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By DR. EUGENE MITTELMANN

Director of Research, Illinois Tool Works

Left: Close up of instrument panel, controls,
and the elecirodes of the R-F heating unit.

Below: Rear view of R-F heating unit with
back removed to show internal construction.

The selection of the proper equipment for

the high-irequency heating of plasties.

HE use of high-frequency power

in the molding of plastics is

rapidly becoming an accepted in-
dustrial technique. However, in spite
of the fairly comprehensive literature
on the subject of electronic heating,
there are many questions which re-
main unanswered in the minds of
plastic engineers. In the interest of
clarification, this article will attempt
to discuss and answer some of these
questions.

Selection of Frequency

The first question that arises deals
with matter of optimum frequency for
any given material at which maximum
power would be absorbed by the
charge within the high frequency
field. Because of the importance in
selecting the proper frequency, this
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question will be answered in some de-
tail. A similar problem arose several
years ago in the field of electro-
medicine. At that time it was neces-
sary to determine whether by the
proper selection of frequencies it
would be possible to heat certain por-
tions of the human body to the ex-
clusion of other parts. A simple
analysis will help to clarify the prob-
lem both in the field of medicine and
manufacturing.

Every dielectric material, which can
be heated by high-frequency currents,
must of necessity have losses asso-
ciated with it. Hence, the electrical
equivalent of any such material may
be represented in a manner shown in
Fig. 6. R represents the equivalent
parallel-loss resistance of the mate-
rial, and C the equivalent capacity.

{

— g
¥ 9 3

R is determined by the power factor
(or loss angle), and C by the dielectric
constant. The resulting impedance of
this combination can be written as:

i
e e 1)

-— =
V(w C)2 + R

For a given current, I, the voltage

across the terminals 1 and 2 will be:

E=1Z...

and hence, the power absorption will
be:

B =Pt oo o osk e w4 3 65 o0 3)

Or, after substituting for E, from
equations (1) and (2):
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Front view of the complete R-F heating unit showing rela-
tive location of conirols, instrument panel and electrodes,

I2

P = i
W CZR +q

(4)

This last equation gives the power
absorbed in a dielectric material for
a constant current in the sample. To
find the condition for maximum power
absorption, equation (4) is differen-
tiated with respect to R, with the fre-
quency as a parameter:

iP 1 [ﬁli; (@ c>i|

d R (w2C2R+Il{-)2

(5)

For a maximum value of P, the
numerator on the right hand side of

equation (5) must become zero. This
will be the case for:
%_i - w C e .(6)

This means that at any given con-
stant frequency, for a constant cur-
rent there does exist a value of the
equivalent loss resistance for which
the power absorption is a maximum.
According to equation (6) this will be
the case at a loss angle of 45 degrees
or, its equivalent, at a power factor
of .707.

The above condition for maximum
absorption of power should not be
confused with that case where certain
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given values of R and C
are to be considered. In
other words, the question
often arises as to the pos-
sibility of finding a fre-
quency at which the
power absorption will be-
come maximum for any
given material. To find
such a maximum, it is
necessary to differentiate
equation (4) with respect
to frequency, which
gives:

dP 220 RC2
dew . 1\
22 =
(wor+g)

ve sresee(?)

For this equation to equal
zero, the numerator must
disappear, which will
happen only when:

20RCIE=0_. .. (8)

The condition of equa-
tion (8) cannot be satis-
fied except for a current
of zero frequency, which
means that no alternat-
ing current exists for
which a maximum can
be obtained for any given
material.

It is important to note the conclu-
sions reached for the two different
conditions because the maximum
power absorption which can be ob-
tained for constant frequency and
varying resistance was widely inter-
preted in earlier literature, to the
extent that it was thought that
specific effects could be obtained by
the proper selection of the frequency.

The influence of the frequency on
the proper absorption is best shown
by the equation:

P=kEz2ftané............... 9)

which shows the amount of power ab-
sorbed as a function of the applied
voltage, E, the loss angle 3, and the
frequency. It should be noted that the
amount of power absorbed by the ma-
terial is proportional to both the fre-
quency and the loss factor. This
statement is again important as it can
happen that the loss factor itself does
have a maximum value as a function
of the frequency. The product of fre-
quency and loss factor, however, will
not show a maximum. This is best
illustrated in a group of graphs rep-
resenting actual measurements. In
the first group, the loss factors of
three different materials of different
dimensions are recorded as a function
of the frequency. The third material
shows a definite maximum of the loss

factor, at around 45 megacycles (Fig.
4). The next set of curves, Fig. 3,
shows the same material with the
product of frequency and loss angle
indicated as a function of frequency.
It is evident that no maximum is ob-
tained at any frequency.

The only instance where maximum
power absorption could be expected
would be in a material where not only
the power factor has a maximum as a
function of frequency, but where the
power factor itself changes more rap-
idly than the frequency. This would
mean that at that particular fre-
quency, a lower voltage would be re-
quired for full power output.

However, the selection of the fre-
quency is rather important for prac-
tical reasons. The higher the chosen
frequency, the lower will be the re-
quired voltage across the sample. To
indicate the influence of the frequency
on the required voltage and to en-
force the same amount of power ab-
sorption (one kilowatt) into the
charge, the curves of Fig. 4 were cal-
culated. It is evident that for all mate-
rials, irrespective of their loss angle,
the use of higher frequencies reduces
the required voltage across sample.

To select a frequency, then, a fre-
quency with as high a value as possible
is chosen, which value will be limited
only by the tube efficiency and neces-
sary circuit constants.

Impedance Matching

The amount of power which can be
delivered to a load by a generator
will depend, aside from its power rat-
ing, on the matching of the load im-
pedance to that of the generator. In
the case of practical applications in-
volving the high-frequency heating of
plastics, the load impedance will be
determined not only by the electrical
characteristics of the “material, but
also by the geometrical dimensions
of this material. To illustrate the
point, if the same weight (volume) of
material is assumed to be distributed
over a large surface in a thin layer,
or if a small surface is spread with
the material at a greater thickness,
the first case will yield a low load-im-
pedance while the second case will
produce a high load-impedance. Hence,
the unqualified statement that a cer-
tain generator is able to heat a cer-
tain volume of plastic material to a
given temperature in a given time, is,
as such, meaningless. Only when
some provision is made to match loads
of widely varying impedances to the
internal impedance of the generator
does such a statement assume any
practical meaning.

One example of a variable coupling
for the purpose of impedance match-
ing is shown in Fig. 2, where the load
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is coupled through variable capacitors
to the tank circuit of the generator. 0,000 '
When designing the tank circuit and E
the coupling elements for the load, the 5000 &
two extreme conditions of impedance §eidich e RRiE RotiRR IR
values for which matching must be g
possible, must be considered. The gA EET
tank circuit must be able to deliver iEiEicat
sufficient current to the load of the 000 satenses
lowest impedance and a large enough T
voltage must be available when the 6,000 bmastes
highest impedance values of the ]
charge are utilized. 000
In the generator illustrated in the
photographs, an instrument is pro-
vided to measure the amount of high-
frequency power delivered to the
charge and to indicate whether
matching is established between the
load and the generator. The theory
of this high-frequency wattmeter has i HHHE gEic
been previously discussed. A brief - .
explanation of the measurement of REQ 8 PER OND
the matching conditions shall suffice.

T‘he prqce@ure is based on t.he 1':01’ Fig. 1. Voltage required 1o enforce a power absorption of 1 kilowatt in three materials
lowing principles. In any oscillating recorded as a function of the frequency. Curve A is for hemp, 2.7 x 3.8 x 1.2 cm. be-
circuit, which in this case may be tween parallel plates: curve B is for bakelile compressed powder 2” diameter and %"
identical with the tank circuit, all thick between parallel plates: curve C is for black plastic 11%” x 13" x 1/16” be-
losses associated with the circuit can tween plate 1%"” wide and two sirips 14" wide. Plates are shown In photo, page 3.

be fully represented either by a series 1
resistaice L;n one branch ofy the cir- which in turn will be determined by However, there will be only one value

cuit, or by a parallel resistance shunt- the total equivalent loss resistance of R, and thus only one value of e, for
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ing the tank circuit. For the purpose across the tank: which this condition is satisfied. e
of this instrument, the method shown p.rocedure s very simple. '1_‘he ?X(.:lta'
in Fig. 6 was selected, all equivalent Rp = RiRe e (13) tion of the unloadgd tank circuit is S?
losses being represented by an equiva- R, + R, selected that the instrument measur
lent parallel resistance R, This

parallel resistance includes all radia- Fig. 2. Schematic diagram of the complete R-F heating unit, showing the oscillator, elec-
tion losses, the losses in the circuit it- trode arrangement, method of coupling the load to the tank coil, and the thermal arrange-

self and in the case where the circuit ment for measuring the power absorbed by the load. The galvanometer is the center instru-
is loaded by an exterh 1 load coupled ment shown in the photograph on page 3, and is calibrated to read watts directly. The B

2 y. a R ple plus of the power supply and the center tap on the oscillator coil are grounded for safety.
to the circuit, an additional parallel

resistance R, is included to show the
Sha‘re of the external load. By indi- - <« GROUNDED TOP ELECTRODE
cating the value of R, under no load - = EX3———SAMPLES

e : - <——————HEATER ELECTRODES
conditions (without external load) as ;
R,,. the resonance voltage e, across

the circuit will be proportional to R, : +—COUPLING CONDENSERS—e TANK CIRCUIT

GALVANOMETER
COUPLING FOR THERMOCOUPLE

If the excitation of the circuit is not
changed, this voltage will change to:

_I(Rol{l‘
€ SRR LT

£ (VY

CALIBRATING POTENTIOMETER
FOR H. F. WATTMETER

in case a load is coupled to the cir-
cuit. Since k is a constant and R, it-
self is a characteristic constant for
the circuit under consideration, e, be-
comes a single-valued function of the
equivalent loss resistance R, repre-
senting all the losses associated with

external load: Je—-CATHODE BIAS
L & a RHEOSTAT

ST R RAD G e, 1o g e s L (12) =
To match the loaded tank circuit to

the generator, the tank circuit im-
pedance must have a definite value,
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Fig. 3. Product of frequency and loss factor
recorded as a function of frequency. Curve
A is for bakelite. B for hemp and C for
plastic. Samples are described in Fig. 1.

ing the voltage across the tank circuit
indicates a certain arbitrary value.
In practice this value is selected as the
full scale deflection of the meter. Then
the load is introduced into the circuit
and the resonance voltage e, measured
again. The coupling between load and
tank will be changed by varying the
coupling capacities until e, reaches a
predetermined valye corresponding to
the proper load impedance. This value
is marked on the scale of the instru-
ment.

Fig. 4.

Power Absorption Measurement

The same instrument that is used to
determine the proper matching condi-
tions can be used for the measurement
of the power absorbed by and con-
verted into heat within the charge.
The power absorbed by the charge
will correspond to the square of the
voltage across the equivalent loss re-
sistance representing the charge, mul-
tiplied by the reciprocal value of that
resistance:

2
P g;' (14)
In order to measure the power absorp-
tion, and that alone, it is necessary to
employ an instrument, the deflection of
which will be proportional to the
square of the voltage and to the recip-
rocal value of the equivalent parallel
loss resistance introduced by the ex-
ternal load. This is accomplished by
means of the instrument shown in Fig.
2. The h-f voltage is measured by a
thermocouple which is connected to
the tank circuit through the small ca-
pacitors. The d-c potential across the
output terminals of the thermocouple
will be proportional to E2, if E de-
notes the h-f voltage across the tank
circuit. A calibrated voltage divider
VD is connected across the d-c¢ ter-
minals of the thermocouple. It was
demonstrated above that R, is a sin-
gle-valued function of e,, therefore
it is only necessary to mark the set-
tings of the calibrated potential di-
vider VD in terms of e, in such a
manner that at that particular setting
the sensitivity of the galvanometer
and hence its deflection will be propor-
tional to e,. When this is done the
galvanometer will read h-f watts,
indicating the amount of power ab-
sorbed by the load.
This procedure appears to be com-

Loss factors of three different materials recorded as a function of frequency.
Curve A 1s for hemp, B for black plastic and C for bakelite.

Dimenslons given in Fig, 1.

ENGINEERING

plicated, but in actual practice this
method is straightforward. The pro-
cedure for establishing the proper val-
ue of matching impedance has already
been described. The same instrument
can be used for measuring the power
absorbed by the load, in which case
the procedure is as follows: the slid-
ing contact on the potential divider
is set for the maximum value and the
excitation (power input into the tank,
in practice changed by the plate volt-
age or the grid bias providing a vari-
able output control) is adjusted until
the instrument reaches full scale read-
ing. Then the coupling is adjusted as
described above until the reading e,
is obtained. The slider of the poten-
tial divider is then set to the mark
identified with e, and the instrument
reads in watts directly. The reading
will be correct for any voltage, E,
across the tank circuit. In other
words, once the calibration is set, the
power output may be adjusted to any
desired power level by means of the
power output control and the watt-
meter will indicate the power absorp-
tion correctly.

The importance of such an instru-
ment, in the light of the above discus-
sion, is obvious. Neither the plate
current, nor the h-f current measured
in the load circuit are an indication of
the power absorbed by the load. If
anything, the values so obtained are
misleading, as the plate current may
acquire identical values for various
power outputs depending upon the in-
stantaneous conditions of matching
and efficiency. The h-f current in the
load circuit may be the same for en-
tirely different values of power dissi-
pation, depending on the power factor
of the load circuit.

2.5 kw. Heating Unit

A practical example of a unit in
which the features of the above the-
oretical discussion were incorporated,
is shown on page 3. The purpose of
this unit is to provide a simple and
convenient means for the simultane-
ous heating of a number of preforms
for a multiple cavity mold. Although
designed primarily for this purpose, a
variety of forms and volumes can be
heat-treated with this unit. = The
schematic diagram of the electrode
arrangement is shown in Fig. 2. The
heater circuit is coupled through vari-
able capacitors to the tank circuit.
The frequency of the tank circuit is
determined by the inductance and
capacitance between the plates of the
tubes in the push-pull oscillator. The
heater circuit itself is split into two
halves. A common top electrode at
ground potential establishes the refer-
ence point for the high-frequency po-

(Continued on page 35)
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(RRAPHICY of

By ROBERT C. PAINE

Production Test Engineer

C Networks

Graphical method of analyzing networks containing resistance and
capacity as applied particularly to various types of RC oscillators.

HERE are many types of audio

oscillators, of which several make

use of resistance capacity net-
works as the frequency determining
element. Such oscillators are rela-
tively simple and stable. As compared
to beat frequency oscillators, the cali-
bration remains more constant espe-
cially for low frequencies. These re-
sistance capacity networks can be an-
alyzed by graphical methods.

A type of network which can be used
in making a one tube oscillator is
shown in Fig. la. This network pro-
duces the reversal of phase between
the plate and grid of the tube which
is necessary to make oscillations self-
sustaining. A circuit using this net-
work is simple and has very good
stability and low harmonics.? The os-
cillating frequency in cycles equals:

1

27RCV6

Mathematically the analysis of this
network is somewhat involved, but its
operation can be readily analyzed
graphically. The reactance, X, of
each of the equal condensers, C,, C,,
and C, of course varies with fre-
quency, but at the frequency at which
X_ equals 2.45 times the resistance of

c
each of the equal resistors, R,, R,, and

R,, the phase shift between f and a is
180°. This point determines the os-
cillating frequency shown in the for-
mula above.

Graphic analysis on the basis of X,
equals 2.45 R proceeds by steps, in Fig.
1b the branch baO is first taken. Its
series impedance vector, Ob is found
in the usual way in Fig. 1c where the
vector Oa representing R is added to
the vector ab representing the react-
ance, X, of C,. The series impedance
vector, Ob, is then combined with the
vector, O(b), representing R,. The re-
ciprocal functions of these vectors are
feund, by aid of the circular arc, to be
Ob’ and O(b)’. These reciprocals are
added in the parallelogram, O(b)’B’b’,
to obtain the sum, OB’. The reciprocal
of OB’ is found to be OB which is the
vector of the required parallel imped-
ance looking into the circuit at OB in
Fig. 1b. This method of obtaining the
parallel impedance has been described
in more detail in a previous article by
the author.2

The impedance vector OB is then
added to the vector Bd, representing
the reactance of the condenser C,, in
Fig. 1e to obtain the series impedance,
Od. The vector Od is combined in
parallel with the vector O(d) repre-

senting the resistance R, by the aid
of the parallelogram O(d)’D’d’, to find
the parallel impedance, OD. This is
the impedance seen from OD in Fig.
1d and it is only slightly greater than
the vector OB, so these two vectors
nearly coincide. The vector OD is
then combined in series with the vec-
tor Df, representing the reactance of
C,, in Fig. 1g. This gives the imped-
ance, Of, seen by the plate of the os-
cillator tube at f in Fig. 1f.

To determine the feedback voltage
to the grid, let the audio voltage at
the plate of the tube be represented
by the vector OE,, then the voltage to
ground at d equals OD. The voltage
OD is laid out as the vector OE; on
the impedance vector Od, then the
voltage OE, at b is found by drawing
E B, parallel to dB, since the voltages
OE, and OE, are proportional to the
impedances Od and OB respectively.
In a similar manner the voltage OFE,
is laid out on Ob and on the line Od
the vector OE, for the voltage which
is fed back to the grid of the tube is
found by drawing E_E, parallel to ba.

The three vector diagrams of Fig. 1
have been shown separately only to
clarify the problem, but they are only
portions of the complete analysis

Fig. 1. Graphical analysis of a one tube RC osacillator. The complete circuit (A) is shown broken down into its
component parts in (B), (D). and (F). The analysis of the various components is shown in sections (C). (E) and (G).

FEEDBACK CONNECTION

ENGINEERING
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FEEDBACK CONNECTION

Fig. 3. Analysis of RC oscillator using
tube to reverse phase of feedback voliage.

which has been worked out in Fig. 2.
This figure has been lettered in the
same manner as the separate figures
of Fig. 1. To simplify its layout, it
may best be drawn on polar coordinate

Fig. 2. Complete analysis of a one tube RC oscillator.

imposed to give the complete analysis.

Ey

paper which facilitates rotation of the
construction lines through the proper
angles. Fig. le is represented in Fig.
2 by rotating Fig. 1e through an angle
of § about O, then OB falls on Ob.
This is done because the voltages on
OB and Ob are in phase. In a similar
manner, Fig. 1lg is rotated about O
through an angle of ¢ plus a. In Fig.
2 the plate voltage, E,, and the grid
voltage, E,, are shown in their correct
relation and it is seen that E /E,
equals about 29/—180° a complete
phase reversal. The voltage gain be-
tween the grid and plate of the tube
must be as great as this value to sus-
tain oscillations.

A more common type of network for
a resistance-capacity oscillator is
shown in Fig. 3a. This circuit requires
a second tube to reverse the phase of
the feedback voltage from the plate
of the first tube to its grid. The net-
work shown applies a portion of this
voltage to the grid of the first tube.
The circuit oscillates at the frequency
which produces the greatest compo-
nent of grid voltage in phase with the
feedback voltage. This frequency
equals 1/2r VR.R,C,C,. It is conven-
lent to have C, equal C, if variable
condensers are used for tuning, and
if C,=C, and R, =R,, the oscillating
frequency in cycles equals 1/27RC.

This network is analyzed in Fig. 3b
in which R, and C, have been taken
equal to R, and C, respectively. The
vector R, O represents the resistance
R, and OE, represents R,. The vector

X K, 1s arawn equal to the reactance
of C., and OX,; equal to the reactance
of C, at the oscillating frequency, at
which frequency X, = R, and X,=R,.
The vector sum X,0 of R, and X,
equals the impedance, Z,, of these ele-
ments in series. The vector sum of
R, and X, in parallel, Z, is found by
drawing OZ, perpendicular to R X,
This method of adding resistance and
reactance in parallel has been de-
scribed by the author in the article
previously mentioned.* Z, and Z, are
in phase and their sum equals Xz,
This line can also represent the feed-
back voltage and it is seen that the
grid voltage 0Z, is proportional to Z
and in this diagram it equals one third
of the feedback voltage and is in phase.

Assume a lower frequency at which
the reactances of C, and C, are X,’
and X,'. The impedance of the series
elements is then equal to X,’0 and of
the parallel elements, OZ,. The sum
of these impedances is X,'Z ' The
feedback voltage X,'G’ is laid out on
this line equal to X,Z_ as before. Then
the voltage vector diagram X_'O'Q” is
formed by drawing O’G’ parallel to
0Z,. The projection of 0’G’ on X/'&
is the component of grid voltage B'&
in phase with the feedback voltage.
Since this is less than 0Z, the as-
sumed frequency represents an un-
stable condition, and the frequency of
the oscillator will return to the fre-
quency represented by 0Z,.

At some higher frequency the react-
ances of C, and C, are X,” and X"

Parts (C). (E). and (G) of Fig. 1 are each rotated through the proper angle and supes-
Polar coordinate paper is used to facilitate rotation of construction lines through the proper angles,
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and the corresponding impedances are
0X.,” and OZD”, the vector sum of
which is XS"ZD". The voltage diagram
for this condition is FOG” in which
FG”, the feedback voltage equals, X 7/
as before. The component of "grid
voltage in phase with the feedback
voltage is E,”G”. But this again is
less than OZ, and this frequency also
represents an unstable condition.
The frequency represented by OZ, is
the frequency which produces the
greatest in-phase grid voltage and is
the frequency at which the circuit
must oscillate.

