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P Technical Information Requests ¢——

A new procedure for the handling of technical in-
formation requests from the field is now in effect at
TechRep Division Headquarters.

In the past, such requests either were directed
to the Correspondence Department, or were included
in letters to other departments, This has sometimes
resulted in considerable delay in answering because
of the rerouting necessary. Also, personnel in other
divisions of Philco have been considerably incon-
venienced by field engineers who have written di-
rectly to the Industrial, Engineering, or Research
Divisions for technical data which could have been
furnished directly from our own Headquarters.

In the future, all field requests for technical infor-
mation (other than publications) should be ad-
dressed to the “Technical Information Section,
Technical Department,” at Headquarters. This
specifically includes requests for information on
microwave communication problems. Under no cir-
cumstances are field personnel to address such re-
quests to the Industrial, Engineering, or Research
Divisions.

All field requests for publications, including train-
ing manuals, trouble-shooting manuals, military pub-
lications, and Philco commercial equipment bulletins,
should be addressed to the Correspondence Depart-
ment, as in the past.
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Lotters to the E-ditor

In the correspondence we are now re-
ceiving. there is an increasing number of
constructive suggestions concerning fur-
ther improvement of the BULLETIN. We
sincerely welcome these suggestions, and
hope that many more readers will express
their opinions in a like manner. The fol-
lowing are excerpts from letters received
since the last issue went to press:

[ J

“My copies are us dog-eared as a comic
book on Bougainville, which is testimonial
enough for a technical publication.”

Ralph R. saylor.
Philco Field Engineer. ADC.
[ J

“If suggestions are in order, u touch of
humor now and then would make the BUL.
LETIN an even better publication.”

Francis E. Gates,
Phileo Field Fngineer, WADF,

{Really good humorous items are dif-
ficult to obtain. Francis. but wait until

vou see the October issue. kd.)

“Your faces must be very red after mixing
figures 2 and 3 on pages 13 and 15, in H. W',
Merrihew's article, *Nomography,” in the June
BULLETIN. I am certain you will hear about
that from more remote corners than this one
in Korea. Howerver, it’s a little unjust to
criticize on this small point without stating
that, in just three issues, the BULLETIN has
All the elec-

tronics people in this outfit (and there are

proved itself very rvaluable,

quite a few) have read it with both interest
and profit. Each department head has found
at least one article which has been applicable
to a problem within his department.”

John H. Rogers, Captain, USMCR,
Marine Ground Control  Intercept
Squadron 1.

( They were, and we did. kd.)

*In view of the recent emphasis on ‘systems
engineering,’ | recommend that the BULLE-
TIN include, or even emphasize, articles on
that subject.”

Carl Eastman,
Phileo Field Engineer, AACS,

1 We agree. Carl: we are looking for

good articles on svstems engineering.

kd.

“The BULLETIN is an outstanding publi.
cation, and every page is crammed full of
valuable information. I will be looking for.
ward to every issue.”

Ist Lt. Wilfred W, Helm.
1936th  AACS Sguadron
CAPPO 406) .

“With reference to your fine article, ‘Vol.
age Regulators — Vest-Pocket Style,’ in the
July issue—page 22, second paragraph, eighth
line, should read: ‘the OB2 und QA2 minia-
tures,” etc. This change would match each

tube type to its correct regulating voltage.”

T/5gt. Lyle, Hq. Squadron.
EADF, Stewart AFB,
Newburgh, N. Y.

 You are right. Sgt. Lyle — thank you.

Fd.)

“I wish to add my heartiest endorsement to
the many letters of appreciation you have
received for the fine articles and work of the
Philco TechRep Division BULLETIN. We
number eighteen Tech Reps here at Erding
Air Depot, and we are engaged in a multitude
of diversified assignments and projects: every
article is utilized to full advantage to accom
plish our mission here in Germany.”

John L. Herre,
Phileo Team Leader.
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PUBLICATION OF CLASSIFIED MATERIAL
By Rabert L. Gish, Managing Editar

Since the production of the BULLETIN began, we have received a
number of suggestions that we publish classified material.

We realize that certain advantages would accrue if we did pub-
lish classified articles. For example, a number of individual field
activities would certainly benefit, if we published a comprehensive
article on the operational characteristics of specific heavy-ground-
radar equipments under various siting conditions. Likewise, a de-
tailed analysis of the circuitry involved in specific guided-missile
control devices would be of extreme interest to many BULLETIN
readers.

On the other hand, however, to publish such articles would re-
quire that we restrict our mailing list to only those persons for whom
appropriate security clearances are on file in our Headquarters
offices, and whose duties require that they be given such informa-
tion. Furthermore, the copies which we could mail under those re-
strictions would have to be handled in accordance with all other
requirements of security regulations, including storage in a locked
safe. Obviously, such a limited distribution would defeat the pur-
poses for which the BULLETIN was created: namely, to increase the
coordination and exchange of technical information between
Philco Field Engineers and their military and civilian associates,
and to achieve the maximum possible distribution to industry, of
the technical knowledge developed through the field experience of
thousands of Philco men.

There is an almost inexhaustible fund of technical data which is
not classified, on which BULLETIN contributors can draw for ar-
ticles; therefore, limitation to this subject material will not impose
any serious restrictions on our contributors

After considering the problem from all angles, we have estab-
lished a policy of printing in the BULLETIN only those articles which
require no classification. To those potential contributors who have
written or planned to write articles which deal with classified
equipments or techniques, we suggest that the material be dis-
cussed with the appropriate security personnel before it is sub-
mitted to this magazine. In many cases, it may be possible to
rewrite the material in such a way that it discloses no classified
information, or to obtain specific permission to publish it. In those
cases where a decision cannot be obtained locally, we will initiate
the necessary correspondence from TechRep Division Headquarters.




An Interference-Blanking
System for MTI-Modified Radars

By James B. Hangstefer

Former Philco Field Engineer

Theory and circuit data for a device which eliminates delayed
“main-bang” interference caused in MTI-modified radars by
associated radar equipment operating in the same area.

(Editor’s Note: The system described
in this article was developed and tested
by the author about a year ago, in Ku-
rope. The prototype test was so successful
that Headquarters, USAFE, forwarded
the idea to Air Materiel Command, for
possible use throughout the Air Force.
This is another example of the excellent
field-engineering services Philco men are
providing to the U. S. Armed Forces.)

Tuis system has been developed to al-
low auxiliary radar equipment to operate
at the same site location as an MTI-modi-
fied search radar. No equipment modifi-
cations are required.

This article describes a prototype sys-
tem. The initial field tests, with an
MTl-modified AN CPS-1  (MX-303C)
operating side by side with an AN/CI’S-4
height finder, were entirely suceessful.

Since the operating characteristics

DIRECT (UNDELAYED) MAIN

BANG INTERFERENCE IN ! 1575 T o
AN/CPS -1 VIDEO P usec=]

4 I

S >

DELAYED MAIN BANG \\\44' \0
INTERFERENGE IN AN/CPS -1 A
VIDEO
TOTAL INTERFERENCE ) 2 w23
IN AN/CPS -1 MTI
VIDEQ
DIRECT TRIGGER FROM Il g 2 3
AN/CPS-4 TO MX =529 AND
DELAYED TRICGER GENERATOR || |
TRIGGER TO MX - 529 FROM L
DELAYED TRIGGER GENERATOR

i 1

It
TOTAL TRICGER APPLIED TO ! 2 e
MY =529 FOR BLANKING I |

20

20

20

20

(PRF) of the MTI equipment determine
the operating characteristics of the
blanking system, the exact circuit-com-
ponent values used in the system
described here are not necessarily applic-
able to MTI equipments having different
characteristics (PRF). However, the
method of blanking is applicable, and
only slight modification would be re-
quired for its use on other MTI systems.

THE BASIC INTERFERENCE PROBLEM

Transmitter radiations from an asso-
ciated radar set (AN/CI’S-4) arve
received in the AN/CI’S-1, and are pre
sented on its indicators as unsynchron-
ized pulse interference.  This “main
bang” interference, which greatly re-
duces the operating efficieney of the

4 5 6 7 I !
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N
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Figure 1. Wareform Analysis of Interference-Blanking System



AN, CPS-1is the result of : (1) the opera-
tion of the two radars within the same
frequency band. (2) the extremely high
transmitter pulse power of both sets, and
{31 the operation of the two units close
together (within a few hundred feet).
In a conventional AN /CPS-1 installa-
tion twithout MTD . this main-bang in-
terference is removed by Interference
Blanker MX-529/U. 'The
blanker is placed in series with the
AN (CP3-1 receiver output. between the
receiver and the indicators. A trigger
from the interfering radar ( AN /CPS-1)
is coupled into the blanker. The blanker

interference

then prevents video signals from passing
to the AN CPS-1 indicators during the
period of the trigger. Since the trigger
pulsc i~ coincident with the main hang
causing the interference. no interference
pulse will be passcd on to the indicators.
CRAT.0010-35MX:520-3)

[nan M -modified AN CPS oM
203G the interference problem he-
comes morve complex. In additicn to the
main-hang interference deseribed above.
“delayed-main-hang™ interference is also
present. This delaved interference s
brought about by the passage of MTI
video through a 2500-microsecond super-
sonic delay line (see figure 1. All of
these interference pulses must be  re-

UNDELAYED TRIGGER TO MX-529

POS TRIGGER

FROM AN/CPS-4 ! 5 o
N DEL AYED TRIGGER
DELAYED E
TRIGGER T0 uX-529

GENERATOR

AN/CPS-1 VIDEQ 1 CHANNEL ¢
[ GO S bl bil95 4
AN/CPS -1 VIDEQ 2 CHANNEL 2

- -2 ——
CHANNEL 3

MX-533 BEACON VIDEQ
D — 0= SR TS NN

Figure 2. Cabling Diagram of

moved in order to obtain satisfactory

operation of the AN CP’S-1 (MX-363C).

MTI-INTERFERENCE BLANKING

Interference-blanking in the MTI
equipment is accomplished with the aid
of two units: (1) Interference Blanker
MX-529 U, and (2) a delayed-triceer
generator (see figures 3and 4). The first
unit is a standard Air Force component,
while the second one is a proposed new

unit.  essential  for  MTl-interference
blanking.

A trigger from the interfering radar is
coupled to both the interference hlanker
and the delayed-trigger generator. Since
this trigger is coincident with the direct
main-hang interference. the blanker will
function 1o prevent the direet main-bang
interference from reaching the indicat-
ors. The delayed-trigger generator pro-
duces an output trigger that is delayed
from the originating trigger by 2500
nicroseconds. This trigger output is ¢
incident with the delayed main-bang in-
terference. and. sinee it is also coupled
to the interference blanker. the delayed
main-bang interference cannot pass to
the indicators. The removal of these two
series of interference pulses allows com-
pletely normal operation of the AN /CPS-
1 (MX.303C). (See figures 1 and 2.)

