If you like this sort of material:

Please consider our Eimac Amateur Service Newsletter CD, as
described at http://home.comcast.net/~aa4df02/eimac.htm and
distributed from our web site http://www.aa4df.com

The CD contains scans of Eimac's Amateur Service Newsletters,
providing just about everything you need to know about linear
amplifier use of Eimac tubes, as well as other useful ham radio
information. Sample pages are available from the web site, which
include the Tables of Contents, which do include the Eimac tube type
each article refers to. There are several plans for linear amplifiers up to
2 KW. The only Amateur Service Letters missing in this set between AS-
1 and AS-50 are AS-22, 31, 36, 37 and 38, which weren't provided by
Eimac, as can be seen by looking at the Eimac-provided index. (In other
words, to the best of our knowledge, this set is complete). Articles cover
HF and VHF frequencies. There is a good deal of moonbounce
information as well, including antenna information. The scan set is
provided in both a 491 MB very high resolution (600 dpi) bookmarked
and hyperlinked PDF that's better for printing and also a much smaller,
faster text-searchable scan of the material for every day research and
bench use.

Please Note: In order to delay the inevitable plagiarism of this product
by eBay ""marketing"* (“Artekmedia’) and "'leeching"
(“Micromanuals”) scanned manual vendors this product is locked
against editing. Printing is not affected by this.

If you like this “freebie” PDF, you’ll really love the Eimac Amateur
Service Newsletter CD!

Dave Miller, Jill Bryant, and Dallas Eberhard
http://www.aaddf.com

POB 37091

Tallahassee, FL 32315-7091
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Electronic Switch That Allows Displays Over Each Other
Or Separated As Desired
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EITEL-McCULLOUGH, INC
San Bruno, California.

TETRODE NEUTRALIZATION CONSIDERATIONS

The use of a tetrode rcsults naturally from a consideration of
its low driving power and high power-gain as well as from the point
of view that it is almost free of the necessity for applying neutrali-
zation at the lower frequencies.

It is interesting to note that the very clement in the tetrode
which makes the tetrode so valuable from the power-gain point of view,
the screen, is capable of producing at but one frequency a feedback
preventing out-of-phase voltage at the control grid. When the magni-
tude of this out-of-phase voltage is smaller or greater than necess-
ary, it is capable of causing feedback, hence the need for necutrali-
zation even though all necessary precautions have been observed to
prevent direct coupling between the output and input circuits external
to the tube.

While the fundamental concept of the need for neutralizing triodes
is clearly understood it is not so easy to understand that the very
nature of the tetrode can cause it to create slight feedback conditions
below, but greater feedback conditions above a critical frequency. This
critical frequency is usually indicated in the tube data as the fre-
gquency at which semi-neutralization occurs. At any higher than the
critical frequency and more so when the higher plate voltages are ap-
plied, a greater current will flow through the plate-screen capacitance
than through the plate-grid capacitance, consequently a greater voltage
will develop across the screen-lead inductance. This voltage is 180°
out of phase with the voltage from the plate to the control grid and
only when the currents flowing to the control grid from these two
sources, i. e. plate and screen are equal and opposite will the control
grid be at a neutral potential and the tube then will be perfectly
neutralized This state of affairs occurs at the self-neutralizing
frequency-

At frequencies below the self-neutralizing frequency of the tetrode
external neutralization is generally not necessary except when the
higher plate voltages are applied, since the out-of-phase current appear-
ing at the control grid from the screen may then not be large enough to
balance out the current that appears at the control grid from the plate-
Though usually unimportant, when neutralization is required, this may be
accomplished by the insertion of additional inductance between the screen-
grid terminal and the cathode, or by conventional cross neutralization.

At frequencies above the self-neutralizing frequency of the tetrode,
the out-of-phase voltage developed in the screen-to-ground inductance
has become too large and can be compensated for by extending a few
inches of wire or tab from the control grid terminal up along the side
of the tube, thus adding to the plate-grid capacitance and consequently
again balancing the current appearing at the grid from the plate and
screen

John L. Reinartz, K6BJ
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A HIGH CAPACITY ANTENNA FOR VZRTICAL
HOIGHTS LESS THAN 1/4 WAVELENGTH

By - John L. Reinartz, K6BJ

It is known that the field strength generated by a vertical antenna
is proportional to the current indicated at the base of the antenna. It is
desirable, therefore, to increase this current indication by any means avail-
able. One way is to increase the power output from the transmitter. When the
power of the transmitter is a finite value and limited, only an increase in
the effectiveness of the radiating system will then increase the field strength.

Top loading with a capacity ring or plate as well as center loading
with a high Q inductance, are both being used to raise the current indication
at the base of the antenna with a resultant increase in the field strength.
For mobile operation, a capacity ring or plate on top of a vertical antenna is
not always mechanically feasible, while center loading with a high Q coil
limits the frequency range over which such a system is effective.

A new and novel method for overcoming the shortcomings of the systems
described above ha s been developed by the writer and it has indicated a capabil-
ity to increase the field strength generated over a simple vertical wire of
comparable height, This new antenna is made up as follows:

Starting from the top of any vertical support, such as a bamboo fish-
ing pole or glass rod of any desirable height, an enamel covered copper wire of
#16, 14 or 12 B and S gauge is started at the top after fastening with rubber
tape, Then at the 8" point the wire is turned back up for 4" then down for 12",
again turned up for 4", again turned down for 12", etc., to the bottom of the
supporting pole, As the wire is turned first up and then down, it is placed
120° from the other wire so that the three wires are spaced equidistant around
the supporting pole.

The effect of turning the antenna wire up and then down is to decrease
the total inductance of this radiating system and to increase its effective cap-
acity resulting in an increased current indication at the base of this antenna for
the same power input previously applied to a conventional simple wire antenna of
the same height, In addition to the increased field strength generated by this an-
tenna it was also found to be capable of operating over a greatly increased frequency
range with comparable signal strength reports for the 2638 Kc boat frequency and the
3995 amateur frequency used by mobiles, the transmitter power remaining the same,
At 3995 Kc the antenna was 1/16 wave length high,

1/3 is added to the usual formula for finding the length of wire in feet
required for 1/2 wavelength, For a grounded 1/, wavelength vertical antenna but
one-half of this length is required, In each case the resulting physical length
of the antenna after folding would shrink to two-thirds of the conventional antenna
length, For very high frequencies the folded antenna would allow 3/4 wave operation
at the usual length of the conventional 1/2 wavelength antenna and with improved
results

-1-
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EITEL-McCULLOUGH, INC.
San Bruno. California.

SIMPIE TUBE CALCULATIONS

It is interesting to use the Constant Current Characteristics
given in the data sheets of EIMAC tubes and to determine from them
the operating conditions a tube will be faced with.

When you have determined that a certain value of plate voltage
and grid bias will be used, you place the operating point in a defi-
nite location on the constant current chart and thus determine the
start of the dynamic characteristic line 'for either Class A, B or
C operation.

If you now draw a straight line from this operating point up-
ward and toward the left side of the chart, stopping at the diode
line in the case of triodes and at the bottom of the deep curve in
the case of tetrodes you can, with the aid of a simple device obtain
the value of the instantaneous plate, screen or grid currents as well
as their average value. By plotting the instantaneous values on
graph paper, a picture of these several current components as a func-
tion of time can be formed.

Elgsewhere in this gaper are plotted the sines of angles from zero
t o ,900 in steps of 15 and are shown as lines across the page.
If you will take a piece of clear plastic film 33" x 8" and lay it
across the lines so that you can, with a large darning needle,
scratch these same lines on the clear film, you will have the tool
with which to obtain the instantaneous and average current values
in the plate, screen and grid pulses.

It will be well to draw your pen along the scratched lines to
£ill them in with ink for better visibility. You also prick a hole
through the zero line in the right hand corner with the same needle
so you may hereafter set that point on the starting point of the
dynamic characteristic line, moving the top of the film until the
90° line A meets the top end of the dynamic characteristic line

Emino

You now nead the plate current at each crossing of the dynamic
line with the successive lines on the clear plastic, starting with
the 90° A line. The average current, that which the dec meter reads,
will be given in the formula. If you plot the instantaneous values
obtained on cross-section paper, you will form a picture of the

current pulses. The X ordinate will tgen go from zero to 180° for
the + Y ordinates and from 180° to 360° for the - Y ordinates.

I average =3A + B+ C +D +E + F
12

1=



Power output = 3A + B+ C + D +E +F X 0.9X (B -E )
12 min

2

Load Impedance = (B, = E _ )
b min

2 X power output

The average grid current times the crest excitation voltage
(- bias) + (ECl Max) = exciter power required.

Plate efficiency = Power output divided by power input x 100.
These essentials are presented so you may determine how your tube

will operate under conditions not given under typical operating con-
ditions in the tube data sheet.

?0@ A

(X B -

600 C

450 D

John L. Reinartz, K6BJ
EITEL-McCULLOUGH, INC. -2=-
San Bruno, California.
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A CARRIER LEVEL AND MODULAT ION
INDICATING METER

By - John L. Reinartz, K6BJ.

- em o= e @ e

A most useful device in the radio shack is a carrier level
and modulation meter.

The circuit diagram and parts list show how simply such a
meter can be constructed. The only item not readily found in the
Ham Shack is the 0-50 microammeter. An 0-100 or even an 0-200 micro-
ampere meter can however, be substituted if found necessary, although
this article assumes the use of a 50 microampere meter for the circuit
constants shown.

If similar diodes are used, i.e. 1N34's, 1N38's or 1N52's as
pairs, no trouble should be experienced in the calibration of the
device.

If a small power supply using full wave rectification and pro-
vided with a switch that can switch an 8 mfd filter condenser across
the rectified output is used to drive a small crystal controlled or
other type oscillator, both carrier shift and 100% modulation can be
demonstrated and used to calibrate the device.

Since with full wave rectification but without a filter across
the rectified output the direct current axis is .9 x .707 of the
voltage peak, and goes nearly to the peak when an 8 mfd capacitor is
connected across the rectified output. the effect of raising the dc
axis causes an increase in the input to the oscillator connected to
this power supply, with a consequent rise in carrier output. Our
carrier level meter indicates this power output change.

To calibrate our meter for 100% modulation, it is but necessary
to note its reading as a carrier level meter when the rectified out-
put of the power supply connected to the rf oscillator is not filtered
and then to switch our meter to read modulation level, these two read-
ings should be alike. If these two readings differ, resistor 500K
should be adjusted until no marked change occurs in the meter reading
when its switch is flipped from carrier level indication to modulation
level indication.