Another type of feedback network
which might be called the ‘“twin T”
is shown in Fig. 4a. This circuit op-
erates similarly to the Wein frequency
bridge, but its input and output have
a common connection (usually
ground), making it a more practical
circuit for use in an audio oscillator.
At its frequency of balance no voltage
at all is transmitted from input to out-
put, this makes the circuit much more
selective than those described above,
so this circuit also finds use in other
systems such as tuned amplifiers and
harmonic analyzers. The audio oscil-
lator is connected so that a positive
feedback through another channel is
neutralized by the negative feedback
through this circuit, except at the os-
cillating frequency, at which there is
no negative feedback and the circuit

is allowed to oscillate freely.

The balance frequency of this net-
work must satisfy the equations X"’ =
X' —=KR”, X” =R"”/2K, also R” =R”
and R’ = K2R"”/2, where K may be any
numerical factor required by the de-
sign, and X’, X”, and X’ represent the
reactance of the corresponding capaci-
tors, C', C”, and C”. In the case
graphically analyzed below, K has
been taken as 1, so X" =X =R"=
R” and X” =R’'=R"/2.

Assume the frequency at which the
network balances and the voltage be-
tween ef and gh is zero. If the volt-
age between these points is zero, they
are at the same potential and they can
be connected at this one frequency
without changing any of the voltages
concerned. Thus, for analysis, R™’ is
effectively in parallel with C”, and C",
in parallel with R". The impedance
diagram for the upper branch is then
as shown in Fig. 4b. In this figure od
is laid out to a suitable scale to equal
the resistance R”, de to equal R and
dg to equal the reactance, X", of C”.
R” and X* are combined to find the
parallel impedance dZ, by a method
already referred to. Then the lines od
and dZ, are added vectorially to find
the total impedance of the upper
branch oZ,.

The diagram for the lower branch is
shown in Fig. 4c. In this figure oc
equals the reactance, X', of the con-

Fig. 5. Graphical analysis of the twin “T”’ feedback network shown in Fig. 4A for K = V 2.
Vector dilagrams are drawn to approximately twice the scale of Fig. 4 for greater accuracy.
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Fig. 4. "'Twin T” feedback network with
a graphical analysis of component parts.

denser C’, ¢f equals the reactance X'
of C”, and ch, the resistance R’. The
values X"’ and R’ combined in parallel
equal the impedance ¢Z,. The imped-
ance diagrams odZ, and ocZ, are seen
to be similar and 0Z, equals oZ;. The
equal vectors 0Z, and oZ, can be taken
to equal the voltage from o to g, or o
to h, then the voltages across R”, C”,
C’, and R’ will be represented by the
impedance vectors od, ng, oc, and ¢Z,
respectively. These two voltage dia-
grams are combined in Fig. 4d in which
the voltage from ¢ to d is found by
drawing the vector E_E,.

The vector E B, represents the volt-
age across the branch cfed. The im-
pedance of this branch is found in Fig.
4e where c¢f represents the reactance
X" of C"” and fe represents the re-
sistance R’’. The vector sum of these
impedances is ce. The voltage across
this path, E E,, is laid out on ce, as
CE; and f'E, is drawn parallel to the
impedance vector fe. Then cf’ is the
voltage across C”, and f'H,, the volt-
age across R’”. This voltage diagram
cE,f can be superimposed on the ex-
actly similar diagram E EE, which
represents the voltage across the path
chgd. The voltage between ef and gk
is then the vector between the points
f’ and E,, but these points coincide so
this voltage equals zero at the balance
frequency. At any other frequency a

(Continued on page 30)
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HEAT DISSIPATION in
TRANSMITTER TUBES

By HAROLD E. ENNES

Station Engineer, Station WIRE, Indianapolis

A discussion of the problems of heat dissipation encoun-

tered in the operation of broadcast transmitting tubes.

A water- and forced-air-cooled transmitting
triode used in high-power broadcasting.

10 ENGINEERING

RADIO engineer, particularly
A one associated with installa-

tion and operation of broad-
casting equipment, often encounters
the problem of heat dissipation in
power tubes. This calls for a thorough
understanding of tube characteristics
with respect to the capabilities and
limitations of cooling mediums. This
article is designed to present the basic
problems of handling heat dissipation,
with sufficient co-ordinated data to en-
able the engineer to cope with this
situation in its many varied forms.

Fundamentally, the power rating of
a tube in free air is determined by
three characteristics, namely:

1. Plate voltage that may be safely
applied (dependent on physical
parameters.)

2. Electron emission of filament.

3. Amount of heat that can be dis-
sipated at anode without causing
overheating (dependent on physical
and electrical parameters.)

Thus it becomes apparent that from
the standpoint of heat dissipation and
voltage requirements, artificial cool-
ing of the anode is necessary to elim-
inate prohibitive physical dimensions
of the tube. In practice, all tubes over
2 kw output rating are cooled by water
or, more recently, by forced-air cool-
ing systems.

In order to get a workable picture
of the problem at hand, assume an ef-
ficiency of 70% in a plate modulated
stage, and consider the maximum out-
put from a tube as being slightly more
than twice the maximum plate dissipa-
tion. This maximum plate dissipation
may be referred to a unit area of the
anode, in which case the dissipation
is limited to approximately 4 watts
per cm’ to prevent excessive tempera-
ture rise of the anode and adjacent
glass bulb. Thus, it becomes obvious
from this angle that the maximum
output of the tube would be limited by
plate area. An arbitrary increase in
anode dimensions, however, must be

avoided due to obvious mechanical
difficulties, and also to keep the anode
in proportion to the size of the fila-
ment, since for a given filament diam-
eter there is a maximum allowable
length to prevent sagging.

In calculating the value of plate
dissipation for a given class of opera-
tion, consideration must be given to
the peak current and voltage values as
shown in figures 3-A and 3-B. Heat
dissipation at grids of some higher
power tubes is also a consideration
since the construction of the grid is
such as to establish a certain effect
on the electrostatic field between the
tube elements. R-f grid current as
well as the d.c. on the grid must com-
bine to produce not more than the
IR loss that the grid lead (internal)
can safely handle to prevent second-
ary emission. For this reason, some
of the highest power tubes used in
transmitters rated over 50 kw, are
both grid and anode cooled by water
systems.

Fig. 6 illustrates an X-ray view of
a typical water-cooled tube, and Fig.
5 shows the schematic arrangement.
With this type of cooling, a dissipa-
tion of 70 watts per cm? is allowable.
Higher values are permissible with an
increased rate of water flow through
the tube jacket.

This type tube fits into a water
jacket made of copper. The jacket
must be designed to provide the cor-
rect clearance between plate and
jacket walls, and adequate shielding
against corona discharge.

It is obvious that the water jacket,
being connected directly to the anode,
must be insulated from the water pipe
connection and ground. This is ac-
complished by means of 15 to 20 feet
of rubber hose connected at the input
and output connections of the jacket,
and wound in cylindrical form under
each water cooled tube used. In most
instances, this rubber hose is being
replaced by porcelain hose or pipe,

DEPARTMENT



Fig. 1.

An air-cooled transmitting triode
showing the silver-soldered ventilating fins.

which provides better connection
with the tube, and greater dielectric
strength with resultant lower current
leakage through the water supply sys-
tem. This type hose, due to its great
physical strength, may be used as the
jacket mounting for the smaller sized
water-cooled tubes. The cooling sys-
tem itself consists of a reserve tank,
preferably a copper tank, connected
to the water jacket inlet through the
porcelain reel or pipe.., The outlet
pipe carries the heated water into
a radiator equipped with a blower for
cooling. From there, the cooled water
is carried back to the reserve tank.

The most important factor in the
cooling of water-cooled tubes is the
water velocity. The effect of increas-
ing the flow of water is to increase the
turbulency of flow. This increased
turbulency breaks down the layer of
steam present at the anode wall and
increases the heat exchange between
the wall and the water. The tur-
bulency of the flow may be increased
by mechanical means, such as baf-
fles.

The turbulency of the water is in-
dicated by the “Reynolds number.”
This constant was established about
65 years ago by Oliver Reynolds who
determined by experimentation that
with Re smaller than 2100 the flow
is viscous while with the Re greater
than 4000 the flow is turbulent. Be-
tween these limits the flow may alter-
nate between viscous and turbulent.

The Reynolds number is a non-
dimensional coeflicient used as a meas-
ure of the dynamic scale of flow. The
value is given by the formula:

ENGINEERING

R, = 2PV TEMP.
0 — — °c [
a -]

Where: 400° |-
D = equivalent ol

diameter of the 300

fluid channel

cross section in

cm. 200°

p = density of
fluid in grams per
cms,

» = viscosity of
fluid in grams per
cm second.

When the rate of
water flow is fixed,
a variation in the
annular clearance
between the anode
and the jacket has
a direct effect on
the velocity of
the water and the
equivalent diameter. Both of these
factors affect the turbulency of the
water in an independent manner.

With either a large or small clear-
ance, the turbulency remains the same
if the number of gallons per minute
remains constant. However, the heat
transfer varies with the size of the
clearance. Thus, the heat transfer
becomes larger in inverse propor-
tion to the size of the clearance.
However, there is an optimum clear-
ance possible in the design of trans-

WATTS
10,000:

50001 50°

Fig. 2.
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500

Graphical analysis of the temperature plotted against
air velocity for the 891.R air-cooled rf power amplifier tube.

mitting tubes beyond which there
is little improvement in cooling effi-
ciency. The reason for this optimum
clearance is due to the almost sta-
tionary film of liquid at the walls of
the anode. When the water wall be-
comes comparable to the thickness of
the film, the turbulency decreases and
the flow becomes laminar.

Installation and Maintenance

Several pertinent facts should be
kept in mind when installation of

Fig. 3. Graph for calculating the value of plate dissipation for a given class of oper-
ation. Peak current and voltage values are plotted against operating angle in degrees.
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water cooled tubes is undertaken. The
prevention of scale on the anode of
the tube is one of the most important
factors to be considered. For this
reason, distilled water is highly recom-
mended for use in the cooling systems.
The system may be connected with
the city water supply if the water con-
forms to these standards: Hardness
of less than 10 grains per gallon, and
a specific resistance of at least 4000
ohms per cubic em. To show the rela-
tive importance of having a test made
on the water to be used, a table show-
ing an analysis of a typical sample
from a water supply system is given
in Table 1.

TABLE 1
Grains per
Content Gallon
Silicia ... 0.63

Iron Oxide Alumina...... 0.15

Calcium Carbonate ....... 1.26
Sodium Sulphate ........ 2.14
Potassium Carbonate . .... 2.25
Magnesium Carbonate 2.92
Sodium Chloride ......... 817

Total grains per gallon. .17.52
Specific resistance: 359 ohms.
Since proper functioning of the

water cooling system is of prime im-
portance (without cooling water the
heat of the filament alone is suffi-
cient to cause damage), indicating in-

Fig. 5. Cut-away diagram of the water-cooled
transmitting tube showing varlous components,

: GLASS

ANODE SEAL

METAL ANODE

WATER OUTLET
—— T T

WATER JACKET
FILAMENT

ENGINEERING

'PORC‘EL‘A‘IN

WATER TH;RMOMETER

Schematic diagram of the water-cooling system for transmitting tubes.

struments and protective relays must
be used in the circuit. An outlet water
thermometer and water-flow meter
indicated in Fig. 4, are used as in-
dicators of water temperature and
rate of water flow. The temperature
should never exceed 70° centigrade
(158° F) and the rate of flow should
be at least 15 gallons per minute.
Twenty gallons per minute is more
beneficial in retarding accumulation
of foreign matter in the jacket and
the prevention of steam bubbles along
the anode surface. Water-flow circuit
breakers, or interlocks which open the
circuit breakers in filament and plate
power transformer primaries in case
of water flow failures, are necessary
protective features. A combination
interlock and flow-meter is available
on the commercial market. The di-
rection of the water flow is in at the
bottom and out at top of the jacket.
This procedure prevents air traps in
the jacket.

Extraordinary precautions must be
taken in the installation of the tube
in the jacket. The movable metal
parts of the jacket should be coated
with a light film of oil to help prevent
corrosion. The tube should then be
placed gently in the jacket, and after
it is correctly seated, the retaining
studs or jacket clamping device is
fastened firmly into place to force the
flange of the plate into solid contact
with the water-tight gasket. The elec-
trical connections may then be made.
Care should be taken that the wires
are not near or do not touch the glass
bulb. Should this precaution be neg-
lected, puncture of the glass from
corona discharge is apt to occur. Par-
ticular care should also be observed
in making the connection between hose
and jacket tight and clean. Due to
electrolysis, trouble may develop at this
point, and close inspection every two
or three weeks is advisable. Fig. 7 il-
lustrates in schematic form a fair-
ly recent development to combat trou-
ble from electrolysis at this -point.
The electrolysis “target” is a length

of large gauge copper wire soldered
to the cap screw and projecting down
into the water below the point of
metal contact with the porcelain coil
or pipe. By replacing these copper
wires every 4 to 12 months (depending
on the conductivity of the water)
practically all trouble due to elec-
trolysis on this positive end of the
pipe is eliminated.

A reasonably rigid maintenance
schedule should be observed on the
entire system to forestall trouble from
water leakage, scale formation or
formation of steam bubbles, with re-
sultant transmitter shut-down and
loss of time on the air. Scale forma-
tion, if and when it occurs, will pre-
vent adequate transfer of heat from
anode to water. If it becomes neces-
sary to remove the tube for this or
any other reason, the tube should be
lifted carefully from the jacket after
the clamping device has been released.
Sticking of the tube often occurs, and
in this case a gentle twisting back
and forth while lifting will free the
tube. Immersion of the plate in a 10%
solution of hydrochloric acid is usu-
ally recommended to dissolve scale
formation. The anode should then be
rinsed thoroughly in distilled water.

The formation of steam bubbles
may be checked periodically by using
a good insulating rod of at least six
feet. This should be moved along the
jacket while aural observations are
made. Precautions should be taken to
assure the operators’ safety including
grounding the testing tube between
water jacket and the observer with a
“hot-stick” or similar arrangement.

A convenient way for the operator
to keep an approximate check on the
heat dissipation of the tube is by use
of the formula:

n(t—t,)
P(kW) = —

4
where:

t, = known initial temp. of water
*C,

t. = temp. of water at jacket outlet
°C;

n = rate of flow in gallons per min-
ute.

A good check on the general condi-
tion of the water, as it affects leak-
age current back through the system,
may be made by connecting a milliam-
meter to one of the pipes on the in-
sulated side of the circuit as shown in

the complete schematic of Fig. 4. This
figure also shows “expansion loops"”
connecting the pipes to the pump.

Foreced-Air Systems

Although the problems of deterio-
rating hose, leaky hose connections,
electrolysis and troublesome flow-

(Continued on page 34)
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Ry Dr. F. M. BAILEY

Electronics Dept., General Electric Co.

The calculation of @ in reso-

nant circuits utilizing transmis-

sion lines as part of cirecuit.

reactance of the plate-cathode

and grid-cathode capacitances
of an electronic tube make it necessary
to use parallel-tuned circuits at these
points to provide a suitable impedance
for the plate and grid loads. Im-
pedances formed in this way are ex-
ceedingly frequency-sensitive, and in
many cases a parallel resistance must
be added to the resonant circuit to
provide operation over a sufficient
band of frequencies. It is of interest,
therefore, to examine the parallel-
tuned circuit with respect to its band-
width and effective shunting impe-
dance, using the ratio of reactance to
resistance or “Q"” of the inductance
as a measure of the sharpness of
resonance. A convenient way to do
this is to consider the distribution of
energy in a resonant system during
a half cycle of operation.

If the condenser in a resonant cir-
cuit is charged to a voltage + V, the
energy stored in it is 1% CV*. Complet-
ing the circuit allows the charge on
the condenser plates to flow through
the inductance L, increasing the mag-
netic flux within the coil until the con-
denser is discharged. The energy
formerly in the condenser is now in
the coil and its value is given by % LI
At this point the magnetic flux be-
gins to collapse, inducing a voltage
of opposite polarity across the con-
denser and eventually charging it to
a voltage — V. The process then re-
verses, current flows through L, and
L discharges its magnetic energy un-
til C is again charged to + V. This
produces the familiar sine-wave oscil-
lation shown in Fig. 2. The presence
of resistance R, in the inductance L
produces an I'R loss as the current
flows. through it, extracting a certain
amount of energy each cycle and even-
tually dissipating all of the original
energy in the form of heat.

AT radio frequengies the shunting

ENGINEERING

Q-meter for the production testing of high-frequency resistance of tubes.

To calculate the energy lost during
the passage of current through the
resistance in one direction, for one-
half cycle, the power lost for one-half
cycle is integrated with respect to
time, the instantaneous current be-
ing taken as I =1 sin wt.

Energy lost = / Ry I sin? wtdt
0

=10=RLlw .............. UG )

£y

The ratio of the stored energy

(%L1 to the dissipated energy per
one-half cycle gives:

1
Ratio = = (@

Multiplying this ratio by = gives the
familiar expression for Q@ or quality
factor of a coil:

Q= x X stored energy
energy dissipated per half cycle

SR N

Fic_!. 1. Q as a function of the equivalent shunting R for a 50 ohm line. Line length is
indicated, the remainder of the circuit being made up of the foreshortening capacitance.
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A graph of the sine-wave oscillations in a resonant LC circuit.
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Both

the voltage and current waves are shown with the energy stored in the capacity
due to the voltage wave and the energy stored in the inductance due to the cur-
rent wave indicated for both the positive and negative portions of the sine wave.

For a single tuned circuit it can be
R
shown! that the quantity —“ equals
W,
aAf .

-or the bandwidth, where f equals
the frequency at the center of the
resonance curve and Af equals the
difference in frequency at the half-
power points. Thus the bandwidth
for a given frequency is proportional

1
to —. Since the energy dissipated

1.
per half cycle is if.tlmes the average

power for a sine wave, the above ratio
can then be written as:

w X stored energy
average power lost

Q=—~———2" o (4)

To compute the Q of the circuit in
Fig. 3B it is necessary to calculate the
energy in terms of voltage. This gives:

Q = w X stored energy _ w3 CV? ,
average power lost 3 Vy?
c
wCRe....oooo (5

If both circuits in Fig. 3 are resonant
at the same frequency, that is, wL =

1

——, and it is assumed that the result-
wC

ing Q for each is the same, the two
expressions for @ may be equated:

wlL

ﬁ:—‘chc.., (5a)
L
RC-——ﬁ—L. : . (6)

Thus a series resistance may be re-
placed by an equivalent shunt resist-
ance. In other words, the resistance
of the wire in a tuned circuit places
in effect a shunting resistance across
the tuned circuit and prevents the im-

Fig. 3. Equivalent methods of representing the losses in a parallel resonant LC cir-
cuit. In part (A) the losses are represented by a resistance R. in serles with the
inductance and capacity, while in part (B) an equivalent circuit is shown with the
losses represented by a resistance Ry in parallel with the Inductance and capacity.
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pedance of the parallel circuit from
becoming infinite at resonance.

The trend toward higher frequencies
has resulted in the discarding of
lumped circuits in favor of resonant
lines. In this case the energy method
of calculating Q provides a convenient
means for determining effective im-
pedance.

In the %4 A resonant coaxial line in
Fig. 4, there is a capacity C per unit
length and an effective shunt resist-
ance R due either to resistance of the
material of the line or to a tube at-
tached across the line. The voltage
distribution along the line is sinu-
soidal, being zero at the closed end
and a maximum at the open end.
This causes the amount of stored
energy in the line to increase grad-
ually from the closed end to the open
end. To get the stored energy, it is
necessary to integrate the incremental
energy per unit length over the
length of the line. If the capacitance
per unit length is C and the voltage
at each point along the line is V =
V, sin 4, then:

‘]
Stored energy = f iCVids =
)

w

p) V2
%cf,w sin? 8o = T°C§ =Ws....(7)

Average power in R = %—ﬁ—. : (7a)
Q = srerage power ot =1 R+ ®
Substituting «w = V—}TL—E ! .(8a)
Q=Z—£\/§R=:—;ZR;....H )

where Z, = characteristic impedance
of the line,

Thus R =§QZU. _.(10)

A more complicated calculation of
Q, but one which more nearly satisfies
the practical case, is that of a quar-
ter-wavelength resonant line fore-
shortened by an end capacitance C,
and loaded with a resistor R. (See
Fig. 5.) In this case one must calculate
the energy stored in the line and add
to it the energy stored in the fore-
shortening capacitance C, to obtain
the total stored energy. Writing the
angular position g along the line in
terms of the phase constant g times
the distance Z, the stored energy W,
is:
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- 2
W = écvof/-slinZﬂZdZ+(—-"7V—'

0
= ,%[%m ~ isin zm] +

_C]_V02 sin? ﬁ]
—-————2 c AL ) e s EEEEY S

At resonance the value of the ca-
pacitance C, can be expressed in terms
of the length of the line gl by:?

L~ Zetan Bl (11a)
[SA 31
Solving for C, gives:
s~ (12)
N o tan™B) = e
Substituting (12) in (11) gives:
CV,2 .
Ws =2—3" [%Bl — isin ZBl:l +
Vo2 sin 2 6l
e e R R SURTE (13)

Remembering that for a transmission
line the phase constant can be ex-

pressed as 8 — «w VLC, or:

c__C 1 [C 1
B w\/iC=;Vt=wZo' ’ (14)
The expression for W, reduces to:

Ve [a _sin2gl
“S‘"z'z,zol:zT 1 ] -(15)

The average power dissipated is given
by:

V2 Ve?sintgl

Wp = 5k = ——3n (16)
and the Q by:
in 2 gl
R[l sin :I
qreae e @ )
Wp 2Z,s8n281

Examining this expression for the
case where there is no foreshortening

capacitance and gl =-;—, (17) becomes

Rw ;
R = as obtained in the previous
47, :
derivation.

In Fig. 1 is shown a plot of Q as a
function of the equivalent shunting
R for .a fifty-ohm line and for different
amounts of foreshortening. In each
case the fractional part of the quar-
ter wavelength represents the length

ENGINETERING

Fig. 4.

of the resonant system which is line,
the remainder being consumed by a
suitable capacitance C, (Fig. 5). The
increasing slopes of the lines with in-
increased size of foreshortening ca-
pacitance is expected since in a
parallel resonant coil and condenser
circuit the @ increases with increas-
C .

ing fratlo.