POS TRIG NOY AN/CPS-1 VIDEO 1
— PoS TRIG NO2 AN/CPS-1 VIDEQ 2
ACON  VIDEO
] Pos TRIG N0 3 [SmELACO
INTERFERENCE
BLANKER

MX-529/U

l

i

Interference-Blanking System
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Figure 3. Block Diagram of Delayed-Trigger Generator

No appreciable loss of sensitivity in the
MTI equipment is encountered, because
of the random nature of the interference
pulses with respect to the MTI equip-
ment.

DELAYED-TRIGGER GENERATOR

Two delay multivibrators are used in
the delayed-trigger generator, in order
that input triggers with repetition rates
up to 750 p.p.s. may be used. A positive
trigger with an amplitude of approxi-
mately 20 volts is applied to the input-
trigger-discriminator stage, V1. (See
figures 4 and 5.) This tube is negatively
biased to prevent spurious voltages from
triggering the system. The positive trig-
ger is inverted to a negative pulse in the
plate circuit of this stage. This negative
pulse is coupled directly to the first delay
multivibrator, V3.

V3 is a conventional flip-flop multi-
vibrator, with the grid of V3b returned
to its cathode, and operating at zero bias.
The plate current drawn by V3b through
the conunon cathode resistor is sufficient
to produce cutoff bias on V3a. Until an
external voltage is applied to the stage,
V3a remains cutoff and V3b conducts
heavily. When the negative trigger from
V1 is applied to the grid of V3b, the plate
current of V3D begins to decrease. This
reduced plate current causes a reduction
in the bias on V3a; therefore, V3a begins

6

to conduct. The plate current through
V3a causes a negative signal to be passed
on to the grid of V3b, reinforcing the
original trigger; the regenerative action
is very rapid, almost instantly causing
V3a to reach heavy conduction, and V3b
to cut off. The condition of cutoff exists
until the bias on V3b is reduced to a
point above cutoff. The time duration of
this condition is determined by the RC
time constant in the grid circuit of V3b
(1225 microseconds). At the end of this
period, V3b begins to conduct, and the
regenerative action of the circuit causes
the tubes to revert to their steady-state
condition ahnost immediately. The out-
put of this multivibrator is a positive
square wave with a duration of 1225
microseconds. V2, the voltage-regulator
tube in the plate supply of the multi-
vibrator, prevents plate-voltage changes
from altering the delay time of the multi-
vibrator.

The output square wave of V3 is
coupled to V4a through a differentiating
circuit. The grid of V4a is returned to
+250 volts through a l-megohm re-
sistor, and the positive bias developed
causes the tube plate current to be at
saturation. Positive pulses present on the
grid of this tube cause only a slight
change in plate current, while negative
pulses cause a large change. This effect
provides a clipping action for positive



pulses, but allows negative pulses to pass
freely to the plate circuit. where they are
inverted to positive pulses. The output
of this stage is coupled to Vb, the grid
of which is biased to cutoff so that nega-
tive pulses applied to this stage are not
passed. Positive pulses. however. are
passed quite
to negative pulses in the plate circuit. As

readilv. and are inverted

can be seen by this description. the only
pulses that pass through the clipping sys-
tem are the differentiated trailing edges
of the square-wave output of the first
delay multivibrator. V3. These pulses are
delayed from the input trigger by 1225
microseconds.

The negative-pulse output of Vib is
direetly coupled to the second delay mul-

tivibrator. V6. The operation of this
stage is identical to that of V3. with the
exception of the time duration of the
output square wave, which is variable
from approximately 12235 microseconds
to 1325 microseconds. Variable control
over the time duration allows precise ad-
justment of the delay provided by the
second delay multivibrator (to approxi-
mately 1275 microseconds). This time
delay. in addition to the 1225-microsec-
ond time delay of the first delay multi-
vibrator. gives a total delay of 2500
microseconds throughout the unit.

The output square wave of Vo is
coupled to V7a through a differentiating
circuit. V7a clips and inverts the differ-
entiated waveform in exactly the same

v2 v3 V4A
VR-150 6SNT 172 6SNT
VOLTAGE 1ST DELAY 10K CLIPPER AND
REGULATOR MULTIVIBRATOR [ INVERTER
.- L] 58K - T - +250V
Vi uFI | Ladmannd J .
A
T:IGCCy7ER = 12K§ 22K§ 1M% §51K 172 6SNT
001UF 3 oIuUF CLIPPFR AND |
DISCRIMINATOR I 1 b 61 INVERTIER ’
2UF 47 1 = = .‘ -+ ’
IWPuT (lgq(ﬁwwo\- 1 o g"-- g =
{ = 2 I ‘ | - )SBK :
§5K BT || 9 ' L 47on§ §1K
| =
: K
ok 2K | Eezox A
— AN | 25 =
01 = L JC i, uFT 499“, -150V
HFp VI8 =
L $220K 172 65N7 VA 6 V5
| - DUTPUT 1/265N7 10k SNT VR-159
CATHODE  CLIPPERAND anaams DE VOLTAGE
150V FOLLOWER  INVERTER ] MULTIVIBRATOR REGULATOR
+250Ve————————¢ ¥ -4 - > ]
s ¢ LO8K.J | o 30
SIKS 1MS 22K§ 12K [ #=UF
; =
orues 100 001ULF
64 e | S o | S S S
- . |
= = ——
l " - ( )
| OUTPUTG—4 4 [ ] ' ’M§ '
002 UF = [ L
AL g 470K
15K OIUF | 100K
33K
l z 1= ¢
| AN 450 Y 62'\;
10
_J

-]

Figure 4. Schematic Diagram of Delayed-Trigger Generator
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Figure 5. Waveform Analysis of Delayed-Trigger Generator

manner as Vda, and its output is coupled
to V7b, the output cathode follower. This
stage, which is biased to cutoff, clips the
small negative pulses present at the input.
but passes the large positive pulses {see
figure 5). The positive pulses appear at
the cathode of the stage as positive out-
put trigger pulses of short duration. with

an amplitude of approximately 20 volts.
These output pulses are delayed from the
input originating trigger pulses by 2500
microseconds.

Power Supply 1-229,/CPS-1 was used
as the source of power for the prototype
unit; however. any power supply with
suitable characteristics may he used.

In Coming Issues

The October issue will contain a feature not previously found
in the BULLETIN: a book-review section. Many excellent new
technical books are being published by John Wiley & Sons, D.
Van Nostrand, McGraw-Hill, and other publishers; we plan to
review certain of these books in each future issue.

In addition, the October issue will contain another article by
Gail W. Woodward. The new article, titled “S-Band Radar
Propagation,” is an analysis of the effects of atmospheric con-
ditions on radar propagation, with particular emphasis on the
causes and cffects of various types of M-curves.

4



MICROWAVE
WAVE GUIDES AND COMPONENTS

By Gail W. Woodward

Technical Publications Department

Theory and characteristics of radio-frequency wave guides

and other circuit components used in the transmission and

control of microwave energy. Mechanical details and RTMA
symbols are shown for all new or unusual components.

(Editor's Note: This article is the au-
thor’s generalized version of a lecture he
originally wcrote for one of the new
Philco training manuals on microware
equipment. Since the material is of wide
interest to BULLETIN readers, we de-
cided to publish it in this form.)

Wave guides have been developed to
mcet the need for an eflicient microwave
transmission system. At microwave fre-
quencies, an open-wire line is uscless
because of the high losses encountered.
A coaxial line is more eflicient than an
open-wire line, but the need for support-
ing the center conductor presents a prob-
lem. If dielectric materials are used to
support the conductor, the losses at
microwave frequencies are relatively
high, and if stub supports are used, the
coaxial line is frequency-sensitive; that
is, only a limited range of frequencies
can be transmitted without serious losses.
Another disadvantage of the coaxial line
is that it mayv arc over if used with a
high-powered transmitter.

E

A wave guide is simply a hollow metal
pipe (usually rectangular) that has the
property of conducting high-frequency
energy with very little loss. [ The main
requirement for wave-guide conduction
is that one dimension be equal to or
greater than one-half of a free-space
wavelength of the energy being con-
ducted. To meet this requirement at low
frequencies, a wave guide would be ex-
cessively large, but at microwave fre-
quencies it may be relatively small, and,
therefore, very practical to use.

Since wave-guide circuits are quite
different from those commonly encoun-
tered, a comparison of wave-guide tech-
nique with standard technique is made
in this article. The new RTMA series of
symbols for wave-guide components is
used throughout,

REFLECTION

- SIS ) : ool
A wave guide operates o_n_}he prin-}
ciple of surface reflection,f Upon entering

(EDGE VIEW)
METAL SURFACE

8

POWER
SOURCE
(ANTENNA)

Figure 1. Reflection from a Plane Surface



a wave guide, the energy does not pass
straight through, but is_reflected from
side to side/"In the fundamental mode}
"of operation, the reflection occurs be-
ftween the walls with the greatest separa.
\tion. {"To better understand this opera-
{ion, refer to figure 1. Point A in this
figure represents the location of an an-
tenna. knergy radiated by the antenna
and reaching point B3 strikes the metal
surface, and is reflected to Point C.
After reflection occurs, there are two
signals to consider the incident (di-
rect) wave and the reflected wave. These
two signals combine to form a resultant
wave, which in effect, travels parallel to
the metal surface. Iigure 2 shows the
structure of the incident wave in_terms
of voltage. [ The lines at right angles to
FINE“difection of power flow represent

wave fronts, or regions of constant volt- |
age; and, for the purpose of explanation,

are assumed to be straight and parallel.
The solid lines represent zero voltage
points, the minus (—) lines repre-
sent negative voltage peaks, and the plus

(+) lines represent positive voltage
peaks. One wavelength is shown as the
distance between two consecutive posi-
tive peaks. When these wave fronts
strike the metal surface, they are reflected
off at the same angle at which they
struck. (According to the law of reflec-
tion, angle 0 is equal to angle ).) |
["Since a metal surface acts as a short
"circuit, the voltage is zero at the surface;

:this means that each positive wave front

D

imust become a negative wave frontvaftg.r
reﬂect_i(')p_.. (1T the wave Tront remained
positive after reflection. the sum of the
incident and rellected voltages at the sur-
face would not agree with the zero-volt-
age condition that exists there.) The
combined waves are shown in figure 3.
Notice that, at the reflecting surface, each
-+ is cancelled by a —. Along the line
D-Dy, each + incident wave front meets
a + reflected wave front, and each — in-
cident wave front meets a — reflected
wave front. f The incident and reflected
waves, fherelore, combine in phase along
this line, and produce a resultant wave

(EDGE VIEW)

METAL SURFACE _

0
Y
O
Q\QQ’(JF\)"\'
POWER
SOURCE

Figure 2. Wave Fronts Incident Upon a Plane Surface

10



i

-

(EDGE VIEW)

METAL SURFACE

AGUIDE —amn ‘

RESULTANT
WAVE

«e-ZERC VOLTAGE LINE

Wt
ot
\\\:“\‘q\z

«@—MAX VOLTAGE LINE

<a—ZERQ VOLTAGE LINE

«a— MAX VOLTAGE LINE

Figure 3. Combination of Incident and Reflected W ave Fronts

that is longer than the applied wave, and
which is parallel to the reflecting surface.
i‘.](’»ng the line E-E,. each -~ incident
wave front meets a — reflected wave
front, and each — incident wave front
meets a -+ reflected wave front; thus a
zero-voltage condition exists all along
tae line. Line F-F,; shows in-phase con-
ditions like those along line D-D,, and,
tierefore, displays identical results. If
this process were continued, it would be
found that the next would repeat the con-
ditions found in line E-E,. Thus it is clear
that a series of zero and maximum-volt-
age lines exists parallel to the metal
surface.

