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PHENOMENA and 
TECHNIQUES 

By :11.BE1LT G. 1111,1. 

Head, Transmitter Components Div., Radiation 
Lab., M.I.T.: Assoc. Professor of Physics, M.I.T. 

Fig. 1. Above is shown a cut -away view 
of the 10 cm., type 2132 magnetron. The 
photograph shown to the right is a cut- 
away view of the 1 megawatt, 10 cm., 

tunable magnetron type 4J77. 

Generation and detection of mierouare pulsev. 

The magnetron and klystron oscillators and the 
crystal mixer or first detector are discussed. 

WE HAVE seenl that the prin- 
cipal functions of a radar set 
are to produce and to radiate 

very short pulses of ultra -high fre- 
quency, to detect the reflections of 
these pulses from material objects and 
to display the information thus ob- 
tained by suitable indicators. In order 
to distinguish between objects sepa- 
rated by small angles, or small differ-, 
ences of range, it is necessary to have 
very sharp beams and pulses of short 
duration. The first requirement can 
be fulfilled by using frequencies of 
2000 mc. and above (lower frequencies 
lead to prohibitively large antennas 
for beams of 5 degrees and less in 
width), and the second requirement 
can be met by using pulsed oscillations 
of 0.1 to 2.0 microsecond duration. Of 
course, the range discrimination is 

EDITORS Noie: This is the second of six articles on microwave techniques, pre- 
pared especially for RADIO -ELECTRONIC 
ENGINEERING by members of the staff of 
the Radiation Laboratory, M.I.T. This 

ce 
of Scientaper 

is 
ific Research and 
ased on work done 

Develor opment 
under contract ODMsr-262 with the Ra- 
diation Laboratory, Massachusetts Insti- tute of Technology. 

greater the shorter the pulse, but since 
the average receiver power drops off 
directly as the pulse width, a suitable 
compromise must be made between 
discrimination and minimum detect- 
able signal, which determines the 
maximum range of the radar set. 

The present article will discuss the 
generation and detection of pulsed mi- 
crowaves : the radiation and propaga- 
tion of such waves will be the subject 
of a later article in this series. 

The greatest single contribution to- 
ward the development of microwave 

radar was the British development of 
the multi -cavity magnetron. This tube, 
which is pictured in Fig. 1, made pos- 
sible the production of very high power 
at high efficiency and relatively good 
stability. Normal operating figures 
for such a magnetron are given in 
Table I. 

Maximal figures on production tubes 
at 10 cm. wavelength are 3000 kw. peak 
power, and 2 kw. average power. For 
special low power uses, magnetrons of 
50 watts peak power have been con- 
structed. The measured efficiency of 
a magnetron is the product of the elec- 
tronic efficiency and the circuit effi- 
ciency. The first of these represents 
the ability to convert d.c. power into 
microwave power and values as high 
as 80% have been inferred from in- 
direct measurements. The circuit effi- 
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Fig. 7. (A) Two cavity 
klystron. (B) Reflex klystron. 

to utilize the ultimate receiver sensi- 
tivity, it is very likely that the magne- 
tron will be far enough off frequency 
some of the time to render the received 
signal outside the i.f. pass band. Some 
form of automatic frequency control 
is necessary, and since the magnetron 
is difficult to tune, it is convenient to 
let it shift frequency at will, but to 
keep the local oscillator in step with 
it. This is accomplished by using an 
1.f. discriminator and the electronic 
tuning property of the reflex klystron. 

The reflex klystron is a very ineffi- 
cient device, but this is of negligible 
importance for 1.o. use. Typical operat- 

ing characteristics for a reflex klys- 
tron at 10 cm. are given in Table II. 

Microwave Transmission Lines- 
Coaxial Lines 

Transmission lines for microwaves 
must be shielded to prevent radiation 
leakage and impedance changes due to 
interactions with surrounding objects. 
Two general types are possible: (1) 
coaxial lines and (2) wave guides, 
although the first type may be con- 
sidered as a special case of the second. 
The coaxial line permits the propaga- 
tion of a "principal mode"; the mode 
in which the field vectors are com- 
pletely transverse to the direction of 
propagation; the lines of E being ra- 
dial between the two conductors, and 
the lines of H being circles concentric 
with the conductors. However, when 
the wavelength becomes smaller than 
the average circumference of the inner 
and outer conductors, higher modes 
having longitudinal components are 
possible. Whenever any discontinuity 
occurs in such a line the higher modes 
will be excited and the impedance re- 
lations will become very complex. For 
practical reasons, then, the largest 
size of coaxial line for the 10 cm. re- 
gion is one in which the inner diame- 
ter of the outer conductor is 11/2 " and 
the outer diameter of the inner con- 
ductor is %", for 52 ohms character- 
istic impedance. The corresponding 
limits for the 3 cm. region are approx- 
imately %" and 146". 

The characteristic impedance of a 
coaxial line is given by: 

Z =138 
k 

lg,o a 
o (ohms) (2) 

where a and b are the outer and inner 
radii, respectively, and k is the dielec- 
tric constant. 

The attenuation due to copper losses 

Fig. 8. Wave guide mounted on 723A klystron (left). Right, 417A klystron (10 cm.). 

,1Tf711T i3i.Ttrl1,114:1T1911TRIiI, í`)';i)'ifl. i 

in air -filled coaxial lines is given by: 

1 = 23.8 Z/- a + b) db./cm (3) 

where a and b are the inner and outer 
radii, P is the resistivity in ohm -cm., A 

the wavelength. For the 1l,á" line de- 
scribed above and A = 10 cm., A is 
.025db./ft. for brass. 

The most difficult problem in the 
fabrication of coaxial lines is the sup- 
port of the center conductor. Solid 
dielectric support greatly increases the 
attenuation since dielectric losses pre- 
dominate in the microwave region. 
Dielectric beads give rise to reflections 
and consequent impedance mismatches, 
and further greatly reduce the power - 
handling ability, since breakdown 
across the dielectric is an ever-present 
source of trouble. Quarter -wave stub 
supports are by far the most satis- 
factory, and though inherently not 
broad -band, can be made so by the 
addition of small transformers on the 
inner conductor. 

The ultimate limitation on the use 
of coaxial lines is the breakdown 
strength. Assuming 30,000 volts/inch 
as the breakdown strength of air at 
atmospheric pressure (a value which 
is nearly correct in the microwave re- 
gion) the greatest pulse power 
which can be handled at 10 cm. in a 
52 ohm coaxial line is theoretically 
about 3500 kw. Actually imperfec- 
tions and discontinuities will cut this 
down, and a good working upper limit 
is about 1000 kw. These values are 
given for the 11/2" x %" coaxial line 
which is the largest practicable at 10 
cm. wavelength. 

Wave Goldes 
In the general sense any transmis- 

sion line is a wave guide, and the co- 
axial line is a special case. In the 
particular sense, and the one used 
here, the term wave guide is reserved 
for hollow pipes which usually are 
rectangular or circular in cross sec- 
tion. The wave guide most useful in 
practice is the rectangular one and we 
shall describe its properties briefly. 

Because of the lack of inner conduc- 
tor to terminate the lines of E, no 
principal mode is possible in a wave 
guide. This means that either E or H 
will always have a component in the 
direction of wave propagation. Refer- 
ring to Fig. 10, let us discuss the case 
of a rectangular wave guide of inner 
dimensions a and b, where a > 2b (the 
usual case in practice). The lowest 
mode is one in which the lines of E 
are transverse and parallel to the nar- 
row dimension of the guide, and the 
lines of H have both longitudinal and 
transverse components, but are al- 
ways perpendicular to the lines of E 

(Continued on page 30) 
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THE following electronic devices 
developed by the Aero Division of 
the Minneapolis -Honeywell Regu- 

lator Company are worthy of the at- 
tention of every engineer and techni- 
cian. These basic principles may be 
broadly applied to the solution of al- 
most any problem of control or meas- 
urement, and in the rapid expansion of 
electronic aids to industry they are 
destined to play a vital role. 

Types of "sensing" methods may 
vary as widely as the problems to be 
solved. Given a dependable device for 
transducing the intelligence provided 
by the sensing mechanism into an in- 
telligible indication, or into energy ap- 
plied so as to perform the appropriate 
actions, every problem is resolved into 
the development of a suitable pick-up. 
In the following paragraphs a number 
of devices will be described, all having 
in common the use of resistance bridges 
as coordinating elements. 

Devices designed for aircraft instal- 
lation are subject to physical vibration 
and shock, as well as variations in 
temperature, humidity and altitude, 
under conditions where dependability 
is of more than ordinary importance. 
The initial thinking of most engineers 
would not suggest potentiometers as 
being particularly well suited for con- 
tinuous operation under these rigorous 
requirements. This mistrust results 
largely from experiences with econ- 
omy influenced designs. 

The potentiometer developed by Min- 
neapolis -Honeywell is illustrated in 
Figs. 3 and 11. The contact surfaces of 
the multiple wiper are made of Paliney 
#7 (containing platinum, gold, silver, 

AVIATION 

ELECTRONIC CONTROLS 
My JOHN D. GOODELL 
Consulting Engineer, St. Paul 

Electronic circuits are utilized in liquid measure and 

autopilot controls in military and civilian aircraft. 

copper and palladium) welded to the 
tips of five V-shaped flat phosphor - 
bronze spring blades. The nichrome 
wire resistance element is wound 
around a flat bakelite ring clamped to 
a flat bakelite block on which is 
mounted a flat metal collector ring. 
The contact points are arranged at an 
angle selected to produce optimum 
self-cleaning "snowplow" wiper action. 
This feature has virtually eliminated 
any difficulties from fouling of the re- 
sistance element. Triple contact is 
provided by the three longer blades, 
and the two short blades complete the 
circuit to the collector ring. This con- 
struction eliminates the need for flex- 
ible wire to the wiper arms. The de- 
sign has proved its long life, minimum 
maintenance and serviceability under 
flying conditions in the B-29 Super - 
fortress and other aircraft. 

With the problem of dependability 
solved, the potentiometer is an un- 
usually valuable tool for translating 
mechanical motion into an electrical 

signal. There are innumerable meth- 
ods of connecting potentiometers in re- 
sistance bridges so as to vary the flexi- 
bility of control, coordinate intelli- 
gence from various sources and pro- 
vide special effects of many kinds. A 
review of fundamental principles will 
facilitate understanding of specific ap- 
plications that follow. 

In Fig. 5A the voltage from an a.c. 
source is impressed across two poten- 
tiometers connected in parallel. It is 
clear that when the two wiper arms 
are electrically centered there will be 
no difference of potential between 
them, hence zero output voltage. If 
the arm of the control pot is moved 
away from center, the phase sensitive 
amplifier will develop an output volt- 
age to operate the motor. Assuming 
a method whereby the direction in 
which the motor rotates depends on 
the phase of the signal to the ampli- 
fier, the mechanical connection be- 
tween the armature of the motor and 
the balance pot may be arranged to 
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Fig. 3. Exploded view of the potentiometer assembly used in various controls. 

Fig. 4. Formation stick autopilot 
control installation in a B-24. 

re -balance the bridge to zero output. 
Obviously there is no necessity of 
physical proximity between the com- 
ponents, and the arrangement is well 
suited to remote control requirements. 

In Fig. 5B, R, and R2 have been 
added to allow the electrical balance 
point to be shifted away from the 
physical center. The ratio E,/E2, 

termed the "control" ratio, is dimin- 
ished by the addition of these resist- 
ances. In order that this ratio be 
adjustable, R3 is introduced, while R, 
prevents any adjustment of Rs from 
shorting out the balance pot. 

A particularly interesting arrange- 
ment is shown in Fig. 7. The produc- 
tion of individual pots with accurate 
exponential tapers has always been ex- 
pensive and difficult. Here the prob- 
lem is solved simply by using two 
ganged pots. When the arms are cen- 
tered, the potential across R, is zero. 
As the arms are moved away from 
center, R2 applies an increasing volt- 
age to R,. At the same time the arm 
of R, picks off an increasing percent- 
age of the voltage available. Thus, the 
output voltage varies as the square of 
the displacement of the arms. 

One of the most ingenious recent ap- 
plications of well known principles is 

Fig. 5. (A) Basic sell.balancing bridge control. (B) Trimmers for this control. 
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represented by the electronic fuel gage. 
In this device the pick-up unit con- 
sists of three concentric metal tubes 
mounted upright in the fuel tanks. 
The outer tube functions as an elec- 
trostatic shield and is grounded. The 
two inner tubes are used as the plates 
of a capacitor, as shown in the basic 
diagram in Fig. 8. The dielectric con- 
stant of air is one, and the dielectric 
constant of gasoline is approximately 
two. Thus, the impedance of the con- 
centric pipe capacitor is half as great 
when the tank is full as when it is 
empty. At intermediate points in the 
range from empty to full, the impe- 
dance is proportional to the amount of 
available fuel, providing the tank is 
symmetrical. 

The circuit of Fig. 8 represents a 
capacitance bridge. When the arm of 
the bridge containing the fixed capaci- 
tor is of the same total impedance as 
the tank unit capacitor, the bridge is 
in balance and there is no output volt- 
age between the center tap of the 
transformer and the junction of the 
capacitive elements. If the level of 
the fuel is raised or lowered, the im- 
pedance of the tank unit will change 
accordingly and there will be an out- 
put voltage applied to the phase sensi- 
tive amplifier. The phase will depend 
on whether the fuel has been increased 
or decreased, thus determining the di- 
rection in which the output of the 
amplifier will drive the motor. The 
motor is geared to drive an indicator 
calibrated in gallons, and at the same 
time to adjust the balance potentiom- 
eter in such a manner as to re -balance 
the bridge. 

There are many obvious advantages 
to this instrument, such as the fact 
that no moving parts are used in the 
fuel tanks; the indicator maintains its 
reading even with the engines turned 
off; a 300 -degree scale is available; 
and the needle stays at the failure 
point so that the available fuel may 
be estimated on a time basis if an elec- 
trical component becomes inoperative. 
A test button is provided to simulate 
an empty tank in order to determine 
that the unit is operating properly. In 
order to compensate for angular dis- 
placement of the tanks, several con- 
centric pipe units are connected in 
parallel. Thus, if the fuel is shifted 
toward one side as a result of tilting 
the tanks, the quantity in one unit 
goes up proportionally as it goes down 
in another. Small oscillations of the 
fuel are damped out by using small 
entrance holes to the pipes. Finally, 
and perhaps most important, the di- 
electric characteristics of gasoline are 
such as to compensate almost com- 
pletely for volumetric changes from 
expansion or contraction caused by va- 
riations in temperature. As the gaso - 
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line expands, the dielectric constant 
decreases. 

In some parts of the world the 
ground temperature may be 140° F., 
while at 30,000 feet it may approxi- 
mate -40° F., reducing the volume 
of the gasoline by approximately 12%. 
The energy available is a function of 
the weight of the gasoline rather than 
the volume. Where mechanical gages 
are used, it is necessary to carry a 
large quantity of gasoline as a safety 
factor to allow for changing tempera- 
tures affecting the indicator. In oper- 
ating large aircraft with a capacity 
of 6000 gallons, the extra quantity re- 
quired for this safety factor may be 
reduced as much as 900 gallons by tak- 
ing advantage of all the added fea- 
tures of accuracy in the electronic 
instrument. This would permit an in- 
crease in payload of over two tons. 

Calibration of the indicator in gal- 
lons is accomplished at a reference 
temperature of 77° F., and the dial 
face markings are divided in accord- 
ance with a curve based on the irreg- 
ularities of shape in the various fuel 
tanks. There are many other possible 
applications for this method of liquid 
measure, such as fuel and oil aboard 
ships and the measurement of liquids 
in bulk containers. Even corrosive li- 
quids may be safely measured by in- 
sulating the capacitor plates with a 
suitable sheath of protective substance 
and compensating for the added di- 
electric as a constant in the calibra- 
tion procedure. 

It is an interesting sidelight on the 
manner in which engineering develop- 
ments take place to note that this in- 
strument grew from an effort to de- 
vise a suitable ice indicator for exterior 
surfaces on aircraft. One approach to 
the solution of this problem involved 
the use of a capacitor mounted on the 
wing surface. The measurement was 
then made on the basis of the differ- 
ence in dielectric constant between air 
and ice. This was abandoned because 
new developments in ice elimination 
minimized the need for such an indi- 
cator. Then the possibility of applying 
the same principles to fuel measure- 
ments became apparent and the instru- 
ment described above was designed. 

