9' 7" 9' 1·314" S' 9·51S' 8' S·7IS" S' 9·5/S" 

23' 6·7IS"(1.21) 2' 314" YES 9' 6·112" 9' 1·314' S' 9·1IS· S' 7·3/4" S' 7·314' S' 9·1IS' 
NO 9' 7·3/4' 9' 1·314" S' 10·114' s's·mi' S'S·7IS' S' 10·114' 

39"3·3/S'(2.21) 2' 3/4' YE$ 9' 6·112' 9' 1·314" S' 9·7/S" S' 7" S' 5·3/S" S' 3·112' S'I·314' S' 1·314" S'1·314' S'I·314' S' 3·1/2' S' 5·3IS" 
NO 9' 7·314' 9' 1·314" S'II' S'S·IIS" S' 6·112" S' 4·5IS" S' 3" . S' 3' S' 3" S' 3' S' 4·5/S" S' 6·1/2" 

Table 2 meters = 0.3048 x feet 

!'IBS 144.1·MHz Vagi Dimensions mm = 25.4 x inches 

Boom Boom Element Insulated Oriven 
Length Oiameter Oiameter Elements Ref Olr.l Oir.2 Oir.3 Oir.o4 Oir.5 01r.6 Oir.7 Oir.8 Oir.9 Oir.l0 Oir. 11 Oir.12 Oir.13 Oir.14 Oir.15 

5'5·9116'(0.S4) I" 3116" YES 3'4" 3'2·3116" 3'7/S' 3'1111S" 3'7/S" 
NO 3'4-5IS" 3'1-112" 3'1-3/S' 3'1-112" 

8'2·511S'(1.21) I' 3116" YES 3'4' 3'718" 3'7116" 3'7116" 3'7/S" 
NO 3'4-5/8" 3'1·112" 3'1·118' 3'1·1IS" 3'1·112" 

15'1/4"(2.21 1 114" 3/1S" YES 3'4" 3'1·1IS" 2'11·1311S' 2'11·114" 2'10·9/16" 2'10·9116" 2'10·9116" 2'10·9/16" 2'10·9116' 2'11-114' 2'11·1311S" 
NO 3'4·13/16' 3'1·15/1S" ~'5/S' 3' 2'11·318' 2'11-3IS' 2'11-3IS' 2'11-318' 2'11·318' 3' 3'5/S' 

21 '10-1116"(3.24) 1 112" 3/16" YES 3'4' 3'718' 3'9/16' 2'11·314" 2'11·IIS' 2'10·7IS' 2'10·9/16' 2'10·511S' 2'10·511S" 2'10·5116" 2'10-5/16' 2'10-5/16' 2'10-5116" 2'10-5116" 2'10-5/16" 2'10-5116" 
NO 3'5·111S' 3'1-1511S" 3'1-3/8" 3'1311S" 3' 311S" 3' 2'11·5/S' 2'11·3/S" 2'11-3/S" 2'11-318' 2'11-3/S' 2'11·3IS' 2'11-3IS' 2'11·318' 2'11-3/S' 2'11·3/8" 

2S'8·1IS"(4.21) 1 112' 3/1.S" YES 3'3·3IS' 3'911S" 3'911S' 3'31S' 2'11·5/8' 2'11·1/2' 2'11·118" 2'10·1311S" 2'10-9/16" 2'10-9/16" 2'10-9/16' 2'10·911S" 2'19·9/16' 2'10·911S" 
NO 3'4·1/2" 3'1-5/8" 3'1·518' 3'1-711S' 3'1111S' 3'9116" 3'311S" 2'11·7/8" 2'11·5/S" 2'11·5/S" 2'11-5IS" 2'11-5IS' 2'11·5/S' 2'11-5/S" 

Table 3 meters = 0.3048 x feet 
NBS 220.1·MHz Vagi' Dimensions mm = 25.4 x inches 

Boom Boom Element Insulattld Oriven 
Length Oiameter Diameter Elements Rei Dir. 1 Oir.2 Dir.3 Dir.o4 01r.5 Dir.6 Dir.7 Oir.8 Dir.9 Oir.l0 Dir.ll Dir.12 Dir.13 Dir.14 Dir.15 

3'S·15116'(0.Sl) I' 3/1S' YES 2'2·1116' 2'1' 1'11·13/16' 1'11·11116" 1'11-13/16' 
NO 2'2·3/4' 2'112' 2'3/S' 2'112' 

5'<1·3IS'(1.21) I' 3116" YES 2'2·1116" 1'11·13/16'1'11·9/16" 1'11·9116' 1'11·3116" 
NO 2'2-314' 2'112' 2'114' 2'114" 2'112' 

9'10"(2.21) I" 3116" YES 2'2·1116" 2'1116' 1'11·5/16' 1'10·15116" 1'10-112' l'10·1IS" 1'10-1IS" 1'10-1IS' l'10-1IS" 1'10·112' l'10·15/1S" 
NO 2'2'3/4' 2'314" 2'1116' 1"11·5IS' 1'11·114' 1'10-7/8" l'10·71·S" 1'10·7IS' l'10·7/S' 1'11-114' 1'11·5/S' 

14'3·11116'(3.21) 1 114" 3/16" YES 2'2·1116; 1'11-13/16"1'11·9/16" 1'10-15116' 1'10·112' 1'10·5116' 1'10·1IS' 1'9·7/S' 1'9-7Ja' 1'9-7IS' 1'9·7/S' 1'9·7IS" 1'9-7IS' 1'9·7/S" 1'9·7IS" 1'9·7/S" 
NO 2'3" 2'3/4" 2'7/1S" 1'11·7IS' 1'11·7116" 1'11·114' I'll' 1'10·13/16" 1'10-13/16' 1'10·13116' 1'10·1311q' 1'10-13116'1'10·13116'1'10·13116" 1'10·13/16'1'10-13/16' 

lS'9·5/16"(4.21) 1 112" 3/16' YES 2'1-11116' 1'11·5IS" I'll-SIS" 1'11·711S" 1'10·7IS" 1'10·3/4" 1'10-1/2' 1'10·5116' 1'10·lIa' 1'10·lIS' 1'10·IIS" 1'10·1IS" 1'10·1IS' 1'10·lIS" 
NO 2'2·3/4' 2'1111S" 2'1111S" 2'112" 2' 1'11·1311S"I'II-911S' 1'11-3/S' 1'11·311S' 1'11·3/1S' 1'11-311S' 1'11·3/16" 1'11·311S" 1'11·3/1S" 

Table 4 meters = 0.3046 x feet 
NBS 432.1·MHz Vagi Dimensions mm = 25.4 x inches 

Boom Boom Element Insulateel DrIven 
Length DIameter Oiameter Elements Rei Olr.l Oir, 2 Oir.3 Olr, 4 Oir.5 Oir.6 Oir.7 Oir.8 Oir, 9 Oir, 10 Oir. 11 01r.12 01r.13 Olr.14 Oir.15 

2'8·13/16'(1.21)' I' 3/1S' YES 1'1·3/1S" 1'23132' 11·13/1S' 11·518' 11·51S' 11·13116' 
NO 1'1-15116' 1'17/32' "11132' 1'11132" 1"17/32" 

5'I/S'(2.21) I' 3/1S' YES 1'1·3/1S' 11·29132" 11·7116' 11·114' II' 10·13/1S' 10·13/16' 10·13/1S' 10·13/16' II' 11·114' 
NO 1'1·15/16' 1'21132' 1'3/1S' - l' 11-314' 11·17/32' 11·17132' 11·17132' j 1-17132' 11·314' l' 

7'3·15/32'(3.24) I' 3116' YES 1'1-3/32' 11-27132' 11·516' 11·114' II' 10·29132' 10·13/1S·' 10·1111S' 10·1111S' 10·1111S' 10·11/1S" 10-11116' 10·11116" 10·11/1S' 10·11116' 10·11/1S' 
NO 1'1·15/16' 1'911S' 1'11132' l' 11·314' 11·516' 11-17132 11-13132' 11·13/32" 11·13132' 11·13/32' 11-13/32' 11·13/32' 11·13132" 11-13/32' 11·13/32' 

9'S·25/32'(4.21) I" 3/16' YES 1'1' 11·22132' 11·22/32' 11·19/32' 11·114' 11-5/32' II" 10·29/32' 10·1311S' 10-13/1S' 10-13/16' 10·13/16' 10·13/16' 10·13/16' 
NO 1'1·314' 1'7/16' 1'7116' 1'11132' l' 11-718' 11-3/4' 11·5/S' 11·17132' 11·17/32" 11·17132' 11-17/32' 11·17/32" 11·17/32" 
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DRIVEN ELEMENT - LOWER ANTENNA 

" Fig. 5 - A method for feeding a stacked Vagi 
array. 

methods for feeding a Yagi array are given 
in the hf antennas chapter of this volume, , 
and also in the ARRL Antenna Book. 
Generally speaking, a balanced feed 
system is preferred in order to prevent 
pattern skewing and the possibility of un­
wanted side lobes, which can occur with 
an unbalanced feed system. 

Element spacing for the various arrays 
is presented in Fig. 4 in ~erms of the 
wavelength of the boom, as noted in the 
first column of Tables 1 through 4. The 
0.4-, 0.8-,' 2.2- and 3.2-wavelength beom 
antennas have equally spaced elements for 
both reflector and directors; 1.2- and 
4.2-wavelength boom antennas have dif­
ferent reflector and director spacings. As 
all of the antenna parameters are inter­
related, changes in element diameter, 
boom diameter and element spaciqg will 

Fig. 6 - Photograph of the 5-element, 50·MHz 
Vagi. A 432·MHz beam is mounted above. . 

REFLECTOR 

115" 

102-1/2" 

105-5/8" 

.. 

2" BOOM OtA. 
00 

105-5/8" 

INCHES X 25.4. mm 

FEET X .3048 • M 

·Fig. 7 - Dimensional drawing of the 5-element, 50·MHz Vagi antenna described in the text. 

require that a new design be, worked out. 
As the information presented in the NBS 
Technical Note 688 is straightforward, the 
serious antenna experimenter should have 
no difficulty designing antennas with dif­
ferent dimensions from those presented in 
the Tables. For antennas with the same 
element and boom diameters, but for dif­
ferent frequencies within the band, stan­
dard scaling techniques may be applied. 

Stacking Yagis 
Where suitable provision can be made 

for supporting them, two Yagis mounted 
oqe above the other and fed in phase may 
be preferable to one long Yagi having the 
same theoretical or measured gain. The 
pair will require a much smaller turning 
space for the same gain, and their lower 
radiation angle can provide interesting 
results. On long ionospheric paths a 
stacked pair occasionally may show an 
apparent gain much greater than the 2 to 3 
dB that can be measured locally as the 
gain due to stacking. 

Optimum spacing for Yagis of five 
elements or more is one wavelength, but 
this may be too much for many builders of 
50-MHz antennas to handle. Worthwhile 
results can be obtained with as little as one 
half-wavelength (10 feetl3 m), and 5/8 
wavelength (12 feet/3.66 m) is markedly 
better. The difference between 12 and 20 
feet may not be worth the added 
structural problems involved in the wider 
spacing; at 50 MHz, at least. The closer 
spacings give lower measured gain, but 
the antenna patterns are cleaner than will 
be obtained with one-wavelength spac­
ing. The extra gain with wider spacings is 

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

One method for feeding two 50-ohm 
antennas, as might be used in a stacked 
Yagi array, is .shown in Fig. 5. The 
transmission . lines from each antenna to 
the common feed point must be equal in 
length and an odd multiple of a quarter 
wavelength. This line acts as an im­
pedance transformer and raises the feed 
impedance of each antenna to 100 ohms. 
When the two antennas are connected in 
parallel at the coaxial "T" fitting, the 
resulting impedance is close to 50 ohms. 

AS-Element Vagi for 50 MHz 
The antenna described here was de­

signed from information contained in· 
Table 1 and Fig. 4. This antenna has a 
theoretical gain of 9.2 dB over a half­
wavelength dipole and should exhibit a 
front-to-back ratio of roughly 18 dB. The 
pattern is quite clean, with side lobes well . 
suppressed. A hairpin matching system is 
used, and if the dimensions are followed 
closely no adjustment should be 
necessary. The completed antenna is rug­
ged, yet lightweight, and should be easy to 
install on any tower or mast. 

Mechanical Details 
Constructional details of the antenna 

are given in Figs. 7 and 8. The boom of 
the antenna is17 feet (5.18 m) long and is 
made from a single piece of 2-inch (50.8 
mm) aluminum irrigation tubing that has 
a wall thickness of 0.047 inch (1.2 mm). 
Irrigation tubing is normally supplied in 
20 foot (6.1 m) sections so several feet 
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Fig. 8 - Detailed drawing of the feed system used with the 50-MHz Vagi. Phasing-line lengths 
are: for cable with 0.80 velocity factor - 7' 10·3/8" (2.4 m); for cable with 0.66 velocity factor - 6' 
5-3/4" (1.97 m). 

may be removed from the length. 
Elements are constructed from 3/4-inch 

(19 mm) OD aluminum tubing of the 
606I-T6 variety, with a wall thickness of 
0.05B inch (1.5 mm). Each element, with 
the exception of the driven element, is 
made from a single length of tubing. The 
driven element is split in the center and in­
sulated from the boom to provide a 
balanced feed system. The reflector and 
directors have short lengths of 1lB-inch 
(22.2 mm) aluminum tubing telescoped 
over the center of the elements for rein­
forcement purposes. Boom-to-element 
clamps were fashioned from3/16-inch 
(4.B mm) thick aluminum-plate stock, as 
shown in the photographs. Two muffler 
clamps hold each plate to the boom, and 
two U-bolts affix each element to the 
plate, Exact dimensions of the plate are 
not critical, but should be great enough to 
accommodate the two muffler clamps and 
two U-bolts. The element and clamp 
structure may seem to be a bit over­
engineered. However, the antenna is 
designed to withstand the severe weather 
conditions common to New England. This 
antenna has withstood many wind storms 
and several ice storms, and no 
maintenance has been required. 

The driven element is mounted to 'the 
boom on a Bakelite plate of similar 
dimension to the reflector and director 
element-to-boom plates. A piece of 
5lB-inch (15.9 mm) Plexiglas rod, 12 in­
ches in length, is inserted into each half of 
the driven element. The Plexiglas piece 
allows the use of a single clamp on each 
side of the element and also seals the 
center of the elements against moisture. 
Self-tapping screws are used for connec­
tion to the driven element. A length of 
114-inch (6.4 mm) polypropylene rope is 
inserted into each element, and end caps 
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art placed on the elements. The rope 
damps element vibrations, which could 
lead to element or ~ardware fatigue. 

Feed System 

Details of the feed systems ate shown in 
Figs. Band 9. A bracket fashioned from a 
piece of scrap aluminum is used to mount 
the three SO-239 connectors to the driven 
element plate. A half-wavelength phasing 
line connects the two element halves, pro­
viCIing the necessary lBO-degree phase dif­
ference between them. The "hairpin" is 
connected directly across the element 
halves. It should be noted that the exact 
center of the hairpin is electrically neutral 
and may be fastened to the boom or 
allowed to hang. Phasing-line lengths are: 
for cable with O.BO velocity factor - 7' 10-
31B" (2.4 m); for cable with 0.66 velocity 
factor - 6' 5-3/4" (1.97 m). It will be 
noted that the driven element is the 
shortest element in this array. While this 
may seem a bit unusual it is necessary with 
the hairpin matching system. 

A IS-Element Vagi for 432 MHz 
This 432-MHz Yagi antenna was 

designed using the information shown in 
Table 4 and Fig. 4. The theoretical gain 
for this antenna 'is 14.2 dBd, with a front­
to-back pattern ratio of approximately 22 
dB. The pattern is very sharp and quite 
clean, as would be expected ftom a well­
tuned array of this size. Four of these 
antennas in a "box" or "H" array would 
serve well for terrestrial work, while eight 
would make a respectable EME system. 

Mechanical Details 

Dimensions for the antenna are given in 
Figs. 12 and 13. The boom of the antenna 
is made from a length of I-inch (25.4 mm) 
aluminum tubing. Each of the elements is 

Fig. 9 - Closeup of the driven element and 
feed system. The phasing line is coiled and 
taped to the boom. 

Fig. 10 - Photograph of the element·to-boom 
clamp. U-bolts are used to hold the element to 
the plate, and 2·inch (50.8 mm) plated muffler 
clamps hold the plates to the boom. 

mounted through the boom, and only the 
driven element is insulated. Auveco B715 . 
external retaining rings secure each of the 
parasitic elements in place. These rings are 
available at most hardware supply houses. 
Consult your local telephone company 
Yellow Pages fof. a 'hardware dealer near 
you. 

The driven element is insulated from 
the boom by a length of 1 /2-inch . 
(12.7-mm) Teflon rod. The length of rod 
is drilled to accept the 114 inch (6.4-mm) 
thick aluminum tubing driven element. A 
press fit was used to secure the Teflon 
piece in the boom of the antenna. An ex­
act fit can be achieved by drilling the hole 
slightly undersized and enlarging the hole 
with a hand reamer, a small amount at a 
time. Should the hole turn out to be-over­
sized, a small amount of RTV (silicone 
seal) can be used to secure the Teflon in 
place. Although it wasn't tried with this 
antenna, it should be possible to use a 
driven element that is not insulated from 
the boom. Small changes in the position 
of the matching rods andlor clamps might 
be necessary. 

Details of the feed system are shown in 
Fig. 13. This is a form of the "T" match, 
where the driven element is shQrtened 
from its resonant length to provide the 
necessary capacitance to tune out the reac­
tance of the matching rods. With this 
system no variable capacitors are re­
quired, as in the more conventional 
T -match systems used at hf. This is a 
definite plus in terms of antenna en­
durance in harsh-weather elWironments., 



The center pin of the UG-58A/U 
N-type connector attaches to one of the 
matching rods. A half wavelength of 
50-ohm, foam-dielectric cable is used to 
provide the 180':degree phase shift from 
one half of the element to the other. An 
alternative to. the large and cumbersome 
cable used here would be the miniature 
copper Hardline with Teflon dielectric 
material, such as RG-401. 

Each of the matching rods is secured to 
two threaded steatite standoffs at the 
center of the antenna. These standoffs 
provide tie points for the ends of the phas­
ing lines, the center pin of the coaxial con­
nector as well as the ends of the matching 
rods. Solder lugs are used for each of the 
connections for easy assembly or 
disassembly. The clamps that connect the 
matching rods to the driven element are 
constructed from pieces of aluminum 
measuring 1/4 X 112 X 1-5/16 inches 
(6.4 X 12.7 X 33.3 mm). These pieces are 
drilled and slotted so that when the screws 
are tightened the pieces will compress 

. slightly to provide a snug fit. Alternative­
ly, simple clamps could be fashioned from 
strips ef aluminum. 

Adjustment 
If the dimensions given in the drawings 

are followed closely, little adjustment 
should be necessary. If adjustment is 
necessary, as indicated by an SWR greater 
than 1.5 to 1, move the clamps a short 
distance along the driven element. Keep in 
mind that the clamps should be located 
equidistant from the center of the boom. 

THE VHF QUAGI 

First described by K6YNB in April 
1977 QS1\, the quagi has become a very 
popular antenna for use on 144 MHz and 
above. The long-boom quagi was pre­
sented by K6YNB/N6NB in February 
1978 QST. 

How to Bulkl a Quagi 
There are a few tricks to quagi building. 

DRIVEN 

REFLECTOR 1 DIR1 DIR.2 DIR3 

5-112" 8-7/16" 8-7116" --

13-3/4" 12" 

Fig. 11 - The completed 15-element Vagi for 432 MHz, ready for installation atop the tower. 

The designer mass produced as many as 16 
in one day. Table 6 gives the dimensions 
for various frequencies. 

The boom is wood or any other 
nonconductor (e.g., fiberglass). If a metal 
boom is used, a new design and new 
element lengths will be required. Many 
vhf antenna builders go wrong by failing 
to follow this rule: If the original uses a 
metal boom, use the same size and shape 
metal booIp when you duplicate it. If it . 
calls for a wood boom, use a non­
conductor. Many amateurs dislike wood 
booms, but in a salt-air environment they 
outlast aluminum (and surely cost less). 
Varnish the boom for added protection. 

The 2-meter version is usually built on a 
14-foot (4.3-m), I X 3 inch (20 X 60 mm) 

boom, with the boom cut down to taper it 
to one inch at both ends. Clear pine is best ' 
because of its light weight, but con­
struction grade Douglas fir works well. At 
220 MHz, the boom is under 10 feet (3 m) 
long and most builders use I .x 2 (20 X 40 
mm) or (preferably) 3/4 by 1-1/4-inch (19 
X 32 mm) pine molding stock. On 432 
MHz the boom must be 1/2-inch (13-mm) 
thick or less. Most builders use strips of 
1/2-inch (I3-mm) exterior plyw()od for 
432. ' 

The quad elements are supported at the 
current maxima (the top and bottom, the 
latter beside the feed point) with Plexiglas 
or small strips of wood. The quad 
elements are made of no. 12 copper wire, 
commonly used in house wiring. Some 

DIR.4 DIR.5 DIR.6 D1R.7 DIR8 D1R.9 DIR.l0 DIR.ll DIR.12 DIR.13 

11-25/32" 11 -17/32" 11-17132" 11-17/32 

BOOht l" DIA. 
117" LONG , 

11-15/16" 12-15/32" 11-718" 11- 5/8" 11-17/32" 11-17/32" 

11-17/32" 

fl-17132" 

IINCHES X 25.4 • mm I 

Fig. 12 - Dimensional drawing of the 15-element Vagi for. 432 MHz. The balanc~ pOint of the antenna is between the fifth and sixth director. The 
~ntenna was designed from the information presented in Table 4 and Fig. 4 of this chaptef. 
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CLAMP 

#6 THREADED 

STEATITE 
STANDOFF 
3/1S ll X 112" 

N CONNECTOR 
UG-58A/U 

1/2"00 1-3/4" LONG 

INCHES X 25.4 = mm 

CLAMP 

Fig. 13 - Detailed drawing of the feed system used with the Vagi. A small copper plate is 
attached to the coaxial·connector plate assembly for connection of the phasing line braid. As in· 
dicated, the braid is soldered to the plate. A coat of clear lacquer or enamel is recommended for 
waterproofin9 the feed system. 

Table 5 

Dimensions, Eight·Element Quagi 

Element 
Lengths 144.5 MHz 147 MHz 
Reflector (all 86-5/8" (loop) 85" 

no. 12 TW 
wire, closed) 

Driven ele- 82" (loop) 80" 
ment (no. 
12 TW, fed 
at bpttom) 

Directors 35-15/16" 35-5/16" to 
to 35" in 34-3/8" in 
3/16" steps 3/16" steps 

Spacing 
R-DE 21" 20-1/2" 
DE-D1 15-3/4" 15-3/8" 
D1-D2 33" 32-1/2" 
D2-D3 17-1/2" 17-1/8" 
D3-D4 26.1" 25-5/8" 
D4-05 26.1" 25-5/8" 
D5-D6 26.1" 25-5/8" 

Stacking Distance Between Bays' 
11' 10'10" 

Inches X 25.4 = mm Feet X 0.3048 = m 

builders may elect to use no. 10 wire on 
144 MHz and no. 14 wire on 432 MHz, 
although this will chal}ge the resonant 
frequency slightly. Solder a type-N con­
nector (an SO-239 is often used at 2 
meters) at the midpoint of the driven 
element bottom side, and close the 
reflector loop. 

The .directors are mounted through the 
boom. They can be made of almost any 
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222 MHz 432 MHz 446 MHz 
56-3/8" 28" 27-1/8" 

53.5" 26-5/8" 25-7/8" 

23-3/8" to 11-3/4" to 11-3/8" to 
22-3/4" in 11-7/16" 'in 11" in 
1/8" steps 1/16" steps 1/16" steps 

13-5/8" 7" 6.8" 
10-1/4" 5-1/4" 5.1" 
21-1/2" 11" 10.7" 
'11-3/8" 5.85" 5.68" 
17" 8.73" 8.46" 
17" 8.73" 8.46" 
17" 8.73" 8.46" 

7'1-1/2'~ 3'7" 3'5-5/8" 

metal rod or wire of about lI8-inch 
(3 mm) diameter. Welding rod or aluminum 
clothesline wire will work well if straight. 
(The designer used 1/8-inch stainless-steel 
rod secured from an aircraft surplus 
store.) . 

A TV -type U-bolt mounts the antenna 
on a mast. The author uses a single 
machine screw, washers and nut to secure 
the spreaders to the boom so the.antenna 

Fig. 14 - A close·up view of the feed method 
used on a 432·MHz quagi. This arrangement 
produces an excellent SWR and an actual 
measured gain in excess of 13 dB over an 
isotropic antenna with a 4·foot 10·inch (1.5 m) 
boom! The same basic arrangement is used on 
lower frequencies, but wood may be 
substituted for the Plexiglas spreaders. The 
boom is 1I2·inch (13 mm) exterior plywood. 

can be quickly "flattened" for travel. In 
permanent installations two screws are 
recommended. 

Construction Reminders 
Here are a couple of hints based on the 

experiences of some who have built the 
quagi. First, remember that at 432 MHz 
even a 1/8-inch measuring error will dete­
riorate performance. Cut the loops and 
elements as carefully as possible. No 
precision tools are needed but be careful 
about accuracy. Also, make sure to get the 
elements in the right order. The longest 
director goes closest to the driven element. 

Finally, remember that a balanced 
antenna is being fed with an unbalanced 
line .. Every balun the designer tried 
introduced more losses than the feed 
imbalance problem. Some builders have 
tightly coiled several turns of the feed line 
near the feed point to limit radiation 
further down the line. In any case, the feed 
line should be kept at right angles to the 
antenna. Run it from the driven element 
directly to the supporting mast and then 
up or down perpendicularly for best 
results. 

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. 

Large COUinear 
Arrays 

Bidirectional curtain arrays of four, six, 
and eight half-waves in phase are shown in 
Fig. 15. Usually reflector elements are 
added, normally at about 0.2 wavelength 
in back of each driven element, for more 
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Fig. 15 - 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 element~. 
Feed pOints are inpicated 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 un­
balance the sY!item. 
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Fig. 16 - Large collinear arrays should be fed as sets of no more than eight driven elements each; 
interconnected by phasing lines. This 48-element array for 432 MHz (A) is treated as if it were four 
12·element collinears. Reflector elements are omitted for clarity. Phasing harness is shown at B. 

Table 6 

432·MHz, 1S·Element, Long·Boom Quag! Construction Data 

Element Lengths - Inches 
R - 28" loop 07 - 11-3/8 
OE - 26-5/8" loop 08 - 11-5/16 
01-11-3/4 09-11-5/16 
02-11-11/16 010-11-1/4 
03-11-5/8 011-11-3/16 
04-11-9/16 012-11-1/8 
05-11-1/2 013'-11-1/16 
06-11-7/16 

Boom - 1 X 2-inch X 12-ft Douglas fir, tapered to 
5/8 inch at both ends. 

Oriven element - No.121W copper-wire loop in 
square configuration, fed at center bottom with 

Interelement Spacing - Inches 
R-OE - 7 06-07 - 12 
OE-Ol - 5-1/4 07-08 - 12 
01-02- 11 08-09-11-1/4 
02-03- 5-7/8 09-010-11-1/2 
03-04 - 8-3/4 010-011 - 9-3/16 
04-05-8-3/4 011-012-12-3/8 
05-06 - 8-3/4 012-013 - 13-3/4 

type N connector and 52-ohm coax. 
Reflector - No. 121W copper-wire loop, closed at 

bottom, 
Directors - l/8-inch rod passing through boom, 

\ -
gain, and a unidirectional patterp, Such 
parasitic elements are omitted from the 
sketch in the interest of clarity. 

When parasitic elements are, added, the 
feed impedance is low enough for direct 
connection to open line or twin-lead, con~ 
nected at the points indicated by black 
dots. With coaxial line and a balun, it is 
suggested that the universal stub match, 
Fig. lA, be used. at the feedpoint. All 
elements should be mounted at their elec­
trical centers, as indicated by open circles 
in Fig. 15. The framework can be metal or 
insulating material, 'withequally good 
results. The metal supporting structure is 
entirely in back of the plane of the reflec­
tor 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 rf 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 out­
standing performance. Any collinear 
should be fed at the center of the system, 
for balanced current distributiqn. This is 
very important in large arrays, which are 
treated as sets of six or eight driven 
elem~nts 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. 16, illustrates this principle. 

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 
r.ules it, out for amateur use below 420 
MHz. An interesting space-saving pos­
sibility lies in using a 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, 

CIRCULAR POLARIZATION 

Polarization is described as "hori­
zontal" 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 example. Polarization 
of vhf waves is often random, so an 
antenna capable of accepting any pola­
rization is useful. Circular polarization, 
generated with helical antennas or 'with 
crossed elements fed 90 degrees out of 
phase, has this quality, 
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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 ex­
clusive, but either will respond to any 
plane polarization. A wave generated with 
right-hand polarization comes back with 
lett-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 eight turn helix of Fig. 17 is de­
signed for 432 MHz, with left-hand 
polarization. It ,is made form 213 inches 
(5.4 m) of aluminum clothesline wire, in­
cluding 6 inches (152 mm) that is 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 waterproofed with liquid 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 Q 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 O.4-inch (lO-mm) 
inside diameter, with no. 10 inner 
conductor, both 6-1/2 inches (165 mm) 
long. With the antenna and transformer 
connected, apply power and trim the 
outer end of the helix until the reflected 
power approaches zero. 

The support arms are made from 
sections of 1 X 1 inch (25 X 25 mm) wood 
and Iltre each 60 inches (1.52 m) long. The 
spacing between them is 8-1/4 inches (210 
mm),. outer dimension. The screen of the 
antenna in Fig. 17 is tacked to the support 
arms for temporary use. A wooden frame­
work for the screen would provide a more 
rugged antenna structure. The theoretiqli 
gain of an eightLturnhelical is ap­
proximately 14 decibels. Where both 
right- and left-hand circularity is desired, 
two antennas can be mounted on a 
common framework, a few wavelengths 
apart, and wound. for opposite senses. 

VHF AND UHF PARABEAMS 
Fig. 18 shows two types of 

"Parabeam" Yagis for use at vhf and uhf. 
This style of gain antenna was developed 
in the UK by J-Beam, Ltd. to offer high 
gain and wide bandwidth. The design is 
suitable for use at 144, 220, 432 and 1296 
MHz. The Parabeam utilizes a "skeleton 
slot" radiator and reflector (original 
J-Beam format), but employs conven-
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Fig. 17 - An eight-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 
a section: 

tional Vagi directors of the parasitic type. 
The 2-meter Parabeam of Fig. 18A has 

claimed gain of 15 dB ana a half-power 
horizontal beam width of 24 0

, according 
to information contained in the RSGB 
Radio Communication Handbook. (This 
has not Qeen proved by the ARRL.) 

Illustration B of Fig. 18 is for a 
432-MHz Para beam for which a gain of 
17 dB is- stated along with a half-power 
beam width of 28 0

• The reflector of the 
432-MHz version consists of a pair of 
half-wavelength elements joined to form a 
full-wavelength loop. Bandwidth for this 
and the 2-meter version is on the order of 
20 percent of frequency between the· 2: 1 
VSWR points on the curve. 

Details of the skeleton-slot driven ele­
ment are seen in Fig. 19. It can be ob­
served that a forward pitch of 11 0 is pro­
vided. According to the designers this is 
necessary to obtain optimum "launch­
ing" into the parasitic directors. The feed 

Rct Rod Main boom ..... l
'
/.·0utsidt: dla 

Fig. 18 - Illustration of a 2-meter Parabeam 
(A) and a 432-MHz version (B). 
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Fig, 19 - Developmental progression of the 
driven element of a Parabeam Vagi. 

impedance of these Yagis is on the order 
. of 280 to 300 ohms. A 4: 1 balun can be 

used to provide a match to 75-0 transmis: 
sion line. 

Dimensional details for a 432-MHz ver­
sion of the Parabeam are given in Fig. 20. 
There are 18 elements used in the system, 
and stacking can be done if greater gain 
and aperture are desired. Good results 
should be possible by scaling this design to 
144, 220 or 1296 MHz. However ex-

All director. 
/275mm long x 5lt6·ouhldc diG 

2 , 3 '4 5 6' e// 9 10 11 t2 13 104 15 16 

-1'401981'221'221'221'461'4611461'581'581'581'7' 117' 1171 1'83 I '8:! I '83 r-mm 
Most 

Rdlcctor clcm~nt 

~;'6"oulSldc dig rod 

. , 

L248mm-.J 

Radlato" clement 

5/16" outside dlo rod 

Fig; 20 - RSGB version of an 18-element Parabeam for 432 MHz. To convert mm to inches use 
ij,. = mm x 0.03937. . 
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Fig. 21 - Details of the parabolic curve. Y' = 4SX. This curve (illustration A) is the locus of 
points whic.h are equidistant from a fixed pOint, the focus (F), and a fixed line (AB) which is called 
the "directrix". Hence, FP = PC. The focus (F) contains the coordinates Sand O. At B is a prac­
tical design which shows the feed arrangement of a parabolic antenna. The dipole must be at the 
focal point of the parabola. Distari'ce S is made adjustable to provide maximum gain. 

peri mental adjustment of the element 
spacing should be carried out to ensure 
optimum forward gain from the scaled 
versions. 

ParaboHc Antennas 
When an antenna is located at the focus 

point of a parabolic reflector it is possible 
to obtain considerable gain. Furthermore, 
the beam width of the radiated energy will 
be very narrow, provided all of the energy 
from the driven element is directed toward 
the focal point of the reflector. 

When the rf energy is applied so that 
uniform illumination of the paraboloid is 
effected, the angular width of the radiated 
wave will be based on the diameter of the 
parabolic reflector, A. A close approxi-

mation can be obtained from 

0=~ 
A 

where A is expressed in wavelengths. Fig. 
21A shows the fundamental shape of a 
parabolic curve. At B of Fig. 21 is a de­
tailed sketch of the system, showing 
dimension A. 

Wire mesh of Close spacing can be used 
through 1296 MHz with good results. A 
wooden support form may be fashioned 
to provide the proper parabolic shape by 
plotting a curve (Fig. 21A) from 

y2 = 4SX 

as shown in the figure. 

1/S"OIA -T 
B 0 O. 489l' 

'"'4.46 
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J 
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10 4.56" 

Fig. 22 - Symmetrical feed system for a 
1296-MHz parabolic antenna. One half of the 
dipole is soldered in place at A. The remaining 
dipole half is threaded and screwed into the 
center conductor at pOint D. It is soldered to 
the outer conductor at B. 

The gain will be a function of the dish 
diameter and the illumination of it froJ;ll 
the feed point. In a classic design there 
will be no radiation from the feed system. 
Such "spillover" will cause a loss of gain. 

Fig. 22 shows details for a 1296-MHz 
symmetrical excitation system for a 
parabolic reflector. These dimensions 
were given in the RSGB Radio Com­
munication Handbook, 5th Edition, Vol. 
2. Practical details for constructing this 
type of antenna were written by R. 
Knadle, K2RIW, in "TWelve-Foot 

- Stressed Parabolic Dish," QST, August 
1972. The same author described modern 
uhf-antenna test procedures in, "UHF 
Antenna Ratiometry," QST, February 
1976. 
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Chapter 22 

Operating a Station 

Although this Handbook serves 
primarily the technical phases of Amateur 
Radio - and indeed radio/electronics in 
general -=- as far as hamming is con­
cerned, only about half the game deals 
with how you handle the soldering iron. 
The other half is concerned with what you 
do with your radio equipment once you 
get it operating. This is the subject of this 
chapter. 

It's a pretty big subject, one which we 
can't hope to cover in these few pages, S6-
at the very start we urge that you obtain 
the two principal operating publications 
put out by ARRL. They're both free. 
Oper(1ting an Amateur Radio Station 
covers basic and intermediate operating, 
details all the League's awards, contests 
and other operating activities, the com­
plete ARRL operating organization and 
how it works, abbreviations and a lot 
more. The Public Service Communica­
tions Manual goes into even further detail 
on ARRL's important operating 

organization, comprising the Amateur 
Radio Emergency Service (ARES) and.the 
National Traffic System (NTS). 

The ARRL Operating Manual is the 
basic.operating guide for the active radio 
amateur, both newcomer and veteran 
alike. It is available from your local dealer 
or ARRL hq. 

But we'll try to cover the essentials of 
operating in these few pages. Here goes. 

Operating Standards 
Amateur Radio through the years has 

developed a number of operating stan­
dards and procedures. Some of these are 
borrowed from other services, such as 
commercial or military. Some have been 
coined by amateurs for our particular use, 
as a part of "ham jargon." Still others 
have, been innovated by the League to 
fulfill a need. All of them together make 
up a "standard operating procedure" for 
amateurs differing, at least in part, from 
the procedures used in any other radio ser-

A neat, well·organized operating position will help you improve your operating and enjoyment. 
AA6DX, shown here, is an active contester and DXer. 
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vice. We hams are a service; we aren't just 
a bunch of licensed operators randomly 
pursuing a "hobby." We have standard 
procedures that are recommended by 
ARRL but based on our particular needs. 
If we all use different procedures, we will , 
have difficulty, at times, in com­
municating with each other. If we all use 
the same procedures, even .though the 
ARRL recommendation may not be our 
personal preference, we will communicate 
effectively. And since ARRL is ultimately 
controlled by its members, any procedure 
you don't like can be changed if members 
share your opinion. 

So let's all use the same standards. Let's 
be a single, organized, operating service. 

EstabUshlng Contact 
If you are looking for a contact with 

anyone, then you may want to call "CQ." 
Before your signal uses valuable spectrum 
space, however, listen to see if the fre­
quency appears to be in use; Follow that 
up with, "Is the frequency in use?" on 
voice, or QRL on cwo You don't need a 
long CQ - just a 3 x 3. If still no 
answer, it means one of two things: Either 
no Qne heard you or no one listening 
wants to contact you. Try it again, 
another 3 X 3. If still no answer, that's 
enough. Move to another (clear) frequen­
cy before you try it again. A CQ call on 
cw might go like this: CQ CQ CQ DE ABIU 

ABIU ABIU K. On voice, "CQ CQ, this is 
ABIU, Alpha Bravo One Uniform, go." 

If,you call CQ, it means you are willing 
to talk to anyone. If you want to be fussy 
don't call CO. Find someone you would 
like to talk to and call him. In this case, 
you can observe the same principle; zero 
beat his frequency and give him a short 
call, such as: KI.MM KIMM KIMM DE VE3GT 

VE3GT AR, or even shorter. On voice, 
"KIMM KIMM from VE3GT, Victor 
Echo Three Golf Tango, over." 

Notice the "ending signals." These 
aren't just happenstance; each one of 
them means something. On cw, for exam­
ple, K at the end of a transmission means 
"anyone go ahead," while AR means "I 



,have just called another station and want 
,only him to reply." On voice, "go" or 
"go ahead" refers to anybody listening, 
while "over" refers to a specific station. 
And so on. There is a complete list of 
ending prosigns and prowords. Use them 
properly, even if others you hear do not. 

