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FIGURE S—Tem perature Errors for Weston Model 301 A-C Rectifier Type Voltmeter, Range 150 Volts, 1000 Ohms
per Volt, with 115 Volts and 150 Volts Applied.

various specifications, such as JAN-I-6. The instrument
is placed in parallel with a standard electrodynamometer
instrument, a-c voltage applied from a low impedance
source such as a variable transformer, and the voltage
indicated on the standard recorded for a given deflection
on the rectifier type instrument at which the resistance is
desired. A decade box is then placed in series with the
rectifier instrument and the voltage across the combina-
tion as previously measured by the standard electrodyna-
mometer is doubled. The resistance in the decade box
is adjusted until the rectifier instrument reading is the
same as before. The resistance value indicated on the
decade box is then considered as the resistance of the
rectifier instrument. Note that this effective resistance
will vary with the deflection of the instrument; the re-
sistance of the instrument is usually stated in literature at
full scale for voltmeters if not otherwise specified; in
db and VU meters it is usually stated at zero level.

Having the instrument presumably calibrated on some
definite frequency, say 60 cycles, sine wave, and at some
temperature such as 25 C, a discussion of errors appears
next in order.

WAVE FORM ERRORS

Wave form errors come into the picture because of the
fact that a rectifier instrument reads average value,
whereas we normally read a-c in terms of rms value-
The instrument is calibrated to indicate the same as a
true rms instrument on 60 cycles sine wave. Any har-
monic content will cause an error of greater or lesser
degree and as an extreme example let us assume a square
or rectangular wave which might be produced by com-
mutating the voltage of a battery. Since the wave has 2
rectangular shape the rms and average values are the
same, whereas, on a sine wave basis there is an 119
difference. As a result the rectifier type instrument as
calibrated will read 11%
topped waves or on d.c.

normally high on square

In terms of harmonic content, a third harmonic having
a magnitude 30% of the fundamental and in phase with
it will cause the indication to be 5% hl;)h if 180° out
of phase the instrument will read 1. 49

) low. 109 of a
fifth harmonic in phase will cause th{ reading to b@l.
about 49 high, whereas, if 180° out of phase, it will
be 107% low.

5 . .

A combination of 309, of third harmonic with 30%
fifth harmonic, both in phase, will give a reading 6%

;.ﬁgh and if both are 180° out of phase the instrument

will read 22159 low. Actually these harmonic contents
are rather large and the resulting waves very distorted.

On voice frequency and with a completely random dis-
tribution of harmonics the error is far less and indica-
tions are usually within a few percent of the rms value.
Nevertheless, if errors are believed present on a sharply
distorted wave, the data given will be representative of
what may have occurred, and will indicate the type of
problem involved.

FREQUENCY ERRORS

Frequency errors are due to the capacity in shunt with
the rectifying layer of the disc and essentially in parallel
with the rectifying layer itself. Obviously, at low fre-
quencies the effect of shunt capacity is small, whereas at
high frequencies it begins to be important in the overall
results. Since the resistance of the rectifier is reduced at
higher currents, reduction of frequency errors demands
operation of the small rectifier at the highest current
density consistent with reasonable overload capacity.
Conventional instruments as llsted in the catalog may
read low as much as 1/ of 1% per thousand cycles, but
such standard instruments lnve been designed for a
rather high overload capacity and with somewhat less
concern as to response at the higher frequencies. On the
other hand, for special purposes voltmeters have been de-
signed which are substantially flat up to 30 kc and by
minor compensation can be made flat, at least for higher
voltage ranges, up to 100 kc. Under still more special
conditions it is occasionally possible to design for a fre-
quency as high as 1 Mc and compensate. for a band
around that frequency. All such designs, however, in-
volve a rather complete knowledge of all of the factors
involved and it is usually necessary that they be processed
by an instrument designer having data applicable to the

problem.
TEMPERATURE EFFECTS LARGE

The effects of temperature on rectifier instruments are,
unfortunately, rather large and the results of wide tem-
perature changes are likely to be surprising to one not
familiar with rectifier instruments. Very broadly, the
rectification efficiency of a copper oxide rectifier drops
somewhat as the temperature rises but, at the same time,
the resistance also reduces. As a result there is a com-
pensation to a degree since the two effects tend to cancel;
both effects, however, vary in degree at different tempera-
tures and the result appears to be always a curve, con-

when plotting instrument response

cave downward,

‘against temperature.