Since a metal surface represents zero-
voltage conditions, it follows that
vherever a line of zero voltage occurs
(see figure 3), a second metal surface
could be placed parallel to the first, with
ro distortion of the wave-front pattern,
In standard wave gnides, such as are
riost often found in SHF equipment, a
second metal surface is placed at the line
of zero voltage nearest the first metal
surface-—in this case. line E-E.. It is
spparent that many possible locations are
available for this second surface: how-
ever. results in a different

cach one

‘ method. or mode, of wave-guide opera-
' tion, Since a conventional wave guide
employs the minimumn usable spacing.
it operates in the fundamental mode,
which is the only mode considered in
the following discussion. It is interest-
ing to note that the fundamental mode
is the most eflicient of all the modes en-
countered in wave-guide operation.
When a second metal surface is used
parallel to the first, energy may be
propagated. along a path parallel to
the surfaces. by a process of reflection
from one surface to the other. Since the
energy is confined between the two metal
surfaces. very little results.  To
complete the wave guide. two more
metal surfaces are placed at right angles
to the existing ones. to form a rectangu-
lar metal pipe (see figure 1). These
two metal surfaces are spaced too close
together to allow them to function in
the same manner as the first pair. Fx-
amination of figure 3 shows that the
zero-voltage line (E-E;) can never ap-

loss

proach closer than one-half wavelength
to the metal surface.

Figure 4 shows how energy passes
through a wave guide by being reflected
back and forth between the wide-spaced

11
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Figure 4. Propagation Through a
W ave Guide

walls. For operation in the fundamental
mode, a wave guide must be propor-
U”() :\‘;._7_’,__‘
1. The narrow dimension must be
less than one-half wavelength, to pre-
vent propagation from occurring be-
tween the close-spaced walls.
" 2. The wide dimension must be
greater than one-half wavelength, but
less than one wavelength, to insure op-
\_eration_in the fundamental mode.
The inside dimensions determine the
frequency range of a wave guide for
_operation in thca fundamental modo., In
RG-52/U wave guide, the inside dimen-
|sions of the wave guide are .9” by 4"
"and the frequency range is from 6600
mc. to about 13.200 me. lf(‘{r the funda-
_mental mode}. rlc cutofl frequency
“for the wave guide is 6000 me.; fre-
quencies below this point are attenuated

et

to a very great degree. I frequencies
above 13.200 wmc. are applied to the
wave guide. the energy will be trans.

12
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mitted, but the wave guide may operate
in modes other than the fundamental.
Such a condition would result in losses
or unwanted resonance conditions. To
maintain operation within these limits,
an opelatm" range of from 8100 _mc. to,
12,500 me. is rec ommendol ] Brass RG-|

(532U wave guide has a loss factor of|

less than .1 db per foot (and even less

| when silver-plated ), with a power-carry-

ing capacity of about one megawatl.

These figures alone indicate the superi-
oritv of wave guide over conventional
transmission lines.

Wave-guide operation is further clari-
fied by figure 5. which represents a view
of the wide dimension of a wave guide
operating at three different frequencies.
The heavy lines show the direction of
travel. and the light lines indicate wave
fronts. The distance between wave
fronts is one-half of a free-space wave-
length; the distance between points of
intersection of wave fronts within the

wave guide is defined as a wave-

guide half-wavelength (denoted AEudey

At frequencies near cut-off (A of figure
51, the energy travels many times back
and forth across the wave guide. resulting
in a very long wave-guide wavelength.
This long wavelength might lead one
to believe that the energy is being
propagated through the wave guide at
a very high velocity (several times free-
space velocity ). but this is only an
apparent condition called phase veloc-
ity. Since the energy must be reflected
fronmt one wall to the other a great many
times to pass through the wave guide,
the actual velocity (called group veloc-
ity) is much slower than the velocity
in free space. Parts B and C of figure

| 5 show the action within a wave guide

at progressively higher frequencies.

It
can be seen that as the frequency in-
creases, wave-guide wavelength more
nearly approaches frec-space  wave-
length, while fewer reflections are re-
quired for propagation; this also results
in increased group velocity.
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In the propagation of electromagnetic
cnergyv. two fields are alwavs in exist-
ence—the electrostatic field and the elec-
tromagnetic field. These two fields are
at right angles to each other. so that
if the electrostatic field appears across
the wave guide. the magnetic field must
extend down the wave guide. For sim-
plicity of presentation, only the electro-

static field is considered in this discus-
sion. In a wave guide operating in the
fundamental mode. the electrostatic
field exists across the narrow
sion, and is said to be transverse elec-
tric (TE).
field pattern is described symbolically
by using two subscripts with the symbol
TL. such as TL,.,. where the first sub-

dimen-

The transverse electrostatic

13



seript indicates the number of half-wave
patterns across the narrow dimension
of the wave guide, and the second sub-
script indicates the number of half-wave
patterns across the wide dimension (see
figure 0). Thus TE,.; describes the fun-
damental mode. and TE,,. describes the

—=
Ll )
g, R

Figure 6. Electrostatic Field in a
TE Ware Guide

next higher mode, which occurs in a
wave guide twice as wide as the one for
the fundamental mode, or is a wave
guide the same size as for the funda.
mental mode. but operated at a higher
frequency. lt is possible that a wave
guide which is large enough to operate
in the TE,,» mode mav also be oper-
ated in the TE,., mode, but the mode
of operation may change during propa-
gation. Figure O shows the distribution
of electrostatic lines of force for the TE
type of propagation. The length of each
line represents the intensity of the field
at that point. These lines result from the
combination of incident and reflected
wave fronts, as indicated in figure 3.
Note that operation in the fundamental
mode results in maximum intensity in
the exact center of the wave guide, with
zero intensity at the surface of the wide-
spaced walls.

IMPEDANCE

In a discussion of transmission lines.
an important consideration is character-
istic impedance. A wave guide has im-
pedance, but the impedance is not easy
to determine. Wave-guide impedance
depends upon: (1) the mode of opera-

14

tion. 12} the width of the wave guide.
(3) the height of the wave guide. and
(4) the frequency of the signal. Thus.
for a given mode of operation, any
change in the height or width of the
wave guide. or in the signal frequency.
changes the impedance of the wave
guide. For example, lowering the fre-
quency or increasing the narrow dimen-
sion of a wave guide operating in the
TEu,1 mode raises the impedance, while
increasing either the wide dimension or
the signal frequency lowers the imped-
ance. (At the cutoff frequency, wave-
guide impedance is considered infinite.)
Since so many factors influence the
impedance, this property of wave guides
is seldom discussed as such. Also, since
it is very difficult to consider microwave
circuit elements in terms of inductance,
resistance, and capacitance, because of
the extremely small values involved, it
is much more accurate to discuss wave
guides in terms of matching impedance.
Instead of saying that a 200-ohm wave
guide is feeding a 200-ohm load, it is
better to say that the wave guide is
feeding a matched load for a given
frequency or range of frequencies.

ACTION OF DIELECTRIC

It is sometimes desirable to place a
dielectric

movable material inside a

| . I
| —

Figure 7. Dielectric Bar (Phaser) in a
Wave Guide
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wave guide. A dielectric material has
the effect of concentrating electrostatic
lines of force by providing a better path
for them. The material used for this
purpose must be a good insulator tas
are all good dielectrics). because any
conduction would cause resistive power
losses and inductive effects. In the case
of a wave guide. the dielectric has the
effect of making the wave guide look
longer electrically than physically. The
dielectric element. which may either
completely or partially  fill the wave
guide. is mainh used in impedance-
matching or in varving the phase of the
r-f energy being transmitted through
the section. The dielectric element nay
take many forms. Figure 7 shows a bar-
tvpe adjustable dielectric section: this
section can be moved laterally across
the wave guide. from the center to one
side. so that the electrical length of the
wave guide can he changed. The end
of the dielectric section is tapered. to
prevent a sudden discontinuity in the
wave guide. Such a discontinuity would
cause an abrupt change in the wave-
guide impedance. and would produce
undesirable reflections. The dielectric
has maximum effect in the center of the
wave guide, because of the high inten-
sitv. of the electric field in this region.
and has minimum effect at the side of
the wave guide. The bhar-tvpe dielectric

shown in figure 7 is usually called a
phaser section, and is adjusted by
means of a knurled knob. which is
locked in position after adjustment.

MATCHING

Wave-guide impedance-matching can
be accomplished by several  different
methods. one of which makes use of
a quarter-wave resonant =ection of line.
as shown in figure 8. The impedance
of the resonant section is adjusted to
a value between the two impedance val-
ues to be matched. The action of the
resonant section. which is similar to
that of a "Q-bar™ section used in open-
wire lines, is as follows: Assume that
a signal is traveling through the low-
impedance section toward the matching
section. When the signal reaches point
A. a certain pereentage of the signal is
reflected back toward the signal source,
and the remainder proceeds toward the
high-impedance section. Upon arrival of
the signal at point B. another reflection
occurs. and. if the matching section is
correctly adjusted, the amount of the
energy reflected is equal to that at A.
Since the matching section is a quarter-
wave long. the signal reflected from B.
upon reaching A. will be 180° out of
phase with the signal reflected from A.
As a result. the two reflected signals
cancel. Therefore, the quarter-wave sec-

SIGNAL SOURCE - -

LOW IMPEDANCE
WAVE GUIDE

LL‘MDEJ\HIGH IMPEDANCE
4 '\ WAVE GUIDE
MATCHING B

SECTION

Figure 8. Quarter-Wave Matching Section
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tion matches the impedance between the
two different sections,

It can be seen that the action just
described is effective at only that fre-
quency for which the matching section
is a quarter-wave clement. Therefore,
the matching section is said to be fre-
quency-sensitive.

A second method of matching is
shown in figure 9. where a tapered sec-
tion is used to join two wave guides
of different impedance. As a signal
passes through the tapered section, it
encounters very little discontinuity if
the taper is gradual. For this reason,
if the matching section is long com-
pared to a wavelength, very little re-
flection occurs at any one point. and
a reasonably well-matched condition
exists. The tapered section has the ad-
vantage of being a broad-band device.
since its operation does not depend
upon frequency.

TERMINATION

It is often necessary to terminate a
transmnission line so that no reflection
is produced. This is done by connecting
to the line a resistive load which has
a resistance equal to the line impedance.
A proper termination. or load. must
satisfy two requirements: it must match
the impedance of the transmission line,
and it must dissipate the entire power
output of the transinission line.

