


























16 CONFIDENTIAL

False

Echoes
on Mark 34

and Mark 8

During tests with a duty-cycle meter on the Mark
34 Mod 2 radar equipment the modulation network
overheated and a false echo appeared between 1000 and
1350 yards. These troubles developed when the duty
cycle adjustment was normally set to bring the duty-

cycle meter pointer opposite the red mark and cleared
when the meter indicated a lower value. It developed
that a combination of tolerances in an undesired direc-
tion caused double firing of the magnetron and the
consequent appearance of the false echo.

In two cases this false echo has been eliminated by
the following methods: 1—By greatly reducing the duty
cycle in the unit through the medium of setting the
pulse rate at 1900, the high voltage at 1200 volts, and
the high-voltage current at 175 milliamperes. Then, if
necessary, reduce the current by adjusting the duty-cycle
adjustment until the false echo disappears. The posi-
tion of the duty-cycle meter pointer should then be
marked for future reference. 2—By replacing both the
magnetron and the pulse network. When this method
was tried the duty-cycle current could be increased to
200 milliamperes without the reappearance of the false
echo.

The D-169300 pulse network was designed to oper-
ate with 725A magnetron which has an operating im-
pedance of 1080 ohms. The first production of the
2J50 magnetrons were of similar impedance, hence no
difficulty was observed on the first trials of the 2]50
tubes in Mark-34 radars. Later production of 2]50
magnetrons, however, have an average impedance of
1020 ohms. When a magnetron having an impedance
near the low tolerance limit is paired with a pulse net-
work whose impedance is high, a mismatch occurs caus-
ing double firing of the magnetron, and the false echo
appears. In order to use the existing network with
these new 2J50 magnetrons Navy Field Change No. 22
"Elimination of Double Pulse” was designed to drive
this false echo away. It consists of a 100-ohm, 40-watt,
non-inductive resistor placed in series with the discharge
path of the duty-cycle current, This permits the restora-

tion of the original value of duty-cycle current to avoid
the second pulse.

Since the Mark 8 Mod 3 uses the same transmitter
unit as the Mark 34 Mod 2, the question was raised as
to whether this false echo condition also exists it the
Mark 8 Mod 3 equipment. Production of Mark 8 Mod
3 conversion kits was completed some time 280 and th.e
magnetrons supplied with these equipments and thf:’!r
associated spares were either 725A or 2]J50 types with
impedances of 1080 ohms, Sipce the difficulty With
double pulsing showed up in the Mark 34 Mod 2 radar
cquipment using later design of 250 magnetrons, it is
reasonable to expect that the same difficulty will appear
in the Mark 8 Mod 3 equipments when the new mag-
netrons are installed, Tt is not likely to appear 5o long
as spate magnetrons of high impedance are used. 1f and
when this false echo does appear, it is recommended
that the instructions in sub-paragraph (1) above be
followed and the findings reported to the Bureau.

B Power measurements of alternating current systems
while generally concerned with the inphase components
of the apparent power (volt amperes) must evaluate
the quadrature power component in order to completely
analyze the power demands of the system.

The power resulting from the applied potential and
the component of the current in phase with it, termed
the active power, is measured in terms of watts, kilo-
watts or megawatts and the methods for determining
this quantity are well known and in general use. This
is the power dissipated in the resistance or equivalent
resistance of the circuit, and in a single phase circuit,
is equivalent to I?R or EI cos ¢ for sine wave form
where

E = Voltage, volts rms

I = Current, amperes rms

¢ = Phase angle between E and I
R = Equivalent resistance ohms

X = Reactance, ohms.

The power resulting from the applied potential and
the component of the current in quadrature with it,
equal to 12X or EI sin ¢ for sinc wave form, while of
considerable importance in the operation of power gen-
erating equipment is not so well known as the active
power. Although this power does not produce work, it
is essential in producing the conditions which bring
about work. In order for a transformer to function, or
a motor to run, it is necessary to magnetize the core or
field. The component of the current which produces
the magnetic field is in quadrature or 90 degrees out
of phase with the applied potential and in time phase,

lagging.
This quadrature power has been termed the wattless
power, wattless component, reactive power, reactive volt

By A. F. WoOLFERZ,
Weston Electrical Instrument Corp.

amperes, volt amperes reactive and is expressed in terms
of the unit, the VAR. This terminology was adopted
at the International Electrical Convention at Stockholm
in 1930. The word VAR is the abbreviation for volt
amperes reactive. The measurement of this quantity is
not difficult and there are various methods for deter-
mining the quadrature power.

