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)chioricti
by John E. Remich

Manager, Technical Department

NEW FRONTIERS IN ELECTRONICS

The birth of the space age in 1957 brought with it new prob-
lems and new horizons in the design and engineering of elec-
tronic systems. Although a considerable research effort is being
concentrated on the solution of problems already known, much
remains to be accomplished, and many new problems will be-
come evident only with the advent of manned space flight.

The impact of the space age is already apparent to those en-
gaged in research and development in the field of electronics.
To the field engineer, however, such developments as micro-
miniature electronic systems, solar batteries, and components
built to withstand temperatures higher than 1500 degrees may
seem remote and far in the future. Past experience has shown
that field engineers should be prepared well in advance for the
introduction of new concepts and equipments. This is particu-
larly true in the case of the space age developments. Micro-
miniaturization, for example, will require new techniques in
troubleshooting and maintenance. The tools required for repair
of such equipment must also be miniaturized, and the use of
such tools will require new techniques. New components such
as solar batteries must be studied and understood before trouble-
shooting can start, and the checking of components under the
environmental conditions encountered in actual operation will
be essential.

These are only a few of the problems that the field engineer
can expect to encounter in the future, problems peculiar to equip-
ments developed to meet the challenge of the space age. Now
is the time when we must prepare for these problems - not
after operating equipment has been introduced.

In this, the infancy of the space age, all indications point to
an ever increasing demand for the conscientious field engineer
to follow the trend of new development and techniques at an
early stage.
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A four -plane 8 x 8 magnetic core memory and a 64 x 64 core matrix. The enlarged
view shows the magnetic cores and indicates wiring details.



THE MAGNETIC CORE AS A
STORAGE DEVICE

By Harold Small
Ph;lco G & I Division

This article describes a present-day magnetic, or ferrite, core of
the type used as a memory element in many modern digital com-
puters. An explanation of the important cure properties is given,
together with an example of the use of such cores in a simple
memory device.

THE MAGNETIC CORE has played a
prominent role as a memory element
in the development of large-scale digital
computers. In keeping with the minia-
turization trend, the magnetic core has
been miniaturized with the development
of new ferrite materials and techniques.

Physically, the magnetic core is a
small ring (similar to a doughnut, or
toroid) with an inner diameter of 0.050
inch, and an outer diameter of 0.080
inch. It is made of a ferrite material
which has a somewhat square hysteresis
loop. It is this hysteresis loop that pro-
vides a working explanation of the
core's storing ability. Figure 1 shows
an idealized loop with flux change (130
plotted against current (I). The loop
has been labeled N (north) and S
(south), or 1 and 0. These designa-
tions are entirely arbitrary, and merely
serve to illustrate the explanation.

Since a starting point is necessary,
assume initially that the core has no
magnetism. This is represented by
point X (the origin) in figure 1. If
enough current is now passed in the
N direction, the magnetic flux increases
along the dotted line A and eventually
reaches saturation at point B. (The
core is said to be saturated when an
increase in current does not result in
an increase in magnetic flux.) If the
current is then removed, a slight de-
crease in magnetism occurs, causing the
magnetic flux point to move from B to
C, where it is held by the residual mag-
netism. It should be made clear at this

point that a pulse of current which is
capable of saturating the core in any
one direction is known as a full pulse,
and that a pulse of current extending
only to the knee of the curve is known
as a half pulse. For the type Si core
described in this article, a full pulse
is approximately 800 ma and a half
pulse is approximately 400 ma.

If the core is magnetized in the N
direction (refer to point C on the curve
of figure 1), then a full current pulse
passed through the core in the S direc-
tion, will cause the magnetic flux to
traverse around the knee of the loop
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Figure 1. Idealized Hysteresis Loop



and down to point D. This point cor-
responds to saturation in the S direc-
tion. When the pulse is removed, the
point on the loop will change to E,
which represents the residual magnet-
ism. From here on, when the magnet-
ism is switched (reversed) in either
direction, the change in flux will follow
the path E, B, C, D.

A core to be used as a storage device
in a coincident current memory will
have two drive wires through it. For
convenience, these drive wires are desig-
nated as X and Y, and each drive line
must supply half the current to create
a full pulse. To switch the magnetism
of a core, both X and Y lines must be
energized, and thus supply a field of
sufficient magnitude to reverse the mag-
netization of the core. (The average
switching time for an S1 type core is
approximately 1.0 microsecond.) Two
other windings are usually employed,
one for "sense" (or reading), and one
for "inhibit."

The voltage induced in the sense
winding as the magnetic flux point tra-
verses the loop (see figure 1) is used
in the following way to extract stored
information. Consider the case of the
core magnetized in the N, or 1, direc-
tion, and at point C on the loop. A
half pulse each on the X and Y lines
in the S direction will cause a voltage to
be induced in the sense winding. If
the same core has already been mag-
netized in the S direction a full pulse
in the S direction would have resulted
in no flux change and, therefore, in no
induced voltage.

If the S direction is now considered
to be the read direction, as indicated in
figure 1, then it is true to say that an
induced voltage implies that the core
held a 1, or an N, and that no induced
voltage implies that the core held a 0,
or S. This method of reading is termed
destructive reading, and requires that if
the information is to be retained it must
be rewritten in the core after reading.

An explanation of the binary system
of counting is beyond the scope of this
article. However, it should be noted
that the basic philosophy used in com-
puters is the changing of states or con-
ditions such as on/off, piesent/absent,
yes/no, or 1/0. Computer logic is built
on this simple basis. The basic 1/0, or
binary type, information is the type of
intelligence that can be sensed in the
magnetic core. If the south, or 0,
direction is considered to be the "read"
direction, then it is reasonable to con-
sider the north, or 1, direction to be
the "write" direction.

The following description of the
"write" function assumes that the
"read" function has just taken place,
and that the flux position on the curve
of figure 1 is E. Two half -amplitude
pulses in the N direction will drive the
point to B or saturation, and the core
will subsequently be magnetized in the
N, or 1, direction. (When the pulses
have been removed, point C will be the
point of residual magnetism on the
curve which the flux will assume.)

At this point, the reader might logic-
ally ask, "How can a zero be written
in a core if the N direction is the write
direction, and this direction writes a
one?" The answer is simply the addi-
tion of one more winding, known as
the inhibit winding (see figure 2).

WRITE
(N)

SENSE

READ
(S)

INH BIT
(5)

WRITE
(N)

READ
(S)

Figure 2. Wiring of a Typical
Memory Core
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Current is passed through this winding
in a direction opposing that of the write
current. Thus at the end of a read
function, if it is desired to write a zero
in the core, a full write pulse of cur-
rent is passed through the write wires,
as if to write a one. But at the same
time, a half -amplitude current pulse is
passed through the inhibit winding in
the opposite direction to the write
pulse.

The net result is a half pulse in the
write direction, which is insufficient to
switch the magnetization from the S,
or 0, end of the loop, and thereby
leaves the core holding a 0 (see fig-
ure 1).

