The setup used to determine the efficiency of a transmitter.

The output of your trans-

mitter can be raised if you
will pay some attention to the

efficiency of the stages.

By GORDON E. GRRAY, WaCeE
Sales Engineer, Ohmite Mfg. Co.
Chicago, [llinois

Raising Your Transmitter
Efficiency

TRUE dummy antenna is use-
Afu], of course, in substitution

for the regular antenna to check
the transmitter before going on the air.
The utility of such a device by no
means ends here. While its use solely
for this purpose was unanimously rec-
ommended as early as the spring of
1935 (see QST report on the meeting
of the Board of Directors, June 1935)
by the Board of Directors of the ARRL
as a means of more effective employ-
ment of amateur frequencies, its
adaptability as a tool in better trans-
mitter adjustment far over-shadows
its limited substitution of the regular
antenna.

Technically a true dummy antenna
is a compact high wattage resistor
of low inductance. It follows, there-
fore, that such a device has long been
one of the chief instruments missing
from the long lists of units available
to the amateur, experimenter and
manufacturer for use in radio fre-
quency work, particularly in connec-
tion with measurement of radio
frequency power on transmitters, effi-
ciency of receiving antennas, dia-
thermy equipment and like r.f. gen-
erating equipment.

The writer, in making a check
among fellow amateurs some of whom
had rigs as modern as the state of the
art permitted, found in almost every
instance that the overall efficiency of
the final amplifier as well as the asso-
ciated radiating equipment was an
unknown quantity. Each reckoned that
in view of the fact that the ‘“plates
of the tubes didn't melt the efficiency
must be pretty good—probably be-
tween 60 and 80%.” They further
thought that since they worked fair
DX and had a reasonable percentage

of answers to calls, most of the power
must be getting into the antenna. All
admitted, however, that the difference
between 60% and 807% efficiency rep-
resented about one third more useful
power which they might or might not
be getting. If they were not, it was
costing them something on the elec-
tric hill on each and every QSO.

While the Dummy Antenna de-
scribed  herein does mot ef itself
radiate, the transmitter under test may
do so. All unlicensed persons should
familiarize themselves thoroughly with
the Federal Communications Commis-
sion’s Rules and Regulations, so as to
avoid wviolations thercof with the at-
tendant heavy penalties. The Editors.

The improvement in efficiency of all
stages of the transmitter would rep-
resent a definite saving on the ama-
teur's pocket-book. More concrete
and tangible evidence is likely to be
noticed through saving in equipment.
How many of us have purchased a
PDQ150 for the final which the manu-
facturer assures us can be driven to
the moon and back by a single PDQ15!
However, after hours of fussing and
nursing the driver stage, because we
have not had an accurate means of
checking the performance of PDQ15
stage while making the various ad-
justments, we finally make an unnec-
essary investment in a higher voltage
plate transformer, associated rectifier

and filter equipment along with a
PDQ50 to get the neecessary drive.

Another angle on the possibility of
direct savings can probably best be
illustrated by a hypothetical case.
Suppose a 200 watt transmitter had a
final efficiency of 60% (the broadeast
station figure). The useful output
would be 200 > .60 =120 watts. Im-
provement in efficiency to 75% would
result in a useful output of 200 < .75
— 150 watts. How much would addi-
tional equipment cost (power supplies,
larger tubes, larger tuning conden-
sers, insulators, etc., to say nothing
of the steady increased drain on the
light bill for each hour of operation)
for a larger transmitter at the 60%
figure to obtain this 150 watt output?
Simple calculation (150 < A = 250
watts) shows that enough equipment
to make over the transmitter from a
200 watt job to a 250 watt job would
be necessary.

This would undoubtedly include ad-
ditional driving equipment and asso-
ciated power supply equipment. There
is little doubt that by brute foree and
cramming every watt of the allowable
1000 watt input into the final, we can
get enough out even under extremely
poor efficiencies to work all the DX we
want to. There is less doubt that the
cost of equipment and power under
such conditions is far out of propor-
tion to the results obtained.

A simple and direct means of meas-
uring radio frequency power there-
fore means to the amateur a simple
solution of heretofore tedious adjust-
ments of often unknown value in
tuning up the various stages of a
transmitter, as well as linking the
transmitter itself to the antenna.

(Turn the page, please)
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Internal view of the Dummy Antenna.

In connection with an r.f. am-
meter the vacuum type dummy an-
tenna, becomes this unit which will
become fully as indispensable and im-
portant an instrument in the ham
shack as the voltmeter, the milliam-
meter, the monitor and oscilloscope
have proven to be.

The dummy anfenna becomes an
r.f. watt indicator when used in series
with an r.f. ammeter, and the fol-
lowing determinations serve as a
starting point to better transmitter
operation. We have to find out how
good or how bad our transmitter
really is.

(a) Determination of effici-
ency and output of the
crystal or oscillator
stage.

(b) Determination of effici-
ency and output of in-
termediate and buffer
stages.

(¢) Determination of effici-
ency and output of the
final amplifier.

A, B and C are in reality the same
problem. They are solved by using
the dummy load in series with an r.f.
ammeter (or r.f. milliammeter in the
case of small watlages as in the crys-
tal stage) and a short length of twist-
ed pair or concentric line with a loop
used to couple the device to the plate
tank of the stage being measured.