METHODS OF MEASURING
QUADRATURE POWER

One method consists of measuring the potential, cur-
rent and the phase angle: the quadrature power is then
calculated from the equation EI sin ¢ for a single
phase circuit having a sine wave form. It is essential
that these measurements be made simultancously, re-
quiring three instruments and three observers for single
phase measurements. It must be remembered that phase
angle meters such as power factor meters for use on
single phase circuits are critical with respect to fre-
quency and that the usual polyphase meters are correct
only on balanced loads.

A second method of measuring the quadrature power
requires the measurement of the potential, current, and
the active power. Quadrature power for sinusoidal
wave form can then be calculated from the relation,

Vars = v/ (Volt Amperes)? — Watts2,
The active power is very conveniently measured by
means of an electrodynamometer wattmeter. The electro-
dynamometer in its best form consists of a stationary
coil system which produces a magnetic field and a mov-
able coil mounted to a pivoted staff which also carries
a pointer. The movable coil rotates in the magnetic
field of the stationary coils and the torque producing
the angular deflection is proportional to the product of
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FIGURE 1—Typical vector diagram of voltage and cur-
rent relations in single phase circuits.

the components of the ampere turns of the movable coil
and the ampere turns of the field coils which are in
phase with each other. The movable coil, together with
the necessary series resistance, is connected across the
line and its current is proportional to and substantially
in phase with the potential applied and the instrument
indicates the in-phase product of current and potential
or active power. Figure 1 is a vector diagram of the
voltage and current conditions for a single phase cir-
cuit wherein OM represents the current in the movable
coil which is in phase with the applied potential and
OF the current in the field coil. OA is the component
of the field coil current in phase with the movable coil
current and is equal to OF cos ¢. It is this current
which causes the movable system of the electrodynamo-
meter to deflect when connected to measure watts.

The quadrature power can be directly and conveni-
ently measured with the electrodynamometer by shift-
ing the phase of the current in its movable coil 90 de-
grees so as to bring it into phase with the quadrature
component of the current in its field coils. Referring to
figure 1, the magnetizing or quadraturc component of
the current which must be considered when measuring
vars 1s represented by the vector OB which is equal to
OF sin ¢.

The methods for bringing about this phase shift are
described in the paragraphs which follow.

SINGLE PHASE CIRCUITS

The current in the potential circuit of the electro-
dynamometer is practically in phase with the potential
applied.

We can shift this current nearly 90 degrees by sub-
stituting a series reactance for the series resistance in
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FIGURE 2—Circuit of reactor for single phase varmeter.

the movable coil circuit. By using a tapped reactance
and an auxiliary shunt resistance, as shown in figure 2,
we can obtain a true 90 degree relation.

In order to adjust the instrument, an adjustable re-
sistance is inserted in series with its potential circuit.
It is then connected, as for measuring watts, to a lamp

bank load at the potential, current and frequency de-
sired.

The resistance is adjusted to give full scale reading
when the potential current and frequency are as desired
for full scale watts. A low resistance milliammeter is
connected in series in the potential circuit. The most
satisfactory milliammeter for this purpose is a thermo-
couple type. The potential circuit current for full scale
is then recorded. The series resistance is then replaced
by an adjustable reactor and a shunt resistor connected
to a suitable tap on the reactor as shown in Figure 2.
The reactor X and the resistor R are adjusted so that
with the above potential, load current and frequency,
the potential circuit current is restored to the recorded

SOURCE L

WATTS VARS

FIGURE 3—Diagram showing connection of instrument
for measuring watts or vars in single phase circuit.

value and with the milliammeter shorted the instrument
under adjustment reads zero. The current of the po-
tential circuit has now been made to lag 90 degrees
behind the applied potential and becomes in-phase with
the quadrature or magnetizing current described. The
instrument is now correctly adjusted to measure vars,

From the above it is quite evident that correct jp-
dications will be obtained only when the frcqucm-y is
the same as that used in the adjustment. Any deviation
in frcqu_cm‘y will result in an error.

The same instrument may be used to measure either
watts or vars by connecting as shown in figure 3. A
series resistance and a series reactance are each adjusted
so that with the former in its potential circuit the in-
strument measures watts, and with the latter in circuit
it measures vars, K rep
when measuring waltts,

resents the series resistance used

TWO PHASE CIRCUITS

A two phase’circuit is a combination of circuits ener-
gized by alternating electromotive forces which differ
in phase by 90 degrees. The two sources of potential
may be insulated or may have a common terminal, the
former is known as two phase four-wire circuit and the
latter as two phase three-wire circuit.