Now, about the QSO itself. You are in­
troducing yourself to a brand-new aquain­
tance. Don't bore him. The usual pro-. 
cedure is to give him a signal report (see 
RST system), and tell him your name and 
location. After that, tell him the things 
about yourself that you would like to 
know about him, but make your transmis­
sion short. Start each transmission with 
your own call, i.e., DE KIMEM or "This is 
KIMEM," and end it with'both calls, i.e., 
W6RIP DE (or from) KIMEM. Most voice 
contacts use "VOX" or "push to talk," 
which makes it possible to talk back and 
forth rapidly, much like a telephone con­
versation,. When you do this, identifica­
tion of each transmission is Unnecessary. 
But be sure your station identification is 
completed at least every 10 minutes. At 
the end of the contact identify both sta­
tions; that is, each station must identify 
not only itself but the station with which 
contact is being made: 

Repeater operating uses somewhat dif­
ferent procedures because of special cir­
cumstances, but we'll discuss that a little 
later. ' 

Tbe ARRL QSL Bureaus 
Only one thing is left to do before you 

can consider. the contact complete '- con­
firm it with'li "QSL" card. The QSL is 
considered the final courtesy of a contact 
and is an Amateur Radio tradition. Most 
amateurs have printed cards, some per­
sonalized (at greater cost), some using 
standard setups provided by printers for ' 
the purpose. Whatever form you adopt, 
be sure your QSL card shows very clearly 
the correct call of the '!itation contacted, 
the date (including year) andUTC time, 
the band on which contact was made and 
the mode. Most awards based on QSL 
cards require at least these essentials, 
along with, of course, your street address, 
city, state or province, and country. Some 
awards includll county as well. Other in­
'teresting data might include some details 
of your equipment, antennas, former calls 
held, class of license, signal report and 
any friendly comments. 

If everybody waited to recdve a card 
',before sending one, there would be no 
QSLing. Admittedly, printing and 
postage are expensive and if you are:very 
active ,on the, air, QSLing every contact 
may seem like a needless expense. If you 
want a QSL from your contact, send him 

, your card; and as a matter of common 
courtesy, send a card to everyone who 
sends you one. ' \ 

Receiving DX QSLs 

Within the U.S.' aftd Canada, the 

Table 1 
Some Facfa About Time Conversion 

The chart below has been arranged to show time zones used by most amateurs in the North 
American continent and Universal Coordinated Time, used universally as a standard, The advan· 
tage of UTC is that it is the universally understood reference throughout the world. AAAL recom· 
mends that all amateur logging be done in UTC. 

All times shown are in 24·hour time for convenience. To convert to 12·hour time; for times be­
tween 0000 and 0059, change the first two ciphers to 12, insert a colon and add A.M.; for times be· 
!ween 1200 and 1259, insert a colon and add P.M.; for times between 1300 and 24001 subtract 12, 
Insert a colon and, add P.M. 

Time zone letters may be used to identify the kind 01 time being used. For example UTC is 
deSignated by the letter Z, EDTIAST by the letter A, CDTIEST py A, MDTICST by S, PDTIMST by T, 
PST by U; thus, 1200A would indicate noon in the CDTIEST zone, which would conver,! to 1700 
UTC or 1700 Z. 

In converting from one time to another; be sure the day or date corresponds to the new time. 
That is, 2100A (EST) on January 1 would be 0200Z (UTC) on January 2; Similarly, O4OOZ on January 
2 would be 2000U (PST) on January 1. " ' 

A good method is to use UTC (Z) for al/ amateur logging, schedule·making, OSLing and other 
amateur work. Confusion, with all the different time zones, is inevitable. Leave your clock on UTC. 

The Canadian Maritime provinces and Puerto Aico use AST (a) time, or ADST (P) time, Canal 
Zone uses EST (A) time. Most of Alaska and Hawaii use W time (+ 10 to UTC). 

UTC EDTIAST CDTIEST MDTICST PDTIMST PST 

0000· 2000 1900 1800 1700 1600 
0100 2100 2000 1900 1800 1700 
0200 2200 2100 2000 1900 1800 
0300 2300 2200 2100 2000 1900 
0400 0000' 2300 2200 2100 2000 
0500 0100 0000' 2300 2200 2100 
0800 0200 0100 0000' 2300 2200 
0700 0300 0200 0100 0000' 2300 
0800 0400 0300 0200 0100 0000' 
0900 0500 0400 0300 0200 0100 
1000 0600 0500 0400 .0300 0200 
1100 0700 0600 0500 0400 0300 
1200 0800 0700 0600 0500 0400 
1300 0900 0600 0700 0600' 0500 
1400 1000 0900 0600 0700 0600 
1500 1100 1000 0900 0800 0700 
1800 1200 1100 ' 1000 0900 0800 
1700 1300 1200 1100 1000 0900 
1800 1400 1300 1200 1100 1000 
1900 1500 1400 1300 1200 1100 
2000 1600 1500 1400 1300 1200 
2100 1700 1600 1500 1400 1300 
2200 1800 1700 1600 1500 1400 
2300 1900 1800 1700 1600 1500 
2400 2000 1900 1800 1700 1600 

Time changes one hour with each change of 15° in longitude. The five time zones in the U.S. 
proper and Canada roughly follow these lines. 

'0000 and 2400 are interchangeable. 2400 is associated with the date of the day ending, 0000 
with the day just starting. ,', ' ' 

ARRL DX QSL Bureau System is made 
up of 22 call area bureaus. Most of the 
cards from DX bureaus go directly to the 
individual bureaus. 

At the individual bureaus, the incoming 
cards are sorted by the first letter of the 
suffix. This sorting divides the work load 
into portions that can be handled by a 
single individual. 

To claim your cards, send a 5 X 
7-112-inch self-addressed stamped 
envelope to the bureau serving your 
district. Addresses for the U.S. and Cana­
dian bureaus are normally shown every 
other month in QST,' usually on a page 
closely following "How's DX?". 

These envelopes should have your call 
sign printed neatly in the upper left corner 
of the envelope to assist the sorter of your 
cards. Some bureaus will sell envelopes or 
postage credits as well as handling 
s.a.s.e.s. The bureau will provide the 
proper-size envelope and affix ap-

propriate postage upon prepayment of a 
certain fee. The exact arrangement of 
your area bureau can be obtained by send­
ing your bureau an s.a.s.e. with your in­
quiry. 

Since many of the DX stations use the 
bureau system, this area bureau can be 
very important to someone wbo wor~s 
DX. But, it is a complex volunteer ar­
rangement requiring good cooperation on 
the part of the DXers to function 
properly. 

Sending Your DX QSLs 
Each month, every member of the 

ARRL (except family and sightless 
members) is mailed a copy of QST. The 
address label on the wrapper of QSTis the 
member's "ticket" for use of the 
Overseas QSL Service. Twelve times per 
year, an ARRL member may send as 
many QSL cards as he wants for amateurs 
,overseas. With each mailing the member 
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must include the address label from the 
current copy of QST and $1 (check or 
money order) for each pound or part of a 
pound of cards; 155 typical cards weigh 
one pound. QSLs must be presorted by 
prefix. Nothing but the cards, address 
label and money may be included in the 
package. Wrap the package securely and 
address it to ARRL-Membership Overseas 
QSL Service, 225 Main St.,. Newington, 
CT 06111. 

"Family" members of ARRL, to whom 
only one copy of QST is sent, may send 
cards in the same package but must in­
dude $1 for each member sending cards 
and indicate that the QSTaddress label in­
cludes a "family membership." 

Sightless members,who do not receive 
a copy of QST, need only include $1 with 
a note indicating that the cards are from a 
sightless member. Associate (unlicensed) 
members may use the Overseas QSL Ser­
vice to send SWL reports to overseas 
amateur stations. No cards will be sent to 
individual QSL managers. 

Additional information is available 
from ARRL. Send an s.a.s.e. and request 
the QSL Bureau reprint. 

Your Station Record - Logging 
"Official" logging requirements have 

been eased in recent years, but an ac­
curate, complete and neat log book 
should be a matter of personal pride. It 
can also be a strong form of protection 
for you against possible claims by others 
of intentional interference or against 
troubles caused by unauthorized use of 
your call by "bootleggers." 
A log should be convenient to use - a 
bound one is best so pages will not be lost. 
The ARRL log is designed to make it as 
easy as possible for you to comply legally 
,with FCC requirements. Your log 
becomes a written diary of your amateur 
operation and should include everything 
that will be of interest 'to you in years to 
come. FCC requires you to retain your log 
for only a year, but most amateurs retain 
theirs indefinitely as an historical record. 

The Voice Modes 
The use of proper procedure to get best 

HIS 
DATE STATION ' CALLED SIGNAL 
TIME CALLED BY RST 

.3//" 
.'1.300 KIE/J? X -
~.3.30 ;( F I t?1A x .59 

1.-13 -IS" (J)19 98wyl) X S'i 
W9'-.7 )<. .s-~ 

J~, 
()O /6- #CS-cc. x s-, tt 
(JO 3..0 #I:.5F x S,' 
C/ 4 () fA)/(J yy X -
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Table. 2 
Voice Equivalents to Code Procedure 

Voice Code Meaning 

over AR after call to specific 
station 

end of AR self-explanatory 
message 
wait, stand by AS self·explanatory 
roger R all received correctly 
go K any station transmit 
go only KN addressed station only 
clear SK end of contact 

A:losing station CL going off the air 

results is very important. Voice operators 
say what they want to have understood, 
while cw operators have to spell it out or 
abbreviate. Since on phone the speed of 
transmission is generally between ISO and 
200 words per minute, the matter of 
readability and understandability is 
critical to good' communications. The 
good voice operator uses operating habits 
that are beyond reproach. 

Phone Operating Practices 

Listen with care. It is very natural to 
answer the loudest station that calls, but 
with a little digging, if need be, answer the 
best signal instead. Not all amateurs can 
run a kilowatt, but there is no reason 
every amateur cannot have a signal of the 
highest quailty. Do not reward the 
operator who cranks up the transmitter 
gain and splatters by answering him if 
another station is calling. . 

Use VOX or push-to-talk. If you use 
VOX, don't defeat its purpose' by saying 
"ahhh" to keep the relay closed. If you 
use push-to-talk, let go of the mic button 
every so often to make sure you are not 
"doubling" with the Qther station. Don't 
be a monologuist. 

Listen before transmitting. Make sure 
the frequency isn't being used before you 
come barging into it. If you don't hear 
any station on the frequency, make this 
announcement: "Is the frequency in use? 
WICKK." If it is still clear, you are ready 
to make your call. 

MY EMIS· POWER TIME OF 
SIGNAL FREQ. SION INPUT ENDING 

RST TYPE WATTS aso 

Interpose your call frequently. In~ 
distinct, measured tones say your call 
often. Use approved phonetics if your call 
sign is hard to understand or conditions 
are poor. Remember you can be cited for 
improper identification if it cannot be 
understood. ' 

Keep microphone gain (MIC GAIN) con­
stant. Don't "ride" the microphone gain. 
Try to speak in an even amplitude the 
same distance from the microphone, 
keeping the gain' down to eliminate room 
noise. Follow the manufacturers' instruc-

. tions for use of the microphone; some re­
quire close-talking, while spme need to be . 
turned at an angle to the speaker's mouth. 

The speed of radiotelephone transmis­
sion' (with perfect accuracy) depends 
almost entirely on the skill of the two 
operators concerned. One must use a rate 
of speech allowing perfect understanding 
as well as permitting . the receiving 
operator to record the information. 

Roundtable operation has advantages. 
Ordinarily it clears ,frequencies of in­
terference, especially if all stations are on 
the same frequency. Roundtables can 
become very unpopular if not conducted 
properly. The monologuist, off on a long 
spiel about nonsensical matters, cannot be 
interrupted. Make your transmissions 
short and to the point. 

Voice Operating Hints 

1) Listen before calling. 
2) Make short calls with breaks to 

listen. Avoid long CQs; do not answer 
overlong CQs. 

3) Use push-to-talk or voice control 
(VOX). Give data concisely in first 
transmissions. 

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

5) Limit transmission length. Two 
minutes or less will convey much informa­
tion. When three or more stations con­
verse in roundtables, brevity is essential. 

6) Display sportsmanship and courtesy. 
Bands are ' congested ... make transmis-

aSLs 
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_ Table 3 
International Telecommunication Union 
Phonetics 

A - Alpha' 
B - Bravo 
C - Charlie 
D - Delta 
E - Echo 
F - Foxtrot 
G - Golf 
H - Hotel 
I-India 

J - Juliett 
K - Kilo 
L - Lima 
M - Mike 
N -November 
0- Oscar 
P - Papa 
Q - Quebec 
R - Romeo 

S - Sierra 
T - Tango 
U - Uniform 
V - Victor 
W - Whiskey 
X - X·Ray 
Y - Yankee 
Z - Zulu 

sions meaningful ... give others a break. 
7) Check transmitter adjustment . . . 

avoid splatter. On ssb, check carrier 
balance carefully. Do not transmit when 
moving VFO frequency. Complete testing 
before busy hours - use a dummy load! 

Repeater Operating 
A repeater is a device that receives, a 

signal on one frequency and 
simultaneously transmits ("repeats") the 
received signat on another frequency. 
Often located atop a tall building or high 
mountain, repeaters greatly extent- the 
operating coverage of amateurs using 
mobile and hand-held tranceivers. 

To use a repeater you must have a 
transceiver with the capability of transmit­
ting on the repeater's input frequency (the 
frequency that the repeater listens on) and 
receiving on the repeater's 'output fre­
quency (the frequency the repeater 
transmits on). This capability can be ac­
quired by installing the correct crystals in 
your transceiver or, if you have a syn­
thesized rig, by dialing the correct fre­
qUency and selecting the proper offset 
(frequency difference between input and 
output). , 

When you have the frequency capabili­
ty, all that you ,need do is key the 
microphone button and you will turn on 
("access") the repeater. Some repeaters 
hare limited access requiring the transmis­
sion of a subaudible tone, series of tones 
or bursts in order to gain access. Most 
repeaters briefly transmit a carrier after a 
user has, stopped transmitting to inform 
the user that he is actually accessing a 
repeater. 

After acquiring the ability to access a 
repeater you should become acquainted 
with the operating practices that are in­
herent to this unique mode of Amateur 
Radio: 

1) Monitor the repeater to become 
familiar with any peculiarities in its opera-
tion. ' 

2) To, initiate a contact simply indicate 
that you are on frequency. Various 
geographical areas have different prac­
tices on making yourself heard, but, 
generally, "This is WIXZ monitoring" 
will suffice. One practice that is looked 
upon with disfavor throughout the U.S. 
and Canada is calling CQ on a repeater. 

3) Identify legally; you must transmit 

your call sign at the beginning and end of 
each contact and every 10 minutes in be­
tween. At the end"you must also identify· 
the station you were in QSO with. It is il­
legal to key a repeater without identifica­
tion. 

4) Pause between transmissions. This 
allows other hams to use the repeater 
(someone may have an emergency). On 
most repeaters a pause is necessary to reset 
the timer.. 

5) Keep transmissions short and 
thoughtful. Your monologue may prevent 
someone, with an emergency from using 
the repeater. If your monologue is long 
enough, you may time-out the repeater. 
Your transmissions are being heard by 
many listeners including nonhams with 
"public service band" monitors and scall­
ners; don't give a bad impression of our 
hobby. ' 

6) Use simplex whenever possible. If 
you can complete your QSO on a direct 
frequency, there is no need to tie up the 
repeater and prevent others from using it. 

7) Use the minimum amount of power 
necessary to maintain communciations. 
This FCC regulation minimizes the 
possibility of accessing distant repeaters 
on the same frequency. 

8) Don't break into a contact unless 
you have something to add. Interrupting 
is no more polite on the air than it is in 
person. 

9) Many repeaters are equipped with 
autopatch facilities which, when properly 
accessed, connect the repeater to the 
telephone system to provide a public ser­
vice. The FCC forbids using an autopatch 
for anything that, could be construed as 
business communications. Nor should an 
autopatch be used to avoid a toll call. Do 
not use an auto patch where regular 
telephone service' is available. Abuses of 
autopatch privileges may lead to their 
loss. 

10) All repeaters are assembled and 
maintained at considerable expense and 
inconvenience. Usually an indtvidual or a 
group is responsible and it behooves those 
who are regular users of a repeater to sup­
port the efforts of keeping the repeater on 
the air. 

A directory listing all registered 
repeaters is available from the ARRL. 

CW Operating 
If you spend your entire Amateur 

Radio career on phone, once you have 
mastered enough cw to pass the necessary 
tests, you are missing out on at least 50 
percent of the fun Of hamming. Mastering 
the art of cw communication is 10 times 
easier than learning to talk, and you did 
this when you were two years old. All il 
takes is some basic learning principles, 
then practice, practice and more practice. 
This is not drudgery as you might think, 
because you can combine learning with 
listening to actual signals on the band, 
and even with operating, since the Novice 

This W1AW 120·foot tower holds phased 
4-element 20·meter Yagis at 60 and 120 feet 
and a 3-element 40·meter Vagi at 90 feet. The 
5·element 10·l)'leter Yagl in the background is 
on aBO·foot tower. 

class license requires only five wpm. 
But Iistenmg is the best way to go, in the 

beginning. You don't need a license for 
this. Once you have learned the basic 
sounds of code, you will soon start 
recognizing common words - the, and, 
CQ, DE (from), etc. Practicing by copy­
ing calls is an excellent means of getting 
prelicense practice. You can even get good 
sending practice by pretending to call the 
CQing station on your code practice 
oscillator. Sending practice is important. 
Start with a simple "straight" key: the 
time to "graduate" to an electronic keyer 
is later. 

There are many pitfalls to developing 
into a finished cw operator, not the least 
of which is the acquisition of bad habits. 
Many of these come from mimicking your 
peers or elders, some of whom themselves 
are the victims of bad cw habits. Don't let 
them rub off on you. Most of these un­
favorable traits of beginner tw operators 
are called the "Novice accent," which 
identify you as a beginner. 

Probably the worst of these is 
carelessness about spacing. Your early cw 
training should have taught you that spac­
ing length is just as .important as dit and 
dah length. One way to improve your 
spacing is to practice sending in step with 
WIA W using a code-practice oscillator 
(but not on the air!). If you can send "in 
step" with WIA W, your sending is 
perfect. The source of each WIA W code 
practice text is sent several times during 
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Table 4 
ARRl E!,dlng Signals 

Use' , Meaning CW 

End of transmission AR After call to a specific station, before contact has been established. 
W6ABC DE W9LMN A!!f. 

End of message AR 

Invitation to transmit K 
(any station) 

After transmission of a radiogram, following the signature. 

After CO and at the end of a transmission during OSO when 
there is no objection to another station breaking In. 

I nvitation to transmit Klii 
(specific station, only) 

At the end of any transmission when only the specific station 
called or being contacted is invited to answer. 

End of contact SK At the end of a OSO. SK W8LMN DE W5BCD. 

Closing station CL When going off the air to indicate no calls will be listened for 
or answered. W7HIJ DE W2JKL CL 

the transmission to enable checking your 
copy. 

On phone it is unnecessary and 
therefore improper to use jargon and ab­
breviations, but on cw abbreviations are a 
necessity. Without them, it takes a long 
time to say what you want to say, especial~ 
Iy at beginner speeds. Most of the ab­
breviations we hams use have developed 
within the fraternity; some of them are 
borrowed' from or are carryovers from 
old-time telegraphy abbreviations. Which 
is which doesn't matter; it is all ham radio 
to us. Learn to use ham cw abbreviations 
liberally and you will get much more said 
in much less time. When you reach a high­
proficiency level, you will find that cw is 
almost as fast as talking, thus all but 
eliminating one of its principal disadvan­
tages while still retaining its many advan­
tages. 

Despite the fact that learning cw is 
easier than learning to talk, nearly 
everybody can talk but few people can 
communicate by cwo Thus, there is con­
siderable pride of accomplishment in cw 
operating. Regardless of your level of pro­
ficiency, chances are that you still have 
something to learn about cw operating, 
additional proficiency goals you can 
achieve. ARRL offers a series of awards 
in this field, starting at 10 wpm and pro­
gressing all the way through 40 wpm, in 
five-wpm increments. You will find more 
details elsewhere in this' chapter and full 
details in Operating An Amateur Radio 
Station. 

Copying cw and comprehending it are 
'not the same thing. The word "copy" im­
plies something written, so "if you don't 
put it down, that ain't copying." On the 
other hand, for conversational cw pur­
poses, copying really isn't necessary and 
can be quite cumbersome. Most beginners 
on cw learn by copying everything down, 
and some find this habit hard to break as 
they achieve higher levels of proficiency. 
However, it does involve a "translation" 
process that can and should be eliminated 
for conversational purposes. Sooner or 
later, in order to realize the full value of 
cw communication, you must learn just to 
listen to it, as you do the spoken word, 
rather tha~ to "copy" it. It shouli:i not be 
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necessary to translate the cw into written 
teOpy and then translate the written copy 
into intelligence by reading it~ Eventually, 
the sound of code should directly trigger 
your consciousness just as the spoken 
word does, and then the "copy" and 
understanding functions are reversed; that 
is, you understand it first, then you copy 
it. If written copy is unnecessary, the 
function stops at understanding it. ' 

Cw is ,not just something that has been 
imposed on us to make passing the, 
amateur test a little more difficult. It is an 
entirely different method of communica­
tion, and a long way from obsolete. Learn 
it well and you will enjoy Amateur Radio 
much more. 

SSTV Procedures 

The popularity of slow-scan television 
(SSTV) continues growing with more and 
more of the newer amateurs getting on 
this mode. To operate SSTV, first I\sten 
around the calling frequencies, then either 
respond on voice to a station calling "CQ 
SSTV" or call CQ SSTV yourself after 
first ascertaining that the frequency is not 
in use. CallCQ on voice in the normal 
manner adding "SSTV" to' your call: 
"CQ SSTV CQ SSTV CQ SSTV this .. is 
KIWJ KIWJ KIWJ over;" Once contact 
on voice is established, an exchange of 
video is undertaken. You should identify 
your- video as you start your transmission 
and as you end transmission of video as 
follows: "KIKI this is KIWJ, video 
follows. SSTV pictures sent. OK, how do 
you like that one? KIKI this is KIWJ 
over. " 

SSTV operators" should carefully 
monitor their station audio to ensure that 
they are not overmodulating (allowing the 
SSTV signal to exceed normal voice band­
width limitations). It is possible to store 

'properly modulated signals on ordinary 
cassette tape, so that you can play back 
some rare DX QSO, or a nice series of 
shack pictures to visitors in your shack 
when the band is dead, and you're not on 
the air. 

RTI'Y Operating Procedures 

Radioteletype (RTTY) operation in­
volves specialized communications techni-, 

Table 5 
The R·S·T System 

Readeblllty 
1 - Unreadable. 
2 - Barely readable, occasional words 

distinguishable. 
3 - Readable with considerable difficulty. 
4"": Readable with practically no difficulty. 
5 - Perfectly reaaable. 

Signal Strength 
1 - Faint Signals, barely perceptible. 
2 - Very weak signals. ' 
3 - Weak signals. 
4 - Fair Signals. 
5 - Fairly good signals. 
6 - Good signals. 
7 - 'Moderately strong signals. 
8 - Strong signals. 
9 - Extremely strong signals. 

Tone 
1 - Sixty cycle ac or less, very rough and 

broad. 
2 - Very rough ac, very harsh and broad. 
3 - Rough ac tone, rectified but not filtered. 
4 - Rough note, some trace of filtering. 
5 - Filtered rectified ac but strongly ripple· 

modulated. 
6 - Filtered tone, definite trace of ripple 

, modulation. 
7 ..iii Near pure tone, trace of ripple 

modulation. 
8 - Near perfect tone, slight trace of 

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

, modulation of any kind. 

If the signal hal! the characteristic steadi· 
ness of crystal control, /ldd the letter X to the 
RST report. If there Is a chirp, the letter C may 
be added to so Indicate. Similarly for a click, 
add K. The above reporting system Is used on 
both cw and voice, leaving out the "tone" 
report on voice. 

ques and practices. One should be 
familiar with the unique aspects of this 
mode before getting on the air and com­
municating via the "green keys." 

Either the Baudot or ASCII code may 
be used for radioteletype communica­
tions. Baupot is a five-level code and is 
usually transmitted at 60 or 100 wpm. 
ASCII, a code of communications in the 
computer world, is a seven-level code and 
may be transmitted at maximum speeds 
ranging from 300 baud to 19.6 kilobaud, 
depending on the operating frequency. 

A baud is a unit of signaling rate, and is 
derived from the shortest mark or space 
interval. This signaling interval is called a 
unit pulse, and a transmission rate of one 
unit pulse per second is one baud. A bit 
(contraction of binary digit) is the smallest 
single unit of information in a binary 
system. Each ASCII alphanumeric 
character is composed of seven bits. Op­
tional bits for error detection and timing 
may be added to each character. There is a 
common misconception that bit rate (in­
formation transfer rate) and baud (signal­
ing rate) are equivalent. This is true only if 
the transmission is a continuous stream of 
alternating marks and spaces. The proper 
relationship between information rate and 



signaling rate is expr~ssed by the equation: 
bits per second = bauds X no. of bits per 
signaling interval. 

ASClI is a recent addition to the world 
of Amateur Radio. It is expected that 
hams who are also computer hobbyists 
will use ASCII to relay computer pro­
grams and set up computer communica­
tion networks. As this is a new mode, 
ASCII operating practices are in the 
developmental stages. Future editions of 
this Handbook will contain more ASCII 
information. (The remainder of this sec­
tion is devoted to Baudot RTTY com­
munications.) 

Although the regulations permit RTTY 
(Baudot) transmissions at 60, 67, 75 and 
100 words per minute (wpm), the majority 
of RTTY operators are set up for 60 wpm. 
With the influx of computer-geared 
equipment into the mode, however, 100 
wpm is increasing in popularity. 

By gentlemen's agreement, RTTY ac­
tivity is centered in certain portions of 
each hf band. On 80 meters almost all of 
the activity is between 3.600 and 3.630 
MHz. On 20 through 10 meters, the activi­
ty is between the first 80 and 100 kHz of 
each band. For example, on 20 meters, 
14.080 to 14.100 MHz is the RTTY hot­
bed. 

Along with the growth of 2-meter ac­
tivity, there has been a parallel growth of 
RTTY on this band. A number' of 
repeaters are devoted to RTTY; these 
often operate on the 146.10/.70 pair of 
frequencies. Two-meter simplex frequen­
cies are also popular spots for RTTY. 

The regulations requiring station iden­
tification also apply to RTTY transmis­
sions. Identification in RTTY does not 
fulfill this requirement; identification 
must be in cw (or phone). If you have the 
capability to punch and send messages 
with paper tape, be sure that these 
automated tr~nsmissions do not extend 
beyond 10 minutes without. proper iden­
tification. 

When transmitting via RTTY, you are 
in contro1 of the receiving station's copy 
format and it is imperative that you 
transmit the carriage return (CR), line feed 
(LF) and letters (LTRS) characters when 
necessary. Two CRS, one LF and two LTR~ 
characters should be sent at the end of 
each line. CR and L TRS are repeated to en­
sure their reception through any radio in­
terference that may be present. LF is sent 
only once in order to conserve the receiv­
ing station's paper supply. Add an extra 
LF at the end of each transmission to 
separate your message from the next 
message being sent (or received). 
-Some RTTY equipment automatically 
dowllshifts when a space is sent; a LTRS 
need not be sent to clear the FIGS to permit 
printing of letter characters. Even though 
your gear may have this capability, 
everyone is not as lucky; you should send 
a .LTRS after every transmission of figures 
to assure that the receiving station, 

whether or not it is equipped with 
downshift on space, will receive perfect 
copy and not receive RTTY hieroglyphics. 

These RTTY procedures may seem 
strange to the uninitiated, but after a few 
sessions at the keyboard you will ap­
preciate their usage and learn to perform 
them automatically. 

WorldngDX 
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 get­
ting best results in working foreign sta­
tions. This section will 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 
call 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 sta­
tion, but it isn't likely to be a "rare one." 
On the other hand, unless you are ex­
perienced 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 dif­
ferent things to' amateurs on different 
bands: 

a) On vhf, CQ DX is a general call or­
dinarily 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 im­
plies 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. 

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 while 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 abuse that goes 
on, mostly by stations on "this" side, as 
they tnimple on each other trying to raise 
their quarry. DX stations have been 
known to go off the air in disgust at some 

An overview of' the W1AW station. The main 
operating console on the left houses the con· 
trol equipment for Simultaneous code prac· 
ti<;e/bulletin transmissions on eight bands. Two 
visitor operating positions are on the right. 

The modern RnY position at W1AW. Note the 
neat order of equipment. This permits the 
operator to select all RTTY converter functions 
while tuning the transceiver. The proximity of 
the keYboard to transmit controls and the 
visibility of the equipment operating 
parameters (plate current and frequency) make 
for convenient operating, The required cw iden-' 
tification is accomplished by changing mode 
on the HAL keyboard at the end of transmis­
sions. Many stations have an fsk identification 
technique that uses a very small shifting net­
work across the keyboard contacts, 

of the tactics. 
If W 'and VE stations will use the pro­

cedure 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 used by WIVE 
amateurs. A copy of these recommenda­
tions (CD-215) can be obtained free of 
charge from ARRL headquarters. 

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 lucky enough to 
be among the first to hear him, a rare DX 
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station will be found under a pileup, with 
stations swarming allover him like worker 
bees over a queen. The bedlam,will sub­
side when the DX station is transmitting 
(although some stations keep right on call­
ing him), and you can hear him. Don't im­
me<\iately 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. 

Make your calls short, snappy and 
distinct. No need to repeat his call (h~ 
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 transmitting; 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 dis­
cerning which is which. Learn to' use the 
clever ones, arid shun the dirty ones. More 
than you think depends on the impression 
we make on our foreign friends! 

Choosing Your Band 

Wit does nothing else in furthering your 
education, striving to work DX will cer­
tainly teach you a few things about propa­
gation. You will find that four principal 
factors determine propagation character-

. istics: (1) the frequency of the band on 
which you do your operating, (2) the time 
of day or night, (3) the season of the year, 
and (4) the sunspot cycle. The proper 
choice of band depends pretty much on 
the other three factors. For example, the 
3.5- to 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 band at midnight 
during the wintertime at the "null" part 
of the cycle might produce some very ex­
citing DX. Similarly, you will learn by ex­
perience when to operate on which band 
for the best DX by juggling the above fac­
ton. '1I'>\n, both \on,-tan,e and qthet in­
dications of band conditions. WWV 
transmissions can also be helpful in in­
dicating both current and immediate­
forecast band conditions. 

On some bands, such as 10 and 6 
meters, beacons have been established to 
give an indication of band openings. 
Listen between 28.2 and 28.3 MHz on 10 
meters and around 50.110 MHz on 6 
meters. Commercial stations near ham­
band edges are also a fair indication of 
openings. But remember that many of 
these run many times the maximum 
amateur power, and consequently may be 
heard well before skjp improves to the 
point necessary to sustain amateur com-
munications. ' 

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 
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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. 

DX Century Club A ward 

The DXCC is one of the most popular 
and sought-after awards in all of Amateur 
Radio, and among the more difficult to 
acquire. Its issuance is carefully super­
vised at ARRL headquarters by three staff 
members. 

To obtain DXCC. an amateur must 
make two-way contact with 100 "coun- toward making DX more enjoyable for 
tries" on tHe ARRL DXCC List. Written everybody. 
confirmations are required for proof of 1) Call DX only after he calls cQ, QRZ?, 
contact. These must show clearly your call signs Si(, or phpne equivalent thereot 
sign, date, time, frequency and mode. thereof. 
Such confirmations must be sent to 2) Do not call a DX station: 

,ARRL headquarters, where each one is a) on the frequency of the station he 
carefully scrutinized to make sure it ac- is working until you are sure the QSO is 
tually confirms a contact with the apply- over. This is indicated by the ending signal 
ing amateur, that it was not altered or SK on cw and any indication that the 
tampered with, and that the "country" operator is listening, on phone. 
claimed is actually on the ARRL list. Fur- b) because you hear someone else 
ther safeguards are applied to maintain calling him. 
the high standards of this award. A hand- c) when he signs KN, AR, CL or phone 
some, king-size certificate and "DXCC" equivalents. 
lapel pin are sent to each amateur qualify- d) after he calls a directional CQ, 
ing. unless of course you are in the right direc-

The term "country" is an arbitrary tion or area. 
one. not necessarily agreeing with the dic- 3) Keep within your frequency-band 
tionary definition. For DXCC purposes, limits. Many DX stations are permitted 
many bodies of land not having indepen- outside U.S. band,segments but you are 
dent status politically are classified as not. 
countries. For example, Alaska and 4) OMerve calling instructions given by 
Hawaii, states of the U.S., are considered DX stations. "IOU" means call to kHz up 
separate "countries" because of their from his frequency, "ISD" means 15 kHz 
distance from the mainland. There are down. etc. 
over 300 such designations on the ARRL 5) Give honest reports. Many foreign 
list. Once a basic DXCC is issued, the cer- stations depend on Wand VE reports for 
tificate can be endorsed, by sticker, for adjustment of station and eqUipment. 
additional countries by sending -the addi- 6) Keep your signal clean. Key clicks, 
tional cards to Headquarters for check- chirps, hum or splatter give you a bad 
ing. reputation and may get you a citation 

Separate DXCC awards are available from FCC or DOC. 
for mixed modes, all phone, all cw, 7) Listen for and call the station you 
RTI'Y, \60 metetl'> and I'>ate\\ite. want. Calling CQ DX is not the best 
, Before applying, familiarize yourself' assurance that the rare DX will reply. 

with full information. Application forms 8) When there are several W or VE sta­
(CD-I64) and the ARR[ DXCC List tions waiting to work a DX station, avoid 
(detailing rules) may be obtained from asking him to "listen for a friend." Let 
Headquarters for a stamped, addressed your friend take his chances with the rest. 
envelope. ' Also avoid engaging DX stations in. ra~ 

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 coun­
tries on each of five amateur bands since 
January 1, 1969. 

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

DX Operating Code (for WIVE 
Am.teon) 

The points below, if observed by all 
WIVE ,amateurs, will go 'a long way 

chews against their wishes. 

WAC Award 

The ever-popular Worked All Con­
tinents Award (WAC), sponsored by the 
International Amateur Radio Union 
(IARU), can be yours by simply submit­
ting proof of contact with each of the six 
continents. Two-way confirmed contacts 
must be made with amateurs in each of six 
continental areas of the world: Africa, 
Asia, Europe, North America, Oceania 
and South America. Confirmations sub­
mitted with all cw or mixed cw and phone 
will receive the basic award. Special en­
dorsements include 1.8 MHz, 3.5 MHz, 
SO MHz, 144 MHz, 432 MHz, RTTY, 
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SSTV, ssb and phone. A unique version 
of the award is available for working all 
continents on each of five or six bands 
after January 1, 1974. Amateurs residing 
in the USA or it possessions and Canadian 
amateurs may obtain full details about the 
WAC Awards from ARRL headquarters. 
QSLs (not copies) must be sent to ARRL 
headquarters for checking. ARRL 
membership is required of all WIVE ap-

. plicants. Applicants in other countries 
must send QSLs to their IARU amateur 
society, the latter of which will certify 
their eligibility to the IARU headquarters 
society (ARRL) for issuance of the award 
on /behalf of the Union. Applicants in 
countries not belonging to the IARU may 
send their QSLs direct to ARRL head­
quarters for checking. IARU member­
society addresses will be sent, uIlon re­
quest, to those amateurs who do not 
reside within continental limits of the 

. USA, its possessions or Canada. 

Awards 

League-sponsored operating activities 
have' useful objectives' and provide much 
enjoyment for members of the fraternity. 
Achievement in Amateur RadiQ is also 
recognized by various awards offered by 
ARRL and detailed below. Basic rules re­
quire that sufficient funds be included 
with all submissions 'of cards to ensure 
their safe return. A basic fee for return 
postage is included with each award ap­
plication. Applicants in the. U.S., its 
possessions and Canada must be ARRL 
members to participate in the WAS and 
DXCC programs. DX stations are ex­
empted from this requirement. 

WAS Award 

"WAS" means Worked All States. 

==~-~== SATELLITE DX 
========ACHIEVEMENT 

========AWARD 

AMU1CAI' RADIO RELAY lEAOUE 

fOR DEMONSTRATED PROFICIENCY 

USH-IO THE OSCAR 

This award is universal and may be ob­
tained by any amateur who has worked 
each of the U.S. states and submits 
original proof of contacts to ARRL head­
quarters for examination. Contacts may 
be made over any period of time on any or 
all of the amateur bands. 

Special endorsements are also availJble 
for WAS on cw, ssb, phone, all on one 
band, and so on -, confirmations must 
clearly state that contact took place under 
circumstance of desired endorsement. 
QSLs must be accompanied by sufficient 
postage for their safe return. Please send 
an s.a.s.e to the ARRL Communications 
Department before mailing QSLs, and re­
quest a copy of the rules and application, 
which will include a guideline for postage 
fees for return of cards. 

5BWASAward 
A handsome, specially engraved plaque 

will be issued to all amateurs who submit 
original proof of contact with all of the 50 
states on each of five amateur bands, 
made after January 1, 1970 (only contacts 
made after ~hat day will be eligible). Rules 
require applicants in the U.S., its posses­
sions ,and Canada to be full ARRL 
members. Standard WAS rules apply. 
Write to ARRL for the application, full 
rules and. QSL postage fee return. 

6-Meter "6(}(} Club" 

The 6-Meter "600 Club" award counts 
contacts made on 6 meters on or after 
January 1, 1977. A total of 600 points is 
required. Scoring is based on the sum of 
QSOs (times 2), ARRL sections (times 6) 
and countries (times 25). Some of the 
scoring areas are complex so be sure to 
send in for a form before you apply. Ap­
plicanti must include sufficient postage 
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for safe return of QSLs. Applicants in the 
U.S., its possessions and Canada must be 
full members to apply. 

Satemte "I(}()(}" Award 

This award, known also as the Satellite 
Achievement Award, is gammg in 
popularity as more amateurs are master­
ing the art of using the OSCAR com­
munications satellites. Contacts count if 
made on or after December 15, 1972. 
Only one contact per station is accepted, 
regardless of mode. Each contact with a 
new statton counts 10 points, with a new 
.country 50 points and with a new conti­
nent 250 points. To qualify for this award, 
amass 1000 points. An s.a.S.e. to the 
League will provide you with complete 
rules and an application form. 

A-I Operators Club 
The A-I Operators Club should include 

in its ranks every good operator. To 
become a member one must be nominated 
by two persons who already belong. 
General keying (not speed) or voice 
technique, procedure, copying ability, 
judgment and courtesy all count in rating 
candidates under the club rules. These are 
detailed at length in the booklet Operating 
an Amateur Radio Station. Aim to make 
yourself a fine operator and one of these 
days you will be pleasantly surprised when 
your mailman arrives at your QTH with 
your certificate of membership in the A-I 
Operators Club. 

Old-Timers Club 
If you held an Amateur Radio license 

20 or more years ago· and are licensed at 
the present time, you are eligible to 
become a member of the Old Timers 
Club. Lapses in activity during interven-
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ing years are permitted. An .5.a.s.e. (Iegal­
size, at least to x 4.inches) will ,expedite 
your certificate. 