The cores are assembled into planes
or matrices. The size of a plane is
determined by the number of words or
units of information the memory is re-
quired to store. Figure 3 illustrates a
4 x 4 core matrix with a storage capac-
ity of 16 words. To interrogate any
core in the plane, a half pulse is passed
in the read direction on one X coor-
dinate and on one Y coordinate. At
the point of intersection, these pulses
add, so that the core receives a full
read pulse. In the case shown in figure
3, pulses applied to Y coordinate 2 and
X coordinate 2 result in selecting the
dark -shaded core, while all other cores
on the respective X and Y lines (indi-
cated by light shading) are subjected
to half pulses. By referring to figure

Figure 3. Small 4 x 4 Core Plane or
Matrix, with Eight Possible Inputs

Selecting Any One of 16 Cores

1, it can be seen that the application of
half pulses does not change the state
of these cores. However, these pulses
do disturb the position of the magnetic
flux point on the hysteresis curve; for
this reason they are sometimes called
disturb pulses. As shown in figure 4,
a disturb pulse will cause the degree of
magnetism to change slightly, and,
when continuous disturb pulses are ap-
plied in each direction, the magnetic
flux point will traverse a small loop
called a minor loop. But the informa-
tion content will remain the same.

4) (FLUX)

I

E'

DISTURB DISTURB
PULSE PULSE
READ WRITE

S(0)

Figure 4. Hysteresis Loop, Showing a
Minor Loop at Each End Caused by

Disturb Pulses

After the matrix size has been deter-
mined, only the number of digits per
word remains to be selected. Since
each core represents only one digit of
a word, the number of planes required
will be equal to the number of digits
per word. Figure 5 shows that, with
four planes wired together, the same
core in each plane is selected by coor-
dinates Y=2 and X=2, and thus one
four -digit word is extracted from the
16 four -digit word memory.

Although a core plane can be made
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with almost any number of X and Y
coordinates, it is usually simpler and
more enconomical to select a number
which is used in the binary system of
counting (i.e., 2, 4, 8, 16, 32, etc).
Thus, circuitry handling the memory
address can be more efficiently used.
Any number, which is not a binary
number (such as 9) would require cir-
cuitry capable of handling the next
higher binary number, and would there-
fore be wasteful.

A common memory size currently in
use is the 64 x 64 matrix. This matrix
contains 4096 words or units, and the
number of digits or core planes varies

Y=2

X62

Y? X2

pr:Tionntr
i

PLANEPL3ANE 4
0

m

PLANE 2

PLANE I

Figure 5. Four -Plane Memory, Showing
How a Complete Four -Digit Word Is
Selected with One Pair of X and Y

Coordinates

from 24 to 48, depending on the parti-
cular requirements.

"What's Your Answer?"
The problem below is somewhat different from the recent prob-

lems which have appeared in this column. Two views - from
the side and the front - of a solid object are shown below. Follow-
ing the standard drafting practice of showing all visible edges as
solid lines and all edges not directly visible as dashed lines, draw
the top view of the object shown.

FRONT VIEW SIDE VIEW

NOW DRAW TOP VIEW



RADAR RECEIVER EVALUATION
By Clifford L. Abel

Philco TechRep Field Engineer

This article states the problems involved in accurate radar receiver
evaluation in the field, and describes a method of evaluation which
holds an important advantage over the normally used MDS (mini-
mum discernible signal) method. Tests conducted on an AN/FPS-3
are described and used as a basis for the following discussion.

IN ORDER TO EVALUATE radar receiver
performance, a noise -figure measure-
ment or an MDS measurement may be
made. Although a noise -figure meas-
urement has the advantages of excellent
quantitative accuracy and repeatability,
the following objections to it have been
raised.

1. On existing radar sets, the test
is difficult to perform because it in-
volves replacement of waveguide sec-
tions and requires cumbersome equip-
ment. This results in excessive "off -the -
air" time.

2. The test equipment used is costly
and could not be made available to the
using agency in quantity for a consider-
able period of time.

The radar sets involved are mainly
interim equipments which will be re-
placed by types utilizing built-in devices
for noise -figure measurement.

The MDS measurement has also been
criticized for two basic reasons:

1. There are subjective operator er-

rors in determining when the mini-
mum discernible signal point has been
reached.

2. Reliability of the calibration of
the signal -generator output attenuator
is questionable.

The latter error can be minimized by
a good test equipment recalibration
program and by maintaining (as is gen-
erally being done at present) at least
two signal generators at each radar site.
However, the necessity for the opera-
tor's arbitrary interpretation of the A -
scope presentation remains a problem.

To circumvent the difficulties listed
above, it has been proposed that the
noise figures of the radars be meas-
ured by utilizing a CW signal source
in place of a conventional noise source
and associated test equipment. This
method has been used successfully on
other equipments in the past, and its
validity is discussed in various standard
reference works. *
* MIT Radiation Laboratory Series. Vol. 18.
Chap. 14.

NOISE
SOURCE

WAVE -
GUIDE
ATTEN

MIXER
AND

PREAMPL
-10 GAIN

CONTROL

0 OR 3db
ATTEN

I -F
AMPL DET -OP METER

Figure I. Block Diagram Showing Connections for Conventional Noise-Figure
Measurement



CONVENTIONAL NOISE -FIGURE
MEASUREMENT (AN/FPS-3)

To perform a conventional noise -

figure measurement on an AN/FPS-3,
the various equipments are connected
as shown on the block diagram in figure
1. After maximum attenuation has
been introduced in the waveguide at-
tenuator, the gain control is adjusted
for nominal receiver detector current.
The 3-db attenuator is then inserted
between the preamplifier and receiver
and the waveguide attenuation de-
creased until the detector current rises
to its original value. Noise figure is
then determined from the equation

NFdb = 15.8 - A - 0.05 (T - 32)
where A = reading of waveguide

attenuator
T = temperature in degrees

centigrade
MDS MEASUREMENT

In the MDS measurement (illustrated
in figure 2), the pulsed r -f output from
the signal generator is tuned to the
receiver frequency, adjusted to the
proper pulse width, and then attenuated
until it reaches the minimum level at
which it is still discernible to the opera-
tor on an A -scope. The MDS (in
dbm) is then equal to the sum of all
attenuations in the signal path (attenu-
ation of signal -generator attenuator,

loss in interconnecting cables and cable
adapters, plus directional coupler atten-
uation). The signal -generator output
attenuator should be calibrated directly
in dbm.

CW NOISE -FIGURE
MEASUREMENT (AN/FPS-3)

The CW noise -figure measurement
may be made by two methods. In the
first method (illustrated in figure 3),
the equipments are connected in exactly
the same manner as for the MDS test
except that a gain control is inserted
in the line between the preamplifier
and the receiver. A schematic diagram
of the gain -control circuit is given in
figure 4. With maximum signal -
generator attenuation inserted, the gain
is adjusted for a nominal detector cur-
rent level (150-250 microamperes),
and the 3-db pad is then inserted in the
line. The pad, of course, decreases the
detector current reading. The signal-

generator output is then increased until
the original detector current reading is
restored. The CW power added (W)
is then determined in the same manner
as in the case of the MDS measurement.
The receiver bandwidth (between 3-db
response points) also must be deter-
mined by use of an i-f signal generator,
such as the TS -497, and a detector
current meter. Once this is done, the

PULSED
SIG GEN

DIRECTIONAL
COUPLER

MIXER
AND

PREAMPL

I -F
AMPL

DET A -SCOPE
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Figure 2. Block Diagram Showing Connections for MDS Measurement



noise figure of the receiver may be
determined from the formula:

NF,11, = 10 log (W/KTB)
where:

K = Boltzmann's constant
B = receiver bandwidth
T = temperature in degrees Kelvin
This measurement, although much

simpler to perform than the conven-
tional noise -figure tests, suffers from
several inherent errors. The absolute
accuracy of calibration of the r -f signal -
generator output attenuator is involved,
the relative accuracy of the i-f signal -
generator frequency calibration is a fac-
tor, the use of the half -power receiver
response points to determine noise
bandwidth (B) is only a close approxi-
mation, and all amplifiers do not neces-
sarily amplify noise and CW signals
equally.