16

Fimire 10 shows a commonly used
type of wave-guide load. A tapered strip
of resistive material is placed in the
center of the wave guide, at the point of
maximum voltage. The resistive mate-
rial can be anv one of several poor
conductors; carbon-impregnated linen
bakelite is commonly used. Since the
resistive element is across the maximum
voltage points of the wave guide, a cur-
rent flow is set up in the resistive ma-
terial, and heat is generated. 1f the
load matches the wave guide. all of the
incident power is absorbed, and is dis-
sipated i the form of heat. A load of
the type shown in figure 10 will dis-
sipate only a few watts of r-f power.
In one common type of high-power
load, the end of the wave guide is
filled with resistive material: the load
is cooled by the use of cooling fins or
circulating water.

|, CLOSED END COF wAVE GUIOE

I \
-~ 4 TAPEAFD STR P OF LINEN
s | GAKELITE IMPREGNATED WiTn
i CONDUCTING MATERIAL |
%
/
|

‘ RA

b} SYMBOL +
| ¥ (
j— — — —_—d

Figure 10. Wave-Guide Load



The action of the tapered end of the
resistive element in preventing reflec-
tions. is similar to that of the dielectric
bar. By the time the signal reaches the
closed tshorted) end of the wave guide.
its amplitude is reduced to such a value
that any reflection that occurs will cause
no serious standing-wave condition.

VARIABLE ATTENUATOR

The principle of the wave-giide load
is used in the construction ol a wave-
guide variable attenuator. The variahle
attenuator is used. during measure-
ments, to adjust the power oulput from
a wave guide. I'igure 11 shows the con-
struction of a typical wave-guide at-
tenuator. In this attenuator. the resis-
tive section may he moved to any posi-
tion from the edge of the wave guide
to the center. When it is at the center.
the output may be reduced by as much
as 30 db (1000:1). and, when it is at
the edge, the effect of the attenvator can
be neglected, since the voltage is zero
at that point. The variable attenuator
just discussed is classed as the dissipa-
tive type. because it removes power from
the wave guide in the form of heat,
instead of merely rejecting the signal.
As in the dielectric bar, the taper prin-
ciple is used to prevent power reflection

from the surface of the element. How-
ever, in this attenuator. hoth ends of
: S
! {
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A e P l
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Figure 11. Wave-Guide Attenuator
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Figure 12. Ware-Guide Choke Joint

the element are tapered, because the
attenuator must work equally well in
two directions. A second type of wave-
guide attenuator. classed as non-dissi-
pative (power flow is rejected). is in
the form of a section of cutoff wave
guide (too small for TE..; operation)
whose length can be varied. This type
of attenuator is commonly found in
carlier equipments.  and can easily
achieve a range of 100 dh of attenua-

tion.
JOINTS

The rigidity of a wave-guide system
makes it difficult to connect adjacent
sections. For the best connection. the
ends of the sections to be joined should
be cut perfectly square. smoothed and
polished carefully, aligned properly, and
then elamped together under high pres-
sure. This method of connection is, of
course. applicable only in laboratory
work. Choke joints that are very simple
to use have been developed from prac-
tical work. This type of joint consists
of a choke section facing a plain flange.
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{See figure 12.) For the choke section,
a circular groove, one-quarter wave-
length deep and one-quarter wavelength
away from the points of maximum
voltage inside the wave guide, is milled
around the end of the wave guide. The
bottom of the groove forms a short
circuit, which is reflected one-half wave-
length away (at the junction of the
two wave-guide sections} as a
circnit. This reflected short circuit elec-
trically joins the two sections together.
The flange serves only as a path for
the reflection currents that produce the
short circuit. The choke joint may be
simply bolted together, because a slight
separation between the choke and flange,
or a slight off-setting of the two sec-
tions, does not cause appreciable reflec-
tion. If a choke section is joined
directly to another choke section—in-
stead of a flange —the two quarter-wave
slots may form a half-wave resonant
section, and cause abnormally large re-
flections at certain frequencies. There-
fore, when two choke joints must be
joined together, the flange action must
be supplied by means of a metal adapter
plate inserted between the choke sec-
tions; the adapter plate thus acts as a
flange to both choke sections,

short

In cases where it is desired to pres-
surize a wave-guide svstem (1o exclude
moisture and foreign material). a sec-
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Figure 13. E-Type T Junction
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Figure 14, H-Type T Junction

ond shallow slot is milled just inside the
outer rim of the choke section. In this
slot is placed a neoprene gasket. which
is compressed between the choke and
flange sections when thev are bolted
together. This gasket, which does not
affect the electrical functioning of the
joint, insures a good pressure seal.

FLEXIBLE WAVE GUIDE

A flexible wave-guide section consist-
ing of a series of choke and flange
sections held in place by means of a
rubber sleeve has been developed for
special applications. The rubber sleeve
permits bending. and the choke joints
maintain electrical contact. Flexible sec-
tions are useful for connecting test
equipment. or r-f units that are inde-
pendently shock-mounted. In the latter
case. since the units vibrate independ-
ently. a rigid coupling device would be
subjected 1o a flexing motion, and
would soon break. Another type of flex-
ible section is in the form of a spiral
ribbon with interlocking edges some-
what similar to the armor used in BX
cable, The ribbon is formed to wave-
guide dimensions. and surrounded with
a neoprene or rubber sheath. This type
has a somewhat higher loss than that
previously  described, and is not as
easily flexed, but it is less bulky,

Where wave guides are to be per-
manently joined together. a T junction
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is used. There are two types of T junc-
tions—the E-type and the H-type. An
L. junction, shown in figure 13, is simi-
lar to two series-connected transmission
lines, and the electric field (E-lines) is
divided between the branches. An H
junction. shown in figure 14, is similar
to two parallel-connected transmission
lines, and the magnetic field (H-lines)
is divided between the branches. The
resulting  discontinuity produced by
either type of T junction will cause
reflection and standing waves unless
compensation is provided. Compensa-
tion is usually provided by placing a
reactive element at a suitable distance
from the junction, so that it reflects
power in the proper phase to cancel the
power reflected directly from the junc-
tion.

REACTIVE ELEMENTS

Reactive elements are inserted into a
wave-guide system for matching pur-
poses. In cases where a circuit element
causes power reflection, and thus sets
up standing waves, it is standard prac-
tice to use a reactive element to develop
an equal power reflection of the proper
phase to produce cancellation. The re-
active element may be fixed-tuned in

cases where a limited range of frequen-
cies is encountered. However, in equip-
ment where a very wide range of fre-
quencies is possible, the reactive element
must be made adjustable.

In general, two types of reactive ele- |
ments are used—the capacitive type and |
the inductive t)'Bg:FThe capacilive type,
two forms of which are shown in fig-
ure 15, causes distortion of the electro-
static field within the wave guide. The
metal partition is called an iris, or
window, and the screw is called a stub.
The stub and window have the same
effect, but while the stub is easily ad-
justed, the window is more suitable for
fixed operation. An inductive iris, or
window, is shown in figure 16; in this
case the metal partition distorts the
magnetic field. If desired, the inductive
window and capacitive window nay be
combined together to form a resonant
slot, or window. A resonant slot is
often used as a filter element, and can
be used as an antenna. Figure 17 shows
an inductive stub, or, as it is commonly
called, an inductive post. This element
differs from the capacitive stub in that
it joins together the two close-spaced
wave-guide walls, and thus provides a
current path. Different values of induct-
ance are obtained by using posts of
different diameter.

range of
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Figure 16. Inductive Window
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Figure 17. Inductive Post

matching is desired. reactive elements
can be used in pairs, or even in groups
of three. Two capacitive screws, located
an odd multiple of quarter-wavelengths
apart. make up a standard matching
syvstem. Assume that one of the screws
is located at point A. and the other at
point B. The one at B is capacitive, but
its effect as seen at A (one quarter-
wavelength away) appears inductive.
Thus at point A, any reactance (from
capacitive, through resonance. to induc-
tive) can be obtained. making a wide
range of matching available.

TRANSITION (WAVE GUIDE TO
COAXIAL LINE)

Connection between a wave guide and
a coaxial line is accomplished hy means
of a transition. The most common type
of transition is shown in figure 18,
where a coaxial line is terminated in a
(uarter-wave antenna (or probel, and
the antenna is placed across the electro-
static field of the wave guide. With this
type of coupling, energy from the an-
tenma is radiated into the wave guide
very efliciently. The antenna is placed a
quarter-wavelength from the closed end
of the wave guide, so that the short cir-
cuit produced by the closed end appears
at the antenna as a high impedance;
consequently, no energy is directed to-
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ward that end. This transition works
equally well when used to transfer en-
ergy from the wave guide to the coaxial
line, and may appear in modified form
as shown in figure 19. This figure shows
a broadband transition; the broadband
characteristics are derived from the fact
that the increased capacity of the an-
tenna reduces the Q of the antenna cir-
cuit. Figure 20 is similar to figure 18
except that the antenna is supported by
a quarter-wave stub, which not only
serves as a mechanical support. but
also provides a d-c return for the
coaxial-line center conductor.

Another type of wave guide to coaxial
line transition makes use of an induc-
tive coupling loop (see figure 21). In
this case the loop is placed into the wave
guide so as to couple the magnetic field,
which extends down the wave guide in
the fundamental mode. The orientation
of the loop affects the degree of cou-
pling: therefore. rotation of the loop pro-
vides a convenient method of adjust-
ment. The coupling can also be adjusted
by controlling the depth of penetration
of the loop into the wave guide.

COAXIAL
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Figure 18. Wave Guide to Coaxial Line
Transition
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APERTURE COUPLING

There are manv wavs of extracting
power from or inserting power into a
wave guide. A simple method consists of
drilling a hole into the wave-guide wall
at a suitable point (see figure 22). Power
transfer may be considered to occur in
one of two ways -} the opening either
bresks a current path, or distorts the elec-
trostatic field in an unsymmetrical man-
ner/ In figure 22, hole A will not radiate.
while holes B and C will radiate. Part A
of figure 23 shows how the hole affects
the electrostatic field. Notice that the
field intensity is the same at both sides of
the hole. so that no voltage exists across
the hole: therefore. the hole does not
radiate energy. However. if the hole is
located off-center. as shown in part B of
figure 23. the electrostatic field about the
hole is unsymmetrical. a voltage is de-
veloped across the hole. and, therefore,
radiation results. It should be noted here
that if the hole were located on the oppo-
site side of the wave guide. a similar ac-
tion would result. but the coupling would
take place in the opposite phase. Part C
of figure 23 shows the hole at a point of
maximum current flow. The current flow
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Figure 19. Wave Guide to Coaxial Line
Transition (Broad-banded)
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Transition (Loop)

on the inner wall surface will produce a
voltage drop across the hole, and thus
cause radiation. The larger the hole, the
greater the amount of radiation; there-
fore, the degree of coupling can be
changed by changing the size of the hole.
Although the coupling action has been
discussed only in terms of removing
power from a wave guide. the action is
the same for power entry.