Rag Chewers Qub 

Your first contact as a licensed amateur 
may very well earn your first award. The 
Rag Chewers Club is designed to en­
courage friendly contacts and discourage 
the "contest" type of QSO with nothing 
more than an exchange of calls, signal 
reports and so on. It furthers fraternalism 
through Amateur Radio. 

Membership certificates are awarded to 
amateurs who report a fraternal-type con­
tact with another amateur lasting a half 
hour or longer. This does not mean a half 
hour spent trying to work a rare DX sta­
tion, but a solid half hour of pleasant 
"visiting" with another amateur, discuss­
ing subjects of mutual interest. If 
neminating someone for RCC, please 
send the information to the nominee who 
will (in turn) apply to Headquarters for 
membership. Or if you know you qualify 
for the RCC, just report the conversation 
to ARRL (c/o RCC) and back will come 
your member certificate. A legal-size 
envelope (at least lOx 4 inches) is ap­
preciated when requesting this award. 

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 profi­
cient 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 lot of fun. The 
League will award a certificate to any in­
terested individual who demonstrates that 
he can copy perfectly for at least one 
minute, plain-language Continental code 
at 10, 15, 20, 25, 30, 35 or 40 words per 
minute, as transmitted twice monthly 
from WIAW and once a month from 
W60WP. Neither an amateur license nor 
ARRL membership is required to par­
ticipate. 

As part of the ARRL Code Proficiency 
, program WIA W transmits plain-language 
practice material several times daily. 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. Nonamateursare in­
vited to utilize the lower speeds, 5, 7-1/2 
and to wpm, which Ilre transmitted for 
'the benefit of persons studying the code in 
preparation for the amateur license ex­
amination. Check the WIA W material 
earlier in this chapter and/or refer to any 
issue of QST for details. 

Contesdnl 
Contesting is tb Amateur Radio what 
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,Make sure your contest station layout allows 
plenty of room to reach all switches and con· 
trois. This neat station of WB4AIN appears 
ready for many hours of contest enjoym~nt. 

. , 
the Oly~pic Games are to worldwide 
amateur athletic competition: a showcase 
to display talent and learned skills, as well 
as a stimulus for further achievement 
through competition. Increased operating 
skills and greater station efficiency are the 
predominant end results of Amateur 
Radio contesting, whether the operator is 
a serious contender or a casual partici­
pant. 
. Don't believe it? Tune across the band, 
any band, and listen for the most efficient 
operators. Chances are better than even 
that they are avid contesters or at least 
have contesting as one of their favorite 
Amateur Radio activities. How can one 
tell who is a contester just by listening to a 
particular operator's style? It is easier to 
tell who is not interested in contesting by 
listening. The contester is not likely to be 
the one, who (while thousands on the fre­
quency are gnashing their teeth in anger) 
asks the operator of the rarest DXpedition 
in two decades what the weather is like in 
"Lower Slobbovia." The contester is not 
likely to be the operator who, when work­
ing a much-sought-after station on one of 
the many award nets, punctuates his 
repeating of the needed exchange 37 times 
with a long series of "uhhs, duhs" and 
assorted other noises for the lack of 
anything better to say. The contest 
operator knows from experience that con­
ciseness and brevity are aids in efficient 
and courteous operating. 

The contest operator is also likely to 
have one of the better signals on the band 
- not necessarily the most elaborate sta­
tion equipment, but a signal enhanced by 
the most efficient use of station com­
ponents available. Contest operation en­
courages optimization of station and 
operator efficiency. . 

The ARRL contest' prQgram is so 
diverse that it holds appeal for almost 
every operator - the beginning contester 
and the old hand, the newest Novice and 
oldest Extra-Classer, "Top Band" buff 
and microwave enthusiast. • 

. A thumbnail sketch of many of the con­
tests sponsored by the ARRL (grouped ac­
cording to the month of occurrence) 
follows. Complete entry rules and details 
appear in QST, usually the month before 
the contest occurs. 

January 

CD (Communications Department) 
Party. Ten hours of cw, 10 hours of 
phone, where CD appoin,tees only work 
each other in a QSO party format. 

VHF Sweepstakes. Premier vhf 
operating event. All bands, 50 MHz and 
up. ARRL affiliated-club competition, 
based on members' aggregate total scores. 

February 

Novice Roundup. Competition geared 
for the beginning (Novice and Technician) 
amateur. Increase code speed through 
operating, work stations needed for 
WAS, and other achievements. Awards 
for ARRL Section winners. Fun for all. 

International ax Contest, CWo W /VE 
amateurs work the rest of the world for 
individual section, country and ARRL af­
filiated club honors; si{1gle~band, QRP, 
and multi-operator categories also, with 
many plaques awarded. 

March 

International DX Contest, Phone. 

April 
"Open" CD Party. Open to all ARRL 

members, as well as CD appointees. Same 
format as "closed" parties in January and 
October. Exchange appointment and/or 
membership status (i.e. member, life 
member, charter life member) and ARRL 
Section. 

EME Contest. First weekend of two for 
moon bounce enthusiasts. Listeners' 
reports-as well as active participants en­
tries are welcomed. 

May 
'EME Contest. Second part of same 

contest begun in April. 

June 
VHF QSO Party. One of two vhf QSO 

parties. This one (and the September par­
ty) lends itself to multioperator expedition 
operation. Use all bands above 50 MHz. 
ARRL sections and DXCC countries are 
scoring multipliers. 

Field Day. The number one operating 
event of the year. Mort than 20,000 par­
ticipants take to the fields to operate some 

'1700 emergency stations for informal 
competition, a score listing in QSTand an 
all-around good time. Don't miss this 
one. 

July 
IARU Radiosport Championship. 

Worldwide competition. Everybody 
wor,ks everybody else for continental, \ 
'country and ARRL section honors. Vary-
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Section leaders earn this handsome certificate 
with embossed ARRL emblem, .in many ARRL· ' 
sponsored contests. 

The Wellesley (MA) Amateur Radio Society 
coordinated this most successful Amateur 
Radio exhibit and message-handling service at 
a local shopping mall. (WA1RGA photo) 

ing point scale, ITU zones are scoring 
multipliers. Some of those hard-to-work 
DXCC countries turn out for this contest. 

August 

UHF Contest. Similar to the vhf c'on­
tests, but utilizes the 220 MHz and above 
bands. Scoring multipliers are determined 
by the longitudellatitude coordinates of 
the participants. The uhf bands come 
alive for this contest weekend. 

September 

VHF QSO Party. Second of two vhf 
QSO \,arties (see June also). 

October 

CD Party. Same as the January CD 
Party. For CD appointees only. 

NOfllember 

Sweepstakes. The most prestigious 
domestic contest. Two weekends (actually 
separate contests and separate listings); 
one weekend· for phone and one weekend 
for cwo Twenty-four hour time limit on 
each mode. Wand VE operators work 
each other. ARRL sections are the scoring 
multipliers. A wards for both high and low 
power ARRL section winners. An ARRL­
affiliated dub competition highlights the 

. Sweepstakes activity. 

December 

160-Meter Contest. A gathering of "top 
band" enthusiasts. WIVE types work 
each other and DX stations for contest 
credit. 

10-Meter Contest. The last (but certain-
. ly not least) one on the year's contest 
calendar. A to-meter operator's dream 
come true as 28 MHz springs to life and 
everyone, worldwide, tries to work 
everyone else for top scorer (in country, 
continent and ARRL section) honors_ 

That's the ARRL Contest Program in a 
nutshell. Of course, more detailed rules 
and descriptions of the award structure 
(certificates and plaques awarded to 
designated top scorers) are annQunced in 
QST for each of 'these events. The 
monthly "Contest Corral" column of 
QST also details the entry rules for many 
contests other than those sponsored 
directly by ARRL, ilJcluding the very 
popular state QSO parties and most other 
major contests. 

Public Service 

Tens of thousands of U.S. and Canadian 
amateurs are involved with public service. 
Where do you fit in? The emergency 
preparedness and third-party traffic­
handling facets of Amateur Radio 
beckon. There's a place for every ham in 
the League's Amateur Radio Emergency 
Service (ARES), an emergency­
preparedness group of approximately 
60,000 amateurs who have signed up 
voluntarily to keep Amateur Radio in the 
forefront of public service operating. The 
National Traffic System (NTS) functions 
as a message-handling network operating 
365 days a year for the systematic handl­
ing of third-party traffic. 

Also recognized by ARRL as a part of 
the organized public service effort are the 
Radio Amateilr 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 System (MARS) 
sponsored by the armed forces to provide 
military communications training for 
amateurs; and the numerous amateur 
groups organized into nets or monitoring 
services by individuals, clubs or other 

amateur entities for. public service. The 
detailed , workings of the League's 
emergency and traffic programs are 
~overed brie~y herein and in more depth 
In the Public Service Communications 
Manual and Operating an Amateur Radio 
Station, available from ARRL hq. 

ARES and NTS -
How It AppUes to' You 

As a member of the local ARES group, 
you'll be training to provide communica­
tions at the city or' county level. Each 
group is headed by an ARRL Emergency 
O,)ordinator. Most ARES activities are 
centered on 2-meter fm, so it's advan­
tageous to have your own emergency­
powered vhf gear. However, you really 
don't need any equipment to join; it's the 
training and practice that are most impor­
tant. All you really need is an interest in. 
serving your community through 
Amateur Radio and participation in 
periodic tests as time permits. What kinds 
of tests? Well, they run the gamut from 
serious simulated emergencies to pro­
viding communciations for parades and' 
walkathons, or conducting a message­
handling service at a shopping center 
during the Christmas season. Many hams 
have trained with the National Weather 
Service to become tornado and storm 
spotters. All these activities exist, so that 
when a flood or an ice storm disrupts the 
community, experienced hams will know 
exactly what to do. 

Becoming involved is as simple as re­
questing a registration card (CD-98) from 
the ARRLCommunications Department 
and filling it out. These cards are turned 
over to the local EC, who registers you in 
the local ARES organization. Should your 
community not have an EC, why not 
volunteer yourself? You qualify if you are 
a licensed amateur of Technician class or 
higher, an ARRL member, have a sincere 
interest in public service and a willingness 
to put in the time and effort to fulfill the 
appointment. If this sounds like you, con­
tact your Section Communications 
Manager. His name, address and 
telephone number appear on page 8 of 
each issue of QST. 

The bulk of recent localized emergency 
communications has been handled on vhf. 
Much has involved repeater operation. 
The reason is simple. Repeaters can be ac­
cess:d with low-cost and lightweight 
equipment, hand-held or mobile. Best of 
all, they provide clear, reliable com­
munications up to 100 miles or so. Many 
r~~e.aters have emergency-power capa­
blittles as well, making them the mainstay 
of any widespread emergency. 

What's the National Traffic System all 
about, then? NTS serves a dual purpose: 
The rapid movement of long-haul traffic 
from origin to destination and the training 
of amateur operators in the handling of 
formal radiogram traffic in efficient 
directed nets. A rundown of the NTS 
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schedule of nets and functions can be 
found in the Public Service Manual. In 
the overview, however, NTS can be 
visualized as somewhat of a pony express 
of the airwaves, with assigned amateurs 
carrying traffic to and from the next 
higher (or lo~er) level in the system. NTS 
operations are concentrated mainly on the 
high frequencies (hf), but local nets on 2 
meters have become more and more 
popular as the ideal place to distribute 
traffic for delivery after the long journey. 

Most ARRL sections have section nets 
on 80 meters, both phone and cw. You 
can find the traffic and emergency nets 
that service your area in the annual ARRL 
Net Directory (free with an s.a.s.e.). 
Directed net procedures, especially pn cw, 
take a little getting used to, but if you con-

22-11 Chapter 22 

~ 

ARRL 

~~
ECOGNIZE 

AND 
SPONSOR ASSIST 

ARPSC 

AREA 
STAFFS (3) 

COORDINA~ 

RACES AND 
OTHER 

AMATEUR 
FACILITIES 

EMERGENCY 
(ARES) 

'SECTION 
EC (74) 

COORDINATION 

DISTRICT 

EC 

COORDINATION ,--_.....1"--_...., 

LIAISON 

LOCAL EC 
(UNLIMITED) 

SUPERVISION OR 
COORDINATION 

LOCAL 
NETS 

(UNLIMITED) 

suIt the League's reference material and 
do 'a little monitoring beforehand, you 
shouldn't have much ptoblem. In fact, the 
many slow-speed nets that meet on the 
Novice frequencies are a boon to learning 
the simple procedures. 

Each day, hams enjoy the challenge of 
these activities. Why not check into a net 
and check it out! 

What You Should Do 
, Before an' emergency occurs, prepare 
for it by keeping your station and 
emergency power supply (if you have one) 
in good working order. Participate in the 
annual nationwide Simulated Emergency 
Test, contests and Field Day. 

Register your station. with your local 
EC. During an emergency, report to him 

W1AW Speclel Emergency Bulletin Schedule 

Phone on the hour; 1835, 3990, 7290, 14;290, 
21,390,28,590,50,190,147,555 kHz. RTTY 15 
minutes past the.hour; 3625,7095,14,095, 
21,095,28,095.147,555 kHz. Cwon the half 
hour; 1835, 3580, 7080, 14,080,21,080, 
28,080, 50,080, 147,555 kHz. 

Table 6 
Operating Aids for Public Service 
The ARRL Communications Department makes 
available the following free operating aids for 
public service communicationS: 

Operating an Amateur Radio Station 
Public Service Communications Manual CD-235 
Net Directory CD-50 
ARRL numbered radiograms CD-3 
Sample emergency plan CD-27 
ARES registration form CD-98 

. Amateur message form CD-218 
Emergency Reference Information CD-255 

This entire Public Service Package can be ob­
tained by sending a large (9 x 12-inch) envelope 
with postage for six ounces, first class. 

at once and follow his suggestions. 
Monitor your local emergency net fre­

quency, but don't transmit unless you are 
specifically requested to or are certain you 
can be of assistance. 

Copy spedal WIAW bulletins for latest 
developments. 

Use your receiver more, your transmit­
ter less. Interference can be intense during 
an emergency. 

After an emergency, tell your EC or net 
manager of your activities, so he can sub­
mit a timely report to ARRL hq.Each 
month, QST chronicles Amateur Radio's 
emergency communications efforts. 

The Amateur Radio Service has been a 
vital .part of emergency communications 
for more than 50 years, whether it be 
relaying medical traffic into an 
earthquake-ravaged village in South 
America, answering a "Mayday" from a 
ship in the Pacific Ocean, or findirig out if 
a neighbor's relative survived a blizzard in 
the Midwest. 

whi not become part of it! 

WlA W: ARRL Hq. Station 

The Maxirp Memorial Station, WIAW, 
is dedicated to service to the amateur 
fraternity _ It is adjacent to the Head­
quarters offices and is operated by the 
Headquarters Operators Club. Operating 
hours are 7:30 A.M. to 1 A.M. Monday 
through Friday and 3:30 P.M. to 1 A.M. 
Saturday and Sunday: The station is open 
to visitors at all times it is in operation. If 
you wish to operate WI AW'while visiting, 
the period between 1 and 4 P.M. Monday 
through Friday is available. Be sure to 
bring a copy of your FCC license with you 
if you plan to operate. 



W1AW Code Practice 
Code practice is sent on approximately 

1.835, 3.58, 7.08, 14.08, 21.08, 28.08, 
50.08 and 147.555 MHz. Texts are from 
recent issues of QST and checking 
references are sent several times in each 
session. For t'ractice purposes, the order 
of words in each line of text may be 
reversed during the 5-15 wpm transmis­
sions. Two code proficiency qualifying 
runs are sent each month; dates are in the 
"Contest Corral" section of QST. Here is 
the code-practice ~chedule: 

ESTIEDST 
Speeds 
5, 7-112, 10, 13, 15 

PSTIPDST 

9 A.M. MWF 6 A.M. MWF 
7 P.M. MWF 4 P.M MWF 
4&10 P.M. TTHSSU 1&7 P.M. TI:HSSU 

Speeds 
35, 30, 25, 20, 15, 13, 10 

9 A.M. TTH 
7 P.M. TTHSSU 
4&10 P.M. MWF 

BuUetins 

6A.M. TTH 
4 P.M. TTHSSU 
1&7 P.M. MWF 

Cw bulletins at 18 wpm are sent daily at 
5,8 and 11 P.M. EST/EDST, and Mon­
day through Friday at 10 A.M. Frequen­
cies are the same as those used for code 
practice. 

Teletype bulletins, at 60 wpm with 
170-Hz shift, are daily at 6,9 and 12 P.M. 
EST IEDST and Monday through Friday 
at 1 i A.M. Each Teletype bulletin is 
followed by a repeat on IIO-baud ASCII. 
Frequencies are 3.625, 7.09S, 14.095, 
21.095; 28.095 and 147.555 MHz .. 

Voice bulletins are daily at 9:30 P.M. 
and '12:30 A.M. EST/EDST on 1.835, 
3.990, 7.290, 14.290, 21.390, 28.590, 
50.19 and 147.555 MHz. 

A complete WIA W schedule is avail­
able from ARRL headquarters for an 
s.a.s.e. 

General Operation 

WIA W is equipped for operation on all 
bands from 1.8 to 144 MHz, and for 
RTTY, SSTV and satellite communica­
tions as well as for cw, ssb and nbfm. 

AMJ\TEUR MESSAGE FORM 
Every rMssagt! originated and handled should contain the following contpOrnmt parts in the order giuen. 

PREAMBLE CW MESSAGE EXAMPLE 
a. Number lbegin with leach month or year) 
b. Precedence IR. W. P or EMERGENCY) 
e. Handling Instructions loptlonal, oee text). 
Ii Station of Origin lfirst amateur handler) 

NR I R HXG WIAW 8 NEWINGTON CONN 1830Z July I 

e. Cbeck lnumber of warde/groups in text onlyr 
f. Place of Origin lnot nece ..... i1y location of 

be de f g h 
n DONALD RSMITH KA 

164 EAST SIXTH AVE KA 
NORTHRIVERCITYMO 007$9 KA 
733-3968 B'I' station of origin) . 

g. Time Filed (optional with originating stetlon) ill HAPPY BffiTHDAY X SEE YOU SOON X LOVE B'I' 
h. Date lmust agree with dete of tim. filed) IV DIANAAR 

n ADDRESS las complete as poelible. include 
zip cod. and telephone number) 

ill TEXT (limit to 25 warde or Ie ••• if poesible' 

IV SIGNATURE 

CW: Note that X, when used in the text as punctuation, counts as a word. The pros1on AA separates the parts of the 
address, ~ separates the address from the text and the text from the signature. ~ marks end of message; this is 
followed by B if there is another message 10 follow, by N If this is the only or last message. It Is customary to copy the 
preamble. parts of the address, text and signature on separate line. 

ATTY: Same as cw procedure above, except (1) use extra space between parts of address, instead of 'AA; (2) omit cw 
procedure Sign tn'"to separate text from address and Signature, using line spaces instead; (3) add a CFM Une under the 
Signature, consisting of all names, numerals and unusual words in the message in the order transmitted. 

PHONE: In general, use prowords in place of procedural signals or prosigns. The above message on phone would go 
something like this: "Message Follows number one, routine HX Golf, W1AW, eight, Newington, Connecticut, one' eight 
Ihuhree zero zulu, July one, Donald Initial R Smith, Figures one six fower, East Sixth Avenue, North River City, Missouri 
zero zero seven eight nine, Telephone sev·ven thuhree thuhree, thuhree niyen six eight. Break Happy Birthday X·ray see 
you soon X-ray 10 ... Break Diana. End of M .... ge. 0_." Speak in measured tones. emphasizing .... ry syllable. Spell 
out phonetically all difficult or unusual words, but do not spat! out common ones. 

PRECEDENCES 

''T:!: t::oces:.:::. ~~I:::~:';~~!f"'b.r. For ezample. on cw 207R or 207 EMERGENCY On pirone. 

EMERGENCY - Any me._ haviDc life and death urgency to any psrson or group of persono. which is 
tranomitted by Amateur Radio in tbe absence of r.sWar commercial facllitle .. This incIudel officiaJ meoeapI of 
welfare agencies durill8 emergenciel requesting .UppUaI. materialo 0/ instructions vital to r.lief of stricken popu­
lace in emerpncy areas. Durill8 normal timel. it wiD be very r.,.,. On cw. this designation wiD a/WO)l~ be Ipslled 
out. Wben in doubt. do not UIO it. 

PRIORITY - important rna ...... haviDc a specific time limit. Official me ..... a not covered in the Emergency 
category. Pre •• diopatcbe. and other emergency·relatad traffic not of the utmoot urgency. Notification of <leath or 
injury in a disa.ter area. psrsonal or official. Uoe the abbreviation P on cw. 

WELFARE - A me ..... that is either .) an inquiry as to the lwalth and welfare of an individual in the disa.ter 
are. or b) an advisory or reply from the dioaater ar •• that indicate. aU is weU abould carry this precedence. which 
is abbreviated W on ew. The .. me ...... are handled o/ter Emergency and Priority traffic but before Routine. 

ROUTINE - Most traffic normal time. wiD bear this designation. In dieaster situations. traffic labeled Routine 
IRonew) obould be handled ltut. or not at aUwben circuite are busy with Emergency. Priority or W.lfare traffic. 

~iMtrucdou 

HXA -IFollowed by number.) Collect Iandline d.livery authorized by addre_e within ...... mi1es. lIf no 
number. authorlaatlon is unlimited.) 
HXB - IFollowed by number.) Cancel me ..... if _ delivered within ..... hour. of IIIIns time; oervice originat­
ingstation. 
HXC - Report date and time of delivery lTOD) to originating .tatlon. 
HXD - Report to originating .tatlon the identity of .tatlon from which ..-ived. plus date and time. Report 
identity of ltetlon to whicb relayed, plul dete and time. or if deliverad repan date. time and method of dalivery. 
HXE - Delivering stetlon'get reply from addre ..... originate me ..... bad<. 
HXF -IFollowed by number.) Hold delivery until.· ..... ldate). 
HXG - Delivery by mail or landIine toU caD _ required. If toll or other expense involved, cancel me ...... nd 
service originating station. 

This proeign lwben used) wiD be Inserted in the me ..... preamble bel .... the .tatlan of origin, thuol NR 207 R 
HXA60WIAW 12 ..... letc.).lfmore than one HX proeign·is uaed, they can be combined if no numbero are to be 
inserted. otherwise the HX lhould be repeated. thus: NR 207 R HXAC WIAW .... letc.). but: NR207 R HXA60 
HXC WIAW .... letc.); On pbone. uoe pbonetlce for the letter or letters following the HX. to insure _acy. 

CD2184/SO ARRL. 225 Main St .• Newington. CT 06111 
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Chapter 23 

Vacuum Tubes 
and Semiconductors 

ReCeiVing types of vacuum tubes are 
being phased out by -the industry because 
the demand for new designs in which 
tubes are used has diminished to practical­
ly zero. Furthermore, the cost of new 
tubes has risen to impractical levels for 
amateurs who wish to build a piece of 
equipment in which they are used. 
Therefore, this and future editions of the 
Handbook, will list only the base­
connection diagrams fc;>r receiving tubes. 
Electrical specifications can be obtained 
from past editions of the Handbook, or ' 
from the tube manuals of those manufac­
turers who still fabricate tub~s. 

Complete data is given herein for 
transmitting types of tubes, along with the 
base diagrams. It is unlikely that semicon­
ductors' will replace tubes. entirely for 
high-power operation in the near future, 
hence the retention of this information. 

The tabular data for transmitting tubes 
lists recommended typical operating con­
ditions under the ICAS' (Intermittent 

Index to Recelvlng"Tube Types and Bases 
"Base diagrams appear later in this chapter. 

Type Base Type Base 

OO·A ................. 40 lC3 ................ 5CF 
01-A ................. 40 lC5GT ............... 6X 
OA2 ................ 5BO lC6 ................. 6L 
OA3A ............... 4AJ lC7G ................ 7Z 
OA4G ................ 4V lC21 .. .' ............. 4V 
OA5 ............. Fig. 19 
OB2 ................ 5BO 

105GP .............. 5Y 
105.GT .............. 5R 

OB3 ................ 4AJ 107G ................ 7Z 
OC2 ................ 5BO 108GT ............. 8AJ 
OC3A ............... 4AJ 10N5 .............. 6BW 
003A ............... 4AJ lE3 ................ 9BG 
OG3 ................ 5BO lE4G ................ 55 
OY4 ................ 4BU lE5GP ............... 5Y 
OZ4 ......... , ........ 4R lE7G ................ 8C 
OZ4A ................ 4R lEPl-2·11 ........... 11V 
OZ4G ................ 4R lF4 ................. 5K 
1 .................... 4G lF5G ................ 6X 
lA3 ................ 5AP lF6 ................. 6W 
lA4P ................ 4M lF7G .............. 7AO 
lA4T ................ 4K lG3-GT/lB3·GT_ ..... 3C 
lA5GT ............... 6X lG4GT .............. 55 
lA6 .................. 6l lG5G ................ 6X 

,lA7GT ............... 7Z lG6GT ............. 7AB 
lAB5 ............... 5BF lH4G ................ 55 
lAB6 .............. 70H • lH5GT ............... 5Z 
lAC6 .............. 70H lH6G .............. 7AA 
lAE4 ............... 6AR lJ3 .................. 3C 
lAF4 ............... 6AR lJ5G ................ 6X 
lAF5 ............... 6AU lJ6GT ............. 7AB 
lAH5 .............. 6AU lK3 ................. 3C 
lAJ4 ............... 6AR lK3 ................. 3C 
lAX2 ................ 9Y lL4 ................ 6AR 
lB3GT .............. 3C lL6 ................ 70C 
lB4 ................. 4M 
lB5 ................. 6M 

lLA4 ......... , ..... 5AO 
lLA6 ............... 7AK 

lB7GT ............... 7Z lLB4 ............... 5AO 
lB8GT ............. 8AW. lLB6 ............... 8AX 
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Commercial and Amateur Service) ratings 
of the tube manufacturers. Other values 
of plate voltage, plate current, screen 
voltage and screen current can be used 
provided none of these parameters ex­
ceeds the maximum values listed. 

This edition includes a table of some of 
the more common television horizontal 
deflection tubes. These are suitable for 
amateur transmitting applications. The 
table contains rfdata for some types, as 
well as base diagrams not shown in the 
first section. 

Semiconductors 
Selected semiconductors are listed in 

this section of the book. Since there are 
literally thousands of small-signal tran­
sistors available today,only those that are 
relatively common are specified here. The 
range of types given in tabular form are 
capable of serving the needs of most radio 
amateurs who design and build their own 
equipment. A complete listing of the 
available transistors would consume a 

Base Type Base . 
lLC5 .............. 7AO 284 ............. : ... 5A 
lLC6 ............... 7AK 2B6 .................. 7J 
ll05 ............... 6AX 2B7 ................. 70 
lLE3 ............... 4AA 
lLF3 ............... 4AA 

2B22 ............ Fig. 22 
2B25 ................ 3T 

lLG5 .............. 7AO 2BP1-l1. ........... 12E 
lLH4 .............. 5AG 2C4: ............... 5A5 
llN5 .............. 7AO 2C21 ............... 7BH 
lN5GT .............. 5Y 2C22 .............. 4AM 
1N6G .............. 7AM 2C25 ................ 40 
lP5GT ............... 5Y 2C26A ............. 4BB 
105GT ............. 6AF 
lR4 ................ 4AH 
lR5 ................ 7AT 
154 ................ 7AV 

2C34 ............ Fig. 70 
2C36 ............ Fig. 21 
2C37 ............ Fig. 21 
2C39' 

155 ................ 6AU 
15A6GT ............ 6CA 
15B6GT ............ 6CB 

2C40· ........... Fig. 11 
2C43· ........... Fig. 11 
2C51 ............... 6CJ 

lT4 ................ 6AR 
1T5GT ............... 6X 

. 2C52 ............... BBO 
2021 ............... 7BN 

lU4 ................. 6A 2E5 ................. 6R 
lU5 ................ 6BR 2E22' ................ 5J 
W6 ............... 70W 2E24 ............... 7Cl 
1·V .................. 4G 2E25' .............. 5BJ 
1V2 ................. 9U 2E26' .............. 7CK 
lW4 ................ 5BZ 2E30 ............... 7CO 
lX2 .................. 9Y 2EA5 .............. 7EW 
lX2A ................ 9Y 2EN5 ............... 7Fl 
lX2B ................ 9Y 2G5.~ ............... 6R 
1Y2 .................. 4P 25/45 ............... 50 
lZ2 ................ 7CB 2V2 ................ 8FV 
2A3 .. .' .............. 40 2V3G ................ 4Y 
2A4G ................. 55 2W3 ................. 4X 
2A5 ................. 6B 2X2·A .............. 4AB 
2A6 ................. 6G 2Y2 ................ 4AB 
2A7 ................. 7C 2Z2 .................. 48 
2AP1A .............. lll 3A2 ................ 90T. 

book the size of this publication. For this 
reason it would be impractical to offer 
such a complete set of tables. 

Similarly, a representative list of power 
FETs and rf-power bipolar transistors is 
provided in these pages. Devices of 
various power and frequency ratings are 
highlighted in this part of the book, 
thereby offering the reader a wide assort­
ment of choices for his or her design 
work. Base or case diagrams are included 
where applicable. Further data on these. 
transistors can be obtained from the 
manufacturers. Most semiconductor 
fabricators publish complete manuals 
which provide in-depth electrical profiles 
of their solid-state devices. Individual 
data sheets for each type of transistor are 
also available from the manufacturers. 

A brief table of IC operational 
amplifiers appears at the end of the 
semiconductor section. The types listed 
are becoming widely available from hobby 
and surplus outlets. 

Type Base Type Base 

·3A3 ................ 8EZ 3FP7 ............... 14B 
3A4 ................ 7BB 3FP7A .............. 14J 
3A5 ................ 7BC 3GPl-4·5-11 ......... 11A 
3A8GT ............. 8A5 3GP1A ............. llN 
3ACPH·ll ......... 14J 3GP4A ............. l1N 
3AP1·4 ............. 7AN 3JP,.,2 ............. 14J 
;3AP1A ............. 7CE 3JP1A·llA .......... 14J 
3AOP1. ............ 12E 3KPl-4·11 ... : ...... 11M 
3B4 ................ 7CY 3lE4 ............... 6BA 
3B5GT ............. 7AP 3LF4 ............... 8BB 
3B7 ................ 7BE 3MP1 ............... 12F 
3B24' ........... Fig. 49 
3B25 ................ 4P 

304 ................ 7BA 
305GT ............. 7AP 

3B26 ............ Fig. 18 
. 3B27 ................ 4P 

3RPl-4 ............. 12E 
3RP1A .............. 12E 

3B28· ............... 4P 354 ................ 7BA 
3BPl-4·11.. ........ 14A 35Pl-4-7 ............ 12E 
3BP1A ............. 14G 3UP1 ............... 12F 
3C4 ................ 6BX 3V4.. .............. 6BX 
3C5GT ............. 7AO 3WP1·2·11 .......... 12T 
3C6 ............... 7BW 3-25A3 .............. 3G 
3C22 ............ Fig. 17 
3C23 ................ 3G 

3·50A4 .............. 3G 
3·5004 .............. 20 

3C24· ............... 20 3-5002 .............. 20 
3CP1 ............... llC 3·75A3 .............. 20 
3CX100A5' 3·100A2· ............ 20 
306 ................ 6BB 
3023 ............ Fig. 30 
3024 ' ........... Fig. 75 
30K6 .............. 7CM 

3·400Z· ........... Fig. 3 
3·500Z ' ........... Fig. 3 
3·1000z· .......... Fig. 3 
4A6G ................ 8l 

30X3 ............ Fig. 24 
3E5 ................ 6BX 

4C32 ................ 2N • 
4C34 ................ 2N 

3E& ................ 7CJ 
3E22 ............... 8BY 
3E29' .............. 7BP 

4C36 ............ Fig. 31 
4CX250 .......... Fig. 75 
4CX300A' 

3EA5 .............. 7EW 4GX1000A' 
3EP1 ............... 11N 4021' .............. 5BK 



Index to Receiving-Tube Types and Bases (Cont.) 
. Type Base Type Base Type Base Type Base Type Base Type Base 

4022" ........ ; .. Fig. 26 
4023 ............... 5BK 

6AK7 ................ BY 
6AKB ................ 9E 

6BXB ............... 9AJ 
6BY5G· ............ SCN 

6EZB ............... 9KA 
SF4· ............... 7BR 

6MOB ........... '" 9AE 
6MUB .............. 9AE 

7ES ................. BW 
7E7 ................ BAE 

4032" ........... Fig. 21 
40K6 .............. lCM 

6Al3 ............... 9CB 
6Al5 ............... 6BT 

6BY6 .............. 7CH 
6BY7 .............. 9AO 

6F4.: .............. 7BR 
6F5 ................. 5M 

6N4 ................ 7CA 
6N5 ................. 6R 

7EP4.. ............. llN 
7EV6 ............... 7AC 

4E27" ............. IBM 6Al6G .............. 6AM , 6BYB .............. 9FN 6F6 .................. 7S 6N6G .............. 7AU 7EY6 ............... 7AC 
4E21A" ............ IBM 6Al7GT.. .......... BCH 6BZ6 .............. 7CM 6F7 .................. 7E 6N7GT .............. BB 7F7 ................ BAC 
4EW6 .............. 7CM 6AM4 .............. 9BX 6BZ7.. ............. 9AJ 6FBG ................ BG 6N7GT" ............. BB 7FB ............... BBW 
4X150A " ......... ~ig. 15 
4Xl500· ... , ..... Fig. 75 
4Xl50G' 

6AMS .............. 6CH 
6AM6 .............. 70B 
6AMBA ............. 9CY 

6BZB ............... 9AJ 
6C4 ................ 6BG 
6C4· ............... 6BG 

6F07 .............. 9HF 
6FG5 .............. 7GA 
6FG7 .............. 9GF 

6NB ................. 9T 
6P5GT .............. 60 
6P7G ................ 7U 

7G7 ................. BV 
7GB ................ BBV 
7GPC ............. 14G 

4X2S0B " ......... Fig. 15 
6-6SA" ........... Fig. 2S 
4·12SA" ............ SBK 

6AN4 .............. 70K 
6AN5· .............. 7BO 
6AN6 ............... 7BJ 

6CS ................. 60 
6C6 ................. 6F 
6C7 ................. 7G 

6FH5 ............... 7FP 
6FH6 .............. 6AM 
6FJ7 ............. 12BM 

6PBG ................ BK 
604 ................. 9S. 
60SG ............... 60 

7H7 ................. BV 
7J7 ................ BBl 
7JP14·7.. .......... 14R 

4·.250A· ............ 5BK 6AN7 ..... " ......... 90 6CBG ................ BG 6FM7 ............. 12BJ 606G ................ 6Y 7K7 .... ~"""""" BBF 
4·400A" ............ SBK 6ANBA ............. 90A 6Cl0 ............. 12BO 6FMB .............. 9KR 607 ................. 7Y 7l7 .................. BV 
4·100A/B1SS" . 
SA6 ................ : .9tc 

6A04 .............. 70T 
6A05A ............. 7BZ 

6CA4· .............. 9M 
6CA5 .............. 7CV 

6FOSA ............. 7FP 
6FS5 .............. 7GA 

6011 .............. 12BY 
6R4 ................ ~ 9R 

7N7 ................ 8AC 
707 ................ BAl 

SABPH·ll ......... 14J 6A06 .............. 7BT 6CB5A ............. BGO 6FV6 ............... 7FO 6R6G .............. 6AW . 7R7 ................ BAE 
SAOPH·ll ......... 14J 6AC7GT ........... BCK 6CB6A ............. 7CM 6FVBA ............. 9FA 6R7 ................. 7V 7S7 ................ BBl 
SAMPL ........... 14U 6AOB ............... 9AJ 6C06GA ............ 5BT 6FWB .............. 9AJ 6RB ................. 9E 7T7 .................. BV 
SAP1·4 ............. llA 6AR5 .............. 6CC 6CE5 .............. 7BO 6FYS ............... 7FN SS4 ............... : 9AC 7V7 ................. BV 
SAOPL ........... 14G SAR6 .............. 6BO 6CF6 .............. 7CM 6G5 .............. , .. 6R 6S4A .............. 9AC 7VPL ............. 14R 
SAS4A" .............. 5T 6AR7GT ............ 70E 6CG6 .............. 7BK 6G6G ................ 7S 656GT ............. 5AK 7W7 ................ BBJ 
5AT4" ............... 5l 6ARB .............. 90P 6CJ7 ............... 9AJ 6GC5 .............. 9EU 6S7 ................. 7R 7X6 ................ 7AJ 
5ATP1-1L ......... 14V 6AS5 ............... 7CV 6CGBA ............. 9GF 6GES .............. 12BJ 6SBGT ............. BCB 7X7 ................ BBZ 
5AU4" ............... 5T 6AS6 .............. 7CM 6CH6 .............. 9BA 6GF5 .............. 12BJ 6SA7GT ............. BR 7Y4 ................ 5AB 
5AW4" .............. ST 6AS7GA ........... BBO 6CH7 .............. 9EW 6GHBA ............. 9AE 65B7Y ............... BR 7Z4 ................ 5AB 
SAX4GT ............. ST 6ASB ............... 90S 6CHB ....... , ........ 9F 6GJS .............. 9NM 6SC7 ................ BS BBP4.. ............. 14G 
5AZ4 ................ ST 6AT6 ............... 7BT 6CJ6 ............... 9AS 6GJB ............... 9AE 6507GT ............. BN 9BM5 .............. 7BZ 
5BC3 .............. 9NT 6ATSA ............. 90W 6CM, .............. BJB 6GK5 .............. 7FP 6SE7GT ... , ......... BN 9BW6 .............. 9AM 
SBPL ............. llA 6AU4GT ........... 4CG 6CK6 .............. 9AR 6GK6 .............. 9GK 6SF5 ............... 6AB 9NP1 .............. SBN 
SBP1A ............. llN 6AU5GT ............ 6CK 6Cl5 .............. BGO SGM6 ............. 7CM 6SF7 ............... 7AZ 10 ................... 40 
5BP1A ............. llN 6AU6A ............. 7BK 6Cl6 ............... 9BV SGMB .............. 90E 6SG7 .............. BBK WEBB ............. 90X 
SBP1-11 ............ 14B 6AU7 ................ 9A 6ClBA ............. IlFX 6GNB .............. 90X 6SH7 .............. BBK 10GP4 ............. 14G 
SBP1A .... ' .......... 14J 6AUBA ............. 90X 6CM6 .............. 9CK 6GSB ........ ; ..... 9lW 6SH7l ............. BBK 10HP4 ............. 14G 
5CP1B·llB ......... 14J 6AV4· ............. 5BS 6CM7 .............. 9ES 6GT5 ............... 9NZ 6SJ7 ................ BN lOy ................. 40 
5CP7A .............. 14J 6AV5GA ........... 6CK 6CMB .............. 9FZ 6GU5 .............. 7GA 65J7Y· .............. BN 11/12 ................ 4F 
SCPllA ............. 14J 
SCP12 .............. 14J 
S022" .............. SBK 