A coaxial resonant line provides
a practical means of determining re-
sistance at high frequencies, for ex-
ample, the effective resistance of an
electronic tube. With the tube ter-
minals placed across the end of the
line the @ can be measured by plot-
ting a resonance curve for the system.
This is done by introducing a variable
frequency signal into the line with a
small loop and extracting enough
energy on a second loop to measure
the response. Such test equipment
used for the production testing of
tubes is shown in the photograph.

The limiting value of @ obtained in
a resonant line depends of course on
the loss of power in the conductors.
This in turn depends on the dimen-
sions of the conductors and the fre-
quency, since frequency determines
the skin effect and so the amount of
conductor used. For a fifty-ohm cop-

A quarter wave-length resonant coaxial cable, showing the dis-
tributed inductance and capacitance and the equivalent shunting resistance.

per line with an outer conductor diam-
eter of three inches, a theoretical Q
of 13,500 could be achieved at 200
megacycles. This represents an ef-
fective shunt resistance of 860,000
ohms. Since the resistance of most
electronic devices at high frequencies
is much lower than this, their re-
sistance and not the resistance of the
line will determine the Q.

In a strict analysis, the energy
method of computing Q is valid only
if the stored energy in the system is
constant. This is true if the energy
lost per cycle can be neglected to per-
mit the inductive and capacitive ener-
gies to be approximately equal. Since
most practical circuits have a Q suffi-
ciently large to satisfy this condition,
the bandwidth calculation can be
made quite accurately by determining
the stored and dissipated energies.

The above method for calculating
the @ of a resonant circuit comprised
of a section of transmission line, fore-
shortened by a capacitance is a valu-
able tool, in view of the extensive use
of transmission lines at present.

B
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Fig. 5. Equivalent circuit of a line which has been foreshortened by a capacitance C,. The
actual length of the line is less than Y%). but the electrical length has been increased to
14) by the addition of the foreshorténing capacitance C,. Any type of line. such as a twisted
pair,

parallel spaced line,

or coaxial cable may be represented in
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MATRIX ALGEBRA in
Network Theory

By D. FIDELMAN

A simpliiied method oi solving networlk problems

using ma-

trix algebra instead of the more conventional mathematies.

works, the mathematical details

tend to become quite complicated,
even for the simplest problems en-
countered. In the case of more com-
plex network manipulations, the al-
gebraic computations become too in-
volved to handle easily. By the use of
matrix algebra it is possible to elimi-
nate the major portion of this math-
ematical confusion.

The advantage of this system may
be illustrated by the simple case of the
linear, passive four-terminal network
shown in Fig. 2a. It is known that
for such a circuit the following rela-
tions are true:

lN THE study of electrical net-

Fig. 1. Possible Interconnections of a

pair of dissimilar four-terminal networks.
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68}

E, = AE; + BI, E
I, = CE; 4 DI,

where A, B, C, and D are called the
general circuit parameters and obey
the relation
AD -BC=1

If it becomes desirable to connect
this network in cascade with another
similar four-terminal network as
shown in Fig. 2b, then the output cur-
rent and voltage of network 1 become
the input current and voltage of net-
work 2. In order to find E, and I, in
terms of E,’ and I’ it is necessary to
substitute the results of equations (1)
into similar equations for network 2.
When this is done and the terms are
regrouped in a form similar to that of
equations (1), the result is found to
be:

El = a.Ezl + ﬁIzl z (2\

Il='yE2'+6I-/ S A,
where

a = AA’ + BC’

g8 = AB’ + BD’ (3;]

v = CA’ + DC’ ’

= CB’ + DD’

In order to appreciate the amount
of work involved, the algebraic steps
of the above transformation should
be worked out. It can be seen easily
how complicated this procedure be-
comes when more than two such net-
works are cascaded, or when it is
necessary to manipulate more complex
types of networks.

However, such transformations can
be represented very simply by the use
of matrix operators. By referring to
equations (1), the following arrange-
ment of coefficients may be made:

”é B”, ............ ..(3a)

This is called the matrix, or the trans-
formation matriz, of the system. In
matrix form, equations (1) would be
rewritten thus:

(e .
I, CD| |1,

The cascade connection of the two
networks is represented by substitut-
ing the matrix representation of net-

work 2 into equation (4), which gives
as a result:

E, A Bj| ||IA’ B|| |IE,

el = 18 Bl & B 1'%
Thus, the transformation is obtained
in a more simple and direct manner
than before. This same transforma-
tion may be extended to any number
of additional networks connected in
cascade.

Before continuing with the develop-
ment of this method, it is desirable to
set down the various rules and defini-
tions that have been developed for the
manipulations of matrix operators.
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Fundamentals of Matrix Algebra

Although a matrix is similar in ap-
pearance to a determinant, their dis-
similarity should be kept clearly in
mind. A determinant represents a
definite value obtained by a process of
expansion, while a matrix is simply a
rectangular array of elements repre-
senting a set of operations that in-
volve these elements.

A matrix is usually denoted as:

ag dig . . aiN
Az & B Dol 21

laff = [Pot2s - - A (sa
aM1 aMs . . aAMN

where the quantities a, are called the
elements of the matrix, and may be
any algebraic constants or operators.
The number of rows M need not neces-
sarily be equal to the number of col-
umns N. However, a rectangular
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matrix, i.e.,, one in which N =M, can
be considered a square matrix in which
the elements of the missing rows or
columns are set equal to zero.

Two matrices are defined as be-
ing equal when they have the same
number of rows and columns and each
element of one is equal to the corres-
ponding element of the other.

The fundamental operations of ma-
trix algebra are defined in the follow-
ing manner.

Matrices are added (or subtracted)
by adding (or subtracting) their cor-
responding elements, thus:

AN bu blz ...blN
AN + b21 bzz ---sz

d;; aiz ..
dg ag; ..

aNi aNz...4ANN bni bn...bnn

ay +by o ap +bi .. .aN +bin
az +by 2y +ba ac .a:N +ban || (6)
aNl.‘f‘BN-l . ai\lz"*‘bN‘z -.al\.IN'+i3NN

The elements of the product of two
matrices |all and ||b] are defined in
the following manner:

N
S, aj by

lla bllye =

That is, the elements of the j®» row of
lla]l are multiplied by the correspond-
ing elements of the ktt column of |b].
This should be compared with equa-
tions (2), (3) and (5) for the special-
ized case of two four-terminal net-
works connected in cascade. Equation
(2) is obtained from (5) by equating
corresponding elements on both sides
of the equality.

It can be seen from equation (7)
that multiplication of two matrices is
not commutative. That is, in general,

llall {Ibll = [Ibll fal|...

Matrices for which this product does
happen to be commutative are said
to be symmetrical matrices.

A matrix is multiplied by a factor
when each of its elements is multi-
plied by this factor:

.. (9)

The inverse, or reciprocal, of a ma-
trix Jlal is defined as that matrix
which, when multiplied by [lall, gives
the product unity. That is:

lal™ llali = liall llall™* = [iT)....... (10)

where the unit matrix ||I|] is defined
as the matrix having the elements
along its principal diagonal equal to
1, and all the others equal to zero:

10.. .0
I =1lo1. . .0‘ ............. (10a)
00 . .. 1}
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The inverse matrix is formed by first
replacing each element by its minor
in the corresponding determinant
formed from the elements of the ma-
trix ||al|, then dividing each minor by
this determinant, and interchanging
rows and columns. Applying this rule:

i@y, a2 ....an ||™?

dg; dgp ... .d3N

=

aN:1 AN:. . . -8NN

An Ap An |
] Tl fal |
An  Aw Aax
=== == ... —= (11
Al al il a1)
Ani Ane Ann
| Tl fal |

where |a| is the determinant com-
posed of the elements of |al and A;.
is the minor of the element a;, in this
determinant.

A matrix is said to be singular if the
determinant of its elements is zero.
Such a matrix has no inverse. If the
determinant of the elements does not
vanish, the matrix is said to be non-
singular.

The inverse matrix derives its
significance from the process of solv-
ing simultaneous equations. For in-
stance, in equation (5) it might be
necessary to know the output current
and voltage in terms of the input,
instead of in the form in which it has
been given. This would then be:

-1

E,
I,

a B

v &

........ (12

L

The transpose [all: of the matrix
lall is defined as that matrix derived
from |a] by interchanging the rows
and columns.

With the exception that multiplica-
tion of matrices is not in general com-
mutative, the laws of matrix algebra

Fig. 3. Three-phase circuit delta-delta connected,
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Fig. 2. Four terminal networks, showing ref-
erence directions for voltage and current.

are similar to those of ordinary alge-

bra. That is:
all + [l = |Ibll + |ja (122
lall .flwb- + liclil = [llall 4 libl}] —}.—12%
If k and 1 are scalars:
k jlafl + & [Ib]l = & [Ja]l + Ibf). .. (12¢
k llafl +1flall = [k + 1] |l 12d)
If licl and lldll are matrices:
llell lall +liell o)l = el lall + o) . . (12)
llell lall +ld Hall = el +ldllall.. . (22f

Matrices in Network Theory

Fundamentally, all electrical net-
work problems must be formulated
from five basic laws:

1. Ohm’s law.

2. The relation between current
through and voltage across an in-
ductor.

3. The relation between current
through and voltage across a ca-
pacitor.

4. Kirchhoff’s voltage law.

5. Kirchhoff’s current law.

(Continued on page 42)

with assumed directions of current flow.
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A three-antenna array used in directional transmitting for standard broadcasting.

Broadcast Transmitter
Maintenance

By PAUL A. BERG

Broadcast Engineer, Station WJJD

Ananalysis of common transmitter failures in the commer-

cial broadeast field with suggestions for easy correction.

HE operational engineering of
radio frequency transmitting
equipment is one of the special-
ized fields of electronics. While this
art is not new, it has become an ever
increasingly important one both in
war and peace. However, it has been
only recently that technical informa-
tion about transmitting equipment has
been available through technical pub-
lications and texts although informa-
tion regarding receivers has been cov-
ered thoroughly.
The operation of receiving equip-

I8
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ment is in some respects comparable
to the operational methods used in
transmitter work. The hazards of
high operating potentials utilized in
transmitter equipment are not a prob-
lem of the receiver or communications
operator. Point to point measure-
ments with equipment familiar to the
communications operator, is impossi-
ble on transmitter equipment unless
the equipment is shut down.

In transmitting, time is the most
important factor. A station must be
kept on the air, hence long periods of
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time are not available to the station
engineer for determining and correct-
ing the trouble. The cost of time lost
on commercial stations may run into
four figures within an hour, while on
non-commercial transmitting, this loss
may be transferred into loss of human
lives and damage to property. This
is particularly true under war-time
conditions.

Keeping the station on the air, is
the problem of the station engineer
and good performance by the station
depends in a large part, on the ability
of the engineers to judge the cause of
failure and make the decisions regard-
ing repair work, rapidly and accu-
rately.

It is important that all equipment
used in transmitting include protec-
tive devices to prevent serious acci-
dent to the operating personnel.

A thorough knowledge of the trans-
mitter circuit, is a primary requisite
for the station engineer. Inasmuch as
the average transmitter operates with
controls in sequence, the location of
trouble may be made quickly and ac-
curately, if the engineer is familiar
with the transmitter.

These control circuits may be di-
vided into two operational categories,
first, those which open and close the
primary circuits of the respective
power supplies and second, those
whose function is purely protective.

The controls of the first classifica-
tion while serving as remote con-
trolled contactors are also interlocked
in such a manner that they may be
energized only in the proper sequence.
The protective controls are placed at
various points between the contactors
to prevent the sequence from contin-
uing beyond a given point if the re-
spective protective control is not in
its proper operating position.

Fig. 2 illustrates a basic transmit-
ter control circuit. In this diagram,
the contacts have been placed on one
side of the power line only and sim-
ple switches have been drawn instead
of contactors. Regardless of the com-
plexity of the system, the principle il-
lustrated in Fig. 2, will provide the
basic knowledge necessary to under-
stand the proper sequence in tracing
faults. The approximate location of
trouble may be made by observing the
pilot lights. Thus if pilot 5 ceases to
light although pilot 3 is still in opera-
tion, it is obvious that the bias voltage
has failed.

Once the operational sequence of
the control system has been com-
mitted to memory, the cause of the
failure may be traced with a minimum
of time and trouble. Where polyphase
rectifiers are employed a failure of a
specific rectifier may be located
through the control circuit by means
of the knowledge of the relative phase
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in which a particular holding coil is
located. Thus the failure of a tube in
phase “B” would be unlikely to drop
any of the relays in the other phases
due to the momentary overload on the
line when such a tube inverses.

The first type of control, as dis-
cussed above, may be classed as a re-
mote-control switch, differing from
the usual type in one respect, that the
starting button may be energized only
when the preceding contactor is
closed. Where power requirements
are large, a master contact breaker
is employed and its holding coil de-
rives its energy from the control re-
lay. This feature permits the proper
grouping of equipment with all con-
trol circuits located on a single panel.

Fig. 1 shows a complete working
diagram of the control circuits used
in a modern high-power transmitting
station.

Relay (Ry) 1, in this diagram,
serves both as a sequence control and
a master contactor for the motor op-
erating the forced-cooling system,
which in the case of a water-cooled in-
stallation would be the water pump
and in the case of a forced-air system,
would be the air-duct blower. The
power for the holding coil of Ry2 is
derived from the load side of the con-
tacts of Ryl and from a pressure re-
lay, not shown in Fig. 1. Thus, Ry2
cannot be energized unless Ryl and
the pressure switch are both closed.
While identical in operation with Ryl,
Ry2 operates the master contact
breaker which carries the actual fila-
ment power.

Time delay #1 (TD1), whose func-

tion is to close Ry3 after a pre-deter-

mined length of time, is the next con-
trol in the sequence. Ry3 merely
completes the sequence after TD1 has
closed as the power rating of the Ry3
is extremely low. The door switches
for the protection of the operating
personnel are interposed at this point.
After Ry3 closes, providing the doors
are all properly closed, the holding
coil of Ry4 becomes energized. This
in turn will close the primary circuit
of the oscillator power supply and
carry the sequence to Ry5. MCB #2,
whose contacts operate in the primary
of the bias supply, is controlled by
Ry5.

Between Ry5 and Ry6, a protective
relay Ry7 is inserted. Its function is
to permit the closing of Ry6 only if
the intermediate amplifier-bias volt-
age is of sufficient value to prevent
damage to the tube in that circuit.

Ry6 is of the sub-control type, as are
Ry2 and Ry5, and serves to apply the
intermediate high voltage through
MCB #3.

Referring again to Fig. 1, it will be
noted that in the starting button cir-
cuit of Ry8, whose function it is to

energize the high voltage contact, is
interposed several protective devices.
These devices are the contacts of Ry9
and Ryl0, the contacts of the d.c
overload relay, an emergency stop
button, and an additional set of ter-
minals for the insertion of other pro-
tective devices.

The holding coil of Ry9 is in series
with the grid return of the driving am-
plifier and the closing of the contacts
depends upon the presence of sufficient
grid current. The value of this type
of interlock is questionable when cer-
tain types of grid bias are employed.
Where grid-leak bias is used in suffi-
cient quantities, this type of protec-
tion is adequate for the purpose of
preventing excessive plate overloads
due to insufficient bias. Besides its
use as a protective device, Ry9 also
serves to warn of any failure in the
oscillator or intermediate amplifier
circuits by means of a drop in the
high voltage contact and its corre-
sponding pilot. The closing of Ryl0
is dependent upon the presence of suf-
ficient d.c. bias voltage.

Voltages in excess of 10,000 volts
are usually applied in two steps. Con-
tact Ryll, through Time Delay #2
shorts out the primary reactor within
a few seconds of the closing of RyS8.
Ry12 serves no purpose in the control
system other than that of operating
the pilot lights of Ry8 and Ryl2.

Control systems vary with the sta-
tion and manufacturer, hence the sys-
tem shown in Fig. 1 does not have a
universal application but may be con-
sidered typical of any large transmit-
ter. The adoption of additional pro-
tective devices may be made when the
local conditions warrant.

While the present trend in transmit-
ter construction is toward the use of
the relay system, there are still many
transmitters in operation in which the
circuits are protected by fuses. It is
recommended that the testing of fuses
as a possible source of transmitter
failure be disregarded in favor of the
replacement of suspected fuses. In-
stallation of new fuses will result in a
lower time loss than the testing would
involve, especially with those fuses ly-
ing directly behind the interlocking
Adoors. These fuses cannot be reached
while the transmitter is in operation,
and a station shut-down results in se-
rious time losses.

Where polyphase power supplies are
used, the replacing of fuses is prefer-
able to the testing of these fuses in all
cases where the station engineer is
not thoroughly familiar with the
equipment with which he is working.
Testing against ground results in con-
fusion and in the case of the three-
phase circuit, the fuses should be re-
placed in all three phases and the re-
moved cartridges tested later.

Both fuses and magnetic relays are
subject to mechanical or electrical
failure due to imperfect contacts
within the cartridges, or oxidized con-
tacts and sticking mechanisms within
the relays.

The holding coil in any relay pre-
sents a potential source of failure and
must be considered when clearing any
difficulty.

Transmitter power supplies differ
little from those used in receivers and
other electronic devices except in the
matter of size. The tubes used in the
transmitter power supply are usually
of the mercury-vapor type to conserve

A 50-kilowatt transmitter installed at WJSV, CBS outlet in ‘Washington, D. C.
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The main operating room for the 50-kc broadcast transmitter at station KNX located at Torrance, California.

potential and power loss, which fac-
tors become increasingly important -as
the power demand becomes greater.

Three-phase rectifiers are used since,
in addition to requiring only a small
amount of filtering, the steady state
values very nearly approach the peak
value which permits maximum tube
economy.

In general, failures in large power
supplies are fairly obvious through
physical evidence of damage to the
component involved in the failure,
such as a sustained arc, or a smoking
part. Voltage dividers, bleeder re-
sistors and capacitors which have
failed usually may be recognized by
visual inspection because of the phy-
sical damages to the part.

One of the first of suspected causes
of failure in power supplies should be
the rectifier tubes. The amount of
current flowing in the tubes may be
approximated by the amount of glow
in such tubes. While this method
precludes a certain familiarity with
these particular tubes, the amount of
time saved by this visual inspection
will make the time spent in mastering
this technique worthwhile. Where an
extremely large current is seen to flow
through the rectifier, the filament
transformer or the first section of the
filter should be investigated. A lesser
degree of overload might indicate a

ENGINEERING

certain resistance in the circuit and
the load side of the supply is the cause.
The failure of the rectifier tube to
show any ionization will clearly indi-
cate an open circuit. An instantane-
ous ionization flash will indicate a
charging of a capacitance.

Another rapid and effective method
of locating trouble caused by short
circuits in power supplies is to re-
move the fuses from the circuit, re-
placing them with shorting bars or a
limiting resistance. The point of short
is then clearly ascertainable, although
this method should be used only by the
experienced station engineer.

Since rectifier tube failures consti-
tute the major fault in power sup-
plies, under certain conditions it may
be deemed advisable to replace these
tubes upon expiration of their rated
life. If additional service from these

tubes is necessary, they may be used
longer than rated and this saving used
to compensate for time loss while off
of the air. Replacement time, except
in the case of polyphase rectifiers, is a
matter of a few seconds, however in
three-phase rectifiers the circuit is
more complex and it may require some
discrimination to determine which is
the faulty tube and make the neces-
sary replacement.

In the operation of high-powered
circuits, the duration of any short
circuit is extremely slight, as the con-
trol circuits and protective devices will
react almost instantly. Fortunately,
mercury vapor tubes seldom fail in-
stantaneously, since they usually arc-
back several times before failing com-
pletely. Thus by careful and contin-
ued observation, a defective tube may
be observed and replaced in advance

Fig. 2. Basic transmiiter control circuit indicating operating sequence.
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of its actual failure. In some cases,
increasing the ambient temperature
will increase the mercury pressure
sufficiently to allow uninterrupted
service until the end of the broadcast
period.

Where arc-back indicators are used,
the solution presents no particular
problem as these devices are designed
to indicate any momentary flow of
current which passes in the opposite
direction. Where these devices are
not used, the problem of locating a
faulty tube in a three phase rectifier
is one of the more perplexing problems
in station maintenance. The only so-
lution in this matter is experience in
handling such failures.

A knowledge of control circuits may
make an analysis of short-circuits in
the secondary of the 10 to 20 kv.
transformer clear. The control cir-
cuits are commonly confined to two
phases which are designated A and C.
An elimination of one source of the
difficulty may be made by the fact

that a very heavy primary overload in
either of these phases would drop all
of the holding coils, thus cutting of
the entire installation completely.
The same phenomenon in the other
phase would open the primary fuse or
circuit breaker in that phase. Where
the overload has been sufficient to
open the primary protective device,
this will occur in the two phases si-
multaneously thus the phase not in-
volved in the breakdown may be elimi-
nated completely.

In order to provide a rapid method
of determining the circuit in which
the failure occurs, consider all circuits,
which are functioning properly, as
constants in the relationship given be-
low. Then, when one circuit or com-
ponent of the transmitter is not func-
tioning properly, this circuit or com-
ponent becomes the variable in the
relationship and the source of the
trouble may be quickly and accu-
rately traced.