Our meter is now calibrated at the 100% modulation level. When
coupled to a voice modulated transmitter hereafter, it is necessary
only to first read the carrier level and then to switch the meter to
modulation level indication and whistle into the microphone, if the
modulation indication goes to the same reading as the carrier did,
100% modulation can be obtained from your transmitter.

-1-



EITEL-McCULLOUGH, INC
San Bruno California

As an additional refinement a double pole double throw
switch can be inserted into the circuit at diode #1. Either
positive or negative modulation peaks can then be measured by
reversine the polarity of diode #1.
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STL CIRCUIT DESIGN

THE EIMAC 4X150A POWER TETRODE FOR CIRCUITS
OPERATING ON 940 TO 952 MC. —‘By BYRON O. BALLOU

INCE it is highly desirable to locate

FM transmitters as high above sur-
rounding terrain as possible, the better
transmitter sites are frequently beyond
the range of line facilities suitable for
carrying 15,000-cycle, low-noise FM pro-
grams. Recognizing this problem, the
FCC allocated the 940- to 952-mc. band
for studio-transmitter link service and,
more recently, for FM relay broadcasting.
This band has proved to be a good choice
because suitable antennas with reason-
ably high gain are not cumbersome in
size, permitting the use of relatively low
transmitter power for reliable circuit
levels.

Mindful of this and other similar ap-
plications, the Eimac organization started
development of a power tetrode suitable
for use at frequencies above 500 mec. In
the design of such a tube, there are essen-
tial demands which must be satisfied.
The more important of these are:

1. Close spacings between internal ele-
ments to reduce transit time loss

2. Low-inductance leads

3. Short elements

4. Adequate input-output shielding

5. Adaptability to UHF circuitry

These requirements dictated that the
tube should be of external anode con-
struction, using low-current-density seals,
oxide-coated cylindrical cathode, a low-
inductance screen grid lead to provide
isolation between input and output cir-

cuits, and the location of the control grid
lead so as to be easily adapted to coaxial
circuit design.

The outcome of this project was the
new 4X150A. Carefully conducted
tests showed stable amplifier operation at
frequencies well in excess of 500 mc., and
operation as a frequency multiplier to
frequencies above 1,000 mc. proved ex-
cellent, showing that the tube is admir-
ably suited to UHF circuit design.

During the test program, it was found
that outputs of 10 to 15 watts in the new
STL band were obtained without diffi-
culty by using a single 4X150A as a fre-
quency doubler, easily driven by another
4X150A as a tripler from approximately
157.5 me. with less than 2 watts of driving
power.

For use in conjunction with the 50-kw.
FM transmitter ! for Radio Diablo, Inc.,
the Eimac laboratory built a prototype
STL transmitter. It was put in daily serv-
ice on March 12, 1948, transmitting pro-
grams from the studios in San Bruno
(San Francisco) to the KSBR transmitter
site atop 8,850-ft. Mt. Diablo, 32 miles
distant. This STL project was undertaken
in collaboration with Radio Engineering
Laboratories, who designed .and built the
serrasoid modulator unit. The REL mod-
ulator-exciter is capable of some 2 watts
output at one-sixth of the antenna fre-
quency, with a deviation of +16.6 ke. for
100% modulation. This gives a swing of
4100 ke. at the antenna frequency.

The circuits were adapted from a wide-
range, coaxial-line resonator arrangement
used for much of the 4X150A testing in
our laboratory. This circuit is unusual in
the way the arrangement differs from the
run-of-the-mill tetrode VHF circuits. In
the ‘usual circuits, the screen is by-nassed
to a ground plate with the grid circuit on
one side and the anode circuit on the
other side. In single-tube coaxial circuits
this arrangement becomes a bit awkward
in that the tube is rather inaccessible. In
the 4X150A circuit, the screen grid re-
mains by-passed to the ground (cathode)
plate with the coaxial grid circuit ex-
tended downward from it. Then the anode
circuit is pulled down around the grid
circuit. In so doing, the anode end of the
tube is made easily accessible from the top
of the anode cavity. This circuit operates
in a thoroughly normal fashion, with no
signs of instability even when working as
a straight-through amplifier above 500 me.

The portion of the STL transmitter
described here has to do with the two
stages, which multiply the output
of the modulator-exciter unit up to the
final frequency. The first stage operates
as a frequency tripler, the grid drive being
supplied in the 156.66- to 158.66-mc.
range by the output stage of the REL
modulator-exciter at a level of 1.5 to 2.0
watts. The anode circuit is tuned to the
third harmonic in the 470- to 476-mc.
range. In this stage, both input and out-
put circuits operate on the fundamental



or A/4 mode. The second stage is a fre-
quency doubler, with the grid circuit
tuned in the 470- to 476-mec. range, and
the anode circuit tuned in the 940- to
952-mc. band. In the doubler stage, both
the input and output circuits are tuned to
the 3A/4 mode, hence this unit is physi-
cally larger than is the tripler stage.

Fig. 1 is a cross-section view of the
doubler stage, illustrating the assembly of
the socket and resonators. It will be seen
that the grid line is a three-quarter wave-
length section of coaxial transmission line,
shorted on the lower end, and tuned to
resonance by the input capacitance of the
tube on the open end. There is a small
trimmer capacitor located at approxi-
mately one-quarter wavelength from the
shorted end. At the tube end of the inner
conductor is . cylindrical blocking capaci-

GRID CIRCUIT
TUNING

INPUT

AIR

ANODE GIRCUIT
TUNING

tor, and the screen-grid connector collet.
This grid line and socket assembly is then
mounted inside the inner conductor of the
anode cavity, also a coaxial line three
quarter-wavelengths long. The line length
is such that with the tube output capaci-
tance across the open end, a very small
amount of variable capacitance at about

anode cavity. The coupling is varied by
means of a small variable capacitance in
series with the ground side of the loop.
Cooling air for the anode is supplied
through a rectangular opening at the
anode end of the assembly, and is ex-
hausted through the anode cooling fins.
Fig. 2 shows the blower arrangement.

ResonaTor DivENSIONS:

Grid line, inner 0.437 in. O.D.
Grid line, outer 1.312 in. I.D.
Anode line, inner 1.75 in. O.D.

DouBLER STAGE TRIPLER STAGE

11.25 ins. long 6.62 ins. long
6.0 ins. to ground

2.813 ins. long
side of screen grid

KBASE COOLING

by-pass
Anode line, outer 3.875 in. 1.D. 7.063 ins. inside 3.875 ins. long
length
SCREEN_ GRID— TypicAL
SOREEN RIP oN OpPERATION TRIPLER DouBLER
Anode 700 volts 700 volts
ANODE o Anode 125 milliamps. 150 milliamps.
CAPACITOR Screen 200 volts 200 volts
Screen 5 milliamps. 5 milliamps.
Grid 8 milliamps.2 8 milliamps.?
Useful output 15 watts 15 watts

a0 S | 2 | 11— S
m i
HEATER AND b ,
SCREEN :
VOLTAGE LEADS BUTPUT J Z -
GRID ANODE < ANoDE
“—GRID BIA
R e ON CAVITY CAVITY co%mc AIR
TU?IIIJJ: %I)NTROL oureur CONTROL GRID
COUPLING BLOCKING HEATER AND SCREEN
Loop GAPACITOR DC BYPASS
CAPACITORS

2 Through 15,000-ohm grid leak.

TRANSMITTER CHARACTERISTICS

Input Level: plus 10 dbm for 1009, modu-
lation (=100 ke.)

FM noise: better than 70 db below 1009,
modulation.

Distortion: less than 0.59, between 50
and 15,000 cycles at 1009, modulation.
Deviation: & 100 ke. for 1009, modula-
tion, 50 to 15,000 cycles.

FIG. 1. 4 cross-section view of the doubler stage, illustrating the assembly of the socket and
resonators, and the two air inlets for cooling the base and anode

tor of approximately 150 mmf., using
.005-in. Teflon tape as a dielectric. The
inner electrode of this capacitor plugs into
a ring which is soldered to the grid
connection.

The grid connection is the center pin
connector of the standard loktal socket.
The control grid bias lead is brought
down inside the inner conductor of the
line and to the outside through a 500-mmf.
ceramic button by-pass capacitor. The
drive to the stage is through a standard N
chassis connector, mounted on the outer
conductor with a small loop attached to it.
The socket assembly mounts on the end of
the outer conductor of the grid line. This
assembly consists of the socket, two cera-
mic button by-pass capacitors, the an-
nular silvered-mica screen by-pass capaci-

the center of the inner conductor is quite
adequate to tune over the required range.

The anode by-pass capacitor is made up
of two silvered brass rings, annular in
shape. One is soldered to the outer con-
ductor of the anode cavity, and the other
carries the connector spring for the anode
connection. These rings, separated by
clear mica .003 in. thick, provide a capaci-
tance of approximately 1,500 mmf. on
DC for the anode is connected to the
outer disc by means of a spring connector
mounted inside the bakelite protecting
cover. In this way the anode potential is
positively removed when the cover is
lifted for changing tubes. The output
coupling loop is mounted on the coaxial
cable connector. This, in turn, is mounted
on the shorting plug at the bottom of the

Cool air passes over the seals of the tube, a
feature most desirable from the stand-
point of vacuum tube operation. A static
air pressure of .25 in. of water is adequate
for proper cooling of the tube anode. A
small amount of air is introduced into the
inner conductor of the grid line to main-
tain the base seals of the tube at a reason-
ably low operating temperature. This air
exhausts through holes in the grid-line
shorting plug. Static pressure should be
.5 in. in this case.

The grid line of the tripler stage is tuned
to resonance by means of a 15-mmf.
midget variable air capacitor, mounted as
far from the shorting plug in the line as is
possible. All parts are silver plated to a
depth of .001 in. to reduce circuit losses to
a minimum.

Specifications for the use of develop-
ment and desigh engineers are presented
in the tables above.
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CONVERSION FACTORS

FOR

POWER AMPLIFIER TRIODES & PENTODES

To use these curves: First, determine the ratio of the new plate voltage
to the published plate voltage nearest ths ds
ratio, the Voltage Conversion Factor (Fg), is
new screen and the new control-grid voltage.

# =]

sived new conditions. This

3

nen used to determine the

J(: Iy
It is also used to deter-
mine from the curves, factors for the other new opsrating conditions.