The hole used for coupling can be in
the form of a slot without causing any

21



RMA
HOLE A C
OR

EH

Figure 22. Wave-Guide Apertures

change in operation (see figure 22). Slot
D will not radiate, because it is located in
the same relative position as hole A. Slot
E, however, will radiate in the same man-
ner as hole B. A section of wave guide
containing a slot is called a slotted sec-

the insertion of measurement devices into
the interior of the wave guide. An r-f
voltmeter probe can be inserted into the
slot and moved back and forth, to deter-
mine the voltage-standing-wave ratio of
the system during operation.

MICROWAVE ANTENNA ASSEMBLY

A typical microwave antenna consists
of a circular parabolic reflector with the
antenna feed at the focal point. For re-
ception, the reflector serves to gather en-
ergy out of space, and to focus the energy
on the feed. The over-all ability to pick
up energy is called antenna gain, which
is given by the formula:

. 47 AF .
Gain = 7, where A is the area of

the reflector, A is the wave length in the
same unit used to measure the area, and
F is a factor used to give the efficiency
of focus (usually about .6 or 60%). It
can be seen that for any given frequency,
the gain is dependent upon the area of
the reflector.

Figure 24 shows the construction of
the antenna feed. Radiation is accom-
plished by means of two resonant win-
dows formed by the capacitive-iris and

tion; such sections are used to facilitate inductive-iris actions previously de-
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scribed. This type of window is broadly
resonant in much the same manner as a
large-diameter dipole, and the feed is
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matched by means of a factory-adjusted
capacitive stub. This type of feed is essen-
tially a low-impedance device, and, since
the wave guide used for transmission
operates at a higher impedance. a match-
ing section must be used. The matching
section, which is the tapered-wave-guide
type shown in figure 9, is used because
of its broadband characteristics.

MICROWAVE RECEIVER R-F SECTION

A typical wave-guide r-f section for a
microwave receiver is shown in figure
25. It is the function of this circuit to
pass the desired microwave signals
(within a given band) to a first detector,
where a local-oscillator signal is in-
jected, and an i-f signal is produced. The
i-f signal is then amplified in a conven-
tional manner. The r-f section shown in
figure 25 consists of a preselection filter,
a local-oscillator injection jack, a crystal-
type first detector, and two matching
stubs.

R-F FILTER

Figure 25 shows the construction of
the r-f filter. There are four tuned sec-
tions, each of which consists of two in-
ductive posts and a capacitive stub. In
each case, the posts are located one-half
of a wave-guide wavelength apart, at the
highest frequency of operation. The
effect of this half-wave section is to form
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a resonant circuit as shown in part A of
figure 26. The posts represent inductive
elements, and the wave-guide walls form
the capacitive element. When the capaci-
tive stub is inserted into the wave guide
the capacitance is effectively increased.
and the resonant frequency is lowered to
the desired value. If the two posts are
considered to appear in parallel to each
other, and in parallel with the capacitive
elements, the resultant equivalent circuit
will appear as in part B of figure 26. This
circuit will look like a short circuit to all
frequencies except at resonance, where it
will have very little effect (high imped-
ance). Since the r-f section uses four
such filter sections, the entire circuit ap-
pears as shown in part C of figure 20.
It will be noted that each section is lo-
cated one-quarter of a wave-guide wave-
length away from the next. This spacing
causes the impedance to be inverted over
each quarter-wave of travel, thus causing
two of the sections to appear as series-re-
jection circuits, while the remaining two
appear as shunt-acceptor circuits. (See
part D of figure 26.) The desired re-
sponse curve is obtained by tuning all
elements to the same frequency, and is
determined by the Q of the individual
sections. As seen in figure 25. the two

end sections have smaller posts than the
center sections, a condition which results
in low-Q end sections. ( The smaller posts
have a greater inductance value than the
larger posts, and. in addition, the reduced
surface area of the small posts results in
increased surface resistance.} The com-
bined bandpass of the four sections is
shown in part I\ of figure 20. Individu-
ally. each section has a conventional-
tuned-circuit response curve, with the
two center sections exhibiting a bandpass
of about 23 mc., and the two end sections
about 50 me. The curve in part E of
figure 26 is called maximally flat, and is
about 20 me. wide.

LOCAL-OSCILLATOR INJECTION

The local-oscillator signal is supplied
by means of a coaxial cable. which termi-
nates in a right-angle fitting mounted
upon the wave-guide section just follow-
ing the r-f filter (see figure 251. The
local-oscillator fitting terminates in a
capacitive probe, which extends into the
wave guide. thus forming a transition
of the type shown in figure 18. This
transition is located at the proper dis-
tance from the last filter section so that
no signal is radiated toward the filter, but
is directed toward the crystal detector.

WAVE GUIDE
?  watLs (Fixeo)
POST ! POST
) 7 2
CAPACITIVE
SCREW
(vARLABLE) ©
A 8

Figure 26. Development of Circuit Equivalents of R-F Filter Section
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CRYSTAL DETECTOR

The first detector, a crvstal of the IN23
series, is placed across the voltage points
of the wave guide in such a manner that
it acts as a matched impedance to the r-f
signals being transferred down the wave
guide. The wave-guide impedance is too
high at the center of the guide for an ex-
act match. so the crystal is mounted a
little off-center. and approximately one-
quarter of a wave-guide wavelength from
the closed end. The match exists only
for the received signal: no attempt is
made to match the local-oscillator signal.
since it is sufficiently strong to overcome
anv losses due to mismatch.

The construction of the crystal is
shown in figure 27; while the internal
structure varies from one manufacturer
to the next, the external dimensions and
the electrical characteristics have been
standardized. The active elements are
the cat whisker and the silicon wafer.
which serve as rectifving elements. Since
a rectifier is electrically a non-linear im-
pedance. heterodvning action takes place,
and the difference between the r-f and

local-oscillator signals appears as the i-f
signal. Figure 25 shows the construction
of the crvstal mount, which incorporates
an r-f by-pass circuit. The r-f by-pass
circuit consists of two brass bushings
separated by a cvlinder of polystyrene:
the combination forms a capacitor which
is electrically one-quarter wavelength
long at the r-f signal frequency. This
structure causes the crystal holder to ap-
pear as a broadly tuned series-resonant
filter circuit, which effectively removes
the r-f signal and leaves the i-f signal.
The i-f signal is then coupled into the
first i-f amplifier.

The use of a crystal at microwave fre-
quencies is desirable because of the rela-
tively high noise level of vacuum tubes.
The signal-to-noise ratio of a crystal is
far superior to the best vacuum tube so
far developed. TABLE 1 gives a com-
parison between the characteristies of
several modern silicon crystals. The
1N21-series crystals are designed for
aperation below 3000 me.. but they can
he used at higher frequencies if a reduc-
tion of efficiency can be tolerated for
emergency operation.

MATCHING STUBS

Two capacitive stubs used for match-
ing the crystal to the wave guide are
shown in figure 25. Some form of ad-
justable matching is necessary because of
the wide range of frequency operation.
The stubs are adjusted so that minimum
power is reflected from the crystal at the
operating frequency.

TABLE 1
TYPE OPERATING CONVERSION RELATIVE RESISTANCE TO
FREQUENCY (MC.) LOSS (db) NOISE OUTPUT BURNOUT

IN21 3000 8.5 4.0 Poor

IN21A 3000 7.5 3.0 Poor

IN21B 3000 6.5 2.0 Good
IN21C 3000 5.5 L5 Good

IN23 10000 10.0 3.0 Poor

IN23A 10000 8.0 2.7 Medium
1N23B 10000 6.5 2.7 Poor




Characteristics of
GERMANIUM DIODES

By Bernard F, Osbahr
Associote Editor TELE-TECH Mogazine

An analysis of the technical specifications for 36 different
commercially available types of general-purpose diodes,
matched duo-diodes, and varistors.

(Editor’s Note: This article was orizi-
nally published in the December, 1950,
issue of TELE.-TECH magazine, and is
reprinted here through the courtesy of
Caldwell-Clements, Incorporated, pub-
lishers of TELE-TECH.)

THE vsE oF germanium diodes as substi-
tutes for vacuum tubes in communica-
tions circuits has increased markedly
year by year since World War 1. This
vear, for exampie. nearly four miliion
units will have been sold for initial equip-
ment and replacement purposes, and with
new circuit applications being uncovered
daily. next vear’s production may be
more than double this figure. Last year,
onlv two TV manufacturers indicated
that their receivers were using german-
ium diodes as video detectors; this year
this number has been stepped up to
twenty. In addition to this use. many
units are finding their way into radios
{particularly FM), test and measuring
equipment, commercial and Government
communications equipment, and research
equipment.

Technical specifications for all cur-
rently available tvpes of germanium crys-
tal diodes are shown in Table I. The 36
types are listed by their RTMA type num-
ber as distinguished from a manufactur-
er’s type number. since one manufacturer
may make types whose technical specifi-
cations were registered by another. The
chart also indicates, generally, the appli-
cation purpose intended for each type.

General-purpose diodes are designed
to operate as rectifiers, clippers, d-c re-
storers, and modulators, at frequencies
up to several hundred megacycles. Ger-
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Figure 1. Static Characteristic Curve for

IN34A4 (Such curves are obtainable for all
of the types of erystals listed in TABLE 1.)

manium crystal diodes are aiso obtain-
able as matched units in the form of duo-
diodes, varistors. or quads (1N35, 1N40,
I1N41, IN42, IN71, IN73, IN71). In the
case of matched duo-diodes, the technical
specifications shown are for each diode.
These units are matched in the forward

8AND
4 s
| “CATH"
(14 |
- GERMANIUM
CATHODE
|V
+ + + [N
CATWHISACR
ANODE

Figure 2. Cathode and Anode Identifi-
cation Markings for Germanium Diodes



GERMANIUM DIODE SPECIFICATIONS

TABLE I.
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AC INPUT

1

Figure 3. Polarity of Rectified D-C Output
Obtained from A-C Input

direction at 1 volt, so that the current
flowing through the lower-resistance unit
is within 109 of that flowing through
the higher-resistance unit. For varistors
or quads, four dindes are specially
selected so that their resistances are bal-
anced within =2.5% in the forward di-
rection, at 1.3 volts. For additional bal-
ance. the diodes of each pair of varistor
cryvstals are matched within 2 to 3 ohms.
As before. the rating shown on the chart
is for each diode.

The first column of the technical speci-
fications shows the maximum continuous
reverse working voltage for each diode
type. This value is most important, be-
cause it indicates the amount of d.c.
which can be applied across the diode for
an indefinite period of time without dam-

age to the crystal. Usually, the maxinium
continuous reverse working voltage is
about 8077 of the minimum reverse volt-
age for zero dynamic resistance. This
latter value is more academic than prac-
tical. and is defined as the maximum re-
verse voltage that may be applied without
danger of voltage hreakdown of the unit.
\ oltage breakdown is the point at which
the dynamic back resistance of the unit
hecomes zero, at which time the reverse
current rapidly increases to a high value.