The Autopilot 
In the Autopilot, the servo motor is 

used to drive cable drums that operate 
the control surfaces. Aircraft are con- 
trolled in three dimensional flight by 
displacement of the ailerons, the ele- 
vators and the rudder. A bridge of the 
type previously described is used for 
each of these controls, and the various 
controls are inter -connected in a suit- 
able manner. The schematic drawing 
in Fig. 6 shows the functional relation- 
ship of components in the vertical flight 
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Fig. 6. Gyro, servo and amplifier arrangement for operating control surface of plane. 

assembly. The gyro case is fastened to 
the frame of the airplane and the 
pick-up potentiometer winding is fas- 
tened to the gyro case. The wiper 
arm is mounted in a fixed position with 
respect to the gyro rotor. Thus, if the 
airplane deviates from straight and 
level flight, the gyro case and the 
pick-up pot winding tilt with it, but 
the gyro rotor and the wiper arm re- 
main vertical. This changes the posi- 
tion of the wiper arm on the pick-up 
pot and applies a signal to the ampli- 
fier. The output of the amplifier causes 
the servo motor to turn the cable drum 
which operates the control surface. 
At the same time the wiper arm at- 
tached to the cable drum is adjusted 
with respect to the balance pot so as 
gradually to diminish the amplifier 
signal to zero. The action of the con- 
trol surface brings the plane back to 
level flight, which reverses the direc- 
tion of displacement of the wiper arm 
on the pick-up pot and changes the 
phase of the amplifier input. This re - 

Fig. 7. Ganged potentiometers con- 
nected to produce an exponential taper. 

verses the direction of cable drum ro- 
tation and operates the control surface 
back to its original position, simul- 
taneously readjusting the cable drum 
wiper arm so as to re -balance the 
bridge at center. 

The amplifier is not unusual elec- 
trically, but it is exceptionally well 
designed to provide flexibility and fine 
control with a minimum of compo- 
nents. The schematic diagram appears 
in Fig. 10. 

In Fig. 6 it may be seen that the 
Vertical Flight Gyro controls four po - 

Fig. 8. Schematic showing arrangement of components of liquid level indicator. 
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tentiometers, thus correlating its total 
information regarding the movement 
of the airplane and making the nec- 
essary corrections in the setting of 
various control surfaces. For exam- 
ple, if one wing should drop so as to 
make an appreciable change in the 
relationship between the Gyro rotor 
and the Gyro case, the wiper arms on 
the Aileron Pickup Pot, the Skid Pot 
and the Up -Elevator Pot will be oper- 
ated so as to transmit signals to the 
aileron, rudder and elevator sections 
of the amplifier. Thus, the associated 
control surfaces are operated in ex- 
actly the correct manner to return 
the airplane to level flight. If the pilot 
wishes to execute a turn, he simply 

adjusts the Turn Control Knob to the 
direction of turn and the degree of 
bank desired. This results in the proper 
operation of ailerons and rudder to 
produce a perfectly coordinated turn 
without the effects of slipping or skid- 
ding that may result when a human 
pilot does not perform the operations 
perfectly. Banking the plane causes 
the Vertical Flight Gyro to operate 
the Aileron, Skid and Up -Elevator 
Pots so that the Aileron and Skid Pots 
are caused to cancel the signals to the 
aileron and rudder servo units. This 
streamlines the associated controls 
during the time of turning. The Up - 
Elevator Pot creates just the right 
amount of signal to adjust the ele- 
vators properly for maintenance of 
altitude. Upon completion of the turn, 
the Turn Control is set back to zero 
and the aircraft automatically levels 
off. The Turn Control contains a switch 
that energizes the Directional Arm 
Lock on the Stabilizer, preventing any 
interference with the turn from nor- 
mal operation of the direction correct- 
ing characteristics of this unit. 

The Autopilot Control Panel con- 
tains facilities for engaging or disen- 
gaging the system, and also permits 
trimming of the controls to compen- 
sate for varying load and flight condi- 
tions. The Pilot Director Indicator is 
a remote indicating instrument to pro- 
vide the pilot with information regard- 
ing the proper trimming of the system 
and the airplane. When the Autopilot 

is set into operation with the PDI ini- 
tially centered, subsequent corrections 
are made automatically. 

In Fig. 10 a schematic for the Aileron 
Axis amplifier is shown with idealized 
oscillograms and IP/E9 curves for the 
tubes with the operating points indi- 
cated. In complete installations vari- 
ous additions and changes may be 
made in the bridge circuits in order to 
provide special facilities of various 
kinds. The first stage consists of a 
conventional triode amplifier operated 
Class "A." The second stage is called 
the "control" tube, and it operates with 
a composite grid bias from three 
sources. With no signal applied, the 
plate current is at saturation so that 
only the negative component of the in- 
put is effective. To eliminate the ef- 
fect of very small signals, positive bias 
is applied through "increase sensitiv- 
ity" control, which permits moving the 
operating point anywhere between "A" 
and "C" as indicated on the associated 
curve. Under these conditions a signal 
that was just large enough to drive 
the circuit would result in chattering 
of the relays or, conceivably, in not 
operating the relays at all. Hence, in 
order that the change -over point from 
too small a signal to an operating sig- 
nal may be critically maintained, and 
still avoid the danger of chattering, a 
negative feedback voltage is developed 
across RC labeled "feed-back voltage," 
which cancels a portion of the posi - 

(Continued on page 35) 

Fig. 10. Schematic diagram of autopilot bridge and amplifier, showing waveforms at various points in the circuit. 
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Replacing JACK -STRIP 

in Broadcast Transmitters 
Suitable rotary switches are more reliable than 

jack -strip and patehord systems commonly used. 

By JESSE R. SEXTON 
Chief Eng., Alexandria Broadcasting Co. 

IN PRACTICALLY all' the 950 or 
more broadcast stations located 
in this country and its territories, 

will be found the jack -strip and patch - 
cord system of shifting different pieces 
of regular and auxiliary equipment 
from one place in the circuit to an- 
other, generally for test purposes, or 
to circumvent bad apparatus, and also 
for bringing in remote program lines 
and feeding outgoing lines to local and 
regional networks. It will also be 
found that an extremely high percent- 
age of these jack -strips have caused 
trouble at one time or another by 
making poor contact to the patchcord 
plug, or no contact at all, at a critical 
moment. The author recalls a case 
when most of a state network missed 
the first quarter of a football game 
because of poor jack and plug contact 
at the originating station. The oper- 
ator at the originating station was 
convinced that the trouble was not in 
his territory since he had the cord 
patched into the correct jack, and it 
was not until all other possibilities 
had been exhausted that he conde- 
scended to investigate his own equip- 
ment, and rectify the fault. This is 
not an isolated case-it has happened 
often under slightly different circum- 
stances. While the patchcords them- 
selves are easy to keep clean, the jack - 
strip is almost impossible to clean 
properly, and the best job that can be 
done still leaves it in such condition 
as not to justify the reliance that 
must be placed on it when unfailing 
operation is the goal. 

Rotary switches with heavy silver- 
plated contacts that have a swiping 
self-cleaning action when turned are 
as positive in operation as it is pos- 
sible to make in a mechanical move- 
ment. Fig. 2 is a block diagram of a 
switch panel designed and built to re- 
place the jack -strip. While this sys- 
tem takes up considerably more space 
than a jack -strip and possibly is not 
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quite as flexible, nevertheless it does 
everything required of it, and its op- 
eration is absolutely dependable. Fig. 
1 shows as much of the transmitting 
equipment as can be included in a 
photograph. The front panel of the 
switching system in operation is shown 
in the upper left hand corner of this 
picture, mounted above the modula- 
tion monitor. Referring to the dia- 
gram in Fig. 2, the mixer panel, lim- 
iting amplifier, etc., of course, are not 
mounted on the switch panel. The 
only controls on the switching panel 
are the eight rotary switches and the 
three key switches. No. 1 key switch 
selects either of two incoming pro- 
gram lines from the studio. No. 2 
key switch, along with rotary switch 
No. 4, is used to throw the incoming 
program directly into the transmitter, 
bypassing the limiting amplifier, in 
case of amplifier failure. The key 
switch is placed in the lower position 
and No. 4 rotary switch is placed on 
No. 1 contact. At this particular in- 
stallation, with this arrangement 

about 75% modulation can be ob- 
tained in the transmitter, and the am- 
plifier can be serviced without losing 
time on the air. No. 3 key switch is 
used for selecting either of two pro- 
gram monitoring sources, one from 
the audio envelope of the modulation 
monitor, and the other from a small 
transformer placed in the cathode of 
the final Class B radio frequency am- 
plifier. When this key switch is in the 
neutral position, the input to the pro- 
gram monitor amplifier is open for 
audition and testing purposes. Either 
of the turntables TT1 or TT2, or the 
local announce microphone, may be 
placed on the input of the monitor 
amplifier by rotary switches 5, 6, and 
8, and the sound level is then con- 
trolled by volume control on the mon- 
itor amplifier. No. 7 rotary switch 
may be used to place the studio pro- 
gram lines on the monitor amplifier 
when the station is off the air, or 
when the program is originating at 
the transmitter. If both turntables 
are placed on the amplifier at the 
same time, a slight impedance mis- 
match occurs with some loss in gain, 
but no discernible loss in quality of 
reproduction. For future use, provi- 
sion is made to connect both turn - 

(Continued on page 39) 

Fig. 1. A view showing as much of the transmitting equipment as possible. The 
front panel of the switching system in operation is shown in the upper left corner. 



CRYSTAL CONTROL For 

FM RECEIVERS 

Fig. 1. (Above) Top chassis view. The crystals in 
type CR -1 holders are mounted in a group left -center. 
Fig. 2. (Right) Bottom wiring view. Copper tubing 
has been used to shield all r.f. carrying leads. 

By 
1 O Ii :WA 1 L. CH ALFIN 
Senior Application Engineer, Crystal 
Division, North American Philips Co. 

WRITERS of advertising mate- 
rial in the radio and elec- 
tronic appliance fields have 

fired public imagination with postwar 
possibilities of application of devices 
which have played such dramatic roles 
in the winning of Allied victories. 
Among the devices used in wartime 
signalling applications have been pie- 
zoelectric quartz crystal oscillator 
plates. Most military communications 
installations have employed many 
quartz crystals as a guarantee of sta- 
ble communications. The inherent 
properties of these units in stabilizing 
frequencies made them essential for 
communications channels. 

With the establishment of higher 
frequency allocations for FM and tele- 
vision broadcasting, engineers engaged 
in the design of domestic radio receiv- 
ing equipment face many problems re- 
quiring increased care with factors 
affecting circuit stability. Small di- 
mensional changes resulting from 
thermal effects and the action of hu- 
midity can have considerable influence 
upon all circuits in general and on 
oscillator circuits in particular. In 
u.h.f. superheterodyne receivers the 

Crystals may be, utilized for push-button tuning on Fei 
reeeit'drs in the present band and in the treu, FM band. 

local oscillator is particularly suscep- 
tible to these atmospheric influences 
which affect its frequency stability. 
Design engineers will therefore be giv- 
ing careful attention to compensatory 
mechanisms, stabilizing elements, and 
circuits for stabilizing the oscillator 
among other factors. Many circuits 
can be stabilized with a number of neg- 
ative temperature coefficient devices. 
These operate within satisfactory lim- 
its for AM reception or perhaps for 
the television picture channel, al- 
though in the latter picture quality 
may suffer from oscillator drift and 
variations in i.f. components. In an 

Table L Crystal frequencies for pres- 
ent FM band in the New York area. 

Station F, F. F 
WNYE . . . 42.1 Mc 4.725 Mc 18.90 Mc 
W2XMN .. 42.8 4.8125 19.25 
WNYC-FM 43.9 4.950 19.80 
WGYN ... 44.7 5.050 20.20 
WEAF-FM. 45.1 5.100 20.40 
WQXQ ... 45.9 5.200 20.80 
WHNF ... 46.3 5.250 21.00 
WABC-FM. 46.7 5.300 21.20 
WBAM ... 47.1 5.350 21.40 
WABF ... 47.5 5.400 21.60 

FM receiver the effects of oscillator 
drift are particularly distressing to the 
listener in depriving him of the bene- 
fits of the noise -free, high-fidelity re- 
ception that FM can provide. It is, to 
say the least, annoying to have to re - 
tune an FM receiver several times 
within the first half hour of operation 
and periodically thereafter. 

The author has used at home a 
Meissner 9-1041-A FM receiver which 
will be remembered as one of the very 
first FM receivers on the market. This 
receiver was brought into the labora- 
tory for study in application of quartz 
crystal control as an approach to sta- 
bilization in FM superheterodyne re- 
ceivers. The results of this investiga- 
tion are reported in this article. 

The first approach is an application 
of the principle of the double super- 
heterodyne. The operation of this cir- 
cuit involves a single local oscillator 
operating at a frequency, F0, coupled 
inductively to the first mixer. This 
signal beats with the desired carrier, 
F8, to produce the first i.f., Fd (F,- 
F0=-Fd). This occurs in the first 
mixer (antenna) stage. The plate cir- 
cuit of the first stage is tuned to F,,. 

12 ENGINEERING D E P T. MARCH, 1946 



By capacitive coupling to the second 
mixer stage the components Fd and F 
are mixed to produce the second i.f., 

(Fd - Fs --= Fi). Fo passes through 
the first mixer. 

This system was considered for the 
reason that the local oscillator fre- 
quency is quite low compared to the 
signal frequency and that a lower har- 
monic order of the crystal frequency 
would be required to obtain the oscil- 
lator frequency. Furthermore, whether 
for the existing FM band (where the 
set under discussion operates), or for 
the newer band, the crystals would 
fall in an easily manufactured fre- 
quency range and the fundamental 
frequencies could be readily multi- 
plied. 

For the existing FM band, crystal 
frequencies (FA.) were chosen such 
that their fourth harmonics were 
equal to the local oscillator frequency 
Fo. Since the i.f. of the Meissner set 
is 4.3 mc., then the formula for the 
crystal fundamental frequency be- 
comes FT = (FR - 4.3)8 or, for any 
second intermediate frequency, Fi, F,. 
= (F3 - Fi)/2n, where "n" equals the 
harmonic multiplier, because 

Fo= (Fs- Fi)/2. 

The list of crystal frequencies for 
tuning stations in the New York area 
on the present FM band is given in 
Table I, together with the fourth har- 
monic frequency, Fo, which is the 
local oscillator frequency. 

The circuit diagram for the double 
superheterodyne r.f. section is shown 
in Fig. 4. Photographs of the layout 
are shown in Figs. 6 and 9. Twen- 
ty-seven trimmer capacitors are re- 
quired to tune 9 stations (WNYE was 
eliminated since it is on the air infre- 
quently). The three trimmers for each 
station tune the antenna coil to F, 
the oscillator coil to Fo and the an- 
tenna-first mixer plate circuit, to Fd. 
Note that the tuning of the frequency, 
Fd, is accomplished by C;: and C4 in 
series with the second mixer grid at 
the junction between them. This per- 
mits running the tuning capacitor C,, to 
ground in spite of the placement of the 
coil in the plate circuit of the tube 
and provides capacitive coupling of Fd 
and Fo to the second mixer grid. 
Switching the stations is accomplished 
by a ceramic wafer rotary selector 
switch. Five (5) wafers are required 
to switch : 1) antenna tuning, 2) oscil- 
lator tuning, 3) crystal, 4) second 
mixer tuning, 5) the panel lamp indi- 
cators. The two mixer stages are 
6AC7 tubes and are conventional. The 
oscillator is also a 6AC7 and its cir- 
cuit is a development of W. Maron of 
this company.' The crystal oscillating 
circuit is in the control grid and uti- 
lizes the screen as anode. The sup - 
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Fig. 3. Temperature coefficient of frequency 

pressor voltage is positive and the 
plate is tuned to the fourth harmonic. 
The r.f. choke and its capacitor tune 
the cathode to a frequency below 1 mc. 
Coupling to the first mixer stage can 
be accomplished two ways : direct, or 
capacitive, coupling by a small capaci- 
tor, about 10 Add., to the grid of the 
first mixer; or, the first mixer grid 
inductor and the oscillator plate in- 
ductor can be wound on the same form 
with enough space to provide loose 
coupling. The latter was used in this 
receiver. The crystal harmonic oscil- 
lator plate coil should be wound to 
provide the highest possible Q. A 
higher oscillator voltage (at the har- 
monic frequency) is developed in this 
way and the rejection ratio between 

crystal chart for anticipated home range. 

60 

the desired harmonic and its nearest 
adjacent harmonic is greatest. Care 
must be observed in parts placement 
to provide the shqrtest possible leads 
to the selector switch wafers. The in- 
ductance of the leads involved can 
give considerable difficulty. The most 
efficient mounting would be one in 
which the wafers are mounted so that 
the plane of rotation of the wafers is at 
right angles to the plane of the shaft 
rotation and actuated by beveled 
gears. In this way all capacitors can 
be mounted radially about the wafer, 
with the shortest possible leads to the 
contacts. Easier access is obtained for 
adjustment, also. In addition to the 
other advantages, the wafer could 
then be mounted directly under the 

Fig. 4. R.F. end of a crystal -controlled double superheterodyne FM receiver. 

ANT. 

o1 
6AC7 

SI MEG. 

8+ - / 

6AC7 
I` 

.e9 NX 

94 

'1+250 V. 

L 

50 M 

I OO M 

25M 

3 MEG. } 

B+ 

e 
150 

(5 GANG WAFER SWITCH -9 POSITIONS) 

IOyyfd. 

75M 

/ 
/ 

/ 
/ 

/ 
t 

/ 
/ 

/ 
/ 

6.3V. 

/ 
/ 

/ 

CRYSTAL (X) / PL 

I 

MARCH. 1946 ENGINEERING D E P T. 13 



Fig. 5. Front view of receiver. Pilot lamps have jewels lettered with station call letters. 

Fig. 6. R.F. chassis; bottom views before assembly to selector switch and tuning capacitors. 

tube involved giving shorter wiring in 
the critical places. 