CLASs B LINEAR SHORT-CUTS

John L, Reinsrtz, KOBJ

For those who wish to get a Class B Linear on the cir with the least
ammount of research work of the published literuture, tne followring is presented
as a method for detormining the minimun fundawental opersting narameters for a
180° current flow and a minimum distortion factor,

The efficiency of an ideal lineay «rplilier havir. o linear cheruacter=—
istic and operoting so that the plate currcent flovs exectly 1E0° durins eoch
cycle is:

Efficiency = =T (1~ J"‘w“ln) 100 percent

L,

where Lp is the plate supply voltage, and unln is the minimum instuntaneous plate
voltage during the cycle, 4Also, power input is defined by:

Power In = éb_lpﬁak and

Pover Jut = (.gb_,- ermn) Ir)p,
L

where Ipeak is the instantaneous peck currvent at the zero grid voltege point on
the constant current characteristic curves at finine

In the case of the tetrode or pentode, iiin docs not drop below the
screen voltage, in a triode it can be asswied thet dyin is 1/3 of the plate supply
voltage Ly,

with this start, we next find the cutoif bias from “2 i.,e, the screen

voltage divided by the screen amplification factor in the cease of a tetrode or
pentode and in the case of ¢ triode we divide the plate voltage Ep by the auplification
factor of that tube,

The next step is to so adjust the bias, thot without a signal input to the
grid, the plate current reading is I-peak, znd of course, for this condition the output
from the plate is zero,

Now let's see what we can expect us output when a signal is applied to the
grid, Let's assume a tetrode, a L4=2504 where:
Lp = 2000 volts and 500 = the screen valtage,

ile note that at 500 volts Ipeak is 0,5 amps on the 4=-250i constant current character-
istic curve at zero grid voltage and so the porer input;

= L2 Ep = —%:5 2000 = 3186 watts
1

ey

and the powver output;

L Tpeak = (1%89) 0,5 = 188 watts

this then proves the first formula of:
Efficiency = -Z- (1~ -ﬂln) 100 percent,
-
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Class B Linear Short-Cuts - -2- John L, Reinartz, K6BJ

In the case of a triode, it must be understood that more output can
be obtained from a low ampliiication factor tube than from a high amplification
tube, Therefore, let's sce what we can get from a 250TL where:

Ep = 3000 volts and Epjn = 1000 volts,

on the constant current characteristic curves for the 250TL we note that Ipeak
at Zpjp of 1000 volts = 0,12 amperes at zero grid voltage. So,

Power input = -Q12 3000 = 115 watts
and the

R ey
Power Output = ( 90 Z OOO) 0,12 = 60 watts,

No grid current flow is allowable consequently, no grid driving power is

required when the Class B Linear is operated as outlined above, In the case of a

tetrode or pentode, the maximum recommended screen voltage should be applied.

Eitel=iicCullough, Inc,
San Bruno, California
JLR:vb
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John L. Reinartz K6BJ

Eitel McCullough, Inc.

FORMULA FOR GROUNDED GRID OPERATION:

DRIVING POWER = POWER OUTPUT X GRID VOLTAGE
| PLATE VOLTAGE

INPUT IMPEDANCE AT  _ (PEAK R F_DRIVING VOLTAGE)?
FILAMENT TRANSFORMER 2 X DRIVING POWER
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INCREASED AUDIO WITHOUT SPLATTER Aa 5;7‘

By - John L. Reinartz.

It is not generally realized, especially in cases where the
Class B modulating transformer has poor regulation that a higher
ratio of audio output in the positive direction can be obtained if
the secondary of the transformer has an additional assymetric load
placed on it through the use of a diode tube and appropriate resis-
tor. See attached diagram.

If the negative voltage excursion of the Class B transformer
secondary just equals the plate supply voltage, then the positive
voltage excursion cannot be as far because in the first instance
there 1s no load across this secondary at the end of the negative
voltage excursion and consequently no voltage drop, while in the
second instance there is a maximum load across the secondary as the
voltage swings in the positive direction with its conseqgnent IR
voltage drop and this subtracts from the positive voltage swing.

Placing an extra load on the transformer secondary through the
use of a diode and series resistor so that this combination allows
loading only on the negative voltage swing, provides a means for
preventing the negative voltage excursion from exceeding the posi-
tive voltage excursion to any degree desired.

Adjustment of the resistor value can be such that the voltage
and modulating power output of the Class B transformer secondary is
even greater in the positive direction that in the negative direction
with consequent greater modulation effects without, however, exceed-
ing 100% modulation.

A summation of (ElI) and (E_.I) will show that the requirement of
a 50% modulating power-for 100% fiodulation factor is not changed. It
is interesting to note that there is a 16% load on the Class B trans-
former secondary during the negative voltage excursion and an 84% load
on it during the positive voltage excursion with respect to the polar-
ity of Eq. Thus there already exists an assymetric loading of the
Class B %ransformer secondary during an audio cycle.

The addition of the extra load proposed in B during the negative
voltage excursion, if of proper value, results in nearly perfect sym-

etry loading of the Class B transformer secondary during the negative
as well as the positive voltage excursions.

1.

(Summary)



Let us consider a Class C rf stage that is to be amplitude modu-
lated. This Class C rf stage is capable of a linear plate current in-
crease with a linear plate voltage increase from a value that may be
considered to be the dc plate voltage E, to twice this voltage 2E. .
Tr s the plate input will go from X wat%s to WX watts. Consequengly
the stage being linear, it can be considered to represent a constant
load R, determined by Eb/Ib, Ib being the average plate current and
Eb being the plate voltage El°

If we now add the mcdulating transformer toc the Class C rf

stage in the usual manner, shown in A of the attached graph, we
can consider the secondary of the modulating transformer E_ to be the
equivalent of E, in voltage output, since 100% modulation ?s to be
achieved. By definition, 100% modulation is achieved when E.-E = O,
T o= 0 and the output from the Class C rf stage is zero. Anytime

12t =L, 1s greater than E., overmodulation occurs, no current flows
.arough=the Class C rf stage since it is a unidirectional valve and
the carrier power is interrupted.

Interruption of the carrier power can result in spurious sidg
bands that interfere with other uses of those frequencies and are to
be avoided. These spurious frequencies are also generated when nega-
tive clipping is resorted to unless a filter is inserted in the cir-
cult to round off the sharply clipped edges. However, it usually is
impossible to reestablish the original wave form, thus some distor-
tion is invariably present in the modulated output. The only reason
for negative clipping and subsequent filtering being the desire on
the part of the radio amateur for an increased modulated carrier out-
put during the positive voltage swing of the modulation transformer
secondary, yet prevent the modulation transformer secondary vVoltage
swing in the negative direction from exceeding the normally applied
dc plate voltage, consequently preventing the generation and emission
of spurious frequencies.

It occurred to the writer that it should be possible to increase
the emission in the positive direction of modulation without the need
for clipping in the negative direction of modulation and thereby. pre-
vent both overmodulation and audio distortion. As an aid in visual-
izing the action of the modulation transformer secondary and its
effect on the Class C rf stage, an analysis of the several instanta-
neous values was made and the results shown as curves on cross-
section paper.

Several interesting items not previously detailed in textbooks
became clear and obvious. The separation of the total power output
due to the instantaneous sum of the dc plate and the ac modulation
transformer secondary voltages into their component factors E. and
E, 1s clearly shown in the graph. It is also shown quite cle%rly
tﬁat while the full -E_, voltage is developed during the negative
voltage generation of ghe modulation transformer secondary equal to
the dc plate voltage El, there actually is no load on either of
these two generators. ~Only when the full sE, voltage is developed
during the positive voltage generation o f tﬁe modulation trans-

former secondary equal to the dc plate voltage E. are these separate

1

2,
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generators fully and equally loaded.

The lcad curves for generators E, and £, are clearly a function
of their instantaneous voltages and t%e instgntaneous current I in
t.e circuit system. Obviously E, is constant, I varies from zero
to 21 and E, varies from zero t0 the value of E. additive, or sub-
tractive. Tﬁe load curve for generator E. is thérefore a straight
line between zero and 20C% load, while th% load curve for generator
E, is a curve in the positive load direction from zero to 200% and
agcurve in the negative load direction from zero to a maximum of 25%
load and continuous toward zero load at its maximum negative voltage
sw%ngf Thg sum of these fwo generator loads is of course I (ElZ Ez):
IRy ¢+ IR, =(E 2E)"

We now have brought R, R. and R_ into our analysis and it is
interesting to note that the tesistadces across generators E. and
BE, vary as the sum of E. I E_ varies. When the modulating v%ltage
ig zero, the system R o%viougly is the value E_/I and represents
the Class C stage load at the average carrier+point shown in the
graph. However, when the generator voltage E_ equals generator
voltage E. and is additive, the resistance R @ivides into R, and R
and each %anerator sees 3R. This can be more readily underétood 2
if we analyze Fig. 2A through 2C. When E_. equals E_. but is sub-
tractive, I equals zero, generator E seef a positive infinity re-
sistance and generator E, sees a neg%tive infinity resistance and
the sum therefore equals®zero. However, the sum of the separate
resistances that generators E. and E  see is always equal to the
value R at all other points on the varying El - E2 voltage curve.

Having noted that the generator E, sees no load when its
voltage equals the voltage of E. but ig subtractive and sees iR when
its voltage equals E, but is additive, it follows that no voltage
drop occurs in the f}rst instance and maximum voltage drop occurs in
the second instance due to the losses that occur in the modulating
transformer secondary winding, constituting its own Ir drop and since
this Ir drop subtracts from the positive voltage swing, if we can
still equal El at this point, we must somehow prevent the negative
excursion from exceeding E_ by the amount of the Ir drop, otherwise
we exceed 100% modulation.t

Ve have now come to the crux of the whole analysis. We re-
quire a means to produce an Ir dpop in the modulation transformer
secondary when its voltage swing is in the negative direction to
equal the Ir drop when its voltage swing is in the positive direc-
tion. A diode tube with a resistor in series, connected across the
modulating transformer secondary so that current flows in this
auxiliary circuit only when the voltage swing is in the negative
direction 1s therefore indicated. The value of the resistance we
hive already determined to be 3R, while its watt rating should be
I°R.

A8
3.
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The loading on the modulation transformer secondary when its
voltage swing is in the negative direction will now be as indicated
by the dotted line in the graph. It will be noted that the modu-
lator system now has a symetrical loading during the negative as
well as positive voltage swing, resulting in reduced second harmon-
ic distortion, full modulation on the positive voltage swing and
prevention of overmodulation on the negative voltage swing.

TABIE I.