Either circuit may be treated as two single phase cir-
cuits utilizing instruments and measurements as de-
scribed under single phase circuits. The total active or
reactive power will be the algebraic sum of the respec-
tive powers measured for the two circuits.

In order to reduce the number of instruments and
still obtain the correct indication of power, it is more
convenient to use an eclectrodynamometer having two
elements. ‘This instrument essentially combines two
single element instruments with the movable potential
coils of each element mounted to a common pivoted
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FIGURE 4—Typical vector diagram of current and volt-
age relations of a two phase system.

staff carrying a pbinter which moves over a common
scale. The total torque developed is the algebraic sum
of the torques produced in the elements. The scale may
be graduated, and the indications of the pointer in
reference to this scale will be in terms of the total
power,

The current and voltage distribution of a two phase
system may be represented by vectors as shown in fig-
ure 4. CI represents the voltage in one phase and €2,
the voltage in the second phase. These potentials are

considered as balanced when they are equal and dis-

placed by 90 degrees.

If CA represents the current as measured for phase
1, the component of this current in phase with its po-
tential will be CA1. This component of the total cur-
rent produces torque in the element of the electro-
dynamomeler when measuring watts. The component
of the total current which is in quadrature with its
potential will be CE, and it is this component of the

»
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FIGURE 5—Diagram of connections for a tweo-element
electrodynamometer for measuring walts in a two phase
three-wire circuit.

current which produces torque in the element of the
electrodynamometer when measuring vars. Likewise,
the component of the current CB which is in phase with
its potential will be CB1 and the component in quadra-
ture will be CF.

If we connect element 1 of a two-clement electro-
dynamometer to phase 1 and element 2 to phase 2 as
shown in figure 5, the torques developed in each cle-
ment will be in proportion to the potential applied to
the movable coil of each element and the component of
the current, in the stationary, or field coil, which is in
phase with its potential.

Referring to figure 4, these components will be €A1
for element 1 in phase with CI, and CBi for element
2 in phase with C2. The indication of the common
pointer on the scale will therefore be in terms of the
active power or watts,

When connected, as shown in figure 5, the quadra-
ture component of the current in the ficld of element 1,
represented by CE in figure 4, will develop no torque
with the movable coil. Likewise, the quadrature com-
ponent of the current in the field of element 2, repre-
sented by CF in figure 4, will develop no torque with
its movable coil.

In order to measure the reactive power of phase 1,
element 1 must be connected to a potential which is in
phase with the quadrature component of the current
in the field coil associated with that element. This con-
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FIGURE G6—Diagram of connections for a two-element

electrodynamometer for measuring vars in a fwo phase
three-wire circuit.
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FIGURE 7—Diagram of connections for a two-element
electrodynamonieter for measuring watts or vars in a
two phase three-wire circuit.

dition may be readily obtained by using potential C2
which is in phase opposition with the quadrature cur-
rent component CE. It will be necessary when making
this transposition to reverse cither the potential connec-
tion to the moving coil or the current connection to the
field coil to preserve the direction of indication, that is,
up scale indication of lagging power factor.

Similarly the reactive power of phase 2 may be de-
termined by connecting element 2 to the potential C1
which is in phase with the quadrature current com-
ponent CF. Note that vectors C1 and CF are in the
same direction, indicating "that it is not necessary to
reverse connections to obtain an up-scale indication,
These connections are shown in figure 6 in which the
potential connections for element 1 are transferred to
C2 and reversed. The use of current transformers in
the field circuits is suggested in order that the ficld and
movable coils of cach element may be connected to-
gether to avoid electrostatic effects.

By virtue of the balanced potentials of the circuit,
there is no change in magnitude when the voltage con-
nections are shifted and the instrument can be used to
measure watts or vars simply by transposition of the
proper connections. See figure 7.

Two phase four-wire circuits may be treated similar
to two phase three-wire circuits except that the ‘insula-
tion between the phases must be preserved. If the po-
tential coils of the wattmeter are connected together and
brought out to three binding posts, it is necessary to use
two potential transformers as shown in figure 8. Cur-
rent transformers are suggested so that ground connec-
tions may be made to relieve electrostatic effects and
protect the instrument,

Instrument manufacturers generally find it more satis-
factory to insulate the potential circuits of varmeters,
bringing the connections to the potential coils to four
binding posts. The potential transformers are then un-
necessary except when the line potentials are higher
than the self-contained ranges provided,

ELEMENT #1

SOURCE 1 M [ LOAD
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FIGURE 8—Diagram of connections for a two-element
electrodynamonieter for measuring vals in a two phase
four-wire circuit.