A second type of circuit is drawn in 
Fig. 10. The photographs of the com- 
pleted receiver are of this set. It is a 
conventional superheterodyne with 4.3 

Fig. 7. Close-up of oscillator 
plate tank coil (lower center). 

mc. i.f. Only two tuned circuits are 
required and tune the mixer grid, and 
oscillator plate, respectively. The eighth 
harmonic of the same crystal frequen- 
cies were used as listed in Table I. 
The oscillator circuit is the same, ex - 

Fig. 8. Closeup view of an- 
tenna coil (lower center). 

cept for the resonant frequency range 
of the plate LC combination. The Q 
of the oscillator plate inductor meas- 
ured with a commercial Q -meter was 
390. The close-up of Fig. 7 shows this 
coil. It consists of No. 12 tinned solid 
copper wire wound V' diameter and 
is self supported. The circuit of this 
oscillator and harmonic accentuator 
has been used up to the 15th harmonic, 
the output voltage being less as the 
harmonic order increases. For any 
harmonic frequency of a crystal in any 
circuit having any i.f. frequency, the 
calculation of the required crystal fre- 
quency can be made from the formula 

F, - (F8 - F;)/n 
where 
F is the crystal fundamental oscil- 

lating frequency 
F8 is the desired carrier frequency 
Fi is the intermediate frequency 
n is the harmonic multiplier. 
As can be seen in the photographs 

(Fig. 7 and Fig. 8) the antenna coil 
is at right angles to the oscillator plate 
tank coil. With this arrangement 4 
volts are developed at oscillator fre- 
quency measured on the grid of the 
6AC7 mixer. This is more than ade- 
quate for good conversion. The only 
coupling between oscillator and mixer 
is due to stray couplings through the 
surrounding air and components. The 
coils are separated at least 3 inches. 
The voltage measured across the oscil- 
lator plate tank at the eighth har- 
monic of the crystal frequency was 
from twelve to fifteen volts depending 
upon the activity of the individual 
crystals. In the laboratories at Irving- 
ton, New York, there was sufficient 
sensitivity in the set to fully saturate 
the limiter on all stations. When the 
set was moved to our home location 
on the Hudson in uptown Manhattan, 
W2XMN's 40 kw. transmitter across 
the river at Alpine, New Jersey, and 
WHNF across the river at Palisades 
Amusement Park spilled over into ad- 
jacent channels. This was found to be 
due to too close coupling of the an- 
tenna primary and mixer grid coils. 
The antenna primary is a 2 turn loop 
concentric with and near to the mixer 
grid coil. Readjustment of the an- 
tenna coupling loop completely reme- 
died the difficulty. No further adjust- 
ment has been required in 6 months 
of operation. 

The Q of the mixer grid coil meas- 
ured as mentioned above is 400. It is 
wound in the same manner as the os- 
cillator plate tank with one turn less. 
The high Q of these coils is necessary 
to obtain optimum results from the 
crystal controlled circuits. When ad- 
justing the circuits they are found to 
be needle sharp but remain so ad - 

(Continued on page 34) 
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The Cavity 

MAGNETRON 
An authoritative discussion of this important 
device for generating r.f. power in the range of 
frequencies above three thousand m.egacgeles. 

Fig. 1. Cavity magnetron of the 2J22 -2J34 series. This tube oper- 
ates at 10 cm. Output pipe fits into a coaxial transmission line. 

By LEON FLANDERS, Jr. 
Test Engineer, Sylvania Electric Products, Inc. 

LONG -WAVE radar (several me- 
ters) had proved itself in the 
Battle of Britain. For accurate 

determination of plane direction, or for 
very precise gun -laying with land or 
'sea targets, radio waves of near -opti- 
cal properties were required. The 
beams had to be very sharply focused. 
'I' h is meant microwave frequencies. 
One of the major, almost decisive, fac- 
tors in the resulting success of micro- 
wave radar was the perfection of the 
magnetron as a practical high -power 
microwave oscillator. 

In radar service, during each pulse, 
magnetrons are required to operate at 
very high powers for very short periods 

of time. The high powers are needed 
because of the extreme weakness of 
the echo. Magnetrons are used because 
of the high efficiencies (25-60%) ob- 
tainable even at microwave frequen- 
cies, and because they can be operated 
under the pulsed conditions described. 
Other types of microwave oscillators, 
such as velocity -modulated tubes 
(klystrons), could not fulfill these con- 
ditions in the usual pulsed radar sys- 
tem, and are most effective in low - 
power work. The efficiencies are lower, 
and limitations on the density of the 
electron beams keep even pulsed power 
outputs relatively low. The magne- 
trons, on the other hand, gave instanta- 
neous peak powers measured in kilo- 
watts or even megawatts. The corre- 
sponding instantaneous plate currents 
were in the range of amperes or hun- 
dreds of amperes. Fortunately, since 
the tube operated only during the 

Id 11111 Ill __ 

Fig. 2. ' Loop feeding out r.f. power by 
coupling to magnetic flux. The double - 
strip strapping is also indicated. 

pulse, the average power drain and 
plate dissipation were much lower. 
Magnetrons are very small and very 
light indeed for the outputs they fur- 
nish-an important asset in airborne 
applications. 

In this article we shall survey the 
progress in both practice and theory 
made during the war. In particular 
we find ourselves chiefly concerned 
with one type, a transit -time magne- 
tron with rotational electron coupling. 

History of the Magnetron 
In broad terms we may define a 

magnetron as a vacuum diode with a 
magnetic field, usually constant and 
uniform, superimposed parallel to the 
cathode. Generally, it will be in the 
form of a coaxial cylinder. Since the 
pre-war history is covered in several 
places,1.2.3 only a few of the highlights 
will be mentioned here. First reported 
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ELECTRONS SPEEDED UP AND MOVED IN 

ELECTRONS SLOWED DOWN 
AND MOVED OUT 

ANG. VEL.- 21Tf 
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Fig. 3. (A) Diagrams showing bunching in the 2142 magnetron. (B) Equiva- lent circuit of magnetron -cavity resonators in ir mode, strapping not indi- cated. (C) Oscillating magnetron connected to load. (D) Same as (C), reduced. 

in 1921 by Hull in the static form,4 the 
magnetron remained chiefly an aca- 
demic exercise in electron ballistics 
until the discovery of various oscillat- 
ing types in 1924 and 1925.5.6.7 A mile- 
stone made its appearance in 1928 
when H. Yagi of Japan obtained good 
efficiencies at very high frequencies by 
using a split -anode construction with 
transit -time tubes.8 From then on, ex- 
tensive work on all types was carried 
out in many countries by a host of such 
researchers as Posthumus,' Linder,'° 
Kilgore,11 and Cleeton and Williams.12 

Unfortunately, the pre-war literature 
on magnetrons, although voluminous, 
is in an unsatisfactory state because 
much of the behavior was not under- 
stood, and because most of it was for 
isolated designs.13 

About 1939, the Germans, the Rus- 
sians, and the Japanesél4 had reported 
successful microwave magnetrons us- 
ing cavity resonators as the oscillating 
elements. In 1940, Professor Oliphant 
and co-workers at the University of 
Birmingham in England brought forth 
a cavity magnetron that could be 

Fig. 4. One stage of assembly of 2J27, showing cavities and split -anode construction. 

pulsed at higher powers. This devel- 
opment gave the Allies a lead in radar 
which neither the Germans nor the 
Japanese were able to surpass. Har - 
tree, in the cooperative research that 
went on in England, did an excellent 
job on the fundamental theory, and 
the present microwave transit -time 
cavity magnetron began to take shape. 

As a result of a British scientific 
mission to this country, the National 
Defense Research Committee estab- 
lished a far-reaching radar program. 
Although various commercial, govern- 
ment, and university laboratories made 
very large contributions, if research 
was centralized anywhere, it was at 
the government -sponsored M.I.T. Ra- 
diation Laboratory; the work was 
started by Professor J. C. Slater of 
M.I.T., and continued in greater vol- 
ume by the Transmitter Group under 
Dr. G. B. Collins. The principles of 
magnetron scaling were discovered, so 
that designing of new magnetrons was 
facilitated. Later it was found how to 
strap magnetrons to make the opera- 
tion more reliable and to increase the 
efficiency. The problem of the effect 
of load variation on tube performance 
was next investigated. Stabilizing cavi- 
ties were applied to reduce frequency 
shift under load variation without sac- 
rifice of power, and magnetrons tun- 
able in frequency, -as well as the usual 
fixed -frequency models, were evolved. 

The large-scale production and de- 
velopmental facilities of various com- 
panies in the electronics industry then 
made these magnetrons available in 
quantity for the armed services. 

Types of Magnetrons 
The various types of magnetrons 

may be classified as follows: 
1. Static magnetron. 
2. Oscillating magnetrons. 

a. Feedback magnetron. 
b. Habann magnetron (also 

called negative -resistance, dy- 
natron, or quasi -stationary 
magnetron) ; has split -anode. 

c. Transit -time magnetrons. 
(1) Radial electron -coupling 

magnetron. 
(2) Rotational electron - cou- 

pling magnetron; has 
split -anode. 

The only magnetrons in practical use 
-the Habann oscillator and the rota- 
tio.ìal electron -coupling transit -time 
oscillator-both require a split -anode 
construction, but operate on entirely 
different principles and should be dis- 
tinguished. The wartime magnetron 
of interest to us is one of the rotational 
models. 

The prototype of all magnetrons is 
the static magnetron, in which elec- 
trons emitted by the cathode are at- 
tracted radially by the plate voltage, 
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but are curved by the magnetic bend- 
ing-force at right angles to the path. 
If the magnetic field and plate voltage 
have the correct values, this curvature 
may be sufficient for the electrons to 
miss the anode altogether and return 
to the cathode, leading to a sharp cut- 
off of current, as evinced in Fig. 13. 

The feedback magnetron,5.15 lim- 
ited to audio frequencies and with no 
advantages over conventional oscilla- 
tors, is not used. The Habann mag- 
netron,8,11.16 however, is a very prac- 
tical oscillator. It furnishes continú- 
ous-wave outputs of about 100 watts 
with efficiencies of from 15 to 65%. 
Kilgore adapted it for the 300-600 meg- 
acycle range in particular.11 In this 
tube the electron transit -time is neg- 
ligible compared to the period of the 
oscillation, so that any frequency up to 
about 600 mc. may be obtained by 
merely adjusting the external circuit. 
The plate voltage and magnetic field 
must be at or beyond cut-off (Figs. 13C 
and D). Operation may be explained 
as arising from a negative resistance 
produced by the preference of electrons 
for paths ending at the more negative 
anode segment; when r.f. voltages are 
impressed on the segments, the elec- 
trons tend to sideslip along the equi - 
potentials in cycloidal paths. See Fig. 
15. Frequencies greater than 600 mc., 
such as are needed for microwave ra- 
dar, are excluded because then the out- 
put tapers off from electron transit - 
time interference just as in conven- 
tional vacuum tubes. 

In the transit -time magnetrons, as 
in velocity -modulated tubes, this elec- 
tron transit -time is not detrimental, 
but is actually utilized to furnish the 
oscillations. It also determines the 
wavelengths obtainable. We first ex- 
amine the radial -coupling tube." 17 We 
notice in the static magnétron, that, 
as the electron pursues the cardioid- 
shaped path of Fig. 13C, it goes 
through a radial out -and -in motion as 
it moves out from the cathode and 
back. If the external circuit is tuned 
to the correct frequency for synchro- 
nization with this motion, sustained 
oscillations can occur. In practice, the 
allowable wavelength will be given by 
the empirical relation X = 13,000/H 
(a, in centimeters, H in gausses). For 
each value of magnetic field in this 
equation, the voltage must be corre- 
spondingly adjusted to cut-off.. Low 
outputs at efficiencies of only 1%, how- 
ever, long ago caused this tube to be 
supplanted by the rotational type. 

In the latter, the precession of the 
electrons around the cathode, accom- 
panying the radial reciprocational mo- 
tion, may also furnish oscillations. An 
angular asymmetry is produced by a 
split -anode construction.14.18 The r.f. 
fields of these anode segments segre- 

(ß) 
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Fig. 5. Details of construction of 2142. (A) 

Iron pole piece. (B) Cavity resonators (with 
double -strip strapping). (C) Output pipe. 

gate the electrons into bunches rotat- 
ing around the cathode. These in turn 
generate the power by inducing alter- 
nating charges on the segments as they 
sweep by them. The wavelength (to 
which the external circuit must be 
tuned) now depends in a complicated 
way on both the plate voltage and mag- 
netic field, and of course on the tube 
and the load. Although tuning is feasi- 
ble over a limited range (±5%), oper- 
ation is usually under fixed conditions. 
Many details of the pre-war tubes may 
be found in the literature. The present 
state, however, is best described by re- 
ferring to two typical successful war- 
time cavity magnetrons, the relatively 
high -voltage ten -centimeter model of 

Fig. 6. Assembly view of 2142. (A) Tube 
body with iron pole -pieces in place. (B) 

Permanent magnet. (C) Completed tube. 

the 2J22 -2J34 series, and a low volt- 
age three -centimeter model, the 2J42. 
These tubes are shown in Fig. 1 and 
Fig. 11, respectively. Various details 
of the construction are shown in the 
accompanying photographs. 

Cavity Magnetrons 
Lower frequency models of the ro- 

tational type (Fig. 12) are well -de- 
scribed in the published articles," 2' 3'13 

and are almost always operated as c.w. 
oscillators. They are to be looked upon 
as special cases in which resonant ele- 
ments other than cavity resonators 
maintain the r.f. field patterns, with 
consequent limitations on the frequen- 
cies observed. In principle, there is no 

Fig. 7. Analysis into Hartree Harmonics (n = 3 mode of 8 cavity tube). (A) Instantaneous 
electric field pattern. Numbers indicate relative strength of charges. (B) Tangential electric 
field components as a function of y for various radii. (C) Resolution into Hartree Harmonics. 
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Fig. 8. (A) Magnetron pulses. (a) Trapezoidal voltage pulse to drive magnetron. (b) Resultant magnetron current pulse. (c) Resultant ri. power output. (d) Frequency spectrum of power output. (B) Special Model of a Hartree Harmonic. 
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Fig. 9. Cross -sections of output pipes. (A) 2122-2194 series. 

difference between c.w. and pulsed 
magnetrons, of course. A typical cav- 
ity magnetron is constructed as fol- 
lows: A series of cavity resonators, 
formed by drilling and cutting various 
holes or slots in the anode block, is ar- 
ranged around the anode periphery so 
as to form the split -anode design. 
The photographs of Fig. 4 and Fig. 5 
display this construction. Eight cavi- 
ties are apparent in the ten -centimeter 
tube and twelve in the three -centime- 
ter 2J42. The cathode is concentric 

(B) 2142, 

with the anode and is supported by 
the heater and cathode leads. (These 
leads are brought out through the fila- 
ment pipes.) Space is provided above 
these cavities to permit them to be 
linked to each other by mutual mag- 
netic flux set up when they oscillate. 
By coupling to a part of this flux with 
a loop introduced in or near one of the 
cavities, the power may be led out to 
the load as illustrated in Fig. 2 for the 
2J42. 

The output pipes consist of tapered 
Fig. 10. (A) Magnetron plate current vs. plate voltage. (B) Frequency spectrum of magnetron resonances for symmetrical unstrapped magnetron (above) and same with asymmetry to separate degenerate modes (lower). (C) One form of magnetron strapping. 
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coaxial lines with this loop in one end 
(Fig. 9). In the ten -centimeter tube, 
the inner conductor extends out at the 
other end to fit into the inner conduc- 
tor of the coaxial transmission line. 
Connection to the outer conductor is 
then made by the threaded ring in Fig. 
1. In the 2J42 with the wave guide 
feed, the inner conductor of the pipe 
extends up into a rectangular wave 
guide. (Here, being aligned with the 
E -vector, it launches the TE1 a mode.) 

The arrangement of the output pipes 
and the , filament pipes is shown in 
Figs. 4 and 6. The 2J42 has a single 
axial filament pipe, it will be noted. 
It also has two tapered iron pole - 
pieces set on each end of the tube body 
to concentrate the external magnetic 
flux. The construction is clearly dem- 
onstrated in the view of Fig. 6A of 
one stage in the assembly. Moreover, 
a factory -adjusted permanent magnet 
of the Alnico type (Fig. 6B) is fur- 
nished as a part of the tube (Fig. 6C). 
This is the so-called "package" design, 
which results in a very compact tube. 

As is common with ultra -high -fre- 
quency generators, shorted quarter - 
wavelength wave -traps prevent the es- 
cape of r.f. energy by way of the fila- 
ment leads. Each lead forms the inner 
conductor of a shorted coaxial line lo- 
cated inside the filament pipe. 

The only glass in these tubes is for 
insulation in the output and filament 
pipes. For this purpose, a low-r.f. loss 
glass is used, and is sealed to the metal 
of the pipes and leads. The seal is 
often made using kovar metal, because 
it has the same temperature coefficient 
of expansion as the glass, and will 
produce seals that do not crack. 

The reason for so little glass is the 
use of the heavy copper anode block to 
dissipate the heat. The latter may, 
perhaps, be supplemented by cooling 
fins (Fig. 1). The axial length of this 
block is less than a half -wavelength. 
Rather than the tungsten filament, 
common in most pre-war tubes, a large 
indirectly -heated oxide -coated cathode 
is noted. See Fig. 16. No small part 
of the success of this magnetron is due 
to the high current densities this cath- 
ode can furnish. 