If the quality of the twisted pair
and link is in doubt, the combination
can be coupled directly to the plate
tank (Figures la and 1b) remember-
ing, of course, that high voltage d.c. is
present and should be treated accord-
ingly. (The technigue of the operator
is a factor and a short coupling means
may prove to give less trouble in ad-
justment. One foot of concentric feeder
has been found less critical in adjust-
ment than direct coupling (See Figure

C probably because the r.f. amme-
ter and dummy are more removed
from the r.f. field of the tank coil.)

Where the impedance mateh for the
maximum transfer of energy occurs
is dependent upon the design of the
tank circuit. Since the resistance of
the dummy is 73 ohms, (if it were a
different value, the theory remains the
same) it is necessary to find that point
on the tank where the impedance is
likewise 73 ohms, or whatever resist-
ance value the dummy might have. A
true experimenter will start with the
proposition that his antenna match
point on the tank might be wrong, and
seek the proper match to the dummy
experimentally.

The optimum coupling for the maxi-
mum transfer of energy is determined
experimentally by clipping across ad-
ditional tank turns progressively until
the r.f. meter reads the greatest
amount of current flowing at tank
resonance. For 600 ohm dummies this
may amount to several turns.

In the case of a dummy of 73 chms,
optimum coupling for the best trans-
fer of energy will be found very close
{generally a turn or less) from center
of the coil for each clip in the case
of a balanced tank circuit and a turn
or less from the r.f. ground end in
the case of a single ended circuit.

1t should be mentioned here, that
the clips, the connecting wires, ete,
can add stray capacity and some in-
ductance into the dummy system.
With reasonable care in setting up
the test circuit, correction for this
should not be necessary for the prac-
tical determination of the output of
the r.f. stage. For a more accurate
determination of efficiency, the stray
capacity and inductance of the leads
can be balanced out by inserting a
small exterior inductance and variable
condenser in series with the dummy
antenna and r.f. ammeter. The val-
ues of the inductance and condenser
should be such that resonance can be
obtained as is noted by a dip in the
grid circuit meter (high voltage of
plate being off) when tuned to such
resonance. In this state all stray
capacities and inductances are bal-
anced out, and the dummy is the only
resistance effective in the circuit.

The stage can now be fired up and
tuned to resonance.

CAUTION: The input should be re-

duced until it is definitely established
that leads have not become shorted
either in the series circuit or to
ground. The r.f. current in a shorted
turn can be unbelievably high even in
a low power stage and thermocouples
can be burned out. After assurance
that all is well the normal input can
be applied.

By multiplying the current reading
of the r.f. ammeter obtained in am-
peres by itself and then by the imped-
ance of the device (I X Ohms=
Watts), the watts being transformed
into heat is the result. This represents
the output of the stage being meas-
ured. The efficiency of the stage is
represented by the ratio of the output
figure just determined to the d.c.
watts input to the plate circuit.

For example, suppose an amplifier
is drawing 1/10 ampere at 1000 volts.
Input = (.1) ¥ (1000) = 100 watts.
Suppose the dummy is 73 ohms and
the r.f. ammeter reads 1.02 amps.
Output = (1.02) (1.02) (73) = 76 watts

6
Efficiency = ~— X 100% = 76%
100

After finding out exactly what out-
put can be obtained from each stage,
all the regular adjustments should be
made in bias, ete. to obtain the maxi-
mum output as measured by the r.f.
ammeter, always referring back to the
input and calculating the efficiency
after each adjustment. After all, if
the plate input goes up faster than the
output nothing has been gained in ef-
ficiency. If the tube is operating in
accordance with manufacturers’ rec-
ommendations as to bias, drive, plate
volts, filament volts, ete., and the effi-
ciency is still low, the next step would
be to look for circuit components
which are robbing the dummy of the
power it should take. Remember that
the tube can be operating at maxi-
mum efficiency, as evidenced by nor-
mal temperatures and cool plate, and
actually be delivering to the output
or tank circuit most of the power that
is in turn being delivered to it.

Leaky insulation, high ecirculating
current losses, and so on, may mean
that the load may not get even an
appreciable percentage of this power.
Unless warm or hot inductances, by-
pass condensers, etc. make this unde-
niably apparent, the engineer may

(Measure further on page 52)
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Various problems solved with the Dummy Antenna.
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Visual D-Meter
(Continued from page 14)

Transmitter Efficieney
(Continued from page 16)

mitter. In the 5 meter position the
trimmer condenser only is used to
cover the band. Set the selector
switch to the off position which will
disconnect the padders and tune the
trimmer to a 10 meter signal. Advance
the regeneration control to the point
where the tube breaks into oscillation.

Tune for a whistle which will give
a reading on the output meter and

| then readjust the trimmer for maxi-

mum indication on the meter. Now
any variation in the signal will change
this beat note or whistle and will like-
wise change the reading on the output
meter. Remove phones,

The above procedure is followed for
the other bands and the initial adjust-
ments are made by adding additional
capacity from the selector switch and
its associated padding condensers. A
shorting type switch must be used so
that as the switch is rotated, the con-
densers will add to each other in
capacity.

A total of five positions cover the
5-10-20-40-80 meter bands with the
capacities shown on the schematic
diagram. Each variable padder has a
capacity range of from 10 to 70 mmfd.
The 40 and 80 meter bands are tuned
with a higher capacity than would be
reached with the padders alone so
additional capacity is furnished by the
fixed mica condensers as shown. The
high C. greatly adds to the stability

| of the monitor.