NON-INTERCHANGEABILITY OF SYNCHROS

When ordering replacement synchros from supply
it is mandatory that both the Mark and Mod number
are clear and distinct in the order. The differences
among Mod numbers are in the external dimensions,
notably in the size and shape of the end bells. Occa-
sionally a larger end bell will interfere with adjacent
apparatus and prevent the use of a synchro to replace
one of a different Mod.

“Hi, Chief. Mind if I take Miss Klutz up to see the
new SR-G radar?”

RADCM Allowances and
Equipment

B The RADCM allowance for large combat ships, as
originally planned and promulgated in the Electronic
Equipment Type Allowance Book (NavShips 900,115),
consisted of the following equipments:

Model TDY-1 transmitter

High-frequency transmitter

Model RDO-series receiver

Model AN/SPR-2 receiver

Model RDJ pulse analyzer

Model RDP panoramic adapter

Model DBM-1 direction-finding equipment

A pictorial system diagram for this equipment is
shown in the accompanying illustration, and a limited
description of its operation was given on p. 9, ELECTRON
for December 1945. The high-frequency (S-band)
phase of RADCM operations was to be taken care of by
the high-frequency transmitter and the AN/SPR-2 re-
ceiver. The high-frequency transmitter that the Bureau
had in mind for this application was the Model MBT
or MBR. Since these transmitters have not been forth-
coming, however, due to the cancellation of contracts with
the consequent curtailment of production, it was con-
sidered necessary to substitute the TDYa/TDY-1a high-
frequency modification kit in the space designated for
the high-freql.wm‘y transmitter, thus permitting the par-
tial coverage of the S-band range. In this connect'on it
should be pointed out that both the Models TDYa/
TDY-1a and DBM-1 are available only for new con-
struction at the present time, so that only advance plan-
ning should be contemplated, and the running of cables,
fabrication of foundations, etc., should be held in abey-
ance pending availability of the equipment.

The changeover from the Model TDY/-1 to the
TDYa/-1a is based on the assumption that the ship re-
ceiving the installation is already equipped with a Model
TDY or TDY-1 equipment in gOOLl working order. If
this is not the case, and the TDY /-1 cquipment is to
be installed at the same time as the modification equip-
ment, the TDY/-1 installation should be completed and
placed in operation before attempting to make the modi-
fication, This is important to insure successful low-fre-
quency operation and subsequent satisfactory reconver-
sion to Model TDY /-1 when a high-frequency transmit-
ter becomes available. There is no reason, however, why
the installation of field-change kits containing modifica-
tions such as antennas (and waveguides), waveguide
switches, line stretchers, dummy antennas, antenna con-
trol units, synchro amplifiers, wavemeters and voltage

regulators, should not be made concurrently with the
TDY /-1 installation.

The modification of Model TDY /-1 equipment to
Model TDYa/-1a merely changes the frequency cover-
age of the original equipment. On the accompanying
illustration, the original TDY units needed for low-
frequency (L-band) operation are shown shaded, while
the light units are those needed to convert to the higher
frequency. The modification consists of alteration of the
modulator and transmitter power supply, replacement of
the power oscillator and its associated r-f and antenna
system, installation of a wavemeter, an antenna control
unit to provide a means of controlling the transmitting
antennas, and a waveguide switch to permit automatic
switching of the power output to either transmitting
antenna.

Particular attention is invited to the receiving antenna
shown in the accompanying illustration. If your ship
has 2 Model DBM-1 on board, the TDY-a or TDY-1a
antenna is removed and the Model DBM-1 antenna and
associated equipment replaces it, as explained fully on
p. 18, ELEcTrRON for March 1947. Of course, if there
is no Model DBM-1 on board, the receiving antenna of
the Model TDYa/-1a is not removed, but remains as
indicated in the illustration.

et vrnan
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Pictorial representation of a RADCM system nsing the

TDYa/-la fransmitter. The type of receiving antenna

shown here is vemoved from ships that have a Model
DBM-1 direction-finding equipment aboard.
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Shipboard

Radio-Teletype Panel

B The Bureau of Ships has recently completed design on
a radio teletype transfer panel which is believed to con-
tain all the features necessary and desirable for ship-
board installations. This panel, designated Type TT-
23/SG, has been designed to provide flexibility, simplic-
ity and practicability in the process of removing or trans-
ferring of a teletype machine from one channel to an-
other.