The change in ratio of d-c fed to the instrument from
the rectifier in terms of the a-c current passed through the

rectifier network appears to be involved with the leakage
current on the reverse half of the wave and the better
the rectifier in terms of leakage, the less change in recti-
fier efficiency with temperature. Very detailed treatments
of the discs are required to maintain the lowest possible
leakage current and, in turn, to minimize the temperature
effect on ratio.

As to the temperature effect of resistance, this can be
minimized by using as thin a copper oxide layer as is
reasonable since the series resistance is effectively that
of the copper oxide itself and has but little to do with
the rectifying layer. However, the copper oxide cannot
be allowed to be thinner than certain values as otherwise
there would be danger of leakage or complete failure
and the necessary result is a compromise between the
two factors.

Change in ratio with temperature is important in a
milliammeter or microammeter. Change in resistance is
important where the instrument is in a low voltage cir-
cuit and in low range voltmeters. High range voltmeters,
by and large, have sufficient series resistance to swamp
out the resistance change of the rectifier unit and the net
effect is that of ratio change only. Figure 5 shows the
changﬁvin indication of a 150-volt rectifier type, having
a sensitivity of 1000 ohms per volt both at full scale and
at 115 volts; since the current is different at 115 volts
than at full scale the shape of the curve changes and here
again we have an indication of the complexity of the
situation whereby we must necessarily analyze every fac-
tor if we are to have full knowledge of the expected
results.

SUMMARY

Summarizing the error picture we have the three im-
portant effects: (a)—wave form errors, (b)—frequency
errors, and (c)-—temperature errors.

In the last analysis, these errors appear to be the
inevitable price paid for the very much higher sensitivity
in terms of current and power which we obtain in the
rectifier instrument as opposed to the iron vane or ther-
mocouple types. Fortunately, in communications we are

more interested in the average level, our temperature
does not vary widely, and the wave form is sufficiently
random to be suitably summed so that this type of instru-
ment is very useful where the low energy taken from the
Rectifier

to systems with

system is of paramount imporl.uu’c. instru-

ments should be applied intelligence,
however, and with a knowledge that some errors may
if a watt or so is available the con-
ventional iron vane or thermocouple types would be pre-

result. In general,
ferred because of their lesser errors and the rectifier type
should be used only when the very small extraction of
current from the system measured is more important than
the errors which arise.
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BOOBY TRAP
James H. W hitley, ET Mic, USS Virgo

We were troubled with fuses blowing in the d-c line
feeding a 4-kva motor generator furnishing a-c power to
an SG-1 radar. The MG would run nicely for an indefi-
nite length of time with no detectable signs of overload
or fau_lty' operation. Then one of the line fuses would
blow for no apparent reason, except that it occurred only
Whlen the generator was supplying power to the radar.
This led to the assumption that the radar was at fault.
All power circuits and wiring were checked and in-
spected and were found to be in order. The generator
and all primary wiring were given Megger tests.

The clue that led to the solution of the trouble, how-
ever, was almost overlooked. It was noted that it was
fi]ways the same line fuse that went out—that is, the one
in the same position in the fuse block. Inspection of the
block revealed that one set of clips was badly corroded
and burned, and that the fuses were being blown by the
heat developed at the poor connection rather than by
excess current. Replacement of the defective clips, and
cleaning and tightening all the remaining fuse clips, com-
pletely cured all our fuse troubles.

OBU WITH MARK 28
Contributed by the USS Boxer

In order to make checks on the operation of the Mark

FIGURE 1 —
Test cfi[if)/e
mounnted on
Mark 28 dish.
Note method
of makin g
and mounting

holding clamp.

28 receivers on this ship the possibility of using the
OBU for testing ring time was investigated. It was
immediately apparent that if the OBU were to be used
on all the Mark 28 equipments, some sort of detachable

mounting assembly for the test dipole was necessary.
Mounting of the dipole on the edge of the dish gave a
good ringing time which varied inappreciably as the di-
pole was moved several inches from its mounting posi-
tion in any of several directions. Thus the dipole could
be removed and replaced without danger of changing
the coupling conditions. A clamp was made to be used
with the dipole as shown in figure 1.

o

To obtain a good reading on the OBU meter, the
crystal coupling in the OBU was adjusted to maximum.
In operation the OBU was used conventionally; the
tuning was adjusted for maximum meter reading and the
ringing time was measured at the main frame. Since the
lobing was- on, the ringing time had a fuzzy trailing
edge but the point of maximum ringihg time was clearly
defined. This resulted in a good check on the receiver
and a fairly good check on the transmitter ; however, the
latter was subject to variations in the crystal of the meter
circuit. Ringing times from 3000 to 4000 yards and
meter readings from 0.3 to 0.6 were obtained with the
sct operating normally.,

FiIGUrRg 2 —
Haookup of
OBU echo box
to test dipole
mownnted 0”7
Mark 28 dish.