In actual use with a low power os-
cillator it was founa that a short piece
of wire about one foot in length of-
fered sufficient pickup to the monitor
even though located some 10 feet

| away. Do not use too much pickup as

to do so will block the monitor signal.
The extreme sensitivity of the meter
makes it important that the case be

| grounded to reduce body-capacity ef-

fects. A vernier dial in place of the
knob shown will further add to the
operating ease and precision adjust-
ment.

In conclusion it is well to repeat
that the monitor reads changes in fre-
quency in cycles and is therefore fast
reading if this condition takes place.
A frequency change of but a fraction
of one kilocycle will cause the needle
on the output meter to drop to zero
if care is taken in properly setting the
regeneration and frimmer controls.

The users of this instrument will be
amazed at the drift in their trans-
mitters, but it can safely be said that
if the monitored signal stays on the
meter in any position above 0 reading,
that no change will be recorded at the
receiving position. [Grand Island Sta-
tion is the exception, hi, Ed.] The
meter should not be relied on for exact
edge-of-the-band transmissions.

—{50—

NEXT MONTE!
“A SPECIAL RECEIVER®*

overlook these possible sources of in-
efficiencies unless they practically
jump right out at him. The writer
remembers only too well a metal clad
plate blocking condenser mounted on
a metal chassis without benefit of
stand-off insulators. Without a means
of measuring the output, the writer
rested snug in the satisfaction of a
job well done because the tube appar-
ently was doing its stuff, until a pool
of compound dripping to the stage be-
low indicated that about half the tube
output was melting compound instead
of going up the feeders.

Visible proof of losses may not
always be so apparent. There is no
doubt that the difference in the plate
current reading between the loaded

., and unloaded conditions gives a fair

indication of the presence of losses,
hewever, several factors (tube char-
acteristics, bias behavior) involved
malke it practically impossible to esti-
mate the probable efficiency. It is not
intended in this article to more than
border on the many possible sources
of inefficiencies in r.f. circuits. Prac-
tically all amateurs have handbooks
and other sources of information on
the subject treated with far more
thoroughness than could be employed
in an article of this type.

I have endeavored to show, however,
that a simple means of measurement
of power will enable the amateur to
see some tangible proof of his efforts
to improve his transmitter antenna
and stages. As a matter of fact, even
if the final amplifier had proved to be
80% efficient in the first place, there
is a great deal of personal satisfac-
tion in knowing what the actual fig-
ure is. Then, too, 909 efficiency is still
worth trying for and not at all unat-
tainable.

Because the dummy load can be
used as an accurate indicator of r.f.
power, additional uses other than the
determination of efficiency alone be-
come apparent, for example:

(d) Determination of the op-
timum setting of all
coupling devices for
maximum transfer at the
nominal impedance (im-

pedance matching) be-
tween stages.
This is solved as follows. Regard-

less of what the efficiency of the stage
being measured is, there will be one
setting of the coupling device (link
or otherwise) which will give the
maximum reading of the r.f. amme-
ter representing the best impedance
match between the stage and the load.
Any other load having the same im-
pedance as the dummy will also be
matched perfectly with this setting.
(The chances are that the grid and
plate circuits of the stages being cou-
pled may have widely different im-
pedances both between themselves and
the coupling method. Reference here is
made to the actual link circuit itself
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which is generally used and which has
been found guilty of losses even in
short lengths of 6" or so.)

Consider Figure 1d as a typical case.
Generally the output of the driver can
be measured at point BB although if
the coupling coil itself is suspected of
losses the output can be measured at
point AA as described in previous
paragraphs and at point BB after the
optimum setting for maximum energy
transfer is made. A decrease in indi-
cated power at point BB with the
same plate input would mean losses
in the coupling system itself. The
plate input would, of course, be re-
ferred to again as it may have been
reduced through wrong adjustment of
the coupling coil and less power at
point BB may be due to this reduced
plate input rather than losses. The
comparison between plate input and
power output must always be made
before any conclusions can be made
as to losses oceurring. Repeating the
power measurement at point CC will
allow calculation of losses occurring
in the line from point BB to point CC,
again referring to the plate input be-
fore definite conclusions are made. The
same procedure can be followed for
further information in

(e) Determination of the ef-
ficiency of the transmis-
sion line between the
final amplifier and an-
tenna.

After the final stage is adjusted for
maximum output (say e.g. on a 73
ohm dummy load) suppose we substi-
tute a 73 ohm concentric line and
place the dummy at the far end which-
would normally attach to the antenna.
Without readjustment of the trans-
mitter the r.f. current at the trans-
mitter should be approximately the
same as with the dummy. Likewise,
the plate current and plate voltage.
On a poorly regulated plate supply,
in the event of a plate current change,
plate voltage will also change.

If there are any appreciable line
Josses the current will be progressively
less out to the end of the line where
the dummy is attached. The current
measured at this point is the current
in the dummy and the power is calcu-
lated as hefore. The difference be-
tween this figure and the previous
figure determined at the transmitter
would be the approximate line losses,
providing mismatches have not oc-
curred which may alter the efficiency
of the amplifier itself due to several
reasons. This loss figure then may not
be strictly true since the line losses
are in part due to insulation resistance
which in effeet shunts the dummy and
lowers the nominal resistance of the
whole system.