Since the number of equipment fail-

Fig. 3. Full-wave, three-phase rectifier used in modern broadcast transmitters.
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ures which will not affect the d.c.
plate current in a radio frequency am-
plifier are few in number, one relation-
ship may be expressed as:

EvE,
I e
> Rer, (- B
Where:

Ey = d-c plate voltage

E, = effective signal voltage

Ry = load resistance

r, = plate resistance

Pfc = bias voltage

While this relation is accurate only
within certain limits, the following
deductions may be made from the re-
sults obtained. The factors which will
cause the plate current to increase are
the plate potential and the grid-signal
voltage, while an increase in the de-
nominator will effect a decreased plate
current. Any serious deviation from
normal plate current thus indicates a
total of five factors, which may be
eliminated in turn and the cause of
the failure be determined. The d.c.
values are directly interpretive, while
R;, E,, and r, are complex factors
representing specific circuits.

Of still greater value than relation
(1) in aiding the detection of failures
is the value of the circulating current

in the plate load circuit. This rela-
tion becomes:
,— EpEeRL @)

I'p ("' Ec)

While an r-f ammeter is not always
employed in the circuit, it is a valu-
able adjunct to proper circuit opera-
tion. The simultaneous comparison of
the relationships given in formulas
(1) and (2) provides a means of de-
termining the definite circuit in which
the fault lies.

The applications of these propor-
tions to the inoperative radio-fre-
quency amplifier circuits may be il-
lustrated by the following examples.

The amplifier in this case consists
of two 81 kilowatt water-cooled tubes
which operate as a class B linear am-
plifier coupled to a transmission line
and terminated in its characteristic
impedance.

The first indication that the ampli-
fier was inoperative was when the
plate voltage was applied. The plate
current ammeters indicated a flow of
a few milliamperes when the normal
flow should have been several am-
peres.

Applying relation (1), it may be ob-
served that all of the factors upon
which the plate current are dependent
are embodied into this single formula
and further that in the amplifier at
least one of the constants has deviated
from the rated value. The solution of
the equation with a value of zero, re-

(Continued on page 46)
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The marine transmitter-receiver being produced for the U. S, Navy and Coast Guard.

Aireraft Rad

Recently designed multiple-purpeose receiver for

application to eommercial and private aireraft.

to the many aviation needs, pre-

sents a real challenge to the post-
war engineer. Interplane and ground
communications will receive a great
impetus in the coming age of air where
commercial and military aviation will
be increased and private aircraft will
take to the air in larger numbers than
ever before.

For all of these planes, new and im-
proved radio equipment will be neces-
sary. The Harvey-Wells Communica-
tions, Inc., believing that there is a
real and vital need for lightweight and
compact radio equipment, have de-
veloped a new aircraft receiver known
as the AR-10-A.

This development was the result of
direct requests made by one of the
commercial airlines for a multiple pur-
pose receiver that is small, light and
easily accessible for maintenance.

The receiver combines three units in
the space ordinarily required to house
a single unit. Frequency coverage in
the beacon band is 195 to 415 kilocycles
continuously variable tuning, with pro-
vision for quick shift “spot tuning” on
278 and 271 kilocycles or any other
two specific frequencies in the beacon
band. In the communications band,
continuously variable tuning from
2500 to 8000 kilocycles, with provision
for twelve crystal-controlled fre-
quencies anywhere in the 2500 to
15,000 kilocycle band is provided.

THE field of electronics, as applied
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The sensitivity of the AR-10-A is
such that an input of 2 microvolts,
modulated 30% at 400 cycles will pro-
duce an output of 50 milliwatts at a
signal to noise ratio of 6 db.

Three antenna input terminals are
provided, one for the low frequency
beacon antenna, one for the high fre-
quency communication antenna and
one for the loop input on the beacon
band.

The low frequency antenna input
circuit is designed for a low impedance
line (70 ohms). The high frequency
input circuit is matched to a 200 mmf
antenna. The loop circuit includes a
coupling transformer and trimmer, so
designed as to operate on an RCA-
Sperry or other similar loop as speci-
fied by the airline. A tuned loop amp-
lifier is provided between the loop in-
put and the RF amplifier of the re-
ceiver. High impedance loops can be
used with the equipment with a maxi-
mum of 1060 mmf available for tun-
ing the loop when using the proper
type of coupling transformer.

Two stages of intermediate fre-
quency amplification are provided
with six tuned circuits operating at a
frequency of 455 kilocycles. The re-
ceiver also incorporates a beat fre-
quency oscillator, thus making pos-
sible the reception of CW signals. Two
independent audio output channels are
available.

The AR-10-A may be installed any-
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Rear view of the same marine transmitier-receiver.

10 Equipment

where in the aircraft since all elec-
trical circuits and the frequency tun-
ing control can be operated from the
cockpit by means of remote control
units furnished with the receiver.

In order to describe this and other
developments in the clectronic field as
applied to aircraft, the engineers of
Harvey-Wells have coined and regis-
tered a new word. The word ‘“Airi-
onics” is designed to convey to the
reader the whole field of aviation
radio and the new horizons of aircraft
electronics of the future.

Model AR-10-A aircraft receiver chas-
sis, showing component arrangement.
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DIFFERENTIATING and
INTEGRATING NETWORKS

By C. H. FOELL

An analysis of the important part being played by differ-

entiating and integrating networks in modern electronies.

HE usefulness of differentiating

and integrating networks in

many electronic applications, in-
cluding television, has been firmly
established.

The names of these networks are de-
rived from their important properties.
A differentiating network is one in
which the charging and discharging
current flow in a capacitor is utilized.
Since the current is a ditferential
function of a small change in voltage
per unit time and because the network
also has the property of differentiating
between two signals, it is so-named. In
an integrating network, the ultimate
result is the integral of a small change
in charging current during a small pe-
riod of time.

The Differentiator
When a square wave is applied to a

ditfferentiating network, which con-
sists of a series capacitor and shunt
resistance, the resultant output is a
short, sharp pulse or “pip.” The sharp-
ness of this “pip” depends upon the
waveform of the applied signal and
the time constant of the network. For
best results the input signal should be
a true square wave, that is, the lead-
ing edge of the applied signal should
rise from zero instantaneously. Fig.
1-A shows the ideal square waveform
and Fig. 1-B the resulting ideal wave-
form. The usual result produced by
a tapering input signal such as 1-D is
shown in 1-C. However, the true rep-
resentation is indicated by 1-E. Note
that any sloping of the leading edge
of the applied waveform lengthens the
time during which the “pip” is de-
veloped. The usual practice is to
employ some form of clipping circuit

Fig. 1 (left). Difterentiating network, showing ideal output (B) and actual output (C)
resulting from square-wave input (A), while (E} shows output resulting from input (D).
Fig. 2 (right). Condenser discharge {A) and charge (B) with time constant indicated.
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ahead of the differentiator, so that a
true square wave is secured.

As soon as the signal is applied to
the RC combination shown in Fig. 1,
the leading edge of the applied signal
quickly charges the capacitor to a
maximum voltage. This voltage is
determined by the amount of applied
voltage and the time constant of the
network. That is, with a constant ap-
plied potential, a circuit using a small
time constant quickly charges to a
maximum voltage, while the same cir-
cuit using a larger time constant will
charge only up to a small percentage
of this value, during the same interval
of time. In Fig. 1, it may be noted
that the differentiator produces two
“pips” for each imput signal. It is
evident that one “pip” is produced by
the leading edge of the input signal
and another ‘pip,” in the negative
direction, is produced by the trailing
edge of the signal. In between the
leading and trailing edges the “pip”
falls to the zero base line, These
facts lead to another conception
of a differentiator, namely, that
this type of network can be con-
sidered as a high-pass filter. Since
X. varies inversely with frequency,
the high frequency components of
the signal are offered little oppo-
sition and the low frequency comy
ponents are offered a high reactance.
The input signal, if a true square
wave, contains a great number of high
and low frequency components. Calcu-
lation of X. at the lowest and highest
frequencies to be passed, is an easy
method of determining whether a net-
work is a coupling network or a pos-
sible differentiator.

Fig. 2 shows the exponential charge
and discharge curve for any capacitor.
The differentiator shown in Fig. 1
charges and discharges in this fashion.
The “‘pip” previously discussed is pro-
duced by the charging and discharg-
ing current flowing through the resist-
ance. By mathematical analysis, it
can be shown that the current flow
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through the capacitor at any instant
is:

(1)

Fig. 2 shows that as soon as an in-
put signal is applied to the differenti-
ator, the current starts at its full
value E/R and falls to zero at an ex-
ponential rate.
the current will have fallen to 1/e of
its initial value. The quantity RC is
called the time constant of this circuit.
The rate of decrease of the current
at any instant is given by:

di _E -3= 9
a{_ﬁe ---------- ()

by inserting t equal to zero:
[ ]

(g_ti')t=o=R£ZC'---~- N )

as the initial decrease of current. Had
the current continued to decrease at
this rate for a length of time equal to
RC it would have fallen through the
value:

= 2 (1)
Hence, the time constant may be ex-
pressed as the time it would take the
current to fall to zero if it continued
to decrease at its initial rate. Since
the tangent to a curve equals the slope
or rate of increase or decrease at any
instant it can be seen from Fig. 2 that
as the RC product approaches zero the
slope gets steeper, and when RC is
infinitely small, the slope would be
a maximum. Thus a very small time
constant allows the capacitor to
charge and discharge quickly. Note
that if a small resistor is used in the
differentiator only a small voltage will
be developed across it. Thus, in de-
signing a network of this type the
tltimate result is secured by choosing
an optimum value that gives the de-
sired result.

As a typical example of how values
vary in practice several suspected dif-
ferentiators were examined and a
table compiled. By referring to table
1 it will be noted upon examination
that combinations Nos. 2 and 4 are
coupling networks. While the No. 3
combination might be considered as a
differentiator, the time constant is a
bit too large. This network was lo-
cated at the input to the “synch”
separator tube of a television receiver,
shown in Fig. 3. The first combination
is a true differentiator, and the net-
work was located at the input to the
horizontal “synch” oscillator shown
in Fig. 3A.
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Fig. 3 (left). (&) is a typical differentiating network, (B) a typical integrating network.

Fig. 4 (right).

It is recommended that a differenti-
ator used in a television receiver for
horizontal ‘“‘synch” separation should
have a charging time equal to one
half of one per cent of the line scan-
ning interval. The line scanning in-
terval for 441 lines is 75 microseconds
and for 525 lines is 63.5 microseconds.
The recommended value of charging
time would therefore be .375 micro-
seconds and .32 microseconds respec-
tively. By referring to table 1, it be-
comes evident that the first combina-
tion does not meet this requirement.
Column five shows a combination
which does meet this requirement.
Since the horizontal blanking pulse
width is approximately 14 microsec-
onds on a 525-line system, it is evident
that a greater charging voltage can
be developed across the No. 5 combi-
nation.

As a rule, with a time constant of
less than one microsecond, good re-
sults may be obtained. In most in-
stances differentiators used in televi-
sion circuits employ series resistors of
less than 10,000 ohms, while the ca-
pacity varies according to the relative
frequency components to be expected
in the applied signal. Generally speak-
ing, it can be said that where a form
of hi-pass filter is observed using small
R and small C (considering the maxi-
mum frequency component of the
pulse), then in most cases, closer an-
alysis will prove it to be differentiator.
Where absolute accuracy is needed
then the calculation must be made.
Tabulating such calculations, as illus-
trated in table 1, will be helpful.

Comparison between the input and output signals of an integrating network.

The modern television practice is to
employ a differentiator at the input
to the ‘synch” separator tube and
apply the “synch”-separator horizontal
output to another differentiator either
in the plate circuit of the separator
or at the input to the horizontal
“synch” amplifier.

It is important to keep in mind that
where a differentiator is used to se-
cure accurate synchronism, the lead-
ing edge of the “pip” must occur at
the desired time and as quickly as
possible, otherwise synchronism will
be impaired. On the other hand,
where the network is used to fur-
nish a means of time base calibra-
tion, less slope and hence larger RC
combinations can be tolerated. In
the latter case, for industrial applica-
tions where trigger pulses need occur
only at the line frequency, satisfac-
tory results have been secured by us-
ing saturable reactors or transformers.
The same resulfs may be secured by
substituting an inductance for the se-
ries resistor in a differentiator. How-
ever, this complicates the calculation
of values, is usually more costly, and °
not as convenient. Discussion has,
therefore, been limited to the capaci-
tor-resistor type.

Integrating Networks

The integrating circuit operates in
an inverse manner to the differenti-
ator. A typical integrator is shown in
Fig. 3B. ' Fig. 4 shows a comparison
of the input and output signals. A
study of this figure shows that when
the leading edge of the applied input

TABLE I
1 2 3 4 5
RC .. ... | 2x100 | 01 8X105 | 53 10 | 1.7 X 107
999, charge... .. .. 60 us .05 sec. .0035 sec. .03 sec. .8 us
) et e ok e L 2. us .01 sec. 80 us .005 sec A7 us
Xc at 60 ~(ohms.); .5 X 106 23,000 3.4 X 106 23,000 105 X 108
Xcat 1 Mc (ohms). 26 1.6 200 | 1.6 6500
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FieLo B.

Fig. 5. Illustrating the integrating action for two fields spaced half a line apart.

signal reaches C, very little opposi-
tion is offered and the high frequency
components of the signal are shunted
to ground. Since the input is a square
wave containing a number of fre-
quency components, each component
will meet a different impedance, de-
pendent upon the reactance of C at
that frequency. The net result will
be that a small charge is developed
in C, and will appear in the output of
the circuit. On the other hand, the
low frequency (flat top) component of
the input signal will meet with a
higher reactance and consequently a
higher voltage will be developed across
C and appear in the output.

It is apparent that an integrating
network can be considered as a low-
pass filter.

The ratio between the horijzontal
scanning and vertical scanning fre-
quencies of a television system de-
termines the frequency difference over
which the “synch” separator circuits
must work, for example about 220 to 1
in a 441-line system. While for pur-
poses of explanation the above suffices,
on closer examination, it is found that
an integrating network does not re-
spond to the frequency difference to
the same extent that it does to the
width of the applied pulse. Since the
voltage developed across a network
of this type is equal to:

1<:=A[i(§‘lt B B

it is apparent that the result of an
integrating network is really the sum-
ming up of a series of small charges
from time t=0 to t’. The charge at
any instant is:
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q=f0‘idt =f' x (TRC =
1}
EC(1—c %) —Q(1 — ¢ 7c) 6

This is true for the first instant where
the condenser has no charge. How-
ever, any time after the initial charge,
a voltage exists between the plates of
the condenser. In the time between
“synch” pulses, the voltage dies down
exponentially to a lower value and
when the next pulse arrives, the
charge placed on the capacitor de-
pends upon the current flow and this
in turn depends upon the difference
between the applied voltage and the
voltage present, that is:

where 1, equals the initial current flow
and Q, equals the initial charge on the

capacitor. The charge at any instant
equals:
N EC_—Qf ¢~ gredt
q= QO + RC . €
t
= EC + (Qo — EC) ¢ RC .. (8)

which may be written as:

4 =Qn+(Qo— Q) e RC.........(9)

where Q. is the total final charge
and Q. is the initial charge at t = O.
This proves mathematically what is
shown in Fig. 4 and leads to the
result shown by Fig. 5, that is, the
final output waveform of an integrat-

ing network is a sawtooth wave-shape.
The general shape of the sawtooth de-
pends on the RC value and the width
of the input pulses, and distance be-
tween them. It is the usual practice
to use a number of integrating net-
works in cascade. As a matter of
practical interest, it might be noted
that the above action can be observed
on an oscilloscope applied to the out-
put of the vertical ‘“synch” separator
of a television receiver. Since the in-
tegrating network is slightly respon-
sive to the horizontal “synch” pulse
present in the television “synch” sepa-
rator, the vertical synchronizing am-
plifier is usually biased so that only
signals above a certain amplitude will
act on the amplifier. Thus only that
portion of the vertical ‘‘synch” (in-
tegrated) pulsg, shown above the
dotted lines in Figs. 4 and 5, is utilized.
In order to synchronize the horizontal
circuit properly, it is necessary to con-
tinue the horizontal “synch” pulses
during the period of the vertical
“synch” and blanking. This is done by
means of the equalizing pulses and by
breaking the vertical “synch” pulse up
into a series of pulses whose leading
edges correspond with those of the
horizontal “synch” pulse. Fig.5 shows
an exaggerated picture of the integrat-
ing action for two fields, one of which
is spaced a half line apart from the
other. It may be seen that the equal-
izing and horizontal ‘synch” pulse
have little effect on the action of the
vertical synchronization, thus the ver-
tical pulse always occurs at the
proper time. Fig. 6 shows how the
leading edge of the vertical pulse ap-
pears in the horizontal differentiator
circuit, in order to maintain the hori-
zontal synchronization.

It is also possible to use a series in-
ductance in place of the series resistor
of the integrating network. However,
this method is not used because the
same results can be secured more
easily and at less expense by means of
a resistor. For circuit applications
where an integrator is needed gand
where frequency discrimination is im-
portant, a tuned filter with the proper
time constant may be used. The latter
method is not employed in television
and seldom' in other electronic appli-
cations. One important point that
should be remembered when using in-
ductance for either ‘pip” produc-
tion or sawtooth waveshapes is that
while in a capacitive circuit the
charge may not change instantly from
one value to another, the current may
and does, whereas, in the inductive
circuit the current before a signal is
applied is the same as the current the
instant after the signal is applied.
That is why the inductance type cir-

(Continued on page 36)
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GE FLUXMETER

A light-beam instrument for meas-
uring either flux density or the total
magnetic flux in magnetic circuits has
been announced by General Electric’s
Meter Division.

The fluxmeter, applicable wherever
permanent magnets or d-c electro-
magnets are used, is similar to a light-
beam galvanometer and has a suspen-
sion-type element. A wide variety of
magnetic measurements may be han-
dled by this instrument by means of
search coils, which may be constructed
by the user. Different sensitivities
may be obtained by using galvanom-

eters of various characteristics. These
galvanometers are interchangeable,
and the instrument has a scale of 50-0-
250 millimeters.

The control box, which contains a
dry cell, resistors, rheostat, push but-
ton and a switch provides a means of
introducing a voltage into the eléctric
circuit to compensate for small but un-
desirable spurious voltages that may
otherwise cause errors in high-sensi-
tivity instruments of this type.

Bulletin GEA-4157 describing the
fluxmeter may be cbtained from Dept.
RE-5, General Electric Company,
Schenectady, New York.

MASS SPECTROMETER

In order to furnish accurate control
over various materials and processes,
Westinghouse has provided a new in-
dustrial tool, known as the mass spec-
trometer.

While not of recent design, this in-
strument has just made its first ap-
pearance outside of the laboratory
where it has been used in exploring
the field of nuclear physics. The spec-
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trometer determines both qualitatively
and quantitatively the constituents of
a gas. With substances that are alike
chemically and differ only slightly in
weight, chemical analysis is extremely
difficult. The mass spectrometer jon-
izes a small quantity of gas, by means
of the impact of electrons from a hot
filament in an evacuated tube, draws
the stream of charged molecules into
a magnetic field, where it is bent into
an arc-shaped path. The heavier the
ion, the larger the radius of curvature
of its path. As a result, different mole-
cules emerge from the field at vari-
ous locations, but all ions of the same
kind leave at one particular spot. Dif-
ferent charged molecules are collected
successively at an exit slit into a cur-
rent that can be amplified and meas-
ured. In this way, constituents of any
gas can be determined as to kind and
proportion.

The mass spectrometer is designed
for use in refineries, chemical plants
and similar industrial applications.
The instrument is self-contained and
requires 110 volt, 60 cycle power sup-
ply. Measurements as small as one-
billionth of one microampere may be
measured.

Other industrial uses include check-
ing of gases in protective-atmosphere
furnaces, completeness of evacuation
processes, or detection of some unde-
sirable constituent in process gas.

Further data on the spectrometer
and its applications will be furnished
by Westinghouse Electric and Manu-
facturing Company, Dept. RE-5, East
Pittsburgh, Pennsylvania.

TORSIOMETER

An interesting example of industrial
co-operation is found in the develop-
ment of the torsiometer, which is now
being produced by the Sheffield Cor-
poration of Dayton, Ohio, as a result
of collaboration with the Gruen Watch
Company and the Manross Division of
the Associated Spring Corporation.

This instrument is a comparator
which provides a means of precision
measuring the torsion of small spiral
springs. A direct reading of the tor-
sion measurement of the spring being
checked can be made in millimeter
grams on a graduated Manross scale.
This permits the indentifying and clas-
sifying of springs as to torsion before
assembling in instruments.

The torsiometer will accommodate
springs up to 2% inches in diameter
with a maximum torsion measure-

ment of 49.5 millimeter grams. This
is sufficient capacity to cover the com-
plete range of springs used in most
instruments,

In addition to the savings effected in
instrument assembly costs, the torsi-
ometer can be used by the manufac-
turer to supply springs of a known
uniform quality to a definite classifica-
tion specified by his customer.

Additional information on the torsi-
ometer is available to interested per-
sons, by writing Dept. RE-5, The Shef-
field Corporation, Dayton, 1, Ohio.

250 DEGREE INSTRUMENTS

New long-scale instruments re-
quired by the Navy have been designed
and manufactured by Westinghouse to
meet this need.

In engineering this job, it was neces-
sary to redesign all instruments, a-c
and d-c ammeters, volt meters, a-c
watt meters, power-factor meters, fre-
quency meters and synchroscopes. As
a byproduct of this redesigning pro-
gram, these instruments have now
been standardized and unified, which
.allows for uniform sizes in frames and
other components.

Although inherently more complex

than the 100-degree type, the new
long-scale instruments are outstand-
ing because they can be disassembled
and, repaired easily. Regular repair-
(Continued on page 36)
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PERMANENT MAGNETS MAY DO [T BETTER
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Engineered Savings!

Shortly after Pearl Harbor, our engineers rec-
ommended changes in the permanent magnets
used in the GN-38 generator of the Signal
Corps’ field telephone, because the material
then employed contained a high percentage of
cobalt, the supply of which was limited.