The end -plates welded to the ends 
of the cathode are to keep electrons 
from escaping from the theater of ac- 
tion. On low -frequency transit -time 
tubes, charged end -plates (or tilting of 
the magnetic field) are sometimes em- 
ployed to remove out-of-phas elec- 
trons. Thus the function of the end- 
plates is entirely different in the two 
cases. 

Next we consider the operating con- 
ditions. A typical radar modulator for 
pulsing the magnetron is shown in Fig. 
17. It develops the trapezoidal voltage 
pulses of Fig. 8A, which also portrays 
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Fig. 11. Cavity magnetron (2J42). 

the corresponding current and r.f. 
power surges. For safety reasons, the 
anode is run at ground potential, since 
it is to this electrode that the r.f. 
transmission line is connected. The 
usual pulse width (t) ranges from 1/4 

to 2 microseconds. The repetition rate 
(fr) will be from 500-4000 pulses per 
second. The ratio between peak and 
average values, which determines the 
plate dissipation, is called the duty 
cycle (= tir with t in seconds and fr in 
p.p.s.). Ordinarily it is about 0.001. 

For the 2J22 -2J34 series, members of 
which differ in the wavelength pro- 
duced, the operating conditions are as 
follows: 

magnetic field= 1900 gausses (or 
2400 for some models) 

pulsed plate voltage = 20 kilovolts 
peak current = 30 amperes 
peak power output = 240 kilowatts 

minimum 
pulse width = 1 microsecond 
pulse repetition frequency = 1000 

p.p.s. 
output frequency = about 3000 mc., 

depending on the model 
tube life = 500 hours minimum 

For the 2J42 we have: 
magnetic field = adjusted at factory 

for proper operating characteris- 
tics 

pulsed plate voltage = 5.5 kilovolts 
peak current = 4.5 amperes 
peak power output=7 kilowatts 

minimum 
pulse width =1 microsecond 
pulse repetition frequency = 2000 

p.p.s. 
output frequency = 9375 mc. 
tube life = 250 hours minimum 
Some variation from these condi- 

tions may be permitted, but should 
not be great. The manufacturer's rec- 
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Fig. 12. Low frequency pre-war 
rotational transit -time models. 

Fig. 13. Electron orbits in static mag- 
netron. (A) No magnetic field. (B) Cut- 
off not reached. (C) Cardioid-shaped 
path at cut-off. (D) Beyond cut-off. 
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Fig. 14. (A) Electron orbits in oscillat- 
ing magnetron. (B) Conduction current 
to anode segments as a function of time. 

Fig. 15. Electron orbit in Habann os- 
cillating magnetron. Electrons are 
seen to spiral along the equipoten- 
tials to the more negative element. 

ELECTRON ORBIT 

POWER 
SUPPLY 

ommendations on tube ratings and on 
the applied pulse should be carefully 
followed for best results. Incidentally, 
a 15 kw. version of the 2J42 is under 
development. 

In production, tubes may be pre - 
tuned to within 9-7% % of the desired 
output frequency by mechanical ad- 
justment. The method used in the 
2J42 is to introduce a tuning screw 
into one of the cavities. 

The spectrum or the r.f. power out- 
put is of interest. With the tube oper- 
ating for the usual duration of about 
1 microsecond per pulse, it displays, 
not a single sharp line, but a small 
continuous frequency spread centered 
about the operating frequency (Fig. 
8A). This behavior is a direct result 
of the pulsing, as may be shown by 
Fourier analysis. The resulting fre- 
quency spread-the r.f. bandwidth-is 
about 2 or 3 mc. 

An unusual and important cathode 
phenomenon takes place in the mag- 
netron. This is the violent back -bom- 
bardment of the cathode by returning 
electrons. Secondary emission ensues 
and the cathode heats up, so that the 
heater current may often be reduced 
after starting. Indeed, sometimes it 
may be completely turned off without 
stopping oscillations! Usually an au- 
tomatic heater current -regulating cir- 
cuit is not needed to control this phe- 
nomenon, but the manufacturer's rec- 
ommendations should be followed in 
any case. 

Having seen some of the practical 
details of the tubes, we should like to 
know more about the mechanism of 
power generation.'° Something has 
already been said about this. The 
story may be summarized as follows: 
The complicated construction of the 
cavity magnetron permits the cavities 
to resonate and be excited at many 
frequencies. These different frequen- 
cies and resultant r.f. field patterns 
may be excited by the electrons, the 
ones chosen depending on the plate 
voltage, magnetic field, etc. This ex- 
citation occurs when the electrons are 
formed by the field pattern into 
bunches of space -charge rotating 
around the cathode and, as they sweep 
by, inducing alternating charges on 
the segments. 

This coupling between the field pat- 
terns and the electrons is very inter- 
esting. When the magnetron reso- 
nates, electromagnetic waves as spec- 
ified by Maxwell's equations and the 
boundary conditions are set up in all 
parts of the tube, among them the 
cathode -anode space. The r.f. field 
patterns in this space are very com- 
plicated. Fortunately, however, they 
may be resolved by a kind of Fourier 
analysis into an infinite number of 

(Continued on page 37) 
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Diffuse Sound Room 
THE diffuse sound room, in which 

the noises heard in a plane during 
flight are realistically reproduced, was 
built to permit the testing of micro- 
phones, amplifiers and headsets in an 
intense and diffuse sound field. Using 
electronic devices connected with am- 
plifiers and ' loudspeakers, the noises 
which are heard in an airplane during 
flight could be faithfully reproduced. 

The walls of the room are lined with 
many sections of cylinders, each of a 
different diameter and running in a 
different direction on each wall. A 
battery of loudspeakers produced the 
sounds which were reflected randomly 
from the cylinders, thus producing an 
intense and diffuse sound field in the 
room. Microphones, amplifiers and 
headsets for use in airplanes and am- 
phibious vehicles (which are often 
noisier than airplanes) were tested in 
this intense noise field before being 
sent to the Military Services for flight 
testing. The development was made at 
the Electro -Acoustic Laboratory at 
Harvard. * * * 

Goodrich - 
75th Anniversary. 

iE B. F. Goodrich Company's re - ii icent 75th anniversary celebration 
included the breaking of ground for 
new research laboratories at Brecks- 
ville, Ohio. A group of eight ultra- 
modern research laboratories will be 
constructed. Fifty years ago, the com- 
pany's first research laboratory-and 
the first in the rubber industry-was 
established by Charles Cross Good- 
rich. The B. F. Goodrich anniversary 
is highly significant for Akron as well 
as for the company, because it was 
the founding of that organization that 
introduced the rubber industry to 
Akron-then about 10,000 in popula- 
tion-and started it on its way to be- 
coming the rubber capital of the 
world. In addition to the many impor- 
tant rubber products produced by this 
company, perhaps its outstanding con - 

Industrial Review 
tribution to the national welfare was 
its role in connection with the vital 
wartime synthetic rubber program. 

* * * 

Tape Recorders 
IEAR, INC., has recently announced 

" that its development work along 
recording lines has produced a better, 
less expensive method of recording on 
metal -impregnated tape which will be 
an exclusive feature of their home 
radios. 

The tape recording which will be 
used on the Learecorder units in 
Lear's home radios, as well as in com- 
mercial and industrial models, has a 
number of distinct advantages over 
wire. On the tape, it is not necessary 
to rewind, as in the case of the wire 
spool, and it is much more efficient for 
replay or for picking out certain spots 
on the recording. It is less expensive; 
it eliminates possibility of breakage 
and has greater fidelity of sound. 

* * * 

Progress in Insulation 
Design 

PROGRESS in insulation is illus- 
trated by the three magnet coils 

shown which have been aged at 250° 
C. The coil on the left, which failed 
after 200 hours aging, was insulated 
with cotton and mica, then treated 
with an asphalt type varnish. The 
center coil was insulated with glass 
and mica, and treated with an alkyd - 
phenolic varnish. It is shown after 
aging 3000 hours. Although electrical 
failure has not occurred, thermal deg- 
radation of the insulation has pro- 
gressed to a point where failure is 
imminent. The third coil, which has 
aged over 5000 hours without failure 
or appreciable insulation degradation, 
was insulated with glass, mica, and 
silicone materials. _ These tests were 
reported by Westinghouse Electric 
Corp. * * * 

Relay Element 
SPEEDING up directional -element 

action in relays has been accom- 
plished by Westinghouse engineers 
who designed an eight -pole, induction - 
disc element. The eight poles are ar- 

ranged on both sides of the disc to 
utilize practically the entire disc to pro- 
duce torque, resulting in high-speed 
operation with low -energy require- 
ments, while vibration on heavy -torque 
conditions is practically non -exist: nt. 
Speed of operation is less than 1/60 
second over wide ranges of current 
and voltage. 

By changing coils, the element can 
be made into other types of relay ele- 
ments, for example, an instantaneous 
current or instantaneous voltage type. 
An important feature is that they can 
be directionally controlled without us- 
ing auxiliary relays. Complete data 
on the unit is available upon request 
to the Westinghouse Electric Co., 306 
Fourth Avenue, Pittsburgh. 

* * * 

Radar Jammers 
THE radar jammer, TDY-2, manu- 

factured by the Electronics De- 
partment of the General Electric Com- 
pany, was announced recently by the 
Army and Navy as radar countermeas- 
ure equipment that completely disor- 
ganized enemy radar frequencies. 
Manufacture of the radar counter- 
measure equipment was carried on 
under a "crash" basis by the various 
divisions of the department. The Tube 
Division manufactured the tubes while 
the Transmittter Division produced 
the related transmitting equipment. 
The equipment was on its way to the 
Pacific ten days after the Navy first 
disclosed the need for a new type of 
equipment. These sets were destined 

for action against the Japanese in the 
Pacific, then later in the European 
invasion. 

(Continued on page 26) 
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IN SMALL PLACES 

MANY of the new electronic devices are 
small, and it is hard to wire them effi- 

ciently where the leads have to come out of a 
hermetically sealed unit. Corning headers like 
the ones shown take the grief right out of such 
installations, making it easier for the designer 
and simplifying the assembly operation. 

They are available either with or without 
metallizing, depending on whether or not you 
want a true hermetic seal. In either case they 
are economical of space, time and labor. For 
with them you can get a number of leads in a 
small space, and yet they assemble in one 
operation. And they're rugged, resisting ther- 

mal shock and soldering. They have a high in- 
sulation resistance and a low loss factor. And 
they can be made quickly in large quantities. 

You know best what your own problems are. 
So look at the products shown below. If her- 
metic seals or assembly troubles are dogging 
you, there's probably a Corning Electronic 
product to do the job for you. To make sure, 
write, wire or phone The Electronic Sales De- 
partment, A-3, Technical Products Division, 
Corning Glass Works, Corning, New York. 
One of our engineers will be knocking at your 
door immediately to see if he can help. Don't 
put it off. Get in touch with us today. 

NOTE-The metallized Tubes and Bushings, Headers and Coil Forms below are all made by the famous Corning Metallizing 
Process. Can be soldered into place to form true and ;permanent hermetic seals. Impervious to dust, moisture and corrosion. 

Metallized Tubes for 
resistors, capacitors, 
etc. 20 standard sizes 
.3/" x 2" to 1 %" x 10". 
Mass-produced for 
immediate shipment. 

e 

Metallized Bushings. 
Tubes in 10 standard 
sizes, %" x 7542" to I" 
x 47,ÿ" in mass pro- 
duction for immedi- 
ate shipment. 

Headers - The best 
way to get a large 
number of leads in a 
small space for as- 
sembly in one oper- 
ation. 

Eyelet Terminals -- 
Single or multiple 
eyelets permit design 
flexibility. Standard 
items readily avail- 
able in quantity. 

Coil Forms-Grooved 
for ordinary fre- 
quencies-metallized 
for high frequencies. 
In various designs 
and mountings. 

VYCOR Brand cylin- 
ders-very low loss 
characteristics.' Stands thermal 
shock up to 900°C 
Can be metallized. 

"VYCOR". "CORNING" and "PYREX" are registered trade -marks and indicate maufacture by Corning Glass Works, Corning, N. Y. 

ecfro#ilc a/assware 
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SPEED NUT FASTENER 

A new speed nut coil tube fastener 
has just been announced for more 
rapid and secure mounting of coil 
tubes in radio chassis assemblies. This 
new fastener performs three func- 
tions : It holds the iron core in posi- 

tion; 
grip 

provides a firm, spring tension 
on the core screw to maintain 

accurate, vibration -proof adjustment; 
and mounts the coil tube securely to 
the radio chassis. Assembly is easily 
and quickly accomplished by turning 
the core screw into the speed nut, in- 
serting coil tube into speed nut and 
then snapping the complete assembly 
into the hole in the radio chassis. 
These fasteners are available to attach 
%2" O.D. coil tubes to panels from 
.015" to .065" in thickness, and %" 
O.D. coil tubes to panels from .034" to 
.062" in thickness. Further informa- 
tion may be obtained by writing to the 
manufacturer, the Tinnerman Prod- 
ucts, Inc., 2126 Fulton Road, Cleveland 
13, Ohio. 

TERMINAL BLOCKS 
The Curtis Development cÉ; Manu- 

facturing Company has recently an- 
nounced a new type terminal block 
which is specifically designed for in- 
stallations where it is necessary to 
conserve space. Any number of ter- 
minals may be assembled from one to 
twenty-four and held rigid in a metal 
channel. To insure against terminal 
screw grounding, the screw holes are 

not completely through the block, thus 
permitting the base to be one solid 
insulator adjoining the metal channel. 

: 
lI 

When other type blocks consisting 
entirely of phenolic material are 
mounted, screws and particularly 
rivets sometimes damage the block. 
In this new "M" type block, however, 
the mounting holes are in the metal 
channel, only one in each end, thus 
eliminating this chance of damage. 
They have ample clearance and creep- 
age distances for circuits carrying up 
to 300 volts, 10 amperes. Because of 
the small size of the type "M" Ter- 
minal Block, an unusual feature is the 
well designed mounting of a marker 
strip along the top of the desired 
length of terminals. The block can 
be supplied with or without the 
marker strip. 

Kits are being made up of individ- 
ual terminals together with various 
length mounting channels. 

The type "M" Terminal Block is 
supplied by the Curtis Development cÉ; 

Manufacturing Company, One North 
Pulaski Road, Chicago 24, Illinois. 

CARDIOTRON 
The Cardiotron, first direct -writing 

electrocardiograph, developed by 
Paul Traugott, president and chief 
engineer of Electro -Physical Labora- 
tories, Inc., a division of Electronic 
Corporation of America, 45 West 18th 

Street, New York, was announced re- 
cently. 

The machine instantly and perma- 
nently records on paper the minutest 
heart action or variation. An electri- 
cally manipulated stylus traces the 
cardiac action on an especially proc- 
essed paper which feeds out of the 
machine at controlled speeds. The ma- 
chine is portable, easily operated and 
used with a.c. current, or with d.c. cur- 
rent with the aid of a lightweight con- 
verter, and makes cardiographic ex- 

amination possible as a routine part 
of medical diagnosis. 

HEAT DISSIPATING UNIT 
A new heat dissipathing unit for use 

in television, radar, short wave radio 
communication, high pressure mer- 
cury lamps, x-ray tubes, induction 
heating units and many similar prod- 
ucts is announced by the Eastern En- 
gineering Company of New Haven, 
Connecticut. 

The units were originally designed 
for the ground, airborne and water 
services of the armed forces. They are 
now being manufactured for commer- 
cial heat dissipating applications. The 
unit shown will dissipate up to 1200 
watts with a constant controlled tem- 
perature, irrespective of surrounding 
temperature, within a close heat con- 
trol range of 2 degrees C. Complete 
information may be obtained by writ- 
ing to the manufacturer. 

RUGGED RECTIFIER 
The Chatham Electronics Company, 

475 Washington Street, Newark 2, 
New Jersey, recently announced a new 
4B32 rectifier. The 4B32 rectifier meets 
the need for a rectifier having low 
voltage drop, high current capacity 
and ability to function in exposed lo- 
cations with auxiliary heaters and 
controls. Xenon filled, the 4B32 per- 
forms in ambient temperature from 
-75° to +90° C. Mechanical construc- 
tion is especially rugged and well 
adapted to all mobile, airborne and 
similar applications where immunity 
to severe shock and vibration are es- 
sential. 

NOISE & FIELD INTENSITY METER 
The Stoddart Aircraft Radio Com- 

pany announces its production of a 
Noise and Field Intensity Meter, model 
NMA-4, single band frequency range 
100 - 400 mc. It is useful in locating 
and -indicating in microvolts the am- 
plitude of "radio noise" causing dis- 
turbance to radio reception in air- 
craft, landcraft, seacraft and other 

(Continued on page 35) 
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E. FI \ LE 1 i'MITER, formerly vice president in charge 
of Industrial Relations, Sylvania Electric Products, Inc., 
has been named vice president in charge of Engineering 
following the resignation of Roger M. Wise. Mr. Carter 
was assistant chief engineer of the Radio Div. for a num- 
ber of years. Earlier, he had been engaged in radio devel- 
opment for General Electric Co. He is a Fellow and a Director of the Institute of Radio Engineers. 