If the plate current or voltage
changes appreciably, this is due to
mismatches and/or appreciable dis-
tributed capacity entering into the
system. Any change in plate current
or voltage means that the efliciency
of the final amplifier will alter and
the figure for line losses may also in-
clude a change in amplifier efficiency
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as well. As a matter of fact, if the
match was poor in the determination
of the amplifier efficiency and should
happen to be improved upon when the
line was brought in to the system, an
increase in overall efficiency might be
the result. The above possibilities
would also apply to previous measure-
ments made on the link coupled stages
described in the previous paragraph
under (d).

[Next month the author coneludes
this interesting subject with a com-
plete explanation of different dummy
antennas and their application towards
improving the radiation efficiency of
an antenna. This applies to receiving
as well as transmitting antennas. Ed.]

325-Watt Transmitter
(Continued from page 31)

into a line of 500 ochms, which is cable-
connected to the 2A3 input circuit in
the modulator section of the trans-
mitter. The volume indicator on the
front of the preamplifier provides a
convenient means of checking the level
of modulation with a gain control
readily available for close, quick ad-
justment. Examination of the sche-
matics will show how the various units
are interconnected.

The pictures show clearly the place-
ment of components and the schematic
diagrams how they are connected.
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An excellent way to raise the
output of your rig without a
change in input, is to improve

the match with the antenna.

The matching instrument: an r.f. meter and a dummy antenna.

By GORDON E. GRAY. WICG

Sales Engineer, Ohmite Mfg. Co.
Chicago, Ilinois

Upping Your Rig's Ouiput

onstrated that a Dummy Antenna

in connection with an r.f. ammeter
offered a practical means for the meas-
urement of radio frequency power.
With a simple and practical means of
measuring r.f. power, not only can the
plate circuit efficiency of the various
stages of a transmitter be determined,
as previously outlined but also addi-

lN last month's article it was dem-

The use of the de-
scribed theories '
were tested by the author

at WOUAQ with gratify

tional data about the complete instal-
lation, from crystal stage to antenna
which more or less have been assumed
in the past, can be determined within
practical limits.

For example, consider the & wave
doublet which has theoretically a 73
ohm impedance at the center. The
presence of trees and other objects in
the vicinity may alter this value ap-
preciably. Obviously the greatest and
most efficient transfer of power would
be obtained using a transmission line
with the same surge impedance as the
point of feed in the actual antenna
under consideration with all of the fac-
tors of nearby objects accounted for.
There is no question that some ama-
teurs have locations which make it vir-
tually impossible to string up an an-
tenna in say more than two or three
ways. One of these possibilities may
be better than the other two and an
actual rough determination of the im-
pedance of the radiating system in
each of the cases will help determine
which of the systems to use as far as
transfer of power is concerned.

Other considerations, such as direc-
tional effects, may also alter the
choice. Considerable mismatch be-
tween the transmission line and an-
tenna can be tolerated without too se-

rious an effect on the transfer of power

or the overall effi-
} : ciency between

: final amplifier in-
put and antenna.
How much mis-
match can be tol-
erated in a given
arrangement will
depend upon a num-
ber of variable fac-
tors and without a
means of watehing
what actually hap-

ng results,

pens to the power while the matching
procedure is being followed, extremely
bad yet not apparent mal-adjustment
of the system can be the result.

There is a tendency to overcouple,
especially on 'phone transmitters, in
order to bring up the plate loading to
twice the audio output capability of
the modulators at the required load
impedance. An extremely poor an-
tenna system might be incapable of
loading the final to the correct figures
vet overcoupling as far as the plate
milliammeter reading is concerned will
make it appear that the final is load-
ing properly and the antenna is taking
the load. Further, an r.f. ammeter in
the feeders will mean liftle since
strong standing waves in the feeder
which would accompany overcoupling
{overcoupling is in reality a mis-
match) might also give the false im-
pression that high feeder current rep-
resents the maximum transfer of
energy to the radiator. Actually a cur-
rent loop might shift to the exact lo-
cation of the r.f. meter, in which case
there would be a high reading.

Under the conditions just described
it would be better to couple loosely
and be satisfied with a lower plate in-
put and readjust the audio input and
matching transformer to the new plate
impedance. It ecan be demonstrated
that more r.f. power may be actually
delivered to the antenna with the
loose coupling and reduced plate input
as follows:

A 73 ohm transmission line termi-
nated with a 73 ohm dummy antenna
is adjusted for maximum transfer of
energy to the dummy with the match
on the final tank at AA (in Figure 5)
employing the same procedure as in
the previous article on amplifier out-
put measurements. Substituting a 600
ohm dummy antenna will cause the



plate input to reduce and the power
being transformed into heat in the 600
ohm dummy antenna will be less than
that which was transterred to the T3
ohm dummy antenna. By clipping far-
ther away from the points AA on the
tank, points BB on the tank can be
reached which will bring the plate
loading up to the original figures. The
power delivered to the 600 ohm dummy
antenna will have dropped practically
to nothing and most of the plate input
can be charged up to a now ineflicient
amplifier and also high losses in the
transmission line. This is no longer
serving this purpose, but acting as an
extremely poor radiator. As a matter
of fact the transmission line does of it-
self not have its rated nominal surge
impedance unless terminated by an im-
pedance equal to its rated nominal
surge impedance. By virtue of this
fact, standing waves will exist when
the line is terminated otherwise.