R =
%El %E2 %El.E2 %I %Rl %32 Rl%._.R2
100 0 100 100 100 0 100
100 20 120 120 283.3 16.7 100
100 40 140 140 71.4 28.6 100
100 60 160 160 62, a7.5 100
100 80 180 180 52, 7.6 100
100 100 200 200 50. 50.0 100
100 20 80 80 125, =25 100
100 =40 60 60 166 -66 100
100 =60 L0 L0 250 -150 100
100 © =80 20 20 500 =400 100
100 =100 0 0 00 -00 o}

TABIE 2,
GEN.1 GEN.2
%El %1 %Po %E2 %I %Po
100 0 0 0] 100 0
100 20 20 20 120 2L
100 L0 40 40 140 56
100 60 60 60 160 96
100 80 80 80 180 gRIN
100 100 100 100 200 200
100 120 120 -20 80 =16
100 140 140 =40 60 ~24
100 160 160 -60 L0 =24
100 180 180 -80 20 =16
100 200 200 -100 00 0
L,

Increased Audio



OE * E 0 (7]
B, FE, %I % Po
100 100 100
120 120 14k
140 140 196
160 160 256
180 180 324
200 200 L00
80 80 6L
60 60 36
40 40 16
20 20 L
0 0 0
Fig. A. \>/ !
— = ‘:>
- SNSRI oL T~
B, S E, < R
BB, -5, T >
RE, + E, @ J
I Ri=L vtz
Fig. B. N
At 4R exists a zero voltage \L%//
point with respect to the con- ) [\
nection between E, and E, ’ f;;
L [
w2 e I
I has not changed. i e EE;
| _j\/{\ i
B -
Fig. C. Q ALY
The two circuits can be E ~- j> 7‘3-“"
separated without changing I R > ¢\
and each generator sees but zR. L ‘F
il Lia
_— =7 \'\
L 4 , B
@ L s
— I Rl WY
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EITEL-McCULLOUGH, INC.
San Bruno, California

A FURTHER EXPLANATION OF THE PAPER
"INCREASED AUDIO WITHOUT SPLATTER"

By - John L. Reinartz

It appears that I should have added a separate analysis to the article
on "Increased Audio Without Splatter", in the form of an application to a
regular transmitter,

Let us take a normal transmitter where:-

2000 volts

By,

Ib - 0,2 amps or a 400 watt transmitter

therefore the Class C load is equal to 2000/0.2 = 10,000 ohms,

We assume that the Class C stage is capable of a linear current increase
with a linear increase in voltage applied to the plate of the tube or tubes,
i.e., the electron emission from the filament is more than sufficient for 100%
amplitude modulation,

If we now tabulate the instantaneous values of plate voltage increase
and decrease, we find that the current likewise increases and decreases, but
of course the Class C stage continues to indicate a load of 10,000 ohms, i.e.,

2000 volts dc plus 1000 volts of modulating voltage equals 3000 volts, the
current will then be

3000 volts/10,000 ohms equals 0.3 ampere

However, each voltage source sees 2000/0.3 equals 6667 ohms and 1000/0,3
equals 3333 ohms, the total of which is 10,000 ohms, the value we started with,

When the modulating voltage is 2000 volts and equals the 2000 volts dc,
we get: '

2000 + 2000 or 4000 volts to the plate of the tube and consequently
O.4 ampere, So each source now sees 2000 volts dc/O.4 = 5000 ohms plus

2000 volts mod/O.4 = 5000 ohms, the total again being the 10,000 ohm plate
load we started with,

At this point each voltage source sees 2000 volts dc x O.4 equals
800 watts and 2000 volts mod. x O.4 equals 800 watts, the total being
1600 watts which is what we expect for peak power input in a 400 watt
transmitter,

That was the positive modulation swing of the modulation transformer.
Now let us look at the negative modulation swing. We will take 2000 volts
de and -1000 volts modulation:

-1-



EITEL-McCULLOUGH, INC.
San Bruno, California

Here the sum is 2000 - 1000 or 1000 volts to the tube plate. Since the
current is also a linear function, it now is 0,1 ampere. However, the plate
load is still 1000/0.1 = 10,000 ohms., But each voltage source now sees 2000
volts de/0.1 = 20,000 ohms and -1000 volts mod/0O.1 = =10,000 ohms, the total
being 20,000 - 10,000 or the same old 10,000 ohm plate load., Also, the power
each voltage source sees is 2000 x 0.1 = 200 watts and -1000 x 0.1 = -100 watts,
the Class C stage power input being 200 - 100 = 100 watts which is the same as 2000
volts dc - 1000 volts mode = 1000 volts x O.1 amperes or 100 watts.

Now we come to the point where the negative voltage excursion from the
modulating transformer is equal to but opposite in sign to the 2000 volts dc,
As the negative modulating voltage nears -2000 volts, the sum of the 2000 volts
dc and the -2000 volts modulation nears zero., Let us suppose the sum of the
two voltages is + 1 volt, then 1/10,000 = 0.1 milliampere, then 2000 volts
de/0,0001 = 20 megohms and =1999 volts mod/0.0001 equals =19.99 megohms, the
sum again being our old Class C stage of 10,000 ohm value. But, the load each
sees is 2000 volts dc x 0,000l = 0.2 watts and -1999 x 0.0001 = ,1999 watts or
a total of 0.2 - .1999 = 0,0001 watts, This is also the same as 1 volt x
0.0001 amperes or 0,0001 watt., However, when the two voltages, i.e., the
2000 volts dc and the -2000 volts mode. cancel to give zero, the Class C stage
has no voltage applied to the plate, no current flows, and there is no load on
the 2000 volts de nor the -2000 volts mod. since these two voltages then are
effectively in parallel with 10,000 ohms as one connecting link, For all
practical purposes the 10,000 ohm Class C stage could be a short circuit for
all the influence this would have on the two voltage sources in parallel.

To recapitulate:-

E dc = 2000 volts I dc = 0.2 ampere
Class C stage load = 2000/0.2 = 10,000 ohms

E dc ¢+ E mod, = 2000 + 1000 = 3000 volts
I dc goes to 0.3 ampere 3000/0.3 = 10,000 ohms
2000/0.3 = 6667 ohms for dc source

1000/0.3 = 3333 ohms for mod. source
Sum =10000 ohms

2000 x 0.3 = 600 watts
1000 x 0.3 = 300 watts

3000 x 0.3 = 900 watts



In order that the action of the instantaneous summation
of the de and ac voltage values in a high level modulated Class C
stage may be observed at desirable incremental values for any
leagth of time, a demonstration unit was assembled comprising a
110 volt variac, two identical 110 volt primary to 110 volt sec-
ondary 100 watt transformers as well as the necessary wattmeter,
voltmeter and resistances.

Since the instantaneous summation of two ac voltages is readily
accomplished and is valid when the load R is essentially non-reactive,
the use of ac and transformers is allowable and preferred.

As may be noted from the wiring diagram, the two transformer
secondaries are connected in series across the load R, and only the
rimary of T, is constently connected to one half of the variac
voltage betwéen connection 1 and the center tap. It should be noted
that the primary of T, i1s connected between the center tap and the
variable arm of the v&riac. It follows therefore that the transfor-
mer T, secondary voltage will either add to or subtract from the
trans%ormer Ty secondary voltage as the variable arm of the variac
is rotated. Only when the variable arm is set on the center tap
turn of the variac is the secondary voltage of transformer T, zero.
At this point only the secondary voltage of T, acts on the lcad R.
The analogy of high level modulation of a Class C stage can now be
observed at will, the carrier condition without modulation is created
when the rotating arm of the variac is at the center turn where no
voltage is generated in the transformer secondary T.,. The full
positive modulation condition is created when the m%vable arm on the
variac is rotated to allow the secondary voltage of T, to be equal to
the secondary voltage of T; and additive. Twiée the voltage of T
then acts on R and since t%e current through R increased linearly
with voltage, this now is 2I, therefore, we have the 400% peak power
condition for 100% :positive modulation.

At this point. 1f the rheostat in series with T2 is operated,
the effect of poor regulation of a modulation transférmer can be ob-
served through the reduction of the voltage output of T, and the re-
duction in the power output at load R. When the secondary voltage
output of T, 1is subtractive with respect to the constant secondary
voltage output of T,, the manipulation of the rheostat has no effect
since neither Tl nor T, have any load since their combined voltage is
zero across R.

The zero carrier condition is created when the rotating arm on
the variac is turned so that the secondary voltage of T, is equal to
but subtractive from T,, consequently the voltage acting on R is zero
and we have the 100% negative modulation condition at the point where
the carrier power is zero.

(1-a)

(Increased Audio
Demonstration)



It will be noted that when the voltage output of T, is one-
half of the voltage output of T, and subtractive, the wattmeter
reads 1/8 of the 100% positive modulation condition described
ebove and reads in the negative direction, necessitating a re-
versal of the polarity of the voltage connection to the watt-
meter. The double pole double throw switch is for this purpose.

The entire power curve of the Class B modulation transformer
as shown in the graph can be duplicated with complete fidelity.
Since it now is quite obvious that T, is loaded only when its volt-
age 1s additive to the voltage of T,“and has zero load when its
voltage is equal to but subtractive from T,, the connecting of 3R
across the secondary of T, at this point wlll load T, symetrically
in each direction of its Voltage excursions. Of coufse 3R must be
taken out of the circuilt whenever the variable arm on the variac
is moved to create the condition where the output voltage from the
secondary of T, crossed zero and moves to the additive value with
respect to T, In a high level modulated Class C stage, this is
automatically accomplished through the use of a diode and series
resistor as shown in the graph.

This paper is written in the hope that it may clarify through

demonstration the complex action of a modulating voltage in series
with a constant voltage acting on a Class C power stage.

- John L. Reinartz -
K6 BJ

EITEL-McCULLOUGH, INC.
San Bruno, California.