SAV5GT.. .......... 6CK 
6AY6 ... , ............ 7BT 
6AVll ............ 12BY 

eCN7 ......... " ..... 9EN 
6C06 .............. 70B 
6COB .............. 9GE 

6GVB ............... 9lY 
6GW5 ............... 7GK 
6GWS ............. SAM 

S5K7 ................ BN 
65l7GT ............ BBD 
65N7GTA .......... BBO 

12A4 ............... 9AG 
12A5 ................ 7F 
12A6 ................ 75 

SOJ4 ............... BKS 
SEAB ............. '.9AE 

6AW7GT ........... BCO 
6AWBA ............. 90X 

6CR6 .............. 7EA 
6CRB ............... 9GJ 

6GYB .............. 9MB 
6GZS ............... 7CV 

6SN7GTB .......... BBO 
6507GT ............. BO 

12A7 ................ 7K 
12ABGT ............. BA 

5FVB ............... 9FA 6AX4GT. ........... 4CG 6CS5 .............. 9CK SH4GT ............. 5AF 65Rl ................ BO 12AB5.. ........... 9EU 
SGP1 ............... llA 6AX5GT" ..... : ...... 6S 6CS6 .............. 7CH . 6H5 ................. 6R 6557.. .............. BN 12AB6 ............. 7CC 
SHP14 ............. 11A 6AX6G .............. 70 6CS7 ............... F9E 6H6 ................. 70 S5T7 ................ BO 12AC6 ............. 7BK 
SBP1A ............. llN 6AX7 ................ 9A 6CSB ............... 9FZ 6HBG ................ BE 6SU7GTY .......... BBO 12A06 ............. 7CH 
SJP1A·4A ............ llS 
SlP1A·4A ........... l1T 

6AXB ............... 9AE 
6AXB ............... 9EO 

6CU5 .............. 7CV 
SCU6 .............. 6AM 

6HA5 .............. 76M 
6HB5 ............. 12BJ 

6SV7 ............... 7AZ 
6SZ7.. .............. eo 

12AD7 .. , ............. 9A 
12AE6A ............ 7BT 

5MP1-11 ........... 7 AN 
SNPH ............. llA ~~~G.·.· ... ·.·.· ... ·.·.· .... ·.· .. :·6l~ 6CUB .............. 9GM 

6CW4 ... , ......... 12AO 
6HB6 .............. 9PU 
6HB7 .............. 90A 

6T4 ................ 70K 
6T5 .................. 6R 

12AE7 ............... 9A 
12AF6 ............. 7BK 

5R4GY· ............. ST 6B6G ................ 7V 6CW5 .............. 9CV 6HF5 ............. 12FB 6T6GM .............. SZ 12AG6 ............. 7CH 
5R4GYA· ............ 5T 
5RP1A·4A .......... 14P 

6B7 ................. 70 
6BB ................. BE 

6CX7 ............... 9FC 
6CXB ............... 90X 

6HFB .............. 90X 
6HG5 .............. 7BZ 

6T7 .................. 7V 
6TB .................. 9r 

12AH7GT .......... BBE 
12AHB ............. 9BP 

SSP1·4 ............. 14K 6Bl0 .............. 12BF 6CY5 .............. 7EW 6HJB ............... 9CY 6TBA ................ 9E 12AJ6 .............. 7BT 
ST4 .................. ST 6BA6 .............. 7BK SCY7 .... .' .......... 9EF 6HKS .............. 7GM 6T9 ............... 12FM 12AlS .............. 6BT 
SU4G· ............... 5T 6BA7 ............... BCT SCZ5 .............. 9HN 6HM5 .............. 76M 6U3 ............... 9BM 12AlB ............. 9G5 
5U4GA·GB· .......... 5T 6BABA ............. 90X 604 ................ 5AY 6H05 .............. 7GM 6U4GT ............. 4CG 12AOS ............. 7BZ 
5UPj·11 ............ 12E 6BC4 .............. 90R 606 ................. 6F 6HS6 .............. 7BK 6U5 ................. 6R 12AT6 .............. 7BT 
5V3A· ............... 5T 
5V4GA· ............. 5l 

6BC5 .............. 7BO 
6BC7.' ............. 9AX 

607 ................. 7H 
BOBG ................ BA 

6HSB .............. 9lW 
6HZ6 .............. 7EN 

6U6GT ............... 75 
6U7G ................ 7R 

1?AT7 ............... 9A 
12AU6 ............. 7BK 

5VP7 ............... 11N 6BCB ............... 9AJ 6010 ............. 12BO 6HZB ............... 90X 6UB ................ 9AE 12AU7A· ............ 9A 
5W4GT .............. 5T 
5X3 ................. 4C 

6B04A ........... Fig: 80 
6B05GT ............ 6CK 

SOA4A ............. 4CO 
60B5 .............. 9GR 

6J4 ................ 7BO 
6J5 ................. SO 

6UBA ............... 9AE 
6V3 ................ 9BD 

12AU7A ............. 9A 
12AV5GA .......... 6CK' 

5X4G ................ 50 SOB6 .............. 7BK SOB6 .............. 7CM 6J6A ............... 7BF 6V3A .............. 9BD 12AV6 .............. 7BT 
5XPL ............. 14P 
5XP1A·llA ......... 14P 

6B07 ................ 9Z 
6BE6: ............. 7CH 

60C6 .............. 7CM 
SOE4· ............. 4CG 

6J6A· ........ L .... 7BF 
6J7 ...... ; ........... 7R 

6V4· ................ 9M 
6V5GT ............. 6AO 

12AV7.. ............. 9A 
12AW6 ............ 7CM 

5Y3·G·GT" ........... 5T 
5Y4·G·GT.. .......... 50 
5Z3· ................ 4C 

6BE7 ............... 9AA 
6BEBA ............. 9EG 
6BF5 ............... 7BZ 

60E6 .............. 7CM 
SOE7 .............. 9HF 
60GBGT ............. 7S 

6JBG ................ BH 
6Jll ............. 12BW 
6JB6 ... , ........... 9Ql 

6V6GTA ............. 7S 
6V7G.' ............... 7V 
6VB ................ 9AH 

12AW7., .......... 7CM 
12AX4GT .......... 4CG 
12AC4GTA ......... 4CG 

5Z4· ................. 5l 68F6 ............... 7BT 60JB ............... 9AJ 6JC6A ............. 9PM 6W4GT ............ 4CG 12AX7A .............. 9A 
5·125B· ............ 7BM 6BG6GA ........... 5BT 60K6 .............. 7CM 6JCB ............... 9PA 6W5G ............... 65 12AV7 ............... 9A 
5·500A· 6BH5 .............. 9AZ 60NS .............. 5BT 6J06 .............. 9PM 6W6GT .............. 75 12AZ7A .............. 9A 
6A3 ................. 40 6BH6 .............. 7CM 60N7 .............. BBO 6JE6 ............... 90l 6W7G ............... 7R 12B4 ............... 9AG 
SA4 ................. 5B 
SA5GT ............... 6T 

6BHB .............. 90X 
6BJ5 ............... 6CH 

6005 ............... BJC 
6oo6B ............ SAM 

6JE6A ............. 90l 
6JF6 ............... 90l 

6X4/6063' .......... 7CF 
6X5GT· .............. 65 

12B4A ............. 9AG 
12B6M .............. 6Y 

6A6 ................. 7B 6BJSA ............. 7CM 60R7 .............. 9HF 6JH6 .............. 7CM 6X6G ............... 7Al 12B7 ................ BV 
SA7 ................. lC 6BJ7 ............... 9AX 6S04 ............. 12AO 6JHB ............... 90P 6XB ................ 9AK 12B7Ml ............. BV 
6AB ................. BA 6BJB ............... 9ER 6055 ............... 7BZ 6JKB ............... IjAJ 6XBA ............... 9AK 12BBGT.. ............ BT 
.6AB4 .............. 5CE 6BK5 .............. 9BO 60T5 .............. 9HN SJNB ............... 9FA 6Y3G .............. 4AC 12BA6 ............. 7BK 
6AB5 ................ 6R 6BK6 ............... 7BT SOT6 ............. :.7EN 6JTB ............... 90X 6Y5 .................. 6J 12BA1 ............. BCT 
6ABSG ............. 7AU 6BK7A ............. 9AJ 60TB ......... : ..... 90E 6JVB .............. '. 90X 6Y6G ................ 75 12B06 ............. 7BK 
6AB1 ................ BN 6BK7B ............. 9AJ 60V4 ............. 12EA 6K5GT.: ............ 5U 6Y6GA .............. 7S 12BE6 ............. 7CH 
6ABB ............... 9AT 
6AC5GT ............. 60 

6Bl7GTA .......... BBO 
SBlS ............... 90C 

6pW5 .............. 9CK 
60X4 .............. 70K 

6K6GT ............... 7S 
6K7 ................. 7R 

6Y6GT ............... 7S 
6U7G ................ BB 

12BF6 .............. 7BT 
12BH7 ............... 9A 

6ACSG ............. 7AU 6BM5 .............. 7BZ 60XB .............. 9HX 6KB ................. BK 6Z3· ................ 4G 12BH7A ............. 9A 
6AC7 ................ BN SBN4A ............. 7EG 60Z4 ............... 70K 6Kl1. ............. 12BY 6Z4 ................. 50 12BK5 ............. 9BO 
6A05G .............. 60 6BN6 .............. 70F 60Z7.. ............. BJP 6K06 ............. 12GW 6Z5 .................. 6K 12BK6 .............. 7BT 
6AOSG ............. 7AG 6BN7 ............... 9AJ 6E5 ................. SR 6KOB .............. 9AE 6Z7G ................ BB 12Bl6 .............. 7BK 
6A07G ............. BAY 6BNB .............. 9ER 6E6 ................. 7B SKEB .............. 90C 6ZYSG ............... 6S 12BN6 ............. 70F 
SAOB ................ 9T 
SAE5G .............. SO 

6B05 .............. 9CV 
6B06GTB/6CU6 .... 6AM 

6E7 ................. 7H 
6EBG ................ BO 

6KM6 .............. 90l 
6KRB .............. 90X 

7A4 ................ 5AC 
7AS ................ 6AA 

12B06GA .......... 6AM 
12B06BT .......... 6AM 

6AE6G .............. lAH 6B07A ............. 9AJ 6EA5 .............. 7EW 6KT6 .............. 9PM 7A6 ................ 7AJ 12B06GTB ......... 6AM 
6AE1GT ............ 7AX 6BR7 .............. 9BC 6EA7 .............. BBO 6KTB ............... 90P 7A7 ................. BV 12BR7A ............ 9CF 
6AEB .............. BOU 6BRBA ............. 9FA 6EAB ............... 9AE 6KVB ............... 90X 7AB ................. BU 12BT6 .............. 7BT 
6AF3 .............. 9CB 6BS5 ............... 9BK 6EB5 ............... 6BT 6KY6 .............. 9GK 7AB7 .............. BBO 12BU6 .............. 7BT 
SAF4A ............. 70K SB57 ............... 9BB 6EBB ............... 90X 6KZB ............... 9FZ 7A07 ................ BV 12BW4 ............. 90J 
6AF5G .............. 60 
6AFSG ............. 7AG 
6AF1G ............. BAG 

6BSB ............... 9AJ 
6BT6 ............... 7BT 
6BTB ............... 9FE 

6EF6 ................ 7S 
6EH5 .............. 7CV 
6EH7 .............. 9AO 

6l4 ................ 7BR 
Sl5G ................ 60 
6lSGA ............... 7S 

7AF7 .............. BAC 
7AG1 ................ BV 
7AH7 ................ BV 

12BV7 ............. 9BF 
12BXS ............. 9AO 
12BY7 .............. 9BF 

SAG5 .............. 7BO 6BU5 ....... : ........ BFP 6EHB ............... 9JG 6l6GB ............... 1S 7AJ7 ................ BV 12BY7A ............ 9BF 
6AG6G .............. lS 6BU6 ............... 7BT 6EJ7 ............... 9AO 6l6GX ........ " ..... 7S 7AK7 ................ BV 12BZ6 ............. 7CM 
SAG7 ................ BY SBUB .............. 9FG 6ERS .............. 7FN 6l7 .................. 7T 7B4 ................ 5AC 12BZ7.. ............. 9A 
6AH4GT ............ BEL 6BV7 .............. 9BU 6ES5 ............... 7FP 6lF6 ............. 12GW 7BS ................ 6AE 12C5 ............... 7CV 
6AH5G ............. 6AP 6BVB ..... : ......... 9FJ 6E5B ........... : ... 90E 6LJB ............... 9GF 7B6 .............. ". BW 12CB ................ BE 
6AH6 .............. 7BK 6BW4· ............. 90J SEU7 ............... 9l5 6lMB .............. 9AE 7B7 ................. BV 12CA5 ............. 7CV 
6AH7GT ............. BBE 
6AJ4 ............... 9BX 
6AJ5 ............... 7BO 

6BW6 .............. 9AM 
6BW7 .............. 9AO 
6BWB .............. 9HK 

6EUB ............... 9JF 
6EV5 .............. 7EW 
6EW6 .............. 7CM 

6l06 ............... 9Ql 
6lYB ............... 90X 
6M5 ................. 9N 

7BB ................... BX 
7C4 ................ 4AH 
7C5 ................ 6AA 

12CM6 ............. 9CK 
12CN5 ............. 7CV 
12CRS ............. 7EA 

6AJ7 ......... , ....... BN 
6AJB ............... 9CA 
6AK5 .............. 7BO 

6BWll ........... 12HO 
6BX4· .............. 5BS 
6BX6 .............. 9AO 

6EW7 .............. 9HF 
6EX6 ............... 5BT 
6EY6 ............... 7AC 

6M6G ............... 75 
6M7G ............... 7R 
6MBGT ............. BAU 

7C6 ................. BW 
7C7 .................. BV 
707 ................ BAR 

12CS5 ............. 9CK 
12C56 ............. 7CH 
12CTB ............. 9DA 

6AK6 .............. 7BK 6BX7GT ............ BBO 6EZ5 ............... 7AC 6Mll ............. 12CA 7E5 ................ BBN 12CU5 ............. 7CV • 
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Index to Recelvlng·Tube Types and Bases (Cont.) 

Type Base Type Base Type Base 

12CU6 ............. 6AM 14Z3 ................ 4G 48 ................... 6A 
12CX6 ............. 7BK 15 ................... 5F 49 ................... SC 
120B5 ............. 9GR lSA6 ............... 9AR SO ................... 40 
120E8 ........... Fig. 81 
120F5 ............. 9BS 

15E .............. Fig. 51 
16A5 ............... 9Bl 

SOA5 ............... 6AA 
SOAX6G ............. 70 

120F7 ............... 9A 17 ................... 3G SOB5 ............... 7BZ 
120K7 ............. 9HZ 17Z3 ............... 9CB 5OBKS ............. 9BO 
120l8 ............. 9HR 18 ................... 6B 50CS ............... 7CV 
120M7 .............. 9A 18FW6A ........... 7CC SOC6G ............... 7S 
12006A ........... 6AM 18FX6A ............ 7CH SOC6GA ............. 7S 
12007 ............. 9BF 18FY6A ............ 7BT SOOC4· ............ SBO 
120S7 .............. 9JU 19 ................... 6C SOFK5 ............. 7CV 
120T5 ............. 9HN 19C18A ............ 9FX SOl6GT .............. 7S 
120T6 ............. 7EN 19X3 .............. 9BM 50T ................. 20 
120T7 ............... 9A 19Y3 .............. 9BM 50X6 ............... 7AJ 
120T8 .............. 90E 20 ................... 40 SOY6GT" ............ 70 
120U7 .............. 9JX 
120V7 .............. 9JY 

20APl-4 ............ 12A 
20J8GT .............. 8H 

50Y7GT ............ 8AN 
5OZ6G ...... ' ......... 70 

120V8 ............. 9HR 21A6 ............... 9AS 50Z7G ............. 8AN 
. 120W5 ............. 9CK 21A7 ............... 8AR Sl ................... SE 

120W7 .............. 9A 21EX6 .............. 5BT 52 ................... 5C 
120W8 ............. 9JC 22 ................... 4K 53 ................... 7B 
120Y8 .............. 9JO 24·A ................. 5E 53A ............. Fig. 53 
120Z6 ............. 7BK 24·G ................. 20 55 ................... 6G 
12E5GT ............. 60 
12EA6 ............. 7BK 

24XH ............. Fig. 1 
25A6 ................ 7S 

S6 ................... 5A 
S6AS ................ SA 

12EC8 ............. 9FA 
12E05 ............. 7CV 

25A7GT ............. 8F 
2SAC5GT ............ 60 

S7 ................... 6F 
S7AS ................ 6F 

12EF6 ............... 7S 25AVSGA .......... 6CK 58 ................... 6F 
12EG6 ........•.... 7CH~ 25AV5GT ........... 6CK 58AS ................ 6F 
12EK6 ............. 7BK 25AX4GT .......... 4CG 59 ................... 7A 
12El6, ............. 7FB 25B5 ................ 60 70A7GT ............ 8AB 
12EM6 ............. 9HV 25B6G ............... 7S 70l7GT ............ 8AA 
12EN6 ............... 7S 25B8GT ............•. 8T 71·A ................. 40 
12FSGT ............. 5M 25BK5 ............. 9BO 72 ................... 4P 
12F8 ............... 9FH 25B06GA .......... 6AM 73 ................... 4Y 
12FK6 .............. 7BT 25B06GT .......... 6AM 75 ................... 6G 
12FMe ............. 7BT 25B06GTB ......... 6AM 7STH ... : ............ 20 
12FP7 .............. 14E 2SCS ............... 7CV 7STl ................ 20 
12F08 ............. 9KT 2SC6G ............. 7AC 76 ................... SA 
12FR8 ............. 9KU 2SC6GA ............. 7S 77 ................... 6F 
12FT6 .............. 7BT 2SCAS ............. 7CV 78 ................... 6F 
12FX5 .............. 7CV 2SC06G ............ 5BT 79 ................... 6H 
12FX8A ............ 9KV 2SC06GA .......... SBT 80· .................. 4C 
12G4 .............. 6BG 2SCD6BG .......... SBT 81 .................. : 4B 
12G7G ............... 7V 2SCU6 ............. 6AM 82 ................... 4C 
12G8 ............... 9CZ 2S08GT ............ 8AF 83· .................. 4C 
12GA6 ............. 7CH 
12GE5 ............ 12BJ 

2S0N6 ............. SBT 
25006 ............. 6AM 

83·V· .............. 4AO 
84/6Z4 ............... SO 

12GJ5 ............. 9NM 2SEC6 .............. SBT 8S ................... 6G 
12GW6 ............ 6AM 25EH5 ............. 7CV 85AS ................ 6G 
12GN7 ............. 9BF 
12GP7 .............. 14S 

2SFS ............... 7CV 
2Sl6GT .............. 7S 

89 ................... 6F 
90Cl ............... SBO 

12H4 .............. 70W 2SN6G .............. 7W 99 ................... 40 
12H6 ....... : ........ 70 2SS ................. 6M 100TW .............. 20 
12HP7 .............. 11J 2SSA7GT ........... 8AO looTl· .............. 20 
12J5GT .............. 60 2ST ................. 3G lllH ................ 20 
12J7GT .............. 7R 25W4GT ........... 4CG 112·A ................ 40 
12J8 ............... 9GC 25W6GT ............. 7S 117l7GT ........... 8AO 
12KS ............... 7EK 2SX6GT ............. 70 117M7GT .......... 8AO 
12K7GT ............. 7R 2SY4GT ............ SAA 117N7GT" .......... 8AV 
12K8 ................ 8K 2SYS ................ 6E 117P7GT ........... 8AV 
12l6GT .............. 7S 2SZ3 ................ 4G 117Z3· ............. 4CB 
12l8GT ............ 8BU 2SZ4 ............... SAA 117Z4GT ........... SAA 
1207GT ............. 7V 2SZS· ............... 6E 117Z6GT ........ , .... 70 
12R5 ............... 7CV 2SZ6 ................ 70 128AS ............... 5A 
12S8GT ............ 8CB 26 ................... 40 150T ................ 2N 
12SA7 ............... 8R 
12SC7 ............... 8S 

26A6 ............... 7BK 
26A7GT ............ 8BU 

152TH ............. 4BC 
lS2TL. ............. 4BC 

12SF5 .............. 6AB 
12SF7 .............. 7AZ 

26BK6 .............. 7BT 
26C6 ............... 7BT 

175A· ........... Fig. 78 
182·B ................ 40 

12SG7 ............. 8BK 26CG6 ............. 7BK 183 .................. 40 
12SH7 ............. 8BK 
12SJ7 ............... 8N 

2606 ........ \ ....... 7CH 
26ZSW ............. 9BS 

203·A ................ 4E 
203·H ............... 3N 

12SK7 ............... 8N 27 ................... SA 204·A ............ Fig. 39 
12Sl7GT ........... 8BO 28ZS ............... SAB 20S·0 ................ 40 
12SN7GT .......... 8BO 30 ................... 40 211 .................. 4E 
12SN7GTA ......... 8BO 
12S07 ............... 80 

31 ................... 40 
32 ................... 4K 

212·E ............ Fig. 43 
217·A .............. 4AT 

12SR7 ............... 80 32ETS .............. 7CV 217·C .............. 4AT 
12SW7 .............. 80 32l7GT .............. 8Z 227·A ............ Fig. 53 
12SX7 ............. 8BO 33 ................... SK 241·B ............ Fig. 44 
12SY7 ............... 8R 34 .................. 4M 242·A ................ 4E 
12U7 ................ 9A 34GOS ............. 7CV 242·B ................ 4E 
12V6GT .............. 7S 3S/S1 ................ SE 242·C ................ 4E 
12W6GT ............. 7S 3SAS ............... 6AA 249·B ............ Fig. 29 
12X4· .............. 5BS 3SBS ............... 7BZ 250TW .............. 2N 
12Z3 ................ 4G 3SCS ............... 7CV 2S0Tl· .............. 2N 
12Z5 ................. 7l 3Sl6GT .............. 7S 2S4 ................. 2N 
14A4 ............... SAC 
14A5 ............... 6AA 

3ST ................. 3G 
3STG ................ 20 

254·A ............ Fig. S7 
254·B ............ Fig. S7 

14A7 ................ 8V 3SW4· ............. SBO 261·A ................ 4E 
14AF7 ............. 8AC 3SY4 ........ ' ....... SAL 270·A ............ Fig. 39 
14AP1·4 ............ 12A 3SZ3 ................. 4Z 276·A ................ 4E 
14B6 ................ 8W 
14B8 ................ 8X· 

3SZ4GT" ........... SAA 
3SZSG· ............ 6AO 

282·A ... ' ......... Fig. 57 
284·B ............... 3N 

14C5 ............... 6AA 3SZ6G .... 0> ••••••••• 70 284·0 ................ 4E 
14C7 ................ 8V 36 ................... SE 29S·A ................ 4E 
14E6 ................ 8W 36AM3· ............ SBO 3OOT ................ 2N 
14E7 ............... 8AE 37 ................... SA 303·A ................ 4E 

, 14F7 ............... 8AC 
14F8 .............. 8BW 

38 ................... SF 
·39/44 ................ SF 

304·A ............ Fig. 39 
304·B ................ 20 

, 14H7 ................ 8V 40 ................... 40 304TW; ........... 4BC 
14J7 ............... 8Bl 40ZSGT ............ 6AO 304Tl· ............. 4BC 
14N7 ............... 8AC 41 ................... 6B 305·A ............ Fig. 59 
1407 ............... 8Al 
14R7 ............... 8AE 
14S7 ............... 8Bl 
14V7 ................ 8V 

42 ................... 6B 
43 ................... 6B 
4S ................... 40 
4SZ3 ............... SAM 

306·A ............ Fig. 63 
307·A ............ Fig. 61 
308·B ............ Fig. 43 
310 .................. 40 

14W7 ............... 8BJ 4SZSGT ............ 6AO 311 .................. 4E 
14X7 ............... 8BZ 46 ................... SC 311CH ........... Fig. 32 
14Y4 ............... 5AB 47 ................... SB 312·A ............ Fig. 68 
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Type Base 

312·E.. ... . Fig. 44 
327·A. . . . . Fig. SO 
327·B.. .. . .. ... . Fig. 50 
342·B..... . ..... 4E 
356·A. . . . . . . Fig. 55 
361·A....... .. 4E 
376·A. .. ...... 4E 
408A..... . .... 7BO 
417·A...... .. .... 9V 
482·B.. . ... 40 
483.... . ....... 40 
485 .................. 5A 
527............ . Fig. S3 
SS9........... . Fig. 10 
572B·.... . .... 3G 
S75·A... .. .... 4AT 
592 ............. Fig. 28 
705·A. .. . .. . . Fig. 4S 
717·A.. .. 8BK 
756..... . .. 40 
800 .................. 20 
801 A/801 ............ 40 
802 ................ 6BM 
803· ................. SJ 
804. . ... Fig. 61 
805 ..... 3N 
806....... .. 2N 
80r ............. SAW 
807W·.. .. SAW 
808....... ..,.20 
809... .. .. 3G 
810·.. .,2N 
811... .. 3G 
811A· .... 3G 
812.... .. 3G 
812A·...... .. ... 3G 
812H.. .. ... 3G 
813·... .. .. SBA 
814·. . ..... Fig. 64 
81S·..... .. .. 8BY 
816·....... .. 4P 
822........ .. 3N 
822S. ..2N 
826........ .;. 7BO 
828.. .. .. SJP 
829... .. 7BP 
829A.. .7BP 
820B·. .. 7BP 
830... . ... 40 
830B ................ 3G 
831... , ....... Fig. 40 
832 ................ 7BP 
832A· .............. 7BP 
833A ' ........... Fig. 41 
834 .................. 20 
835...... . ....... 4E 
836·..... .. ...... 4P 
837......... .. 6BM 
838 ....... ' ........... 4E 
840.... . SJ 
841 .................. 40 
841A ................ 3G 
841SW .............. 3G 
843...... .. ... SA 
844...... .. .. 5AW 
849 .............. Fig. 39 
8S0...... . .. Fig. 47 
8S2 ................. 20 
860.. .. ... Fig. S8 
861 .............. Fig. 42 
864 .................. 40 
865 .............. Fig. S7 
866 .................. 4P 
866A·AX· ............ 4P 
866B·. . .. 4P 
866jr·....... .. .. 4B 
871 .................. 4P 
872A/872· .......... 4AT 
874............. .4S 
878 .................. 4P 
879 ................ 4AB 
884 ................. 60 
865 .................. 5A 
902A. .............. 8CO 
906Pl·ll ........... 7AN 
908A ............... 7CE 
909 ................ 5BP 
910 ................ 7AN 
911 ................ 7AN 
914A ............... 6BF 
930B ................ 3G 
938............ .. .. 4E 
9S0 .................. SK 
9S1.; ............... 4M 
954 ................ 5BB 
9SS ................ 5BC 
955 ................ 5BC 
956 ................ 5BB 
957 ............. .' .. 5BO 
958 ................ 5BO 
958A ............... 5BO 
959 ................ SBE 
967 ................. 3G 
975A ............... 4AT 
1003 ................ : 4R 
1005 ............... 5AO 
1006 ................ 4C 
1201 ............... 8BN 
1203 ............... 4AH 
1204 ............... 8BO 
1206 ............... 8BV 
1218A .............. 70K 

Type Base 

1221... .. ..... 6F 
1223.. .. ... 7R 
1229......... .. ... 4K 
1230..... .. ... 40 
1231. .. ..... 8V 
1232 ..... 8V 
1265.. .. ... 4AJ 
1266. .. . 4AJ 
1267. .. ........ 4V 
1273..... .. ... 8V 
1274.. .. .. ... 6S 
1275 ... 4C 
1276 .. 40 
1280...... ... 8V 
1284. .. ...... 8V 
1291.. .. ..... 7BE 
1293.... . .... 4AA 
1294... .. 4AH 
1299:. .6BB 
1802... .. .. 40 
1603..... .6F 
1608.. .. .... 40 
1609...... .. SB 
1610 Fig. 62 
1611....... .. ... 7S 
1612....... . .... 7T 
1613..... .. ... 7S 
1614·... .. ..... 7AC 
1616..... . ...... 4P 
1619.. .. .. . Fig. 74 
1620.. . .. 7R 
1621..... .. ...... 7S 
1622 .............. 7AC 
1623· ............... 3G 
1624. .. ..... Fig. 66 
1625·... .. ...... 5AZ 
1626 ................ 60 
1627. .. ... 2N 
1628. . . . . . Fig. 54 
1629 .... 6RA 
1631. ... 7AC 
1632 ...... 7S 
'1633. .. ....... 8BO 
1634... . .......... 8S 
1635.... .. ...... 8B 
1641 ............ Fig. 52 
1642 ............... 7BH 
1644 .............. Fig. 4 
1654........ . .. 2Z, 
1802Pl·ll.... ... llA 
1805Pl·4.. ... .. llA 
1806Pl........ llN 
1851..... . ........ 7R 
1852...... .. 8N 
1853...... ... 8N 
2002... . Fig. 1 
2005....... . Fig. 1 
2050...... .8BA 
2051.... .. 8BA 
2523N/128A.. .. .. : 5A 
4604.......... ... 7Cl 
4652. . . . Fig. 51 
5514....... ... 4BO 
5516 .............. 7Cl 
5517. . ..... 5BU 
5556... .. .... 40 
5562.. .. .. . .. .. Fig; 30 
5590..... .. .. 7BO 
5591....... .. .... 7BO 
5608 ............... 7BO 
5608A... .. .. 7B 
5610...... ... 6CG 
5618...... .. ... 7CU 
5651 ............... 580 
5654.......... .. 7BO 
5656 ................. 9F 
5662. .. .. ... '" Fig. 79 
5663.. ..' 6CE 
5670....... .. 8CJ 
5675· ............ Fig. 21 
5679 .............. 7CX 
5686....... .. ... 9G 
S687....... .. .. 9H 
5690 ............. Fig. 38 
5691 ............... 8BO 
5692 .............. 8BO 
5693..... .. 8N 
5694 ................ 8CS 
5696 ............... 7BN 
5722 ............... 5CB 
5725 ............... 7CM 
5726 ............... 6BT 
572L .. : .......... 7BN 
5731 ............... 5BC 
5749 ........ , ...... 7BK 
5750 ............... 7CH 
5751 ................. 9A 
5755 ................. 9J 
5763· ............... 9K 
5764 ............. Fig. 21 
5765 ............. Fig. 21 
5766 .......... See 2C37 
5767 .......... See 2C37 
5766 ............. Fig. 21 mt ' .. ' .. '. '. ~'. '. '. ' .. Fi~c?d 
5814...... .. .. 9A 
5823 ............... 4CK 
5824 ................. 7S 
5825 ................. 4P 
5839 ................. 6S 
5842 ................. 9V 

Type Base 

5844... .. 7BF 
5845..... .. 5CA 
5847...... .. .. 9X 
5852..... . ..... 6S 
5857..... .. .. 9AB 
5866·.... .. .. Fig. 3 
5867.... ... Fig. 3 
5871.... .. ...... 7AC 
5876.. .. .... Fig. 21 
5879. .. .... 9AO 
5881... .. ..... 7AC 
5890... .. .. ... 12J 
5893'. . . . Fig. 21 
5894A· .......... : Fig. 7 

• 5910...... . ...... 6AR 
5915 ............... 7CH 
5920 ............... 7BF 
5933·.......... . 5AW 
5961......... .. .. 8R 
5962.. .. 2AG 
5693..... .. .. 9A 
5964.. ... 7BF 
5965.... .. ... 9A 
5993. . . .. F;g. 35 
5998.. .. .. 8BO 
6005: ........ 7BZ 
6023.. .. ...... 9CO 
6026. . . . Fig. 16 
6028.. .. 7BO 
6045. .. ... 7BF 
6046 ............... 7AC 
6057.. .. .......... 9A 

~8~~:::::::::::::7. :~i; 
6060 .................. 9A 
6061... . .. 9AM 
6062. . ........ 9K 
6063·. .. ... 7CF 
6064. . .... 70B 
6065.. .. .... 70B 
6066.... .. ... 7BT 
6067. .. .. 9A 
6072... .. 9A 
6073... .5BO 
6074.. .. ...... 5BO 
6080... .. 8BO 
6082.. . ... 8BO 
6083.. ..' Fig. 5 
6084... .. .. 9BJ 
6085......... .. .... 9A 
6086..... .. .. 9BK 
6087.... .. ....... 5l 
6101.. .. ... 7BF 
6132.... .. .. 9BA 
6135... .. .. 6BG 
6136... 7BK 
6137... .. ... 8N 
6140 ....... 9BY 
6141.. 9BZ 
6146·. 7CK 
6146A·... 7CK 
6146B·.... 7CK 
6155· .............. 5BK 
6156· .............. 5BK 
6157 ............ Fig. 36 
6158 ................ 9A 
6159B· ............ 7CK 
6173 ............ Fig. 34 
6186.... .. 7BO 
6197... .9BV 
6201..... .. ..... 9A 
6211..... .. .9A 
6216 ............. Fig. 37 
6218... .. 9CG 
6227. ... 9BA 
6252'.. .. Fig. 7 
6263 
6264 
6265.. .. 7CM 
6287. .. .. 9CT 
6308.. . ... 8EX 
6336A..... .. . .. 8BO 
6350 ............... 9CZ 
6354 ........... :. Fig. 12 
6360· ............ Fig. 13 
6374 ............... 9BW 
6386 ............... 8CJ 
6417· ............... 9K 
6443.. .. 9BW 
6485 ............... 7BK 
6524·. .. .. . .. ... Fig. 76 
6550 ..... , ........... 7S 
6627 ............... 5BO 
6660 ............... 7CC 
6661 ................ 7CM 
6662 ............... 7CM 
0663 ............... 6BT 
6664 ............... 5CE 
6669 ............... 7BZ 
6676 ............... 7CM 
6677......... .. .. 9BV 
6678... .. ... 9AE 
6679 ................. 9A 
6680 ................. 9A 
6681 ................. 9A 
6816· ............ Fig. 77 
6829.: ............... 9A 
6850· ............ Fig. 76 
6883· .............. 7CK 
6884· ............ Fig. 77 
6687 ............... 6BT 
6893· .............. 7CK 



Index to Recelving·Tube Types and Bases (Cont.) 

Type Base Type Base 

6897 
6907 .............. Fig. 7 
6939' ......• , .... Fig. 13 
6973 ............... 9EU 
7ooo ................. 7R 
7025 ................. 9A 
7027A .............. 8HY 

8005 ................ 3G 
8008 .............. Fig. 8 
8012.. ........... Fig. 54 
8013·A ............... 4P 
8016 ................ 3C 
8020 ................. 4P 
8025 ............... 4AO 

CE220 ............... 4P 
CK1005 ............ 4AO 
CK1006 .............. 4C 
CK1007 .......... Fig. 73 
OR3B27 ............. 4P 
OR123C ......... Fig. 15 
OR200 ............... 2N 

HK304L ............ 4BC 
HK354 .............. 2N 
HK354C ............. 2N 
HK3540 ............. 2N 
HK354E ............. 2N 
HK354F ............. 2N 
HK454H ............. 2N 

RK10 ................ 40 
RKll ................ 3G 
RK12 ................ 3G 
RK15 ................ 40 
RK16 ................ 5A 
RK17 ................ 5F 
RK18 ................ 3G 

RK65 ............ Fig. 48 
RK66 ............ Fig. 61 
RK75 ............ Fig. 61 
RK100 ........... Fig. 67 
RK705A ......... Fig. 45 
RK866 ............... 4p 
T20 ................. 3G 

7034 ' .......... :: Fig. 75 
7035 ' ............ Fig. 75 
7054 ............... 9BF 
7055 ............... 6BT 

8032· .............. 7CK 
8042 ............. Fig. 51 
8056 .............. 12AO 
8058 .............. ~2CT 

ECC81 .............. 9A 
ECC82 .............. 9A 
ECC83 .............. 9A 
EF50 ................ 9C 

HK454L ............. 2N 
HK654 .............. 2N 
HV12 ................ 3N 
HV18 ................ 2N 

RK19 ............... 4AT 
RK20 ............ Fig. 61 
RK20A ........... Fig. 61 
RK21 ................ 4P 

T21.. ................ 6A 
T40 ................. 3G 
T55 ................. 3G 
T60 ................. 20 

7056 ............... 6CM 
7057 ............... 9AJ 
7058 ................. 9A 

8072' ............ Fig. 85 
8117' ............. Fig. 7 
8121' ............ Fig. 86 

F123A ........... Fig. 15 
F127A ........... Fig. 15 
G84 ................ : 4B 

HV27 ................ 3N 
HY6J5GTX .......... 60 
HY6L6GTX ......... 7AC 

RK22 ............ Fig. 52 
RK23 .............. 6BM 
RK24 ................ 40 

T100 ................ 20 
T125 ................ 2N 
T160L' .............. 3G 

.7059 •.............. 9AE 
7060 ............... 90X 
7061 ............... 9EU 
7077 
7094 ' ............ Fig. 82 
7137 ............... 7BO 

.7167 ............... 7EW 
7189A .............. 9CV 
7247 ................. 9A 
7258 ............... 90A 
7270 ' ............ Fig. 84 
7271 ' ............ Fig. 64 
7308 .............. 90E 
7360 ............... 9KS 
7408 ............... 7AC 
7543 ............... 7BK 
7551' .............. 9LK 

8122' ............ Fig. 85 
8163' ............. Fig. 3 
8166/4·1000A' 
8203' ............. 12AQ 
8295/172' 
8298A' ............ 7CK 
8334 ............... 70K 
8393 .............. 12AO 
8458 ............. Fig. 13 
8627 .............. 12CT 
8628 .............. 12AO 
8646 
8677 .............. 12CT 
8608 ............. Fig. 15 
8873' ............ Fig. 87 
8874' 
8675' 

GL2C44 ........... Fig. 9 
GL5C24 .......... Fig. 15 
GL 146 ........... Fig. 56 
GL 152 ........... Fig. 56 
GL 159 ........... Fig. 56 
GL 159 ........... Fig. 56 
GL446A .......... Fig. 11 
GL446B .......... Fig. 11 
GL464A ........... Fig. 9 
GL559 .... .' ...... Fig. 10 
GL6442 
GL6463 ............ 9CZ 
GLS012A ........ Fig. 54 
H0203A ............. 3N 
HF60 ................ 20 
HF75 ................ 20 
HF100 ............... 20 

HY24 ................ 40 
HY25 ................ 3G 
HY30Z ............. 4BO 
HY31Z ........... Fig. 60 
HY40 ................ 3G 
HY40Z .............. 3G 
HY51A ........... : .. 3G 
HY51B .............. 3G 
HY51Z ............. 4BO 
HY57 ................ 3G 
HY60 .............. 5AW 
HY61. ............. 5AW 
HY63 ............ Fig. 72 
HY65 ............ I'ig. 72 
HY67 ............ Fig. 65 
HY69 ............ Fig. 64 
HY75 ................ 2T 

RK25 ......... c .... 6BM 
RK25B ............. 6BM 
RK28 ................ 5J 
RK28A ............... 5J 
RK30 ................ 20 
RK31 ................ 3G 
RK32 ................ 20 
RK33 ............ Fig. 69 
RK34 ............ Fig. 70 
RK35 ................ 20 

. RK36 ................ 20 
RK37 ................ 20 
RK38 ................ 20 
RK39 .............. 5AW 
RK41 .............. 5AW 
RK42 ................ 40 
RK43 ................ 6C 

T2OO ................ 2N 
T300 
T814 ................ 31'1 
T822 ................ 3N 
TB35 ............ Fig. 30 
TUF20 ............... 2T 
TW75 ................. 20 
TW150 .............. 2N 
Tl20 ................ 3G 
Tl40 ................ 3G 
UE100 ............... 20 
UE488 ........... Fig. 32 
UH35 ................ 3G 
UH50 ................ 20 
UH51 ................ 20 
V70 ................. 3N 
V70A ................ 3N 

7558' ............•. 9LK 8877' HF120 ............... 4F HY75A ............... 2T RK44 .............. 6BM V70B ................ 3G 
7581A .............. 7AC 
7586 .............. 12AO 
7587 .............. 12AS 
7591 ................ 8KO 
7695 ............... 9PX 
7700 ................. 6F 
7701 ............... 9MS 
7117 ............... 7EW 
7854' ............. Fig. 7 
7886 ............... 9NZ 
7895 .............. 12AO 
7905 ............... 9PB 
7964 .............. 12EU 
8ooo ................ 2N 
8001' .............. 7BM 
8003 ................ 3N 

9001 ............... 7BO 
9002 ............... 7BS 
9003 ............... 7BO 
9004 ............. :. 4BJ 
9005 ............... 5BG 
9008 ............... 6BH 
AT·340 ............. 5BK 
AX9900 ' ...... : ... Fig. 3 
AX9901 ........... Fig. 3 
AX9903' .......... Fig. 7 
AX9905.: ......... Fig. 2 
AX9909 ........... Fig. 5 
AX9910' .......... Fig. 7 
BA ...... : ........... 4J 
BH .................. 4J 
BR .................. 4H 

HF140 ................ 4F 
HF175 ........... Fig. 46 
HF200 ............... 2N 
HF201A ......... Fig. 15 
HF250 ............... 2N 
HF300 ............... 2N, 
HK24 ................ 3G 
HK54 ................ 20 
HK57 ........ " .. Fig. 33 
HK154 ............... 20 
HK158 ............... 20 
HK252L. ........... 4BC 
HK253 ............. 4AT 
HK254 .............. 2N 
HK257 ............. 7BM 
HK257B ........... 7BM 

HYl14B ............. 2T 
HY615 ........... Fig. 71 
HY801A ............. 40 
HY866jr ............. 4P 
HY1231Z ......... Fig. 60 
HY1269 .......... Fig. 65 
HYEl148 ........ Fig. 71 
KT66 ............... 7AC 
KY21 
NU2C35 ......... Fig. 23 
PE340 .............. 5BK 
PL172/8295 
PL177A ' ......... Fig. 14 
PL6549 .......... Fig. 14 
PL6569' .......... Fig. 3 
PL6580' ........... 5BK 

RK46 ............ Fig. 61 
RK47 ............ Fig. 64 
RK48 ............ Fig. 64 
RK48A ........... Fig. 64 
RK49 ................ 6A 
RK51 ................ 3G 
RK52 ................ 3G 
RK56 .............. 5AW 
RK57 ................ 3N 
RK58 ................ 3N 
RK59 ............ Fig. 60 
RK61 
RK62 ................ 40 
RK63 ................ 2N 
RK63A .............. 2N 
RK64 .... '" ....... 5AW 

V70C ...... : ......... 3G 
V700 ................ 3G 
VR75 ............... 4AJ 
VR90 ............... 4AJ 
VR105 ..... : ........ 4AJ 
VR150 .............. 4AJ 
VT52 ................ 40 
VT127A. ......... Fig. 53 
WE304A ............. 20 
X6030 ............ Fig. 2 
XXB .............. Fig. 6 
XXO ............... 8AC 
XXL. ............... 5AC 
XXFM .............. 8Bl 
ZB60 ................ 20 
ZB120 ............... 4E 

E.I.A. Vacuum·Tube Base Diagrams 

Socket connections correspond to the base designations given in the column headed "Base" in the classified tube<lata tables. Bottom views are 
Shown throughout. Terminal deSignations ",re as follows: 
A - Anode B - Deflecting Plate IS - Internal Shield RC - Ray·Control Electrode 
B - Beam F - Filament K - Cathode Ref - Reflector 
BP - Bayonet Pin FE - Focus Elect. NC - No Connection S - Shell 
BS - Base Sleeve G - Grid P - Plate (Anode) TA - Target 
C - Ext. Coating H - Heater Pl - Starter·Anode U - Unit 
CL - Collector IC - Internal Con. PBF - 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 in· 
dicates filament or heater tap. 