It is true that a point somewhere be-
tween AA and BB can be found where
power delivered to the 600 ohm dummy
antenna will be greater than delivered
to it when the clips are at AA, the cor-
rect points for the 73 ohm mateh. The
power will be nowhere equal to that
delivered to the 73 ohm dummy an-
tenna but it will be greater than that
delivered at the point BB where the
plate loading appeared to be correct
even though at this intermediate point
the plate input will be down consider-
ably. Under these conditions the for-
mer 73 ohm, either twisted pair or con-
centrie line, probably becomes part of
the load since it will be serving as a
poor radiator and any power absorbed
by the dummy exists by virtue of the
dummy being a part of the poor radi-
ating system. It might be well to state
at this point that in addition to the
600 ohm termination to the 73 ohm line
(which in this case was a flexible con-
centric cable), the writer tried two 73
ohm units in series for 146 ohms as a
termination and also two 73 ohm units
in parallel for a 36.5 ohm termination.
Both the latter cases represented a 2
to 1 mismatch, yet the power delivered
to the load after readjustment of the
coupling for maximum transfer of
energy was better than 90% of the
amount delivered to the correct 73 ohm
termination. Strangely enough, the
overall efficiency from plate input to

P
DUMMY ANT.

load remained practically the same
and the slight reduction in power de-
livered was accompanied by a similar
reduction in plate input. Here again
any attempt to overcouple and bring
up the plate current to the previous
value noted for the 73 ochm termination

was accompanied by a noticeable de-
crease in power. It cannot be stressed
too strongly that overcoupling results
in a reduction in power output and an
increase in input. This obviously
causes the overall efficiency to decrease
rapidly since, as stated before, percent
efficiency equals
output
X 100

input

With the above faects at hand, one
should be able to make some practical
measurements on a given installation.
Realizing that antenna types are as
numerous as tubes, a book of proce-
dure as large as a service manual
would be necessary to cover all cases.
It is hoped that the following actual
determinations on a typical amateur
array will suffice to illustrate the
“point of attack” which would be sim-
ilar in all types in gaining better an-
tenna and feeder efficiency.

(f) Determination of the effici-
ency and impedence within
limits of the antenna system
itself.

Figure (6) illustrates a typical
means of coupling a final amplifier to a
15 wave doublet antenna. As previ-
ously described, the r.f. power deliv-
ered at AA, BB and CC can be deter-
mined. In a particular case measured
by the writer, the plate input was 140
mils at 1080 volts or (1080 x .140) 151
watts. The power measured at AA was
91.5 watts as evidenced by a current
1.12 amperes in the T3 ohm dummy
load.

I*R = (1.12) (1.12) (73) = 915

91.5
The efliciency of the final was —— =
60.5 %. 151

The power at BB was the same but
at CC for the same plate input the cur-
rent was 0.96 in the dummy indicating
(0.96) (0.96) (73) = BT watls being
available for delivery to the antenna.

67
Note the overall efliciency was —— =

151
44.5% and the obvious loss in power in
the transmission line was 91.5 — 67 =
24.5 watts.

Substitution of the antenna for the
dummy made absolutely no wvisible
change in plate input or adjustment of
the transmitter indicating that all im-

pedance matehes were substantially
correct.
A 1, wave antenna has a 73 ohm

theoretical impedance at the center,
and the presence of trees or other ob-
jects in the vicinity may lower this
value appreciably. (To all intents and
purposes the antenna impedance at the
center is equal to the radiation resist-
ance.)

An approximate calculation of the
impedance of the antenna system just
illustrated can be made, however, sev-
eral assumptions which may not be en-
tirely correct have to be made and the
technique of the experimenter has to
be taken into consideration.

The following illustration (Fig. T)
will serve to indicate what is meant
and no doubt will re-open an avenue of

17

WOTKD. where some tests were made.

experimentation which will eventually
solve many of our antenna problems
which of late have been of major in-
terest to most amalteurs.

As illustrated before, power meas-
urements at AA, BB and CC can be
made to determine exactly what
amount of r.f. power can be delivered
to the antenna at point CC regardless
of the overall efficiency of the trans-
mission line, etc. The transmission
line can have considerable losses with-
out effecting this experiment just as
long as we know what they are and
what power is delivered at CC. In the
particular experiment made by the
writer, substitution of the antenna for
the 73 ohm dummy at CC made abso-
lutely no changes in plate input, trans-
mitter adjustment or coupling ar-
rangement and it reasonably could be
assumed that the antenna was taking
all the power previously delivered to

Insertion of the r.f. am-

the dummy.
meter, as shown, revealed exactly the
same r.f. current that flowed in the
dummy indicating that the antenna
radiation resistance and hence imped-
ance was to all intents and purposes

73 ohms. (This is one of the assump-
tions which may be incorrect. Theo-
retically the ammeter would have to
be in the exact center of the antenna
at the current antinode or loop. It is
felt that the ammeter was sufficiently
close to this point to be within the er-
rors in reading the ammeter.) The ac-
tual figure was 0.96 amperes indicating
(Pse QSY to page 44)
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Transmifter Efficieney
(Continued from puage 17)

67 watts being delivered to the antenna.