The Home of Quality Tubes
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(Increased Audio
Demonstration)
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E dc + E mod. = 2000 + 2000 = 4000 volts

I dc goes to 0.4 ampere, 4000/0.4 = 10,000 ohms

2000/0.4 = 5000 ohms for dc voltage source
2000/0.4 = 5000 ohms for mod, voltage source
Sum =10000 ohms

2000 x O.4 = 800 watts
200 x Ouk = 800 watts
4000 x 0.4 =1600 watts

E dc - E Mod., = 2000 - 1000 = 1000 volts
I de goes to 0.1 ampere 1000/0.1 = 10,000 ohms
2000/0.1 = 20,000 ohms for dc source

-1000/0.1 =-10,000 ohms for mod, source
Sum = 10,000 ohms

2000 x 0.1 = 200 watts
-1000 x 0.1 =-100 watts -- see curve
1000 x 0.1 = 100 watts

E dc - E, lMode = 2000 - 1999 = 1 volt
I dc goes to 0,000l ampere 1/0,0001 = 10,000 ohms

2000/0,0001 = 20 megohms for dc source
~1999/0,0001 =-19,99 megohms for mod. source
Sum 10000 ohms

2000 x 0,0001L = 0,2 watts
1 x 0,0001 = 0,0001 watt
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BEITEL-McCULLOUGH, INC.
San Bruno, California

At this point, since we have no load on the modulation transformer,
it is subject to negative voltage fluctuations or excursions due to audio
frequency resonance which are also a cause of over modulation. The
system described in my paper effectively limits such excursions so they
cannot reach the dc voltage to produce a zero voltage total or even a
negative value.,

- John L. Reinartz, K6BJ
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EITEL-McCULLOUGH, INC.
San Bruno, California

PI NETWORK SHORTCUTS

The pi network looks like the diagram below and by rule of thumb
allows deductions that serve as a good start for maximum values for the low-
est frequency in any amateur band that is to be covered.

RFC

T D000 —=

e -
AU

T31

1 1T 11 .

C»> Combinations
all 500 Mmf.

N

—t—

Since the capacitance values of C, and C, are intimately tied into
the reactance ohm value of the inductance L that wIll be used and because the
value of XL is determined by the plate voltage, power output and Q of the cir-
cuit, we can use the values given in the attached table without further work,

Pi Network Shortcuts
John L, Reinartz, K6BJ
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If the reactance ohm value of XL is taken as 300 for a typical case
then the sum of the values of XCy and XC, must also equal - 300 for resonance
to take place in such a tuning system.

The next step is to determine the value of the capacitance at the
lowest frequency in the band to be covered and for the lowest output ohms the
system is to match, If the system is to match 50 ohms we merely place a
straight edge from say, 3.5 mc through 50 ohms and read 1000 mmfd's as the
proper value of C,, The XC; value obviously is 300-50 or 250 ohms and its
capacitance value from the same table is 200 mmfd's, In order that we may
Juggle values to control output, C, should be made up of three fixed sections
of 500 mmfd's each plus a 500 mmfd variable while C, would be a 200 mmfd vari-
able,

In the same manner and using the value of XL=300 we can also obtain
the microhenry value of L and in this case we find it to be 15 microhenry.
Because this problem was based on operation from 3,5 to 4 mc, the inductance
should be variable to allow changing to the higher amataur bands,

Plate resistance = Ib
1p X
Where Iy = Plate Current Amperes and Ey = Plate Voltage
Xc = E_b_ - . R
ZQIb v - Loe.

This document is not authorized to be sold by
eBay marketers and leeches.

Pi Network Shortcuts
John L, Reinarts, K6BJ
¥itel-McCullough, Ine.
9/3/54
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TETRODES
2
L. (57 B

- ) Po
FH P, In P. Out. Efficiency Q Ohms Reactance
1000 133 100 75 12 270
1500 267 200 75 12 305
2000 536 400 75 12 270
2500 800 600 75 12 282
3000 1000 800 80 12 305
An average value of 300 would serve.
1000 133 100 75 15 217
1500 267 200 75 15 243
2000 536 L00 75 15 217
2500 800 600 75 15 - 225
3000 1000 800 80 15 243
An average value of 225 would serve.
TRIODES
2
Q Py
Eb P. In. P. Out Efficiency Q Ohms Reactane
1000 133 100 75 12 330
1500 267 200 75 12 372
2000 536 L00 75 12 330
2500 800 600 75 12 345
3000 1000 800 80 12 372
An average value of 350 would serve.
1000 133 100 75 15 263
1500 267 200 75 15 297
2000 536 L00 75 15 263
2500 800 600 75 15 276
3000 1000 800 80 15 297

An average value of 275 would serve.

Eitel-McCullough, Inc
Home of Quality Tubes

San Bruno, California
(Rf Bridge)
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THAT ELUSIVE SWR

The economics of operating with an SWR as near to 1/1 as practicable may not
always be apparent, and may mean little when the coax cable is short and the
operating frequency is low. Yet there are many of us who, when operating on 10
meters with low power want to get as many of our few watts to the antenna connec-
tion as possible, Nor is the high power man immune; he paid lots of money for his
KW rig in order to have many watts available at the antenna connection. Even he
doesn't want to lose any! Most of us even put up nice three element beams, home-
made or expensive, to further put these watts to work in the most desired direction.
Thus the main idea is, lose as few watts as possible between the transmitter and
the antenna.

Many of us use RG8U coax cable; it is.good and sometimes is available inexpen-
sively. If we take a look at the loss graph for this cable, we note that it is
not lossless! Even at 4 m.c. it has approximately 0.3 db loss per 100 feet, and
this goes up to nearly 1 db when we operate in the 10 meter band. A look at the
percent-power-delivered—to—the-anténna—graph, tells us that this 100 feet of RG8U
lets us deliver only 94% of the transmitter output to the antenna connection when
we operate in the 75 meter band, but only 79% when operating in the 10 meter band.
However, there is another joker, the SWR must be 1/1! For any other SWR value we
have another line loss as shown in the SWR-vs-line-loss-multiplier-graph. This
graph tells you that if you are operating with an SWR of 3.7/1, your coax line loss
is multiplied by two,.

Let's keep the SWR down and let's not lose any more watts between the transmitter

and the antenna than we can prevent with a little extra care in the antenna design

at the operating frequency; also let's keep the coax gable as short as practicable.

JOHN L. REINARTZ
Ké6BJ
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EITEL-McCULLOUGH, INC.
San Bruno. California.

THE REDUCTION OF HARMONIC POWER
OUTPUT_IN AMATEUR TRANSMITTERS.

By-John L. Reinartz, K6BJ.

It is not generally realized that most amateur transmitters

using but one tuned circuit in the final output stage cannot

meet the FCC rule stated in Art. 17, Act of 1947 in regard to the
reduction of the radiation of harmonic frequencies to not less
than 40 db below the fundamental frequency output. This comes
about in the following manner:

A tube generates harmonic components as a matter of course when
using Class C conditions. FEach time the grid of the tube is
driven positive, a pulse of current flows in the plate circuit of
the tube. The amplitude of these harmonics depends on the angle
of plate current flow. The magnitude of these harmonics is given
by Terman in "Radio Engineer's Handbook" Fig.66. For example, for
a plate current flow angle of 140° the harmonic amplitudes are as
follows:

db = =20 (log_I ) where I = the fundamental and I, = the
I

harmonic current anﬁ gives us Table I.

TABIE I,
Amplitude in % of
Component Fundamental Amplitude in db
Fundamental (N = 1) 100% 0
Second Harmonic (N = 2) 69.4% - 3,2
Third Harmonic (N = 3) 30.8% -10.3
Fourth Harmonic (N = 4) 4 ,6% -25.8

The voltages produced across the output circuit by these harmonic
components are dependent on the magnitude of the impedances:pre-
sented to each harmonic component by the tuned circuit and are de-
pendent to a large degree on the Q of the tuned cirecuit.

The performance of any amplifier in a transmitter is determined by
both the characteristics of the tuned circuit used and the tube. The
choice of the tube has been made easy for us by the manufacturer who
has supplied us with the necessary tube characteristics and operating
values. It is therefore necessary only for us to give consideration
to the rf circuit constants that should be used. C, L and R can be
of variable values within rather large limits and if frequency were
the only consideration the éapacity could be made small and the in-
ductance large or vice versa, while the action of the reflected load
resistance on the tuned tank circuit is to decrease the sharpness of
tuning as its shunt value is made smaller. In actual practice there
is a compromise value for the three components comprising a tuned
tank circuit at resonance which results in high efficiency and good
harmonic suppression. -



Now the larger the tuning capacitance the smaller the impedance
presented to the harmonic components present in the plate current pulse
consequently the harmonic voltage produced across this capacitance is
smaller. Also we have a larger circulating current in a larger capaci-
tance for a given watt output. It is this ratio, also called ¢, of the
circulating volt-amperes (rf voltage times circulating current) to the
power output that determines the harmonic power that can be passed on,
being higher for low Q and lower for high Q tuned tank circuits at
resonance. Harmonics are suppressed to a considerable extent even by
a simple tuned circuit. Labus and Roder (Proceedings of IRE, Vol. 19,
pp 949-962, 1931) derived expressions for the suppression of harmonics.
For example, if the tuned tank circuit is as shown in Fig. 1

T T T T
i Y
" _— o b "
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where R_ and C_ are the antenna resistance and capacitance, then the
db redultion of harmonics in the antenna due to the tank circuit Q is

db = =20 (log N2 (1 -1) Q
N2

where Q is the operating ¢ of the tank circuit at the fundamental
frequency. This gives us Table II.

TABLE TT.

g N=2 =3 N=h
5 -2 °5 -3200 -37°5
10 -29.6 -38.1 -43.5
15 -33.0 -41.6 -47.0
20 -35.6 =Ll 1 -49.6
adding these db values to those obtained in Table I we get
Q N=2 N =3 N =L
5 -26,.7 -42.3 -63.3
10 -32.8 L84 -69.3
15 -36.2 -51.9 -72.8
20 -38.8 -54. L -75.4

We see from these tabulations that every time we double the 7, of the
tuned circuit the harmonic level goes down by 6 db, but that the re-
duction of the second harmonic still is insufficient to comply with
the FCC rule of =4O db even when the ¢ of the tuned circuit is =-20.

Harmonics



A usual § for amateur operation is 15. If the circuit is doubly
tuned as in Fig. 2, there is a greater reduction of harmonics as shown
in Table III.

VT AR =in
JAVAAY v Y (: L";:
& ' {T_ ‘-<': ] f:‘ —
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v Q2
- 2 2
db = =20 (lcoy. N_ )+ 20 (Log N© (1 -1 ) Q 2, )
In N2 2
TABIE III
8 N2 N=3 Nk
5 -38.2 =54 L -76.8
10 -50.2 -67.4 -88.8
15 -57.3 -75.1 -96.2
20 -62.3 -79.4 -100.8

It can be seen from these expressions that whenever a § is doubled the
harmonics are all reduced by 12 db. Another important fact that can be
scen from these expressions is that it is better to have a @ of say 10

in each circuit of Fig. 2 than to have a Q of 20 in the circuit of Fig. 1
and we now can meet the FCC rule of =4O db for harmonic radiation when we
use a § of 10 or better in each of the tuned circuits. This -40 db repre-
sents .01 watt for an amateur station radiating 100 watts on the funda-
mental frequency.