Generally when the No.1 pin of a metal·type tube, 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 23·4. 
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IlF 'm "~ G, 2" I ::: 5 4 " NC 2 :;= 6 ~8F P2 === 4Ga G, _ ... --
NC 2 6 C 

H I 5 4 H H I 7 F I 5 F I 7 " I 4 F+ 1 5 _4 -5 

5AW 5AY 5AZ 58 58A 5BB 5BC 5BD 

P 

~ ~ ~ '~. 'ij! 0,2· === 4 G, 
IG 3 6 Ie H 3 6 HeT 

G ---
K 2 . 7 K NC 2 7 K 

F+ I 4 F- H I 4 H F I 5 F pi NC I 5 F- 5,c 

5BE 5BF 5BG 5BJ 5BK 5BO 5BO 5BS 

* P iF I =:= 5: 0, 

5BT 5BU 5BZ 5C 5CB 5CE 5CF 

1ft ~ ~ 6
P 

p 2 4 K Gj 

" 2 H 2 7 H 

H I 5 H NC 1 8 ~ 5 18 K 

50 5E 5F 5J 5K 5L 5M 50 

4ll 6 

F 2 

NC I 8 F 

5R 5S 5T 5U 5Y 5Z 6A 

~ ~ 
G 3 HeT 3 

K 2 7 H H2 7H 

s I 8 H NC 18 K 

6AB 6AD 6AM 6AO 6AP 6AR 

~ ii tit 3 ::: G 

H 2 7 H 
--

A, 

NC I . e ~3 H I 6 H 
0, 

6AS 6AU 6AW 6AX 68 6BA 6BB 6BF 

~ G, P H 
3 ::: 6 ---

7 G, 

P8~ I 8 H 

6BG 6BH 6BM 6BO 6BT 6SW 6BX 

~ :,3 :::5 
H'2 7 H 

Gl leGe 

6C 6CA 6CB 6CC 6CE 6CH 6CK 
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Tube Ba •• Diagrams (cont.) 

Bottom views are shown. Terminal designations on sockets are given on page 23-4. 

~ ~ ~ * ... "o, Py PT .- _. 5~T S 5" H 5" . , 

H I 6 H H I 6 H I 6 H '" I 6 H 

60 6E 6F 6G 6H 6J 6K 

* ~ w ~ ~ "3 
" 3 " 3 

p --- 5G " - . 
H 2 7 H .H 2 7 H H 2 7 

F+ I . 6 F- S 18 K H I 6 H Ne 18 K Ne 18 K 

6L 6M 6Q 6R 6RA 65 6T 6W 

~ 
"3 . 

H 2 7 

Ne I 8 

6X 6Y SZ 7A 7AB· 

~ "3 

H 2 7 

Ne 18 K 

7AG '7AH 7AK 7AL 7AM 7AN 7AO 

7AP 7AT 7AU 7AV 7AX 7AZ 7B 

* 
H3 ... __ 6Gl '. ::: K 

I~ 2 7 G, 
IS 

G, I , 

7BA 7BB 7BC 7BO 7BE 7BH 7BJ 

~ ~ H'3 '"':: e I •• Ha SG 

G,2 7 K K 2 7 P .,1 .1 
7BK 7BM 7BN 7BO 7Bp· 7BO 

.~ ~ ~ ~ H 3 6 K H3 _-= SG! O~3 SO. 
Gs ;-~ ==: AI 

" 6K K 2 7 G .,2 7 K G2'=== Gt I 6 02 

H 1 7 H • I ., I H I 7 HI( Dc 

7BT 7BW 7C 7CA 7CB 7CC; 7CE 

Oil F3 ::: SGI 

p.,2 7 FeT 

., I 

7CF 7CH 7CJ 7eM 7CO 7CU 

~ G, '3' 6 F.' __ CT 

G ::: 
F:T2 7 p 

1.11 I 

7CX 7CY 70 70B 70C 70E 70F 

~ 
H 3 6 

K 2 7 p 

• I 

70H 70K 70T· 70W 7EA 7EG 7EI( 

~ H 3 6 

G,2 :: ... 71( 

I k 

7EN 7EW 7F 7FB 7FL 7FN 7FP 
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Tube Base Diagrams (cont.) 

Bottom views are shown. Terminal designations' on sockets are given on page 23·4. 

<$41'0',:" 
~2Z 6 01 

H t 7 H 

7G 7GA 7GK 7GM 7H 7J 7K 7l 

70 7R 75 7T 7V 7W 7Z 

8A BAA SAB SAC SAE SAF BAG SAJ 

8Al SAN BAO BAR SAU SAV SAW 

8AX BB SSA SBO SBE SBF SBJ 

BBK SBL SBN SBO SBS SBV SBW 

BBY SBZ SC SCB SCH SCJ SCK 

~ 
NC 3 

H 2 7 H 

G 18 K 

SCO SCS SCT SOU SE SEl SEX SEZ 

8F 8FP SFV SG SGO SGS SH 8HY 

~ 
G3 

H2 7H 
G 18 K 

SJB SJC SK SKO SKS .Sl SN 

so SO SS 8T 8U 8V SW 

-3,::_ 70, 

Ne·2 8 

G I ... 

8X SY 8Z 9A 9AA 9AB 9AC SAD 
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Tube Bese Diagrams (cont.) 

Bottom views are shown. Terminal designations on sockets are given on page 23·4. 

9AE <lAG 9AH 9AJ 9AK 9AM 9AQ 9AR 

9AS 9AT 9AX 9AZ 9BA 9BB 9BC 9BO 

9BF 9BG 9BJ 981< 9Bl 9BM 9BP 9BQ 

9BS 9BU 9BV 9BW 9BX 9BY 9BZ 9C 

9CA 9CB 9CO 9CF 9CG 9CK 9CT 9CV 

9CY 90A 90C 90E 90J 90P 90R 

90S 90T 90W 90X 90Z 9E 9EC 9ED 

9Ef 9EG 9EN 9ER 9ES 9EU 9EW 9F 

9FA 9FC 9FE 9FG 9FH 9FJ 9FN 9FT 

9FX 9FZ 9G 9GC 9GE 9GF 9GJ 9GK 

9GM 9GR 9GS 9H 9HF 9HK 9HN 9HR 

9HV 9HX 9HZ 9J 9JC 9JO 9JF 9JG 
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Tube Ba •• DIagram. (cont.) 
Bottom views are shown. Terminal designations on sockets are given on page 23-4. 

9KU 

9MS 

9PU 

9T 

IIC 

12A 

12BY 

12FM 

14G 

9JX 

9L 

9N 

'9PX 

9U 

IIJ 

12CA 

I2GW' 

14J 

FIG. 2 

FIG. 10 

9LK 

90 

9V 

ilL 

14K 

G~. 
W 

FJG.3 

FIG-II 

9K 

9lS 

9NT 

90A 

9X 

11M 

14P 

FIG. 20 

9KA 

9KY 

9NZ 

90l 

9Y 

liN 

12T 

14R 

FIG. 5 

FIG. 13 

.$. 
~H 

FIG. 21 

9KR 

9PA 

90P 

9Z 

115 

12BM 

14A 

145 

FIG. 6 

~
5 ... 

H 2 . 1 H 

Ie I 8 

FIG.22 

9KT 

9lY 9M 

9PM 

,9R 9$ 

IIA 

liT 

12BW 

12FB 

14B 14E 

FIG. 7 FIG.8 

I~~ 
u~ ~. = FIG.: 

FIG. 15 

G'~.GI 
- P 

FI 4, 

FIG. 23 FIG. 24 



Tube BaseOlagrams (cont.) 
Bottom views are shown. Terminal designations on sockets are given on page 23-4. 

• • m • • 
F~ "mC 'i$! ,~ G --.. G 

F I :3 F I 4 F F I 4 G I 4 F 

2 " "" FIG. 25 FIG. 26 FIG. 27 FIG.28 FIG. 29 FIG. 30 FIG.31 FIG. 32 

• 

~ ~ £t) .. G : P I ~ ! 'l~ - , 

H H - F - - F P 

FIG. 33 FIG. 34 FIG. 35 FIG. 36 FIG.37 FIG. 38 FIG. 39 FIG. 40 

~ 
• SLOT SLOT SLOt. 

F 2 4 F '~' F'~p G~"C Fm G'~:' . --
G,I --- 4:' 

I G 
F I 4 NC NC I 4 F NC I 4 F 

I • 
FIG. 41 FIG. 42 FIG.43 FIG.44 FIG.45 FIG. 46 FIG 47 FIG,48 

p • • ,w ,~, 
p P 

F~NC NCM; F"m G~ 
GWG NC''':'--4

F Fc.r I 4 F F F HI( 1 4 H F' F F I 4 G 
8 F F 

F" 
FIG.49 FIG.50 F\/~IG. 51

BC 
FIG. 52 FIG. 53 FIG. 54 FIG. 55 'FI6.56 

• 
'~' 

• 

'9 ~ ~ 4Z G'~ NC~NC 
Pz === 4

G3 
G2 2 ~ 4 PaF Gz :=: Gt P2 ::=: 4G2 G, --- FeT 

F I 4 F I 4 F I 4 F F I 4 F F I 5 F ~ F I 5 F F 1 5 F 

FIG. 57 FIG. 58 FIG. 59 FIG. 60 FIG. 61 FIG.62 FIG. 63 . FIG. 64 

~ G2 2 ::- 4~~ 
G, 

F 1 5 F 

FIG. 65 FIG. 66 FIG. 67 FIG. 68 FIG. 70 FIG . .?I FIG. 72 

• 

~ 
NC 3 __ 

G'$G' 
~ 

H 2 7 H 

H .K K I 8 NC 

FIG. 73 FIG. 74 FIG. 75 FIG. 76 FIG. 77 FIG.78 FIG. 79 FIG. 80 

FIG. 81 FIG. 82 FIG. 85 FIG. 86 

Table 1 - Triode Transmitting Tubes 

Maximum Rating"S Cathode Capacitances Typical Operation 

'" '!i 
t:: t:: ;i! on c( c( on 0 c( c( :! :a on 

Type 
.d;~ E E ~LE :; on Cln 

l' Co •• E E c" E 0" 
.!!~ .. 1: ..... Ii 10 U ! pF pF Base oS " " 1: ..... ,(~ s:: .~ 
Ct:: '" '- t:: ~~ !i '" 

.- t:: a. 0 et S.2 S:I S! c'!l~ .11:: 
J!l 

.. 
::i'E ... :1 s! c'!l! 2 .. .... "'- ..... ... .... -'= .... .... .. - .. ~ 

g3 !:i E U i E i3Jl 1:'0 .. ~ u!:i "'0 "'0 - .. ii:~ -" 0::: -" a. ... a.u ...... c(~ c( CI> a.u cu c(a. a. ... c(a. 

6J6A ' 1.5 300 30 16 250 32 6.3 0.45 2.2 1.6 0.4 7BF C·T 150 -10 30 1.6 0.035 3.5 
-)5 

GF4 2.0 150 20 8.0 500 17 6.3 0.225 2.0 1.9 0.6. 7BR C·T·O 150 550' 20 7.5 0.2 - 1.8 
- 2000' 

12AU7A' 2.766 350 12' 3.5' 54 18 6.3 0.3 15 1.5 0.5 9A C·T·O 350 -100 24 7 6.0 
6C4 5.0 350 25 8.0 54 18 6.3 0.15 1.8 1.6 1.3 6BG C·T·O 300 -27 25 7.0 0.35 5.5 
5675 5 165 30 8 3000 20 6.3 0.135 2.3 1.3 0.09 fig. 21 G·G·O 120 -8 25 4 - - 0.05 
6N7Gl' 5.56 350 30' 5.0' 10 35 6.3 0.8 - - - 8B C·T·O 350 -100 60 10 - - 14.5 
2C40 &.5 500 25 - 500 36 6.3 0.75 2.1 1.3 0.05 Fig. 11 C·T·O 250 -5 20. 0.3 0.075 

5893 8.0 400 40 13 1000 27 6.0 0.33 2.5 1.75 0.07 Fig. 21 C·T 350 -33 35 13 2.4 6.5 
C·P 300 -45 30 12 2.0 - 6.5 

2C43 12 500 40 - 1250 48 6.3 0.9 2.9 1.7 0.05 Fig. 11 C·T·O 470 - 38' - - - 9' 
25 2000 75 C·T 2000 -130 63 18 4 - 100 

3C24 17 1600 60 713 60 24 6.3 3.0 1.7 1.6 0.2 20 c·p 1600 -170 53 11 3.1 68 
25 2000 75 A8,' 1250 -42 24/130 270' 3.48 21.4K 112 

C·T·O 1000 -90 100 20 3.1 - 75 
1623 30 1000 100 25 60 20 6.3 2.5 5.7 6.7 0.9 3G C·P 750 -125 100 20 4.0 - 55 

8' 1000 -40 30/200 230' 4.2' 12K 145 
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Table 1 - Triode Transmitting Tubes - Continued 

Maximum Ratings 

... d1 c c .. .... ~ E E N'" 
Type %.5 

i5~ .. 1: 'V~ E'\ii 
~! ... 

.B-2 ~~ !I'! .11: 

Z'= .. ~ .... g3 a::l 0::: _:s .. :s 
~u ...... 

811·A 65 1500 175 50 60 

812·A 65 1500 175 35 60 

100TH 100 3000 225 60 40 

3·100A2 100 3000 225 SO 40 lOOn 
, 

3CX1OOA5" 100 1000 12514 
SO 2500 

70 600 1001• 

2C39 100 1000 60 40 500 

AX9900/ 
5886" 135 2500 200 40 ISO 

572B/T160L 160 2750 275 - -
810 175 2500 300 75 30 

8873 200 2200 250 500 

250TH 2SO 40Q0 350 4013 40 

250n 250 4000 350 35" 40 

\ 

PL·8569 250 4000 300 120 30 

8875 300 2200 .250 - 500 

304TH 300 3000 900 60" 40 

304TL 300 3000 900 50" 40 

350 3300 30 
833A 500 100 

450" 400015 20" 

8874 400 2200 250 - 500 
HOOl 400 .3000 400 - 110 

PL·658Q 400 4000" 350 120 -

8163 400 3000 400 2013 30 

3·500l 500 4000, 400 - 110 

3-1000l 1000 3000 800 - 110 
8877 1500 4000 1000 - 250 

• Cathode res,stor In ohms. 
I KEY TO CLASS-Of-SERVICE ABBREVIATIONS 

Al ~ Class·A, af modulator. 
AB, ~ Class-AB, push-pull af modulator. 
AB, ~ Class-AB, push-pull af modulator. 
B ~ Class-B push-pull af modulator. 
C·M ~ frequency multiplier. 
C·P ~ Class-C plate-modulated telephone. 
C· T - Class-C telegraph. 
C·T·O ~ Class·C amplifier·osc. 
G·G·A ~ Grounded·grid class-C amp. 
G·G·B - Grounded-grid class-B amp. (Single Tone). 

c 
0 

1: 
u 
5 .. 
A.~ 
E .. c ... 

160 

29 

40 

14 

100 

100 

25 

170 

36 

160 

37 

14 

45 

160 

20 

12 

35 

160 
200 

45 

350 

160 

200 
200 

Cathode Capacitances 

~ 
~ 

6.3 

6.3 

5.0 

5.0 

6.0 

6.3 

6.3 

6.3 

10 

6.3 

5.0 

5.0 

5.0 

6.3 

5.0 

10 

5.0 

10 

10 

6.3 
5 

5.0 

5.0 

5 

7.5 
5.0 

. 
.. C,. ~V Co •• 
I'! pF pF 
8. 
E 
c 

.4.0 5.9 5.6 0.7 

4.0 5.4 5.5 0.77 

6.3 2.9 2.0 0.4 

6.3 2.3 2.0 0:4 

1.05 7.0 2.15 0.035 

1.1 6.5 1.95 0.03 

5.4 5.8 5.5 0.1 

4.0 - - -

4.5 8.7 4.8 12 

3.2 . 19.5 7.0 0.03 

10.5 4.6 2.9 0.5 

10.5 3.7 3.0 0.7 

14.5 7.6 3.7 0.1 

3.2 19.5 7.0 0.03 

25 

13.5 10.2 0.7 

12.5 

25 

12.1 8.6 0.8 

12.5 

10 12.3 6.3 8.5 

3.2 19.5 7.0 0.03 
14.5 7.4 4.1 0.07 

14.5 7.6 3.9 0.1 

14.1 8.0 5.0 0.3 

14.5 7.4 4.1 0.07 

21.3 17 6.9 0.12 
10 42 10 0.1 

G·G·O ~ Grounded·grld osc. 
G·I·C ~ Grid·isolation circuit. 
G·M·A ~ Grid·modulated amp. 

Base 'l;!l 
!'E, 
ucl! 

C·T 

3G C·P 
G·G·B 
AB, 
C·T 

3G C·P 
B' 
C·T 

2D ~ 
B' 
C·T 
~ 2D G·M·A 

B' 
G·G·A - c·p 
G·I·C 

- C·T·O 
c·p 
C·T 

Fig. 3 CoP 
8' 
C·T 3G .G·G·B' 
C·T 

2N 
c·p 
G·M·A 
B' 

fig. 87 AB, 

C·T·O 

2N c·p 

AB,' 

C·T·O 

2N c·p 

AB,' 

Fig. 3 G·G·A 

- AB, 

C·T·O 

4BC c·p 

AB,' 

C·T·O 

4BC c·p 

ABI ' 

A~,' 

C·T·O 

Fig. 41 c·p 
B' 

- AB, 
Fig. 3 G·G·B 

5BK G·G.A 

Fig. 3 G·G·B 
G·G·B Fig. 3 
C·T 

Fig. 3 G·G·B 
- AB, 

, Twin triode. Values. except interelectrode capaci· 
tances, are for both sections in push·pull. 

3 Output at 112 MHz. 
• Grid leak resistor in ohms. 
5 Peak values. 
• Per section. 
'Values are for two tubes in push· pull. 
• Max. signal value. ' 

" '" !oS 
i:~ 
1S00 
12SO 
12SO 
1250 
1500 
1250 
1500 

3000 

3000 

3000 

3000 
3000 
800 
600 
600 
900 
600 

2500 
2000 
2500 
1650 
2400 
2500 
2000 
22SO 
2250 
2000 
2000 
3000 
2000 
2500 
3000 
1500 
2000 
3000 
2000 
2500 
3000 

. 1500 
2500 
3000 
3500 
4000 
2000 
1500 
2000 
IS00 
2000 
2S00 
1500 
1500 
2000 
2000 
2000 
2500 
2500 
1500 
2500 
IS00 
22SO 
3000 
2500 
3000 
3000 
2000 
3000 
4000 
2500 
2500 
3000 
3500 
3000 
2500 

Typical ~peratlon 
... 'S c 

:Ei!! '&!j 
1 c to 

E E ~~ ~~ 
" 1: ... ~ .c 

'!:c et ~o " .. ... ... .a .II'! <lI1'! .... h .... S .. 
l5~ 

.... g3 "'0 :l -:II DoS ~u c~ 

-70 173 40 7.1 200 
-120 140 . 45 10.0 - 135 

0 27/175 28 12 - }(i5 
0 27/175 13 3.0 155 

-120 173 30 6.5 190 
-115 140 35 7.6 - 130 
-48 28/310 270' 5.0 13.2K 340 

-200 165 51 18 - 400 

-65 40/215 335' 5.08 31K 650 

-400 165 30 20 - 400 

-560 60 2.0 7.0 90 
-185 40/215 640' 6.0' 30K 4SO 
-20 80 30 6 21 
-15 75 40 6 18 

35 60 40 5.0 20 
-40 90 30 40 

-150 10014 SO 
-200 200 40 16 390 
-225 127 40 16 - 204 
-90 80/330 3SO' 14' 15.68K 560 
-70 165 32 6 205 

-2.0 90/500 - 100 600 
-180 300 60 19 . - 575 
-350 250 70 35 380 
-140 100 2.0 4 75 
-60 70/450 380' 13' 11.6K 725 
- 22/500 988 27' S05 

-100 357 94 29 464 
-150 333 90 32 750 
-160 2SO 60 22 - 335 
-180 225 45 17 - 400 
-200 200 38 14 435 

0 220/700 460' 46' 4.2K 630 
200 3SO 45 22 455 

-350 335 45 29 - 7SO 
-520 250 29 24 335 
-520 225 20 16 400 
-520 200 14 11 - 435 
-40 200/700 780' 38' 3.8K ~ 
-70 300 85 75" 555 
-95 300 110 85" - 710 

-110 285 90 85" - 805 
-120 250 SO 70" 82ll. 
~ 22/S00 98' 27' - 505 
125 665 115 25 700 

-200 600 125 39 - 900 
-200 420 55 18 500 
-300 440 60 26 - 680 
-350 400 60 29 - 800 

65 1065' 330· 25' 2.84K 1000 
-250 665 90 33 700 
-300 600 85 36 900 
-500 250 30 18 410 
-500 500 75 52 810 
-525 zoo 18 11 425 
-550 400 50 36 830 
-118 270/572 236' 0 2.54K 256 
-230 160/483 46Q9 0 8.5K 610 
-118 1140' 490' 39' 2.75K 1100 
-125 445 85 23 780 
-160 335 70 20 HUll 

-300 335 75 30 635 
-240 335 70 26 800 
-70 100'/7SO 4009 20' 9.5K 1650 
- 22/500 98' 27' - S05 

0 100/333 120 32 655 
-110 3SO 92 105" 1080 
-70 3SO 95 85 ~ 

0 72/400 140 35 640 
370 115 30 5K 750 

75 300 115 22 850 
0 180/670 300 65 1360 

-8.2 1000 - 57 - 1520 
'Peak af grld·to·grld volts. 

10 Plate·pulsed 1000·MHz. osc. 
11 Includes bias loss, grid dissipation, and feed· 

through power. 
l21000·MHz. cw osc. 
13 Max. grid dissi~ation in watts. 
14 Max. cathode current in mAo 
l! forced-air cooling required. 
16 Plata-pulsed 3300·MHz. osc. 
"1900·MHz. cw OSC. 
11 No Class-B data available. 

-



Table 2 - Tetrode and Pentode TransmIttIng Tubes 

Maxlmllm Ratings Cathode CapacItances Typical Operation 

I 
... i c 

.J.:l! ~:l! 1ft 

i C C C :E:fg on t! .... h .. '" C,. c. •• E E E .!i~ E C!~ Type .!!;t i~ on 1; Base -:I e& ~ ~ ~ .c 
Q c .. Cc c" I! pF pF 

;.~ " c" " c cc c ~t lLo t:l~ ,,'" ".2 
..... .0: 8- '" ..... '" oS I! "I! ... ~ So .! I!~ ~~ J!! .;~ !~ 

..... ... .5 !L. .... ~ .. .. ;; I!- E ... :: .. ~ I!~ .e .. .... 
iii:!. a:~ ell:!. elI~ ~ ocl! a:: elI~ ::10 ".::'0 _::I u::l '£:::::I ,tl ".3 "'0 ...... C <II> c:I> ILU <IIU c:lU CIL 

8203 1.8 400 - - 250 6.3 0.16 4.2 2.2 1.6 12AQ C·P/C·T 155 - - 14/270()1 21 - 5 0.4 - 1.55 

6.3 0.75 C·T 200 200 - -20 60 13 2 1.0 7.5 
6939' 7.5 275 3 200 500 6.6 0.15 1.55 Fig. 13 C·P 180 180 -20 55 11.5 1.7_ 1.0 6 12.6 0.375 - -

C·M 200 190 - 68K' 46 10 2.2 0.9 - -
7551 12 300 2 250 175 12.6 0.38 10 0.15 5.5 9lK C·T 300 250 - -55 80 5.1 1.6 1.5 - 10 
7558 6.3 0.8 C·P 2SO 2SO - -75 70 3.0 2.3 1.0 7.5 . C·T - 350 250 - -28.5 48.5 6.2 \.6 0.1 - 12 

~ 13.5 3SO 2 2SO 50 6.3 0.75 
9.5 0.3 4.5 9K C·P 300 250 - -42.5 50 6 2.4 0.15 - 10 

6417 12.6 0.375 C·M' 300 250 - -75 40 4 1 0.6 2.1 
C·M' 300 235 - -100 35 5 1 0.6 - \.3 

~ 6.3 0.8 CoT 600 185 - -45 66 10 3 0.17 - 27 
J3.5 600 2.5 200 125 12.5 0.2 7 7CK C·P 500 180 -50 54 9 2.5 0.15 18 

12.6 0.4 -6893 AB, 500 200 -25 9/45 10' 0 0 15 - -
C·T 300 200 - -45 100 3 3 0.2 18.5 

6360' 14 300 2 200 200 6.3 0.82 6.2 0.1 2.6 Fig. 13 C·P 200 100 - 15K' 86 3.1 3.3 0.2 - 9.8 
12.6 0.41 C·M" 300 150 - -100 65 3.5 3.8 0.45 4.8 

AB, 300 200 - -21.5 30/100 1/11.4 64' 0.04 6.5K 17.5 
C·T·O 450 250 - -45 75 15 3 0.4 - 24 

2E25 15 4SO 4 2SO 125 6 0.8 8.5 0.15 6.7 5BJ C·P 400 200 - -45 60 12 3 0.4 - 16 
AB,' 450 2SO - -30 44/1SO 10/40 3 0.9' 6K 40 

832A' 15 750 5 250 200 6.3 1.6 8 0.07 3.8 7BP C·T 750 200 - -65 48 15 2.8 0.19 26 
12.6 0.8 C·P 600 200 - -65 36 16 2.6 0.16 - 17 

6252/ 6.3 1.3 CoT 600 2SO -60 140 14 4 2.0 
20 750 4 300 300 6.5 2.5 Fig. 7 C·P 500 250 -80 100 12 3 4.0 AX9910' 12.6 0.65 - -

B 500 2SO - -26 25/73 0.7/16 52' - 20K 23.5 
C·T 450 250 - -45 100 8 2 0.15 - 31 

1614 25 450 3.5 300 80. 6.3 0.9 10 0.4 12.5 7AC C·P 375 250 - -50 93 7 2 0.15 -- 24.5 
AB,' 530 340 - -36 60/160 20' - - 7.2K 50 

815' 25 500 4 200 125 6.3 1.6 13.3 0.2 8.5 8BY CoT·O 500 200 - -45 150 17 2.5 0.13 - 56 
12.6 0.8 AB, 500 125 - -15 22/150 32' - 0.36' 8K 54 

m:A C·T ~ ~o - -66 135 9 z.5 U.Z 4H 
6.3 1.25 750 160 - -62 120 11 3.1 0.2 70 

- C·T" 400 19~ - -54 150 10.4 2.2 3.0 - 35 8032 ' 
6883 25 750 3 2SO 60 12.6 0.585 13 0.24 8.5 7CK C·P 400 150 - -87 112 7.8 3.4 0.4 - 32 

- 600 150 - -87 112 7.8 3.4 0.4 52 

AB,' 600 190 - -48 28/270 1.2/20 2' 0.3 5K 113 
6159B 26.5 0.3 750 165 - -46 22/240 0.3/20 2.6' 0.4 7.4K 131 

AB,' 750 195 - -50 23/220 1/26 100' 0 8K 120 

~ 6.3 1.25 C·T 600 200 - -44 120 8 3.7 0.2 56 
25 600 300 100 7 0.11 3.4 Fig. 76 C·P 500 200 -61 100 7 2.5 0.2 - 40 

6850 - 12.6 0.625 -
AB, 500 200 - -26 20/116 0.1/10 2.6 0.1 11.1K 40 

807 CoT 750 250 - -45 100 . 6 3.5 0.22 50 
807W 30 7SO 3.5 300 60 6.3 0.9 12 D.2 7 5AW C·P 600 275 - -90 100 6.5 4 0.4 42.5 
5933 AB, 750 300 - -35 15/70 3/8 75' 0 - 72 
~ 12.6 0.45 5AZ BIO 750 - - 0 15/240 - 555' 5.3' 6.65K 120 
2E22 30 750 10 2SO - 6.3 1.5 13 0.2 8 5J CoT·O 750 250 22.5 -60 ' 100 16 6 0.55 53 

6146B/ 
C·T 750 200 - -77 160 10 2.7 0.3 85 

8298A 35 750 3 250 60 6.3 1.125 13 0.22 8.5 7CK C·P 600 175 - -92 140 9.5 3.4 0.5 - 62 
AB 750 200 - -48 25/125 6.3 - - 3.6K 61 

AX· 6.3 \.8 9903' 40 600 7 2SO 2SO 12.6 0.9 6.7 0.08 2.1 Fig. 7 C·T 600 2SO - -80 200 16 2 0.2 - 80 
5894A 

829B' 6.3 2.25 C·T 500 200 - -45 240 32 12 0.7 83 
40 750 7 240 200 14.5 0.12 7 7BP C·P 425 200 -60 212 35 11 0.8 - 63 3E29' 12.6 1.125 

-
B 500 200 - -18 27/230 - 56' 0.39 4.8K 76 

3D24 45 2000 10 400 125 6.3 3 6.5 0.2 2.4 Fig. 75 C·T·O 
2000 375 - -300 90 20 iO 4.0 140 
1500 375 - -300 90 22 10 4.0 - 105 

12.6 1.6 Fig. 26 C·T 
750 300 100 240 26 12 1.5 135 

4D22 25.2 0.8 600 300 - -100 215 30 10 1.25 100 
- SO 7SO 14 3SO 60 28 0.27 13 600 - - -100 220 28 10 1.25 100 

C·P 4D32 6.3 3.75 Fig. 27 550 ..:.. - -100 175 17 6 0.6 - 70 
AB,' 600 2SO - -25 100/365 26' 70' 0.45' 3K 125 

8117' 60 750 7 300 175 
b,;j .H 11.8 3.7 0.09 Fig. 7 AB, 600 250 - -32.5 60/212 1:9/25 - - 1410 76 
12.6 0.9 

d14 65 1500 10 300 30 10 3.25 13.5 0.1 13.5 Fig. 64 CoT 1500 300 90 150 24 10 1.5 160 
C·P 1250 300 ,- -150 145 20 10 3.2 130 

C·T·O 1500 250 85 150 40 18 3.2 165 
3000 250 - -100 115 22 10 1.7 - 280 

4·65A 65 3000 10 600 150 6 3.5 8 0.08 2.1 Fig. 25 C·P 1S00 250 - -125 120 40 16 3.5 140 
2500 250 - -135 110 25 12 2.6 . 230 

AB, 2500 400 - -85 15/66 3' - - - 100 

7854' 68 1000 8 300 175 6.3 1.8 6.7 2.1 0.09 Fig. 7 C·T 750 260 -75 240 12.7 5.5 3.5 123 
12.6 0.9 C·P 600 225 - -75 200 7.8 5.5 3.5 85 

4E27/ 75 4000 30 7SO 75 7.5 12 0.06 6.5 7BM C·T 2000 SOO 60 -200 150 11 6 1.4 - 230 
8001 5 c·p 1800 400 60 -130 135 11 8 1.7 - 178 

C·r.C·P 
2000 400 0 -125 ISO 12 5 0.8 220 

Pl·177A 75 2000 10 600 175 6 3.2 7.5 0.06 4.2 Fig. 14 1000 400 0 -105 ISO 16 . 5 0.7 100 
AB, 2000 600 - -115 25/175 0/7 0 0 - 210 

7270 425 175 6.3 3.1 8 0.4 0.14 Fig. 84 CoT 850 400 100 275 15 8 10 135 
7271 80 1350 -

13.5 1.25 AB, 665 400 - -119 220 15 6 10 - 85 
8072 100 2200 8 400 500 13.5 1.3 16 0.13 0.011 Fig. 85 CoT·O 700 200 - -30 300 10 20 5 85 
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Table 2 - Tetrode and Pentode Transmitting Tubes - Continued 

Maximum Ratings Cathode Capacitances 

.;! .. HI-. .!.= .... i5~ C,. 1f .. Type i5~ '" c'" ii I! pF Cc 

~i ·0 II'" • 11: • .1.2 I!~ "'- .:l ... .. - h, I!;; ;! E iLl a:: U. elI~ ...... C 

6.3 2.1 
6816' 115 1000 4.5 300 400 14 0.085 ~ 26.5 0.52 

8131l 125 2S00 20 800 30 10 5 16.3 0.25 

4·125A 
4D21 125 3000 20 600 120 5 6.5 10.8 0.07 
6155 

4E27A/ 
5-1258 125 4000 20 750 75 5 7.5 10.5 0.08 

803 125 2000 30 600 20 10 5 17.5 0.15 

7094 125 2000 20 400 60 6.3 3.2 9.0 0.5 

4XI50A 6 2.6 15.5 0.03 
ffi5OG15 ISO' 2000 12 400 500 

2.5 6.25 27 0.035 
8121 ISO 2200 8 400 500 13.5 1.3 16 0.13 

4·250A 
5D22 2SO' 4000 35 600 110 5 14.5 12.7 0.12 
6156 . 
4X250B 2SO' 2000 12 400 175 6 2.1 18.5 0.04 

703~ 2SO 2000 12 300 6 2.6 4XI A 
ISO 16 0.03 

7035" 2SO 2000 12 400 26.5 0.58 4XIOD 

4CX-
300A 300' 2000 12 400 500 6 2.75 29.5 0.04 

175A 400 4000 25 600 - 5 14.5 15.1 O.OS 

4-400A 400' 4000 35 600 110 5 14.5 12.5 0.12 

8122' 400 2200 8 400 500 13.5 1.3 16 0.13 

5·500A 500 4000 35 600 30 10 10.2 19 0.10 

8166, 
4·100A 1000 6000 75 1000 - 7.5 21 27.2 .24 

4CXIOOOA 1000 3000 12 400 400 6 12.5 35 .005 

-

8295/ 1000 3000 30 600 6 8.2 38 .09 172 -

" Grid-resistor. 
, Doubler to 175 MHz. 
, Dual tube. Values for both sections, in push-pull. Interelectrode 

capacitances, however, are for each section. 
4 Tripier to 175 MHz. 

. ' filament limited to intermittent operation. 
'Values are for two tubes 
7 Max.-signal value. 
, Peak grid-to-grid volts. 
, Forced-air cooling required. 

10 Two tubes triode connected, G, to G, througb 20K !l. Input to G,. 
11 Tripier to 200 MHz. 
12 Typical Operation at 175 MHz. 
13 ± 1.5 volts. 
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Co.t 
pF 

0.015 

14 

3.1 

4.7 

29 

1.8 

4.5 

4.5 
0.011 

4.5 

4.7 

4.4 

4.8 

9.8 

4.7 

0.011 

12 

7.6 

12 

18 

Base 
. 

Fig. 77 

58A 

5BK 

7BM 

5J 

Fig. 82 

Fig. 75 

-
Fig. 5 

5BK 

Fig. 75 

Fig. 75 

-

Fig. 86 

5BK 

Fig. 86 

-

-

-

-

o~ '" =.~ 
.. .... 