Our engineers designed a new permanent
magnet which exceeded specifications, yet has
resulted in savings of more than:

® 150,000 pounds of cobalt

® 140,000 pounds of other
critical materials

® Y2-pound in weight per
generator

® 25,000 man-hours

e $1,000,000 in cost

Photo Courtesy Kellogg Switchboard & Supply Co.

These savings are typical of the many benefits
which have been realized through modern per-
manent magnet engineering. Because of our 34
years of specialized experience in this one par-
ticular field, our organization has played a lead-
ing role in designing and manufacturing perma-
nent magnets for ever-increasing numbers of
electrical and electronic devices for land, sea
and air warfare.

This unusual experience should
prove valuable to you in solving your
engineering problems . ..and our
engineers will be pleased to consult
with you. Write us, on your letter-
head, for the address of our office
nearest you and a copy of our “‘Per-
manent Magnet Manual’’.

Help Win the War in 44 —Buy War Bonds!

See

RS

Copyright 1944—The Indiana Steel Products Co,

INDIANA STEEL PRODUCTS
Conepasy

 SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 %
6 NORTH MICHIGAN AVENUE ¢ CHICAGO 2, IlLINOIS
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K. L. ANDERSON has been appointed to the post of
chief engineer at the Franklin Transformer Company
of Minneapolis. His present position is that of engineer-
in-charge of the new developments on Army and Navy
equipment. Mr. Anderson came to the Franklin Com-
pany in 1942 from the Rockefeller Foundation at the
University of Minnesota where he was working in the
field of visual education and photographic studies.

LUDWIG ARNSON, one of radio's pioneer engineers
has received the Marconi Memorial Medal of Achiev-
ment. This award comes as a recognition of more than
forty years of contribution to radio engineering. Mr.
Arnson has pioneered in the field of aircraft radio and
his work along this line has added to the safety of air-
plane travel for many years. He is a development en-
gineer for Radio Receptor Company of New York.

BR. W. L. BARROW of Sperry Gyroscope Company
is the recipient of this year’s Morris L. Liebmann Memo-
rial Prize awarded at a banquet of the IRE held in New'
York. His work in the field of theoretical and experi-
mental investigation of ultra-high-frequency propaga-
tion of wave guides and radiations from horns is well
known in the engineering field. Dr. Barrow joined the
Sperry Engineering staff in 1943.

HENRY C. BONFIG has resigned his position as vice-
president of RCA to join the executive staff of Zenith
Radio Corporation of Chicago. He will be in charge of
the company’'s greatly expanded household radio sales
division which is just one phase of Zenith’s post-war
expansion in the field of radionics. Mr. Bonfig has had
wide experience in the radio distribution field, as well
as an impressive record in radio design and sales.

EDMOND M. DELORAINE, director in charge of the
Laboratories Division of Federal Telephone and Radio
Corporation of New York, has been elected to the posi-
tion of Director of the corporation. Mr. Deloraine's con-
tributions to the radio field are well-known not only
in his native France, but also in England and on the con-
tinent as well as in the United States. His best known
work is in the field of ultra-high frequency.

JOHN H. SENNOTT, formerly a supervising account-
ant for Ernst and Ernst in Chicago, has been appointed
controller of Detrola Radio Division in Detroit. Mr.
Sennott has recently returned from active duty as a
lieutenant (senior grade) in the Navy where he served
from March, 1941 until June of 1943. This appointment
is in line with Detrola’s program of expansion for the
new post-war program being developed.

Graphies
(Continued from page 9)

definite voltage will exist between
these points and negative feedback
will occur to neutralize the positive
feedback. The circuit therefore oscil-
lates at the frequency of greatest posi-
tive feedback at which the network
analyzed transmits no negative feed-
back voltage.

A convenient arrangement of the
“twin T” network for variable fre-
quencies uses three ganged matched
rheostats for the resistors. Such an
arrangement requires the value of K
to be V2, then R" =R”=R", X" =
X'= V2R”, and X” =R"/2V2.” The
corresponding diagrams are shown in
Fig. 5b, ¢, d and e which are lettered
to correspond with similar diagrams
of Fig. 4.

The impedance diagram for the up-
per branch, Fig. 5b has been drawn
to a scale twice as great as the other
impedance figures for greater accu-
racy. This diagram is also used as
the voltage diagram for this branch
and its impedance vector 0Z, has been
taken as the voltage vector of the to-
tal voltage from o to g. In the dia-
gram for the lower branch, Fig. 5c,
oF, has been taken equal to the volt-
age vector oZ, and ¢’E, has been
drawn parallel to ¢Z, to find the volt-
ages oc’ and c'E, across X' and the
impedance cZ, respectively. The two
voltage diagrams odZ, and oc’E, have
been combined in Fig. 5d to find the
voltage vector E_E; for the path chgd
and this vector is used in Fig. 5e to
form the voltage diagram cf’ B, for the
path cfed. It is again seen that the
diagram cf’E; will coincide with the
vector triangle E E,E,; resulting in
zero voltage between f” and E, at the
balance frequency.

The analysis of regenerative feed-
back in RC oscillator circuits pre-
sented in this article aids in visualizing
the phase relationships of the various
voltages. Such a visualization is some-
what more difficult when the ?nalysis
is purely analytical and therelore the
advantages of graphical constructions
are again exemplified. The procedure
outlined above is not only applicable
to oscillator circuits but also to ampli-
fier circuits with or without inverse
feedback networks. The generality of
the method is as important as the spe-
cific application presented here.

Procedures, as outlined in this
article, should be filed for future
reference on the graphic method.
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Radio Receptor Equipment — the HEART of
Ac the vord gt and ot moden civien sinors —— (he AJRPRT

—RADIO RECEPTOR airport traffic control radio equipment
aids daily in controlling the arrival and departure of countless
great airliners on their scheduled trips.

Along the far-flung skyways of the Army Air Forces—110,000
miles in length — RADIO RECEPTOR equipment serves the
needs of our armed forces in moving men and materiel to all
parts of the globe.

,,‘----

. . . though still in the project stage can also procure RADIO
RECEPTOR’S reliable airport radio of the same superior type
as supplied to the major civil airports and to the military,
adapted to your special requirements. But, you must plan now—
manufacturing facilities may be overtaxed when Victory comes.

Send for your Airport Radio Questionnaire—answer ten simple questions
—and we will be in a position to advise you—no obligation. If you are
interested in any way in a community airport, we shall be glad to aid
you. Address, Desk. RN-3.

-
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251 WEST 19th STREET NEW YORK 11, N. Y. ' - Mffi:o:‘-‘,,{‘:' Toz):r som’:ﬁire along

L . . y I nriLe Service on
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REF Coupling Devices
INDUSTRIAL heat-processing, which

is receiving wide application, is be-
ing facilitated by means of special har-
nesses that couple electronic power
to unusual work loads.

The design and application of such
coupling devices are receiving consid-
erable attention in the laboratories of
Radio Corporation of America.

By utilizing the characteristic of
high-frequency currents for travelling
along the surface of the metal under
processing and the characteristic of
concentrated heating, new applications
have been adopted using certain types
of specially designed transformers and
coils as coupling devices.

Specific application, of course, de-
pends on the type of work being done
and the material under processing.
Problems in induction heating may be
referred to Radio Corporation of
America, Camden, New Jersey for
definite suggestions as to their solu-
tion.

HF Heat for Plastics
MANY new uses for high-frequency

dielectric and induction heating
for plastics and plywoods are being
developed by Westinghouse Electric
and Manufacturing Company.

Already, the process has received
wide application in the fabrication of
war-necessary equipment, but the
post-war period should produce even
greater advancement, according to
the company.

The dwindling supply of timber in
the United States, will give new im-

petus to the use of plywoods. This
material, now being used in the con-
struction of PT boats, is both strong
and adaptable. By means of induction
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heating, glue lines may be set in ply-
woods, rapidly and safely.

Two types of high-frequency heat-
ing are used in the curing of plastics
and the ease with which this material
may be processed makes this an active
contender for post-war material pres-
tige.

Engineering problems in which di-
electric or induction heating may be
applied should be submitted to West-
tnghouse Electric and Manufacturing
Company, East Pittsburgh, Pa., for
suggested solutions.

* * *®

Black Light

A NEW application of invisible

ultra-violet rays has been made
by the Lion Manufacturing Corpora-
tion. This phenomenon is being uti-
lized in their new line of plastic filters
which may be adapted to control
knobs, switches and door handles as
well as dashboard panels for automo-
biles.

The plastic filter can be used with
any size fluorescent tubular or circular
lamp as well as with the special air-
plane lamps of the two and four watt
sizes. The filter and the lamp combi-
nation produce the required black
light effect. The elimination of glare
and an increased ease with which im-
portant controls may be located are
but two of the advantages of this type
of illumination.

According to the manufacturer, the
introduction of many color combina-
tions for both decorative and utility
purposes is possible. Radio dials, so
treated may be changed readily and
accurately by means of this adapter.

Varied suggestions as to the possible
uses of this plastic filter will be fur-
nished to interested readers by ad-
dressing inquiries to Dept. RE-5, Lion
Manufacturing Corporation, 135 South
LaSalle Street, Chicago, 3, Illinois.

* * *
Automatic Recording

N INSTRUMENT which records

data and results of tests auto-
matically and permanently, has been
announced by General Electric Com-
pany.

Of particular interest, at the pres-
ent time, in the recording of the per-
formance of test models of military
aircraft in wind tunnels, this instru-

ment has many applications in indus-
try where accuracy and constant read-
ing of meters and indicators is neces-
sary.

The mechanism of this instrument
may be adjusted to give precision
readings equivalent to readings that
might be obtained on a scale more
than eight feet long. The indications
picked up by electron tubes, cause the
rotation of a tiny thyratron-controlled
motor, which in turn drives wheels
carrying type for numbers. When the
operator wants to take a reading, he
presses a button and the type wheels
print their setting at the moment.

The General Engineering Labora-
tory of General Electric Company,
Schenectady, New York, is responsible
for this development.

* * *
Acetate Grommets

NEW light-weight spun acetate

grommets are rapidly replacing
those made of scarce and critical ma-
terials. These grommets are made of
acetate film, spirally wound and lami-
nated for greater strength. Their in-
sulating properties combined with

the non-shatterable quality of the ma-
terial, makes these grommets partic-
ularly adaptable to aircraft and hy-
draulic applications.

[The grommets are supplied with
one end spun, inserted in place and
subsequently spun over on standard
drill press equipment with special
tools supplied by the manufacturer.

The heat of the spinning operation
shrinks the thermo-plastic material,
so that a tight fitting insulgtion re-
sults. Special spinning tools are avail-
able for inaccessible places.

Details and samples of these grom-
mets are available from the manufac-
turer, the Precision Paper Tube Com-
pany, 2035 W. Charleston Street, Chi-
cago, 47, Illinois.

& * L4

Recording Devices

HE resumption of production on
sound recording devices has been
announced by the Fairchild Camera
and Instrument Corporation. Manu-
facture of sound equipment was halted
when this company went into exclu-
sive production of Army and Navy
(Continued on page 44)
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oredictable

Constant, stable voltage comes first
in design consideration if the elec-
tronic miracles promised for the
post-war world are to be realized.

Perfect performance cannot be
guaranteed if delicate electronic de-
vices, too sensitive to tolerate ordi-
nary voltage fluctuations, are left
vulnerable to the sags and surges of
commercial power lines.

FM and television transmitters
and receivers, food sorting and test-
ing devices, scientific instruments,
X-ray, sound and projection equip-
ment, precision machinery—these
are but a few of the products, once
requiring frequent adjustments and
constant attention by watchful oper-

-

with built-in

ators, whose performance is now
automatic and exactly predictable
with built-in Constant Voltage.

Many new products that have not
yet progressed beyond the labora-
tory stage because of critical voltage
problems will be available to the
post-war world, with built-in Sola
Constant Voltage Transformers re-
ducing their operation to a simple
“just plug in” basis.

Engineers and sales executives
who are responsible for product de-
sign should bear this fact in mind—
that the precisely controlled volt-
ages of the research laboratory are
not the voltages that will be encoun-
tered once the product reaches the

Constant Voltage Transformers

.

user. An otherwise perfect piece of
engineering may be headed for
trouble at the hands of less expe-
rienced operators.

Dependably close voltage control
to within *1% can be made avail-
able to all electronic devices, or elec-
trically operated equipment, with
built-in automatic Sola Constant
Voltage Transformers.

Without manual adjustments or
supervision, they instantly reduce
voltage fluctuation as great as 30%
to the rated voltage required for suc-
cessful operation. They protect
themselves against short circuit dam-
age. Capacities and sizes are available
to meet any design requirements.

To Manufacturers:
Built-in voltage control guaran-
tees the voltage called for on your
label. Consult our engineers on
details of design specifications.

Ask for Bulletin 2CV-74

Transformers for: Constant Voltage » Cold Cathode Lighting « Mercury Lamps « Series Lighting « Fluorescent Lighting « X-Ray Equipment « Luminous Tube Signs
Oil Burner Ignition » Radio « Power « Controls * Signal Systems « Door Bells and Chimes « etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, lil.
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Heat Dissipation
(Continued from page 12)

interlocks have been largely overcome
by porcelain reels, reliable flow-inter-
locks and completely non-ferrous cir-
culating systems (all copper tank and
pipes); the familiar problems of scale
formation, gradual water evaporation
and relatively large time consumption
in changing tubes have remained.

In recent years, the elimination of
the water cooling system has been
accomplished for transmitters up to
and including 50 kw rating, by the
development of forced-air cooling sys-
tems.

Air-cooled tubes may be used to
advantage where ambient tempera-
tures may drop below the freezing
point, also in conditions where it is
desirable to eliminate the water pip-
ing and water coils.

The conventional air-cooler consists
of a core and a set of fins set radially
and soldered to the outer surfaces of
the core.

Fig. 1illustrates a tube of the forced
air type, which shows the large num-
ber of copper fins which are silver-
soldered directly to the anode of the
tube. The method of mounting and
cooling is considerably simplified. The
water jacket has been replaced by a
hollow porcelain mounting into which
the tube with its attached fins is

Fig. 6. X-Ray view of the water-cooled tube.
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placed. No clamping device is neces-
sary, and the anode connection is on
the chrome plated rim at top of porce-
lain mounting which forms the seat for
the anode. Since only the electrical
connections to grid and filament are
used, this results in less time expended
for replacing a defective tube. Just
below the mounting is the air blower
and canvas ducts which forces the air
through the large surface exposed
by means of the copper fins, and out
through the top of the transmitter.

Blowers are equipped with dust filters

to prevent the deposit of dust particles

on tube and transmitter components.

Air-cooled tubes offer a number of
advantages over the water cooling
systems, namely:

1. No accumulation of scale on the
anode,

2. Complete elimination of all in-
herent troubles of water cooling
systems.

3. Glass seal and press more evenly
cooled.

4. Heat dissipation surface is larger,
which helps to prevent formation
of hot spots.

5. Much less space required in initial
installation of entire transmitter.
However, there are certain inherent

disadvantages in using the air-cooled
rather than the water-cooled type of
transmitting tubes. Water jackets are
more compact than the air coolers and
replacements may be made in the
jackets thus permitting the water-
cooling jackets to be built into the
transmitters. Air-cooled tubes cannot
be insected in this manner. They must
be carefully soldered into the cooler
core to form contact between the
anode and the cooler. Generally, the
actual replacement of the burned out
tube is not considered to be within the
province of the broadcast station per-
sonnel, hence the air-cooled tubes usu-
ally must be handled and transported
with the cooler as a unit.

Various attempts have been made
to separate the cooling unit from the
tube to facilitate easy handling, but
the reassembly of this unit involves
careful and painstaking work done
with intricate tools, used in a skill-
ful manner. The stationary cooler
must be cleaned mechanically each
time a tube is replaced.

Control circuits for this type of cool-
ing system are simplified, consisting
as they do of an air interlock damper
on top of blower motor, which pre-
vents application of filament and plate
voltages until normal air-flow pres-
sure is present, and a blower motor
“keep-alive” relay which is a time-
delay relay keeping blower motors
functioning for 4 to 7 minutes after
filament voltage is removed.

METAL PIPE

AashanuLaR

PORCELAIN PIPE
ORREEL

Fig. 7. Position of electrolysis
target for water-cooled tubes.

The comparative design of an 891
(water-cooled) tube, and an 891-R
(modified for air-cooled use) is ex-
emplified by charts, together with the
comparative temperature distribution
for maximum dissipation operation of
the tube. As may be observed from
these charts, the anode of the tube in
both cases runs considerably hotter
than the boiling point of water at the
maximum dissipation point of opera-
tion. This characteristic underlines
the relative importance of velocity of
water-flow which establishes a tur-
bulency of flow through the water
jacket. The water in a water cooling
system is kept from boiling by the
velocity of water flow, and by the
characteristic rise of the boiling point
of water under pressure. Usually at
least 30 pounds of pressure exists in
the water jacket, at which value the
boiling point of water rises above
135° C.

In observing the comparative anode
temperatures of the two methods of
cooling, the conclusion might be made
that this comparison proves a greater
efficiency for water cooling systems,
since T, for air-cooled operation is
230° C. at maximum dissipation. Para-
doxically, however, the “higher effi-
ciency” of the water cooled method is
not a contributing factor to the design
of cooling systems. The anode of a
water cooled tube runs cooler than
the adjacent glass bulb, whigh, under
certain conditions results in condensa-
tion of residual gases. When this oc-
curs, the gases are apt to be released
under tube operation and cause local
instantaneous increases in pressure
which results in the formation of an
arc back in the tube. This trouble is
almost non-existent in the operation
of forced-air cooled tubes since the
anode is hotter than the adjacent glass
wall, which results in a more even
temperature distribution of absorbed
gases within the tube.

Fig. 2 is a graph showing maximum
T. and power dissipation limit plotted
against air velocity for the 891-R tube.
Since the physical constants of water
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Fig. 8.

Air ducts used in air-cooling system.

(viscosity and heat conductivity) vary
with a change of water temperature,
the dissipation limit for a water-cooled
system varies somewhere between the
0.4th and 0.8th power of water veloci-
ty. When Prestone or alcohol is used
in the water to prevent freezing at
the blower radiator, the turbulency of
the water flow is lowered. The rate of
flow must be increased 2 or 3 times
to maintain a given turbulence when
anti-freeze is used.

While the discussion of heat dissipa-
tion given in this article does not cover
all of the problems involved in the in-
stallation and maintenance of broad-
cast transmitting tubes, certain of the
fundamental problems have been sug-
gested for the guidance of station engi-
neers and technicians. From the sug-
gestions given, it will be possible to
combat many of the more troublesome
elements encountered in the field: of
broadcast tube maintenance.

With the many factors involved in
the selection and operation of trans-
mitting tubes, it becomes the duty of
every broadcast engineer to be thor-
oughly familiar with the operating
characteristics of both water-cooled
and air-cooled transmitting tubes. It
is in the interest of stimulating a
healthy 'curiosity regarding this im-
portant broadcast element that this
article is addressed to the -broadcast
engineer.
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R-F Heating of
Plasties
(Continued from page 6)

tential. The two heater electrodes,
HE1 and HE2 are separated by my-
calex sheets from the material to be
heated, as is the top grounded elec-
trode. This arrangement provides
sufficient electrical flexibility for the
various sizes of preforms, the thick-
ness of which may be varied within
the mechanical limits of the available
space.

By referring to the close-up photo-
graph shown in Fig. 1, the preforms
can be seen on the mycalex holding
plate above the two heater electrodes.
The top electrode, separated by a
mycalex sheet, can be lifted by means
of the lever shown on the right hand
side. The top arrangement is so de-
signed that within certain limits the
top electrode will always press against
the preforms to be heated. A slight
pressure is provided by the weight of
the top electrode. A heat insulating
guard, which may be seen in Fig. 1,
surrounds the electrode and it is pro-
vided with sufficient openings to allow
for the escape of fumes and gases dur-
ing the heat-treating process. The
lifting lever operates a micro-switch,
which in turn closes or opens the coil
of the high voltage relay switch. Thus,
when the cover electrode is lifted, the
high voltage is removed automatically
from the circuit. This arrangement
simplifies the operation of the unit

Fig. 5. Resistance and capacity of load.

because the filament voltage is main-
tained while loading the heater so
that it is necessary to just close the
top electrode and then open it after
a predetermined time. The length of
time for this operation is established
by the automatic timer on the left
hand side of the instrument panel.
This timer is in series with the micro-
switch which is connected with the
lever arrangement and acts immedi-
ately on the high voltage switch.

A switch, the first dial on the front
of the panel to the left, insures the
proper sequence when the power to
the filaments of the oscillators and
the rectifler is applied, and to the high
voltage circuit. A time delay switch
is inserted between the filament and
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Fig. 6. Load and tank circuit resistance.

high-voltage positions of the switch
to insure a sufficiently long warming
up period for all of the filaments. A
center dial operates the initial setting
of the coupling condensers. The last
dial on the right operates the power
output control rheostat. The output
is controlled by varying the grid bias
and by changing the value of the
cathode resistance of the oscillator
tube. A smooth and continuous con-
trol of the power output may be ob-
tained in this manner from an almost
zero level up to the full rating of the
unit, 2.5 kw. high-frequency output.

The wattmeter used to measure the
power output, with its associated cali-
brated potentiometer, is shown in the
photograph on page 3, between the
grid and plate current measuring
instruments.

All circuits are protected by auto-
matic overload switches, and the pri-
mary of the three-phase high-voltage
transformer is controlled by a d-c
overload switch operated by the plate
current of the oscillator tubes.

To insure maximum safety for the
equipment, the center tap of the tank
circuit and the positive pole of the
3000 volt d-c supply, is kept at ground
potential.