It. E. MECKLEIBORG has resumed his position as in- strumentation specialist on the engineering staff of the Automatic Temperature Control Co., Inc., Philadelphia, after two years of European service with the Signal Corps. 
A graduate of Drexel and member of A.I.E.E., his previous seven years' association with ATC, now augmented by fa- miliarity with radar and other electronic equipment, will form an excellent background for his new duties. 

E. R. NARY has been announced as assistant to West- inghouse vice president Walter Evans with broad respon- sibilities for operations of the Industrial Electronics and 
X -Ray Divisions at Baltimore, Maryland, and the Home Radio Division at Sunbury, Pa. A veteran of more than 
30 years' service with Westinghouse, Mr. Nary comes to his new post after three years as manager of manufac- turing for the Baltimore Division. 

PHILLIP J. PRITCHARD, responsible for many radio tube developments during forty-five years' service with the Lamp Department of the General Electric Co., retired from active service recently. Mr. Pritchard, 74, was the only septagenarian executive of the Lamp Dept. He re- tires as manager of the Cuyahoga Plant and Tube Devel- opment Laboratory. P. J. Johnson succeeds him as man- ager of this plant. 

J. B. SCHAEFER has been announced plant manager by the New York Transformer Co. Mr. Schaefer will direct all engineering and manufacturing activities at the com- pany's plant at Alpha, New Jersey, and will be in charge of reconverting their plant from war to peacetime pro- duction. He was formerly associated with the Sperry Gy- roscope Co., as engineering manager. He was responsible for several of Sperry's most important war projects. 

DAVID B. SMITH, director of the Philco research divi- sion since 1941 and an outstanding authority on radio, radar and television, has been appointed vice president in charge of engineering of Philco Corp. Mr. Smith joined Philco in 1934, after receiving the degrees of S.B. and S.M. in electrical engineering from M.I.T. He is credited with a number of patents and patent applications, covering in- ventions in radio, radar and television. 

Industrial Review 
(Continued from page 21) 

Radar jamming dates back to the 
inception of radar. However, when 
the Navy needed new equipment to 
neutralize ever -improving enemy ra- 
dar, a large forward step was made 
in the development of an electronic 
tube - the CW magnetron - which 
would generate large amounts of con- 
tinuous power at enemy radar fre- 
quencies. This was accomplished in 
cooperation with G.E. scientists and 
engineers. Untold thousands of Amer- 
ican and British lives were saved by 
this equipment. 

* * 

Glass Blowers Art 
DURING the war, the North Amer- 

ican Philips Company, Inc., Dobbs 
Ferry, N. Y., plant cooperated whole- 
heartedly with the Government's slo- 
gan "Don't waste a thing" and sal- 

vaged even the few rejects that oc- 
curred among the thousands of cath- 
ode-ray tubes produced every day. 

The operator in the photo is "seal- 
ing -on" a new tube neck. This is 
made necessary by a preceding step 
wherein the "gun" assembly was re- 
moved. After the cathode-ray tube is 
rebuilt, it must meet the same rigid 
specifications as before. Thus, it was 
able to do its part in beating the Axis. 
Now, in a world at peace, the cathode- 
ray tube (heart of radar) will bring 
television to millions. 

* * 

Radar Generator with 
Good Wave Form 

TO SAVE weight on large airplanes 
with large radar loads, an engine - 

driven 400 -cycle generator that would 
maintain good wave form was built at 
the Small Motor division of the West- 
inghouse Electric Corp. Such a ma- 
chine would save much weight by gen- 
erating the a.c. power in the first place 
instead of d.c. generation and subse- 
quent d.c. to a.c. transformation, 
thereby eliminating the weight of the 
inverters. Also the radar energy 
would be obtained more efficiently be- 
cause the losses of the rotating elec- 
trical transformations would be ob- 
viated. 

The resulting 8-kva. machines 
26 ENGINEERING DEPT. 

MARCH, 1946 



weighed but 48 pounds, which in one 
installation represented a reduction 
in weight of 250 pounds using invert- 
ers. To obtain the 400 cycles at the 
minimum alternator speed of 4000 
r.p.m. 12 poles were required. For ob- 
vious space reasons these had to be 
placed on the stator, requiring a ro- 
tating armature. To achieve the good 
wave form under all conditions of ra- 
dar load from a machine only six 
inches in outside diameter required 
every trick in the designer's "book." 
It meant crowding into an exceedingly 
small machine all the wave -form con- 
trol features employed on large ma- 
chines where space is not severely 
limited, including damper bars. 

* * * 

Direet-Reading 
Spectrometer 
AN INSTRUMENT which electron- 

ically measures the concentration 
of elements in alloys and automati- 
cally records the results has been 
developed by the Dow Chemical Com- 
pany, Midland, Michigan. This direct - 
reading spectrometer, as it is called, 
has been in use in the company's mag- 
nesium alloying plant for several 
months, where alloy analyses can now 
be made in 40 seconds, a fraction of 
the time required when using the 
standard spectrograph. The substitu- 
tion of an electronic method of meas- 
uring the intensity of spectrum lines 
eliminates the necessity for photo- 
graphic and developing equipment and 
an expensive microphotometer, and 
avoids the errors commonly encoun- 
tered due to film variation. The en- 
tire operation is fully automatic from 
the time the metal samples are placed 
in the instrument until the analysis is 
recorded on paper. Up to 14 elements 
can be determined simultaneously. 

The development of the direct -read- 
ing spectrometer will be significant in 

all metal industries, and in any chem- 
ical process where close and constant 
spectroscopic control is desirable. In 
melting, alloying and casting of metals 
it will lower costs by reducing the 
time a melt must be kept at tempera- 
ture while waiting for analytical re- 
ports. Accuracy is equal or superior 
to that possible by spectrographic 
methods. 

................................. 
TAKES HARD KNOCKSIìj 

REPEATEDLY 

c>a 
e 

If you want a Vacuum Tube Voltmeter you 
don't have to coddle-one that gives accurate 
readings in spite of routine knocking about- 

THE JACKSON 

Model 645 AC -DC 

ELECTRONIC 

VOLT-OHM-MILLIAMMETER 
is the instrument for you. Here are 
the condensed specifications. 

Both A.C. and D.C. volt ranges are 
Electronic. This provides maximum 
sensitivity and overload protection for 
all A.C., D.C., and ohms ranges. 

Measures resistance up to 1 billion 
ohms (1 thousand megohms)-and as 
low as 2/10 ohm. 

3 million ohms per volt sensitivity on 

AC 

0-4 volt D.C. range. Constant input 
resistance 12 megohms on all D.C. 
volts ranges. 
Over 4 million ohms per volt sensitivity 
on 0-1 volt A.C. range. Input resistance 
of 4.4 megohms on all A.C. ranges. Flat 
frequency response between 50 cycles 
and 200 kilocycles. 
Meter cannot be damaged by acciden- 
tal overload on any electronic range. 
Electronic overload protection on all 
A.C. and D.C. volts, and ohms ranges. 
Variations in line voltage do not affect 
accuracy within the range of 100 to 125 
volts. Equipped with ballast control 
tube and self -compensating circuits. 

Contains 3 tubes (6X5GT/6K6GT/ 
7N7), neon regulator, 1-41/2 volt bat- 
tery and ballast; self-contained, fur- 
nished with the instrument. 
Meter ranges- 

A.C. Volts: 0-1/4/10/40/100/400/1000 
D.C. Volts: 0-4/10/40/100/400/1000 
Ohms: 0.1000/10,000/ 100,000/ 1 meg/ l Omeg 

/100meg/1000meg 
M.A.: 0-1/4/10/40/100/400/1000 
Decibels: Minus 30 to minus 5/minus 10 co 

plus 15/10 to 35/30 to 55 

Either positive or negative D.C. volt- 
meter indications instantly by means of 
reversal switch. Signal Tracing type 
test lead, isolation resistor in probe. 

Dimensions -81/2" x 81/2" x 6"-Unit 
welded steel case, grey morocco finish. 

SON 

e 

Ate &'ecI'eicaI ceding fatiliumenf 
JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO 
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NEW RESEARCH LABORATORY 
The General Precision Equipment 

Corp. has announced the establishment 
of General Precision Laboratory, Inc., 
to conduct centralized research for the 
Company and its subsidiaries. The lab- 
oratory company has contracted for 
the purchase of the Manville estate at 
Pleasantville, New York. Dr. R. L. 
Garman, formerly with the M.I.T. Ra- 
diation Laboratory, will head the staff. 
The activities of the laboratory will 
be devoted chiefly to research and de- 
velopment in the fields of precision 
mechanics, optics, electronics, super- 
sonics, hydraulics, motion picture, tel- 
evision, and industrial process control. 

SYLVANIA RESUMES PRODUCTION 
The Radio Tube Division for Sylva- 

nia Electric has resumed its peace- 
time operations at the Johnstown, 
Pennsylvania, plant. During the war 
the plant served as a feeder of spe- 
cialized electron tube mounts for prox- 
imity fuse tubes. Peacetime operation 
will be complete radio receiving tube 
production including exhausting and 
finishing. 

IRE ELECTS NEW OFFICERS 
Dr. Frederick B. Llewellyn of Sum- 

mit, New Jersey, has been elected 
president of the Institute of Radio En- 
gineers for the year 1946. He suc- 
ceeds Dr. William L. Everitt, head of 
the Department of Electrical Engi- 
neering of the University of Illinois. 

Dr. Llewellyn, a consulting engineer 
on the staff of Bell Telephone Labora- 
tories, is an international authority on 
the design of vacuum tubes used for 
communication and electronic control 
purposes. He is the inventor of the 
ultra -high -frequency oscillator tube, 
and is also known for his work on 
stabilized oscillating circuits used in 
radio and telephony. He is a graduate 
of Stevens Institute of Technology. 

As president of the IRE, he will di- 
rect, on behalf of its 16,000 members, 
a program of activity which has been 
enlarged by peacetime utilization of 
wartime developments in radio and 
electronics. Em. M. Deloraine, pres- 
ident of the International Telecom- 
munication Laboratories of New York 
was elected vice president. Three di- 
rectors were also elected: Dr. Walter 
R. G. Baker, vice president of General 
Electric Company, Syracuse, N. Y.; 
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Dr. Donald B. Sinclair, assistant chief 
engineer of General Radio Co., Cam- 
bridge, Mass.; and Virgil M. Graham, 
plant manager of Sylvania Electric 
Products, Inc., Williamsport, Pa. This 
marked the thirty-fourth election in 
the history of the Institute, which was 
established in 1912. 

MOON REACHED BY RADAR 
The Evans Signal Laboratory at 

Belmar, New Jersey, recently an- 
nounced that they had succeeded in 
detecting radar reflections from the 
moon. A conventional radar set 5CR- 

271 was rebuilt for this experiment, 
certain alterations being necessary 
because of the long distance involved. 

The radar equipment was operated 
at 111.6 megacycles, with a 64 -dipole 
array for both transmitting and re- 
ceiving. Pulse width was 1/2 second, 
and the time between pulses was va- 
ried from 3 to 5 seconds. 

The accompanying photograph 
shows the trace on the radar 'scope. 
The time required for the radar pulses 
to travel to the moon and return was 
about 2.45 seconds, indicating that the 
total distance traveled was about 480,- 
000 miles. 

Transmitter power used in this ex- 
periment was 3 kw., and the receiver 
was sensitive to a signal of one ten - thousandth of a micromicrowatt. Re- ceiver bandwidth was 50 cycles. 

RADIO SALES TO RISE 
According to the consensus of sales 

leaders in the Radio Manufacturers 
Association, radio dealers can look for- ward to their businesses becoming 
among the most substantial in the re- tail field. The elimination of too lib- eral trade-ins and other sales tools 
which decreased the profit margin be- 

fore the war, is pointed to as a big 
step in putting retail radio selling on 
the strongest merchandising founda- 
tion in its history. 

The heavy demand for radio sets, 
sure to continue for many months, in 
combination with government pricing 
formulas, places practically all deal- 
ers on the same footing as far as sales 
and profit opportunities are concerned. 

RESISTANCE WELDING CONTEST 
The cash prizes to be awarded in 

1946 by the Resistance Welder Manu- 
facturers' Association for outstanding 
papers dealing with resistance weld- 
ing subjects was recently announced. 
The total amount of the awards is 
$2,000 and a wide choice in subject 
matter is allowed. The contest judges 
will be appointed by the American 
Welding Society, and awards will be 
made at the 1946 Fall meeting of the 
Society. The contest is open to any- 
one, without restriction, and further 
information may be obtained by writ- 
ing to the American Welding Society, 
33 W. 39th Street, New York 18, N. Y. 

G.E. SHIFTS TUBE ACTIVITY 
Tube Development Laboratory, a 

wartime activity of the Lamp Dept. 
of General Electric Co., has termi- 
nated its activities at Nela Park, 
Cleveland. Cathode-ray tube opera- 
tions carried on in this laboratory will 
be continued by the Electronics Dept. 
of G.E. at Buffalo. Employees of the 
Nela Park plant will be absorbed by 
the Cuyahoga Lamp Works, which 
will be engaged in peacetime lighting 
manufacture and will be primarily a 
testing ground for new production 
methods. 

EXTENDED FREQUENCY SPECTRUM 
The original frequency spectrum for 

power -line carrier was 50 to 150 kc., 
which is about one tenth the frequency 
range used in radio broadcasting (550 
to 1500 kc.). This frequency band 
provided adequate channel space for 
carrier installations for many years, 
however, with the advent of large in- 
terconnected power systems to insure 
an uninterrupted flow of power to 
many industrial plants, the increased 
use of carrier by power companies for 
communication and control functions 
as . well as high-speed relaying has 
raised the problem of providing more 
channel space for new installations. 

Westinghouse has provided carrier 
equipment for three frequency bands; 
from 20 to 50, 50 to 150, and 150 to 300 
kc. All the equipments have 19 -inch 
wide panels for mounting on standard 
relay racks and are therefore inter- 
changeable. 

The designers of Westinghouse car- 
rier apparatus have also produced a 
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novel single-sideband scheme of the 

requisite simplicity, to meet the prob- 

lem of how to provide more channels 
for power -line carrier. The new sys- 

tem generates only the desired single- 
sideband, creating nothing that must 
be eliminated later. The crux of the 
scheme is to use two sets of small dry - 
type rectifiers and some phase -shifting 
impedances all connected in such a 
way that only one sideband of fre- 
quencies appears in the output. In ad- 

dition to having the effect of doubling 
the frequency spectrum available for 
power -line carrier (sometimes the 
gain is more than two to one) the new 
single-sideband carrier provides a gain 
in signal-to-noise ratio of nine deci- 
bels. The single-sideband system can 
be added to modern Westinghouse am- 
plitude -modulated equipments or AM 

systems can be installed with the 
thought of adding the sideband equip- 
ment later. 

NEW LITERATURE 
Bendix Radio Engineer 

The January issue of "Bendix Radio 
Engineer," a quarterly edited for the 
electronic and aviation engineering 
fraternity, is devoted to a thorough 
survey of radar in a series of articles 
that describe many of the important 
wartime radar developments. A copy 
of the "Bendix Radio Engineer" is ob- 
tainable by forwarding 50 cents to the 
Technical Publications Section of Ben - 
dix Radio, Baltimore 4, Maryland. 
Subscription rate is $2.00 per year. 
Western Elec. Oscillator 

The first peacetime edition, Decem- 
ber 1945, of the Western Electric "Os- 
cillator," successor to their pre-war 
magazine "Pick -Ups," contains articles 
concerning both wartime and peace- 
time electronic developments. The 
"Oscillator" is distributed to the Com- 
pany's customers in the communica- 
tions and electronics industry. 
Sheffield Catalog 

A new catalog which illustrates and 
describes the Sheffield Universal Pre- 
cisionaire Instruments has been pub- 
lished by the Sheffield Corp., Dayton 1, 

Ohio. Copies are available to engi- 
neers and industrial executives upon 
request. 
Amer. Transformer Price List 

The latest price list of American 
Transformer Ballasts for fluorescent 
lighting is available upon request to 
American Transformer Co., 178 Em- 
met Street, Newark 5, New Jersey. 
Aireon Catalog 

The Aireon Manufacturing Corp., 
Kansas City, Kansas, has published a 
new descriptive catalog with specifi- 
cations and general information on 
their piezoelectric crystals and crys- 
tal holders. 

Illustrated is Motoro- 
la's newest contribution 
to this field-the Mod- 
el FSTRU-250-BR 250 - 
watt Central Station 
Transmitter - Receiver 
Unit, designed for the 
newly -established 152- 
162 mc. band. 

That all Motorola Police and Public Utility 

equipment uses ANDREW Coaxial Cable is in- 

dicative of Motorola's confidence in ANDREW 

engineering and manufacturing skill. The 

ANDREW Company is a pioneer in the manu- 

facture of coaxial cable and accessories. 

POLICE USE dliceteez 

Eighty percent of all FM Police radio equip- 

ment in use today is Motorola. This includes 

a roster of 35 state police systems and many 

thousands of city and county systems through- 

out the United States. 