The results being so close to theory the
writer then was curions to see the effeet
of something in the field of the antenna.
Accordingly another half wave antenna w
placed approximately 1/10 wave away. 2

o
attempt was made to tune it either as a re-

fleetor or
terested in the
pedance.  The

immedintely rose to 1

or director since we were only in-
effect on the antenna im-
antenna  ammeter reading
2 ampercs. The plate
input was down to 138 wartts, no doubt dne
in part to the mismateh between the new
system, the 73 ohm line, and the final. This
re[lnnwi plate input wonld undoubtedly re-
sult in a slightly different efficiency for the
final as well as i different amount of line
loss, however, in view of previons experi-
ments on 2 to 1 mismatehes the overall
efficiency (amplifier, coupling and line) was
assumed to be the same as hefore and the
delivered watts ealeulated to he (138 3 445
= H1.5) 61.5 watts.
.-\:'r1|.|i],\ with a well reguls
ply the plate efficiency for various plate
currents could be measured and a curve
made between input amperes and pereent
efficieney for more acenrate determinations,
The new impedanee was therefore roughly,

] 61.5
Z:

¢ plate sup-

= 42.6 ohms. Due to the

{1.2) (1.2)
lack of time (and a low impedance line)
the determination of a more correct figure
of impedance was not made sinee enriosity
in regard to the effects of nearby objects
wis satisficd. A reasonably aeenrate de-
termination could have been made by sub-
stituting a 30 to -Il} olhm line for the T35
ohm line using two 73 ol dummy resistors
in parallel for 365 ohms and repeating the
measurements as in the ecase of the single
lalf wave determination,

While it may be argued that the ordinary
tungsten filament lamp has fairly low in-

duetanes at radio frequencies, and conse-
ntly might l)u used in the measurements
described, iz also true that the d.e.

sjstance T'i'llﬂl’l'\ to less than one-half at
“hlack out” which correspouds to zero light
and about 12 volts across a standarnd 115
volt lamp. At this point also there is still
about 2.5% of the nominal wattage of the
lamp flowing through the Lamp. A\Irxnlmn iy
cold, with no enrrent flowing, the die. ve-
tance is about 1,/12 of the Lot resistance.
suming that Llw induetance amnd skin
effeet are negligible, the d.e. resistance cor-
responds to the rf. impedance.

To the amatenr attempting to use an or-
dinary lamp as o dummy antenng (strietly
speaking Lomps ean never he a frue dummy
antenna as will be shown Iater) this means
that in addition to the lamp or bhank of
lamps he must have some means of know-
ing the brillianey of the lamps compared to
the normal brillianey before he ean make
an intelligent assumption as to the actual
wittiage lu‘il];: consumed by the bhank. In
addition he mwmst have pre-ealibrated the
lamp bank on d.e. using a wattmeter to
obtain a reference eurve of the relationship
hetween the brillianey and the watts input,
and he must also have at hand the charae-
teristies of the lamps, Fignre 8, showing
the resistanee and, therefore, the impedance
at the various percentages of brillianey.

Incidentally, the eurves in Figure 8 apply
only to 110 volt tungsten lamps above 40
watts and arve average characteristies, 110
volt lamps below 40 watts will not follow
these curves nor will lamps at other volt-
azes such as 32 volt, 6 volt, ete.  Additional
enrves for these other sizes and voltages
would be needed if low wattages amd im-
pedances are requirved.

In the latter ease he would, of eonrse, use
an r.f. ammeter in series with the bank of
lamps.  To obtain the watts consumed he
would then multiply the eurrent obtained
by itself and then multiply by the resist:
of the lamp (obtained from the eharaet
tie ecurves) at the determined hlz]hdnz\‘
(IR ="Watts)

While this method gives a fair idea of

RADIO NEWS

the output of a transmitter it still has the
objection that the impedance match neees-

=ary for maximum transfer of the imped-
ance resulting at full brillianey may be a

bad mismateh at the new impedance result-
ing at the lower brilliancy. Also during
modulation in “phone’” transmitters, a lamp
bank dummy actually rvepresents a chang-
ing impedance due to the fact that the watts
input is  inereasing as mueh as 50%
(100% maodulation), The adjustments oh-
tained on the transmitter, therefore, are of
little value as the antenna represents en-
tirely differvent load conditions. Keying
chiecks for thumps, ete. on cw, or code
cannot be definitely made either sinee the
filaments of the lamps will cool off between
dots and dashes lowering the impedance,
E.GG. the initial thump at the start of the
dot or dash will mulnnlmr]l\ e it
ent to the lower impedance of the conling
lamp bank than it would to cither the an-
tenma or free dummy load,

While it is admitted that a readjustment
of the coupling or matching scheme can be
made to obtain the md\\imum transfer for
measurement of the overall efficiency of the
amplifier or oseillator being measured, this
latter objeetion on radio telephone and key-
ing cheeks on eow. eannot be overcome and
further, the actual efficiency of the coupling
selieme itself achich is to be used eventually
to couple to the antenna or transnission
line cannot be determined.  Even this lat-
ter objection wonld be overcome to seme
extent by the use of the proper size lamp
or Lnmps for the expeeted wattage to give
the desived impedanece l‘l\l]l‘-«[Jli]lih]l r to the
antatenr’s choice on his partieular coupling
or transmission line e,

Inspection of the hot resistance of the
standard lamps available, Figure 9, will
show immediately that unless the amatear
is Iuecky, @ mathemarical genius, or has
plenty of valuable operating time to spend

m working out the necessary eombination
of series, parallel and sevies-parallel eom-

binations to use which will result in the
impedance of his choice and the wattage
he llujn-r-' to get out of his transmitier, the
use of a lamp bank dummy load will neither
reveal any relinble or useful information,
nor be more than a minor hielp in the trans-

mitter adjustment,
Approx.
Watts Volts Amps.  Hot llhnw ( :;I:I(}Il\m
i 110 0. 05E 146
15 110 86
23 1140
H) 110
il 110
T3 110 2
100 110 0,910
150 110 1.360

For example, in making a laboratory test
using the trae dummy antenna on a 14
megacycle transmitter of the 125 watt input
variety and a T2 ohm coupling system, it
was found that by making a few minor
adjustments in grid bias and driving power
the efficiency was improved from approx-
imately 33% to 9% !! No change was
made in T_Im conpling scheme during the

(Continued on page 48
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RANSWERS

J. 8. C,, Davenport, Ia.: What is the
wobbly signal that I hear on the very
short waves which sounds like very
much distorted speech?