In the second CW noise -figure
method, the 3-db attenuator and gain -
control box are not used. The pro-
cedure is as above except that the r -f
signal -generator output is simply in-
creased to the point where detector
power output is doubled (1.41 times the
original detector current). This method
suffers from an additional disadvantage
of a possible non-linear receiver detec-
tion characteristic.

PREAMPA 1500L.4.1! LCEIVER
FROM TO

BNC MICA BNC

100K
1/2W

47K
I/2W

METAL BOX APPROX. 3"X 3"X 3°

Figure 4. Schematic Diagram of
Gain -Control Box

Despite the known possible sources
of error in the CW noise -figure method
of receiver evaluation, because of its
relative simplicity it was decided that
an investigation of its merit should be
conducted. It was desired to determine
the degree of repeatability of the meas-
urement and to establish correlation
between the two CW noise -figure
methods and the conventional noise -
figure method, under field conditions.

TEST RESULTS
Three separate runs were made on an

AN/FPS-3, using three different re-
ceiver mixer crystals in order to obtain
a spread in the actual noise figures
involved. In each case, three separate
comparative measurements were made

CW SIG

GEN
DIRECTIONAL

COUPLER

30 -MC
SIG GEN

MIXER
--1110 AND -110

PREAMPL

GAIN
CONTROL

0 OR 3db
ATTEN

I -F
AMPL DET METER

Figure 3. Block Diagram Showing Connections for CW Noise -Figure Measurement
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using initial detector current values of
150, 200, and 250 microamperes. The
150 -microampere setting was found to
most closely approximate the normal
condition where A-scope "grass" is
equal to one third of the limiting video
level.

Using crystal No. 1, the conventional
noise -figure test yielded a result of 8.8
db. The average of the three CW
noise -figure tests gave a resultant noise
figure of 6.94 db, for a difference in
results between the two methods of 1.86
db. The results of the CW method
which does not utilize the 3-db pad
were not recorded, as it became appar-
ent early in the tests that results varied
widely, depending upon the detector
current level at which the test was
made. Results using the 3-db pad varied
only over a total range of 0.4 db, and
the three conventional noise -figure
measurement results varied by only 0.1
db. The receiver bandwith was found
to be 0.4 mc.

Using crystal No. 2, the conventional
noise figure was found to be 9.7 db, and
the CW noise figure was 7.54 db, for
a difference of 2.16 db. The spreads at
the individual detector current values
were the same as above.

With crystal No. 3 in the mixer
circuit, the conventional and the CW
measurements yielded results of 9.7 db
and 7.44 db, respectively, for a differ-
ence of 2.26 db.

Using the conventional noise -figure
results as the standard, the CW results
are then in error by an average of 2.09
db over a range of 0.4 db. The major
portion of this error is believed to be
due to the calibration of the signal -

generator output attenuator. The atten-
uator was originally calibrated at room
temperatures, while temperature on
the antenna tower during the tests was
approximately 5°C.

The carefully conducted MDS meas-
urements, performed coincidentally
with the other tests, revealed that the

pulsed power output from the r -f sig-
nal generator at the minimum discern-
ible signal condition was equal to the
CW output power from the generator
when the CW noise -figure measure-
ment was made.

This was to be expected since the
minimum discernible signal condition
exists at the point where the signal is
approximately equal to the receiver
noise level.

CONCLUSIONS
While the conventional noise -figure

method of receiver evaluation is pres-
ently impractical for use in the field,
the two other evaluation methods
(MDS and CW noise figure) may be
criticized for the reasons stated pre-
viously. Of the two, however, the CW
method appears to be superior because
of the fact that the subjective operator
errors are largely eliminated. Using
this method, a number of operators
should be able to perform several suc-
cessive measurements, with all results
being very nearly the same.

Without too great difficulty, a family
of curves could be prepared for a radar
set, showing the relationship between
noise figure, CW power output required
from the signal generator, receiver
bandwidth, and temperature. Actually
however, once the bandwidth has been
determined to be within specifications,
the important parameter is the amount
of CW power input to the receiver
which is required to return the detector
current to normal after the 3-db pad
has been inserted. This power is deter-
mined in exactly the same manner as in
the presently used MDS measurement;
that is, the attenuations of the connect-
ing cable and directional coupler (in
db) are added to the signal -generator
output (in db) to give the resultant
receiver noise power. Therefore, the
measurement is equivalent to an MDS
measurement except that the subjective
error has been eliminated. The effects
of temperature, signal -generator cali-
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bration, and bandwidth should influ-
ence both the MDS measurement and
the receiver CW noise power measure-
ment equally.

Because this CW noise power test is
superior to the MDS measurement, it
has been recommended that it be used

for the evaluation of radars which do
not incorporate built-in noise-figure test
equipment. The gain -control box can
be built from service stock parts at an
estimated cost of $3.00. Attenuators,
such as Daven spec. 2722, are available
for approximately $26.00.

Solution to January -February "What's Your Answer?"
The values of the two unknown resistors may be found by first

considering the two cases separately, as shown in the figure below.
With the voltmeter across R the circuit is as shown in part A of
the figure. Under these conditions, since the meter reading is 30
volts, the current through the 20,000 -ohm voltmeter is 1.5 ma.
Therefore:

-= IR + 1.5 ma ( 1)

and, using Ohm's Law and considering R, and R, to be in kilohms:

= R,
30

R 1.5

Solving for R, results in:
90 R1

R2 - 30 ± 1.5R1 (2 )

For the second measurement, the voltmeter is placed across R2,

resulting in the circuit shown in part B of the figure. In this case,
the meter current is 2.5 ma; hence:

12 IR + 2.5 ma (3)

Again using Ohm's Law and considering R, and R2 to be in kil-
ohms:

70 50
R + 2.5R,

Solving for R2 gives:
50 R

R2- 70 - 2.5 R, (4)
Since the value of R2 is constant, the two expressions can be equated,
giving:

90 R 50 R,
30 -I- 1.5 R, - 70 - 2.5 R, ( 5 )

This can now be solved for R giving a value of 16K for R..

This value can then be substituted in either equation (2) or equa-
tion (4) to give a value of 26.7K for R2.

E
120V -

(A)

RV

20K

I2

E
120V
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MICROWAVE TROPOSPHERIC
SCATTER LINK

Philco G & I Division

A MICROWAVE -RELAY SYSTEM and a
tropospheric scatter system will be
mated in the new 295 -mile communica-
tions system to be built for the Air
Force's Eglin Gulf Test Range for trans-
mission of timing, telemetering, and
radar data as well as for voice com-
munications.

As shown in figure 1, the microwave
relay system will consist of five hops,
originating at Eglin Air Force Base
and connecting to one of the tropo-

spheric scatter sites at Cape San Blas.
A four -frequency microwave system
will be used to carry over 100 voice
channels, and will be expandable to
240 channels when the need arises. The
back-to-back terminals to be used at
every station will provide independent
circuits in each direction, thus giving
maximum flexibility.

The tropospheric scatter system will
span the 180 miles of the Gulf of Mex-
ico between Cape San Blas and Anclote

fltol, A! 

TROPOSPHERE

e"-

\
IRO MILES

q111111.11V,0,-(1.4.

Figure 1. Artist's Drawing of the New Eglin Gulf Test Range Communications System.
The Insert Shows the Operation of Tropospheric Scatter.
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Figure 2. Tropospheric Scatter Site. Showing the 60 -Foot Parabolic Antennas

Point in a single hop. Over -the -horizon
scatter systems such as this operate by
virtue of the scattering of radio waves
by the troposphere (as shown in the
insert of figure 1), and require ex-
tremely high transmitter power and
large, highly directional antennas. Fig-
ure 2 is a drawing of one of the scatter
sites showing the two 60 -foot parabolic
antennas to be used at each end of the
180 -mile hop.