Now let us consider the field strength produced by an antenna.
This problem has been treated by W. T. Wintringham in Publication
R4-2860-A (July 1948) of the Radio Manufacturers Association. He
ghows that the field strength produced by a horizontal half-wave dipole
is

E =23V P volts per meter
d

where P is the radiated power in watts and d is the distance in feet
from the radiator to the point where E is measured. This can be con-
sidered an average value. Actually the field strength varies with the

Harmonics



distance between a lower and higher value due to subtraction and addi-
tion of the wave reflected from the ground and the direct wave as well
as the configuration of the lobes due to the length of the transmitting
antenna for a particular harmonic of the fundamental frequency for
which the antenna may be cut. The formula should not be used for dis-
tances greater than about 650 feet. Since the amateur would be con-
cerned with distances down to say 50 feet the above formula for field
strength applies. Inversion of the formula will give the power re-
quired to produce a given field strength.

P = 1820 (Ed)2 microwatts
where E is in volts/meter and 4 is in feet.

The FCC defines the limit of the television service area as a
field strength of 500 microvolts/meter. It has been determined that
an interfering signal of 1/100 of this value is not objectionable.
We therefore must not produce an interfering field greater than 5
microvolts/meter. Let us now find the power required to produce such
a field at 500 feet.

- 2 .
Puw = 1880 (5 x 10 6 x 500) = .012 uwatts.

Compare this .012 microwatts with the .01 watt the present FCC ruling
allows for harmonic level radiation.. This .98 microwatt represents a
power ratio of fundamental to harmonic of 10 when thilpower radiated
at the fundamental is 100 watts, this increases to 10~~ when the
fundamental power is 1000 watts and is -100 db and -110 db respectively.
These values are far more severe than the =4O db level currently re-
quired, but are what the amateur must attain if he wants to stay on
good terms with the general public.

Since even two tuned tank circuits may fail to reduce an inter-
fering signal to the -100 or =110 db level, other means must be found
to do this and several good articles have appeared in amateur magazines.
Max Seybold has shown in the August 1947 issue of QST that the addition
of trap circuits in the plate lead of the final Class C stage will re-
duce the harmonic level some 40 to 50 db and if considered along with
two tuned tank circuits may reach the desired -100 or =110 db level.

In cases where even the processes outlined above fail to reduce
the interference to television reception for shorter distances than
500 feet, it will be found advantageous to resort to additional
grounded trap circuits tuned to the interfering harmonic with such
trap circuits closely coupled to the hot end of each plate tank circuit
of every stage in the transmitter. Such a system devised by the
writer was found capable of apparently complete cancellation of an
harmenic. Because every rf stage in a transmitter amplifies the har-
monic components present in its grid excitation voltage the first
vlace to get rid of the harmonic is at the crystal oscillator plate
tank circuit. What may be left can be taken care of in the subsequent

Harmonics



stages at their respective plate tank circuits.

In order that we may first locate the offending harmonic, we
must utilize some method of measuring its relative amplitude. The
0ld standby and universally used absorption-type wavcmeter is ideal
for this purpose when modified as shown in Fig. 3. Devised by the
writer, it has proved to be extremely sensative yet simple to con-

struect.
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As the check for harmonics progresses, make a note of the
location and relative value of the harmonics for future reference.
Harmonic indications may be found in almost any lead in the trans-
mitter but may be expected to give greatest indication near the
plates of a tube. Care should be used to prevent actual contact
with any high voltage point.

To reduce the harmonic radiation from leads, these should be

Harmonics



by-passed with 0.007 mmf at as many points as may be required to
suppress the harr-nic For the cancellation of the harmonics found
in the plate leu” of the tubes, a tunable circuit is coupled to the
hot end of the piate tank, one side is grounded and the other side
connected through a 10 mmf capacitor to the cathode near the socket
as shown in Fig. 4. The circuit should tune from about 33 mc to as
high a value as possible, with a good variable air tuning capacitor.
The method of use is to tune the circuit at the offending harmonic
frequency in such a mamner that a counter emf is produced which
effectively cancels the harmonic in the cathode stream of the tube
as indicated by a complete cancellation of the harmonic radiation
reading on the sniffer micro-ammeter.

Each stage in the transmitter should be so treated if there is
indication of harmonic output at any stage.

The use of metal chassis even though not completely shielded is
better than breadboard construction. However, the operation of thls
system of reducing harmonic interference does not specifically rc-
guire shielding.
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EITEL-McCULLOUGH, INC.
San Bruno, California

COUPLING CIRCUITS BETWEEN
STAGES AND TO_ ANTENNA.

By - John L. Reinartz -
K6BJ

The choice of coupling methods between the several stages in
a transmitter is essentially one of expediency and is determined
mostly by the physical location and arrangement of the circuit
components. However, the power transfer from the final stage to
the antenna system should be at the operating frequency and with
maximum harmonic suppression in order that we may comply with the
regulations of the FCC that harmonic radiation be at least 4O db
below the fundamental power radiation. Here the coupling methods
are infimately tied in with the choice of the constants of the
tuned tank circuits. These constants deserve careful considera-
tion first.

A tuned circuit contains capacity ‘inductance and resistance
of variable values. The resistance is made up of the ohmic re-
sistance of the inductance and the reflected resistance of the
load and if frequency were the only con51deratlon, the capacity
could be small and the inductance large or vice versa, while the
action of the reflected load resistance on the tuned tank circuit
is to decrease the sharpness of tuning as its shunt value is made
smaller. In actual practice there is a compromise value for the
three components comprising a tuned tank circuit at resonance
which results in high efficiency and good harmonic suppression.
The values of these circuit elements are important and are not
hard to determine.

The performance of any amplifier in a transmitter is determined
by both the characteristics of the tuned circuit used and the tube.
The choice of the tube has been made easy for us by the manufacturer
who has supplied us with the necessary tube characteristics and
operating values. It is therefore only necessary for us to give
consideration to the rf circuit constants that should be used.
Values of C, L and R can be chosen so as to reduce the amplitude of
harmonic frequencies and also will contribute in no small way to the
successful operation of a well-engineered transmitter,

Let us analyze the tuned circuit for the final stage in our
transmitter after we decide upon the output in watts eacn inter-
mediate stage shall be capable of supplying to the next stage as
driving power. Let us then decide on a 100 watt final stage.
Everything will now center around this value. The next requirement
is to choose the operating dec voltage. This is usually given by the
manufacturer for a stated tube with some allowable variation. For a
100 watt stage a reasonable value is 1000 volts. We now have the



operating dc voltage and the power output requirements, two of the
essentials of what is to follow.

When the tube is operating, there is an ac voltage component

(at radio frequency) superimposed on the dc plate supply voltage.
This alternating voltage is produced across the tuned-circuit thru
the action of the grid driving voltage applied to the tube from the
exclter stage. In a Class C stage each time the grid of the tube
is driven positive, a pulse of current flows in the plate circuit
of the tube. This current is not sinusoidal and contains many har-
monic components. The voltages produced across the load circuit by
these harmonic components are dependent on the magnitude of the im-
pedance presented to each harmonic component by the tuned circuit.

From Ohms Law for ac, we know that E2/ watts is equal to the
equivalent load resistance and it is also known that the rms ac
voltage across the tuned circuit is approximately equal to 0.9 x
0.707 Eb° In our case this is 029 X 0.707 x 1000 which equals
630 rms volts. Now R equals 630/100 and is 4000 ohms (approx.)
shunt and is the equivalent ac.resistance of the tuned circuit.
For push-pull R equals (2x630)2/100 and is 16000 ohms (approx.)
shunt. Later we need this information in the determination of the
capacity value that is to be used in the tuned circuit.

Now the larger the tuning capacitance the smaller the impedance
presented to the harmonic components present in the plate current
pulse, consequently the harmonic voltage produced across this cap-
acitance is smaller. Also we have a larger circulating current in
a larger capacitance for a given watt output. It is this ratio,
also called Q, of the circulating %olt-amperes (rf voltage times
circulating current) in the tank circuit to the watts output ex-
pected from the tank circuit that determines the harmonic power
that can be passed on,being higher for low Q and lower for high Q.
Table A shows the relation of the harmonic to the fundamental in db
as a function of the circuit Q.

From Table A it can be seen that in order to keep the harmonic
power that can be generated in a tuned circuit low, the ratio of volt-
agperes to watts output should be high, but if we are to keep the
IR losses due to the volt-amperes down then a practical uper limit
for Q is 20. Let us use a ratio of 15. This is ghe loaded Q of the
circuit. Since C ?W%_, if we now put C = 15 x 10°/217 FR and calcu-

late for 14.25 mc., we obtain 42 micro micro farads, this includes
the tube capacitance across the tuned circuit. Therefore this 42
micro micro farads is the proper total value of capacitance for the
volt-ampere component of 15 times the watts output in order that the
harmonic power level in the tuned circuit may be initially reduced
as shown in Table A.

(Coupling Circuits)
EITEL-MecCULLOUGH, INC.
San Bruno, California.
The Home of Quality Tubes



Continuing the analysis of the tuned circuit we find that the
value of the inductance that must go with the 42 micro micro farads
for resonance at 14.25 Mec. és found by first finding the reactance
ohms of the capacitance, 10 /2 Tt FC = 266 ohms and zince at reson-
ance X; = X, and as L = XC/Q’ﬂ‘F we have 266/2+ F = 3.0 micro
henries.

From the values we have just obtained we learn more about the
tuned circuit. For instance, 630/266 equals the current flow thru
the condenser or coil and is equal to 2.36 amperes. The coil wire
size should be such as to carry this current without heating. The
voltage across the condenser under the loaded condition is equal to
I.c%Xe ¥2 and is equal to 2.36 x 266 x 1.41% and is equal to 900
vOIES peak. With no load across the tuned circuit the condenser
peak voltage will be nearly twice the plate supply voltage if no
dc voltage appears across the condenser. In actual practice the
condenser plate spacing should be capable of withstanding three
times the dc voltage without breakdown. We now have engineered
one tuned circuit of our prospective transmitter. This procedure
should be followed for each tube before we are ready to consider
coupling methods from one stage to the next or from the final stage
to the antenna.

The method of coupling between stages is determined somewhat
by the constructional features of the transmitter. If the low
power frequency multiplying stages are adjacent to each other,
capacitative coupling can readily be used and thereby we can ob-
viate tuned grid systems. In such cases the coupling problem is
considerably simplified. If the intermediate stages are located
at different levels, link couplings using a coaxial cable suggests
itself since we are also interested in the reduction of energy
radiation by the coupling device. Therefore a coaxial cable should
be used because of its complete shielding and the easy construction
of an insulated link, while the outer shield can be bared and
grounded at all necessary places. The link should be coupled to
the tank circuit at the point nearest rf ground.