-2

B CNO reports that considerable confusion is being
caused on the 4235 (NERK) series by tuning of trans-
mitters, allowing the transmissions to go on the air
rather than using a dummy load or other suitable means.
Very few ETM's in the fleet today, particularly those in
the lower rates, have had the opportunity or have been
required to stand watches on radio operating circuits.
For this reason they do not appreciate the troubles and
problems encountered by an operator when trying to copy
a station with a weak signal or through interference.
Radio operating through interference caused by nature
can be very trying on the patience of the operators, but
when additional interference is created by some man-

i ade contrivance it becomes increasingly irritating. One

of the most flagrant violations in the matter of man-made
interference is the tuning of transmitters on a frequency

TUNE-UP

that is being used, thus breaking up any operation on that
frequency.

The Radio Matériel School, Bellevue, D. C. has de-
vised a method of tuning all the stages of a standard
communication transmitter without the necessity for
radiation from the antenna, and it is offered here for
information. The system does not require any apparatus
other than that already provided aboard ship.

Warning: Personnel are cauntioned to exercise safety
precantions and good judgment in carrying ont the steps
described in the following paragraphs.

With all antennas grounded and trunk openings in the
radio room sealed off, adjustment of the master oscillator
and intermediate power amplifier stages to the correct
frequency and resonance can be checked with the trans-
mitter in operation. At the same time the power amplifier
stage may be resonated, although antenna tuning and
coupling adjustments may subsequently require readjust-
ment. The transmitter is then shut down and the antenna
connected in the normal manner,
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COUPLING
CAPACITOR

ANTENNA
TANK

Adjustment of the antenna circuits to resonance and
determination of the proper coupling is accomplished by
utilizing the static noise picked up by the antenna. A
receiver tuned to the desired output frequency and lightly
coupled to the transmitter power amplifier tube plate is
employed to measure the noise level reaching this point.
The noise level is indicated by the receiver input meter
or, in the case of older equipment, by a suitable audio
output voltmeter connected to the receiver output. Cir-
cuit resonance is obtained by using the transmitter output
circuits to produce maximum noise output from the
receiver. Proper antenna coupling may be determined
by adjusting the antenna coupling and tuning controls
until the receiver audio output voltage drops to about
one-half when a resistor equal to the load resistance re-
quired by the power output tube is connected from the
power amplifier plate to ground.

The theory of operation can best be explained with
the aid of an actual antenna circuit and its equivalent
circuit as shown in figures 1 and 2. By tuning the
antenna circuit to resonance at the desired frequency, the
simplified circuit shown in figure 3 is obtained, where Ry
is a function of R, and the ratio of L to C in the tuned
circuit. Ei is the noise voltage at the desired frequency.

When the power amplifier tank circuit is- tuned to
resonance, the circuit simplifies to a resistance R2 in series
with the noise voltage E= as shown in figure 4. Note that
Re and E: are both dependent on Ri, Ei, and the
coupling capacitor.

With the equipment operating normally as a transmit-
ter, the antenna reflects the proper resistance Ra. to the
tube to provide proper power-amplifier loading. If it is
assumed that the proper resistance is R, and is known,
then the correct adjustment of the antenna tuning and
coupling circuits which will make Ra equal to R, (figure
5) can be determined in the following manner. With the
switch § open and the receiver tuned to the proper fre-
quency, the gain control is adjusted to give a convenient
value of noise voltage. Closing switch § should now
give a value one-half the previous reading if R, equals

FIGURE 1—Typical antenna cir-
cuit ar wused i communication
transmitters.

Ro. If the second reading is greater than one-half, then
Re is less than R, and the coupling must be decreased.