Del! £~ 
C·T·O 900 
C·P 700 
AB,' 8SO 
AB,' 8SO 

C·T·O 
12SO 
22SO 

AB1 , 2500 

AB,' 
2000 
2500 

C·T·O 
2000 
3000 

AS,' 2500 
AS,' 2500 
GG 2000 

C· 3000 
1000 

C·T 2000 
C·P 1600 
C·T 1500 
C·P 1200 
AS, 2000 
C·T·O 12SO 
C·P 1000 
AS,' 12SO 
C·T·O 1000 

C·T·O 2500 
3000 

C·P 
2S00 
3000 

AS,' 2000 
AS,' 2500 
C·T·O 2000 
c·p 1500 
AS,' 2000 
C·T·O 2000 
C·P 1600 
ASz' 2000 
AS,' 2000 
C·T 2000 
c·p 1S00 
AS,' 2000 

C·T-C·P 4000 
2500 

AS, 2500 
C·T-C·P 4000 
GG 2S00 
AS1 2500 
C·T·O 2000 
C·T 3000 
C·T 3100 
AS, 3000 
C·T 3000 
c·p 3000 
AS, 4000 
GG 3000 

2000 
AS,' 2500 

3000 
2000 

C·T 2500 
3000 
2000 

AS, 2500 
3000 

Typical Operation .. 
c .. c c c ';::a .. 

0 E E E i5~ E .. 
c'" !'" .. - - 'E '" c cc ~~ 11.0 
~l ~! 

.. .sf! "I! "I! ,,:1 H 'co .... I! .. ·c ~ .... 
elI~ cil~ -" ella ::. Ill> II.U IlIU 

300 - -30 170 1 10 3 -
2SO - -so 130 10 10 3 -
300 - -15 80/200 0/20 30' 0 7K 
300 - -15 80/335 0/25 46' 0.3 3.96K 
300 0 -75 180 35 12 1.7 -
400 0 -155 220 40 15 4 -
750 0 -95 25/145 277 0 0 -
7SO 0 -90 40/315 1.5/58 230' 0.17 16K 
7SO 0 -95 35/360 1.2/55 235' 0.357 11K 
3SO -100 200 so 12 2.8 
3SO - -ISO 167 30 9 2.5 -
3SO - -43 93/260 0/6 178' 1.07 22K 
600 -96 SO/232 0.3/8.5 192' 0 2O.3K 

0 - 0 10/10517 3017 5517 1617 .10.5K 
500 60 -200 167 5 6 
7SO 0 -170 160 21 3 
500 40 -90 160 45 12 
400 100 -80 150 45 25 
400 - -100 330 20 5 
400 - -130 275 20 5 
400 - -65 30/200 357 60' 
2SO - -90 200 20 10 
2SO -105 200 20 15 
300 - -44 4757 0/65 100' 
200 - -30 300 10 30 
500 -ISO 300 ·60 9 
500 - -180 345 60 10 
400 - -200 200 30 '9 
400 - -310 225 30 9 
300 - -48 510' 0/26 198' 
600 - -110 4307 0.3/13 180' 
250 - -90 250 25 27 
2SO -100 200 25 17 
350 - -so 5007 307 100' 
250 - -88 2SO 24 8 
2SO - -118 200 23 5 
300 - -SO 100/500 0/36 lOS' 
300 - -so 100/470 0/36 100' 
2SO - -90 2SO 25 27 
250 - -100 200 25 17 
3SO - -50 5007 307 100' 
600 0 -200 350 29 6 
600 0 -180 3SO 40 7 
750 - 143 100/350 1/35 0 
300 - -170 270 22.5 10 

0 0 80/27017 5517 10017 

7SO - 130 95/317 0/14 0 
200 - -30 300 5 30 
500 0 -220 432 65 35 
470 0 -310 260 50 15 
750 0 112 320 26 -
500 - -ISO 700 146 38 
500 - -200 600 145 36 
500 - -60 300/1200 0/95 -

0 - 0 100/70017 10517 17017 

325 - -55 500/2000 -4/60 -
325 - -55 500/2000 -4/60 -
325 -55 500/1$00 -4/60 
500 35 -175 850 42 10 
500 35 -200 840 40 10 
SOO 35 -200 820 42 10 
500 35 -110 200/800 12/43 110' 
500 35 -110 200/800 11/40 115' 
500 35 -115 220/800 11/39 115' 

'4 KEY TO CLASS-Of-SERVICE ABBREVIATIONS 
AB, = Class· AS,. 
AB, = Class-AB,. 
B = Class-B push-pull af modulator. 
C·M = Frequency multiplier . 
C·P = Class-C plate-modulated telephone. 

, C· T = Class-C telegraph. 

1.6 
0.6 
2 
5 
4 
5 
0 
0.8 
2 
0.157 
5 
1.7 
2.6 
2.2 
3.2 
5.57 
0 
2.8 
2.1 
0 
2.5 
3 
0.2 
0 
2.8 
2.1 
0 
1.4 
1.6 
0 

10 
3817 

0 
5 
12 
6 

11 
12 
11 

13017 

-
-

1.9 
2.1 
2.1 

-

C·T·O = Class-C amplifier-osc. 
GG = Grounded-grid (grid and screen connected together). 

15 No Class B data available. 
18 HK257B 120 MHz. full rating. 
17 Single tone. 

-

-
-

12K 
-

5.6K 
-

-
-

8K 
11.4K 

-

8.26K 
-
-

8.1K 
8.76K 
-

8.26K 
-

4.0K 

-

-
7K 
2.5K 
2.8K 
3.1K 
3.85K 

-
2.65K 
3.5K 
4.SK 

-" ~:a 
C!~ " .. h ::. 

80 
45 
80 

140 
170 
375 
245 
455 
6SO 
275 
375 
400 
330 
H5 
375 
115 
210 
155 
340 
240 
2SO 
195 
140 
425 
165 
575 
800 
375 
510 
6SO 
625 
410 
2SO . 
6SO 
370 
230 
b30 
580 
410 
2SO 
6SO 
960 
600 
570 
720 
325 
425 
300 
805 
580 
612 

1430 
1390 
3000 
1475 
2160 
2920 
3360 
1155' 
1440 
1770 
1040 
1260 
1590 



Table 3 

TV Deflection Tube. 

.. 
u 
C 

.~ .,. !! Heater .. U ';;1 :::s:: ~j -is . 0'; ~;: 
Type Cc gE >~ 

~.~ ~o ~e "!& 
ell I Cu 

~E A:i ,;l:i ,c 

6DQ5 24 3.2 10.5k 2.5 
6DQ61 18 3.6 7.3k 1.2 
6FH6 17 3.6 6k 1.2 
66C6 17.5 4.5 6.6k 1.2 

6615 17.5 3.5 7.lk 1.2 

6HF5 28 5.5 11.3k 2.25 

6116 17.5 3.5 7.lk 1.2 

&JE6C 30 5 10.5k 2.5 

6166A 17 3.5 10k 1.6 

61M6 17.5 3.5 7.3k 1.2 

6JN6 17.5 3.5 7.3k 1.2 
&JS6C 30 5.5 2.25 
6KD6 33 5 14k 2.85 
6LB6 30 5 13.4k 2.25 
BL6& 28 5 11.5k 2 
&LQ& 30 5 9.6k 2.5 
6MH& 38.5 7 14k 2.65 

Note: 'For AS! operation, input data is average 
z.tone value. Output power is PEP. 

G2 Gt 

8JX 

NC IC 

12FY 

Capacitances 

Cin ~f Cout 
pF pF 

23 0.5 11 
15 0.5 7 
33 0.4 8 
15 0.55 7 

15 0.26 6.5 

24 0.56 10 

15 0.2 6 

24.3 14.5 

22 O'} 9 

16 0.6 7 

16 0.34 7 
24 O} 10 
40 0.8 16 
33 0.4 18 

-25 0.8 13 
22 1).46 11 
40 1.0 20 

9QU 

RF Operation (Up to 30 MHz) .. '5 C 
'>", ~ .. c c c .;:s:: 

~I E E E ~:2 
'15~ .. c .. .. 1: C- 1: Ki h ='E .. =' a:=' .. 

~§ ~~ .. 
ease 

OJ: -:;;= ~j 
. :2~ -ct: 

A:~ ~o ella 'C :::J <>'0 <>.0 
I!) > o..u I!)U co.. co.. 

8JC 
6AM C 400 200 -40 100 ' 12 1.5 0.1 25 
6AM 
III 

9NM C 500 200 -75 180 15 5 0.43 63 
AS! 500 200 -43 85 4 35 

12FI C 500 140 -85 232 12.5 8 0}6 77 
AS! 500 140 -46 133 4.5 58 

9QL C 500 200 75 180 13.3 5 0.43 63 
ASi 500 200 -42 85 4.2 35 

9QL C 500 125 -85 222 17 8 0.82 76 
AS 500 125 -44 110 3.9 47 

9QU C 450 150 -80 202 20 8 0.75 63 
AS! 450 150 -35 98 4.5 38 

12FI C 500 200 -75 190 117 4 0.32 61 
AS! 500 200 -42 85 4.4 37 

12FK 
12FY 
126W GG 800 0 -11 150 12.5 82 
1261 
12HL 
9QL 
12GW 

12FJ 12FK 

NC P IC IC 

IC 

t2GJ 12HL 
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Table 4 

RF Small·Slgnal and Power Transistors 
High Frequency, Low Voltage Amplifier Transistors 

The transistors listed in this table are specified for operation in RF Power. amplifiers and are listed by specific application at a given test frequency. 
Modulation type is given in each appli.cation heading. Courtesy Motorola Semiconductor Prod. Inc. 

Pin Pout GpE Vee Pin Pout GpE Vee 
Input Output Power Supply Input Output Power Supply 

DevIce Power Power GaIn Voltage DevIce Power Power Gain Voltage 
Type Watts Watts dB Min Volts Package Type Watts Watts dB Min Volts Package 

2-30 MHz, SSB TransIstors MRF216"" 8.5 40 6.7 12.5 316·01 

MRF476 0.1 3.0 PEP 15 12.5 TO·220 MRF243 " " 12.0 60 7.0 12.5 316-01 

2N6367 0.36 9.0 PEP 14 12.5 211-07 MRF245"~ 18.2 80 6.4 12.5 316-01 

MRF475 1.2 12 PEP 10 13.6 TO·220 "Grounded Emitter TO·39 Package. 
MRF432" 0.125 12.5 PEP 20 12.5 211-07 ""Controlled "0" Transistor. 
MRF433 " 0.125 12.5 PEP 20 12.5 211-07 
MRF406 1.25 20 PEP 12 12.5 211-07 220 MHz FM Transistors 
MRF460 2.5 40 PEP 12 12.5 211-10 

MRF207 0.15 1.0 8.2 12.5 TO·39 MRF421 10 100 PEP 10 12.5 211-08 
MRF225 0.18 1.5 9.0 12.5 TO·39 

"PNP/NPN Complements for Complementary Symmetry Driver. MRF227" 0.13 3.0 13.5 12.5 TO·39 
For Matched Pairs, Order MK433. MRF208 0.1 10 10 12.5 145A-09 

MRF226 1.6 13 9.0 12.5 145A-09 
2N6370. 0.62 10 PEP 12 28 211-07 MRF209 9.1 25 4.4 12.5 145A-09 
MRF432 0.125 12.5 PEP 20 12.5 211·07 

"Grounded Emitter TO·39 Package. MRF433 0.125 12.5 PEP 20 12.5 211·07 
2N5070 1.25 25 PEP 13 28 TO.so 

407·512 ¥Hz, UHF FM Transistors MRF401 1.25 25 PEP 13 28 145A-09 
MRF427A 1.56 25 PEP 12 50 145A·10 2N6256 0.05 0.5 10 12.5 249-05 
2N5941 2.0 40 PEP 13 28 211-07 MRF626 0.05 0.5 10 12.5 305-01 
MRF463 2.53 80 PEP 15 28 211-08 MRF627 0.05 0.5 10 12.5 305A-01 
MRF464 . 2.53 80 PEP 15 28 211-11 MRF628 0.05 0.5 10 12.5 249-05 
MRF464A 2.53 80 PEP 15 28 145A·10 MRF515 0.12 0.75 8.0 12.5 TO-39 
MRF422 15 150 PEP 10 28 211-08 2N3948 0.25 1.0 6.0 13.6 TO·39 
MRF428 7.5 150 PEP 13 50 211-08 2N5644 0.20 1.0 7.0 12.5 145A-09 
MRF428A 7.5 150 PEP 13 50 307-01 MRF629" 0.32 2.0 8.0 12.5 TO·39 

2N5944 0.25 2.0 9.0 12.5 244-04 
14·30 MHz Amateur Transistors 2N5945 0.64 4.0 8.0 12.5 244-04 

MRF8003 0.025 0.5 13 12.5 TO·39 2N5946 2.5 10 6.0 12.5 244-04 

MRF8004 0.35 3.5 10 12.5 TO·39 MRF641"" 3.75 15 6.0 12.5 316.01 

MRF449 0.30 30 10 13.6 211-07 MRF644 " " 5.9 25 6.2 12.5 316-01 

MRF449A 0.30 30 10 13.6 145A-09 MRF646"" 13.3 40 _ 4.8 12.5 316-01 

MRF450 4.0 50 11 13.6 211-07 MRF648"" 22 60 4.4 12.5 316-01 

MRF450A 4.0 50 11 13.6 145A-09 "Grounded Emitter TO·39 Package. Case 79-03 
MRF453 4.8 80 11 12.5 211·10 ""Controlled "0" Transistor. 
MRF453A 4.8 60 11 12.5 145A·10 
MRF455 4.8 60' 11 12.5 211-07 106·175 MHz, VHF A·M Transistors 
MRF455A 4.8 60 11 12.5 145A-09 

2N3866 0.1 1.0 10 28 TO·39 MRF454 5.0 80 12 12.5 211-11 
MRF454A 5.0 80 12 12.5 145A·10 2N3553 0.25 2.5 10 28 TO·39 

2N5641 1.0 7.0 8.4 28 144-05 

130-175 MHz VHF FM Transistors 2N5642 3.0 20 8.2 28 145A-09 
MRF314 3.0 30 10 28 211-07 

MRF604 0.1 1.0 10 12.5 TO·46 MRF314A 3.0 30 10 28 145A-09 
2N4427 0.1 1.0 10 12 TO·39 2N5643 6.9 40 7.6 28 145A-09 
MRF607 0.1 1.75 12.5 12.5 TO·39 MRF315 5.7 45 9.0 28 211-07 
2N6255 0.5 3.0 7.8 12.5 TO·39 MRF315A 5.7 45 9.0 28 145A-09 
2N5589 0.44 3.0 8.2 13.6 1448-05 . MRF316" 8.0 80 10 28 316-01 
MRF237" 0.25 4.0 12 12.5 TO·39 MRF317 " 12.5 100 9.0 28 316-01 
2N6080 0.25 4.0 12 12.5 145A-09 

"Controlled "0" Transistor. 2N5590 3.0 10 5.2 13.6 145A-09 
MRF212 1.25 10 9.0 12.5 145A·og 

806·947 MHz, UHF FM Transistors 2N6081 3.3 15 6.3 12.5 145A·09 
MRF221 3.3 15 6.3 12.5 211-07 MRF816 0.075 0.75 10 12.5 249.05 
MRF215"" 0.33 ·20 8.2 12.5 316.01 MRF838 0.22 1.0 6.5 12.5 305A-01 
2N5591 9.0 25 4.4 13.6 145A-09 MRF838A 0.22 1.0 6.5 12.5 305A-01 
2N6082 6.0 25 6.2 12.5 145A-09 MRF817 0.59 2.5 6.2 13.6 244-04 
MRF222 6.0 25 6.2 12.5 211·01 MRF840 1.1 8.0 8.0 12.5 319-01 

.,2N6083 8.1 30 5.7 12.5 145A-09 MRF842 5.0 20 6.0 12.5 319-01 
MRF223 8.1 30" 5.7 12.5 211-07 MRF844 8.1 30 5.7 12.5 319-01 
2N6064 14.3 40 ,4.5 12.5 145A-09 MRF846 10 40 6.0 12.5 319-01 
MRF224 14.3 40 4.5 12.5 211-07 
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Table 5 
UHF lind Microwave Oscillators 

- The transistors listed below are for uhf and microwave-oscillator applications as initial signal sources or as output stages of low-power transmitters. 
Devices are listed-in order of Increasing test frequency. . 

Test Conditions PO!JJ fr Test Conditions Pout fr 
Device f Vcc m MHz Device F Vcc mW MHz 
Type MHz Volts Min Min Package TYP,e MHz Volts Min Min Package 

2N5179 500 10 20 900 TO,72 2N5108 1680 20 300 1200 TO-39 
2N2857 500 10 30 1000 TO-72 MRF905 1680 20 500 2200 TO-46 
2N3839 500 6.0 30 1000 TO-72 2N3866 400 15 1000 500 TO-39 
MM8009 1680, 20 200 1000 TO-39 

Table 6 

Low·Noise Transistors 
The low-noise devices listed are produced with carefully controlled rb' and fT to optimize device 
noise performance. Devices listed in the matrix are classified according to noise figure perfor· 
mance versus frequency. 

NF Frequency MHz 
dB I 60 100 200 450 1000 2000 Polarity 

1.5 2N5829 2N5829 PNP 
2N5031 2N5031 MRF904 NPN 

2.0 2N4957 2N4957 2N5829 PNP 
2N5032 2N5032 2N5031 MRF904 MRF901 NPN 

2.5 2N4958 2N4958 2N4957 2N582\l PNP 
2N5032 2N5032 2N5032 2N5031 MRF901 NPN 

2N6603 NPN 
3.0 2N4959 2N4959 2N4958 2N4957 2N5829 PNP 

2N2857 2N2857 2N5032 3N5032 MRF901 MRF902 NPN 
2N6604 NPN 

3.5 2N4959 2N4959 2N4959 2N4958 2N4957 PNP 
2N5179 2N5179 2N2857 3N5032 2N5031 MRF901 NPN 

4.0 '2N4959 2N4959 2N4959 2N4959 2N4958 PNP 
2N5179 2N5179 2N5179 2N2857 2N5031 NPN 

4.5 2N4959 2N4959 2N4959 2N4959 2N4959 PNP 
2N5179 2N5179 2N5179 2N2857 2N5032 NPN 

/ --------------------------------------------------------------------------------------------
Table 7 

Small-Signal RF Transistors 

High-Speed Switches 

The transistors listed below are for use as 
high-frequency current·mode switches. They 
are also suitable for rf amplifier and oscillator 
applications. The devices are listed in ascend· 
ing order of collector current. 

Test 
Conditions fr 

Device ICNCE MHz rb'Ca 
Type mANolts Min. Max Package 

M04957 2.0/10 1000 20 TO-78 
2N3959 10/10 1300 25 to-18 
2N3960 10110 1600 40 TO-18 
2N5835 1016.0 2500 5.0" TO·72 
MM4049 , 20/5.0 4000 15 TO-72 
MRF914 20/10 4500" - TO-72 
2N5842 25/4.0 1700 40 TO-72 
2N5841 25/4.0 2200 25 TO·72 
MRF531 50/25 500 TO-39 
MRF532, 50/25 500 TO-39 
2N5583 * 50/10 ·1000 8.0" TO-39 
2N5836 50/6.0 2000 6.0" TO'46 
2N5837 100/3.0 1700 6.0" TO-46 

*PNP 
··Typ. 

VHF and UHF Class A Linear Transistors 

The devices listed below are excellent for Class A linear applications. The devices are listed 
according to increasing current-gain (fT)' 

Nominal Test 
Conditions 

Device VCEllc 
Type Volts/mA 

MRF501 6/5 
MRF502 6/5 
2N5179 6/5 
BFY90 5/2 
BFW92 5/2 
2N6305 5/10 
BFX89 5/25 
2N5109 15/50 
2N5943 15/50 
2N6304 5/10 
MRF511 20/80 
MRF517 15/60 
BFR90 10/14 
BFR91 5/35 
BFR\l6 10/50 

'Typ. 

fr 
MHz 
Min. 

600 
800 
900 

1000 
1000 
1200 
1200 
1200 
1200 
1400 
1500 
2200 
5000' 
5000' 
5000' 

Noise Figure 

Max/Freq. 
MHz 

4.5'/200 
4.0'/200 
4.5/200 
5.0/500 
4.0/500 
5.51450 
6.5/500 
3.0'/200 
3.4/200 
4.5/450 
7.3'/200 
7.5/300 
2.4'/500 
1.9'/500 
3.3'/500 

Distortion Specifications 
2nd 3rd Output 
Order Order Level 
IMD IMD dbMV 

-50 

-50 
-60 

-65 
-72 

+50 

+50 
+45 

Package 

TO-72 
TO-72 
TO·72 
TO-72 
302A-01 
TO-72 
TO-72 
T0-39 
T0-39 
TO-72 
1440-04 
TO-39 
302A-01 
302A-01 
302A-01 
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Table 8 

Package Information 

Package Overview 

~ CASE 22-113 

\\ TO·IS 

E~C .It CASE 20-113 

~\ TO·72 

E0c 
~ASE 

\ 

CA. SE 26-03 
T0-46 

B 

EtA\C 
C; 

:y: 