A well-shaped opening is provided,
adjacent to the heater platform, to
accommodate the loading tray used in
the transfer of the preforms from the
high-frequency heating unit to the
presses. An opening in the front of
the cabinet provides storage space for
materials and tools.

On page 3 is shown a photograph of
the unit with the back removed. As
can be seen, it is constructed in two
main sections, one section containing
the high frequency oscillator and the
other the three-phase, full-wave rec-
tifier circuit. Both the oscillator sec-
tion and the rectifier section are built
in standard subassembly units. This
allows great flexibility if changes in
operating characteristics of the unit
are required.

The unit illustrated handles about
one pound of preform material a
minute.

While the discussion in this article
is concerned primarily with the high-
frequency heating of plastics, the
equipment and methods described are
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applicable to many other materials in
which dielectric heating may be the
solution to the problem of producing
a higher quality product at a lowered
labor and material cost.
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Integrating Networks
(Continued from page 26)

cuit does not lend itself readily to
popular applications.

In applications of the integrating
network, it is important to remember
that synchronization by means of the
accumulating of charge depends upon
the assumption that all charging
pulses have the proper width and sepa-
ration between them so that the ac-
cumulated charge will be the same at
the time of synchronization. This as-

HORIZONTAL EQUALIZING

- r N f nY
HORIZONTAL SYNCH. T:ME

~ n

VERTICAL

INPUT TO
DIFFERENTIATOR

THESE EQUALIZING PULSES 00 NOT AFFECT HORIZ. OSC.

VA

OUTPUT FROM
FFERENTIATOR

Fig. 6. Showing the effect of equalizing
pulses on output of the differentiator.

sumption does not necessarily occur,
therefore, a more accurate means of
attaining this synchronization is by
means of the proper selection of am-
plitude for operation.

In summarizing the above discus-
sion, differentiators are trigger pulse
generators of simple RC form, whose
time constant and band-pass deter-
mine the waveformof the output pulse,
while integrating networks are simple
RC networks that function to build up
a sawtooth output signai by charging
a capacitor whose time constant is
large compared to the spaces between
the input pulses, and short compared
to the width of the input pulses.

~~ @
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New Producets
(Continued from page 28)

men can handle this job without re-
training or further instruction.

These instruments must pass a
2,000-foot-pound shock test, while the
steel test panel, on which the instru-
ments are mounted, must withstand a
blow from a 500-pound weight dropped
from a height of four feet. This test
momentarily increases the weight of
part by 3,000 times, which is equiva-
lent to supporting the weight of two
light automobiles. Following this test
the instruments must continue to
operate with acceptable accuracy.

The entire output of these instru-
ments will be required by the Navy
for some time. However, it is ex-
pected that the new design will have
considerable application on land, when
the instruments become available.

Further information regarding these
instruments may be obtained by writ-
ing to Westinghouse Electric and
Manufacturing Company, Dept. RE-5,
East Pittsburgh, Pennsylvania.

ELECTRIC FURNACE

Electric furnaces for sintering pow-
dered metal, are now being produced
by Harper Electric Furnace Corpora-
tion, for general distribution. Capable
of producing temperatures between
1800° and 2750° F, these furnaces put
the manufacture of powdered metal
products on a mass production basis.
They are equipped with a pre-heat
tunnel and the exit on the cooling
tunnel is equipped with automatic
flame curtains.

The gas-tight construction of this
furnace permits the use of protective
atmospheres, such as hydrogen, dis-
sociated ammonia and mixtures of car-
bon monoxide, hydrogen and nitrogen,

Applications include high tempera-
ture cementing of tungsten carbide
dies and sintering of powdered ferrous
and non-ferrous metal parts, heating
of electronic tube parts and for other
uses where powder metallurgy is ap-

plicable. In addition, these furnaces
provide correct temperature and at-

mosphere conditions for high tempera-
ture hydrogen brazing.

Sizes are available ranging from
laboratory equipment size {o furnaces
used in volume production require-
ments. Complete data may be ob-
tained from the Harper Electric Fur-
nace Corporation, Niagara Falls, New
York.
RETRACTILE CORDS

A new company devoted exclusively
to the manufacture of rubber-jacketed
and retractile electric cords, has been
formed as a subsidiary of Kellogg
Switchboard and Supply Company,
and will be known as Cordage, Incor-
porated.

This process,

which involves the

spiral molding of the rubber jacket
assures retention of the cord’s normal
position. As a consequence maximum
retractability is acquired without the

use of wire springs or similar separate
mechanical devices. Recently, both
Neoprene and Buna-S have been used
in place of rubber for the outside
covering of Kellogg Koiled Kords with
satisfactory results.

All orders for the new company will
be handled through the Kellogg Com-
pany. While the largest percentage
of this output is being absorbed by the
armed services, a small number of
these cords is available for applica-
tions by manufacturers of electrical
equipment and appliances.

Further information is available
from the Kellogg Switchboard and
Supply Company, Dept. RE-5, 6650
South Cicero Avenue, Chicagoy Illinois.
SEALED TRANSFORMER

A new hermetically sealed trans-
former, designated “Type S,” has been
developed by engineers of the Peerless
Electrical Products Co., Los Angeles,
manufacturers of transformers for
aircraft, marine and ordnance instal-
lation.

Designed for use in all theatres of
war operation and on all types of
equipment, the new transformer re-
cently approved by the United States
Navy is of extremely rugged con-
struction having a case of cold drawn
copper cadmium plated steel. It uses
a terminal molded into a plastic block
which has a metal flange molded into
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its periphery. This flange is then sol-
dered into the case. This new con-
struction offers great flexibility in
number and arrangement of termi-
nals.

As in all Peerless transformers,
their exclusive ‘“Vac-sealing” impreg-
nation process is used, insuring abso-
lute impregnation without solvents or
other deleterious material present in-
side the coil.

Increased plant facilities permit

production of the new Type S trans-
former in any desired size or capacity
to customers’ specification.

Further information may be ob-
tained by writing Dept. RE-5, Peer-
less Electrical Products Company,
McKinley Avenue, Los Angeles, Cal.

AIRCRAFT RECEIVER
A new small sized communications

receiver for aircraff has been an-
nounced by the Harvey-Wells Commu-
nications, Inc. This receiver is an all-
purpose, all frequency receiver whose
dimensions and weight (24 pounds)
represent a saving in valuable airplane
space and help to increase the pay-
load.

This unit features beacon-band cov-
erage from 195 to 425 kc. with “spot-
tuning” on 278 or 271 or any other two
specific frequencies, communications
band coverage from 2500 to 4500
ke. and from 450 to 8000 kc. with pre-
tuned circuits for twelve crystal con-

trolled frequencies anywhere in the
2500 to 10,000 kec. band. The receiver

ENGINEERING

also carries two r-f channels for day
frequencies of from 4.5 to 10 mc, and
night frequencies from 2.5 to 4.5 mc.
The makers claim an image attenua-
tion greater than 65 db. and a sensi-
tivity such that an input of two micro-
volts modulated 30 per cent at 400
cycles produces an output of 50 milli-
watts at a signal to noise ratio of
6 db.

This receiver incorporates all of the
necessary aircraft radio equipment.
This permits wide coverage while sav-
ing valuable space and the operator’s
time.

Detailed information regarding the
engineering advantages of this type
of installation will be furnished upon
application to Dept. RE-5, Develop-

ment Laboratories, Harvey- Wells
Communications, Inc., Southbridge,
Massachusetts.

HIGH VOLTAGE RESISTORS

A new resistor, utilizing an abso-
lute minimum of critical materials, is
being manufactured by the Sprague
Specialties Company, under the name
of Meg-O-Max Resistors. These resis-
tors are capable of operating at high
voltages and ambient temperatures
and serve as well to dissipate power.

Meg-O-Max resistors are formed of
a series of pressed and sintered ring-

shaped segments electrically joined in
such a way as to cause the units to
be non-inductive. Finished units are
encased in a hermetically sealed,
rugged glass envelope which is pro-
vided with ferule terminals. This unit
is capable of withstanding aircraft

vibration tests, salt water immersion
tests and mechanical shocks produced
by rapid acceleration.

Data sheets on these resistors are
available from the Sprague Specialties
Company, Resistor Division, Dept. RE-
5, North Adams, Massachusetts.

AIRCRAFT TRANSFORMER
A new transformer intended for use

in aircraft applications where a high
temperature component will not af-
ford satisfactory service is being
manufactured by the New York Trans-
former Company.

The unit weighs 8 ounces, which is
40% lighter than other transformers of

(Continued on page 39)

SPECIALIZED PRODUCTION

Below are just a few of the parts we produce in quantity, with
at the lowest possible cost.

quality . . .

In the field of small speakers, particularly, our diversified engi-
neering experience can be invaluable to you.

Electro-Dynamic an
P.M. Type Speakers

CRESCENT INDUSTRIES, INC.

4132-54 W. Belmont Ave.

d Mounting
Brackets
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Stampings

e o Panels, Housings

Chicago, Il
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INFORMATION CENTER

In an effort to make information
regarding the electrical industry avail-
able to qualified persons, the National
Electrical Manufacturers Association
has opened a central information
bureau for the dissemination of in-
formation to trade publications and
the press.

A complete photograph file and
various data will be available to these
groups and up-to-date information
will be distributed periodically. The
new center is located at 155 East 44th
Street, New York and began serving
the public on March 15th. Mr. John
M. Moorhead, formerly of the New
York Herald Tribune, is in charge of
the new center.

Mr. Leonard Kebler, president of
the NEMA emphasized that prices of
electrical appliances, equipment or
securities would not be given by this
center, but that human interest
stories, pictures and technical data
would be furnished promptly.

JOSEPH GALVIN DIES

Joseph E. Galvin, Executive Vice-
President of the Galvin Manufactur-
ing Corporation, makers of Motorola
Radios, died suddenly at his home in
Oak Park, Illinois on March 7, 1944.

Mr. Galvin had served in an execu-
tive capacity with the Galvin organ-
ization since its founding in 1928. Mr.
Joseph Galvin’s brother, Paul Galvin
is the president of the company and
president of the Radio Manufacturer’s
Association.

SOUND LABORATORY

The Library of Congress has re-
ceived a grant of $41,520 from the
Carnegie Corporation for the purpose
of establishing a complete sound
laboratory for duplicating rhono-
graphic recordings and for making
master recordings of all types, which
may be distributed.

In addition, with the purchase of a
sound truck and six portable record-
ers, it will be possible for the Library
to record, in the field, material which
cannot be recorded in the studio.
Operation of the laboratory will start
in the fall.

When complete, the Music Division
of the Library will be in a position
to furnish recordings of American folk

»
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music, unpublished string quartets,
as well as readings of poetry to
schools, libraries and individuals.
Most of the material which the Li-
brary plans to reproduce is available
at the present to those persons who
have access to the Library in Wash-
ington. By means of reproductions,
this extensive musical library will be
available to thousands of persons who
are unable to make the trip to Wash-
ington to secure the records desired.

NORTH AMERICAN PHILIPS
At the opening of the North Amer-

ican Philips Company’s new show-
room at 100 E. 42nd Street, New York,
Mr. Pieter van den Berg, Vice-presi-
dent of the company announced the
appointment of Dr. Ora Stanley Duf-
fendack, professor of physics at the
University of Michigan to the post of
Research Director of the company.

North American, formerly a Dutch
corporation, whose entire business was
moved to this side of the Atlantic when
Holland was invaded, is specializing
in the manufacture of electronic
equipment for the Armed Forces.

The laboratories of the company, of
which Dr. Duffendack is the director,
will be located at Richmond Hill,
Irvington, New York, which is within
two miles of the Dobbs Ferry Plant of
North American.

An elaborate booklet describing the
physical equipment of the company,
its personnel, and products is being
prepared for early distribution.

FM SURVEY
Maxon, Inc. has recently completed

a survey among FM receiver owners
for the General Electric Company and
the results have been released by the
company.

The names of the owners were ob-
tained from the FM stations in four
cities surveyed, New York, Philadel-
phia, Detroit and Milwaukee. Letters
containing the questions were sent out
to the listeners through the stations
assisting with the survey.

Of particular interest to the en-
gineer in the electronic field is the
listener response to the questions.
More than 40% of the FM receiver
owners listed higher quality reproduc-
tion as their primary reason for en-
joying FM broadcasting, while the fact
that higher types of programs were of-

fered on FM stations was given as a
further reason for the use of FM re-
ception.

The majority of the listeners agreed
that FM has lived up to the expecta-
tions for which they purchased their
equipment and a vast majority prefer
their FM reception to the AM recep-
tion for the same program. The sur-
vey further indicated that the major-
ity of the users were making use of
their FM receivers only three or four
hours a day. This of course, is due in
part to the fact that some FM stations
are not on a twenty-four hour a day
basis at the present time.

Copies of the complete report are
available from the Electronics De-
partment of General Electric Com-
pany, Schenectady, New York, the
company which sponsored this survey.

BARUCH REPORT

The long-awaited “Report on War
and Post-War Adjustment Policies” by
Bernard M. Baruch and John M. Han-
cock has been released by the gov-
ernment for distribution.

This booklet will be of vital inter-
est to all manufacturers of war ma-
terial, who hold either direct or in-
direct governmental contracts. In this
report Mr. Baruch has presented his
views on the proper termination of
war contracts and the problem of re-
adjustment.

While Mr, Baruch’s position is that
of observer and special advisor to the
President, without authority to en-
force, many of his plans and sugges-
tions have been adopted in the past,
hence the preview of his ideas should
be widely read by those whose com-
panies will be directly affected by any
contract terminations as well as by
the public seeking information.

The distribution of thils booklet is
being made by the Government
through  the Office of War Mobiliza-
tion, of which James F. Byrnes is the
Director.

NEW CORPORATION v

The Zenith Radionics Corporation
of New York, a subsidiary of Zenith
Radio Corporation has been formed
and offices opened in the Empire State
Building in New York City.

Mr. H. J. Wines, formerly with Gen-
eral Motors has been appointed gen-
eral manager and director of the New
York Corporation. E. F. McDonald,
Jr., president of the parent company
is serving as president.

The Radionics Corporation will
serve as distributor for Zenith’s line
of radionic products. The radionic
hearing aid, most familiar item of
the line, will be handled by Mr. Toni
Strassman.

e
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New Products
(Continued from page 37)

this type. The temperature rise of
30 degree C. permits operation over
all ambient temperatures from minus
65 degrees C. to plus 70 degrees C. and
altitudes up to 50,000 feet.

For special applications, the output

voltages and currents may be varied
without affecting size and weight, if
the output is held to 30 V.A.

Further information of this unit is
available from the New York Trans-
former Company, 26 Waverly Place,
New York, New York.

FOUR-IN-ONE DYNAMOTOR

A dynamotor which provides four
closely regulated voltages, +141%,-150,
+300 and 450 is one of the new de-
velopments of Westinghouse. This
machine requires four separate comu-
tators. Ordinarily the output voltage
of a dynamotor bears a fixed relation

to the supply voltage. In this dyna-
motor, all output voltages are held
constant for all normal input-voltage
variations.

This constant voltage is accom-
plished by means of a regulator field
which weakens when the input volt-
age rises and strengthens when the
voltage drops. The regulator utilizes
a separate core. The complete arma-
ture has four commutators, two cores
and four windings. The dimensions of
the dynamotor are 11 inches in length
by 2.8 inches in diameter.

PAR-METAL

Serving the

Electronics o Write for
Field S p Catalogue

Exclusively & ‘ No. 41-A

Though manufactured by modern high-speed methods,

Par-Metal products have a definite quality of

craftsmanship — that "hand-made'” quality which is
, born of years of specialization.

PRODUCTS
CORPORATION

32-62—49th STREET . . . LONG ISLAND CITY, N. Y,
Export Dept. 100 Varick St.. N. Y. C.

(Continued on page 41)
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Ideally suited for many indus-
trial applications . . . among
them, handling primary currents
of many small resistance welders,
light control, arc welding control,
ote.

Bulletin 118 giving complete de-
tails sent on request.

This is only one of the great
variety of Cetron Rectifiers, Photo-
tubes and Electronic Tubes. Ask for

catalog.
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The familiar orange and blue
package guarantees the tube
therein will give long- -life, de-
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Government Agency Personnel . . . Locations

O.E.M., 101 Indiana Ave., NW, REpublic 7500
Wayne Coy, Liaison Officer, Rm. 252 State Dept. Bldg., Ext. 518!

W.P.B., Social Security Bldg., REpublic 7500

Donald M. Nelson, Chairman, Rm. 5055, Ext. 2113
Stephen E. Fitzgerald—Div. of Inf., Rm. 5525A, Ext. 5242

Radio and Radar Division

R. C. Ellis, Director, Rm. 4332, Ext. 2566

F. H. Mclntosh, Civilian Radios, Ext. 72119

E. R. Crane, Electronic Components, Ext. 7(944
P. M. Deeley, Capacitors, Ext. 71278

M. Bakst, Coaxial Cables, Ext. 75604

. P. Rockwell, Jr., Measuring Instr., Ext, 75675
. L. Bond, Quartz Crystals, Ext. 74365

. M. Coffeen, Relays, Ext. 75587

. Connor, Resistors, Ext. 73389

. A. Capelle, Instruments, Ext. 71992

. C. Henry, Sound Systems, Ext. 4667

. P. Rockwtll, Jr., Test Equip., Ext. 75604

. Col. J. Proctor, Microphones, Ext. 73389

. Burmaster, Meters, Ext. 74487

. C. Bash, Electronic Tubes, Ext. 73149

. Gaston, Radio Hdwr., Ext. 72527

. J. Chatten, Electronic Equip., Ext. 71828

A. T. Stanton, Vibrators & gCanners, Ext. 73631

WAR DEPARTMENT, Pentagon Bldg., REpublic 6700

Henry L. Stimson, Sect. of War, Rm. 3E880, Ext. 32!i

Lt. Col. D. W. Stirling Wright, Aide, Rm. 3E880, Ext. 3214

Lt. Gen. Wm. Knudsen, Production, Rm. 3E606, Ext. 7361

Robt. P. Patterson, Undersecretary, Rm, 3E714, Ext. 2696

John J. McCloy, Asst. Secty., Rm. 4E886, Ext. 2385

Robt. A. Lovett, Asst. Secty. (Air), Rm. 3E980, Ext. 3718

Gen, George C. Marshall, Chief of Staff, Rm. 3E921, Ext. 2077

Lt. Gen. J. T. McNarney, Deputy Chief, Rm. 3E936, Ext. 4371
Brig. Gen. M. G. White, Asst. hief& -1), Rm. 3B929, Ext. 2851
Maj. Gen. G. V. Strong, Asst. Chiefé) <2), Rm, 2E776, Ext. 2968
Maj. Gen. T. T. Handy, Asst. Chief (Operations), Rm, 3E800, Ext. 2904

Bureau of Public Relations

Maj. Gen. Alexander D. Surles, Director, Rm. 2E880, Ext. 2716

Col. Stanley J. Grogan, Deputy Dir., Rm, 2E872, Ext. 5135

Lt. Col. Robt. E. Kintner, Exec. Officer, Rm. 2E868, Ext. 74200

Col. Robert A. Ginsburgh, Chief (Ind. Serv.), Rm. 2E867, Ext. 2513
Col. R. E. Dupuy, Chief (News Div.), Rm. 2£865, Ext. 3494

Col. F. V. Fitzgerald, !Intelligence Div., Rm. 2E873, Ext. 46358

Army Air Forces

Gen. Henry H. Arnold, Commanding Gen., Rm. 3EI009, Ext. 2746
Col. Horace W, She!mice, Asst., Rm. 3EI0!2, Ext. 2944

Army Ground Forces

Lt. Gen. Lesley J. McNair, Commanding Gen., Rm. 25, Ext. 280
Col. James G. Christiansen, Chief of Sfaff
Col. William J. Mitchell, Deputy Chief of Staff

Army Service Forces

Lt. Gen. B. Somervell, Commanding Gen., Rm. 3E4672, Ext. 4102
Maj. Harold K. Hastings, Aide, Rm. 3E672, Ext. 4102
Mai. Gen. W, D. Styer, Chief of Staff, Rm. 3Eéb4, Ext. 71814

Office of Technical Information
Col. Kilbourne Johnston, Chief, Rm, 3E648, Ext. 2075

Service Supplies-Office of Chief Signal Officer

Maj, Gen. Harry C. Ingles, Chief Signal Officer, Ext. 6604

Maj. Gen. Roger B, Colton, Chief, Eng. & Tech. Serv., Ext. 5986
Maj|. Gen. W. H, Harrison, Procurement, Rm, 2E260, Ext. 3339

Col. E. V. Elder, Procurement, Rm. 2E288, Ext. 3339

Brig. Gen. F. E., Stoner, Communications, Rm. 4D200, Ext. 3196
Col. G. I. Biack, Distribution, Rm. 2E340, Ext. 71430

Minerals Bureau

Howard |. Young, Director, Rm. 1106, Ext. 76604

Erwin Vogelsang, Dir. Tin and Lead, Rm. 2033, Ext. 5648
Geo. T. Heikes, Dir. Zinc Div., Rm, 1075, Ext. 3568

M. H. Billings, Mica & Graphite, Rm. [304, Ext. 4668
R. J. Lund, Misc. Minerals Div., Rm. 1011, Ext. 3595

NAVY DEPARTMENT, Navy Building, REpublic 7400

Frank Knox, Secreiary of the Nawvy

Capt. L. S. Perry, Aide fo Secty., Rm. 2048, Ext. 3134

Maj. John H. Dillon (USMC), Asst. to Secty., Rm, 2044, Ext, 3131
Adlai Stevenson, Asst. to Secty., Rm, 2035 Ext. 4098

James V. Forrestal, Under Secty. of Navy
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Capt. John E. Gingrich, Aide to Forrestal, Rm. 2054, Ext. 3115
Charles Detmar, Jr., Special Asst., Rm. 2054, Ext. 3115