In order to meet the required per-
formance and reliability standards, a
recently developed wideband, fre-
quency -diversity communications system

will be used, with the microwave relay
operating in the 7000-mc range and the
tropospheric scatter link in the 2000-
mc range. The use of frequency -divers-
ity equipment will provide for the
necessary continuity in the transmission
of the microwave signals, since inform-
ation is simultaneously transmitted over
two parallel paths.

Loss of signal at one of the fre-
quencies caused by fading or over -water
reflection will, in general, not be ap-
parent at the second frequency, thus
insuring an uninterrupted flow of
information.

BULLETIN BINDERS NOW AVAILABLE

The binders cost $1.50 each and will hold 12 issues
of the PHILCO TechRep Division BULLETIN.

Make check or money order out to Philco Corpora-
tion, and send it to:

PHILCO TECHNICAL PUBLICATIONS DEPT.
18th and Courtland Sts., Philadelphia 40, Pa.
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LOGARITHMIC I -F AMPLIFIERS
PART 2

By Donald R. Taylor, Jr.
Philco Research Division

This is the second and concluding article on the subject, and deals
with the various factors which must be considered in the design
of an amplifier having logarithmic output. The design of the i-f
stage, the selection of tube type, delay line considerations, the
effects of circuit parameters, and methods of compressing the
dynamic output range are discussed in detail, and a summary of
the results is given.

I -F DESIGN
In considering the use of an i-f ampli-

fier which provides both logarithmic
and linear operation, it should be re-
membered that certain design factors
have an important effect on logarithmic
operation. These factors are discussed
below. With the aid of the theory of
operation given in PART 1, the relation-
ship of each factor to the over-all i-f
performance can be easily seen.
Gain Per Stage

From the manner in which the over-
all curve is obtained by the addition of
the individual contributions, it can be
seen that the stage gains must be the
same if irregularities are to be avoided.
In addition, the gain per stage must be
of the proper value to overlap the
individual curves correctly and give a
smooth, continuous curve. The effects
of inequality of stage gains and im-
proper overlap are illustrated in figures
1 and 2.

In cases where the gain per stage is
low and the individual curves overlap

0

LOG E
IN

excessively, it may be possible to take
the output from only every other stage
and obtain the proper overlap to pro-
duce a well -shaped over-all curve.

After giving the pole pattern (which
will be discussed presently) special
attention, it is usually convenient to use
the same type tube throughout the main
body of the amplifier, and to operate
all tubes at the same d -c operating
potentials. The gain control should not
be inserted in the log stages because
of its disturbing effect on the gain dis-
tribution and the resultant log curve.
The most logical position for the gain
control is ahead of the logarithmic
detectors, where the signal is small and
the log curve is not affected. However,
noise considerations require that it
should not be placed in either of the
first two stages.

The absolute value of gain per stage
used in the amplifier will be determined
by the stage loading and the char -

EXCESSIVE
OVERLAP

LOG E IN

CORRECT
OVERLAP

INSUFFICIENT
OVERLAP

Figure 1. Effect of Unequal Stage Gains Figure 2. Effect of Improper Overlap
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acteristics of the tube. Once the pole
pattern has been obtained, any change
in stage gain that may be necessary for
the correct overlap of the individual
curves can be effected by altering the
gm of all the stages simultaneously.

Pole Pattern
With identical tube characteristics

and operating points, equality of gain
per stage will be determined by the pole
pattern. Synchronously tuned, equally
damped stages or double -tuned stages
of the same gain and bandwidth are
satisfactory. Non -identically tuned or
damped stages, such as those used in a
stagger -tuned amplifier, can be made to
fulfill the requirement at only one point
in the bandpass. For a symmetrical
bandpass, this point will be the center
frequency. Stagger -tuned pole diagrams
yielding equal stage gain at center fre-
quency are arranged on a semicircle,
the Butterworth distribution being the
best solution for a good response. Ex-
perience has shown such stagger -tuned
arrangements to be satisfactory. Curves
taken at the 3-db points of the band-
pass for bandwidths of 5 megacycles
indicate that the departure from the
log curve obtained at the center fre-
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i.o
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0

quency is small enough to be entirely
acceptable for most purposes (see fig-
ure 3).
Number of Stages (Total Gain)

The number of stages, or total gain
of the log detecting stages, is deter-
mined by the desired logarithmic
range.* The maximum range over
which no saturation of output occurs is
given by the total gain between the first
and last i-f stages contributing to the
logarithmic output. Examination of
the formation of the over-all curve from
the smaller ones shows this clearly. The
position of the noise level on the
curve fixes the lower limit of the range,
while the upper limit remains the satur-
ation level of the earliest contributing
stage. Changing the position of the
noise level on the curve (by means of
the i-f gain control) alters the logar-
ithmic range.

Cathode Detection
Since the cathode is the point of

video signal removal and is also a part
of the r -f circuit, the bypassing of the
* Except for the indicator limitations, a log
range extending from the noise level to the
maximum amplitude signal returned would
be desirable.

immommoupin
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Figure 3. Logarithmic Characteristics at Center Frequency and at 3-db Points
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cathode resistor must be a compromise
between two separate and distinct re-
quirements. For good pulse reproduc-
tion, the 3-db point at the cathode
resistor -capacitor combination should be
at least one-half the i-f bandwidth, and
should preferably be equal to it. On
the other hand, the bypassing at rf
must be sufficient to prevent degenera-
tion or instability. The lower the i-f
center frequency, the more difficult it
becomes to find a good compromise
between the two requirements. In gen-
eral, it is desirable to use as low a
resistance as possible consistent with
good detector operation, so that a larger
capacitance may be used for the same
video 3-db point, and thus provide a
lower total r -f impedance to ground.

The detection occurring at large sig-
nal levels causes large video signals to
be present in the plate and screen cir-
cuits of the i-f stage. In order to pre-
vent the detected video from reaching
the following and remodulating
the signal, the video impedance from
grid to ground must be low, and the
i-f coupling circuit from plate to grid
should present a high impedance to
video and a low impedance to rf.
Bifilar or mutually coupled circuits ful-
fill this function well. R -C coupling

is not too well suited to this function,
but, by keeping the coupling capacitor
small and introducing an r -f choke from
grid to ground, it is possible to reduce
the transmission of video to a satisfac-
tory level.

The plate supply circuit should be
reasonably well bypassed and free from
ringing. Where practicable, an effort
should be made to approximately ter-
minate the B+ filter line even though
cathode detection is relatively insensi-
tive to plate circuit disturbances.

Grid Detection
In the grid detection stage shown in

figure 4, the signal is removed from
across the diode load resistor and its
bypass capacitor. The bypass capacitance
must be large enough to bypass rf, and
small enough to give a good 3-db video
response. Where the i-f damping resis-
tor is in the grid circuit, an r -f choke
should be used around it to prevent

before reaching the video load resistor.
The cathode resistance should be kept
small, to reduce the portion of the
detected signal dropped across it. With
these precautions, the cathode bypass
capacitor can be made as large as
desired.

OUTPUT

Figure 4. Typical Grid Detection Stage
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Video signals from the B+ filter and
from the preceding plate circuit show
more tendency to appear with the de-
sired signal than is the case with cath-
ode detection. While the video imped-
ance is necessary in the grid circuit,
coupling of the undesired video to the
grid circuit can be reduced by using a
smaller coupling capacitor or bifilar or
double -tuned coupling arrangements.
Termination of the plate filter line
should be included to eliminate ringing
effects.