B 

~~~, TIJTb-60 

~CAS~79-112 
\\\ TO·39 

E~C 

E <:::V C 

B~E 

~- CASE 79·03 

TO·39 

B 

Ert!JC 

CASE 144A-II3 E~ C 
CASE 1440-115 C " CASE.'4SA·'0 

E.~~. ~ E C 

~~E 
CASE 211·10 

'B~E 
tj CASE 144B-IIS 

~B 

C~E 
CASE 21HI7 
CASE 211-89 ~E"'" , 

:~., 
~. ~44-114 .3€, CASE 211-68 

CASE 211-11 

~
B~ 

E --- E 

~ c' NARROW STRIP 

CASE 278-11S ....... B 

:_BE 
C~E 

CASE 302A·Ol 

~E 
E~B 

CASE 303·01 

CASE 249·0S 

C E 

TO·220AB B E 

~CASE 387-111 

ETC E~: 
CASE lOSA-III 

. ' E 
~'.; B 

E~·~''''.'-1 

CASE 319-111 
CASE 302-111 

C~'E 
/. • B 

E CASE 3OS-ll1 

~~31&-IIl 

~~ 

Standard Strlpllne OpPoaed EmlHer (SOE) 
and Flange Mount Package. 

Number Lead Stud Number Lead 
Package BodyO.D. of Leads Width Thread Package Body O.D. of Leads Width· 

Stud Mount 278-05 0.380 4, CO Wide 
1448-04 0.380 4 Narrow 8-32 319-01 (CSI2) 0.230 4, CO Narrow 

1440-05 0.280 4 Narrow 8-32 Studless 
145A-09 0.380 4 Wide 8·32 

144C-04 0.380 4 N.arrow 145A-l0 0.5O<i 4 Wide 10-32 
207A-Ol 0.280 4 Narrow 

145C-03 0.500 2 Wide 10·32 
249-05 0.280 4 Wide 

244-04 0.280 4 Wide 8·32 305A-Ol 0.200 4 Narrow 
305-01 0.200 4 Narrow 8-32 
307-01 0.550 4 Wide 1/4·28 Sma"·Signal Plastic 

Flange 302-01 0.188 4 Narrow 
302A-Ol 0.188 3 Narrow 

211-08 0.500 4 Wide Fange 
211-07 0.380 4 Wide Flange Ceramic 
211·10 0.470 4 Narrow Flange 303-01 0.100 4 Narrow 
211·11 0.490 4 Wide Flange 
215-02 0.380 2 Wide Flange 
316-01 0.500 4, CO Wide Flange 

23-17 Chapter 23 

Stud 
Thread 

Flange 
Flange 

Studless 
Studless 
Studless 
Studless , 

Studless 
Studless 

Studless 



Table 9 

Suggested Small·Signal FETs 

Dev/ce 
No; 

2N4416 

2N5484 

2N5485 

3N2oo 

3N202 

MPF102 

Max. 
D/ss. 

Type (mW) 

N-JFET 300 

N-JFET 310 

N-JFET 310 

N-Dual-Gilte 330 
MOSFET 
N-Dual-Gate 360 
MOSFET 
N-JFET 310 

MPF1061 N-JFET 310 
2N5484 
40673 

U300 

U304 

-U310 

U350 

U431 

N-Dual-Gate 330 
MOSFET 
P-JFET 

P-JFET 

N-JFET 

N-JFET 
Quad 
N-JFET 
Dual 

300 

350 

500 

lW 

300 

Max. 
VOS 
(volts) 

30 

25 

25 

20 

25 

25 

25 

20 

-40 

-30 

30 

25 

25 

Min. Input Max. 
VGS(off) gfs C ID 
volts ("mhos) (pF) (mA)* 

-6 4500 4 15 

-'3 2500 5 30 

-4 3500 5 30 

- 6 10,000 4-8.5 50 

-5 8000 6 50 

- 8 2000 4.5 20 

-6 2500 5 30 

- 4 12,000 6 50 

+10 8000 20 -50 

+10 27 -50 

- 6 10,000 2.5 60 

-6 9000 5 60 

-6 10,000 5 30 

Upper 
Freq. 
(MHz) 

450 

200 

400 

500 

200 

200 

400 

400 

450 

100 

100 

Noise 
Figure 
(typ.) 

400 MHz 
4 dB 
200 MHz 
4dB 
400 MHz 
4 dB 
400 MHz 
4.5 dB 
200 MHz 
4.5 dB 

200 MHz 
4 dB 
200 MHz 
6 dB 
40nV/YHz 

450 MHz 
3.2 dB 

100 MHz 
7 dB 

Case 
Type 

TO-72 

TO-92 

TO-92 

TO-72 

TO-72 

TO-92 

TO-92 

TO-72 

TO-18 

TO-18 

TO-52 

TO-99 

TO-99 

Base 
Conn. 

2 

2 

3 

3 

2 

2 

3 

4 

4 

5 

6 

7 

Mfgr. - Applications 
(see code (general) 

5, M ~hf/uhf/rf amp., 
mix.,osc. 

M vhf/uhf amp., 
mix.,osc. 

5 vhfluhf rf amp., 
mix.,osc. 

R vhf/uhf rf amp., 
mix.,osc. 

5 vhf amp., mixer 

N, M hf/vhf amp., mix., 
osc. 

N, M hf/uhf/uhf amp., 
mix.,osc. 

R hf/vhf/uhf amp., 
mix.,osc. 

5 General-purpose 
amp. 

5 analog switch, 
chopper 

S common-gate 
vhf/uhf amp., 
osc., mix. 

5 matched JFET 
doubly bal. mix. 

5 matched JFET 
cascode amp. and 
bal. mix. 

*25"C M = Motorola. N National Semiconductor. R = RCA. 5 Siliconix Inc. D = Drain. 5 Source. G = Gate. 

oz 
o G2 o 

s£:jG J!f D. • Gl 02 
G, CASE .2 Ed· of.:?\E 

~ 
CASE 
(1) 

Table 10 

G S 0 

(2) 

VMOS Power FETs 

Device 
No. 

VMP4 

VN10KM 

VN64GA 

VN66AF 

VN66AK 

VN67AJ 

VN89AA 

IRF100 

IRF101 

Type 

N-Chan. 
(No Zener) 
N-Chan. 
(Zenered) 
N-Chan. 
(No Zener) 
N-Chan. 
(Zenered) 
N-Chan. 
(No Zener) 
N-Chan. 
(No Zener) 
N-Chan. 
(Zenered) 
N-Chan. 
(No Zener) 
N-Chan. 
(No Zener) 

Max. 
Diss. 
(W)* 

25 

80 

15 

8.3 

25 

25 

125 

125 

Max. 
VOS 
(Volts) 

60 

60 

60 

60 

60 

60 

80 

80 

60 

-.. 
S,CASE 
(3) 

Max. Gfs 
10 /lffihos, 
(A) (typ.) 

2 170,000 

0.5 100,000 

12.5 150,000 

2 150,000 

2 250,000 

2 250,000 

2 250,000 

16 300,000 

16 300,000 

*25°C 5 = Sillconix Inc. IR = International Rectifier. 

D 

.~. 
- G 

(II 

D. FLAT 

",...,- SlOE 

SGD 

(2) 

.' s 
(4) 

Input C Output C 
C/as Css 
(pF) (pF) 

32 4.8 

48 16 

700 325 

50 50 

33 6 

33 7 

50 10 

900 25 

900 25 

5 

(5) 

Approx. 
Upper 
Freq. 
(MHz) 

200 

30 

100 

100 

100 

Case 
Type 

380-50E 

TO-92 

TO-3 

TO-202 

TO-39 

TO-3 

TO-3 

TO-3 

TO-3 

Gl, G3 

(6) 

Base 
Conn. 
Mfgr. 

1 
S 
2 
S 
3 
S 
4 
S 
5 
S 
3 
S 
3 
S 
3 
iR 
3 
iR 

Applications 
(general) 

(7) 

VHF pwr. amp., rcvr front end (rf 
amp., mixer). 
High-speed line driver, relay 
driver, LED stroke driver 
Linear amp., power-supply 
switch, motor control 
High-speed switch, hf linear 
amp., audio amp. line driver. 
RF pwr. amp., high-current 
analog switching. 
RF pwr. amp., high-current 
switching. 
High-speed switching, hI linear 
amps., line drivers. 
High-speed switching, audio 
amps., motor control, inverters. 
Same as IRF100 

Zener units have built-in 15-V zener diode from gate to source. 

0~o~ " ~OBEVEL 
BEVEL 

o 
SG 0 

(3) (4) 

S = SOURCE D = DRAIN G = GATE 
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Table 11 

Integrated Circuit Operational Amplifiers 
'i\ 

Max.- Min. Max. Input Min. DC 
Device Fabrication Freq. Supply Input Offse.t 
Type Technology Compo Voltage Resistance Voltage 
301 bipolar ext 36 0.5M 7.5m 

324 bipolar int 32 7m 

353 bipolar/JFET int 36 1T 2m 
358 bipolar int 32 2m 

709 bipolar ext 36 50k 7.5m 
741 bipolar int 36 0.3M 6m 
741S bipolar int 36 0.3M 8m 

747 bipolar int 36 0.3M 6m 
1456 bipolar int 36 1M 12m 
1458 bipolar int 36 0.15M 10m 
1458S bipolar int 36 0.3M 6m 

3140 bipolar/MOSFET int 36 1.5T 2m 
5534 bipolar int 44 30k 5m 

5556 bipolar int 
5558 bipolar int 
TL084 bipolar/JFET int 36 15m 

- From V'+ to V - terminals 

Table 12 

IC Op Amp Base Diagrams (Top view - not to scale) 

OFFSET 
NULL 

-v 

OFFSET 51-----, 
NULL 

LM747CN 
MC1747CP2 
pA747PC 

MC'458P2 
LMlq58N-14 

23-19 Chapter 23 

OFFSET NULL 

v+ 

INPUT, COMP 

A 

INPUT COMP 3 
A 

Open-loop 
Gain (dB) 
88 

100 

100 

84 
88 
86 

88 
88 
84 
86 

86 
100 

LM709CN -B 
MC1709CP-l 
SK 3590 
ECG909 

LM709CN 

LM709J 

MC'709CP2 
pA709PC 

Min. Output 
Current 
(mA) 

5 

10 

10 

5 
5 
5 

5 
5 
4 
5 

1 
38 

INPUT COMPo 

B 

5 OUTPUT 
COMR 

9 OUTPUT 
COMR 

Min. Small-
sig. Band-
width (MHz) 
1 

4 
1 

0.3 
0.4 
1 

0.4 
0.5 
0.5 
0.5 

3.7 
10 

OFFSET 
NULL 

Min. Slew 
Rate 
(VIlAS) Notes 
10 Bandwidth extendable 

with spec. compo 
Quad - Single·supply 
applications 

13 Dual - low noise 
Dual - Single·supply ap· 
plications 

0.15 
0.2 
3 

0.2 
1 
0.3 
3 

9 
13 

13 

MC1Q58CP' 
LF353N 
N5558V 
LM1Q58N 
LM35BN 

Improved 741 for audio 
applications 
Dual 741 

Dual 
Improved 1458 for audio 
applications 
Strobable output 
Low noise - can swing 
20 V Pk·pk across 6000 
Same as type 1456 
Same as type 1458 
Quad - High· 
performance audio ap· 
plications 

pA1458TC 
SK 3465 
ECG778 

ECG941D 
MC.741CP2 
pA7Q.PC 
LM74.CN -14 
MC1456L 
SK3552 



TabJe12 (Cont.) 

pA3~4PC 
pA34BPC 
LM324N 
LM348N 
TL084CN 

MC1709G 

LM709H 

LM!OtAN 

pA301ATC 

CASE 

SK3551 
pA709HC 

OFFSET 
NULL 

LF356H 
LM741CH 
MC1741G 
pA741HC 

FREO. COMP/ 
STROBE 

CASE 

CA3140T 

FREO. 
COMP 

OFFSET 
NULL 

OFFSET 
NULL 

OFFSET NULL/ 

FREO. COMP 3 

pAF356HC 
MC1456G 
SK3553 

OFFSET 
NULL 

OFFSET NULL 

ECG941M 
LF356N 
MC1741CPI 
J,lAF356TC 
LM741CN 
PA741TC 

CA3140E 

FREO. 
COMP 

OFFSET 
9 NULL 

FREO. COMP/ 

STROBE 

OFFSET 
NULL 

LM30tAJ 

jlA30lADC 

LM358H 
LMH5BH 
MC145BG 
SK3557 
JlA1458HC 

MANUFACTURER'S PREFIXES 

MC MOTOROLA 
LF,LM NATIONAL 

N,S $IGNETICS 
ECG SYLVANIA 

CA,SK RCA 

pA FAIRCHILD 

TL TEXAS INSTRUMENTS 

NE5534N 

FREO. 
COMP 

CASE 

LM301AH 

pA301AHC 

v-

pA747HC 
LM747CH 
MC1747G 

FREO. COMP. 
OFFSET NULL 

FREO.COMP. 

v+ 
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A·l Operators club award: 22-8 
A-index: 18-8 
Absorption frequency meter: 16-14 
Absortive filter: 15-8 
Ac: 2-18 
Ac bridges: 16-10 
Ac instruments and circuits: 16-7 
Ac line filter, brute-force: 15-13 
Ac power sources, portable: 10-7 
Active audio filters: 8-27 
Active mixers, FET: 8-17 
Active product detectors: 8-5 
Admittance and susceptance: 2-37 
Agc: 8-23, 8-40 ' 

High-performance circuit: 8-46 
Receiver: 8-19 
System for CA3028A i-f amplifiers: 8-24 

Algebra, Boolean: 4-50 
Alpha: 4-20 

Cutoff: 4-21 
Alternating current (see ac) 
Alternator, maintenance of: 10-9 
Aluminum finishing: 17-5 
Amateur bands, Canadian: 1-4 
Amateur frequency allocations, U.S .. : 1-5, 1-6 
Amateur Radio: I-I 

Emergency Service (ARES): 22-10 
Getting started in: 1-2 

Amateur television: 14-28 
(Also see A TV) 

American Radio Relay League: 1-5 
Ammeter, rf: 16-8 
Amplifiers: 

140-W solid-state linear: 6-41 
2 kW PEP, for 50-54 MHz: 7-8 
2-kW PEP, for 144 MHz: 7-15 
2-meter solid-state rf power: 13-16 
220-MHz high-power: 7-18 
Broadband: 4-24 
Broadband, bipolar: 8-16 
Broadband, Class C: 4-27 
Broadband, linear: 4-27 
Buffer: 6-2 
Cascode: 4-35, 9-4 
Combined dBm/i-f: 9-17 
Common gate: 8-16 
Common source: 8-16 
Complementary symmetry: 4-45 
Conduction-cooled 2-kilowatt: 6-48 
Conduction-cooled for 432 MHz: 7-21 
dBm/i-f IMD evaluation: 9-17 
Differential: 4-22 
Economy 2-kW: 6-47 
Fed-back: 6-7 
Gain: 3-16 
Grounded grid, for 432 MHz: 7-23 
Grounded grid: 6-26, 6-27 
Grounded-source, r(: 9-3 
High-level rf: 8-42 
I-f: 8-19, 8-40, 8-43 
IC audio: 4-44 
Instrumentation: 4-48 I, 

Narrowband linear, vhf'power: 4-39 
Narrowband rf: 8-16 
Operational: 4-44 
'Parallel and push-pull: 6-27 
Receiver rf: 8-15 
Rf: 8-41,9-1 
Rf and i-f: 4-34, 4-42 
Rf power: 4-26 
Solid-state power: 4-25' 

Speech: 12-10 
Stability: 9-2 
Summing: 4-46 
Transistor: 4-21, 6-28 
Transistor, audio: 4-24 
Transistor, high frequency low 

voltage: 23-15 
Transistor, rf: 4-24 
Transistor, rf power: 4-25 
Triode: 3-15 
Tuned audio: 8-41 
Universal three-band linear: 6-45 
VMOS FET, audio: 8-45 
VMOS power: 6-39 

Amplitude modulation: 12-1 
AMSAT: 14-2 

Nets and bulletin schedules: 14-4 
AND gate: 4-49 
Angle: 

Of a V beam, apex: 20-9 
Tilt, rhombic antenna: 20-9 

.... 

Antenna installation (TVI): .15-13 
Antenna switching system, remote:, 20-24 
Antenna traps: 20-14 
Antenna tuner (See Transmatch) 
Antennas: 20-10 

IO-meter full-wave horizontal loop: 14-7 
15-element Vagi for 432 MHz: 21-7 
146-MHz turnstile: 14-7 
2-meter 5/8-wavelength vertical: 10-12 

Circularly polarized: 14-7 
2-meter and 70-cm satellite work: 14-7 
5-element Vagi for 50 MHz: 21-6 
5/8 wavelength vertiCal, 2-meter: 10-12 
5/8 wavelength, 220-MHz mobile: 10-13 
Bandwidth: 20-2 
Beam, parasitic excitation: 20-18 
Center-fed Zepp: 20-4 
Circularly polarized: 21-10 
Collinear: 21-9,,21-10 
Conductor size: 20-3 
Coupling to random-length: 19-9 
Current and voltage distribution: 20-3 
Dipole, folded: 20-4 
Dipole, folded, 2- and 3-conductor: 19-5 
Dipole, folded; twin-lead: 10-15 
Dipole, half-wavelength sloping: 20-5 
Dipole, helically wound: 20-6 
Dipole, inverted-V: 20-5 
Dipole, sloping: 20-5 
Dipole, trap: 20-6 
Dummy: 16-24 
Effect of diameter on length: 20-3 
Element materials for beams: 20-23 ' 
Feed methods for half-wavelength: 20-4 
Gain of a long-wire: 20-7, 20-8 
Half-wavelength: 20-3 
Helical, for 432 MHz: 21-11 
Hf mobile: 10-10 
Hf portable: 10-14 

, Impedance: 20-2 
Isotropic: 21-1 
Parabeam, vhf and uhf: 21-11 
Parabolic: 14-21,21-12 
Quad: 20-17, 20-22 
Quagi, vhf: 21-8 
Radiation angle: 20-2 
Rhombic: 20-8, 20-10 
Single long wire: 20-7 
Sloper: 20-12 
V beam: 20-8, 20-9 
Vertical: 20-9, 20-11, 20-14 
Vertical, trap: 20-13 
Vertical, vhf: 10-12 
Vhf, matching methods: 21-2 
Vagi: 20-17 

Anti-resonance, quartz crystals: 2-42 
ARES: 22-10 
Array ICs: 4-41 

Arrays, collinear: 21-9, 21-10 
ARRL: 1-5 
ARRL ending signals: 22-5 
ARRL parts supplier list: 10-7, 14-32, 17-13 
ARRL QSL bureaus: 22-2 
ASCII: 14-24, 14-25 
ASCII data rates: 14-27 
Atmosphere, ionization of the upper: 18-2 
Atomic orbit: 4-1 
Atoms: 2-1 
Attenuation: 

Effective: 2-36 
Required, harmonic: 15-9 
Twisted pairs: 3-13 

Attenuators: 
Pi-network resistive: 16-3.9 
Step: 8-16 
Step, low power: 16-38 
T-network resistive: 16-39 

ATV: 14-28 
Fast-scan modulator: 14-31 
Reception, converter for: 14-29 
Subcarrier system' for sound: 14-31 
Transceiver: 14-29 

Audio amplifiers: 
IC: 4-44 
Transistor: 4-24 
Tuned: 8-41 
VMOS FET: 8-45 

Audio and detector channel, receiver: 8-40 
Audio filters: 

Op amps as: 4-46 
Passive cw: 8-27 
RC active: 8-27, 8-28 

Audio limiting, receivers: 8-25 
Audio oscillator: 

Twin-T: 4-28 
Wide-range: 16-23 

Audio phasing networks: 12-9 
Audio shaping: 8·40 
Audio speech processor: 12-20 
Audio transformers: 17-11 
Audio-frequency oscillators: 16-23 
Aurora effect: 18-5 
Automatic gain ~ontrol (See agc) 
Autotransformers: 2-26 
Average-and peak-reading meter 

circuits: 16-8 
Awards: 

5BWAS: 22-8 
6-meter 600 Club: 22-8' 
A-I Operators Club: 22-8 
Code Proficiency: 22-9 
DX Century Club: 22'-7 
Old-Timers Club: 22-8 
Rag Chewers Club: 22-9 
Satellite 1000: 22-8 
WAC: 22-7 
WAS: 22-8 

Az-el data by mathematical means: 14-17 
Azimuth and elevation: 

For the moon: 14-15 
For the sun: 14-16 

Back EMF: 2-10 
Backscatter: 18-4 
Backwave: 11-4 
Balanced mixers: 9-9 

Vhf and uhf: 9-9 
Balanced modulators: 12cl 
Balanced product detectors: 8-6 
Balanced-emitter transistor (BET): 4-20 
Ballasted transisto~: 4-20 
Baluns: 3-13 

A kilowatt 4:1 toroidal: 19-8 
And transmatches: 21-3 
Ccaxial: 21-3 
Coil: 19-7 
Linear: 19-6 



Sleeve: 19-6 
Toroidal: 19-6 

Band-pass filters, Butterworth: 2-39 
Bandwidth: 

Antenna: 20-2 
Circuit: 2-35 
Op amp: 4-48 

, Bar graph display: 4-61 
Bars, modulation and sound: 15-3 
Base: 4-20 
Base diagrams: 

IC op amp: 23-19 
Receiving tube index: 23-1 
Vacuum-tube: 23-4 

Base loading: 10-10 
Base stations, remote: 13-19 
Batteries: 

Capacity: 10-4 
Caring for: 10-5 
Charging: 10-5 
Primary: 10-3 
Rechargeable: 10-4 
Solar, manufacturers and 

distributors: 10-7 
Storage: 10-4 ' 

Battery charger, vehicular NiCad: 10-6 
Battery power: 10-3 
Baud: 11-6, 14-26 
Baudot code: 14-24 
Baudot data rates: 14-27 
Bazooka: 19-6 
BCI cases, handling: 15-16 
BCI filter: 8-52 
Beads, ferrite: 2-28, 3-2 
Beam: 

40-meter Vagi: 20-21 
Element length for a three-element: 20-19 
Gain vs. spacing: 20-18 
Quad: 20-20 
Rotary: 20-19 
Rotary, feeding: 20-19 
Sharpness of resonance: 20~20 
Three-element: 20-18 
Two-element: 20-18 

Beam-antenna element materials: 20-23 
Beam-antenna parasitic ex~itation: 20-18 
Beat-frequency oscillators: 8-24 
Bending sheet metal: 17-5 ' 
Bending, tropospheric: 18-6 
Bessel functions, measurement of deviation 

usi~g: 13-5 ' 
Beta: 4-20 
BFO: 8-24 

3-channel: 8-47 
Universal: 8-46 

Bias: 
Cathode: 3-16 
Transistor: 6-22 

Bifilar windings: 2-28, 3-9, 17-7 
Bifilar-wound transformers: 3-11 
Binary digit: 4-50 
Bipolar amplifier, broadband: 8-16 
Bipolar and FET transistors, tester for: 16-25 
Bipolar photo transistors: 4-60 
Bipolar transistors: 4-19, 4-22, 4-23 
Bipolar-transistor oscillators: 4-27 
Bistable multivibrator: 4-50 

'Bit: 4-50 
Blanker, noise: 8-26, 8-27, 8-50 
Bleeder resistor: 5-5 

, Blocked-grid keying: 11-2 
Blocking, receiver: 16-40 
Blower specifications: 6-24 
BNC connectors: 17-12 
Boolean algebra: 4-50 
Boolean equations: 4-49 
Break-down: 2-3, 2-9 
Break-down voltages: 2-8 
Break-in operation: 11-3, 11-4 

Bridges: 
Ac: 16-10 
Noise, for 160 to 10 meters: 16-31 
Operating impedance: 16-34 
Wheatstone: 16-4 

Broadband amplifiers: 4-24, 8-16 
Broadband Class C amplifier: 4-27 
Broadband driver: 6-14 
Broadband linear amplifier: 4-27 
Broadband transformers: 2-27, 3-8, 6-19, 6-21 

50- to 75-ohm: 19-8 
Broadcast format: 

CHU: 16-43 
WIAW: 18-9 
WWV: 16-42 

Broadcasting, interference with: 15-15 
Brute-force ac line filter: 15-13 
Buffer: 

Amplifier: 6-2 
VFO: 6-7 

Bulletins: 
AMSAT, schedules: 14-4 
WWV broadcast format: 16-42 
WWV propagation: 18-7 

Butterworth filters: 2-38,' 2-39 
Bypassing: 3-2 
Byte: 4-51 

Cables: 
And control wire on towers: 20-11 
Coaxial: 19-1 
Lacing: 17-6 

Canadian amateur bands: 1-4 
Capacitance: 2-8 

and resistance, time constant: 2-16 
Distributed: 2-14 
Measurement with a dip meter: 16-22 
Top-loading: 10-12 

Capacitive reactance: 2-19 
Capacitive-input filters: 5-5 
Capacitors: 

At rf (RFI): 15-6 
Ceramic: 17-10 
Ceramic, series. resonance frequencies 

of: 17-9 
Diodes as: 4-8 
Electrolytic: 2-9 
Fixed-value: 2-9, 17-9 
For use in osciltators: 6-5 

\ In series and parallel: 2-10 
Multiple-plate: 2-9 
Polystyrene, for use in oscillators: 6-5 
Pure: 2-36 
Ratings: 6-31 
Silver-mica, for use in oscillators: 6-5 
Simple: 2-8 
Temperature-compensating: 6-4 
Variable: 2-9 

Carrier lifetime, diodes: 4-14,11-5 
Carrier, rf: 12-1 
Cascode amplifiers: 4-35, 9-4 
Cathode bias: 3-16 
Cathode keying: 11-2 
Cavity modification, T-44: 7-6 
Cavity resonators: 3-6 
,Ccw: 14-34 
Center loading: 10-10 
Century Club, OX: 22-7 
Ceramic capacitors: 17-9, 17-10 
Characteristic impedance: 19-1 • 
Charger, NiCad battery, vehicular: 10-6 
Charging storage batteries: 10-5 
Charging-system noise: 10-2 
Chassis working: 17-3 
Chebyshev filters: 

High pass: 6-11 
Low pass: 6-11, 6-43 

Chimney and sockets, lubes: 6-24 

Chirp,: cw: 11-3 
Choke-input filters: 5-7 
Chokes: 

Filament, for use with grounded-grid 
amplifiers: 6-28 

Filter: 5-8 
Minimum inductance: 5-7 
Parasitic: 7-3 
Rf: 6-34 
Swinging: 5-7 

CHU data transmission sequence: 16-43 
Circuit alignment, rf oscillators for: 16-20 
Circuit bandwidth: 2-35 
Circuit loop: 2-4 
Circuit-board fabrication: 17-8 
Circuits, complex: 2-22 
Circular' polarization: 14-5, 14-7 

Antennas: 21-10 
Clamp diodes: 4-8 
Clapp, series-tuned oscillator: 6-6 
Clipper diodes: 4-8 
Clubs, radio: 1-2 
CMOS ICs: 4-41 
Coax lines: 

As notch filters: 8-54 
Rf impedance bridge for: 16-28 

Coax shield chokes (RFI): 15-6 
Coaxial baluns: 21-3 
Coaxial cable: 19-1 
Code practice, WIAW: 22-12 
Code proficiency award: 22-9 
Codes: 

ASCII: 14-24, 14-25 
Baudot: 14-24 
Color: 17-9 

Coefficient of coupling: 2-16, 2-41, 3-4 
Coefficient, reflection: 19-2 
Coherent cw: 14-34 
Coil balun: 19-7 
Coil slug: 2-16 
Coils: 

Iron-core: 2-15 
Loading: 10-10 
Tank: 6-33 
Transmitting, wire sizes for: 6-34 
Winding: 17-7 

Collector: 4-20 
Collinear antennas: 21-9, 21-10 
Color codes: 17-9 ' 
Colpitts oscillators: 6-3, 6-6 
Comb generator: 4-19 
Combination logic: 4-49 
Combiner, hybrid, for signal 

generators: 16-37 
Common-anode displays: 4-61 
Common-base circuit: 4-21 
Common-cathode displays: 4-61 
Common-collector circuit 

(emitter-follower): 4-22 
Common-emitter circuit: 4-21 
Common-gate amplifier: 8-16 
Common-mode hum: 8-9 
Common-source amplifier: 8-16 
Communication, satellite: 14-1 
Comparator: 4-46 
Complementary symmetry amplifier: 4-45 
Complex circuits: ~-22 
Complex waves and reactance: 2-23 
Component values: 17-9 
Components supplier list, ARRL: 10-7, 

14-32, 17-13 
'Composition resistors, fixed value: 17-10 
Compression: 9-7 
Computer applications in radio: 4-52 
Computer-aided design: 4-52 , 
Conductance: 2-5, 2-37 
Conduction-cooled amplifier: 

2-kilowatt: 6-48 
for 432-MHz: 7-21 



Conductor size, antenna: 20-3 
Conductors: 2-1, 4-1 

Temperature effects on: 2-5 
Connectors, BNC: 17-12 
Constant-current diode: 4-19 
Constant-current generators: 4-30 
Constant-voltage transformers: 5-2 
Constants: 

Dielectric: 2-2 
Planck's: 4-1 

Contact, establishing: 22-1 
Contesting: 22-9 
Contests, DX: 1-2 
Converter: 

144 MHz: 9-19 
220 MHz: 9-19 
50 MHz: 9-19 
D/A: 4-46 
For ATV reception: 14-29 
Front-end: 8-36 
High-performance 2-meter: 9-23 
Interdigital, for 1296 and 2304 MHz:- 9-+7 
Transmitting, for 432 MHz: 7-5 

Cooling tubes: 6-23 
Copper-wire table: 17-13 
Cords, three-,wire power: 5-2 
Core material, transformers: 2-25 
Core size, ferromagnetic: 2-27 
Cores: 

Closed-, transformer: 2-24 
Cup-: 2-26 
High-permeability: 3-9 
Magnetic material: 2-24 
Pot-: 2-26 

Corona-discharge noise: 10-3 
Coulombs: 2-1 
Counter, digital logic: 4-50 
Coupled circuits and filters: 2-36 
Coupled inductors: 2-41 
Coupled networks: 3-6 
Coupled resonators: 2-40 
Coupling: -

Between transmitter stages: 6-15 
Coefficient of: 2-16, 2-41, 3-4 
Directional: 3-10 
Inductive-link: 6-29 
Interstage: 6-16 
Link: 3-6 
Magnetic: 2-41 
Maximum: 2-16 
To random-length antennas: 19-9 
To waveguides: 19-3 
Tuned: -6~29 

CQ: 22-1 
Cross modulation: 9-8 

TVI: 15-12 
Cross polarization: 20-1 
Cross-hatching: 15-3 
Cross-modulation, RFI: 15-16 
Crystal discriminator: 13-9 
Crystal filters: 12-5 

I-f: 8-21 
Lattice, table: 8-23 

Crystal oscillators: 6-3, 8-12 
FET: 4-36 
For vhf: 9-10 

Crystal switching: ,6-4 
Crystal tester: 16-27 
Crystals: 

Anti-resonance: 2-42 
Parallel resonance: 2-42 
Piezoelectric: 2-42 
Rubbering: 6-4 
Series resonance: 2-42 

Cubical-Quad: 20-17 
Cup-core: 2-26 
Current: 2-1 

Alternating: 2-18 
Density: 2-3 

Distribution, antenna: 20-3 
Eddy: 2-16 
Magnetizing: 2-24 
Mirror: 4-46 
Peak one-cycle surge: 5-11 
Peak repetitive forward: 5-11 
Primary and secondary: 2-24 
Range of meters, extending: 16-2 

Current-amplification factor: 4-20 
Current-regulator diodes: 4-19 
Currents and fields: 2-3 
Cutting holes: 17-4 
Cutting sheet metal: 17-5 
Cwfilter, space-perceptiOft: 8-50 
Cw monitoring: 11-6 
Cw operating: 22-4 
Cycles, 'sunspot: 18-1 

D/ A converter: 4-46 
Darlington pair: 4-24 
Data rates: 

ASCII: 14-27 
Baudot: 14-27 

dBm port terminations: 9-15 
dBm/i-f amplifier IMD evaluation: 9-17 
Debouncing circuit: 11-4 
Decibel: 2-31 

And S unit: 2-32 
Chart: 2-33 
Equivalents (E, I and P ratios): 2-32 

Declination: 
Of the moon: 14-11, 14-12 
Of the sun: 14-13, 14-14 

Decoders: 
Scanning touch-tone digit and word: 13-24 
Seven-segment: 4-61 
Universal Touch-Tone: 13-28 

Decoupling from the ac line (RFI): 15-7 
Degenerative feedback: 3-16 
Delta loops (antenna): 20-20 
Delta match: 21-3 
Demodulator: 

PLL: 13-9 
RTTY: 14-28 

DeMorgan's Theorem: 4-50 
Density, flux: 2-27 
Depletion mode: 4-33 
Densensitization, repeater receiver: 13-20, 

13-21 
Detection: 8-3, 8-4 
Detectors: 8-3 

And audio channel, receiver: 8-40 
Balanced product: 8-6 
Diode: 4-9, 8-3 
Fm: 8-6, 13-6, 13-8 
Infinite-impedance: 8-4 
Product: 8-5 
Ratio: 13-9 
Regenerative: 8-7 

Deviation: 13-5 
Linearity: 13-5 
Measurement of using Bessel 

functions: 13-5 
Meter: 13-5 

Diac: 4-31 
Dials, electronic: 6-10, 
Dilectric: 2-8 

Constant: 2-2, 2-8 
Loss: 3-2 

Differential amplifier circuits: 4-22 
Differential keying: 11-3 
Digit and word decoder: 13-24 
Digit mUltiplexing: 4-61 
Digital readout devices: 4-60 
Digital system design considerations: 4-52 
Digital to analog converter: 4-46 
Digital-logic ICs: 4-48 

Families: 4-53 
Diode equation: 4-5 

Diodes: 
As capacitors: 4-8 
As gates: \4-7 
As voltage references: 4-7 
Carrier lifetime: 4-14, 11-5 
Clamp: 4-8 
Clipper: 4-8 
Constant-current: 4-19 
Current-regulator: 4-19 
Detectors: 4-9, 8-3 
Double-Base: 4-31 
Forward biased: 4-4 
Gunn: 4-13 
Hot-carrier: 4-10 
Impatt: 4-14 
I n parallel: 5-13 
In series: 5-13 
Light-emitting: 4-15 
Mixers: 4-9, 7-1, 8-18 
PIN: 4-14, 11-5, 11-10 
Power, average de rating: 5-11 
Product detectors: 8-5 
Protection of silicon power: 5-11 
Regulator: 5-14 
Reverse biased: 4-4 
Selenium: 4-5 
Semiconductor: 4-5 
Snap: 4-19 
Solar-electric: 4-16 
Step-recovery: 4-19 
Surge protection: 5-12 
Switching: 6-4, 6-5 
Temperature effects: 4-5 
Thermal protection: 5-12 
Tunnel: 4-17 
Varactor: 4-11 
Voltage reference: 4-19 
Zener: 4-4, 4-17, 5-14 

Dip meter: 
Dual-gate MOSFET: 16-20 
Measuring cap<lcitance and inductance 

with: 16-22 
Operating a: 16-21 

Dipoles: 
..folded: 10-14, 19-4,21-3 
Twin-lead: 10-15 
Variations: 20-5 

Direct fm: 13-3 
Direct-conversion receivers: 8-7 
Direct-current instrument: 16-1 
Directional foupling: 3-10 

Hybrid combiner: 3-11 
Oirective antennas, Yagi and quad: 20-17 
Disc ceramic capacitors, series-resonance­

frequencies: 17-9 
Discrete-component regulators: 5-1; 
Discriminator: 

Crystal: 13-9 
Fm: 8-7 

Displays~ 
Bar graph: 4-61 
Common-anode: 4-61 
Common-cathode: 4-61 
Solid-state: 4-60 

Distortion measurements, interpreting: 12-19 
Dividers, voltage: 5- 13 
Doppler shift: 14-6 
Double-base diode: 4-31 
Double-tuned circuits: 3-4 
Doubler: 

Voltage, full-wave: 5-9 
Voltage, half-wave: 5-8 

Doubly balanced mixers: 7-1, 9.13 
(Also see dBm) 
Diode: 8-18 
FET: 4-36 

Drift, frequency: 6-3 
Drill sizes, numbered: 17-1 
Drilling holes: 17-4 



Drills, twist: 17-1 
Driver stages, transmitter: 6-13 
Driver, broadband: 6-14 ' 

. Dual-gate MOSFET dip meter: 16-20 
Dummy antennas: 16-24 
Duplex: 14-5 . 
DX: 
, Century Club Award: 22-7 

Contests: 1-2 
Operating Code: 22-7 
QSLs, sending and receiving: 22-2 
Working: 22-6 

DXCC: 22-7 
Five Band: 22-7 

Dynamic range: 8-3, 8-40 

E, sporadic: 18-2 
EIA vacuum-tube' base diagrams: 23-4 
EAPROM: 4-51 
Earth's magnetic field: 18-3 
Earth-moon-earth (see EME) 
ECL: 4-53 
Economy power supply: 5-8 
Eddy currents: 2-16 
Efficiency: 2-8 
Electrically alterable PROM 

(EAPROM): 4-51 
Electricity and magnetism: 2-1 
Electrolytic capacitor: 2-9 
Electromotive force: 2-3 
Electron-coupled oscillator: 8-14 
Electron-coupled VFOS: 8-13 
Electronic dials: 6-10 
Electronic voltage regulation: 5-15 
Electronic voltmeters: 16-4 

Rf probe for: 16-10 
Electrons: 2-1 
Electrostatic shield: 2-3 
Elevation and azimuth: 

For the moon: 14-15 
For the sun: 14-16 

Elliptical-orbit satellites: 14-2 
Elmer: 1-2 
EME: 14-9, 14-10 

Ahtenna: 14-21 
Frequencies: 14-20 
Nets: 14-21 
Operating: 14-19, 14-20 
Path loss: 14-10 
Scheduling: 14-10 
Signals, libration fading of: 14-18 

Emf: 
Applied: 2-23 
Back: 2-10 
Induced: 2-10 

Emitter; 4-20 
Enclosure, rf: 15-4 
Encoders, Touch-Tone: 13-21, 13-22 
Ending signals, ARRL: 22-5 
Energy: 2-8 
Energy and power: 2-7 
Enhancement mode: 4-33 
Envelope: 12-1 
EPROMs: 4-51 
Equipotential surface: 2-2 
Equivalent series and parallel 

circuits: 2-22, 2-34 
Erasable PROMs: 4-51 
Etching process: 17-8 
Exciters, fm: 13-5 

F2-layer reflection: 18-5 
Fading: 18-4 

Of EME signals: 14-18 
Fanout: 4-53 
FCC role (RFI-TVI): 15-16 
FCC rules, signal purity: 15-7 
Fed~back amplifier: 6-7 
Feed methods for' half-wavelength 

antennas: 20-4 
Feed, symmetrical: 20-4 
Feedback: 3-16 

Negative or degenerative: 13-6 
Feeding the rotary beam: 20-19 
Ferrite: 2-26 
Ferrite beads: 2-28, 3-2 
Ferrite toroid cores: 2-30 
Ferromagnetic core size: 2-27 

, Ferromagnetic transformers and 
inductors: 2-26 

FET and bipolar transistors, tester for: 16-25 
FET audio amplifier, VMOS: 8-45 
FET circuits, practical: 4-34 
FET crystal oscillators: 4-36 
FET mixers: 4-36, 7-1 

Active: 8-17 
Doubly balanced: 4-36 

FET preamplifier: 9-4 
FET VFOs: 4-37 
FET volt-ohmmeter: 16-5 
FETs: 4-32 

GaAs: 4-34 
Junction: 4-32 
Small-signal: 23-18 
VMOS: 4-34 
VMOS power: 23~18 

Field Day: 1-2 
Field intensity: 2-2 
Field-effect transistors (see FET) 
Fiel4s: 

And currents: 2-3 
Earth's magnetic: 18-3 
Magnetic: 2-10 

Filament choke, for use with grounded-grid 
amplifiers: 6-28 . 

Filter chokes: 5-8 
Filter components, ratings of: 5-7 
Filter method, ssb: 12-4 
Filter tables: 2-38 

Crystal-lattice i-f: 8-23 
Filter tail-ending: 8-45 
Filtering: 2-23, 5-4 

Negative-lead: 5-8 
Filters: 

Absorptive: 15-8 
And coupled circuits: 2-36 
And interference: 15-8 
Brute-force, ac line: 15-13 
Butterworth: 2-39 
Capacitive-input: 5-5 
Chebyshev: 6-11, 6-43 
Choke-input: 5-7 
Coaxial lines as: 8-54 
Crystal: 12-5 
Crystal i-f: 8-21 
For vhf transmitters: 15-10 
Half-lattice: 8-22 
High-pass: 15-12 
I-f: 8-40 
Ladder: 12-6 
Low pass: 6-43, 15-8, 15-11 
Mechanical: 8-21, 8-22 
Passive cw audio: 8-27 
Rc active audio: 8-27, 8-28 
Rejection, bc-band energy: 8-52 
Space-perception cw: 8-50 
Speaker: 15-14 

First-in/First-out (FIFO) registers: 11-7 
Five-Band DXCC: 22~7 
Flat line: 19-2 
Flip-flops: 4-50, 4-51 
Flux: 

Density: 2-27 
Lines: 3-9 
Solar: 18-1, 18-7, 18-9, 18-10 

Fm: 
And pm sidebands: 13-2 
And pm, comparison of: 13-2 

Detectors: 8-6, 13-6, 13-8 
Direct: 13-3 
Discriminator: 8-7 
Exciters: 13-5 
Indirect: 13-4 
Receiver: 13-6 
RFI (antenna pickup): 15-14 
Signals, reception of: 13-6 
Speech processing.for: 13-4 
Transmitter testing: 13-5 
Tuners (RFI): 15-15 

Folded dipoles: 10-14, 19-4,20-4,21-3 
3-conductor: 19-5 

Forward scatter: 18-4 
FQrward wave: 19-1 
Four-layer semiconductors: 4-30 
Frequencies: 

EME:,14-20 
Spacecraft: 14-3 

Frequency: 
Allocations, U.S. amateur: 1-5, 1-6 
And phase modulation: 13-1 
Checking, methods of: 16-14 
Checking, transmitters and transceivers: 

16-12 
Counter, 6OO-MHz: 16-17 
Doubler, push-push: 4-40 
Drift: 6-3 
Generation: 6-2 
Intermediate, choice of: 8-20 
Markers: 16-11, 16-12 
Measurement: 16-11 

• 
Meter, absorption: 16-14 
Modulation (also see fm) 
Modulation of Gunn oscillator: 3-19 
Resonance: 2-33 
Response: 2-44 
Scaling: 2-38 
Spectrum reference chart: 17-12 
Synthesizer: 13-12 

Frequency-discriminator circuit: 13-8 
Frequency-shift keying:! 14-28 
Front ends, receiver: 8-15 
Front-end converters: 8-36 
Front·end protection: 9-4 
Full-wave bridge rectifier: 5-3 
Full-wave center-tap rectifier: 5-3 
Full-wave voltage doubler: 5-9 
Fundamental overload (TVI): 15-11 
Fusing: 5-2 

GaAs FET preamplifiers: 9-12 
GaAs FETs: 4-34 
Gain bandwidth product: 4-20 
Gain: 

Amplifier: 3-16 
Automatic control: 8-23 
Of a long-w.ire antenna: 20-7, 20-8 
Of three-element Yagi versus director 

spacing: 20-19 
Open-loop: 4-45 
Types of wire antennas having: 20-7 
Vs. size, parabolic antenna: 14-21 
Vs. spacing, beam antenna: 20-18 

Gamma match: 19-5, 20-20, 21-3 . 
Gaseous regulator tubes: 5-14 
Gate-dip meter (see dip meter) 
Gated noise source: 16-27 
Gates: 

AND: 4-49 
Diodes as: 4-7 
NAND: 4-49 
NOR: 4-49 
OR: 4-49 

Gauges, standard metal: 17-5 
Generators: 

'Comb: 4-19 
Constant-current: 4-30 
Signal, for receiver testing: 16-36 



Geomagnetic field: 18-8 
Geophysical alerts: 16-42 
Glossary of radio terms: 3-19 
Greenwich hour angle: 
. Of the moon: 14-11, 14-12 

Of the sun: 14-13, 14-14 
Grid-dip meter (See dip meter) 
Ground: 2-3 

Imperfect: 20-2 
Systems: 20-IS 
Virtual: 4-46 

Ground-wave: 18-2 
Grounded-grid amplifiers: 6-26, 6-27 

Filament choke for use with: 6-28 
Kilowatt, for 432 MHz: 7-23 

Grounded-source rf amplifiers: 9-3 
Grounds and TVI: IS-S 
Gunn diodes: 4-13 

Microwave oscillators: 3-18 
'Gunn oscillator, frequency modulation 

of: 3-19 
Guy wires and resonance: 20-23 

Half sloper: 20-12 
Half-lattice filter: 8-22 
Half-wave rectifier circuits: S-3 
Half-wave voltage doubler: S-8 
Half-wavelength antennas: 20-3, 20-S 
Harmonic generation: 3-14 

Reducing: IS-3 
Harmonic suppression: IS-3, IS-9 
Harmo,pics: 3-IS 

By rectification: IS-II 
Relationships of hf amateur bands to vhf 

TV channels: IS-2 
Relationships of vhf amateur bands to uhf 

TV channels: IS-14 
Hartley oscillator: 6-6 
Heat sinks: 

Design: 6-2S 
Semiconductor: 17-4 

Helical antenna, for 432 MHz: 21-11 
Helical resonators: 9-4, 9-S, 9-6, 9-7 
Helically wound dipole antennas: 20-6 
Heterodyne ssb transmitter: 6-3 
Hf and mf propagation: 18-4 
Hf mobile antennas: 10-10 
Hf portable antenna: 10-14 
Hi-fi (shielding): IS-IS 
Hi-fi interference: IS-14 
High frequency (see hf) 
High-current regulators: S-16 
High-pass filters: IS-12 

Butterworth: 2-39 
Hole (semiconductor): 2-1 
Holes, drilling and cutting: 17-4 
Hot-carrier diodes: 4-10 
Hum, common-mode: 8-9 
Hybrid circuits: 6-1 
Hybrid combiner: 

Directional coupler: 3-11 
For signal generators: 16-37 

Hysteresis: 2-16, 4-46 

I-f amplifiers: 8-19, 8-40, 8-43 
Agc system for CA3028A: 8-24 

I-f and rf amplifiers: 4-34, 4-42 
I-f filters: 8-40 

Crystal: 8-21 
Table, crystal-lattice: 8-23 

I-f interference (TVI): IS·12 
I-f noise blanker (silencer): 8-27 
I-f port: 9-IS 
I-f responses, improved wide band: 9-18 
I-f selectivity: 8-21 
I-f strip, 4SS-kHz: 8-45 
I-f transformers: 17-11 
I-f, choice of: 8-20 
Iambic operation: 11-7 

IC audio amplifiers: 4-44 
IC families, digital-logic: 4-53 
IC keyer: 11-7 
IC mixers: 4-44, 8-19 
IC op amps: 23-19 
IC regulators: 

Adjustable-voltage: S-17 
Fixed voltage: 5-17 

IC structures: 4-40 
ICs: 

Array: 4-41 
. CMOS: 4-41 
Digital-logic: 4-48 
Linear: 4-40 
Subsystem: 4-41 

IGFETs: 4-33 
Image generation: 9-8 
Image response: 9-16 
Imaginary component, of impedance: 2-22 
IMD test for receivers, two-tone: 16-41 
Impatt diodes: 4-14 
Impedance: 2-22, 2-35 

Antenna: 20-2 
Bridge, for coax lines, rf: 16-28 
Bridge, operating, 160 to 6 meters: 16-34 
Characteristic: 19-1 
Magnitude of: 2-22 
Matching: 2-25, 10-10 
Normalized: 2-38 
Ohm's Law for: 2-23 
Parallel: 2-34 
Parallel circuits: 2-22 
Polar notation: 2-23 
Ratio: 2-25 
Series circuits: 2-22 
Transformation: 2-35 
Transformer, quarter-wave: 19-4 
Twisted pairs: 3-13 
Voltmeter: 16-9 

Impulse noise reduction: 8-25 
Independent sideband emission: 12-10 
Index, modulation: 13-2 
Indicators, state: 4-50 
Indirect fm: 13-4 
Inductance: 2-10 

And resistance, time constant: 2-17 
Calculating: 2-11 
Charts: 2-11 
Index: 2-29 
Measurement with a dip meter: 16-22 
Minimum choke: 5-7 
Mutual: 2-16 
Of a straight wire: 2-14 

Inductances in series and parallel: 2-16 
Inductive link coupling: 6-29 
Inductive reactance: 2-19, 2-20 
Inductors: 3-3 

Ferromagnetic: 2-26 
Mutually coupled: 2-41 
Pure: 2-36 

Infinite-impedance detector: 8-4 
Insertion loss: 2-36 

Of helical resonators: 9-6 
Instrument noise: 10-2 
Instrumentation amplifiers: 4-48 
Instruments, rectifier: 16-8 