Raiph A. Bard, Asst. Secty. of Navy

Capt. E. P. Forrestal, Aide, Rm. 2036, Ext. 3234

Artemus L. Gates, Asst. for Air

Capt. J. F. Bolger, Aide to Asst., Rm, 2072, Ext. 4590

Lt. Comdr. M. P. Aldrich, Spec. Asst., Rm. 2070, Ext. 4590
John E. Cookman, Spec. Asst., Rm. 2941A, Ext. 2930

Executive Office of Secretary of Navy

Adm. A. J. Hepburn (ret.), Chairman Gen. Bd., Rm. 2749, Ext. 3261
Rear Adm. J. A, Furer, Researchl Rm, 0150, Ext. 4050
Com. H. L. Phelps (ret.), Inventions, Rm, 0141, Ext. 2547

Office of Procurement and Material

V-Adm. Samuel M. Robinson, Chief, Rm. 2010, Ext. 2207
Joseph W. Powell, Deputy Chief, Rm. 2014, Ext. 3331
Information, Ext. 3473

Donald Belcher, Planning & Statistics, Rm. 2000, Ext. 3486
R-Adm. T. J. Keleher, Resources, Rm, 3002, Ext, 4704
Capt. A. J. Wellings, Inspection, Rm, 2249, Ext. 5256

Bureau of Naval Personnel

R-Adm. Randall Jacobs, Chief of Naval Personnel

R-Adm. Louis E. Denfeld, Asst., Rm, 2072, Ext, 7243

Lt. C. A. Appleby, USNR, Aide to Chief, Rm, 2072, Ext. 7101
Information, Rm, 2023, Ext. 7171

Bureau of Ordnance

R-Adm. W. H. P, Blandy, Chief

Comdr. L, L. Strauss, UENR, Staff Asst., Rm. 3004, Ext. 2107
R-Adm. T. D. Ruddock, Jr., Asst, Chief, Rm. 0301, Ext. 2005
Capt. G. F. Hussey, Jr., Production, Rm. 0024, Ext. 327!
Capt. S. R. Shumaker, Research, Rm. 0449, Ext. 3343

Bureau of Aeronautics

Rear-Admiral John S. McCain, Chief

R-Adm. Ralph E. Davison, Asst., Rm. 2085, Ext. 2022

Lt. Herbert Harlan, USNR, Editorial Research, Rm. 2913, Ext. 3570
A. D. C. Cleugh-Fair, RAF Sqdn. Leader, British liaison, Ext. 2957

Bureau of Ships

Rear-Adm. Edward L. Cochrane, Chief

Rear-Adm. E. W. Mills, Asst., Rm. 1804, Ext. 3391

Rzar-Adm. A. H. Van Keren, Research, TRInidad, Ext. 102

Adm. Sir Wilfred French, R. N., British Repr., REpublic 7955, Ext. 55

HEADQUARTERS, U. S. MARINE CORPS, REpublic 7400

Lt, Gen. Thomas Holcomb, Commandant
Brig.-Gen. R, L. Danig, Public Relations, Rm. 1006, Ext. 7384

HEADQUARTERS, U. S. COAST GUARD, REpublic 7400

V-Adm. Russell R. Waesche, Commandant

R-Adm. L. T. Chalker, Asst.,, Rm. 7002, Ext. 4310

Capt. E. Reed-Hill, Public Relations, Rm. 8202, Ext. 4407 W
R-Adm. H. F. Johnson, Engineer, Rm. 5202, Ext. 4316

W.M.C., Social Security Bldg., EXecutive 4660
Paul V. McNutt, Chairman, Rm, 5554, Ext. 2301

Bureau of Selective Service
Maj. Gen. Lewis B. Hershey, Director, REpublic 5500, Ext. |

FCC, New Post Office Bldg., EXecutive 3620

James Lawrence Fly, Chairman

T. J. Slowie, Sect'y

Telford Taylor, General Counsel
Charles R. Denny, Asst. Gen. Counsel
E. K. Jett, Chief Engineer, Rm. 7353

OFFICE OF RESEARCH, Dupont Circle Bldg., REpublic 7500

Dr. Vannevar Bush, Director, Rm. 201, Ext. 5308
Carroll Wilson, Asst., Rm. 20lA, Ext. 71794
Dr. lrvin Stewart, Sect'y, Rm. 206A, Ext. 4224

National Defense Research Committee

Dr. J. B. Conant, Chairman, Rm. 30I, Ext. 4205

Dr. R. C. Tolman, V-Chair., 2101 Constitution, NW, EXecutive 8100
F. L. Hovde, Exec. Asst., Rm. 301, Ext. 4205

F. T. Letchfield, Special Asst., Library, Ext, 73383

U. S. PATENT OFFICE, Dept. of Comm. Bidg.

Conway P. Coe, Commissioner of Patents
Leslie Frazer, First Asst. Commissioner
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New Products
(Continued from page 39)

Specific applications and further in-
formation will be furnished by Wesz-
inghouse Electric and Manufacturing
Company, Dept. RE-5, East Pittsburgh;
Pennsylvania.

ELECTRON MICROSCOPE

A new unit, for demonstration pur-
poses only, was exhibited and ex-
plained to the members of the Radio
Club of America at a recent meeting
in New York, by the engineers of Gen-
eral Electric’s Electronics Division.

This instrument is a portable elec-
tron microscope, which is capable of

being transported in a suitcase. This
instrument weighs 78 pounds and the
vacuum pump for the operation of the
microscope is carried in another suit-
case-sized unit weighing 55 pounds.

This microscope operates on stand-
ard 110 volt a-c power and has ten
times the enlarging power of a light
microscope.

While this unit is not in production
at the present time, its post-war pos-
sibilities as a handy laboratory tool
for scientist and physician alike is
foreseen by General Electric Company
of Schenectady, New York.

DIPPING TANK

A portable heating and dipping tank,
which includes an acid compartment,
has been developed by the Heil En-
gineering Company.

The tank is divided into three com-
partments, which may be used for
etching, plating, metal coloring, wax-
ing or rust removing. An unusual fea-
ture of this tank is the dual purpose
cover and shelf, which is thoroughly
acid proofed and arranged in such a
manner as to drain into the tank.
Operation of the tank is from the
standard 110-220 volt circuit and con-
nection is made by means of a flexible
extension cord with which the tank is
equipped.

Compartment 1 is furnished with a
standard heating unit for hot alka-
line degreasing compounds and similar
materials, while compartment 2 is for
cold rinsing and the third compart-
ment is lined with an acid resistant

EMGINEERING

coating which makes it suitable for
pickling acid processes, electroplating
chemicals and acid cleaners. Heating

units are available for all three of
the compartments if so desired.
Further information on specific ap-
plications is available from Heil En-
gineering Company, 12901 Elmwood
Avenue, Cleveland, Ohio, Dept. RE-5.

HANDI-TRAY

A space and time saver for busy as-
sembly lines, known as the Handi-
Tray is being offered by the Handi
Equipment Company. This equipment
is easily adaptable for a variety of
production uses wherever accessibility
of small component parts is a primary
consideration.

The tray is seventeen inches high
and occupies an area of twenty
square inches. It contains three tiers
of shelves which revolve about a cen-
tral pivot. All of the twelve trays
are removable, allowing for inter-
changeability and locating on work
benches and assembly tables where the
minimum space occupied by the com-
plete unit is not available.

The unit is equipped with a top han-
dle for easy portability. Prices and
further information are available from
the Handi Equipment Company, 105
New York Boulevard, Dept. RE-5,
Jamaica, 5, New York.

FRACTIONAL HP MOTORS

A new line of bantam fractional
horse-power motors, built to special
order for installations requiring maxi-
mum power per ounce of weight has
been announced by Small Motors, Inc.

Of value in solving space problems
inherent in the design of cooling fans,
blowers, vacuum pumps, and remote
control of radio and instruments, this
motor operates at speeds from 2,000
to 20,000 RPM. Both a.c. and d.c. mo-
tors are available.

Windings are of high grade magnet
wire, impregnated with varnish,
while the commutator is mica in-
sulated. Voltages ranging from 6
to 230 volts are available.
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Specifications and engineering data
may be forwarded to Small Motors,

1308 Elston Avenue, Chicago,
22, Illinois for quotations.

Inc.,

CAPACITOR
A specially designed capacitor for

use in electron microscopes is one of
the new products announced by the
Industrial Specialty Company.

The capacitor is rated at .01 mfd.
40,000 volts d.c. and is capable of con-
tinuous operation at 80 degrees Centi-
grade. It will also withstand total
submersion and heavy surges.

The case is welded steel, measuring
41144” x 534" x 7" high with a stand-off
insulator 8%” high.

Further information may be ob-
tained by writing Dept.RE-5, Indus-
trial Specialty Company, 1725 West
North Avenue, Chicago, 22, Illinois.
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Matrix Algebra

(Continued from page 17)

The application of these laws leads
to the system of simultaneous equa-
tions which are ordinarily idealized
into the linear equations used in cir-
cuit analysis. Matrices were devel-
oped by mathematicians for the ex-
press purpose of establishing the prop-
erties of systems of linear equations.
Basically, therefore, the properties of
electrical networks must all be de-
ducible from a system of equations
which are most simply and easily sym-
bolized by matrices.

If the variables (e, e, ex)
are allowed to represent the alternat-
ing voltages impressed in the various
meshes of an N-mesh network, and

Z|| and |i| represent the impedance
and current matrices, respectively,
then the behavior of the most general
possible linear network can be charac-
terized by the equation:

ilel I Zyy Zs Z\N i
]e? | = ||Zay Zse ZoN 1y 13)
J(e;‘l 1‘ 12N ZNz ZNN |i.N

If the voltages are alternating of
angular frequency o, then:

e 2 (14)

ZU (J)(. 1)

Jw Lij + Ry

DO YOU HAVE A
CRYSTAL PROBLEM?

We make samples nearly
every day for some new cus-
tomer so that he can dos‘!gn
. his equipment to fit a crystal
that Is now a standard of

comparison. You can depend
on James Knights Crystals for :'_. v
precision frequency control. |

Why not let us'help you? ey

CRYSTALS FOR
THE CRITICAL

The 'MIE NlGHg Eo.

ILLINOIS

where J = v/-1. In general Z,, = Zp.
Therefore, if [|Z] is not singular, equa-
tion (13) can be written in the form:

il = 0ZI llel = 1Y llel (15)
where (Y| is the admittance matrix.

The matrix representation is espe-
cially valuable in representing trans-
formations of networks into other
equivalent networks. In the case of
an N-mesh network interconnected in
some manner to form a transformed
system, by this transformation there

will be formed new meshes, and con-
sequently new mesh currents will be

required to specify the new system.
If |A| is the transformation matrix
and [i’|| is the matrix of the currents
of the new system, then the trans-
formation is represented by:

Il =

Al (16)
In general, |A| is an N-rowed matrix
of constants, and need not be a non-
singular matrix. Once this transfor-
mation equation is known, the other
electrical parameters of the circuit
are known from the following rela-
tions:

Alle llef

= “A‘it

ie’(! 17)

YAl 1Z]] |Al... (18)

As an application of this theory,
consider the complete delta-delta cir-
cuit shown in Fig. 2. This circuit may
be considered as made up by synthe-
sizing a nine-mesh circuit which is in-
terconnected to form the required
four-mesh delta-delta circuit. Assum-
ing no mutual inductance or capaci-
tance, the transformation equation is:

f 1 0 00
L 01 0 0
I 0o 0 1 o [
-1 0 1 o k"
=1 1-1 0 o [ aga
0 1 -1 of |
-1 0 o 1f f*
0 0-1 1
I, 0-1 0 1

By use of equations (17) and (18)
the equation of the new four-mesh
network becomes:

E, Z\+Z2s+2:+2, — Zs
EZ = 26 2+ZG+ZB+26
Es = = Z4 -
0 | — 74 — Zq

- 2. -z |

= 6 - 4 2
Zo+Zotza+Zs  —Zo | 119

— Lg Zi+Zs+Zy| |14
Relations may be set up from this

equation to handle any particular

problem. In this case the transforma-
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tion from the original nine-mesh net-
work accomplishes no essential sim-
plification, since equation (19) could
have been derived from Kirchhoff's
laws directly. However, in cases where
there are mutual couplings between
the various impedances, this procedure
is extremely useful in preventing pos-
sible errors involving the mutual in-
ductances and capacitances.

The general theory can be readily
specialized to the case of the four-
terminal network. Referring to the
circuit of Fig. 1a, the relationship be-
tween the input and output currents
and voltages can be expressed:

Bl =Bz
"E’” - Hé S;] E’! ...... (21
"11 “ = |Ign ng‘ E,; i . (22)
E. 21 L2 I,

In addition each of these three equa-
tions can be expressed in the inverse
form. All of these modes of represen-
tation have their particular usefulness
in the analysis of four-terminal net-
work performances. There are sev-
eral ways in which four-terminal net-
works may be interconnected. For pur-
poses of illustration only, the follow-
ing three will be considered:

a, cascade
b. series
c. parallel-series

as shown in Fig. 3. The methods dis-

cussed here also apply when more than

two component networks are involved.

a. Cascade connection. This case has
already been discussed in this ar-
ticle. Application of equation (21)
results in the equation that has
been derived previously.

w1 ol leo] 5
I, C D} ICtD| ||I.’
b. Series connection. In this case,
since I, = I’y and I, = I’ the use of

equation (2) gives as the resulting
equation of the new system:

l ..... (222)

”El -+ El'u = lzu +Zn' Zi+ Zy
E2 + E2l Z?l + Z?ll Z22 + 222,
Moo -+ 171515 & e ST TR (22b

c. Parallel-series connection. In this
case, since E; —= E’s and I. = I': the
use of equation (22) gives as the re-
sulting equation of the new sys-
tem:

[B = B e B e
l F] TR T Lt ther b o s e sl AT e § B (22C)
nee

The few examples given above
should suffice to illustrate how ma-
trix methods can be applied.
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WITH UNERRING AGGURAGY

Today, as a result of American en-

gineering skill ingeniously applying
amplification principles to highly
specialized instruments, thousands
of amplifiers by “Eastern™ help to
guide our army and navy bombers
with unerring accuracy in success-

BACK THE ATTACK *
*
" BUY WAR BONDS x

fhe way....~

EASTER

fully completing their vital missions.

Our engineering staff invites your
inquiry—large and small production
runs, even single units, receive our
usual prompt attention. W'rite for
Bulletin 98-R.

AMPLIFIER CORP.

794 E. 140th St., New York 54, M.Y

Note elimination _ofj
angle bends, designe
Andrew to mee :
this special applicatx?n.
Inner conductor‘ is
Outer conductor 18 m
soldered. X-ray insures no
penetration into ca
of short circuit. Sea
transmission
possible corrosion.
For your P
equipment, con§
Co.isapioneerin
gineering of coaxia
ries. Free catalog on reques

COAXIAL CABLES

A o sl B

" 10 INSURE
_PERFECT JOINT

unction boxes in right
d and engineered by
t exacting requirements of

bent, not spliced.
itered and silver
silver solder
ble, eliminating dapger
ling and pressurizing
lines before plating prevents

roblems in radio antenna b
ult Andrew. The Andrew
the manufacture an
1 cables and acoesso-
t. Write today.
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ight
- illustrates Andrew 19
fné?ey coaxial cable assembly,
art of a Fan Marker Beacgn
Transmitter made for 'CAA g
Farnsworth Television lqn
Radio Corporation. Pilots’ lives
depend on the 100% reliability
of this equipment. Andrew 18

i xia
ud of the use of its coa
pmle inf this installation.
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“FUNDAMENTALS OF RADIO
COMMUNICATIONS,” by Austin R.
Frey. Published by Longmans, Green
and Company, 55 Fifth Avenue, New
York. 385 pages. Price $4.00.

Contrary to the implication carried
in the title of this book, Dr. Frey’s
“Fundamentals of Radio Communica-
tions” is in no sense of the word, an
elementary text.

This book covers the subjects of
resonant circuits, thermionic emission,
diodes, voltage amplifiers, oscillators,
r-f transmissicn lines, and radiation.
The subjects are treated in a syste-
matic manner, with examples and
problems for self-examination.

For the engineer interested in r-f
feeders, this book amplifies material
covered in the April issue of Radio-
Electronic Engineering on that sub-
ject. Dr. Frey has made a thorough
analysis of the problem under varying
line conditions. He has included the
open-circuited lines of even wave-
lengths and odd wavelengths, lines
terminated in a load, and a discussion
of a line of infinite length.

The mathematics of the text are of
calculus level and high, hence, the
text is of no value to the beginning
radio student, but should prove to be
a valuable reference work for the en-
gineer or engineering student.

The chapters on vacuum tubes and
vacuum-tube circuits have been
brought up-to-date and engineering
data and characteristics of the Kly-
stron, ignitron and several of the new
control tubes is given.

“COMMUNICATION CIRCUITS,”
by L. A. Ware and H. R. Reed. Pub-
lished by John Wiley and Sons, New
York. 325 pages. Price $3.50. Second
Edition.

In this second edition, published
originally in 1942, Mr. Ware and Mr.
Reed have made notable additions to
their original work. Entirely new ma-
terial has been added to provide the
student with new working tools. Em-
phasis has been placed on impedance
matching, especially as applied to the
higher frequencies. The circle dia-
gram method for determining condi-
tions for impedance matching is in-
troduced.

A new chapter, treating the more
practical aspects of waves guides, such
as the selection of tube sizes, modes
of transmission for specific purposes,
and methods of excitation, has been
added.
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An effort has been made, on the part
of the authors, to clarify explanations
which might cause confusion in the
mind of the reader.

As in the first edition of ‘“Communi-
cation Circuits” both wired and wire-
less transmission is covered. Transmis-
sion-line parameters, infinite lines, im-
pedance transformation, and electro-
magnetic theory of coaxial lines, are
but a few of the subjects discussed in
this book.

The appendices number nine, and
give necessary information on the
Fourier series, loop equations, hyper-
bolic functions, and natural hyper-
bolic function tables as well as other
subjects.

This book cannot be classed as a
home-study text as the authors have
presupposed a thorough knowledge of
a-¢c theory and a practical working
mastery of calculus. However, to the
engineer or advanced student seeking
a reference book for various trans-
mission line problems, this book will
prove most valuable.

“ELECTRON OPTICS,” by Paul
Hatschek, translated by Arthur Palme.
Published by American Photographic
Publishing Co., Boston, Mass. 156
pages. Price $3.00.

Electron optics is a science which is
just beginning to receive the attention
of the engineer. Applications of this
art have given the world a new tool,
the electron microscope.

Although this book was originally
published in Europe in 1936, it is mak-
ing its first appearance in this country
in a translation by Arthur Palme.

The concepts, as presented in this |

text are elementary but serve as a
foundation on which to build further
investigation. This work may be read
and enjoyed by the layman as well as
the engineer because the textual mate-

rial is presented without the use of |

mathematics.

The structure and function of lenses
is fully described along with the elec-
tron-flow theory. The wedding of the
lens makers art to the discoveries of
the research physicist has produced
many laboratory tools whose value
have been only partially realized.

Mr. Palme has added a chapter to
this book to bring Dr. Hatschek’s ma-
terial up-to-date with the new uses
and instruments which will make
electron-optics a valuable science for
the postwar world.

@
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materiel, but it is expected that two
items in the sound line will be on the
market by late summer and other
items will follow shortly thereafter.

The models to be released are the
portable recorder and a portable am-
plifier-equalizer. The recorder, now
in production, has a new magnetic
cutter head, replacing the crystal cut-
ter formerly used. An improved low-
pressure pickup, with a choice of crys-
tal or dynamic type has also been in-
cluded, while the overall weight has
been reduced 70 pounds.

This recorder is designed for port-
able field service and meets the re-
quirements for direct lateral record-
ing and reproducing of sound from
78 RPM or 23.3 RPM discs up to 16
inches. The equipment may be set up
in a few minutes by means of plug-in
connectors.

Further details of this line and de-
livery are available from the Fair-
child Camera and Instrument Cor-
poration of New York.

] * ]

Electronie Controls

N INCREASE in the use of elec-

tronic controls in a variety of
ways as a component of systems partly
mechanical and partly electrical has
been noted by the Westinghouse Elec-
tric and Mfg. Co.

Many motor drive problems, partic-
ularly those connected with machine
tools are best solved by the charac-
teristics inherent in a shunt wound
d-¢ motor. The universal use of a.c.

has made it more difficult to use the
d-¢c motor for these drive applica-
tions. An electronic control has now
been developed which will operate a
d-c motor from an a-c line with added
features not possible before.

An adjustable speed motor drive
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consists of a d-c¢ shunt wound motor
whose field and armature are ener-
gized by separate thyratron rectifier
circuits. These rectifiers are so con-
trolled as to vary the input to the
motor, regulate the motor speed to a
preset value and limit the maximum
current furnished the motor during
acceleration and reversal.

This control permits smooth step-
less adjustment of motor speed over a
range 20/1 below the base speed of
the motor, and over an additional field
control range of as much as 4/1 above
the base speed of the motor. This
speed control is obtained over the
full range by means of a small dial
located in the pushbutton station con-
venient to the operator. Normal varia-
tions in a-c voltage have only a small
affect on the speed regulation.

This thyratron control equipment
for a-c rectification is available from
Westinghouse Electric and Manufac-
turing Company. Information may be
obtained by writing Dept. RE-5, East
Pittsburgh, Pennsylvania.

* L] *
Fluorescent Lamps

DUE to the increased popularity of

the fluorescent lamp for indus-
trial lighting, the Westinghouse Com-
pany has developed and is manufactur-
ing an instant-starting 40 watt fluores-
cent lamp having the same rated life
as the standard type fluorescent lamp
using conventional ballasts and start-
ers.