Plate Detection
Removal of the demodulated signal

component at the plate circuit yields
a large pulse voltage and eliminates
any need for amplification. The plate
supply filter is normally used as the
delay line and thus serves a dual pur-
pose. Bifilar or mutually coupled cir-
cuits are good interstage devices, al-
though r -c coupling may be employed
if care is taken to minimize coupling
of video into the succeeding grid circuit.

Power -supply noise, ripple, and ring-
ing are the most serious drawbacks to
the use of plate detection. The B +
line must be very carefully filtered,
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since any noise or ripple entering the
receiver appears directly with the signal
at the log output. Experience has shown
that this problem is sufficiently trouble-
some to favor either grid or cathode
detection in preference to plate detec-
tion. In addition, it should be noted
that, in the absence of the isolation
resistors used in grid and cathode detec-
tion, the amount of signal contributed
by each stage is not directly control-
lable.

Selection of Tube Type
Choice of tube type should be made

with both the i-f amplification and the
detection properties of the tube in
mind. Any tube type normally used
as an i-f amplifier can be made to yield
a reasonable logarithmic curve. A cur-
sory investigation was made of five tube
types commonly used as i-f amplifiers,
to determine the characteristics for use
in a cathode detection strip. The detec-
tion curves of one stage operating in a
strip cascading the same type tubes are
shown in figure 5.

It should be noted that when such
curves are taken, say for the 6AG5, all

111111111111111111111111

111111111111111111

1111111111111111r

1111111 -12-

6BA6
411111111111111111111
.MIIIM=11
6AG5-\

6CB6

111111111

0111111111111
3 10 100 11(

INPUT (UN)
10K 100K

Figure 5. Detection Characteristics of Various Type Tubes. In each case, the out-
put of each stage is taken from the cathode, and all stages use the same type tube.
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the stages, or at least several preceding
stages, should incorporate the same tube
type. This is necessary because the per-
formance of the preceding tubes greatly
affects the character of the detection
curve of the tube under investigation.
Two tube types whose eg-i, curves show
great similarity may give quite different
results when several of them are cas-
caded in the amplifier.

In general, if several tube types are
satisfactory (as the i-f amplifiers), the
one giving the largest detected signal
with good linearity should be chosen.
Of the five curves shown, the 6AK5
was chosen because it provided a large
detection signal at the cathode, showed
good linearity of the detection curve,
and performed well as an i-f amplifier
tube. As has been pointed out before,
the larger the signal developed, the
smaller the cathode resistance may be
made for the same output. Decreasing
the cathode resistance permits better r -f
bypassing while preserving the video
response. An equally satisfactory log
characteristic is obtainable with the
type 6CB6, but a larger cathode resist-
ance is required for a substantial output.
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1- 3

0

a- 2

0

0
3

Over-all curves for the 6CB6 and 6AK5
are shown in figure 6. Note that for
similar curves, the 6AK5 requires only
100 ohms cathode resistance.
The Delay Line

Since the signal in the i-f amplifier
undergoes an envelope delay in passing
from stage to stage, the detected sig-
nals at the tube elements are displaced
from each other in time. To bring the
signals into coincidence, a delay equal
to the envelope delay is inserted be-
tween stages before adding the outputs
together. For synchronously tuned and
damped stages, the delay is the same
per stage.

For stagger -tuned amplifiers, the de-
lay varies from stage to stage. Since
the time delay varies considerably with
frequency, the selection of the point
on the individual phase curve for delay
calculation is rather arbitrary. It is
also inconvenient to adjust each delay
individually. To avoid these complica-
tions, it is customary to take the average
delay per stage from the over-all ampli-
fier phase characteristic as obtained
from the pole pattern. For most good
pole patterns, the over-all phase char-

monommorr
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Figure 6. Log Characteristics of the 6AK5 and 6CB6 (Characteristic Impedance=
1500 Ohms, Isolation Resistance=1500 Ohms/
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acteristic will be fairly straight, and
selection of the 3-db point will there-
fore yield a good figure. This pro-
cedure has been found to be satisfactory
for most cases, since the delays involved
are relatively small compared with the
pulse widths commonly encountered.

An approximation of S /stage
0.2

i-f bandwidth in mc
for single -tuned stages, and

0.4
i-f bandwidth in mc

for double -tuned stages yields a fairly
close figure as a check. For a Butter-
worth distribution the average delay per
stage is approximately

0.20
i-f bandwidth in mc

to
0.25

i-f bandwidth in mc
for single -tuned stages.

Effects of Circuit Parameters
(Cathode Detection)

Investigation was made on a cathode
detection strip to determine the effects
of circuit parameters on the over-all
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characteristic. The particular amplifier
involved was a 5-mc stagger -tuned
amplifier centered at 30 mc. The de-
sign was such as to give the most stable
operation possible, in order to eliminate
the possibility of confusion between
component and regeneration effects.

The major effect of varying the cath-
ode resistance is to change the ampli-
tude of the video output. Within the
limits of normal amplifier operating
points, increasing the resistance at the
cathode increases the slope of the over-
all curve. Linearity may be affected to
some extent because of the change of
gain per stage. When a fixed contribu-
tion from a diode detector at the end
of the amplifier is added to the log
stage outputs in an effort to reduce the
dynamic output range, decreasing the
cathode resistance of the log stages
helps to decrease the output dynamic
range. Figure 7 shows two curves taken
for 100 -ohm and 330 -ohm cathode
resistors with all other parameters fixed
and no diode contribution. Figure 8
shows the curves taken with the diode
contributing the same amount in each
case. The value of resistance for best
performance is determined mainly by
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Figure 7. Effect of Cathode Resistance on Log Characteristic
with No Diode Contribution (Characteristic Impedance -1500

Resistance= 1500 Ohms/
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for Four 6CB6's
Ohms, Isolation
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the type tube employed. Curves for the
6CB6 and 6AK5 are given in figure 6.
Note that the curve obtained with 100
ohms and the 6AK5 is very similar to
that obtained with 330 ohms and the
6CB6.

Isolation Resistance
The value of isolation resistance de-

pends mainly on the characteristic im-
pedance of the delay line, which forms
a common load for the output of all
stages. The resistor serves to isolate
each stage from the others. Although
such isolation is mainly for dc and
video, it also attenuates any i-f signal
as well. Figure 9 shows the effects of
changing the isolation resistance from
1000 ohms to 100 ohms. For an isola-
tion resistance of 100 ohms, the curve
is very bumpy and irregular. Little
increase in output has been realized
over that of the 1000 -ohm curve, and
linearity has been greatly impaired.
Figure 10 shows curves of 1500 ohms
and 15,000 ohms. Less output is ob-
tained with the 15,000 -ohm isolation
resistance, but the linearity is better
still. Ordinarily, the linearity obtained
with the 1500 -ohm resistance would be

2.0

1.5

.5

0
3 10 100

acceptable and give substantial output.
If an extremely high degree of linear-
ity is desired, it may be worth the drop
in output to go to the higher values.
Reduction of isolation resistance to such
a value as to produce a definite loading
on the delay line makes the line essen-
tially a lossy one. This may be de-
sirable as a means of reducing the out-
put dynamic range when it is required.
However, heavy loading on the line
will result in distortion of the pulse
and the appearance of "dog-ears" (see
figure 11).

In general, therefore, raising the
value of isolation resistance reduces the
output but gives better linearity while
decreasing the isolation resistance in-
creases the output up to a certain point
and tends to make a less even curve.
The actual value selected will be a
compromise dictated by the require-
ments of the particular case.