WRITE FOR 

ANDREW CATALOGUE 

TODAY 
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APRIL 
27-Products of Tomorrow Ex- position, at the Chicago Coliseum, 

scheduled to run 22 days. Further in- formation may be obtained by writing 
on company letterhead to Chicago 
Coliseum, 1513 S. Wabash Ave., Chi- 
cago 5. 
MAY 

13, 14, 15, 16-Radio Parts and Equipment Shows, Inc. This trade 
show will be held at the Stevens Hotel 
in Chicago. Exhibitors will be lim- 
ited to members of the four sponsor- 
ing groups, which are Parts Division 
of RMA, National Electronic Distrib- 
utors Association, Association of Elec- 
tronics Parts and Equipment Manu- 
facturers, and Sales Managers Club, Eastern Division. 

MONTIILI' MEETINGS 
Institute of Radio Engineers., 

Chicago Section. L. E. Packard, Sec- retary, 920 S. Michigan Ave., Chicago. 
Wabash 3820. 

Dinner, 5:30 P.M., main dining room, 38th floor, Civic Opera Building. Pro- gram, 6:45 P.M., 6th floor, Civic Opera Building, 20 Wacker Drive. 
March 15-6:45 P.M., "Development 

and Trends in Radio Tubes," by Dr. L. G. Hector, Director of Research, National Union Corp. 8:00 P.M., "Postwar Trends in Non -Communica- 
tion Electronics," by E. E. Moyer, Electronics Section, Industrial Con- trol Dept., General Electric Co. 

American Institute of Electrical Engineers, Chicago Section. L. R. Janes, Secretary, 72 W. Adams St., Chicago 3. Randolph 2500. 
Supper, Ford Hopkins Cafeteria, 3rd floor, Civic Opera Building. Food served from 5:30 to 6:15 P.M.; no res- ervations required. Program, 7:00 P.M., 6th floor, Civic Opera Building, 

20 Wacker Drive. 
March 7 - Communications group, "Some Interesting Aspects of Deep Sea Cable Operations," by I. S. Cog- geshall, General Cable Supervisor, 

Western Union Telegraph Company, 
New York. 

April 4-Electronics group, "Ultra- 
sonics," by Frank Massa, Electro 
Acoustic Consultant, Cleveland, Ohio. 

Microwave 
Techniques 
(Continued from page 6) 

as pictured. This mode can be thought 
of as made up of two plane waves 
moving down the guide at angles of 
+ and - 0 to the direction of the axis 
as shown in Fig. 9C. 

The phase and group velocities will 
be different in a wave guide than in 
free space. The phase velocity, for air - 
tilled guide, is given by: 

phase 
1,/ 1 - (X0/2a)2 (4) 

where c is the velocity of light and 
is the free space wavelength. 

The group or signal velocity is equal 
to C2/Vhaa8e 

The measured wavelength in the 
guide is associated with the phase ve- 
locity and is, 

X0 
x, = 

1 - (X0/2a)2 (5) 

When exceeds 2a the above ex- 
pression (5) becomes imaginary, and 
the wave will not propagate. The cut- 
off wavelength for the mode in ques- 
tion is , = 2a; waves of lower fre- 
quency cannot be carried by the guide. 

The next higher mode can be prop- 
agated when x0 becomes less than a. 
We have then the important fact that 
for a < À < 2a one and only one mode 
can be propagated. Let us illustrate 
by an example. For a guide of dimen- 
sions 1.34" x 2.84", the lower mode cut- 
off wavelength is 14.4 cm., the next 
higher mode is possible at ito = 7.2 cm. 
and below. For X, = 10 cm., A.9 = 14 
cm. It is good practice not to work too 
closely to either of these cut-off limits; 
actually very satisfactory transmission 
lines have been made with this size 
guide for Xo between 8.0 and 12.0 cm. 

The impedance of a wave guide is a rather complicated function of fre- 
quency and guide dimensions. In prac- 
tice the guide impedance can be taken 
as about 550 ohms. The attenuation 
in a wave guide is approximately one- 
half that of the largest possible coax- 
ial line, at a given wavelength. For 
the guide discussed above and Xo = 10 
cm., A = .012 db./ft., for brass. 

Although wave guide transmission 
is somewhat more difficult to under- 
stand than coaxial line transmission, 

Wavelength 10 cm. 
Peak Power Output (Average power 

during oscillation) 250 kw 
Average Power Output 250 watts 
Efficiency 45% 
Pulse Voltage 20 kv 
Pulse Current 29.5 amps. 
Duty Cycle 

Pulse duration 
.001 Time between pulses ) 

Heater Power 10 watts 
Magnetic Field 1800 gauss 

Table I. Normal operating figures for a 
multi -cavity magnetron shown on page 3. 

there are many advantages possible 
in using wave guides for microwaves. 
To list a few: 

(1) Much lower attenuation 
(2) Much easier fabrication 
(3) About 4 times the power -han- 

dling limit. 
In practice wave guides are used al- 

most exclusively at frequencies greater 
than 6000 mc., where coaxial lines be- 
come impossibly small. Where light 
weight is essential and power -han- 
dling ability is not limiting, coaxial 
lines are often used in the region from 
6000 to 1500 mc./sec. Below 1500 mc. 
wave guides become very large and 
coaxial lines are generally preferable. 
Impedance Measurements in Transmission Lines 

As mentioned earlier the natural 
measure of impedance in microwave 
lines is the determination of the mag- 
nitude and phase of the voltage stand- 
ing wave ratio (VSWR) introduced by 
the element or discontinuity in ques- 
tion. Such a measurement of course 
determines the impedance of the ele- 
ment relative to the characteristic line 
impedance, but this is generally the in- 
formation required. The information 
so obtained, when used in connection 
with impedance charts such as pic- 
tured in Fig. 6, enable us to completely 
describe the impedance of line compo- 
nents.2 

In determining standing wave ratios 
we must be certain that we do not dis- 
turb the pattern in the transmission 
line. This means that we must cut 
slots in the line in such a manner that 
no appreciable power is coupled out of 
the line, and also we must use probes 
which introduce no appreciable dis- 
continuity themselves. The first of 
these conditions can be met by cut- 
ting narrow slots parallel to the axis 

Fig. 9. Lowest mode patterns in a rectangular wave guide. 
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Fig. 10. Cross sectional view of a crystal 
cartridge used for microwave detectors. 

of coaxial line or 
along the center 
of the broad face 
of the wave 
guide. The sec- 
ond condition is 
met by using 
very small probes 
and very sensi- 
tive detecting 
equipment. 

Moving Joints 
in Transmis- 
sion Lines 

In radar sys- 
tems it is almost 
always necessary 
to move the an- 
tenna beam 
either for 
searching pur- 

poses or for following a target once it is found. Since 
it is seldom possible to move the whole r.f. part of the 
system, some means of moving the antenna relative to 

the transmitter must be used. The most widely used 
device is the rotary joint, by which means one end of a 

transmission line can rotate relative to the other. At fre- 
quencies below the microwave region, rotary joints can 
be made by equipping one set of conductors of a line with 
contact fingers which rotate smoothly on another set of 
fixed conductors. At microwave frequencies contact fin- 
gers always give trouble, so it has been necessary to de- 
velop the so-called choke joint. 

This joint can best be explained by referring to Fig. 11. 

Here a choke joint in the outer conductor of a coaxial line 
is illustrated. The break in the metallic conductor, being 
one -quarter wavelength long, produces no break in the 
r.f. conductance of the joint. A better choke joint can be 
made by using one-half a wavelength and folding the 
choke back along the axis of the line, as illustrated in the 
wave -guide choke joint in Fig. 11. Fig. 4 illustrates a 
coaxial rotary joint with folded chokes instead of finger 
contacts. A good deal of misalignment can be tolerated 
in wave -guide choke joints, and hence they are also very 
useful in making "wobble" joints. That is, one end can 
be wobbled freely, through small angles (20° or less). 
Huplexing 

In radar, duplexing means the use of one antenna for 
both receiving and transmitting. The advantages of such 
a scheme are two -fold. First, the mechanical problem of 
keeping two antennas always trained on a single target, 
or searching over a single area, are considerable. The 
complication in the transmission lines with duplicate sets 
of rotary joints is a considerable factor. Secondly, since 
the wind resistance and weight of the antenna are two of 
the most critical factors in radar, perhaps the most im- 
portant limiting factor in airborne systems, the use of a 

single antenna 
gives effectively 
twice the area 
for both the 
transmitting and 
receiving anten- 
nas. Ref erring 
to Eqt. (4) of the 
previous article' 
in this series (re- 

peated as Eqt. (6) here) we see that a doubling of A leads 
to an increase of 40% in R. This is the equivalent of 
quadrupling the transmitted power, or a gain of 6 decibels. 

Table II. Typical operating character- 
istics for a reflex klystron at 10 cm. 

Beam Current 40 ma. 
Beam Voltage 300 volts 
Reflector Voltage 120 volts 
Useful Electronic Tuning Range...20 mc. 
Electronic Tuning Rate 2 volts/inc. 
Power Output 80 mw. 
Efficiency 0 7% 
Heater Power 5 watts 

WE CAN DO IT FOR YOU 

Reflectors on lamps to light precision work on war 
production machines were little items-but became 
mighty big when they were no longer available. This 
was the position in which Vimco found themselves 
when they could no longer get metal reflectors for 
Vimcolights. So we designed and built one of plas- 
tic. Like many other products produced under pres- 
sure of necessity, this new reflector proved so supe- 
rior that Vimco ordered them as regular equipment 
on their industrial lights. 

This is just one example of the many instances 
where our engineers have cooperated with other 
manufacturers in originating and developing 
molded plastic parts. If you're planning the use of 
plastic parts on your product-where quality and 
quantity production are important factors-why 
not take advantage of our complete facilities? 

H 1 -EFE 
MOLDED PLASTIC 

AND RUBBER PARTS 
Along with our extensive production of plastics, we have 
specialized in molded rubber products for more than 23 

years. Every phase in the designing, producing and finish- 
ing of HI-EFF molded parts-plastic and rubber-is 
handled in our own modern plants, each under expert 
supervision. Write us for further details and suggestions 
about molded parts to fill your requirements. Taylor Man- 
ufacturing Co., 3098 W. Meinecke Ave., Milwaukee, Wis. 

TE0141411NitliEE 
Producers of HI-EFF Molded Plastic and Rubber Products 
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where R, the maximum range, and A, 
the antenna area, are the quantities 
concerning us here. 

Granted that duplexing is desirable 
in radar, how is it accomplished ? Two 
general requirements must be met : 

namely, one, the receiver must be dis- 
connected from the antenna line dur- 
ing the high power pulse; and two, the 
transmitter must be disconnected from 
the antenna all the rest of the time. 
The first requirement is necessary to 
protect the receiver against burnout 
and overloading, and the second to pre- 
vent loss of signal power into the 
transmitting element during reception. 
In microwave radar practically all re- 
ceivers use a silicon crystal as the de- 
tecting device, and such crystals are 
subject to burnout and saturation at 
power levels of the order of 250 milli - 
watts. To protect this crystal against 
burnout and to insure otherwise satis- 
factory operation of the radar, a rap- 
idly acting switch, generally called a 
TR tube, must be designed with the 
following characteristics : 

1) Attenuation in receiver line 
during pulse > 60 db 

2) Time of firing < .01 µsec. 
3) Time of recovery (negligible 

signal loss < 10 µsec. 
4) Insertion loss (to signal) ... < 1 db 
5) High power loss < .3 db 
6) Voltage standing wave 

ratio (when fired) < 1.2 

Such a tube is illustrated in Fig. 12; 
this particular tube is used with an ex- 
ternal cavity to form the complete res- 
onance circuit as shown. The tube is 
filled. with a mixture of hydrogen and 
water vapor to a total pressure equiva- 
lent to about 15 mm. of Hg. When 
placed at a high voltage point in the 
line a very high r.f. voltage is built up 
across the gap causing the gas to break 
down and effectively cause a short cir- 
cuit to the receiver line. The hydro- 
gen is chosen because of its rapid 

Fig. 11. (A) Coaxial choke. (B, C) Side 
and end views of wave guide choke. 
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breakdown time; the purpose of the 
water vapor is to "clean-up" the ions 
in the gap after the discharge has 
taken place, and so to minimize the re- 
covery time. The "keep -alive" elec 
trode is used to insure that a minimum 
number of ions are in the gap to en- 
able speedy breakdown to take place. 

The requirement on a duplexing sys- 
tem that there be no absorption of re- 
ceived signal by the transmitting tube 
can be met in two ways. One, if the 
cold (non -oscillating) impedance of the 
magnetron can be specified to be with- 
in certain limits the distance from the 
receiver junction to the magnetron can 
be so chosen that the received signal 
is reflected completely into the receiver 
branch. Two, if the magnetron cold 
impedance can not be specified, or if it 
is inconvenient to keep the magnetron - 
receiver distance within certain limits, 
an ATR or anti -TR tube may be used. 
The ATR tube can be identical with the 
TR tube, but it is mounted in a some- 
what different cavity. The assembly 
is placed in such a position in the guide 
that during transmission, when the 
tube is fired, negligible power is re- 
flected toward the magnetron; while 
on reception, the unfired case, the sig- 
nal is almost completely reflected from 
the magnetron branch into the receiver 
branch. This is true regardless of the 
cold impedance of the magnetron. 
Typical operating conditions for an 
ATR are : 

Signal loss < .9 db. 
High power loss < .3 db. 
High power voltage stand- 

ing wave ratio < 1.2 
The requirements on time of firing 

and recovery time are not stringent 
since no receiver protection or signal 
transmission loss problem is involved. 

It would seem that the 6 db. gain for 
duplexing claimed earlier would have 
to be reduced somewhat; by 2.5 db. un- 
der adverse circumstances. Actually, in 
a dual antenna system the losses due 
to misalignment would probably at 
least balance this, and the writer feels 
6 db. is a good working figure. Fig. 3 
schematically shows the essential mi- 
crowave components of a typical radar 
system. 
Detection of Microwaves 

At frequencies above 2500 mc. the 
rectifier crystal is almost exclusively 
used for detection. The crystals oper- 
ate in a manner similar to the galena 
crystals of the 1920 era, but silicon has 
been found a far better material. (Ger- 
manium is sometimes used.) Hetero- 
dyne detection methods are some 30 to 
40 db. more sensitive than single de- 
tection methods for such crystals. Di- 
ode detectors and r.f. amplifiers in gen- 
eral introduce far more noise than 
crystals, so that the ultimate receiver 
sensitivity is impaired. Special tet- 
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Fig. 12. 1B27 Type TR tube and cavity. 

rode amplifier tubes have been made 
which compete with crystals in ulti- 
mate sensitivity, but the manufactur- 
ing and tuning requirements are such 
that the tubes are difficult to make and 
exceptionally difficult to tune. 

A typical crystal (1N21 type) is il- 
lustrated in Fig. 10. The sensitivity 
and noise figure are set and measured, 
and the crystal cartridge is sealed off 
before leaving the factory. The result- 
ing crystal is very rugged mechani- 
cally, but is subject to burnout at low 
powers. 

The ultimate sensitivity of the radar 
system can never exceed the theoreti- 
cal lower limit of thermal noise which 
is present in the initial stages (the de- 
tector and the first i.f. stage) of the re- 
ceiver. This theoretical lower limit is 
equal to kTB, where k is the universal 
Boltzmann constant equal to 1.37 X 
10-23 joules per degree Centigrade ab- 
solute (°K), T is the absolute tempera- 
ture and B Is the bandwidth in cycles 
per second. For one mc. bandwidth 
and 300°K this factor is equal to 4.11 
X 10-15 watts, or we can say that the 
ultimate receiving sensitivity is 4.11 
X 10-15 watts per mc., or 144 db. below 
one watt per mc. bandwidth. 

The measure of goodness of a re- 
ceiver is the closeness with which the 
above figure, appropriate to the band- 
width of the receiver in question, can 
be reached. Theory shows that the 
following expression gives this over- 
all receiver noise figure, NFR. 

NFR =L + 10 log, o(NFi./. -}- T - 1) db.. (7) 

where NFi f is the noise introduced 
by the i.f. circuit expressed as a 
ratio, 
T is the noise introduced by the 
crystal expressed as a ratio to 
thermal noise. 
L is the conversion loss of the 
crystal in db.; that is, the loss in 
signal power in converting from 
r.f. to i.f., usual values being 
3000 mc. and 30 mc. 

Typical values of these quantities 
for microwaves are : 

L =6db. 
T = 1.5 

NFif.=1.5 
NFR = 9 db. 

For a 3 mc. bandwidth we can ob- 
tain in practical systems, signals equal 
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to noise about 130 db. down from one 
watt, as the above figures indicate. Al- 

though a signal loss is always present 
in a crystal, the ultimate sensitivity is 
much better than with tube converters 
because of the very low noise. The 
lack of gain in the r.f. stage can always 
be restored in the i.f. or video stages. 