The average anode (rectified) current
is the maximum average current which
can be carried by the diode without ap-
preciable heating of the unit. or appreci-
able change in its characteristics. These
measurements are made at a temperature
of 4+25° C., although the 1formal operat-
ing range is considered as being from

507 C. to 4+75° C. Greater currents
than those shown may be obtained on an
intermittent basis.

The maximum recurrent peak anode
current indicates the peaks to which the
rectified current may he allowed to rise,
provided the duty eyele and wave shape
are such that the RMS current does not
exceed the average rating. and provided
the frequency of application is at least
25 c.p.s. The maximum forward surge
current is the maximum current which
can flow for one second without damage
to the unit.

IN6O BEING

SIGNAL GEN. TESTED

1.8V (RMS)

a0mc. 70% |
MOD @ 4007 O——

REQUIRED QUTPUT 1.2V
PEAK TO PEAK MIN,

CALIBRATED
OSCILLOSCOPE

Figure 4. Special Test Circuit for IN60O
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Figure 5. Special Test Circuit for IN64 (See TABLE I for required indication.)

Minimum forward current is the small-
est amount of current which can be ex-
pected to flow through the diode when a
specified d-c potential is applied across
it. assuming that the positive lead is con-
nected to the anode. The corresponding
forward resistance may be calculated by
dividing the applied voltage by the result-
ing current flow. The forward-resistance
characteristic is non-linear with voltage,
and measurements of this characteristic
are normally made at one volt, The maxi-
mum current is the greatest
amount of current that will flow through
the diode when a specified d-c potential
is applied. with the anode connected to

reverse

the negative lead. By dividing the ap-
plied voltage by this current flow. the
value of back resistance can he calcu-
fated.

In present-day coa mercial germanium
diodes. the catwhisker is the anode, and
the germanium pellet is the cathode. Elee-
trically, the cathode provides positive d-¢
output. Figure 2 shows how the anode
and cathode can be identified by the
outer markings on a diode unit, and Fig-
ure 3 presents a simplified sketch show-
ing the proper circuit connections. When
inserted into a circuit, these diodes offer
approximately 0.8 to 1y f shunt capaci-
tanee.

With deep regret we announce the passing, on August 27, of J. Carl Drumm.

member of the Headquarters Technical Staff. and frequent contributor to the BULLETIN,
Carl. who was in charge of the instruction in the Advanced Electronics phase of the Phileo

Air Force School. will be greatly missed by his many elose friends and associates
throughout the TechRep Division.

Although only 42 years old, Carl was extremely capable in at least three fields: he
was an accomplished author, teacher, and electronics engineer. tHe was an ardent “ham,”
a graduate of two radio-engineering schools, and at various times prior to joining Philco.
had been an airline radio operator, a newspaper columnist. and the senior laboratory
instructor for Capitol Radio Engineering Institute, in Washington, D. C. He joined the
Philco TechRep Division in 1948, and was officially commended by the Air Force for his
field-engineering work in Germany. in 1949,

Carl’s very popular column, “What's Your Answer?.” will continue to be a regular
BULLETIN feature. because. in spite of his many other activities. he found time to prepare
a number of problems for publication in future issues.

We join with the entire TechRep Division in extending our deepest sympathy to
Carl’s family.
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PATCH FIELDS

By M. M. Elson
Phiico Field Engineer

Theory and construction details of multiple-jack panels for the monitoring,
switching, and testing of wired-communications cirenits.

Fiern engineers are frequently re- CPEN PATCH FIELD

quired to provide for the monitoring. Several types of patch fields can he
switching and testing of remote-control  constructed. the most common being the
cables within the installation on which  open field. This tvpe of field (illustrated
they work. While several methods are in figure 1) has the advantage of sim-
available, one of the easiest and most  plicity. but the disadvantage that a patch
logical is the nse of one or more jacks for  cord must be used to complete each cir-
cach circuit. These multiple jacks. when  cuit. Also. this type of field does not
assembled into one panel. are commonly  provide the flexibility in switching that

called a patch field. other types provide. About all that this
\/—<)_'j 4 WA AV4 1
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USE PATCH CORDS TO
CONNECT AS
REQUIRED,

Figure 1. Open Patch Field
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HOUSE JACKS LINE JACKS
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Figure 2, Parallel Patch Field

TABLE I. USE OF PARALLEL PATCH FIELD (FIGURE 2)

FUNCTION

PATCHING REQUIRED

Normal use

No patching required.

To switch equipment or
lines

Patch from house (or line) jack to desired jack.

To test equipment on
house side

Insert dummy plug in line jack; patch test equipment into
house jack.

To test line

Insert dummy plug in house jack; patch test equipment into
line jack.

To monitor house or line

Patch from house to spare jacks, and from spare jacks to line;
patch monitoring equipment to spare jack.
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type of field can be used for is to com-
plete a circuit through a patch cord to
any other jack within reach of the cord.

PARALLEL PATCH FIELD

An improvement on the open field is
the parallel ficld. illustrated in figure 2.
This field has the advantage that no patch
cords are required to complete the cir-
cuits between the remote-control “line”
cable and the equipments assigned to the
“house” cable. Further switching be-
tween the pairs in the line cable and the
pairs in the house cable is readily accom-
plished by the use of patch cords. If
“spare-jack” sequences of jacks are pro-
vided, monitoring of either the line cir-
cuits or the house circuits is performed
by use of the appropriate jack. The prin-
cipal disadvantages of this type of patch

field are:

a. It is impossible to measure current
in a circuit without additional pro-
visions.

b. It is impossible to series lines with-
out additional provisions.

c. It is impossible to monitor the cir-
cuits without interference with sig-
nal channels.

NORMALLED PATCH FIELD

A further improvement on the parallel
field is the use of multiple jacks for each
line. A patch field of this type, com-
monly called a normalled patch field. is
illustrated in figure 3. A close examina-
tion of this type of field will reveal that
anvthing which can be accomplished by
the switching of two wires {a pair) can
also be accomplished with this circuit.
The principal disadvantage of this type
of field tand it is no small one) is that
untrained personnel may make mistakes
while attempting to switch within the
field. with the
patch field can often Dbe restricted to

Operation normalled

32

trained personnel, however, so that this
disadvantage may not exisl.

It is customary to prefabricate the jack
sequences before installation.  After in-
stallation, all line pairs should be sol-
dered permanently into place. and an ex-
cess of sequences provided (heyond the
demand of the equipments in use by the
house cable) for future expansion.

It is suggested that a voltmeter. an am-
meter. and an output meter bhe mounted
couvenient to the pateh field; the volt-
meter and ammeter should be of the zero-
centered typeo or incorporate a polarity-
reversing switch.  One normalled jack
sequence should be provided for each in-
dividual piece of equipment within the
house cable. This will probably provide
more jack sequences than there are lines.
but the sequences will then be available
to take care of possible expansion of the
equipment.

All jacks should be of the “long-frame™
type. commonly used in telephone serv-
ice. and should be mounted on an insulat-
ing panel. Cords used should be of the
shielded type. and of a length which de-
pends on the size of the pateh-field panel.
Jacks designated as “J-137 by the Air
Force may be used throughout. if prop-
erly wired to produce the circuits of fig-
ure 3. but a saving may be effected by
the use of jacks with Air Force designa-
tions as follows:

a. Forjack “A™ ..., .. L J-13
b, Forjack "B ........ J-3
e. Forjack=C™ ... ... J-7
d. Forjack*D™ ....... J-13

In the wiring of patch fields. good con-
struction practices should be observed.
to reduce troubles and to simplify main-
tenance procedures. One of the saddest
of all sights is a field engineer inquiring
around for a wire stretcher. Figure 4
illustrates a desirable method of termi-
nating a cable. Looping the cahl: in lheO
manner illustrated practically  elimi-
nates wire breakage: however. if break-
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Figure 3. Normalled Patch Field

TABLE II. USE OF NORMALLED PATCH FIELD (FIGURE 3)

FUNCTION PATCHING REQUIRED
Normal use No patching required.
To patch from house to | Patch from "D to "A".
line
To patch from line to | Patch from “"A* to "D".
house

To parallel more than | Patch from "B” to “D", starting at jack sequence which con-
one equipment in house | tains line to be used.
to a single line

To series more than one | Patch from "C* to "D, starting at jack sequence which con-
equipment in house to a | tains line to be used.
single line.

To test line alone | Patch test equipment into "A".

To test house alone Patch test equipment into "D".

To monitor without inter- | Patch monitoring equipment into “B".
ruption of service

To measure voltage in | Patch voltmeter into “B".

circuit :

To measure current in | Patch ammeter into "C".

circuit

To measure db level of | Patch output meter into "B

circuit

To open house (or line) | Insert dummy plug into “D” or "A", depending on whether
circuit "B or "C" jacks are required.
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CABLE STRIPPED
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Figure 4. Proper Method of Conuecting Five-Pair Cables to Terminal Strip

age should occur. there is suflicient slack
available for a simple repair.

It mayv be that an individual field en-
gineer will not be able to obtain the
necessary jacks and panels for this tvpe
of installation. For the man who is work-
ing with the Air Force, authority for a
requisition may bhe found in the AACS
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Manual of Standard Installations (sec-
tion on “Station Wiring”).

Field experience has shown that seri-
ous consideration to the methods out-
lined here will pav off in many hours of
trouble-free circuit operation. and in con-
siderably greater operating efficiency and
flexibility of communications equipment.



MICROWAVE PROPAGATION

By William H. Forster

Executive Engineer
Government and Industrial Engineering

A discussion of some of the factors involved in microwave
propagation, and a comparison of two methods used to in-
erease the reliability of microwave communications systems.

Microwave systems  are designed
for a specific degree of reliability, which
must be a compromise between technical
and Equip-
ment reliability, primary power reliabil-

economic  considerations,
ity. station-house and tower stability
these factors can all be made to approach
100°¢  performance.  Propagation reli-
ability. however. is subject to less con-
trol.  Although the probability of deep
fades can be minimized by locating sta-
tions close together, and by providing
adequate terrain clearance, yet both of
these factors increase the cost of the sys-
tem. Therefore, it is desirable to study
microwave propagation thoroughly. so
that systems can be designed at a mini-
mum cost consistent with the required
degree of reliability.

During the vears from 1945 to 1950, a
great deal of effort has been expended in
the study of microwave-signal propaga-
tion. This work has been summarized in
several military reports; in the Proceed-
ings of the IRE. February, 1948, by Dur-
kee; and in the Proceedings of the IRE,
June. 1950, by Millar. The emphasis in
the studies was on the design character-
istics for point-to-point microwave sys-
tems approaching 100°% reliability as
closely as economics factors permit.

The first post-War microwave system
installed by Western Union was designed
with a propagation fading margin of ap-
proximately 15 db, and the system used
complementary diversity reception. The
signal-strength records made on this sys-
tem indicated that the use of diversity
reception very materially improved the
propagation reliability of the systen.
Diversity reception has also been used by

the Bonneville Power Administration.
All other commereial mierowave systems
in this country have been designed with-
out diversity reception. but the general
trend in the highest-quality systems is
toward appreeiably higher fading mar-
gins.