The characteristic impedance of the
delay line should be kept high enough
so that this impedance, in series with
the isolation resistance, does not load
the cathode circuit of the stage too
heavily. Too high a value of char-

spionsi
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Figure 8. Effect of Cathode Resistance on Log Characteristic for Four 6CB6's with Diode
Contributing (Characteristic impedance=1500 Ohms, Isolation Resistance=1500 Ohms)
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Figure 9. Characteristic of Log

acteristic impedance may cause i-f
feedback problems, and too low a value
will substantially reduce the output.
With a fairly stable amplifier, an im-
pedance on the order of 1000 ohms is
quite satisfactory.
Compression of Output
Dynamic Range

A log i-f of the type under consider-
ation normally yields an output dy-
namic range that is quite large. Un-
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I -F Strip with Cathode Detection

fortunately, present PPI indicators are
able to handle only a very limited
swing of signals before blooming
occurs. Unless the method of display
can be made to accommodate a larger
dynamic range, the log if must be
restricted. The problem is quite im-
portanti since failure to meet the restric-
tions of the PPI results in a reduction
of the log range by the blooming of
the scope.
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Figure 10. Effect of Isolation Resistance on Log Characteristic for Four 6CB6's with Diode
Contributing (Cathode Resistance=330 Ohms, Characteristic impedance=1500 Ohmsl

10K 100K

21



The most practical method of de-
creasing the output range is to add a
contribution from a diode detector at
the end of the strip and at the same
time reduce the slope of the log curve
somewhat. A judicious amount of
diode contribution brings up the lower
end of the curve in the region of the
weakest signals, and a decreased slope
of the log stages (obtained by decreas-
ing Rh) cuts down the slope of the
remainder of the curve. Some distortion
of the curve takes place at the lower
end, and, if the diode contribution is
made too large in proportion to the
other stage outputs, a badly distorted
curve will result.

A means of decreasing the dynamic
range is to vary the resistance of the
isolation resistors. The contribution of
each stage to the total output can be
changed by varying the size of this
parameter. Increasing the resistance in
steps going toward the input of the
amplifier will reduce the output range,
with a small amount of irregularity in
the log curve. If the bumpiness that
may result is acceptable, it may also be
possible to omit entirely the contribu-
tions from alternate stages and thus
reduce the dynamic output range.

A different technique which produces
essentially the same effect is to decrease
the isolation resistance to the point
where a definite loading of the delay
line is produced. The delay line then
introduces attenuation to signals travel-
ing from one end to the other. Since
the output is taken from the line at the
output end of the amplifier, the out-
puts of the earlier stages undergo an
increasing attenuation as they pass
along the delay line, with the result
that the over-all curve is compressed.
The disadvantage of loading the line
in this way, as was pointed out pre-
viously, is that it may result in a "dog-
eared" pulse (see figure 11).

In summary, compression of the dy-
namic output range to the approximate

NORMAL
PULSE

PULSE OBTAINED
WITH HEAVY
DELAY -LINE

LOADING

Figure 11. Illustration of "Dog -Ears"
Caused by Heavy Loading of Delay Line

12db required by the indicator can be
accomplished by the following methods:

1. Grading isolation resistance along
the line or omitting alternate stages.

2. Decreasing the ratio of isolation
resistance to delay -line impedance.

3. Adding a portion of the linear
diode output and reducing cathode
resistance.

Satisfactory output level, dynamic
range, and linearity can be obtained by
a combination of these methods.

CONCLUSIONS
Theoretically and practically, it is

possible to use either grid, cathode, or
plate detection and obtain a satisfac-
tory logarithmic response. However,
each type has its own particular prob-
lems. A comparison of the different
types of log detection and their asso-
ciated characteristics and problems is
of value and is therefore given below.

In the early parts of the investigation
of the log if, plate detection was found
to be the least desirable of the three
because of the problems of power filter-
ing to eliminate transients and ripple,
and the provision of adequate plate
line termination.

Of the grid and cathode types, com-
parison of operating strips yielded the
following important points:

1. A spike appearing at the leading
edge of the pulse, due to feedthrough
of video from the preceding plate, was
never completely eliminated in the grid
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detection strip, while in the cathode
detection strip this problem was negli-
gible. An explanation of the effect can
be obtained by examination of the rela-
tive signal magnitudes. When grid de-
tection is employed, the driving stage
produces video in its plate circuit both
before and during rectification by the
following grid. Therefore, at the time
when an output is obtained from the
rectification action of the grid circuit,
the amount of video existing at the
preceding plate is very large. Coupled
with lower output from grid detection
this makes the video feedthrough more
apparent.

In cathode detection, however, the
output signal from the stage is already
of large magnitude before sufficient
video has been developed in the pre-
ceding plate to be observable. Cathode
detection therefore shows superiority
in this respect.

2. Effects of ringing in the plate
supply were found to be less pro-
nounced with the cathode strip. Again
the explanation is found by considera-
tion of the relative signal magnitudes.

3. Because a much larger driving
signal is necessary to produce detected
output at the grid of the i-f stage than
at the cathode, removal of signal from
the cathode can be considered more
efficient. In addition, since the gin of
the detecting stage is involved in the
cathode circuit, more signal is devel-
oped there than in the grid circuit, for
the same video load.

4. Comparison of grid and cathode
detection circuitry shows the advantage
of cathode removal of signal in the
relative number of additional com-
ponents necessary.

5. Because the cathode circuit is near
ground potential, fewer problems of
isolation and stability are encountered.

Summarizing, the relative advantages
of each type of log detection are as
follows:

Plate - High output; power supply
problems; fewest number of com-
ponents; fair linearity.

Grid - Low output; greatest num-
ber of components; video feed -
through problems; stage outputs
more independently adjustable.

Cathode - Medium output; median
number of components; fewer feed -
through, power supply, and isola-
tion problems.

By careful attention to the design of
the receiver and the use of a few addi-
tional parts, it is a relatively uncom-
plicated problem to supply logarithmic
output as a simultaneous alternate to
the normal linear operation in a radar
system. As was pointed out earlier,
other methods of obtaining log re-
sponse can be used, but for an alternate
video presentation of a non -saturating
character, the lin-log strip utilizing the
non-linearities of the i-f amplifiers
offers the designer the least expensive
and simplest way of adding the ad-
vantage; of logarithmic operation to the
receiver.
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BIASINE TEA SISTOR
Reprinted from

"Philco Electronic Supervisor"
Philco Service Division

SINCE THE METHODS of biasing tran-
sistors are standard, a technician can
readily memorize the polarity of the
applied bias voltages to the emitter and
collector sections of either PNP or
NPN transistors. However, in some
cases the technician may not have an
understanding of what is being accom-
plished or know the reasons for the
application of the bias voltages.

For competent service of transistor
equipment and in order to understand
transistor biasing methods, the techni-
cian should be familiar with the internal
structure of the transistor and the form-
ation of the barrier area, since the bias
will either reduce or increase the bar-
rier area effect on current flow.

THE BARRIER AREA
In general the P and N sections of a

transistor are created by the addition of
minute quantities of impurity elements
to intrinsic (pure) germanium or sili-
con. The sections become either P type
with an excess of positive holes or N
type with an excess of negative elec-
trons, depending upon the type of im-
purity element which is added to the

crystal. The barrier area which forms
between the P and N sections because
of the action of the electrons, holes,
and the atomic structure of the sections
represents resistance to current flow.
The resistance of the barrier area can be
reinforced or decreased by the applica-
tion of external potentials or bias
voltages.