Another source of noise is in the 
side -band of the local oscillator. At 
3000 mc. r.f. and 30 mc. i.f. this is much 
less than 1 db. and can be neglected. 
At 9000 mc. r.f. and 30 mc. i.f. this 
wise can contribute 3 db. to the over- 
all receiver noise, but with a 60 db. i.f. 
the 1.o. contributes only 1 db. As the 
ratio of r.f. to i.f. becomes large this 
source of noise becomes increasingly 
important and in many cases it pays 
to use balanced mixing circuits to elim- 
inate it. 
Crystal Impedances ' 

Both r.f. and i.f. impedances of crys- 
tals are apt to vary over wide limits. 
However, at the factory the crystal 
conversion loss and noise figure are 
measured in a fixed -tuned mixer cir- 
cuit with definite r.f. impedance and 
i.f. capacitance. Crystals with widely 
varying impedances will be rejected in 
such a mixer as below specification 
limits. In any event since the con- 
stants of the test circuits are known, 
the radar mixers can be designed ac- 
cordingly, and the crystals will not be 
badly mismatched in the radar re- 
ceivers. 
Conclusion 

In this article an attempt has been 
made to describe, in a very short space, 
some of the problems and accomplish- 
ments in the microwave field as ap- 
plied to radar systems. It has been 
necessary to omit many interesting re- 
sults and to limit explanations to the 
barest minimum. Now that the war- 
time security regulations are being re- 
laxed, many important technical pa- 
pers and books are beginning to ap- 
pear, and those readers who are inter- 
ested in the more technical details are 
referred to them. 
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COMING! 
"Microwave Radar Antennas," by E. M. 

Purcell, Radiation Laboratories, M.I.T. 
"High Power Pulse Circuits," by M. G. 

White, Radiation Laboratories, M.I.T. 
-Radar Indicators," by L. J. Haworth, Ra- 

diation Laboratories, M.I.T. 
"Electronic Applications in Meteorology." 

by Robert Endall. 
"Control and Timing Circuits," by John D. 

Goodell, Consulting Engineer, St. Paul. 

WATCH FOR THESE FEATURES! 
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"ELEMENTARY ENGINEERING 
ELECTRONICS" by Andrew W. 

Kramer. Published by The Instru- 
ments Publishing Company, Inc., Pitts- 
burgh, Pa. 334 pages. Price $2.00. 

This book is designed for the elec- 
trical or mechanical engineer whose 
training and/or working experience 
has not prepared him for the field of 
industrial electronics. 

Since industrial electronics is the 
application of the proper vacuum tube 
to the job to be done, this book deals 
with the characteristics and operation 
of various types of vacuum tubes ap- 
plied to certain industrial problems. 

Included in the discussion are tri- 
odes and their uses, thyratrons, tet- 
rodes and their applications, photo - 
tubes, mercury -arc rectifiers, and cold 
cathode tubes. Special emphasis has 
been placed on the science of elec- 
tronics as applied to instrumentation, 
measurement and control. 

The book is clearly written and well 
illustrated with diagrams, pictures and 
graphs. 

«FUNDAMENTAL THEORY OF 
SERVOMECHANISMS" by LeRoy 
A. MacColl. Published by D. Van 
Nostrand Company, Inc., New York. 
128 pages. Price $2.25. 

Because of the increasing impor- 
tance of various types of servomech- 
anisms as applied to control problems, 
this book by Dr. MacColl of the Bell 
Telephone Laboratories forms a valu- 
able background and bridge, dealing 
as it does with many wartime develop- 
ments and improvements in servo- 
mechanisms. 

The text deals with elements of the 
steady-state theory of the servomech- 
anism, auxiliary formulae from the 
theory of transients in linear systems, 
stability of servomechanisms, Ny- 
quist's Criterion, performances of 
servomechanisms, se r v o m e c h anisms 
with more complicated feedback paths, 
servos with alternating current mo- 
tors and oscillating control servomech- 
anisms, sampling servomechanisms, 
and alternative approaches to the the- 
ory of linear servomechanisms. 

This book supplements and extends 
Dr. H. W. Bode's "Network Analysis 
and Feedback Amplifier Design" and 
is a valuable addition to the literature 
covering the subject of servomechan- 
isms. The book is written at an engi- 
neering level. 

Absolute thoroughness in design and manufacture is one part of Electronic 

Engineering Company policy. The other part is detailed inspection at every 

manufacturing phase. This is your assurance of dependable performance- 

because every Electronic Engineering transformer gets 

this Inspection Plus. 
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Crystal Control 
(Continued from page 14) 

justed indefinitely. The 18 trimming 
capacitors are Centralab negative 
temperature coefficient ceramic units. 
The proof of the success of the sta- 
bility of this set is that from the in- 
stant it is turned on, throughout a full 
evening's listening, there is no change 
in the sound quality, as there had been 
before the conversion to crystal con- 
trol. It is also much more convenient 
to tune stations with a flick of the 
wrist than to have to make very care- 
ful and accurate adjustments. Most 
listeners do not tune receivers care- 
fully enough to get the best out of 
them. This is one of the many advan- 
tages of preset, fixed tuned, push but- 
ton or rotary selector mechanisms. In 
FM reception tuning must be accu- 
rate. This is all the more true for the 
new FM bands. The use of fixed tuned, 
crystal controlled, station selector sys- 
tems for FM is one pathway to the 
better enjoyment of the advantages of 
FM reception. 

There may be some interest in the 
disposition of the tuning dial of the 
original receiver. A set of "bulls -eye" 
panel indicator lamps was inserted in 
the space occupied normally by the 
tuning dial. Inside each jewel there is 
lettered the call letters of the station 
to which the rotary selector is set. The 
lettering can be seen only when the 
jewel is lit. This is an expensive item 
when using individual units, but, with 

Fig. 9. Top view of r.f. chassis. 

plastics and attractive industrial de- 
sign this may be a very practical in- 
expensive indicator. 

There were some over-all circuit 
changes from the original Meissner 
receiver in addition to the crystal con- 
trolled r.f. section. The major change 
was the installation of cascade limiters. 

The intermediate frequency stand- 
ard for the new FM bands has been 
established at 10.7 mc. Based upon 
this choice the considerations for crys- 
tal frequencies will involve the fol- 
lowing: In the band covering 88-108 
mc. (including educational transmis- 
sions) oscillator frequencies (on the 

Fig. 10. R.F. end of crystal -controlled FM receiver rebuilt from Meissner 9 1041A. 
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11th 
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' PREFERRED 
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9.6625 Mc to 12.1625 Mc 
8.588888 to 10.811111 

(7). 

Table II. Crystal frequencies for use in 
the new frequency modulation band. 

low side) will have to cover 77.3 mc. 
to 97.3 mc. Table II lists the frequency 
ranges in which particular crystals 
must fall so that specific harmonics 
are useful for the 88-108 mc. band in 
receivers employing 10.7 mc. interme- 
diate frequency amplifiers. 

The industry established a drift or 
deviation tolerance of plus or minus 
5 kc. for satisfactory FM operation at 
50 mc. This represents a value of 1 

part in 10,000. The tolerance repre- 
sents over-all drift or deviation and 
can be the algebraic sum of all the 
deviations in the r.f., local oscillator, 
i.f. and discriminator circuits. Some- 
times these are compensatory and the 
drift or deviation is small. 

The crystals ground for the sets de- 
scribed above are all within 50 cycles 
or less of the designated frequency. 
This was measured at room tempera- 
ture. Since they are BT cuts with a 
"crossover" at room temperature the 
drift expectancy of this crystal is in- 
significant. At the eighth harmonic 
the variation of the oscillator fre- 
quency is no more than about 1500 cy- 
cles over-all in several hours of con- 
tinuous operation. Fig. 3 is the curve 
of temperature coefficient of the BT 
and AT crystal orientations. The tem- 
perature range in which crystals will 
have to operate in a reasonably well 
ventilated chassis can be estimated at 
from plus 10° C. to about 40° C. The 
maximum deviation of frequency in 
this range would be fewer than ten 
cycles, per megacycle, per degree C. 
at the fundamental crystal frequency. 
This must be multiplied by the num- 
ber of the harmonic used. It should 
also be noted that the thermal varia- 
tion in the average radio set once it 
reaches operating temperature will 
not be more than a few degrees on 
either side of this value. A reasonable 
statement, therefore, of the frequency 
change with crystal control of the lo- 
cal oscillator at values up to the 10th 
harmonic can be set at plus or minus 
1500 cycles (using BT orientation). 
This will leave considerable room for 
the variations resulting from other 
circuit combinations. 

REFERENCE 
1. William Moron, "Crystal -Tuned FM Re - (ewers," Electronics, p. 138, Oct., 1945. 
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Aviation Controls 
(Continued from page 10) 

tive bias from "increase sensitivity" as 
soon as a signal appears that is large 
enough to cause an output fluctuation 
of the control tube plate voltage. Thus, 
the bias point is automatically shifted 
far enough to the left to cause positive 
operation of the relays. 

The third voltage applied in the form 
of bias is developed across the "throt- 
tle control." When the output from 
the discriminator tube closes either 
the right or left servo relays, it also 
closes a relay that applies the throttle 
voltage to the grid circuit of the 
control tube. This is a positive volt- 
age that shifts the operating point to 
the right. When the operation of 
the servo motor has adjusted the 
wiper on the balance pox sufficiently 
to lower the output signal to an ampli- 
tude that is insufficient to drive the 
control tube at the bias point created 
by the throttle voltage, the servo re- 
lays open, the servo motor stops and 
the throttle voltage relays open the 
circuit applying this added positive 
bias. The RC Time Delay circuit 
maintains the operating point for ap- 
proximately 15 cycles after the throt- 
tle relay opens, after which the bias 
drops so that the signal is again suffi- 
cient to operate the relays. The time 
delay circuit functions to hold the 
throttle voltage in application long 
enough to prevent chattering of the 
relays. When the signal again drives 
the control tube and the output of the 
discriminator closes the relays, the 
servo motor operates again momen- 
tarily but is stopped as soon as the 
throttle voltage is re -applied. Thus, 
the servo motor is caused to operate 
intermittently as the balance point is 
reached. This "pecking" action pre- 
vents overshooting and functions to 
produce smooth control over small and 
large deviations in the flight of the 
airplane. 

The discriminator circuit is conven- 
tional with a.c. applied to the plates 
of the discriminator tube from the 
same source as the signal to the input 
of the amplifier. The phase of the in- 
put signal is synchronized to produce 
an output from one or the other ,side 
of the discriminator circuit in such a 
manner as to correspond with left or 
right deviations of the potentiometer 
wipers in the bridge circuit, thus op- 
erating the appropriate relays. 

A separate circuit of this kind is 
used to operate each of the control 
surface assemblies, i.e., ailerons, rud- 
der and elevators. Fig. 9 is a photo- 
graph of the three -channel amplifier. 
This compact unit used a single recti- 
fier to supply high voltage to the cir- 
cuits, and a total of six additional tube 
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Fig. i 1. Potentiometer wiper show- 
ing multiple contact construction. 

envelopes perform all of the required 
functions. The heater of the rectifier 
operates in parallel with a balancing 
resistor. The heater of each discrimi- 
nator tube is connected in parallel 
with its associated amplifier and con- 
trol tube. These four parallel circuits 
are connected in series with an r.f. 
choke to the direct current supply 
from' the airplane's battery, with cir- 
cuit opened and closed by the Auto- 
pilot master switch. 

These few tubes and components 
function to provide a.c. to the control 
pots in the bridges of the Vertical 
Flight Gyro, the Directional Panel, the 
Turn Control and the Servo Units; 
amplify the signals from the bridge 
circuits caused by flight ,deviations of 
the airplane; analyze the input so 
as to reject 
small signals, 
build up border- 
line signals, pass 
mid -size signals 
intermittently 
and large sig- 
nals continuous- 
ly; determine the 
direction of con- 
trol surface 
movement neces- 
sary to correct 
flight deviations, 
and close the 
proper relay to 
operate the indi- 
cated Servo Unit 
in the proper di- 
rection. 

This is an ex- 
cellent example 
of the complex 
functions which 
may be handled 
efficiently by a 
simple, but well 
designed, elec- 
tronic control 
amplifier. Figs. 
1, 2, and 4 are 
views of actual 
installations of 
the Autopilot in 
various air- 
craft. 

REFERENCES 
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New Products 
(Continued from page 24) 

receiver locations, in determining the 
effectiveness of filtering and shielding 
electrical apparatus which produces 

radio noise at ultra -high frequencies, 
and for indicating and recording in 
microvolts/meter the field intensity of 
AM, FM, and television transmitters. 

Additional information may be ob- 
tained from Stoddart Aircraft Radio 

The Lyons Chronometric Hand Tachometer is 

designed to provide exceptionally precise meas- 
urement of constant rotary and linear speeds. 

Produced in two types, 0 to 1000 RPM and 0 to 
10000 RPM, graduated in 1/5 RPM and 2 
RPM subdivisions respectively, the Lyons has 
an overspeed allowance of 100%, is durable 
and entirely trustworthy. 

BOULIN INSTRUMENT CORPORATION 
PORTABLE AND STATIONARY CENTRIFUGAL TACHOMETERS 
PORTABLE CHRONOMETRIC AND STROBOSCOPIC TACHOMETERS 

65 MADISON AVENUE, NEW YORK, N. Y. 
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Co., 6644 Santa Monica Blvd., Holly- 
wood 38, California. 

AUTOMATIC TAPPERS 
Solenoid -operated tube tappers for 

uniform control of force, angle and 
timing of blows on electron tube en- 

velopes to detect shorts, r.f. and audio 
noises, and other faults due to tube 
structure have been developed by Syl- 
vania Electric Products, Inc., Empo- 
rium, Pa. 

Specially designed to eliminate va- 
riations resulting from the use of hand 
mallets by individual operators, these 
solenoid tappers provide six timed 
strokes which are alternately applied 
between two points on tube envelopes., 
The force, angle and timing of auto- 
matic blows may be adjusted to meet 
test requirements of different receiv- 
ing tube types. 

NEW ELECTRONIC TESTER 
The "B" Sweep Calibrator Model No. 

8127 for commercial use in radar and 
television test work has been an- 
nounced by United Cinephone Corpo- 

ration, Torrington, Connecticut. 
The instrument provides calibration 

marks for use in calibrating the sweep 
speed of a synchroscope or triggered 
sweep oscilloscope. The markers con- 
sist of short video pulses, of less than 
1/z microsecond duration, spaced apart 
by a known number of microseconds. 
The unit was designed in collaboration 
with the Radiation Laboratory, M.I.T. 

NEW G. E. TUBES 
A new transmitting tube, type GL - 

9C24, a triode, has been announced by 
the Tube Division of General Electric 
Company's Electronics Department. 

Designed particularly for application 
in a grounded -grid circuit as a class 
B r.f. amplifier and a class C r.f. am- 
plifier oscillator, the tube will be used 
in television and FM operation at the 
higher frequencies. 

Another new transmitting tube, 
Type GL -592, has also been announced 
by this company. The type GL -592 has 
been designed for use in amateur ra- 
dio and industrial applications which 
require power in higher frequency 
ranges. 

Technical information on both tubes, 
type GL -9C24 and type GL -592, may 
be obtained on request to the Tube 
Division, General Electric Company's 
Electronics Department, Schenectady, 
New York. 

NEW POWER TRIODE 
Lewis of Los Gatos, California, a 

subsidiary of the Aireon Mfg. Corp., is 
now manufacturing a new air-cooled, 
power triode, the Lewis 4C32. It is 
especially suitable for high frequency 
diathermy and industrial heating uses. 
In its use as an unmodulated class C 
radio -frequency amplifier, typical op- 
erating condi- 
tions are - d.c. 
plate voltage, 
2000; power 
output 400 
watts. How- 
ever, the maxi- 
mum input is 
900 watts, 
maximum 
plate dissipa- 
tion 200 watts. 
Upper fre- 
quency limit of 
the tube with 
maximum power input is 60 mc. For 
further information and catalog 
sheets, inquiries should be addressed 
to Lewis Electronics, Los Gatos, Calif. 

NEW RECTIFIER REQUIRES NO FAN 
The Benwood-Linze Company of St. 

Louis has announced the development 
of a dry disc metallic rectifier which 
does not require forced cooling. This 
rectifier is rated 50 amperes for 6 volt 
automotive battery taper charging. 
Two rectifiers may be operated in par- 
allel from separate transformer sec- 

ondaries to provide 100 amperes maxi- 
mum charging rate without a fan. 

Battery chargers of this type operate 
from the usual 110 volt a.c. power sup- 
ply, to deliver the required rating of 
d.c. to the battery. This new rectifier 
makes possible the design of fast bat- 
tery chargers rated 50 amperes with- 
out any moving parts. 

ELECTRONIC BORE GAUGE 
A new electronic bore gauge utiliz- 

ing direct contact to measure the di- 
ameter of tube, gun and other cylin- 
drical interiors with an accuracy of 

one-half a ten thousandth of an inch, 
will be introduced soon by the Chrome 
Gauge Corp., Philadelphia. The new 
device, said to offer 100 per -cent 
greater accuracy, is expected to be 
marketed in the chemical, petroleum, 
metallurgical and other industries that 
either manufacture or make use of 
tubes and pipes, and for processes 
where pipe and tube interior surface 
imperfections affect the process and 
product. 

HERMETICALLY -SEALED RESISTOR 
A new small -size unit rated at 0.5 

watt and only 7/8" long by 74" in di- 
ameter has been added to the line of 
hermetically -sealed Shallcross Akra- 

Ohm fixed accurate wire -wound re- 
sistors made by the Shallcross Manu- 
facturing Company, Jackson and 
Pusey Avenues, Collingdale, Pennsyl- 
vania. 

Known as Type 1101, the new re- 
sistor is designed for style RB12A un- 
der JAN specification R93. Maximum 
resistance value when wound with 
nickel chromium wire is 350,000 ohms, 
maximum voltage 420 volts. 