We now come to the consideration of the method to use for
transferring power from the final tank circuit to the antenna
system and to do this at the fundamental frequency with as much
suppression of harmonic components as will meet the minimum FCC
requirement of 40 db down from the fundamental or as much down be-
low 40 db as may be required in a given case. Table A shows that
the suppression of the second harmonic cannot be sufficient in a
single tank circuit even with a Q of 20. Therefore we must follow
the final tank circuit with another of comparable Q. If necessary
three circuits can be used. 1In addition, Labus and Roder* point
out that harmonic transfer can be reduced to nearly zero when a tank
circuit similar to the familiar push-pull circuit is used for a
single-ended final and that instead of by-passing the capacitor to
ground, a point near the center turn of the inductance is located

*Reduction Harmonics, IRE June '313'
(Coupling Circuits)
EITEL-McCULLOUGH, INC.

San Bruno, California

The Home of Quality Tubes



for by-passing to ground at whibh point nearly complete cancella-
tion of the harmonic components is possible.

Such an arrangement has been used in actual proctice. The
harmonic component transfer to the next stage and from that stage
to the antenna was thereby reduced to a negligible quantity.

Links using coaxial cable were found to be most practicable and
satisfactory.
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TABLE 4
o]
Harmonic level in db due to 140 tube current pulse for 3/2
power* law and harmonic order:

N= _2 3 L
3.2 db 10.3 db  25.8 db

Harmonic reduction in db due to one tank circuit of

Q N=2 N= N=l

5 23.5 db 32.0 db .5 db
10 29.6 db 38.1 ab 43.5 db
15 33.0 db 41.6 db 47.0 db
20 35.6 db T db  49.6 db

Harmonic reduction in db due to two tank circuits of equal Q

Q N=2 N= N=L

5 35.0 db W1 db 51.0 db
10 47,0 db 57.1 ab 63.0 db
15 54,1 db 64.8 db  70.k% db
20 59.1 db 69.1 db 75.0 db

TABLE B

o]
Harmonic reduction in db due to 140 tube current pulse and one
tank circut of

Q N=2 N= N=bt

5 26,7 db 42.3 db  63.3 db
10 32.8 db 48 .k db  69.3 db
15 36,2 db 51.9 db  72.8 db
20 38.8 db 5h o Lt db  75.4 db

o}
Harmonic reduction in db due to 140 tube current pulse and 2
tank circults of equal Q.

Q N=2 N= ) N=L
5 38.2 db 5l Lt db  76.8 db
10 50,2 db 67 Y db 88.8 db
15 57.3 db 75.1 db  96.2 db
20 62.3 db 79 4 db 100.8 db
* Terman 5.

(Coupling Circuits)
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EITEL-McCULLCUGH, INC.
Can Bruno, California.

SCREZN AND GRID MODULATICN OfF EIMAC TETRCDES

Because of the popularity of simple mzthods of modulation, especially in
mobile applications where power consumption may present a problem, the applica-
bility of a combination of controlled carrier, screen and grid modulation to Eimac
Tetrodzs was investigated. The results are gratifying, 100% modulation with negli-
gibl= distortion being possible with the circuit arrangement shown in the circuit
diagrams,

Adjustment is simple. The variable resistor in the cathode of the 6L6 is
adjusted so that the screen voltage of the tetrode is at the normal Class C typical
operating voltage. During modulation this voltage will rise to about 120% of the
normal Class C typical operating voltage, thus giving rise to controlled carrier
conditions. The only other adjustment for 100% modulation is to reduce the grid
drive to approximately 60% of the normal grid current requirement.

Some screen voltage reduction may be necessary in order that it may
swing from nearly zero to twice the indicated dc voltage during modulation along
the linear portion of the screen voltage characteristic curve. Adjust the tap on
the tank coil to obtain desired results. This series condenser aids the modulation
effect.

In order that the screen voltage may swing down toward zero during
modulation, it is necessary that the grid voltage also swing downward at the same
instant. The 1/10 microfarad capacitor connected between the screen and grid as
shown in the diagram accomplishes this, and the result is practically distortion-
less 100% modulation.

Plate voltage values up to the maximum Class C telegraphy conditions
allowable for the tetrode in question may be used. Loading should be heavy but
should be adjusted so that without modulation applied, the plate dissipation rating
is not exceeded.

We are extremely well satisfied with the results of this investigation to
determinz if the modulation system devised would be applicable to our tetrodes.
You also will be well satisfied should you use it.

John L. Reinartz (K6BJ)
Oct. 14, 1952
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EITEL-McCULLOUGH, INC.
Home of Quality Tubes
San Bruno. California

THE TUNA FISH CAN RF BRIDGE VOLTMETER

Or
OHMS - REACTIVE AND OTHERWISE

By - John L. Reinartz, K6BJ

Would you like to add a simple instrument to your collection
with which you can ascertain resonance, the impedance of a circuit
containing resistance and reactance: the reactance of a condenser
or coll as well as resistance values within its range? Then build
yourself a tuna fish can rf bridge voltmeter.

For instance, in tank circuit calculations we can use a suffi-
ciently accurate yet simple formula to obtain the wvalues of the
capacitative or inductive reactance for resonance and need to know
only the plate voltage to be used, the power output desired and the
desired Q of the circuit. The form of this eXpression is:

2
For triodes: (.63 Eb)

QP

= XL or XC
o
2
For tetrodes: (.57 Eb)
Q Py |
Where (.63 E ) equals the RMS plate voltage swing, E, equals

the dec plate volt?ge9 Q equals the desired circuit Q and Po equals
the desired watt output.

- XL or Xc

From the attached reactance table we can very readily determine
both the capacitance value and the inductance value at the desired
operating frequency, needing merely the reactance value obtained from
the values used in the formula.

To measure the reactance of a condenser or coil, we can use the
simple voltmeter bridge circuit shown in Fig. 1.

Because this bridge measures ohms or impedance and since the
resistance is negligible in a good condenser or a small inductance
of good design, the value read off the dial at a specific driving
frequency is the reactance ohm value. When a series resonant circuit
is measured at its resonant frequency, the value read off the dial is
the resistive component. Only when a resistor is being measured that
is non-reactive, will the reading of the dial be the same for any
driver frequency up to 30 mc., the bridge accuracy limit.

1.



Eitel-McCullough, Inc.

The characteristié impedance of a line less than one-half wave
length long at the highest measuring frequency may readily be de-
termined if previously unknown. It is but necessary to connect one
end to the bridge and a variable carbon potentiometer to the other
end. When the voltmeter no longer changes its zero readlng with a
2 to 1 change in driver frequency, the bridge will be in balance and
the dial reading will be the Z of the line, as will be the setting
of the carbon potentiometer at the end of the line.

A gquarter wave mobile antenna may be measured for resonance,
also its resistive component at resonance. We simply connect our
bridge between the base of the antenna and ground, or the point at
which the coax, when used, is connected into the antenna system. We
can check the drlver frequency at the car receiver if the rf driver
frequency is not accurately calibrated.

Calibration of the bridge can be by the use of an ohmmeter -
rotation of the dial will indicate the resistance on the ohmmeter.
If a zero to 100 ohm potentiometer is used in the bridge, calibra-
tion can be for every 5 ohms. When a 500 or 1000 ohm potentiometer
is used, calibration may be at 25 ohm points. If values under 100
ohms are expected to be measured, a 100 ohm potentiometer is suggested
otherwise, a 500 ohm potentiometer will serve most purposes.

Initial balance with a resistor of known value connected to the
bridge after calibration can be accomplished through the addition of
a 1000 to 5000 ohm resistor placed across any one of the points
marked with an X, since it cannot be determined beforehand how the
diodes and resistors will balance. M be(Carbon |
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TETRODES

2
g - (57 B)
- ) Po
Eb P. In. P, Quto Efficiency Q Ohms Reactance

1000 133 100 75 12 270
1500 267 200 75 12 305
2000 536 L00 75 12 270
2500 800 600 75 12 282
3000 1000 800 80 12 305

An average value of 300 would serve.
10G0 133 100 75 15 217
1500 267 200 75 15 2k3
2000 536 400 75 15 217
2500 800 600 75 15 225
3000 1000 800 80 15 243

An average value of 225 would serve.

TRIODES
2
x & (63 Bp)
Q Ps
Eb P. In. P. Out. Efficiency Q Ohms Reactane

1000 133 100 75 12 330
1500 267 200 75 12 372
2000 536 L00 75 12 330
2500 800 600 75 12 345
3000 1000 800 80 12 372

An average value of 350 would serve.
1000 133 100 75 15 263
1500 267 200 75 15 297
2000 536 L00 75 15 263
2500 800 600 75 15 276
3000 1000 800 80 15 297

An average value of 275 would serve.

Eitel-McCullough, Inc
Home of Quality Tubes

San Bruno, California
(Rf Bridge)
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EITEL-McCULLOUGH, INC.
San Bruno California

In audio calculation in its simplest form the method to use is
to ascertain the turns or voltage ratio, secondary to one-half pri-
mary of the modulation transformer and to understand that the volt-
age output at the secondary of the transformer must equal the dc
plate voltage applied to the rf stage for 100% modulation.

Because the audio tubes work one at a time, only one-half of the
primary winding of the audio transformer is working at that time. If
there were no losses in the transformer, and if the ac swing gener-
ated by each modulator tube were equal to the applied de voltage, the
voltgge output at the modulation transformer secondary would under-
standingly then be a function of the applied de voltage to the plate
and of the turns ratio of one-half primary to secondary.

Because the tubes and transformer are not perfect, the losses
must be made up and we accomplish this by an increase in the number
of turns in the secondary with respect to the turns in each half of
the primary. Therefore, if we assume a modulation transformer
efficiency at full load of 85%, we need to increase the turns ratio,
secondary to one-half primary. Also, since the ac swing with respect
to the dc voltage applied to the plate in Class AB. and AB. can be
taken as 60% and 85% respectively, we again must ificrease fhe turns
ratio, secondary to one-half primary.