Insulators: 2-1,4-1 
Integrated circuits (see IC) 
Intercept point, mixer intermodulation: 9-18 
Interdigital converter for 1296 or 2304 MHz: 

9-27 
Interference: 

(Also see RFI and TVI) 
And filters: 15-8 
Hi-fi: 15-14 
Patterns (TVI): 15-3 
Radio frequency: 15-1 
With standard broadcasting: 15-15 

International Telecommunication Union 

phonetics: 22-4 
lnterstage coupling: 6-16 
Inverted-L antenna: 20-12 
Inverted-V dipole antenna:: 20-S 
Inverter: 4-49 
Ionization, of the upper atmosphere: 18-2 
Ionosphere: 18-2 

Virtual height: 18-3 
Ionospheric layers: 18-2 
Iron-core coils: 2-15 
Iron-core transformer: 2-24 
Isotropic antenna: 21-1 

JFET: 4-32 
JFET mixer, singly balanced: 4-36 
JFET, low-noise 220-MHz preamplifiers: 9-11 
Junction FET (see JFET) 
Junction, pn: 4-2 

K-index: 18-8 
Key-clicks: II-I 
Keyer, single IC: 11-7 
Keying: 

Blocked-grid: 11-2 
Cathode: 11-2 
Differential: 11-3 
Envelope shaping: 11-3 
Frequency-shift: 14-28 
Monitor, rf powered: 11-6, 11-7 
On-off: 11-1 

Kilo (k): 2-5 
Klystron oscillator, reflex: 3-17 

L network, matching with: .10-11 
L, inverted (antenna): 20-12 
L-band transistor oscillator: 3-17 
Lacing of cables: 17-6 
Ladder filter: 12-6 
Ladder networks: 2-36 
Laminations: 2-16 
Lamp data: 17-12 
Latch: 4-50 
Law: 

Lenz's: 3-6 
Ohm's: 2-5 

Layers, ionospheric: 18-2 
Leakage: 

Flux: 2-24 
Inductance: 2-24 
Reactance: 2-24, 2-25 
Rf: 3-1 

LED readouts: 4-61 
LEDs: 4-15 
Length, effect of antenna diameter on: 20-3 
Lenz's law: 3-6 
Libration fading of EME signals: 14-18 
Light-emitting diodes: 4-IS 
Limiter circuits: 13-7, 13-8 

Receiver noise: 8-2S 
Line transients, suppressing: 5-12 
Line-voltage adjustment: 5-2 
Linear amplifier: 

140-W solid state: 6-41 
Broadband: 4-27 
Universal three-band: 6-45 

Linear approximations of nonlinear 
devices: 3-15 

Linear balun: 19-6 
Linear ICs: 4-40 
Linear transmitting converter for 432 

MHz: 7-5 
Linearity, meter: 16-9 
Lines, transmission: 19-1 
Link: 3-6 

'Link coupling: 3-6 
Link-coupled matching network: 19-13 
Lissajous figures: 16-25 
LO port: 9-IS 
Load isolation for VFOs: 6-6 



L(lad resistance: 5-4 
Loading coils: IO-IO 
Loading: 

Base: 10-10 
Center: 10-10 

Loads, nonradiating: 19-9 
Local oscillator structure: 8-46 
Local oscillators: 8-11, 8-40 . 
Locating the moon: 14-14 
Logging: 22-3 
Logic: 

Combination: 4-49 
Families, electrical 

characteristics: 4-55 
Families, interconnecting: 4-55 
Negative: 4-49 
Positive: 4-49 
Sequential: 4-50 
State indicators: 4-50 
Symbols: 4-49 

Long-wire antenna, gain of: 20-7, 20-8 
Loop circuits, RTTY: 14-27 
Loop: 

Circuit: 2-4 
Delta (antenna): 20-20 
Horizontal full-wave IO-meter: 14-7 
Phase-locked: 13-9 
Quad, dimensions for three bands: 20-23 

Loss: 
Dielectric: 3-2 
Insertion: 2-36 

Lossless transformer: 3-8 
Low-frequency parasitic oscillation: 6-33 
Low-pass filters: 15-8, 15-11 

Chebyshev: 6-43 

Magnetic coupling: 2-41 
Magnetic fields: 2- 10, 2-24 

Earth's: 18~3 
Magnetic material, transformer cores: 2-24 
Magnetism and electricity: 2-1 
Magnetizing current: 2-24 
Magnitude, of impedance: 2-22 
Marker generator for 100, 50 and 25 kHz: 

16-13 
Markers, frequency: 16-11 
MARS: 22-10 
Match: 

Delta and gamma: 21-3 
Gamma and T: 19-5 

~ Matching: 
Impedance: 2-25, 10-10 
Methods for vhf antennas: 21-2 
Networks: 2-42, 6-15 
Networks, link-coupled: 19-13 
Q section: 19-4 
Shunt-feed: 10-11 
Stub: 10-14 
With an L network: 10-11 

Maxim, Hiram Percy: 1-3, 1-6 
Measurements: 

Distortion, interpreting: 12-19 
Frequency: 16-11, 16-14 
Noise-figure: 8-2 
Of deviation using Bessel functions: 13-5 
Power: 16-3 
Receiver noise floor: 16-39 
Resistance: 16-3 
Rf power: 16-10 
Rf voltage: 16-10 
SWR: 16-11 

Mechanical filters: 8-21, 8-22 
Mega: 2-5 
Memory: 

Random access: 4-51 
Sefial access: 4-51 

Metal gauges, standard: 17-5 
Meters: 

Absorption frequency; 16-14 

Accuracy: 16-2 
Average- and peak-reading: 16-8 
Determining the internal resistance of: 16-2 
Deviation: 13-5 
Dip, dual-gate MOSFET: 16-20 

, Dip, measuring capacitance and 
inductance with: 16-22 

Extending the current range of: 16-2 
For resistance measurements: 16-3 
Lrnearity: 16-9 
Multipliers: 16-3 
Operating a dip: l6-21 
Reflected power: 16-11 
S: 8-24, 8-25 
Sensitivity of: 16-2 
Shunts: 16-2 
Thermocouple: 16-7 

Metric mUltiplier prefixes: 2-5, 17-11 
Mf and hf propagation: 18-4 
MHO: 2-5 
Micro: 2-5 
Microcircuit: 4-40 
Microcomputer: 4-51 
Microfarads: 2-9 
Microphones: 12-11 
Microphonics: 8-9 
Microprocessors: 4-51 
Microstripline 2-GHz oscillator: 3-18 
Microwave Gunn-diode oscillators: 3-18 
Microwave oscillator transistors: 23-16 
Microwave oscillators, solid-state: 3-17 
Military Affiliate Radio System: 22-10 
MiIIi: 2-5 
Minimum choke inductance: 5-7 
Minooka special (antenna): 20-11 
Mix, Don: Ic4 
Mixers: 9-7, 9-8 

Balanced: 9-9 
Balanced diode: 8-18 
Comparisons: 9-13 
Diode: 4-9, 7-1 
Doubly balanced: 9-13 
FET: 4-36, 7-1, 8-17 

.For vhf and uhf, balanced: 9-9 
High-level transmitting: 7-2 
High-performance: 8-43 
IC: 4-44, 8-19 
Intermodulation intercept point: 9-18 
Receiver: 8-17 
Selection: 9-16 
Single-ended: 9-8 
Singly balanced VMOS: 8-43 
Terminology: 9-18 
Transistor: 4-29 
Transmitting: 7-1 
Vacuum-tube: 7-1 

Mobile antenna, 5/S-wavelength, 
220-MHz: 10-13 ' 

Mobile antennas, hf: 10-10 
Mobile ope!'lltion: 1-2 
Mobile whip: 10-10 
Modes: 

Depletion: 4-33 
Enhancement: 4-33' 
Of propagation, waveguides: 19-3 
OSCAR satellites: 14-4, 14-6 
Propagation: 18-5 
Scatter: 18-4' 

Modulation: 
Amplitude: 12-1 
Bars (TVI): 15-3 
Cross: 9-S 
Frequency: 13-1 
Index: 13-2 
Phase: 13-1 
Spin: 14-7 

Modulators: 
Balanced: 12-1 
Fast-scan, ATV; 14-31 

Reactance: 13-3 
Moniniatch: 16-11 
Monitoring cw: 11-6 
Moon: 

Azimuth and elevation: 14-15 
GHA and dec!.: 14-11, 14-12 
Locating: 14-14 

Morse keyboard, inexpensive, buffered: 11-7 
MOS: 4-54 
MOSFET dip meter, dual-gate: 16-20 
MOSFET preamplifiers, for 28, 50 and 

144 MHz: 19-11 
MOSFETs: 4-33 
Multiple-hop propagation: IS-3 
Multiple-plate capacitor: 2-9 
Multiplexing, digit: 4-61 
Multipliers, meter: 16-3 
Multivibrator, bistable: 4-50 
Mutual inductance: 2-16 
Mutually coupled inductors: 2-41 

NAND gate: 4-49 
Narrowband linear vhf power amplifier: 4-39 
Narrowband rf amplifier; 8-16 
Narrowband transformers: 2-27 
Narrowband voice modulation: 14-33 
National Traffic System: 22-10 
NBVM: 14-33 
Negative feedback: 3-16 
Negative logic: 4-49 
Negative-lead filtering: 5-8 
Nets and bulletin schedules, AMSAT: 14-4 
Nets, traffic: 1-2 . 
Network equations: 6-17 
Network reactance: 2-44 
Networks: 2-1 

Audio phasing: 12-9 
Coupled: 3-6 
Dissipationless: 2-36 
Ladder: 2-36 
Link-coupled, matching: 19-13 
Matching: 2-42,6-15 
Rf phasing: 12-9 

. RLC: 2-43 
Neutralization: 6-18, 7-3 
Neutralizing circuits: 6-32 
Neutrons: 2-1 
Newtons: 2-1 
NiCad battery charger, vehicular: 10-6 
Noise factor: 9-1 
Noise figure: 8-1, S-40, 9-1, 9-18 

Measurements: 8-2 
Vs. noise temperature: 9-2 

Noise temperature: 9-1 
Noise: 

Blanker (silencer), i-f: S-27 
Blanker circuit: 8-26 
Blanker, high dynamic range: S-50 
Bridge, for 160 to 10 meters: 16-31 
Charging-system: 10-2 
Corona-discharge: 10-3 
Electrical: 10-1 
Instrument: 10-2 
Limiter circuits: S-25 
Popcorn: 4-47 
Reduction, electronic: 10-3 
Reduction, impulse: 8-25 
Reduction, receiver: 8-25 
Solar: 18-2 
Source, gated: 16-27 
Spark-plug: 10-2 
VFO: 6-7 

Noise-floor measurement, receiver: 16-39 
Nonlinear circuits: 3-15 
Nonlinear devices, linear approxi-

mations of: 3-15 
Nonlinear transfer characteristics: 3-14 
Nonlinearity: 3-13 
NOR gate; 4-49 



,. 

Normalized impedance: 2c38 
Notch filters, coaxial lines as: 8-54 
Novice 114 gallon transmitter: 6-41 
NTS: 22-10 

Offset voltage: 4-47 
Ohm: 2-4 
Ohm's Law: 2-5 

For impedance: 2-23 
For reactance: 2-20 

Ohmmeter: 16-3 
Circuits: 16-4 

Old-Timers Club Award: 22-8 
Op amps: 4-44 

As audio filters: 4-46 
Base diagrams: 23-19 
IC: 23-19 
Specifications: 4-47 

Open-loop gain: 4-45 
Open-wire line: 21-2 
Operating impedance bridge, for 160 to 

6 meters: 16-34 
Operating: 

Ajds for public service: 22-11 
Code, DX: 22-7 
Cw: 22-4 
EME: 14-19, 14-20 
Ethics, DX: 22-6 
Hints, voice: 22-3 
Mobile: 1-2 
Phonetics, International 

Telecommunication Union: 22-4 
Practices, phone: 22-3 
Procedures, RTTY: 22-5 
Procedures, SSTV: 22-5 
QRP: 10-1 
Repeater: 22-4 
Standards: 22-1 

Operational amplifiers (see op amp) 
Optical electronic devices: 4-60 
Optical shaft-encoder: 4-60 
Optocouplers: 4-60 
Optoisolator: 4-60 
OR gate: 4-49 
Orbit, atomic: 4-1 
Orbital parameters, spacecraft: 14-3 
Organs (RFI): 15-16 
OSCAR: 1-2 
OSCAR education: 14-2 
OSCAR modes: 14-4, 14-6 
OSCAR satellites: 14-1, 14-2 
OSCARLOCATOR: 14-3 
Oscillation: 

PaFasitic: 7-3 
Parasitic, low-frequency: 6-33 

Oscillators: 3-16 
2-GHz microstripline: 3-18 
Audio-frequency: 16-23 
Beat-frequency: 8-24 
Bipolar-transistor: 4-27 
Capacitors for use in: 6-5 
Colpitts: 6-3 
Crystal: 6-3, 8-12 
Crystal; for vhf: 9-10 
Crystal, solid-state: 6-3 
Crystal, vacuum-tube: 6-3 
Electrical stability:· 6-5 
Electron-coupled: 8-14 
FET, crystal: 4-36 
Gunn-diode microwave: 3-18 
L-band transistor: 3-1 '1 
Local: 8-11, 8-40 
Local, structure: 8-46 
Microwave, solid-state: 3-17 
Overtone: 6-3 
Parasitics: 6-4 
Pierce: 6-3 
Reflex klystron: 3-17 
Relaxation: 4-31 

Rf, for circuit aligfl..ment: 16-20 
S-band solid-state: 3-18 
Stability: 6-5 
Transistors, uhf and microwave: 23-16 
Tuned-plate tuned-grid: 3-17 
Twin-T, audio: 4-28 
Types: 6-6 
Variable-frequen~y: 6-4 
Wide-range audio: 16-23 

Oscilloscope: 16-24 
Oscilloscope circuit, simple: 16-24 
Oscilloscope patterns, transmitter 

tests: 12-18 
Overlay transistor: 4-20 
Overlo.ad, fundamental (TVI): 15-11 
Overloading and spurious signals: 9-3 
Overtone oscillator: 6-3 

P-A systems (RFI): 15-16 
PA for 440 MHz, solid-state: 13-17 
PA: 

Low-drive 2-meter: 7-13 
Low-drive 6-meter: 7-7 
VMOS: 6-39 

Package information, transistor: 23-17 
Parabeam antennas, vhf and uhf: 21-11 
Parabolic antennas: 21-12 

Gain vs. size: 14-21 
Parallel: 

And push-pull amplifiers: 6-27 
And series equivalent circuits: 2-22 
Circuits, impedance: 2-22 
Diodes: 5-13 
Impedance, equivalent: 2-34 
Inductances in: 2-16 
Reactances in: 2-20 
Resistance: 2-6 
Resonance, low-Q circuits: 2-35 
Resonance, quartz crystals: 2-42 

Parallel-resonant tank: 6-29 
Parallel-tuned Colpitts: 6-6 
Parallel-tuned traps: 15-13 
Parasitic choke: 7-3 
Parasitic oscillations: 7-3, 11-3 

In oscillators: 6-4 
Low-frequency: 6-33 

Parasitic suppression: 6-18 
Parts supplier list, ARRL: 10-7, 14-32, 17-13 
Passive cw audio filters: 8-27 
Path loss, EME: 14-10 
Peak and average voltage with sine-wave 

rectification: 16-8 
Peak one-cycle surge current: 5-11 
Peak repetitive forward current: 5-11 
Pentode transmitting tubes: 23-12 
Permeability: 2-15 

Ferrite toroid cores: 2-30 
Permittivity: 2-1 
Phase degree: 2-18 
Phase difference: 2-18 
Phase III spacecraft: 14-1 
Phase modulation: 13-1 

Comparison with fm: 13-2 
Phase velocity: 19-1 
Phase-locked loop: 13-9 
Phasing method, ssb: 12-7 
Phasing networks: 

Audio: 12-9 
Rf: 12-9 

Phone operating practices: 22-3 
Phonetics, International 

Telecommunication Union: 22-4 
Photodiodes: 4-60 
Photoelectric semiconductor devices: 4-60 
PhotoFETs: 4-66 
Phototransistors, bipolar: 4-60 
Photovoltaic conversion: 4-16 
Pi and Pi-L output tanks: 6-31 
Pi-L network values, table of: 6-31 

Pi-L output circuit, tuning: 6-49 
Pi-network attenuator, resistive: 16-39 
Pi-network values, table of: 6-31 
Picofarads: 2-9 
Pierce oscillator: 6-3 
Piezoelectric crystals: 2-42 
Pilot-lamp data:, 17-12 
PIN diode T-R switch: 11-10 
PIN diodes: 4-14 
Pinch off: 4-33 
PIV: 5-11 
Planck's constant: 4-1 
Plate detection: 8-4 
Plate tank capacitance vs Q: 6-29 
PLL: 6-8, 13-9 
PLL demodulator: 13-9 
PN junction: 4-2 
Polar notation, impedance: 2-23 
Polarization: 

Antenna: 20-1, 21-1 
Circular: 14-5 
Cross: 20-1 

Popcorn noise: 4-47 
Port: 

I-f: 9-15 
LO: 9-15 
Rf: 9-16 

Portable ac power sources: 10-7 
Positive logic: 4-49 
Pot-core: 2-26 
Potential drop: 2-3 
Potential gradient: 2-2 
Powdered iron: 2-26 
Powdered iron toroid: 2-29 
Power meter and VSWR indicator for 

2-30 MHz: 16-30 
Power supplies: 

1.2 to 15-volt, 5-ampere: 5-21 
12-volt 3-ampere: 5-17 
300- to 400-watt 12-volt: 5-18 
Deluxe 5- to 25-volt, 5 ampere: 5-~3 
Econ·omy: 5-8 
Sanitary high-voltage: 5-25 

Power transformers, rewinding: 5-10 
Power: 

Amplifiers (see PAl 
And energy: 2-7 
Battery: 10-3 
Cords, three-wire: 5-2 

. Dividers, rf: 20-15 
Dividers, Wilkinson: 20-15 
Factor: 2-23 
FETs, VMOS:.23-18 
Gain: 2·36 
Measurement: 16-3 
Measurement, rf: 16-10 
Ratings of ssb transmitters: 12-13 
Reactive: 2-20, 2-21 
Solar-electric: 10-6 
Sources, portable ac: 10-7 
Transformers: 17-11 
Transistors, rf: 23-15 

Power-line circuits: 5-1 
Preamplifiers: 

28, 50, 144 MHz, MOSFET: 9-11 
432- and 1296-MHz GaAs FET: 9-13 
FET: 9-4 
GaAs FET: 9-12 . 
Low-noise 220-MHz JFET: 9-11 
RFI in: 15-15 
Uhf: 13-10 
Vhf: 13-10 

Prediction, propagation: 18-6 
Predistortion: 2-41 
Prefixes, metric mUltiplier: 2-5, 17-11. 
Premixing: 6-8 
Primary batteries: 10-3 
Primary current: 2-24 
Probe circuit, rf: 16-10 



Processing, speech: 12-14 
Produ!Ot detectors: 8-5 
Programmable read-only memory 

(PROM): 4-51 
Projection system, sunspot: 18-2 
PROM: 4-51 
Propagation prediction: 18-6 
Propagation time: 19-\. 
Propagation: 

Bulletins, W1AW: 18-9 
Bulletins, WWV: 18-7 
Mf and hf: 18-4 
Modes: 18-5 
Multiple hop: 18·3 
Types of: 18-2 
Vhf and uhf: \8-5 

Protection, ()f silicon power diodes: 5-\\ 
Protons: 2-1 
PRV: 5-11 
Public service: 1-3,22-10 

Operating aids for: 22-11 
Push-pull and parallel amplifiers: 6-27 
Push-push frequency doubler: 4-40 

Q: 2-33 
Effective: 2-35 
Loaded drcuits: 2-35 
Matching section: 19-4 
Tank: 6-29 
Unloaded: 2-34 
Vs. plate tank capacitance: 6-29 

Q-dope: 6-5 
QRP: 

Operation: 10-1 
Transceiver: 10-15 
Transmatch: 10-14 

QSK operation: 11-4 
QSL bureaus, ARRL: 22-2 
QSLs, sending and receiving: 22-2 
Quad: 

And Yagi directive antennas: 20-17 
Antenna system, three-band: 20-22 
Beams: 20-20 
Loop dimensions, three-band: 20-23 

Quadrifilar windings: 17-7 
Quadrupling, voltage: 5-9 
Quagi antenna, vhf: 21-8 
Quarter-wave impedance transformer: 19-4 
Quarter-wavelength vertical, vhf: 10-12 
Quartz crystals: 6-3 

R-S-T system: 22-5 
RACES: 22-10 
Radiation angle: 

And skip distance: 18-3 
Antenna: 20-2 

Radiation, solar: 18-1 
.Radio Amateur Civil Emergency Service 

(RACES): 22-10 
Radio: 

Amateur, getting started in: 1-2 
Clubs: 1-2 
Computer applications in: 4-52 
Frequency (see rf) 
Terms, glossary of: 3-19 

Radio-frequency interference (see RFI 
and TVI) 

Radioteletype: 14-24 
Rag Chewers Club Award: 22-9 
Random access memory (RAM): 4-51 
Range, dynamic: 8-3 
Ratings: 

Capacitor: 6-31 
Of filter components: 5-7 
Rectifier: 5-\1 
Transmitting-tube: 6-20 
Vacuum tube: 6-20 

Ratio detector: 13-9 
Ratio, turns of transformer windings: 2-24 

RC active filters: 4-46 
Reactance: 2-19, 2-20 

And complex waves: 2-23 
Chart: 2-20 . 
Modulators: 13-3 
Network: 2-44 
Ohm's law for: 2-20 
Reflected: 3-6 

Reactances in series and parallel: 2-20 
Reactive power: 2-21 
Read only memory (ROM): 4-51 
Readout devices, digital: 4-60 
Readouts, LED: 4-61 
Real component, of impedance: 2-22 
Receivers: 

Accessories: 8-48 
Agc: 8-19 
Audio limiting: 8-25 
Blocking: 16-40 
Desensitization: 13-21 
Design concepts: 8-39 
Direct conversion: 8-7 
Fm: 13-6 
For beginners, simple: 8-29 
Front ends: 8-15 
Front-end protection: 9-4 
I-f amplifiers: 8-43 
Medium-grade: 8-35 
Mixers: 8-17 
Noise reduction: 8-25 
Noise-floor measurement: 16-39 
Performance objectives: 8-40 
Performance, measuring: 16-38 
Regenerative: 8-7 
Rf amplifiers: 8-15 
Simple superhet for 75-meter ssb: 8-31 
Superheterodyne: 8-10 
Superregenerative: 8-7 
Testing, signal generators for: 16-36 
TRF: 8-6 
Two-tone IMD test for: 16-41 
Typical amateur: 8-11 

Receiving tube types and bases, index: 23-1 
Rechargeable batteries: 10-4 
Rectification, harmonics by: 15-11 
Rectifier: 

Full-wave bridge: 5-4 
Full-wave center-tap: 5-3 
Half-wave: 5-3 
Instruments: 16-8 
Ratings: 5-11 

Rectifiers, silicon controlled: 4-31 
Reference diodes: 4-19 
Reflected power meter: 16-11 
Reflected reactance: 3-6 
Reflected wave: 19-1 
Reflection coefficient: 19-2 
Reflectometer: 16-11 
Reflex klystron oscillator: 3-17 
Regenerative detector: 8-7 
Regenerative feedback: 3-16 
Regenerative receivers: 8-7 
Regenerative switching: 4-5\ 
Regulation, voltage: 5-4, 5-14, 5-\5 
Regulator circuit, solar-electric: 10-6 
Regulator diodes: 5-\4 
Regulator tubes, gaseous: 5-14 
Regulators: 

Adjustable-voltage IC: 5-17 
Discrete component: 5-15 
Fixed-voltage IC: 5-17 
High-current: 5-16 

Relaxation oscillator: 4-31 
Relay, solid state: 4-60 
Remote base stations: \3-19 
Repeaters: 13-19 

Operating: 22-4 
Practical circuits: 13-20 

Resistance: 2-1, 2<4 

And capacitance, time constant: 2-16 
And inductance, time constant: 2-17 
Current phase in: 2-19 
Definition .of: 2-7 
Load: 5-4 
Measuring: 16-3 
Of wires and metals: 2-4 
Parallel: 2-6 
Series: 2-6 

Resistivity: 2-3 
Resistors: 2-3" 2-5 

At radio frequencies: 16-24 
Bleeder: 5-5 
Fixed-value composition: 17-10 
Series: 2-6 
Series-parallel: 2-7 
Voltage dropping: 5-13 

Resonance: ~-33 
And beam sharpness: 20-20 
Curves: 2-33 
In parallel circuits: 2-34 
Series, of disc ceramic capacitors: 17-9 

Resonant frequency: 2-33 
Resonators: 

Cavity: 3-6 
Coupled: 2-40 
Helical: 9-4, 9-5, 9-6 

Resultant: 2-19 
Rewinding power transformers: 5-10 
Rf ammeter: 16-8 
Rf amplifiers: 8-41, 9-1 

And i-f amplifiers: 4-34, 4-42 
Cascode: 4-35 
Grounded-source: 9-3 
High-level: 8-42 
Narrowband: 8-\6 
Power, 2-meter solid-state: \3-16 
Power, transistor: 4-25 
Receiver: 8-15 
Transistor: 4-24 

Rf chokes: 6-34 
Rf enclosure: 15-4 
Rf impedance bridge for coax lines: 16-28 
Rf leakage: 3-1 
Rf phasing networks: 12-9 
Rf port: 9-16 
Rf power amplifiers: 4-26 
Rf power dividers: 20-15 
Rf power measurement: 16-10 
Rf probe for electronic voh:neters: 16-10 
Rf selectivity: 9-4 
Rf transformers: 3-3 

Broadband: 3-8 
Rf transistors: 

Power: 23-15 
Small-signal: 23-15, 23-16 

Rf voltage measurement: 16-10 
Rf, resistors 'at: 16-24 
Rf-powered keying monitor: \1-7 
RFI: 15-1 

And TVI, FCC role: 15-16 
Cross-modulation: 15-16 
Fm antenna pickUp: 15-14 
Shielding: 15-6 
Telephone interference: 15-16 
To fm tUners: 15-15 
To hi-fi gear: 15-14 
To organs: 15-16 
To P-A systems: 15-16 
To preamplifiers: 15-15 
To turntables and tape decks: 15-14 
Transmitter defects: 15-15 

Rhombic antennas: 20-8 
Design chart: 20-10 

Ripple frequency: 5-5 
Ripple voltage: 5-5 
RLC networks: 2-43 
ROM: 4-51 
Rotary beam antenna: ~O-19 



RTTY: 14-24 
Demodulator: 14-28 
Operati.ng procedures: 22-5 
With ssb transmitters: 14-28 

Rubbering crystals: 6-4 

S meters: 8-24, 8-25 
S unit: 2-32 
S-band solid-state oscillator: 3-18 
Safety precautions: 5-2 
Satellites: 

'1000' Award: 22-8 
(Also see Spacecraft) 
Altitude, time and range: 14-2 
Communication: 14-1 
Elliptical-orbit: 14-2 
Hints and kinks: 14-5 
OSCAR: 14-1, 14-2 
Telemetry: 14-3 
Transponder: 14-3 

Saturation: 2-15 
Scanning Touch-Tone digit and word 

decoder: 13-24 
Scatter modes: 18-4, IS-6 
Schematic diagrams: 2-1 
Schmitt trigger: 4-40, 4-46 
Scope patterns and two-tone tests: 12-1S 
Secondary coil: 2-23 
Secondary current: 2-24 
Selectivity: 2-33, 8-2, 8-40 

I-f: 8-21 
Rf: 9-4 

Selenium diodes: 4-5 
Self-inductance: 2-17 
Self-neutralizing frequency: 7-3 
Semiconductors: 2-1, 4-1 

Diodes: 4-5 
Four-layer: 4-30 
Heat sinks: 17-4 
Memories: 4-51 
Photoelectric: 4-60 
Terminology abbreviations list: 4-59 

Sensitivity: 8-1 • 
Of meters: 16-2 

Sequential logic: 4-50 
Serial access memory: 4-51 
Series and parallel equivalent circuits: 2-22 
Series circuits: 2-4 

Impedance: 2-22 
Resonance: 2-33 

Series diodes: 5-13 
Series impedance, equivalent: 2-34 
Series inductances: 2-16 
Series reactances: 2-20 
Series resistance: 2-6 
Series resonance, quartz crystals: 2-42 
Series-parallel: 2-7 
Series-tuned Clapp: 6-6 
Series-tuned Colpitts: 6-6 
Seven-segment decoders: 4-61 
Shaft-encoder, optical: 4-60 
Shaping: 

Audio: 8-40 
Keying envelope: 11-3 

Sheet metal; cutting and bending: 17-5 
Shielding: 

Against RFI: 15-6 . 
Electrostatic: 2-3 
Of hi-fi gear: 15-15 

Shorted turn: 3-6 
Shunt-feed matching: Hr-ll 
Shunts, meter: 16-2 
Sideband emission, independent: 12-10 
Sideband transceivers: 12-18 
Sideband transmitter, testing: 12-18 
Sideband-generator module: 12-27 
Sidebands: 12-1 

Fm and pm: 13-2 
Signal generators: 

For receiver testing: 16-36 
Hybrid combiner for: 16-37 

Silicon controlled rectifiers (SCR): 4-31 
Single sideband (see Sideband) 
Single-ended mixers: 9-8 
Single-tuned circuits: 3-5, 3-7 
Singly balanced circuits: 

Diode mixers: 8-18 
FET mixer: 7-1 
FET mixer, active: 8-17 
JFET mixers: 4-36 
VMOS mixer: 8-43 

Skin effect: 2-5 
Skip distance: IS-2 

And radiation angle: IS-3 
Skip, sporadic-E: IS-5 
Skywave: 18-2 
Sleeve balun: 19-6 
Slew' rate: 4-48 
Sloper antenna: 20-12 

Half sloper: 20-12 
Slow-scan television: 14-32 
Slug, coil: 2-16 
Small-signal bandwidth: 4-48 
Small-signal FETs: 23-18 
Small-signal transistors, rf: 23-15, 23-16 
Snap diode: 4-19 
Sockets and chimneys, tubes: 6-24 
Solar battery manufacturers and 

distributors: 10-7 
Solar cells: 4-16 
Solar flux: 18-1, IS-7, 18-9, 18-10 
Solar noise: 18-2 
Solar observation, advanced: 18-9 
Solar phenomena: 18-1 
Solar radiation: 18-1 
Solar-electric diodes: 4-16 
Solar-electric panel: 10-6 
Solar-electric power: 10-6 
Solar-electric regulator circuit: 10-6 
Soldering: 17-6 
Soldering station, deluxe: 17-2 
Solid-state: 2-i 
Sound bars: 15-3 
Space wave: .18-2 
Spacecraft: 

Frequencies: 14-3 
Orbital parameters: 14-3 
Phase III: 14-1 

Spark-plug noise: 10-2 
Speaker filter: 15-14 
Spectrum reference chart, frequency: 17-12 
Speech amplifier: 12-10 
Speech processing: 12-14 

For fm: 13-4 
Speech processor, audio: 12-20 
Spin modulation': 14-7 
Sporadic E: IS-2 
Sporadic-E skip: IS-5 
Spurious signals and overloading: 9-3 
Spurious signals, FCC rules concerning: 15-7 
Square-law response: 4-34 
Ssb transmitters, RTTY with: 14-28 
Ssb: 

Filter method: 12-4 
Phasing method: 12-7 
Signal quality: 12-4 
Transmitters, power ratings of: 12-13 

SSTV operating procedures: 22-5 
Stability: 8-40 

Amplifier: 9-2 
Stacking Yagis: 21-6 
Standard frequencies and time signals: 16-42 
Standing wave: 19-1 
Standing-wave ratio (see SWR) 
Step attenuator: 8-16 

Low power: 16-38 
Step-recovery diodes (SRD): 4-19 
Storage batteries: 10-4 

Caring for: 10-5 
Charging: 10-5 

Stub matching: 10-14 
Stub, universal: 21-2 
Subsystem ICs: 4-41 
'Summing amplifier: 4-46 
Sun: ' 

Azimuth and elevation: 14-16 
GHA and dec!.: 14-13, 14-14 

Sunspot cycles: 18-1 
Sunspot numbers: IS-I, 18-10 
Sunspot projection system: 18-2 
Superdiode: 4c30 
Superheterodyne receivers; for 75-meter 

ssb: 8-31 
Superheterodyne receivers: 8-10 
Superregenerative receivers: 8-7 
Suppression: . 

Harmonics: 15-3 
Line Transients: 5-12 
Of parasitics: 6-18 
Practices, TVI: 15-5 

Surface wave: IS-2 
Surge protection: 5-12 
Susceptance and admittance: 2-37 
Sweep circuit, quasi-linear: 16-25 
Swinging chokes: 5-7 
Switch, T-R: ll-5, 11-10 
Switching diode: 6-4 
Switching system, remote antenna: 20-24 
Switching, crystal: 6-4 
SWR: 3-10, 19-2 

Measurement: 16-11 
Symbol list, semiconductor: 4-59 
Symmetrical feed: 20~4 
Synthesizer, practical: 13-12 
Systeme International D'Unites: 2-1 

T- and Gamma-matching systems: 20-20 
T-44 cavity modification: 7-6 
T-match: 19-5 
T-network attenuator, resistive: 16-39 
T-R switch: 11-5, 11-10 
Tables, truth: 4-49 
Tail ending, filter: 8-45 
Tank coils: 6-33 
Tank Q: 6-29 
Tank, parallel-resonant: 6-29 
Tank-capacitor plate spacings: 6-33 
Tape decks and turntables (RFI): 15-14 
TE mode: 18-5 
Telemetry, satellite: 14-3 
Telephone interference (RFI): 15-16 
Television interference (see TVI and RFI) 
Television: 

Amateur: 14-2S 
Deflection tubes: 23-14 
Slow-scan: 14-32 
Vhf: 15-2 

Temperature effects on conductors: 2-5 
Temp~rature-compensating capacitors: 6-4 
Terminations, dBm port: 9-15 
Tester: 

For crystals and bipolar transistors: 16-27 
For transistors: 16-27 

Tetrode transmitting tubes: 23-12 
Thermal protection: 5-12 
Thermocouple meter: 16-7 
Thyristors: 4-30 
Tilt angle, rhombic antenna: 20-9 
Time constant: 

Capacitance and resistance: 2-16 
Inductance and resistance: 2-16, 2- I 7 

Time interval: 2-18 
Time signals and standard frequencies: 16-42 
Time zone conversion: 22-2 
Tools: 

And materials: 17-1 
Care of: 17-2 



Top-loading capacitance: 10-12 
Toroids: 

Balun: 19-6 
Checking at rf: 2-29 
Ferrite cores: 2-30 
Powdered iron: 2-29 
Winding: 2-31, 17-7 

Touch-Tone:' 
Control: 13-21 
Decoder, universal: 13-28 
Digit and word decoder, scanning: 13-24 
Encoders: 13-21 
Encoders, homemade: 13-22 

Tower guy wires, reso'nance: 20-23 
Tower, heavy-duty freestanding 

foldover: 20-23 
Towers, cables and control wires on: 20-11 
Traffic nets: 1-2 
Transceivers: 14-29 

Frequency checking: 16-12 
Optimized QRP: 10-15 
Single-sideband: 12-18 

Transequatorial mode: 18-5 
Transfer characteristic, nonlinear: 3-14 
Transformers: 2-23 

50- tcr~75-ohm broadband: 19-8 
Audio: 17-11 
Autotransformers: 2-26 
Bifilar wound: 3-11 
Broadband: 2-27, 6-19, 6-21 
Closed-core: 2-24 
Constant-voltage: 5-2 
Construction: 2-25 
Conventional: 2-27 
Core material: 2-25 
Efficiency: 2-24 
Ferromagnetic: 2-26 
I-f: 17-11 
Ideal: 2-25 
Iron: 2-25 
Iron-core: 2-24 _ 
Kilowatt 4: I toroidal balun: 19-8 
Load: 2.-24 
Losses: 2-24 
Lossless: 3-8 
Low frequency: 3-11 
Narrowband: 2-27 
Plate and filament: 5-10 
Power: 17-11 
Quarter-wave impedance: 19-4 
Rewinding: 5-10 
Rf: 3-3 
Toroidal, winding: 17-7 
Transmission-line: 2-28, 3-11 
Types: 2-27 
Volt-ampere rating: 5-10 

Transients, suppressing: 5-12 
Transistors: 

Amplifiers: 4-21, 6-28 
Amplifiers, rf: 4-24 
Amplifiers, rf power: 4-25 
Applications, bipolar: 4~23 
Audio amplifiers: 4-24 
Balanced-emitter: 4-20 
Ballasted: 4-20 
Bias: 6-22 
Bipolar: 4-19 
Cooling: 6-24 
Dissipation, bipolar: 4-22 
Field-effect: 4-32 

,High frequency, low voltage 
amplifier: 23-15 

Low noise: 23-16 
Mixers: 4-29 
Overlay: 4-20 
Package information: 23-17 
Ratings, maximum: 6-21 
Rf power: 23-15 
Rf small-signal: 23-15, 23-16 

Switches, bipolar: 4-23 
Tester for: 16-25, 16-27 
Uhf and microwave oscillator: 23-16 
Unijunction: 4-31 

Transit time: 4-21 
Transmatches: 

And baluns: 31-2 
For balanced or unbalanced lines: 19-10 
QRP: 10-14 

Transmission line loads, nonradiating: 19-9 
Transmission .line transformers: 2-28, 3-11 
Transmission lin'es: 19-1, 21-2 

Characteristics: 19-14 
Open-wire: 21-2 
VSWR vs. losses: 19-14 

Transmit-receive switch: 11-5 
Transmitters: ' 

Defects (RFI): 15-15 
Driver stages: 6-13 
For 3.5 to 21 MHz, VXO-controlled: 6-34 
For 3.5 to 28 MHz, low-power 

VMOS: 6-35 
Frequency checking: 16-12 
Heterodyne ssb: 6-3 
Novice 1/4 gallon: 6-41 
Power ratings with ssb: 12-13 
Ssb, RTTY with: 14-28 
Stages, coupling between: 6-15 
Testing, fm: 13-5 
Testing, sideband: 12-18 
Vhf, filters for: 15-10 

Transmitting coils, wire sizes for: 6-34 
Transmitting converter for 432 MHz: 7-5 
Transmitting mixers: 7-1 

High level: 7-2 
Transmitting tubes: 

Ratings: 6-20 
Tetrode and pentode: 23-12 
Triode: 23-10 

Transponder, satellite: 14-3 
Transverters: 7-2, 12-26 

- Traps: 
Antenna: 20-13, 20-14 
Parallel~tuned: 15-13 

TRF recei vers: 8-6 
Tri-wire unipole: 20-11 
Triac: 4-31 
Trifilar windings: 2-28, 17-7 
Trigger, Schmitt: 4-40, 4-46 
Triode amplifier: 3-15 
Triode transmitting tubes: 23-10 
T~ipling, voltage: 5-9 
Tropospheric bemUng: 18-6 
Tropospheric scatter: 18-4 
Tropospheric wave: 18-2 
Truth tables: 4-49 
TTL: 4-53 
Tubes: 

Cooling: 6-23 
Gaseous regulator: 5-14 
Pent ode transmitting: 23-12 
Ratings: 6-20 
Specifications for sockets and 

chimneys: 6-24 
Television deflection: 23-14 
Tetrode transmitting: 23-12 
Triode transmitting: 23-10 
VR: 5-14 

Tuned coupling: 6-29 
Tuned radio frequency (see TRF) 
Tuned-plate tuned-grid -oscillator: 3-17 
Tuner, antenna (see Transmatch) 
Tunnel diodes: 4-17 
Turn, shorted: 3-6 
Turn-over effect: 16-8 
Turns ratio: 2-24 
Turntables and tape deGks (RFI): 15-14 
Tuska, Clarence: 1-5 
TVI: 15-2, 15-3 

Amateur harmonics and TV channels: 
15-2, 15-14 

Antenna installation: 15-13 
Causes and cures: 7-4 
Color television: 15-13 
Cross-modulation: 15-12 
Grounds: 15-5 
'I-f interference: 15-12 
Suppression practices: 15-5 
TV receiver deficiencies: 15-11 
Uhf television: 15-13 

Twin-T audio oscillator: 4-28 
Twist drills: 17-1 
Twisted pairs: 3-9 

Impedance and atten'uation: 3-13 
Two-tone tests: 

IMD, for receivers: 16-41 
Scope pattetns: 12-18 

U.S. amateur frequency allocations: 1-5, 1-6 
Uemura. Naomi, 1-4 
Uhf: 

Amplifier design and operation: 7-3 
And vhf Vagi: 21-4 
Balanced mixers: 9-9 
Oscillator transistors: 23-16 
Preamplifiers: 13-10 , 
Propagation: 18-5 
Tank-circuit design: 7-3 

Unijunction transistors (UJT): 4-31 
Unipole, tri-wire: 20-11 
Universal stub: 21-2 

V beam: 20-8 
Apex angle: 20-9 

Vacuum tube base diagrams::Z3-4 
Vacuum-tube voltmeter: 16-5 
Varactor, diodes: 4-11 
Variable-frequency oscillators: 6-4 
Velocity factor: 2-2 
Velocity, phase: 19-1 
Vertical antennas: 20-9 

360-degree steerable phased array: 20-15 
Physically short: 20-11 
Trap: 20-13 
Two-band: 20-14 
Types of: 20.11 
Variations in: 20-12 

VFO dials: 6-9 
VFO noise: 6-7 
VFOs: 6-7, 8-14 

Buffer for: 6-7 
Electron-coupled: 8-13 
FET: 4-37 
Load isolation for: 6-6 

Vhf: 
Amateur bands and uhf TV channels, 

relationsbip: 15-14 
Amplifier design and operation: 7-3 
And uhf Vagi: 21-4 
Antenna (polarization): 21-1 
Antennas, matching methods: 21-2 
Balanced mixers: 9-9 
Crystal oscillator: 9-10 
Power amplifier, narrowband linear: 4-39 
Preamplifiers: 13-10 
Propagation: 18-5 
Tank-circuit design: 7-3 
Transmitters, filters for: 15-10 

Virtual ground: 4-46 
Virtual height, ionosphere: 18-3 
VMOS FETs: 4-34 

Audio amplifier: 8-45 
Power: 23-18 

VMOS mixer, singly balanced: 8-43 
VMOS power amplifier: 6-39 
VMOS transmitter for 3.5 to 28 MHz: 6-35 
Voice operating hints: 22-3 
Volt: 2-2 



· Voltage: 2-1 
And turns ratio, transformers: 2-24 
Breakdown: 2-9 
Dividers: 5-13 
Doubler, full-wave: 5-9 
Doubler, half-wave: 5-S 
Drop: 2-6 
Dropping resistor: 5-13 
Measurement, rf: 16-10 
Offset: 4-47 
Quadrupling: 5-9 , 
References, diodes as: 4-7 
Regulation: 5-17 
Regulation, electronic: 5-4, 5-15 
Ripple: 5-5 
Rise at resonance: 2-34 
Standing-wave ratio (see· SWR and VSWR) 
Tripling and quadrupling: 5-9 

Voltage-distribution, antenna: 20-3 
Voltmeters: 16-2, 16-3 

Electronic: 16-4 
Impedance: 16-9 
Rf probe for electronic: 16-10 
Vacuum-tube: 16-5 

VOX, solid state: 12-24 
VR tube: 5-14 
VSWR: 19-2 

Indicator and power met\!r for 2-30 
MHz: 16-30 

Nomograph: 19-14 
Vs. los.s chart: 19-14 

VXO circuits: S-12, S-13 
VXO-controlled transmitter for 3.5 to 21 

MHz: 6-34 

W1AW: 22-11 
Code practice: 22-12 
Propagation bulletins: IS-9 

WAC Award: 22-7 
WAS Award: 22-S 
Watt: 2-7 
Wave traps: 15- \3 
Wave: 

Forward: 19-1 
Ground: IS-2 
Reflected: 19-1 

Space: IS-2 
Standing: 19-1 
Surface: IS-2 
Tropospheric: IS-2 

Waveguides: 19-1, 19-3 
Coupling to: 19-3 
Dimensions: 19-3 

Wheatstone bridge: 10-10 
Whip, mobile: 10-10 
Wilkinson power dividers: 20-15 
Windings: 

Bifilar: 17-7 
Bifilar and twisted-pair: 3-9 
Quadrifilar: 17-7 
Trifilar: 17-7 

Wire: 
Diameter, antenna: 20-3 
Resistance of: 2-4 
Sizes for transmitting coils: 6-34 
Straight, inductance of: 2-14 

Wire antennas, gain types: 20-7 
Wire table, copper: 17-13 
Wires, guy, and resonance: 20-23 
Wiring: 17-6 
Word and digit decoder: 13-24 
Word, computer: 4-51 
WWV: 

Broadcast format: 16-42 
Propagation bulletins: IS-7 

Yagi-Uda: 20-17 
Yagis: 20-17, 20-IS 

40-meter beam: 20-21 
Optimum-gain two-band array: 20-21 
Stacking: 21-6 
Vhf and uhf: 21-4 

Zener diodes: 4-17 
Regulation: S-14 

Zepp antenna, center and end fed: 20-4 
Zurich sunspot number: IS-I 

SIS-wavelength 220-MHz mobile 
antenna: 10-13 

2-kW amplifier: 

Conduction-cooled: 6-4S 
Economy: 6-47 

2-kW PEP amplifier: 
For 144 MHz: 7-15 
For 50-S4 MHz: 7-S 

2-meter converter, high-performance: 9-23 
2-meter PA, low drive: 7-13 . 
2-meter solid-state rf power amplifiers: 13-16 
3.5- to 21-MHz VXO-controlled transmitter: 

6-34 
3.S- to 2S-MHz VMOS tra~smitter: 6-35 
5BW AS Award: ;12-S 
6-meter 600 Club Award: 22-S 
6-meter PA, low drive: 7-7 
7-MHz, 360-degree steerable vertical phased 

array: 20-1S 
25-kHz marker generator: 16-13 
40-meter Vagi beam: 20-21 
SO- to 75-ohm braodband transformer: 19-5 
SO-S4 MHz amplifier, 2-kW PEP: 7-S 
SO-kHz marker generator: 16-13 
50-MHz 5-element Vagi: il-6 
50-MHz converter: 9-19 
7S-meter superhet receiver for ssb: S-31 
lOO-kHz marker generator: 16-13 
140-W solid-state linear amplifier: 6-41 
144 MHz amplifier, 2-kW PEP: 7-15 
144 MHz converter: 9-19 
146-MHz turnstile antenna: 14-7 
220-MHz converter: 9-19 
220-MHz high-power amplifier: 7-IS 
220-MHz mobile antenna, 5/S-wavelength: 

10-\3 
360 degree steerable vertical.phased array 

for 7-MHz: 20-1S . 
432 MHz, IS-element Vagi: 21-7 
432-MHz amplifier: 

Conduction cooled: 7-21 
Kilowatt grounded grid: 7-23 

432-MHz helical antenna: 21-11 
432-MHz GaAs FET preamplifier: 9-13 
440 MHz, solid-state PA for: 13-17 
4SS-kHz j-f strip: S-45 . 
600-MHz frequency counter: 16-17 
1296-MHz GaAs FET preamplifier: 9-13 
2000-MHz solar flux: 18-1 