Resistance element, winding form 
and protective ceramic shell form a 
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rigid, integral unit. No internal leads 
or "floating" wires are used, and her- 
metic -sealing is obtained without use 
of ferrule caps or glass drawing by a 
special solder process. This, as well 
as the company's complete line of ac- 
curate fixed wire -wound resistors for 
industrial applications are described 
in a new edition of Shallcross Resistor 
Bulletin R, copy of which will be sent 
on request. 

RECORDING SYSTEM 
A new recording system, which will 

enable producers to record any of the 
standard original or release type of 
sound tracks on either 35mm or 16mm 
film has been announced by the Elec- 
trical Research Products Division of 
the Western Electric Company, 195 
Broadway, New York 7, N. Y. 

Features of the new design are sim- 
plicity of mechanical parts and free- 
dom from critical adjustments, more 
rapid threading of film, adaptability 
to either variable area or density re- 
cording, and the reduction of flutter 
to extraordinarily low values. Its con- 
struction permits flexibility in meeting 
a variety of recording requirements 
including changing from 35mm to 
16mm in a matter of minutes by the 
use only of a screw driver. 

Cavity Magnetrons 
(Continued from page 20) 
simple rotating fan -shaped field pat- 
terns called Hartree harmonics. The 
scallop -shaped spacial mode of Fig. 8B 
may help to visualize one of these har- 
monics. The analysis just described 
of one of the involved possible r.f. pat- 
terns into the corresponding funda- 
mental and higher Hartree harmonics 
is carried out in Fig. 7. 

Now, half of these harmonics rotate 
clockwise and half counter -clockwise. 
Those spinning against the electrons 
flash by them so rapidly as to have no 
effect; of those spinning with the elec- 
trons, however, it may occur that a 
fundamental or some higher harmonic 
will rotate with an angular velocity 
near that of the electrons. Then a 
stable grouping of the space charge 
into rotating bunches will occur. (The 
bunches rotate with the same speed as 
the harmonics.) Electrons speeded up 
by the electric field of the harmonic 
retreat to the cathode because of the 
increased magnetic bending -force re- 
sulting, and those slowed down move 
out toward the anode where they are 
collected. This bunching, which is 
slightly different from that in klys- 
trons, is illustrated in Fig. 3A for the 
2J42. 

We notice that It is the over-all 
space -charge that is bunched, and that 
individual electrons may slip in and 

Fig. 16. The oxide -coated unipotential 
cathode with heater in various stages 
of assembly (2122-2J34 magnetrons). 
The completed cathode is at the top. 

out of the bunches without effect, as 
long as others take their places. This 
is why the bunches will be rotating 
with the speed of the harmonic al- 
though the individual electrons are 
not. (Fig. 14A.) 

As a result of the bunches, there are 
two kinds of current to the anode seg- 
ments. One is the conduction current 
as electrons from the bunches reach 
the anode. The other is a displace- 
ment current, of the same type fa- 
miliar to us as the internal current 
between the plates of any condenser. 
As the bunches sweep by a given point 
in the cathode -anode space, they natu- 
rally cause the space -charge at that 
point to vary with time, and hence the 
electric field set up by the space 
charge. This time - varying electric 
field then constitutes a displacement 
current of density J by the definition: 

J = eo (SE/6t) 

J = displacement current density 
e0 = electric inductive capacity 
E = electric field at a given point. 

The conduction current is in spurts 
(Fig. 14B). The d.c. component is the 
average d.c. current from the radar 
modulator. The Fourier component at 
the oscillation frequency acts like cur- 
rent to a load; the electrons them- 
selves drain some of the power they 
furnish. The behavior of the stronger 
over-all displacement current, how- 
ever, is like that from a generator. It 
is the real source of power. 

This viewpoint, proven during the 
war, is much more fundamental than 
the single -electron explanation usu- 
ally given. 

Magnetrons are commonly designed 
to operate with such an r.f. field pat- 
tern that the instantaneous charges on 
adjacent segments are equal and op- 
posite ("plus -minus -plus -minus" as we 

go from segment to segment). In 
magnetron terminology this is the 
"ir -mode." By a mode we mean the 
operation of the magnetron at a par- 
ticular frequency with a particular 
kind of electronic coupling and r.f. 
field pattern. In pre-war literature 
when only this 1r -mode was known, if 
an electron just moved from one gap 
to the next in one period of oscillation, 
we were said to have "oscillations of 
the first order." If more than one pe- 
riod occurred during an intergap elec- 
tron movement, we had "oscillations 
of high order." This partition into 
orders does not seem to be fundamen- 
tal, being merely the difference be- 
tween coupling to the fundamental 
Hartree harmonic or to one of the 
higher ones. (As noted in Fig. 7 the 
latter rotate more slowly.) 

The unusual behavior of the average 
plate current with varying plate volt- 
age is shown in Fig. 10A. As the plate 
voltage is increased, the angular ve- 
locity of the electrons is changed. 
When the velocity is near enough to 
that of one of the Hartree harmonics, 
the magnetron will operate in the 
mode corresponding to that harmonic, 
and will continue to do so even though 
the velocity is changed. The increas- 
ing plate voltage then makes the 
bunches more dense and increases the 
power in that mode. There finally is 
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reached a point with increasing plate 
voltage, however, where the electron 
velocity is such that it is now easier 
for the electrons to couple in another 
mode of operation. Abruptly the mag- 
netron then jumps to the new mode 
and continues until other modes are 
preferred. Each mode at a given mag- 
netic field obeys an empirical equation 
of the form: 

Vke=Ck (H-Hka) 
Vka = plate voltage at which oscil- 

lation will start for the lkth 
mode 

Ck Hko = constants for kth mode 
H = magnetic field 
No such formula for wavelength as 

that of the radial -coupling tube may 
be given. In practice, we usually start 
with a magnetron model developed ex- 
perimentally to give good efficiency 
and power output, and apply certain 
scaling principles to give the desired 
tube at the new frequency or power 
level. (These principles are discussed 
in M.I.T. Radiation Laboratory re- 
ports.) All we can say is that: 

1.) Conditions must be set at or be- 
yond cut-off by the nlate volt- 
age and magnetic field, and 

2.) that the electron velocity deter- 
mined by these parameters be 
sufficiently near that of one of 
the Hartree harmonics-funda- 
mental or higher-of any of the 
r.f. patterns the resonant oscil- 
lating elements can establish. 

Having examined the mechanics of 
power generation, we shall want to 
see what the modes referred to above 
may be.20 The modes the magnetron 
can operate in are found at the fre- 
quencies the cavities will resonate at. 
The frequency spectrum displays an 
infinite number of resonances above a 
certain frequency gathered into groups 
called multiplets (by analogy to spec- 
troscopy and atomic structure). Ref- 
erence to Fig. 10B will show these 
multiplets. Many of the resonances 
occur in pairs, members of which have 
the same frequency in the symmetri- 
cal unstrapped magnetron and are 
hence called "degenerate modes." Of 
the multiplets, only the first, the so - 

Fig. 17. Schematic diagram of a con- 
ventional magnetron modulator circuit. 

called "fundamental multiplet," has 
any practical importance. Each mode 
in the multiplet is known according: 
to the angular periodicity of the cor- 
responding fundamental Hartree har- 
monic, a periodicity indicated by the 
"n -number" or number of complete 
angular cycles in the harmonic (Fig. 
7C). Although an asymmetry will re- 
solve the degenerate modes (Fig. 10B), 
this ordinarily does not occur, and we 
find four n -numbers for the eight - 
cavity magnetron (2J22 -2J34) and six 
n -numbers for the one with twelve 
(2J42). The customary 7 -mode opera- 
tion is at the n = 4 and n = 6 modes, 
respectively. 

The use of strapping to make the 
operation in the desired mode more 
reliable is very important. Since, un- 
der the usual loading, the Q's of the 
modes in the multiplets are of the or- 
der of 100, adjacent modes may over- 
lap. Unwanted wavelengths may then 
be produced as well as the desired one, 
and the efficiency will be poor. Thus 
the n = 3 mode adulterates the de- 
sired n = 4 mode in the unstrapped 
eight -cavity tube. This difficulty may 
be overcome by strapping, in which 
the various anode segments are con- 
nected in the proper fashion. Strap- 
ping functions by separating the wave- 
lengths of the modes in the multiplet 
so that overlapping does not occur. 
One form is shown in Fig. 10e. Other 
forms exist, such as the double -strip 
strapping of the 2J42 (Figs. 2 and 5B). 

An equivalent circuit for the cavi- 
ties in the lr-mode appears in Fig. 3B. 
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The electrons act as if they were con- 
nected in parallel with the segments. 
Other modes in the multiplet would 
correspond to more complicated elec- 
tron and mutual inductance connec- 
tions. 

The one remaining important prob- 
lem is that of the load connection. 
The equivalent circuits of Fig. 3C and 
D will help. The output pipe acts like 
an impedance transformer. By vary- 
ing the loop, and by different construc- 
tions of the output pipe, we may 
change the effective admittance cou- 
pled in from the outside. This external 
load, which is an antenna in a radar 
set, usually has the main transmission 
line matched to it to prevent corona 
and breakdown. Thus the load is 
fixed. By properly designing the out- 
put pipe and loop, however, the ad- 
mittance coupled in under the condi- 
tions of match described, may be made 
just the correct value to transfer the 
desired power to the load under stable 
conditions. 

If the loop is coupled too tightly, 
however, another effect may occur. 
Load variations may cause an exces- 
sive shift in operating frequency that 
could not be compensated by the auto- 
matic frequency -control circuits. This 
would occur from a strong reflection 
from a mast or wing strut or a defec- 
tive rotating joint in the radar trans- 
mission line itself. The radar might 
become blind. This phenomenon is 
known as frequency pulling. (It is usu- 
ally limited to frequency variations 
over a maximum range of 15 mc. when 
the voltage -standing -wave -ratio, look- 
ing into the load in the main trans- 
mission line, is set at 1.5 and varied 
through all phases.) It was found at 
the M.I.T. Radiation Laboratory how 
to keep the pulling low and still have 
good power output. See Fig. 9B for 
the 2J42. Two shorting posts (parallel 
to the E -vector) are placed a half - 
wavelength apart in the wave guide 
portion. With a matched load, the 
posts resonate and their reflections 
just cancel. When the load changes 
and the tube is pulled, they set up re- 
flections to compensate for the exter- 
nal impedance change and keep the 
admittance coupled into the cavities 
relatively unchanged. By this means 
the pulling in the 2J42 may be de- 
creased by 50% without lowering the 
output more than 5-10%. 

We have discussed the present state 
of the magnetron from both practical 
and theoretical viewpoints. The future 
will see the peacetime application of 
radar to marine and aviation naviga- 
tion and control. Because of the many 
channels and the selective beaming 
possible, communication at micro- 
wave frequencies will have wide appli- 
cation, too. In all these fertile fields, 
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the magnetron will clearly become a 
common and useful tool. 

The author wishes to acknowledge 
the great help of Dr. Rieke of the 
M.I.T. Radiation Laboratory staff in 
the preparation of this article. 
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Replacing Jack Strip 
(Continued from page 11) 

tables and the microphone, or the en- 
tire fader panel output, to an FM 
transmitter. All the rotary switches 
contain blank contacts for future ex- 
pansion. Both input and output of 
the limiting amplifier may be switched 
around as desired with switches 2 and 
3, while the loudspeaker may be 
placed on the output of the limiting 
amplifier for testing with switches 1 

and 2. A large number of switching 
combinations are possible. The 400 
cycle audio oscillator may be placed 

on the input of the limiting amplifier 
for distortion tests, level then being 
adjusted with the control on the os- 

cillator. The system is arranged so 

that all rotary switches are placed on 
No. 2 contact (straight up) for nor- 
mal operation. A glance at the panel 
is all that is necessary to know that 
everything is right. 

A similar installation is used at the 
studio to handle incoming remote pro- 
gram lines, outgoing lines, and re- 
cording lines. In over three years op- 
eration, a failure has never been ex- 
perienced that could be attributed to 
the switching panel. 

Fig. 2. Block diagram of switch panel designed to replace the jack strip. 
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AT LEFT. Two Langevin Type 111-A Dual Pre - 
Amplifiers and one Langevin 102-A Line -Ampli- 
fier mounted on o 3-A Mounting Frame, This unit 
provides four pre -amplifiers and one line -ampli- 
fier, or three pre -amplifiers, one booster -amplifier 
and one line -amplifier, all in 10,h" of rock 
mounting space. External power supply such as 
the Langevin 201-B Rectifier, as shown below, is 
required. 

SPEECH 
INPUT EQUIPMENT 

Worthy of an Engineer's Careful Consideration 

dregs 
TYPE 102A Amplifier is one of the 102 
Series line Amplifiers of which four dif- 
ferent types ore available. The "A" is 
mostly used to drive the line after the 
master gain control. It is quiet, has ex- 
cellent frequency characteristic and am- 
ple power output with low distortion 
products. 

The 201-B Rectifier is one of the 201 
Series Rectifiers, of which two types are 
available, the "B" having additional 
filtering, thereby giving o slightly lower 
ripple content thon the "A." This unit 
is capable of supplying power for one 
102 Series Line Amplifier and three 111 
Pre -Amplifiers (six pre -amplifiers). 

Every unit of Langevin speech input P u aqi ment is 
held to a rigid standard of performance. These units 
may be cascaded in accordance with good engineer- 
ing practices and still be well within the allowable 
limits of FM requirements as to frequency response, 
noise and distortion products. 

All Langevin speech input equipment units are 
mounted on standard 51/4" x 101/4" chassis. Three of 
these units can be mounted on a Langevin 3-A 
Mounting Frame, which occupies 101/2" of space on 
any standard rack. Wall mounting steel cabinets for 
housing these units are also available. 

We are proud of the products which bear the 
name langevin. It will only appear on good 
apparatus. 

The 1 1 1-A Amplifier consists of two indi- 
vidual pre -amplifiers on a single chassis 
for use in high quality speech input 
equipment. Its compact unitized con- 
struction saves rack space. Input impe- 
dances of 30, 250 and 600 ohms, output 
impedance 600 ohms. It is quiet and has 
excellent frequency characteristics and 
ample power output with low distortion 
products. 

The 108-A Amplifier is one of the 108 
Series Monitor Amplifiers, of which four 
different types ore available. The "A" 
is ordinarily used lo drive a monitor sys- 
tem from a 600 ohm or bridging source. 
Its distortion is low for this type of serv- 
ice. It is quiet and has ample power with 
excellent frequency characteristics. 

The Langevin Company 
INCORPORATED 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NEW YORK SAN FRANCISCO LOS ANGELES 

37 W. 65 St., 23 1050 Howard St., 3 1000 N. Seward St., 38 



THE probe described in this arti- 
cle is primarily designed for use 
with a multi -range, d.c. electronic 

voltmeter which has an input resist- 
ance of 10 megohms (or more) and a 
sensitivity of 3 volts (or less) full- 
scale deflection on its low -voltage 
range. Thousands of such d.c. instru- 
ments are in use today. When so used, 
the combination makes available an 
excellent signal tracing device which 
is usable at any frequency between 60 
cycles and 125 megacycles. 

At frequencies above 100 kc. the rec- 
tified d.c. output of the probe is equal 
to the peak value of the applied volt- 
age. For voltages with sinusoidal 
waveform, the peak value is equal to 
1.414 times the r.m.s. value. For volt- 
ages of non -sinusoidal waveform, such 
as square wave, pulse, and saw -tooth 
voltages, the, peak value may or may 
not equal 1.414 times the r.m.s. value. 
The probe will, however, allow meas- 
urement of the Peak value of any volt- 
age regardless of its harmonic content, 
providing the frequency is between 100 
kc. and 125 mc. 

At frequencies below 100 kc., the 
rectified d.c. output of the probe grad- 
ually falls off in amplitude until, at 
60 cycles, it is approximately 20% of 
the peak value of the applied voltage. 
This attenuation with frequency oc- 
curs because, at the lower frequencies 
the RC time constant of capacitor C1 
and the load resistance becomes 
shorter in comparison with the time 

This 100 kc. to 125 mc. probe 
may be constructed without the 
use of special parts or tools. 

By 
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required for a period (1 cycle) of the 
applied voltage. The attenuation can 
be eliminated by the use of a large 
value of capacitance for C, but this 
means an increase in the physical size 
of the capacitor. The increase in phys- 
ical size, as is explained later in this 
article, decreases the efficiency of the 
probe at the higher frequencies. In 
any event, the attenuation does not 
appreciably detract from the useful- 
ness of the probe at the lower frequen- 
cies because comparison measure- 
ments of voltages are usually suffi- 
cient for signal tracing or stage gain 
tests when performing service work. 

Another advantage of the probe is that 
its maximum efficiency begins at 100 
kc., the upper frequency limit at which 
the majority of test oscilloscopes are 
capable of checking signals of low 
voltage levels. 

The input impedance of the probe 
is so high, even at the higher r.f. fre- 
quencies, that measurements may be 
taken without appreciable loading or 
detuning of the circuit under test. This 
input impedance is a complex function 
of the frequency of the applied voltage 
and consists of resistive and reactive 
components. 

Resistive component. The presence 

Fig. 1. Cross-sectional illustration showing details of probe assembly. 
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