The limitations of this method should be realized. For
instance, when the noise level fluctuates intermittently it
will be hard to make adjustments because of the unreli-
ability of the output voltage readings from the receiver
for various adjustments made during the procedure.
However, antenna resonance can be quickly obtained and
the degree of coupling between the antenna and power
amplifier tank can be approximated. Even if full power
output is not obtained when the transmitter is used,
sufficient power will be radiated, in all probability, to
accomplish the desired communication.

\
QUIPMENT REQUIRED

A good receiver with a shielded antenna lead, a small
toggle switch, coupling capacitor, and a half-watt carbon
resistor are all that is required. If the receiver has no
signal-input or audio-output meter, a fairly high-im-
pedance 1- or 2-volt a-c voltmeter will also be required.
The receiver must naturally cover the range of the trans-
mitter. On the lower frequencies the length of the
antenna lead is unimportant; however, above 10 Mc the
length should be kept to four or five feet or less so that
it does not approach a quarter wavelength. The coupling

FIGURE 2—Eguivalent circuit of the antenna system
shown in fignre 1.

@

capacitor is connected as shown in figure 6. This pre-
vents the capacity of the shielded line from detuning the

l,..wer ampliﬁer circuit. On the high frequencies, 2 to 18

¥, sufficient coupling may be obtained by twisting an
inch or so of insulated wire around the power amplifier
plate lead, while at the low frequencies, 175 to 600 ke,
more capacity may be required, such as a small 50- or
100ppf mica capacitor. The coupling arrangement should
be made so that it can be easily connected and discon-
nected. It is also important to have it arranged so that
it is impossible to operate the transmitter with the
receiver and resistor attached. It might be mentioned that
it is necessary to hear the output of the receiver as well
as to see an indication of the noise voltage produced.

Determination of the correct value of R, (figure 5)
to use with any particular transmitter can be best accom-
plished when conditions permit operation of the trans-
mitter into an actual antenna. If this course is not
permissible, a determination can be made if the trans-
mitter can be fed into a dummy antenna, or if a careful
calibration of the transmitter with its antenna is available
for any frequency. The values in the following table can
be used if time and circumstances do not permit an
individual check on the ship’s transmitters.

TBK (Westinghouse 5000 ohms

TA] (Westinghouse) ~ 5000 ohms
. TBL-4 (RCA) 2800 ohms
TAQ-5 (GE) 1000 ohms
TCK (GE) 2200 ohms

In those instances where emission of power is permis-
sible the proper value of resistance for K can be deter-
mined as follows:

1—Tune the transmitter to any frequency and load the
power amplifier to the proper value.

2—Tune the receiver to the frequency of the transmit-
ter.

3—Shut down the transmitter and couple the receiver
to the power amplifier stage as described in the preceding
paragraphs.

FIGURE 3—Eguivalent of circuit shown in figure 2 when
the antenna is tuned to resonance.

FIGURE 4—S8ame circuit as shown in figure 3 but with
the tank circuit tuned to resonance.

4—Try connecting different values of resistance from
the power amplifier plate to ground until the audio noise
voltage obtained with the resistor is one-half of that
obtained without it.

Step 4 can be accomplished with greater ease and
accuracy if a signal generator (such as a model LP) is
tuned to the same frequency and connected to a wire near

. the antenna. This produces a steady MCW signal to

work with rather than the more erratic static noise.

In those cases where emission is not permissible, the
transmitter may be set to any previously calibrated fre-
quency and steps 2 to 4 of the preceding instructions
followed. The LP, of course, cannot be employed under
these conditions.

TUNING THE TBK WITHOUT RADIATING

1—With all antennas entering the transmitter room
grounded and all trunks closed, start up the transmitter
and tune all stages, including the power amplifier, to
resonance.

2—Tune a receiver of approved low oscillator radia-
tion to the transmitter output frequency, being careful
not to damage the receiver. Connect an audio voltmeter
with about a 1- or 2-volt range to the output of the
receiver, or use the receiver’s input meter or output meter.

3—Shut down the transmitter and reconnect the
antenna,

4—Make sure that the voltage is actually removed
from the power amplifier by using a discharge probe,
shorting it to ground momentarily. Couple the receiver
to the power amplifier tube plate by wrapping two or
three turns of insulated wire around the plate lead. A
more permanent method of coupling can be devised
when time permits so that the receiver may be readily
attached or disconnected. The receiver antenna lead
should be a four- or five-foot length of shielded wire.
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5—If calibrations are available for the transmitter
with the particular antenna, set the antenna controls to
the positions indicated for the nearest frequency. If no
calibration is available for a frequency reasonably close,
set the coupling control at mid-scale and proceed.