The new lamp will eliminate the
need for starters and will operate on
a special type of instant-starting bal-
last. Limited quantities of these lamps
will be available after May 1.

Further information on this type of
lighting is available to interested per-
sons upon application to the Westing-
house Electric and Mfg. Co., Dept.
RE-5, East Pittsburgh, Pa.

* * *
Steatite

A NEW technique for applying

metal coatings to steatite insula-
tor surfaces has been developed by
the General Ceramics and Steatite
Corporation.

These metal coatings are composed
of a layer of silver fixed at a high tem-
perature to the surface of the steatite
plus an electro-copper plate on top of
the silver to increase the thickness of
the metallic plate.

This method of application assures
a permanent bond between the stea-
tite and the metal. This combination
also provides a method of solder seal-
ing Mmetal parts to ceramic over
limited temperature ranges.

The metallic surface being in inti-
mate contact with the insulating sur-

ENGINEERING

face provides a convenient method of
adding shields to reduce corona effect
in high-frequency circuits at high alti-
tudes.

This development is by the General
Ceramics and Steatite Corporation of
Keasbey, New Jersey.

* *® *

Philco **Master Mind*’®

A NEW piece of electronic equip-

ment, designed for the calibration

of Signal Corps apparatus, has been
announced by Philco Corporation.

By means of this instrument, which

utilizes 126 vacuum tubes, the govern-

ment effected a saving of 144,000 man-
hours and $1,170,000 during 1943. In
the manufacture of precision instru-
ments, such as the Signal Corps fre-
quency meter, it was necessary to cal-
ibrate this instrument by hand. This
method involved a great expenditure

of time and was
subject to human
error all along
this line.

This “master
mind”’ calibrates,
calculates and re-
cords dial read-
ings many times
faster than a hu- -
man being without
the possibility of
error. This cali-
brator consists of
three parts, the
first supplies a
source of stand-
ard frequencies
against which the
Signal Corps fre-
quency meters are
calibrated. The
second part pro-
vides a means of
driving the dial of
the frequency me-
ter and generating
a sharp impulse
every time the fre-
quency meter is |
through ’

turned =
“zero beat” with

the standard sig- |

nal. This standard

signal is derived

REE

e el |
- TRAVLER KARENOLA |
G ﬂADlO AND TELEVISION CORPORATION §
g 1030-33 W VAN BUREN ST, CHICAGO 7, ILL.
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from WWYV, the United States Stand-
ard frequency station in Washington.
The third unit automatically records
and tabulates the dial reading.

In order to produce this instrument,
it was necessary to develop a special
type of FM detector, because of the
problems arising in exact calibration.
Philco plans many peacetime appli-
cations for this instrument when the
“master mind”’ has completed its war-
time duty. Philco Corporation of Phil-
adelphia is responsible for this instru-
ment. -

New C-R Tube Paeking

N AN effort to save time and mate-

rial, National Union Radio Corpo-
ration has instituted a new method of
packing their cathode-ray tubes for
shipment to the Army and Navy.

The advantage of this type of pack-
ing lies in the 25% saving in labor as
well as a sizable reduction in corru-
gated packing material used. The
filler is made of one piece of corru-
gated board which is folded and die
cut to replace the four pieces of criti-
cal material formerly required.

The size of the cartons has been re-
duced materially, thus indirectly sav-
ing valuable shipping space.

This method of packing is being used
extensively at National Union Radio
Corporation’s plant in Newark.

Interphone Equipment

and Component Parts

NOW [N PRODUCTION
CD-318-A JK-48 PL-68

CD-307-A PL-47 “A" Plug

CD-874 PL-54 BC-366

PLUG PS8 | JK-26 PL-55 BC.347.C
PE-86 Sw-141

18-47 T0-3 ==
\. i
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APRIL

25-26-27—Technical Conference.

The Society of Motion Picture
Engineers, Hotel Pennsylvania, New
York. Julius Haber, Pub., Chairman.

26—Institute of Industrial Engi-
neers & Executives, Business Meet-
ing, 7:00 P.M. Chicago Engineers
Club, Chicago, Illinois.

28— Ameriean Institute of Chem-
ists, Dr. A. A. Potter speaks on Pat-
ent Problems in America, Dinner at
6:15 P.M. Huyler's Restaurant, Chi-
cago, Illinois.

28-29—Society for the Advance-
ment of Management, National
Conference, Drake Hotel, Chicago, II-
linois.

27-29 —Ameriean Physical Soeci-
ety, Pittsburgh, Pa.

MAY

12-13—Acoustical Society of
Ameriea, New York.

* * * *

MONTIHLY MEETINGS

Association of Electronic Parts
& Equipment Mfrs. L. G. Groebe,
Secy., 77 W. Washington St., Chicago,
Ilinois.

2nd Thursday each month.
* L ] L ]

Sales Managers Club. Hotel New
Yorker, New York. Walter Jablon,
Secy., Hammarlund Mfg. Co.

Lunch meeting on the 4th Wednes-
day each month.

* * L ]

The Representatives. R. Edward
Stemum, Secy. Chicagoland Chapter,
Chicago, Illinois.

Luncheon meeting 1st Monday each

month.
* L * L 4

E. R. E., Chicago Section. William
O. Swinyard, Secy. 325 W. Huron
Street, Chicago, Illinois. Del. 3055.

Meeting May 19, 1944, Central
Y.M.C.A,, 19 South LaSalle St., Chi-
cago, Illinois. 6:45 P.M. Kendall
Clough, Pres., Clough-Brengle Com-
pany, Chicago, speaks on Specialized
Problems of Electronic Instrument.

—~ B
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Transmitter
Maintenanece
(Continued from page 22)

quires that one of the quantities in the
numerator must be zero, or one of the
factors in the denominator must have
acquired a greatly increased value.

Since the plate voltmeter is indicat-
ing, the only factor remaining in the
numerator is an open r-f choke coil.
Since the operation of the amplifier
is in push-pull, this factor was dis-
carded since rarely do both coils open
simultaneously without some obvious
indication. A rapid check for the
presence of high frequency at the grid
of the tubes, eliminated all of the fac-
tors in the numerator.

With the use of two tubes in the
circuit, with respect to the direct cur-
rent component, the possibility of the
internal resistance of both tubes
reaching infinity at the same time, is
very improbable, The load impedance
was checked by changing the value of
the tank capacitance. This eliminated
all of the components in the denomina-
tor with the exception of the negative
bias voltage, the cause of the failure
was proven to be an excessive nega-
tive bias condition.

Shorting the terminals of the grid
current meter restored normal opera-
tion, since the grid circuit of this par-
ticular amplifier was such that before
the grid return was shorted, the exci-
tation voltage from the preceding
amplifier produced a high value of
negative bias through rectification in
the tube grids.

In the second practical example, the
overload relay in the plate circuit of
the intermediate amplifier opened.
Upon resetting the relay, it was noted
that the d.c. plate current was exces-
sive. It was also noted that the flow
of current in the tank circuit was zero.
By means of relations (1) and (2) the
value of the a.c. load circuit was de-
termined to be zero. A mechanical in-
spection disclosed that a section of the
mica tank capacitance was defective.

Although many of the causes of fail-
ure in transmitter circuits are easily
determined by visual inspection, there
are still many instances in which test-
ing, experimenting and mathematics
must be combined to give a satisfac-
tory answer to the problem.

In such instances as, for example,
when equipment which has been op-
erating in a satisfactary manner for
a long period of time, suddenly begins
to show deviations caused by such
conditions as seasonal changes of an-
tenna resistance. The key to the so-
lution of these problems lies in the
proper interpretation of the tank-cur-
rent ammeter readings.

Proper adjustment may be estab-

lished by attention to two factors,
namely, power output and efficiency.
The input power may be interpreted
directly by means of the direct cur-
rent plate components. If the high
frequency circulating current can be
established as a function of the oper-
ating efficiency, a test for the efficiency
and output can be established.

The use of Class C amplifiers pro-
vides a maximum efficiency within the
physical limitations of the components
consistent with the necessary har-
monic attenuation. However, Class
B amplifiers exhibit a lower efficiency
which is independent of the percent-
age of modulation.

17=2'Eb1‘t;.... - o B 3)

Where:
n = plate circuit efficiency
Ey = d-c plate circuit value
I, = d-c plate circuit value

E, = fundamental peak component a-¢
output

Iy = fundamental peak component a-c
output

The ratio of Iy/Iy is a function of the
angle of operation, thus the plate efficiency
becomes:

E, k

Borevere: el . (4)

n =

[\

Where:

@ — sin @ cos 8

sin @ — @ cos 6§ )

6 = one half of the angle of operation.

When the reactance of the tank con-
denser is a known quantity, X;; E_ to
a fair degree of approximation be-
comes I, X, and the formula becomes:

)

For the class B operation, where
the efficiency is the basis of design,

g
0=§

_Eprw v ©

Max.r,—-—4Eb ................ )

From this equation the maximum
efficiency is determined to be approxi-
mately 78%. Since an analysis of the
plate characteristics, as well as prac-
tical considerations place the practical
linear limits at approximately 66%,
the unmodulated operation is at an ef-
ficiency of 33%.

E,r
e eyt

33 =

but:

By = 0707 Lo (X0 L8 s2 S st
and I. becomes:
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33 - 4 Ey
T 0707 x X

For a plate voltage of 10,000 volts,
and a tank condenser reactance of 250
ohms, the tank current must approxi-
mate 24 amperes in order to give an
efficiency of 33%.

In order to readjust an amplifier of
this type, the operating angle is fixed
by establishing the bias at cut-off, thus
only the excitation voltage must be
compensated to satisfy the relation-
ship I, = E k.

Vacuum tube circuits which are
properly designed generally remain
free of operational difficulties with the
possible exception of tube failures. In
most instances, actual interruptions
may be attributed to the associated
circuits rather than trouble appearing
in the radio-frequency circuits.

Records kept by .a large broad-
casting station over a several year pe-
riod indicate that the station failures
may be roughly classed as follows,
power interruptions, 27; tube failures,
28; minor failures, 51; storms, 8; me-
chanical failures, 36; for a total of 150
interruptions.

Power failures are classed as those
which do not originate within the sta-
tion but are the fault of the supplying
utility. While the proportion of such
failures appears to be large in com-
parison with the total interruptions, it
must be realized that momentary
surges and interruptions which in
themselves are not serious or of long
duration, may trip one of the controls
on the transmitter which has to be
reset before operation may be contin-
ued.

Tube replacements, with the excep-
tion of those used in polyphase-recti-
fier circuits or tubes of the water-
cooled type, may be made easily and
quickly. Tracing failures in the poly-
phase circuit has been discussed pre-
viously in the article. While the re-
placement of water-cooled tubes in-
volves the expenditure of greater
amounts of time than those required
for other types of tubes, the actual op-
eration is no more difficult. Certain
electrical connections must be made
and care exercised to assure the
proper seating in the cooling jacket,
and the location of the water gasket.
Before the potential is applied, all wa-
ter which has been spilled must be
wiped up carefully, so that when the
power is applied arcing to ground will
not result.

In the case where a new tube is in-
stalled with imperfect seals, the fault
may be corrected by allowing the tube
to operate with the water circulating,
but without the cooling medium for a
period of from several minutes to a

Te 9)
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half hour until the inlet temperature
of the cooling water reaches approxi-
mately 130 to 150 degrees F. This
operation results in a slight expansion
of the parts, which will aid in sealing
a minor leak.

In the classification of “minor fail-
ures” are included those which require
the repair or resetting of overload re-
lays and other controls, which are
often caused by a temporary overload.

The eight interruptions attributed
to storms, were recorded in the ear-
lier years when vertical radiators were
first being installed. Since then ade-
quate protective devices have been de-
veloped and the record of interrup-
tions caused by storms has improved
materially. Probably the most vul-
nerable of all the components to light-
ing are the radio-frequency indicating
instruments which are used on the an-

THIS PHOTO TRANSMITTED- & RECEIVED BY
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Finch Telecommunncaﬂons, Inc Passalc, ‘N. J.

tenna or transmission lines. Wher-
ever possible, these instruments|
should be protected by heavy conduc- |
tors shunting the termals during nor-
mal operation. The shunts should be |

of the switch type to permit the in-’

struments to be inserted into the cir-
cuit when desirable. i

The mechanical failures were re-
corded, in order of the frequency of |
occurrence, as resistors, condensers,
water-cooling system, contacts and
connections, breakdown of insulating
material, and open current meters.

Repair of water-cooling systems in-
volves time consuming work, hence,
if at all possible leaks should be tem-
porarily sealed by the use of rubber
or friction tape. This is a temporary
expedient only, and permanent repairs
should be made as soon as the station
is “off” of the air.

Preventive maintenance and peri-
odic inspection of the transmitter is
the best possible solution to the prob-
lem of station failures. Familiarity
with the circuits still remains as a
primary requisite of the station engi-
neer in order that speed replacements
and repair of failures may be made
in the shortest possible time. Thus
keeping the station on the “air” proves
to be a combination of knowledge,
common sense, and experience.

~~ @D
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AS NATIONALLY ADVERTISED
For the present, Finch manufactur-
ing facilities are being devoted
to special radio apparatus for. .

* *
* *
* *
U U. S. SIGNAL CORPS ¥
* U. S. NAVY *
«  U.S. ORDNANCE DEPT. x
F.C. C. .
* F.B. 1.
* U. S. TREASURY DEPT. *
» and WAR MANUFACTURERS

FINCH TELECOMMUNICATIONS, Inc.
PASSAIC, N. J.

BATHTUB CONDENSERS

....@mcﬂa;/a&w.’

Need help on your require-
ments? We can furnish bath-
tub condensers to a limited
number of additional manu-
facturers of radio and elec-
tronic units. Delivery of rea-
sonable quantities made in
five-six weeks. Samples will
be furnished upon request.

H. R. S. PRODUCTS
5707 West Lake Street
Chicago, lllinois
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YOU CAN PROVE TO YOURSELF
\} N FIVE SECONDS. ..

That new BH Fiberglas “extra

Flex"Sleeving is more flexible
than saturated sleeving

WE’VE TOLD YoU about the non-fraying quality of
the new BH Sleeving. But don't forget the extra
flexibility we’ve built into it. You can prove this
to yourself with the five-second test of sleeving
flexibility:

Obtain from us a sample of BH Extra Flexible
Fiberglas Sleeving equal in size to the saturated
sleeving you use now.

Following Figure 1, hold eight-inch lengths of
both BH Extra Flexible Fiberglas Sleeving and
saturated sleeving between the thumbs and fingers
of both hands, Stretch both sleevings to make
them straight.

Now release the sleeving ends held in your left
hand. Instantly, the new BH Fiberglas Sleeving
will fall limp, proving its extra flexibility. The
saturated sleeving will remain straight, practically
inflexible. The comparison is shown in Figure 2.

NON-FRAYING - FLEXIBLE - HEAT-RESISTANT
NON-INFLAMMABLE . WATER-RESISTANT
NON-CRYSTALLIZINGat LOW TEMPERATURES

The new BH Extra Flexible Fiberglas Sleeving is
woven from the choicest continuous-filament Fi-
berglas yarns. It possesses high dielectric strength,
is water-resistant and, like all BH Sleeving and
Tubing—is non-inflammable. v

All sizes from No. 20 to 84", inclusive, are avail-
able. Write for samples of this radically new and
different sleeving today—in the sizes you desire.
Seeing is believing! Bentley, Harris Manufactur-

FHIS - NOT THIS ing Co., Dept. R, Conshohocken, Pa.

NON-BURNING lMPREGIV:ATED MAGNETO TUBING » NON-BURNING FLEXIBLE
VARNISHED TUBING . SATURATED AND NON-SATURATED SLEEVING

BENTLEY, HARRIS MANUFACTURING CO.

£
9 PRODUCTS 7

Conshohocken, Penna. .
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ELECTRONIC

VIBRATION

TENTER

By

FORREST DORMAN-

Curtiss-Wright Corp.

A discussion of equip-
menit used in vibrating
maiterials and measur-
ing the resulting stresses

by electronie devieces.

FORREST DORMAN

Research sgpeclalist in charge
of eoxperimental siress analy-
sis and vibration fatigue test.
ing in the Propeller Division
ol Curtiss-Wright Corporation.

E N

A technician examining the vibratory cycle of a propeller motor mounted on a resonance bar.

IBRATION fatigue testing today
Vis becoming increasingly impor-

tant to the manufacturers of ma-
chines or parts which are to be ‘sub-
jected to vibratory stresses or forces
in service. To these manufacturers,
the value of such testing is so well
known as to require no mention, and
the industry has for several years been
developing better means of producing
these types of tests.

In previous years a mechanical
means of producing vibratory forces
has normally been used. This usually
consisted of whirling unbalanced
weights of one arrangement or another.
In more recent years, however, a newer
type of vibrator utilizing the principle
of the electro-dynamic speaker has
been under development by several
concerns. This, of course, required the
development of specialized a.é. electric
power generators for driving and con-
trolling these vibration motors as well

GI NEERING
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as the development of the motor itself.

It is well to consider the applications
of such vibration machines which have
justified their development.

The value of endurance testing of
structural materials and the determi-
nation of fatigue limits is well known
and the testing that has been done has
been so extensive that there is hardly
a structural material whose fatigue
characteristics have not been investi-
gated.

However, the knowledge of the
fatigue limit of the material is only
part of the consideration. Endurance
testing of finished structures or com-
ponent parts is of at least equal im-
portance. Nevertheless, this type of
testing has been given much less atten-
tion in the literature, perhaps because
results of such tests, unlike those run
on materials, are of interest only to the
individual manufacturer. Much of this
type of testing is performed on proving



Fig. 1. Completely assembled vibration motor.

Fig. 2. Stainless steel armature or “voice
coil” u.cd in vibraticn motor shown in Fig. 1.

grounds, in test houses and under
actual service conditions, but although
this constitutes the nearest approach
to a final test of the durability of a
product, many more uncontrollable
variables are involved than are pres-
ent in a laboratory test. Furthermore,
the laboratory permits testing of indi-
vidual parts without requiring the test-
ing of the complete assembly, which
results in savings in both time and
expense.

Unfortunately, the type of machine
ordinarily used for fatigue tests of
materials is generally unsuited for en-
durance tests of finished structures for
two reasons. First, the machine is de-
signed to accommodate only a test
specimen of simple shape and more or
less standardized dimensions. Second,
it usually does not operate at high
enough speed.

The latter comment calls for some
amplification. It is well known that
fatigue testing of steels requires ap-
proximately 107 cycles of reversed
stress at each stress level and alumi-
num alloy 108 cycles or more before it
can be determined that the endurance
limit lies above this level. When such
testing is performed on a machine
which reverses the stress at 30 cycles
per second, 93 hours of testing are
necessary to reach 107 cycles, and a
complete test on one material may re-
quire five weeks or more, even if the
machine runs continuously. Machines
of the rotating beam type may operate
at considerably higher speeds, but are
unsuited for testing of anything ex-
cept standardized specimens of mate-
rials.

Most fatigue test machines are of the
“brute force” type; that is, they con-
tain rotating or reciprocating parts
which apply, to the object under test, a
momentary force comparable in mag-
nitude to, and often larger than, the
force required to produce a -static
stress of equal magnitude. The vibra-
tory forces produced by these machines
are normally carried by bearings, and
consequently the machine is, of neces-
sity, of rather heavy construction in
order to outlive enough test specimens
to justify its cost. The stress produced
in the specimen in forced vibrations at
a frequency appreciably lower than the
lowest frequency of resonance is de-
pendent only on amplitude, whereas
the forces necessary to accelerate the
moving parts of the machine are pro-
portional to the square of the speed.
Hence, conventional type machines are
generally limited rather seriously as to
speed range.

In fatigue testing of finished as-
semblies it is economically desirable to
approach the fatigue stress limit from
below. In the case of experimental
assemblies, which constitute most of
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the testing, there is often only a single
specimen available. Performed at 30
cycles per second, a test would last per-
haps 10 weeks or even longer if the
stress level increments were small. But
the time element is not the only reason
for developing a machine with a wider
speed range.

Fatigue failures under service condi-
tions do not usually occur at the lower
frequencies of forced vibration. Elastic
systems containing relatively little
damping are much more likely to fail
if they are vibrated at a frequency
equal to one of their own natural fre-
quencies.

In a system of more than a single de-
gree of freedom the stress distribution
at resonant frequencies above the low-
est one, is entirely different from the
stress distribution under static stress
or low frequency forced vibration, so
that failures in tests at low frequency
would have no bearing on failures
which might occur in service at much
higher frequencies.

Not only are vibration stresses at
resonant frequencies a more realistic
representation of service conditions,
but also they are much easier to pro-
duce. Forces for accelerating the vi-
brating parts are non-dissipative and
at resonance are supplied by the
vibrating system itself. The vibrator
then needs to furnish only enough
power to replace the energy lost
through friction, windage, noise radia-
tion, and mechanical hysteresis. Hence,
a vibrator with a very moderate thrust
output may create high stresses in the
test specimen.

To summarize, there are a number
of arguments in favor of endurance
testing machines which operate at
resonance, particularly when testing
finished parts. These include acceler-
ated testing through higher speed op-
eration, more realistic stress distribu-
tion, and decreased vibrator thrust
requirements.

Only a few machines for testing
materials have been designed which
make use of reson?nce phenomena.
One difficulty encountered in operation
of resonance, and perhaps the reason
why such machines have not been more
widely used, is the problem of main-
taining constant exciting frequency. In
a sharply tuned system, a change in
frequency of a fraction of one percent
can cause a change in stress level much
greater than is allowable. Consequent-
ly, it was necessary to design a differ-
ent type of equipment to do this job
which employed electronic driving and
controlling apparatus.

Basically, the system employs an
electro-dynamic translational vibrator
powered by a large vacuum tube ampli-
fier which is in turn excited by a stable
electronic oscillator. Other auxiliary
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