APPLICATION OF
FORWARD BIAS - PNP

In order to promote current flow for
normal operation of the transistor, the
barrier resistance between the base and
emitter sections must be reduced. The
applied voltage or bias, therefore, must
be of the proper polarity to cause the
current carriers to cross the barrier area
from the emitter to the base. In figure
1, the application of the bias voltage
to a PNP transistor is illustrated. The
positive pole of the battery is connected
to the emitter P section, and the nega-
tive pole is connected to the base N
section. This is called forward bias.
Forward bias reduces barrier resistance
and promotes current flow. The posi-
tive battery terminal causes the positive

EMITTER
N

FORWARD BASE
BIAS +1

- EXCESS ELECTRON
EXCESS HOLE

COLLECTOR

Figure I. Forward Bias - PNP Transistor
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Figure 2. Reverse Bias - PNP Transistor

holes of the emitter section to cross the
barrier area into the base section. The
N base section is purposely made very
thin so that the holes diffuse through
this section to the collector barrier area
with very few combining with base sec-
tion electrons. Thus only a small cur-
rent flows in the base -emitter circuit,
while the major current reaches the col-
lector barrier.

APPLICATION OF
REVERSE BIAS - PNP

In figure 2, the collector -base bias is
illustrated. The battery negative term-
inal is connected to the collector section
of the transistor, and the positive term-
inal is connected to the transistor base.
The polarity of the connections insofar
as the P and N sections are concerned
is opposite to that employed for the
emitter -base bias. This method is called

reverse bias. Reverse bias increases the
barrier resistance between the collector
and base. The emitter holes, however,
will cross the barrier because of the
attraction of the negative collector
potential. The increase in resistance of
the collector over that of the base, while
maintaining the hole current flow with
only a small loss to base section elec-
trons, enables the transistor to achieve
power gains.

APPLICATION OF
FORWARD BIAS - NPN

The application of forward bias to
an NPN transistor (see figure 3) is
essentially the same in principle as for
a PNP transistor. The polarity of the
applied bias potential is such that the
barrier area resistance between the
emitter and base is neutralized to permit
current flow. Electrons from the emit -

EMITTER COLLECTOR

FORWARD BASE

EXCESS ELECTRON
EXCESS HOLE

Figure 3. Forward Bias - NPN Transistor
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Figure 4. Reverse Bias -NPN Transistor

ter N section are moved across the
barrier into the base P section by the
repelling action of the negative battery
terminal, where they move through the
thin base section to the collector bar-
rier. Only a few electrons are lost in
combining with base section holes. The
polarity of the bias voltage coincides
with the polarity of the emitter and
base sections of the transistor for for-
ward bias in either the PNP or NPN
transistors, the negative battery terminal
being connected to the N section and
positive battery terminal to the P
section.

APPLICATION OF
REVERSE BIAS - NPN

The application of reverse bias to the
collector -base sections of the NPN
transistor is illustrated in figure 4.
Again the action is fundamentally the
same as for reverse bias of the PNP
transistor, with the exception that the
battery polarity is opposite to that of
the PNP transistor because of the differ-
ent polarities of the transistor collector
and base sections. The collector of an
NPN transistor is N -type crystal while
the base is P -type. Therefore, to in-
crease the barrier resistance between the
base and collector, the negative battery
pole is connected to the base, and the
positive pole to the collector. Electrons
from the emitter reaching the collector
barrier are drawn to the positive poten-
tial of the collector.

CONCLUSIONS

In summarizing forward bias, the bias
voltage is applied between the emitter
and base of either PNP or NPN tran-
sistors in the proper polarity to reduce
barrier resistance and promote the flow
of current. Forward bias voltage polar-
ity coincides with the polarity of emit-
ter and base sections for either PNP or
NPN transistors. Forward bias results
in a small emitter -base current with a
large current flow to the collector.

Reverse bias of the collector and base
means that the bias voltage is applied
in the proper polarity to increase the
barrier resistance. Emitter current
reaches the collector in spite of the in-
creased barrier resistance because of the
collector potential which attracts the
emitter current carriers. The resistance
gain of the collector over that of the
emitter with only a slight decrease in
the current reaching the collector en-
ables the transistor to provide a power
gain.

The current to the collector is con-
trolled by the base -to -emitter bias and
the base -emitter current. As we have
noted, this current is relatively small.
Small changes in the base -emitter cur-
rent will produce relatively large
changes in the collector current, and in
this manner the transistor is capable
also of current and voltage gains.
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A TUBE AGING RACK
By Russell B. Martin

Philco TechRep Field Engineer

This article describes the construction of a device for properly
aging a group of vacuum tubes before using them in an equipment.
Such a process makes it possible to reduce equipment failures
resulting from tube malfunctions by eliminating tubes which would
otherwise fail after a short period of use.

AS FAR BACK AS 1955 the desirability
of aging tubes was recognized. Certain
type tubes are known to have a high
mortality rate during their early period
of use, and tube parameters often
change during the life of the tube. Ac-
cordingly, an effort was directed toward
the development of an aging unit for
giving a 50 -hour aging to all tubes not
previously aged. It was believed that
this amount of aging would eliminate
the greatest percentage of potential tube
malfunctions and would stabilize tube
parameters. Stabilization is essential for
tubes used in highly critical applications
such as master timer or frequency con-
trol circuits.

At this location, it was felt that the
aging unit design should incorporate
the following features:

1. Regulated plate supply capable of
supplying maximum required plate
current.

2. Bias supply protected from indi-

BI- ADJUSTMENTSC-

vidual tube failures involving grid
shorts.

3. Maximum flexibility and reliability.
Figure 1 shows an illustration of the

resulting device, and figure 2 shows the
schematic diagram.

In figure 2, T1, the plate -supply trans-
former, is capable of supplying 400
volts, a.c., either side of center tap at
approximately 350 ma. This a -c voltage
is rectified by a pair of 5R4's and fed to
an 8-µf electrolytic filter capacitor. Four
6AQ5's in parallel are utilized as a
series -regulator element, the grid -to -
cathode potential of the series regu-
lators being controlled by a 1-megohm
resistor acting as a plate load for a fifth
6AQ5, which is connected as a conven-
tional amplifier. A reference bias for
the control amplifier is obtained from a
voltage -divider network consisting of a
470K resistor in series with an NE2
bulb. The drop across the bulb is con-
stant, and thus maintains the cathode of

T
T3

2

Figure 1. The Tube Aging Rack, Showing Dimensions and Locations of Adjustments
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the control amplifier at a constant
potential with respect to ground. A
positive voltage with respect to ground
is applied to the grid of the control
amplifier from a voltage divider on the
load side of the series regulators. Since
the cathode is held at a reference which
is positive with respect to ground, the
pptential at the grid with respect to
the cathode can be varied sufficiently by
the 100K potentiometer (R6) to effect
full control.

As the conductivity of the control
amplifier is varied, the voltage devel-
oped across its plate load resistor also
varies. Since this resistor is common
between the grids and cathodes of the
series regulators, any potential devel-
oped across it is applied between the
grid and cathode of the regulators. This
condition has the desired effect of vary-
ing the internal resistance of the regu-
lators and, hence, the percentage of d -c
voltage across them. Through the use
of this type control system, any change
in the potential between the cathodes
of the series regulators and ground will
be reflected as a change in the series
resistance of the regulators.

A similar principle is involved in the
use of the .005-,uf capacitor (C3) and
2.2-megohm isolation resistor. Ripple
components are fed back to the series
regulators out of phase and thus main-
tain a very low ripple percentage.