6—With the receiver AVC off, tune the power am-
plifier tank circuit until maximum noise output s
obtained from the receiver. The correct point is usually
quite sharp.

AC
VOLYMETER

FIGURE 5—Method of connecting receiver and an ex-
ternal output meter for luning.

7—Connect K1 from the plate of the power amplifier
tube to ground. Then adjust the antenna tuning circuit
for maximum noise. The correct point may not be sharp
and will require later adjustment. Do not change the
coupling adjustment.

8—Remove R, and adjust the receiver sensitivity to
give an output of one volt or some other convenient
value on the signal indicating meter.

9—~Connect R, from the plate of the power amplifier
tube to ground and note the receiver output voltage. If
it is near one-half the first value the loading is approxi-
mately correct. Care should be taken in obtaining the
reading to get the average noise voltage and not the
peaks.

10—Finer tuning of the antenna circuit can now be
obtained by shifting the antenna tuning dial a few divi-
sions in one direction and repeating steps 8 and 9. If
the ratio of voltage increases over that previously ob-
tained, try a few more divisions and repeat the process
until a maximum ratio of “voltage with R, in” to "volt-
age with R, out” is obtained.

11—If the final ratio of step 10 is greater than 0.5
(or a previously determined value), the coupling is too
tight and should be decreased. If the ratio is less than
0.5, the coupling should be increased.

12—If the coupling is changed appreciably, repeat
steps 6 through 10 until the final ratio of voltage is

correct.

13—Since the possibility exists that exact resonance

will not be attained and the power amplifier may over-
load when an attempt is made to put the transmitter on
the air, it is suggested that the power amplifier pl

voltage be decreased about 25% to preclude operatici="

of the overload relay. Any necessary trimming adjust-
ments can be rapidly made and the power increased to
normal during the first few moments of operation.

Reference to the transmitter instruction book should
be made in the case of all intermediate-frequency equip-
ments to determine whether the power amplifier is ad-
justed for maximum output as a final step. On most
transmitters in the 175-600 kc range, this is not the case
and the power amplifier tank should not be retuned after
setting it to initial resonance. Whichever the procedure,
the instructions should be followed in making the ad-
justments with the receiver. Since the intermediate-fre-
quency equipments such as the TAJ] or TAQ work only
with capacitive antennas, the antenna tuning and coup-
ling system is considerably simpler and rapid adjustment
is possible. With any transmitter, care should be taken
to follow step 10 of the above procedure very closely

since the correct resonance point of the antenna circult:

cannot be determined by step 7 alone. Since the final
result depends upon the receiver output being propor-
tional to the applied static voltage, it is important that
overload of the receiver be avoided.

after a few trials: therefore it is suggested that person-
nel take every opportunity to practice the procedure when

HEAD SET

FIGURE 6—Addition of an isolating capacitor to fignre 5,
and ultimate connections of receiver for wuse.

conditions permit operation of the transmitter to check
the results.

This article is an enlargement of a similar article which

appeared last year in the Communication Equipment
Maintenance Bulletin.

Burean Comment:

The necessity for having a method
of tuning

it transmitters without radiating a signal on the
arris urgent, The procedure offered above is one method
ot accomplishing this, but it is not necessarily the best.
Suggestions and jdeas concerning this problem will i
welcomed by the Bureau. Correspondence should be
addressed to the Bureau of Ships, Code 980.

Considerable improvement in accuracy can be obtainedS

may like to
photograph fruit

% OBBIES ARE A GOOD IDEA

. or make new

contacts

or study the ballet

Every man has his own ideas regarding the use
of his spare time. You may like to photograph
fruit, or study the ballet, or make new con-
tacts. And some actuslly save a little time for
the study of electronics. There is a wealth of
good information availsble for those who take
the trouble to dig it out. A little time devoted
occasionally to this type of reading will mean
better understanding of your work, and will

result in getting ahead faster.




DONT BE A SAFE STACKER!

Your safe is the place to keep
ELECTRON when it is not in use. It
should not become a means of keep- y
ing the magazine out of yse. So let _ Vil ‘ _".'mb
this issue circulate—the Technicians A~ N 4
should be the first on the list, and u-.e ey " U
safe should be the last,