The propagation-reliability
published by both Durkee and Millar in-
dicate that on an overland -10-mile path,
a 30-db fading margin is suflicient to
provide a reliability of approximately
99.99° 7. 1t is their general conclusion
that fading is caused by several factors:

curves

Multipath fading, due both to the at-
mosphere and to specular reflection for
which diversity reception is a cure, causes
fades of approximately 15-20 db.

Tropospheric ducting causes fades of
the same order of magnitude.

The most serious fades, however. are
caused by a so-called sub-standard M-
curve. which results from stratification
of the atmosphere. Under this condition.
the beam from a microwave antenna is
refracted in a concave-upward fashion.
In general. this means that if the beam is
to reach the receiving antenna. it must
start out at an angle depressed from the
true line-of-sight direction.

The percentage of time that a sub-
standard M-curve will cause severe fad-
ing is related to the percentage of time
that the concave-upward radius of curva-
ture is smaller than the curvature of an
arc connecting the transmitting antenna
site and the receiving antenna site, and
passing through the minimum-clearance
point in the path. The latter arc essen-
tiallv defines the minimum permissible
radius of curvature. For a beam re-
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fracted upward more sharply, the receiv-
ing antenna will be in the shadow of the
minimum-clearance point in the path.
There are obviously no cures for such a
condition, except greater clearance, lo
permit a sharper radius of curvature, or
greater signal strength, to produce a
greater fading margin.

Any conservatively designed micro-
wave system should have suflicient fading
margin to insure that no tropospheric
disturbances except the substandard M-
curve will cause outages in the system,
and the system should be designed to re-
duce difficulties from substandard M-
curve conditions, as far as possible.

lixperience indicates that a 30-db fad-
ing margin is gencrally adequate for
paths on the order of 30 miles. Most
microwave experience has heen obtained
in the lastern part of the United States;
therefore. a great deal of data is still to
be obtained for other parts of the coun-
try. As a general guide for laying out
microwave systems, it is recomended that
clearances for hops greater than 25 miles
in length be laid out, using grazing paths
with a 2/3 earth radius. This is equiva-
lent to a clearance of 75 feet for a 30-mile
path. The required clearance then in-
creases as the square of the path length,
and is 300 feet at 60 miles. A system
which is designed according to this 2/3
true-earth radius will be able to stand
signal bends having a minimum radius
of curvature that is independent of the
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length of the path. The probability of
fading will then be proportional to the
probability that the upward radius of
curvature will be less than the permis-
sible minimum. The substandard M-
curve type of fading is not helped
appreciably by the use of complementary
diversity reception: therefore, for a sys-
tem designed for high reliability, the
propagation irregularitics caused by
multipath fading will be compensated
for. by the fading margin of the system.

For long hops that do exhibit propa-
gation fading greater than 30 db, it is
recommended that larger antennas be
installed, in order to increase the fading
margin to 35 or 40 db. Diversity recep-
tion can be tried, and simultaneous re-
cordings of field strength made, to deter-
mine whether the diversity receiver ever
shows adequate signal strength during a
fade-out on a primary circuit. Dollar for
dollar, it is anticipated that a better cir-
cuit will always be obtained by the use
of larger transmitting and receiving an-
tennas.

To summarize. it is the consensus of
the industry at the present time, as dem-
onstrated by the kinds of microwave sys-
teins currently heing installed or planned,
that the best economic and technical com-
promise in the solution of the reliability
problem is the use of greater path clear-
ance and greater fading margins, rather
than the use of diversity reception.

J



Standard Frequencies and Time Signals
WWV and WWVH

A summary of the information transmitted by WWV and WWVH,
the two U. S. Government radio stations operated by the National
Bureau of Standards

(Editor’s Note: The information contained
in this article was extracted from Letter Cir-
cular LC 974, January 12, 1950, published by
the Central Radio Propagation Laboratory,
National Bureau of Standards, U. S. Depart-
ment of Commerce. The material appears in
the BULLETIN through the courtesy of the
National Burean of Standards.)

The following six types of information
are transmitted by WWV (N 38° 59" 33",
W 76° 507 52”; near Washington, . C.)
and WWVI (N 20° 407027, W 156° 27
42”": near Puunene. T. H.):

n
2)
3)
Q)]
(3)
6)

The carrier frequencies transm'tted,

power levels. and modulation frequencies

Standard radio frequencies
Standard time intervals
Time annonncements
Standard musical pitch
Standard audio frequencies
Radio propagation notices

are as follows:

AUDIO FREQUENCIES AND
MUSICAL PITCH

Two standard audio frequencies. -0
c.p.s. and 000 c.p.s., are broadcast on all
radio carrier frequencies except 30 mc.
and 35 me. ‘The audio frequencies are
given alternately. starting on the hour
with 600 c.p.s. for four minutes, inter-
rupted one minute, followed by -0 c¢.p.s.
for four minutes, and interrupted one
minute. Each ten-minute period is the
same. The 410-cycle signal is the stand-
ard musical pitch. A above middle C.

TIME SIGNALS AND STANDARD
TIME INTERVALS

The audio frequencies are interrupted
for intervals of precisely one minute.
Thev are resumed precisely on the hour,
and cach five minutes thereafter. They
are in agreement with the hasic tin.e serv-

TABLE I. WWV CONTINUOUS BROADCASTS

FREQ. (mc.)| POWER (kw.) [MOD. FREQ. (c.p.s.)
25 0.7 1, 440, and 600
5.0 780 | 1,440, and 600
10.0 80 | 1,440, and 600
15.0 90 | 1,440, and 600
20.0 85" 1, 440, and 600
25 0.1 "1, 440, and 600
30 01 | I
35 ~ 01 1

* Reduced to 0.1 kw. for first 4 work days after first Sunday

of even months.

TABLE II.
WWVH CONTINUOUS BROADCASTS**

FREQ. (mc.)| POWER (kw.)

MOD. FREQ. (c.p.s.)

._41,.440, and 600
1, 440, and 600

s |04
10 0.4
15 0.4

1, 440, and 600

** Entire broadcast is interrupted for 4 minutes following
each hour and half-hour, and for periods of 40 minutes
beginning at 0700 and 1700 UT.
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Figure 1. Universal Time Transmissions (Coded) and Standard-Tone Transmissions.
The hour illustrated is 1600 to 1700, in 24-hour time. (See figure 3 for a complete
analysis of the information transmitted during the onc-minute intervals beticeen the

tone tran

ice of the U. 8. Naval Obhservatory, so
that they accurately mark the hour and
the successive 5-minute periods.

Universal Time (Greenwich Civil
Time, or Greenwich Mean Time) is an-
nounced in International Morse code
each five minutes, starting with 0000 at
midnight (see figure 1). Time announce-
ments are with reference to resumption
of the audio-frequency transmissions,

A voice announcement of Fastern

smissions.)

Standard Time follows each telegraphic
code announcement from station WWYV,

At intervals of precisely one second, a
pulse of 0.005-second duration is trans-
mitted on each carrier frequency. The
pulse consists of five cycles, each of
0.001-second duration (see figure 21, and
is heard as a faint tick when listening
to the broadcast. The seconds pulse is
not transmitted at the beginning of the
last second of cach minute.

THE FREQUENCY SPECTRUM OF THE
WWV SECONDS PULSE

RELATIVE VOLTAGE

0.005 SECOND J

H

Mws o N® DO

RELATIVE POWER

THE SPECTRUM IS COMPOSED OF DISCRETE
FREQUENCY COMPONENTS AT INTERVALS
OF 1.0 c.A. THE COMPONENTS NEAR
995 c./s. (the spectral maximum) HAVE
AMPLITUDES OF 0.005VOLY FOR A PULSE
AMPLITUDE OF 1.OVOLY. EACH PULSE
CONSISTS OF FIVE CYCLES OF 1000c¢c./s,
AND 1S REPEATED ONCE EACH SECOND.
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Figure 3. Information Transmitted Dur-
ing One-Minute Intervals Between Tone
Transmissions (Note that the transmissions
by each station are spaced in time so that
a receiver within the range of both stations
can hear each transmission separately.)

ACCURACY OF TRANSMISSIONS
The frequencies transmitted from

WWV and WWVH are accurate to with-
in 2 parts in 10%; this is with reference to
he mean solar second, 100-day interval;
as determined by the U. S. Naval Ob-
servatory with a precision of better than
3 parts in 10°% The time intervals trans-
mitted are accurate to within + (2 parts
in 10 4 1 microsecond).

The frequencies received at locations
in the service range are as accurate as
those transmitted, for several hours per
day during total light or total darkness
over the transmission path. During the
course of the day, errors in the received
frequencies vary approximately = 3
parts in 107, During ionospheric storms,
transient conditions in the propagating
medium may cause momentary changes
as large as 1 part in 108.

The time intervals received are nor-
mally accurate to within # (2 parts in
10% 4 1 millisecond) . At times, transient
conditions in the ionosphere cause re-
ceived pulses to scatter by several milli-
seconds.

RADIO PROPAGATION NOTICES
FROM WWY

An announcement of radio propaga-
tion conditions is broadcast in code on
each of the standard radio frequencies at
19 and 49 winutes past the hour, by sta-
tion WWV. If a warning is in effect. the
letter “W” (in International Morse code)
is repeated 6 times following the time an-
nouncement; if unstable conditions are
expected, the letter “U” is repeated 6
times; if there is no warning, the letter
“N" is repeated 8 times.
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Improved Tuning Procedure for the
5-Mc. Stages of
Receiver R-19(*) / TRC-1

By Jack L. Porep
Philco Field Engineer

A simplified method of obtaining 5-me. signal for alignment of

Receiver R-19(*) /TRC-1.

(Editor’s Note: This article was received
ufter the July issue went to press. Its similar-
ity to Ken Seaton’s article in that issue is
interesting: two Philco men, working inde-
pendently, arrived at basically similur solu-
tions to the problem of improving and simpli-
fying maintenance techniques.)

In many cases in the field. R-19 receiv-
ers have been badly misaligned, making
it very diflicult to retune them by the pro-
cedures outlined in TM 1120601, This
condition has been the result of attempts
I inexperienced personnel to align the
5-me. i-f amplifier. limiter. and di-crimi-
nator stages by the use of the wrong har-
monics. Once these stages are hadly
detuned. it is extremely diflicult, if not
impossible, to tune up the receiver in the
normal mauner.

The procedure outlined below allows
the i-f amplifier, limiter, and discrimi-
nator stages to he easily retuned to 5 mc.
in a short time, without the use of extra
test equipment or the modification of any
component. Test Oscillator TS-32(*) /-
TRC-1 is the only device needed.