Bias is supplied from a clamp circuit
in series with the 220 -volt, a.c. second-
ary winding of T3. The .05-4 coupling
capacitor (C4) is used as a series react-
ance to reduce the potential of the pul-
sating d.c. appearing across the variable
100K coarse bias adjustment potentio-
meter (R7) in series with the 100K fine
bias adjustment potentiometers (R1).
This capacitor also provides the neces-
sary load for the 220 -volt, a -c winding
during the positive swing of the cycle.
Each time the cycle swings positive and
makes the plate of the 6H6 diode posi-

tive with respect to ground, the diode
conducts and clamps that portion of the
swing to ground. During the negative
half of the cycle, the potential at the
plate of the diode is negative with
respect to ground, and the diode does
not conduct. Hence, a pulsating nega-
tive bias of the proper voltage level is
applied to the grids of the tubes to be
aged. The pulsations are purposely re-
tained in order to provide a measure of
dynamic aging. It will be noted that
all bias potentiometers are connected in
parallel. Since there are 18 potentio-
meters in the ager being used, the paral-
lel connection reduces the equivalent
resistance to approximately 5555 ohms.
In the original design, twenty 100K
potentiometers with an equivalent re-
sistance of 5K were incorporated; how-
ever, in the interest of flexibility, the
100K variable resistor was added as a
coarse adjustment, and two of the ori-
ginal 20 potentiometers were connected
as variable resistors in the cathode cir-
cuits of the 6AL5's.

Test points are provided at the grid
of each aging socket for use in the
measurement of grid potential. It is
recommended that a vacuum -tube volt-
meter be used for this check. A closed-
circuit jack is provided in the cathode
of each socket, to serve as a convenient
point for the measurement of plate cur-
rent. A PSM-6 is very suitable for this
application.

When the ager was first constructed,
it was noted that the 6J4's would break
into oscillation during the initial oper-
ating period. This condition was quickly
rectified by inserting a 150 -ohm resistor
(R3) in series with the plate lead at
each tube socket. These resistors, in
conjunction with several .05-4 capaci-
tors (C1), decouple the stages and
damp out any possible oscillation.

As an operating convenience, an NE -
51 in series with a 47K resistor is con-
nected from regulated B -plus to ground.
If B -plus should fail, this pilot lamp
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will be extinguished. Actually, the NE -
2 used in the regulated supply would
have served the same function; however,
since construction and design more or
less paralleled each other, it was more
expedient to add the NE51. A volt-
meter was also added as a convenience.

The purpose of the 1-megohm grid
resistors (R2) and the (C1) .05-lif
capacitors from grid to ground is to
provide decoupling, and at the same

time prevent grounding of the bias sup-
ply in the event of a grid -to -cathode

short at one of the aging sockets.

Figure 1 indicates major chassis di-
mensions and layout of the unit as used

at this location. One -eighth -inch sheet
aluminum and aluminum angle with
rivet construction was employed. The
resulting unit is sufficiently rugged to
withstand all normal usage.

RADAR SYSTEMS CORRESPONDENCE COURSE

Course No. 101 - Radar Systems Principles and Practices - is

now available through the Philco Technological Center. This is

an advanced course designed to meet the needs of those who wish

to acquire a broader knowledge of radar systems engineering. Such

topics as operational requirements, recognition and correlation of

radar targets, microwave propagation, CW radar, examples of radar

system design, modern a -f -c systems, cathode-ray tubes and displays,
moving target indication, and radar power sources are discussed in

detail in the 23 lessons which constitute the course. In addition to

the two textbooks which are used, each lesson contains detailed
discussions of topics which are not found in present-day textbooks.

When the work assignment in each lesson is completed and re-

turned by the student, it is carefully reviewed by experienced
instructors. Comments are added by these instructors and the lesson

returned to the student for his file. In addition to the work assign-
ments, two intermediate examinations and a comprehensive final
examination provide a means of gauging the student's progress.

Further information regarding this course may be obtained by
writing to the Editors of the BULLETIN.
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REDUCTION OF CPN-4
MAGNETRON FAILURES

By T/Sgt. Lee R. Bishop

(Editor's Note: The modification described below is simple
to accomplish and should increase magnetron life in the CPN-
4. However, it should be remembered that proper authoriza-
tion must be obtained before making this modification.)

P REMATURE REPLACEMENT of 2J51
magnetrons in several AN/CPN-4
ground control approach radars has
been observed by the writer to be
caused by failure of K-1302 (the fila-
ment current relay) in the T-273. The
purpose of this article is to describe the
manner in which this failure can occur
and to suggest a simple modification
that will monitor the operation of K-
1302, thereby protecting the magnetron.
In view of the high cost of the 2J51,
the cost and time involved in the fol-
lowing described modification to con-
serve the magnetron is easily justified.

In normal operation at a PRF of
1833 PPS with an average magnetron
current of 4 ma, the magnetron should
have filament voltage applied. Upon
switching to a PRF of 5500 PPS (aver-
age magnetron current of 12 ma), the
ion bombardment of the cathode will
supply sufficient heat, and under these
conditions relay K-1302 (figure 1) is
energized to remove filament voltage
and thus prevent overheating.

Although filament voltage is neces-
sary for proper magnetron operation at
a PRF of 1833 pps, it has been found
that the magnetron will start and
operate in an apparently satisfactory
manner at this PRF with no filament
voltage. Under this condition of no
filament voltage, the magnetron current
will build up slowly and reach a stable
value which is 25 to 50 percent lower
than normal. The initial heating is
supplied by arcing and the resultant

positive ion bombardment of the nega-
tively charged cathode. The actual
value at which the magnetron current
stabilizes will depend on the condition
of both the keyer and the magnetron
itself, and in most cases the spectrum
will be satisfactory. However, the aver-
age life expectancy under these condi-
tions is approximately 2 weeks, and this

Figure 1.
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may be further decreased by excessive
starting and stopping.

A pilot light to indicate the presence
of magnetron filament voltage is now
in use at this station. The necessary
connections are shown by the orange
lines in figure 1. A hole to mount the
necessary socket can be drilled under
the name plate on the transmitter, and
a wire from each lug of the easily
accessible terminals on equalizing capa-
citors C-1312 and C-1313 run to the
lamp socket. Although the filament
voltage is 6.3 volts, the life of the bulb

can be considerably increased by the
use of the two 47 -ohm resistors in
parallel. A white jewel cover will give
more than adequate brilliance.

About 15 minutes is required to make

this modification. At the first failure
of relay K-1302, this simple device will
have paid for itself, as well as similar
modifications at quite a few other sta-
tions. In addition, the modification
quickly eliminates one more possibility
for a mechanic tracing the cause of low
magnetron current.

- ,..

AN INTRODIATION To ANA1.044194441119PN,,- -',"----.N

Correspondence Course No. 104 - Introduction to Analog Com-

puters - is now available from the Philco Technological Center.
Designed for the experienced electronics man who desires to enter
the analog computer field, this course provides an introduction to
analog computers and detailed discussions of the various devices
which make up these computers. The course consists of nine les-
sons which contain detailed discussions of such topics as general
computer concepts, mathematical concepts, adders, multipliers,
dividers, function generators, and coordinate transformation. Both
mechanical and electronic devices are discussed, and all text material
is included in the lesson plans. When the work assignment con-
tained in each lesson is completed and returned by the student, it
is reviewed by an experienced staff. The assignment is then re-
turned with comments and suggestions. In addition, a compre-
hensive examination provides a further means of gauging the
student's progress.

Detailed information on this course may he obtained by writing
to the Editors of the BULLETIN.
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