The required turns or voltage ratio, secondary to one-half pri-
mary for any values of dc voltage applied to the rf, or audio stages
can be ascertained from:

Turns ratio = %b;ff stage for AB1 and
Ey mod. X .85 X .6
= E, rf stage for ABé
Eb mod. X .85 X -85

Where the rating plate on the transformer gives the impedance
ratio, then the turns ratio is the square root of the impedance ratio.
When neither this value nor the turns or voltage ratio are given, the
voltage ratio at no load can be determined by the application of any
reasonable ac voltage to one-half of the primary. aand then measuring
the output voltage of the secondary. The turns ratio is the same as
the voltage ratio.

The output watt rating of the transformer should be equal to one-
half of the power input to the rf stage for 100% modulation.

John L. Reinartz, K6BJ

Eitel-McCullough, Inc.
San Bruno. California
Home of Quality Tubes
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Top View: In this illustration the blower and filament transformer locations are seen to be in the left hand
shielded compartment at the rear of the chassis. In the same compartment, from left to right, are the 0A2
regulator, 6AG7 oscillator and 6V6 doubler. The 4CX300A amplifier is in the right-hand compartment,
along with the plate circuit components.

Compact, Powerful 6-METER RIG

Uses Eimac Ceramic 4CX300A

By Ray Rinaupo, W6KEV

The transmitter shown in the photographs is a
three stage crystal controlled RF unit capable of run-
ning 625 watts input CW or 300 watts AM phone on
50 mec. The tube line-up is a 6AG7 oscillator-multi-
plier, 6V6 doubler, and a 4CX300A amplifier.

The 6AGT crystal oscillator is used in a modified
Pierce circuit with the plate circuit tuned to 25 me.
Crystals in either the 6 or 8 mc range work satisfac-
torily without circuit changes. The screen voltage is
regulated at 150 volts by means of a 0A2. The 25 mc
output is capacity coupled to the following doubler.

The doubler stage uses a 6V6GT in a conven-
tional circuit. The screen voltage is adjustable from

(Continued on page 1)
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Bottom View: The tuning condensers visible in this view, from left to right, are oscillator plate circuit, doubler
plate circuit, final amplifier grid circuit and the final amplifier plate loading condenser. The tube sockets
are for the 0A2, 6AG7, 6V6 and the 4CX300A. The blower exhaust into the chassis is at the extreme left.
The small shield in the lower left hand corner of the chassis encloses the terminal strip connections,

Bottom View—Terminal Strip: By-passing details of power input terminal strip. The high voltage terminal and
associated by-pass condenser are shown at left.
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the front of the panel by a potentiometer; by this
means the drive to the final amplifier is controlled.
The output from the plate circuit is transferred to
the grid circuit of the final amplifier by link coupling
through a short length of RG-58U. Inductive coupling
through two tuned circuits is necessary in order to
minimize the coupling of 25 mec, 75 mc and higher
harmonics to the final amplifier grid.

The 4CX300A final amplifier stage uses a pi net-
work plate circuit. The tube is neutralized by means
of a bridge circuit which is completed to ground by
the 200 mmfd tuned grid circuit “by-pass’’ condenser.
The neutralizing capacity is obtained by presenting a
Y, inch by !, inch surface adjacent to the anode of
the tube, the separation being about 34 inch. This
condenser can be seen in the top view of the trans-
mitter, appearing as a small bracket next to the
4CX300A and toward the front panel. The 4CX300A
is mounted in an Eimac SK-710 socket, a socket which
has a built-in screen by-pass condenser and is designed
for the tube.

The entire RF unit is enclosed in an aluminum
box measuring 14 inches wide by 10 inches deep by
6Y% inches high. It is supported from a standard 7 by
19 inch panel with four 2-inch long pillars, thus al-
lowing the mounting of meters outside of the RF
fields. The top of the box and the small portion of the
bottom directly below the final amplifier plate tuning
condensers are covered by perforated aluminum sheet.
The chassis portion has a solid aluminum sheet bot-
tom cover making possible pressurization by the
blower, the air escaping through the SK-710 socket
and the Eimac SK-606 chimney and cooling the
4CX300A anode. A small shield has been placed in one
corner of the enclosure in order to prevent the radia-
tion of harmonics via the terminal strip connections;
a close-up view of the under side of the chassis with
the corner shield removed shows the details of the by-
passing of the terminal strip leads.

The blower used for cooling is a home brew device.
An L-R No. 2 squirrel cage blower is driven by a
phonograph motor which turns at about 3300 RPM.
The unit moves enough air to adequately cool the
tube up to about 150 watts plate dissipation, but
would be inadequate for the full 300 watt rating.
However in neither the keyed CW mode (625 watts
input) or the AM mode (300 watts input) does the
average plate dissipation exceed 100 watts.

For AM phone the final amplifier is plate modu-
lated. As with other tetrodes it is necessary to provide
modulating voltage to the screen. A choke of 10

Eitel-McCullough, Inc., 1958

henrys or more in series with the screen supply cir-
cuit does give adequate modulation but the maximum
is somewhat less than 100 percent. Correct operation
can be achieved only by applying audio voltage di-
rectly to the screen from a tap on the modulation
transformer or from a separate low power modulator
capable of up to 5 watts output. A single 6V6 will
supply more than enough power. It is important that
the screen and plate modulation be correctly phased!
A simple reversal of the leads from the screen or
plate modulator (but not both) will indicate the
proper phasing.

Four meters are used to indicate the currents
drawn by the various stages. One measures the plate
current of either the oscillator or the doubler: a
double pole double throw switch connects the meter
to the desired circuit. Individual meters are used in
the grid, screen and plate circuits of the final ampli-
fier. It will be noticed that plate current is measured
in the negative lead from the high voltage supply.
This requires that the negative lead of the high volt-
age supply not be connected to ground at any point
in the power supply.

Although the oscillator and the doubler stages
operate at the same plate voltage, separate terminal
strip power connections are provided. This is done
so that a suitable keying point is available for CW
operation. Keying is done by breaking the plate and
screen voltage to the doubler, allowing the oscillator
to run continuously; breaking the circuit must be
done using a suitable filter in order to suppress key
clicks.

Three power supplies are needed. A 350V sup-
ply capable of 125 ma will power the oscillator,
doubler and the amplifier screen—the correct screen
voltage being obtained through a series dropping re-
sistor. The amplifier plate supply can be at any voltage
up to 1500 for phone and up to 2500 for CW at a
current of 250 ma. The amplifier grid bias supply
should apply -90 volts to the grid, and should be
capable of withstanding 30 ma of grid current without
serious loss of voltage regulation.

It is important that screen voltage never be ap-
plied to the amplifier unless plate and grid bias volt-
ages are also on the tube. It is permissible to apply or
remove all voltages simultaneously. Similarly the
amplifier should never be operated lightly loaded un-
less the drive power is also reduced. The above applies
to all tetrodes and pentodes and failure to observe
these precautions will cause excessive screen dissipa-
tion, resulting in very short tube life.

Printed in U.S.A. 55164



= AA4DF's Radio/Electronics Slte

Links to Where Unscrupulous Vendors Acquire

[Free Download Sites] "Their" Manuas!

[Tektronix, HP, Fluke, Wavetek,
Etc]
[Free Downloads] Current Free Download(s) Available
[For Sale/Trade] Other-Than-Manual Sale/Trade Items.
[FTP Manual Trades| Manuals Needed & Manuals Offered (FTP)
[Radio Equipment & Other Manuals] Radio Equipment and Other Manuals Available
[Broadcast TV/Radio Manuals] Broadcast/Video Service/Ops Manuals Available

Consumer Electronics Service/Ops Manuals
Available

[Pager Manuals] Pager Service/Programming Manuals Available
[Tektronix 7000 Series] 60 Volume Plug-In Manuals Set!
[Amateur Radio Manuals| Ham Radio Manuals by FTP
[Amateur Radio Manuals] Ham Radio Manuals on CD
[Amateur Radio Manuals] Large Collections on CD and DVD
Big Buck$ Distributing $canned Manual$ on
eBay!! ¢—tigh
[Some Tech Links] Links to Technical Sites
[Manufacturers] Manufacturer Addresses and Telephone Numbers
[TK-860H] Schematic and Software to Program Radio
[Wavetek 3001 PLLs| PAOKEP's Wavetek 3001 PLL Frequency Plan

[CT-Systems 3000B M ods] Wavetek/CT-Systems 3000B Information

[The XYL]Why AA4DF Is Such A Happy Fellow!

Best Pricing on High Quality Technical Manuals!

[Consumer Electronics Manual s

[ Thousands of Scanned Manuals!]

Comments? Email AA4DF


http://members.ebay.com/aboutme/aa4df/
http://www.stores.ebay.com/id=6564648
http://home.comcast.net/~aa4df02/downloaded_manuals.htm
http://home.comcast.net/~aa4df02/quick_buy.htm
http://home.comcast.net/~aa4df02/quick_buy.htm
http://home.comcast.net/~aa4df02/download.htm
http://home.comcast.net/~aa4df02/forsale.htm
http://home.comcast.net/~aa4df02/ftp_trades.htm
http://home.comcast.net/~aa4df02/radiootr.htm
http://home.comcast.net/~aa4df02/broadcas.htm
http://home.comcast.net/~aa4df02/manuals.htm
http://home.comcast.net/~aa4df02/pagermnl.htm
http://home.comcast.net/~aa4df02/7000set60v.htm
http://home.comcast.net/~aa4df02/ftp_radio.htm
http://home.comcast.net/~aa4df02/cd_radio.htm
http://home.comcast.net/~aa4df02/ham.htm
http://home.comcast.net/~aa4df02/saleskits.htm
http://home.comcast.net/~aa4df02/techlink.htm
http://home.comcast.net/~aa4df02/mfgrs.htm
http://home.comcast.net/~aa4df02/tk860prg.htm
http://home.comcast.net/~aa4df02/freqplan.htm
http://home.comcast.net/~aa4df02/3000bmods.htm
http://home.comcast.net/~aa4df02/mama.htm
mailto:aa4df@comcast.net

	Linear Amps & More
	------------------------------
	Scope Inp Switch
	Tetrode Neutrilization
	Vertical Antenna
	Tube Calculations
	Carrier/Mod Meter
	STL Circuit Design
	Conversion Factors
	Class B Shortcuts
	4CX250B Amp
	Grounded Grid Formula
	Increasing Audio
	Pi Network Shortcuts
	SWR
	Harmonic Reduction
	Stage Coupling
	Tetrode Modulation
	RF Bridge VM
	Modulation Xformer
	4CX300A 6M Xmitter
	-----------------------------
	Note
	-----------------------------
	Documents Source

		2009-03-27T23:58:30-0400
	AA4DF
	This document is not authorized to be sold by eBay marketers and leeches.