Probably transatlantic telephone.
These transmissions are both put
through a frequency inverter and are
irequency modulated to insure privacy.
There is not any easy way to decipher
them.

U. P. W., Tallahassee, Fla.: How do
submarines receive radio signals?

They are received on a regular an-
tenna similar to that used on all ships.
The one exception is that that used on
a submarine is heavily insulated against
contact with the water, while those used
on ships are usually bare copper wire.

I. T. Y., Baxley, Ga.: I have devised
a means of sending signals through the
air for a short distance which uses only
two coils placed in magnetic relation to

each other. There is not any radio fre-
quency current nor carrier. Do I need
a license?

No.

K. I. V., Waycross, Ga.: Is the high
voltage in my receiver of fatal power?

Ordinarily not, but it is advisable to
stay away from it. Persons with bad
hearts may be so startled with the sur-
prise of the shock as to seriously injure
themselves when inadvertently step-
ping away from the set.

T. P. L., Brownsville, Tex.: I have an
ordinary broadcast receiver, but want to
hear the foreign shortwave broadcasts.
How can I do this?

You may build up, or purchase any
one of several shortwave “converters”
which may be placed ahead of your re-
ceiver to bring in ultra high frequency
waves. They are not as satisfactory as
a regular receiver designed for that use,
however,

C. A. S, Munsey, Ind.: How can I
find the grounded side of an a.c. light-
ing line.

Answer: There is an inexpensive
special neon indicating device on the
market which can be connected between
a grounded ohjeet and each one of the
a4.c. terminals in turn to show the cir-
cuit grounded side of the line. An ex-
perimenter can easily rig up a device of
this type using a small neon bulb or a
10 watt lamp, socket and connecting
wires.

O. R, Chicago, Ill.: I hear a steady
beat note in my receiver at the very
top of the dial mixed in with the last
broadcast station. What is this?

Answer: Your set is probably out of
alignment, and you are picking up one
of the warious airline or marine bhea-
cons. Take your set to a serviceman
and have it re-aligned.
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“Premium” Quality Without
“Premium” Price
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MALLORY

Transmitting
Condensers

with Execlusive
Impregnating Compound
that Gives Longer Life—
Greater Dependability

It is false economy to use cheap trans-
mitting condensers in your rig—their
failure canresultindamage toexpensive
power supply equipment. Use long-life
Mallory Transmitting Condensers, for
dependable sery Ite—lhe\ cost no more.
Both the TX and the TZ types are
ideal for radio transmitter and high-
power amplifier applications.

Both condensers are impregnated with |
exclusive Mallory Compound. I'tis not
a wax and is unlike any special or
standard impregnating oil now offered. f
It positively contains no chlorine,
either in free or combined form. High
dielectric constant and unusual heat
resistance assures that condensers im-
pregnated with Mallory Compound
afford the best power factor and ex-
tremely stable DC resistance. See your
distributor now for both TX and TZ
Mallory Transmitting Condensers.

P. R. MALLORY & CO., Inc.

INDIANAPOLIS INDIANA
Cable Address—PELMALLO
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Journal™ will shortly be operating on 9.67 meg. (a
freqmnq now occupied by W3XAL) . . . that JDY
of Darien, Kwangtung, is heard on 9‘?" meg. from
5to 6 a.m, daily . . , that VUD3 of Delhi, India, is
now on the air from 6:30 to 8:30 p.m., instead of
from 5:30 to 7:30 p.m., and that news in English
is released at 7:30 p.m., instead of at 7:10 p.m.
(VUD3 is now using a directional anienna beamed
on North America, and is being received with ex-
cellent volume during the first hour of its trans-
mission) . . . that the country of Albania has just
completed construction of a short-wave transmitter
and is sending ('xperimemal broadeasts to America on
15.763 meg. . . . that PSH of Rio de Janeiro E‘ uow
on 10,22 meg, daily from 3 to 4 p.m. ; a
new Colombian station, using the eall IIJ-ID \1 is
working on 8.65 meg. during the early evening hours

. that the new Saturday transmissions from PHI,
Huizen, Holland, on 11.73 meg. from $:13 to 4:43
p.n. have weakened considerably in volume and are
often inaudible . . . that the station on 6.11 meg.
near 6:30 am. is not VPB of Ceylon {(as reported
by many), but is definitely located in Siam. and
uses the same announcer employed by HSSP] on
0.50 meg. every Thursday from 3 to 7 a.m. VIPB is
evidently still ‘on the air, but has not been heard
locally for some time.