DETAILED TUNING PROCEDURE

First. remove anyv crvstal that may be
installed in the receiver. Remove the bot-
tom cover plate and the top lid. and stand
the receiver on the left end to allow easy
access to the necessary parts. Plug the
test oscillator into the power socket at the
center of the set. The short length of
coaxial cable should be connected to the
test oscillator, in the usual manner. but
the other end of this cable should not be
connected to the aitenna socket on the
receiver panel. Instead, it should remain
free, with the center conductor serving
as a probe. (The collar on the coaxial
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fitting should be taped back temporarily
with rubber tape.)

The  80.0-me.  transmitter  crystal
should then he placed in the test oscil-
tator. This is the key to the whole method.
The ervstal marked “80.0 MC.” has a
fundamental frequeney of $33.33 ke.. the
sixth harmonic of which is 5000 kc.. or
3 me. Place the test-oscillator switch to
the CARRIER ON position. The MODU-
LATION ON switch has no effect on the
aliznment process. so it is left in the “off”
position. This is explained by the fact
that at the sixth harmonic of the test-
oscillator erystal there is insuflicient de-
viation produced by the phase modulato:
to make the receiver discriminator stage
respond to the 1000-cycle tone; there-
fore, the tone is not heard from the
speaker when the 5-me. signal is passed
to the discriminator circuit.)

With the receiver meter switch on po-
sition 1, the coaxial probe is placed in
contact with the grid (pin 1) of the sec-
ond mixer tube, V105. Transformers
T106, T107, T108, and T109 are ad-
justed (the meter is used in the same way
as described in TM 11-2601). The set-
tings of all the other tuning controls have
a negligible effect on this portion of the
alignment procedure. When the receiver
is properly aligned, a reading of 40 or
higher is indicated by the meter (position
2). On every receiver tested, this method
was easy to use, and the lack of a 1000-
cvele modulating tone was no handicap,
since there were no spurious responses in-
volved.

After the >-me. i-f amplifier, limiter,
and discriminator stages are properly
aligned, the remainder of the receiver cir-



cuits are tuned in the normal manner,
using the test oscillator and the proper
crystal for setting up any desired operat-
ing frequency.

As a point of interest, the 5-me. i-f am-
plifier, limiter, and discriminator stages
of a good receiver were completely de-

tuned purposely. Then the receiver was
completely realigned in less than ten min-
utes hy the new method of tuning. The
author has used this technique with much
success in Korea and Japan, where a
great deal of AN, TRC-1 equipment is
US(‘(I.

This month’s

100 FT

POWER
SOURCE
0-50V.DC

SHOP 1
(20 A)

the power line
must feed a picee of electronice
equipment which draws 20 am-
peres with an input voltage of 28
volts, dbe. The only wire available
for this power hine is a 900-foot roll
of single-conductor eable. the con-
ductivity of which is equivalent to
[ No. 6 B. & 8. gage copper wireltre-
ststance. 0.4 ol 1000 feet) . Cal-
culation shows that if the system
were wired by the usual parallel-
connection method, and the power-
supply voltage were adjusted so as
to deliver 28 volts at Shop No. 1.
then. if cach shop drew 20 amperes.
the voltage at Shop No. 3 would be
onty 23.2 volts. Or, if the power-
supply voltage were adjusted to de-
liver 28 volts to Shop No. 3. then
the voitage at Shop No. 1 would be
32.8 volts. Of course, the situation

in each shop.

WHAT'S YOUR ANSWER?

By J. Carl Drumm, Hq. Technical Stoff

problem was submitied by Al Cala-
han, an instructor at Headquarters.
to connect a d-¢ power source (rated at 0
100 amperes) to three shops that are spaced at in-

tervals of 100 feet (sec the figure). ‘

100 FT — — 100 FT. — —’J
snop 2 SHOP 3
(20 A) o A) ?

The problem is
50 volts.

J SE—|

would not be quite as bad as indi-
cated by these figures. because the
shops with reduced voitage would -
draw less current than 20 amperes,
and the shops with excessive volt-
age would draw more than 20 am- ‘
peres. But in either case, part of
the equipment would be operating ‘
improperly.

A simple method can be devised. '
however. for wiring this system so
that  with the operating \
singly. jointlv. or collectively in ‘

shops

any combination. the power-supply \
voltage can be so adjusted that no \
shop will have an input that differs
by more than 1 volt from the pre-
scribed 28-volt figure.

What wiring diagram would you
use. remembering that only 900
feet of single-conductor cable is
available?

12



So/uh'on lo...

Last Month's "What's Your Answer?”’

The black box contains a vibrator
equipped with a pair of contacts, at B,
operating on a 50% duty cycle. (Note:
the ammeter was misplaced in the orig-
inal problem; it should have been shown
as illustrated below.)

When the contacts at B are open, the
voltmeter reads practically the full bat-
tery voltage (6 volts). The only current
flowing through the current coil of the
wattmeter is about 0.6 ma. drawn
through the 10K resistance of the volt-
meter. Under this condition, the three
meters read as follows:

Voltmeter —6  volts

Ammeter —0  amperes

Wattmeter—3.6 milliwatts

When the contacts at B are closed, the
voltmeter is short-circuited, and reads
zero voltage. Current through the am-
meter is then limited only by the internal
resistance of the meters and the battery.
and amounts to 10 amperes. The watt-
meter. however, reads zero because it has
no voltage impressed across it. The meter
readings are then:

Assuming that the vibrator can turn
out perfect square waves; and that there
is no sparking at the contacts; and that
the inductance of the meter windings
does not cause current to rise and decay
exponentially when the contacts close
and open; and that the wiring of the
circuit has zero resistance; and that the
battery does not heat under intermittent
short circuits, thus raising its internal re-
sistance . . .

Then. the three meters will maintain a
steady reading equal to the average of the
two sets of readings given above:

Voltmeter —( 6 4 0)/2=3 volts

Ammeter —(10 4 0)/2=5 am-
peres

Wattmeter—( 3.6 4 0) /2=1.8 milli
watts

(If you think this one is pretty old, try
assigning inductances to each of the three
meters, and calculating the frequency of
the vibrator necessary to produce a given
set of readings, taking into account the
exponential rise and decay of current

J.C.D.

Voltmeter — 0 volts . .
mentioned previously.)
Ammeter —10 amperes d
Wattmeter— 0 watts
N
7
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'"'SHORT CIRCUITS' — —

ELECTRICAL DEFLECTION SYSTEM
FOR A-1C GUNSIGHT

Submitted by Bud M. Compton, Philco Team Leader

Cabling data and circuit details of an electrical system
for deflecting the A-1C gunsight during “bore-sighting.”

Here is a neat trick for anvone work-
ing with the A-1C gunsight (often used
in conjunction with gun-laying radar).
The idea and the prototype model were

ically moving the gyros to deflect the
sight.

The required parts are as follows:

developed by Mr. Robert Fouitz, field en-
gineer for the AC Spark Plug Division, QUANTITY R aon
Genfgral‘)lotors Corporation. The infor- 1 ea. Switch, water, double-pole
mation is passed along for the henefit of six-position
anyone else who may be working with e Switch, toggle, single-pole,|
this gunsight (which is quite standard | - _single-throw
for fighter aircraft). With this system, 1 ea. Plug. Amphenol size 28,
the sight can be deflected during bore- | AN-3106B-28-16P
sighting by simply operating the 1 ea. Plug. Cannon #2083-50.
A . qeg . AN-3106B-28-16S
switches. This eliminates the necessity |— —_— ]
for removing the sight cover and mechan- GOHCD || G, (e TG
[ AN-)IO"_-ZI-; ) AN 3‘09"'?’-!05 o .:
/’s«u 28 \ /.CANNON&"‘
\Amm\.( \ 2083 - 50 /‘ »
. , o H 8 o
/ . o, \ / Ea
\ N 3
AN Ve
I RIQ 1 CONDUCTOR J
I— LU TO L SMELD OPEN— | | —OPEN
o swmrcnes - ‘ N

Figure 1.

Interconnection Piagram of Defléc-
tion System (The Cannon plug goes to the gun-
sight field-testing unit used for checking the
frequency of the radar inverter. The Amphenol

Figure 3. Front View of De-

flection-Control Switch, Show-

ing Function of Switch in Each
Position

plug goes to the gun-sight deflection computer.)
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Figure 2. Schematic Diagram

the computer.)

of Deflection
Control Switch (The pin designations refer to
the pins in the Amphenol plug connected to

L e

Figure 4. Gyro-Caging-Switch

Connections (The pin designa-

tions refer to the pins in the

Amphenol plug connected to
the computer.)



PHILCO TECHREP DIVISION
PUBLICATIONS

Reprints of the following PPhilco tech-
nical publications are currently available
at Headquarters. and can be obtained by
any Phileo Field Engineer whose duties
require them. Requests should be ad-
dressed to Potter Hallinger. Correspon-
dence Department. There is, of course,
no charge involved in such requests.

These training and trouble-shooting
publications are prepared primarily for
use by Philco Field Engineers engaged
in instructional work with the Armed
Forces. However, there has been such

widespread acceptance of these publica-
tions throughout the electronics industry.
and in educational institutions, military
organizations. and governmental agen-
cies, that Philco is now making them
available to interested persons at reprint
costs.

Orders should be addressed to Publi-
cations Department, Philco TechRep
Division, 22nd St. and Lehigh Ave., Phil-
adelphia 32, Pa. Remittances should be
in cash, check, or postal money order,
made payable to Philco Corporation.

PHILCO TROUBLE-SHOOTING MANUALS

PUB. NO. SUBJECT WALL CHARTS COST
AN-103 AN/FGC-1; 1-X 3 $0.68
AN-104 T4/FRC; PP-1/FRC: 1 42
MD-1/FRC
AN-110 AN/FRR-3: 3-A 4 .80
AN-120 AN/APQ-13 4 1.16
AN-133 CF-1A 3 1.21
AN-136 CF-2B 3 1.21
AN-142 AN/TXC-1 0 .80
PHILCO TRAINING MANUALS
PUB. NO. SUBJECT WALL CHARTS COST
AN-150-A | Antennas 0 $1.10
AN-151 AN/ART-13, 13-A: ATC: ATC-1 4 1.68
AN-161 How to Prepare and Present a Mainte- 0 55
nance Training Course in Electronics
AN-166 BC-779-B 2 1.1§
AN-167 Cable Fabrication 4 1.10
AN-169 Shop Practices 0 1.10
AN-171 BC-639-A 2 1.21
AN-172-A | BC-640-A. B 3 1.28
AN-182 AN/TRC-1, 3. 4; AN/TRA-1 4 3.70
AN-183 AN/ARC-3 4 2.20
AN-194 AN/APN-1; ABX 2 1.25
AN-195% Electrical Power Equipment (Generators 0 1.85
and Motors)
AN-230 Radar Systems Measurements (Theory 0 1.21
and Practice)
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Vacation Issue

N P ———

This issue of the BULLETIN bears a double
dateline, August and September, in considera-
tion of the vacation season.

You will note that the issue is larger than
usual, and that there is a larger percentage of
technical information than in previous issues.
The “Contributors” column has been dropped,
and the number of technical articles has been
increased. We believe ‘that our readers will
endorse this change in policy.
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