Dayitime Europeans

For the first time in many months, European
stations are now being received on the Pacific Coast
with good volume throughout the morning and early
afternoon,

Peculiarly enough. the best English station at noon
is GSB (9.51 meg.) and at 2 p.m. is GSC (9.58
meg.). GSI, and GSG are all fair at 10 a.m., but
fade out by 11:30. GSD, however, often holds up
all afternoon 5

until the end of transmission 5.
In sharp contrast to the conditions a few months
ago, the 23- and 3l-meter bands are now hest for
daylight European reception, while 19- and 16-meter
bands are useful only huu\een 7.oand 10 am. It is
expected, however, that the lower wavebands will im-
prove consider=hlv during the next 60 days.
Treasure Island

Before long, the new short-wave =tation on Treasure
Island, San Francizco Bay, will be broadcasting reg-
ular programs directed to the Far East. Tt is ex-
pected that transmissions will commence with the
opening of the Worlds Fair in February.

The station will operate from @ p.m. to 3 a.m., <
as not to conflict with broadeasts from W2XAD and
W2XAF, and will use the same frequencies of 13.33
and 9,53 meg. which are now in use by these Sche-
nectady transmitters.

Visitors to Treasure Island during the Fair will be
given the opportunity of m-pechng both studios and
transmitting equipment of this modern short-wave
broadcaster.
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10M Transmitier
(Continued from page 36)

voltage on the 210 and halves the bias.
Plug the key into jack No. 1 and key
in the cathode. Turn off the speech
amplifier for c. w. work.

It will be noted that filament
switches have been inserted for every
stage, which will be found of advan-
tage when testing out any one portion
of the set.

Coil data is shown for 10 meter
operation. This is for 40 meter crystal
and 20 meter doubling. Double again
in the buffer stage and amplify in the
final. In winding any coils remember
that a turn or two may have to be
added or subtracted from those given
due to circumstances.
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Vibrator Tesier
(Continued from page 20)

meter to fluctuate and the reading is
low. By comparing different vibrators
it is easy to set up standards of good,
fair, and bad vibrators.

[The fundamental vibrator tester
circuit is reproduced by express per-
mission of P. RB. Mallory & Co., Inc.,
Indianapolis, Ind., U. 8. A—Eb.]
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Transmitter Efficiency
(Continued from page 44)

tests after the initial adjustment for max-
imum fransfer was made upon fiving up
the amplifice.  Further, no additional ad-
111*1111(-111 was fouwd necessary after the
fliciency figure was attained showing
of the constant impedance
characteristies of the dummy antenna the
coupling system could he onece adjusted and
forgotten eliminating one of the question-
able faetors in the subsequent adjustment
of the ampliier for improved efficiency.

Roferrving to Figure 8 let us see just what
difficulties would be eneountered when using
lamps for the same experiment. Note that
for 72 ohms it is impossible to choose a
combination of lamps so that 40 to 50 watts
of lamps would be used with 72 ohms or
thereabouts, as the impedanee or resistance.,
We, of course, would not be aware that the
efficieney was going to he as poor as 33%.
We would probably choose a 100 watt lamp
and hope for an 80% efficiency which would
result i normal brillianey of the 100 wadtt
Linip providing our impedanee mateh is ap-
proximately covveet. At the aetual orig-
inal efficieney of 3539% the output was ap-
proximately (125 % . — 40} forty watts.
Characteristie curves (] i{..ml 8) will show
that forty watts into a 100 watt lamp re-
sults in a brillianey of 8% of the normal
and a resistance of T8% of the hot resis-
tance or (.78 % 121 = 94.5) 945 ohms.
While this \.llm is not suficiently different
firom the 73 ohms desived, and while, as
a matter of faer, tests show that impedance
mismatehes as great as this on the true
dummy load ean be tolerated, it will be
noted that as the eficiency of the amplifier
is inereased by the varions adjustments,
the mismateh gets worse instead of better
and wonld in some instancees necessitate a
readjustment of the coupling deviee for
maximum transfer of cuergy.

If we hiad been eontemplating the use of
a 500 ohm system, we would probably have
chosen two 60 watt lamps in series for the
expected 100 watt output and resaltant
impedanece of 384 ohms (from the charac-
teristic curve for 839 of 120 watts or 100
watts each lamp has 953% of the hot resis-
tance or 192 ohms each) whicl vepresents
a mismateh in the other direction from the
desired value. At the initial 40 watt out-
put, which actually resulted, 304 ohms (from
the characteristie curves for 339 watts each
lamp has T5% of the hot resistance or 152
ohms each) would be the impedance of the
bank undeyr this redueced wattage. Four 25
watt lamps in series-parallel would have
been a better choice but there you have it;
with a box full of various sized lamps, prob-
ably including those from the xyl's favorite
floor lamp. a photo electrie system, a watt-
meter, a slide rule, an exe ellent edueation
in algebra, a good foundation in Ohm's
Law, two sets of curves, a4 sure-fire coupling
system for variable impedanees, along with
plenty of time and mental gymnasties, and
we can conclude that lamps ma fair
dummy loads, For acearate, reliable results
with a minimum of time and manipulation
it would secm that a eonstant impedance
dummy load and an r.f. ammeter constitute
the answer to the amateur’'s prayers for an
r.f. wattage inn]it:ntnl'.

Phonograph Records
Make Good Insulators

Convenient, high insulating mounting
panels for 5 meter rigs and other experi-
mental layouts can be easily made from old
phonograph records. Two records glued
together make a very serviceable and rigid
panel. Records faced on one side only can
be glued to give a smooth front panel.
These improvised panels should be at a
temperature of 70 degrees or more far
easier drilling and workahility,