The panel has a capacity of six independent channels.
A meter (0-100 ma) and selector switch enable the
checking of line current in any channel without inter-
rupting the signal on that channel. During normal oper-
ation, when only one machine is being used, no patch-
cords are required. However, if the situation warrants,
two additional teletypewriters may be connected into any
one channel by the use of patchcords,

To those familiar with the Signal Corps patch panel
6C31, this new panel will not present any unusual fea-
tures. In each channel are two looping jacks, a ser jack,

and an independent jack which is tied directly to ter-
minals 5 and 6 on the terminal block inside the panel.
There is also a battery switch and rheostat in each chan-
nel to provide and control line current. The local bat-
tery supply is connected to terminals 7 and 9 of the
terminal block. With no plug inserted in the set jack,
there is a straight scries circuit between the radio adap-
ter, connected to terminals 1 and 2, through the looping
Jacks and then to the teletype machine connected to ter-
minals 3 and 4 of the terminal block,

The action of the springs in the set jacks is such that,
when a plug is inserted, the plug sleeve and tip are
connected to the teletype machine through terminals 3

and 4 respectively, the machine being removed from
terminals 1 and 2.

Procurement of these panels is now being initiated.
No definite delivery date can be established, although it

is believed that a quantity will be available by November
of this year.
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Channel schematic. Note in upper diagram the unbroken

circuit between radio adapter and teletype. A plug, when

inseried in the set jack (lower diagram), isolates the
radio adapter from the teletype machines.

General appearance and dimen-

sions of the new T1-23/5G tele-

type transfer panel.
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ERRORS IN NAVSHIPS 900,926

NavShips 900,926, the final instruction boolf for
Target Acquisition Unit Mark 2 Mod 2, has been found
to contain several errors which should be ebzrted,
These errors appear in Section 1V, which outlines oper-
ational procedure.

In paragraph 6 (Search procedure for designated tar-
get), it is stated under (5), “Turn ELEVATION knob
to set the elevation index at approximately 48 degrees.
This allows search of a sector from the horizon t
17 degrees in elevation”. This information would ap-
ply to TACU Mark 2 Mod 1, but not to TACU Mark 2
Mod 2. The foregoing quote should be clmngcd.to
read: “Turn ELEVATION knob to set the elevation

arch

o about

index at approximately +15 degrees. This allows se :
of a sector from the horizon to about 30 "‘Cglfcs -
elevation.” Under (6) of the same Pﬂmgmph —ad-
vince the elevation index o gpproximntcly 20 degrees
to search—"" should be changed to read: “ﬁ;zdv‘a,ncc
the elevation index to about 40 degrees to search— .

Under paragraph 7 (procedure for sector \scan’ljmfl)
on page 4-2, under (e) "—the TARGET EL]:VAll ION_
dial to eight degrees. (This provides the scanning of
a sector from the horizon to about 17 degrees n ele-
vation).” This should be changed to read: .f—lht
TARGET ELEVATION dial to 15 degrees. (This pro-
vides the scanning of a sector from the horizon to
about 30 degrees in elevation) . Under (g) O_f pids
graph 7, “—the ELEVATION knob to Jl‘l’roxuﬁntdy
23 degrees”. (:hahgc to read “—the ELEVATION
knob to approximately 40 degrees”.

CRYSTAL OVEN’ EXTRACTORS
A previous article appearing in the
CEMB; and RIB, stated that crystal-oven extractors for

models TDZ, RDZ, MAR and RDR equipments are
| that a suffi-

ELECTRON,

being shipped with those equipments anc a
cient quantity would be stocked at a naval activity on
each coast to take care of the equipments that were
shipped before the extractors became available.

This statement is not entirely correct. The cxtl';u‘lr.)rs
were not procured for and are not being shipped \\'flh
models MAR and RDR as they are not npecessary. '].hc
crystal ovens in these cquipments can be extracted with

little difficulty.

Crystal-oven extractors are now being shipped with
models TDZ and RDZ equipments only, and those now
available in stock shall pe issued exclusively to activities
having the model TDZ and RDZ equipments that were

shipped before the extractors became available.

LUBRICATION OF NUTATING DRIVE

The nutating drive assembly “AS”, part of SI’/SP-1M
Field Change No. 43, has been shipped from the con-
tractor’s plant in a non-lubricated or “dry” coniticion.

It is imperative that, prior to the first use of the
antenna, the gears in the nutating drive assembly “AS”
be lubricated with about five pounds of grease, Navy
type 14L3 Grade II. (General store stock No. 14L90-15
for 1 1b., 141120 for 5 Ibs.)

The gears may be greased through inspection hole
“"AA”. The grease level should be up to the center of
nutator shaft when all grease has been scraped from
the sides of the case and the gears, Failure to properly
lubricate these gears will result in the nutator drive
motor burning out from the overload.

DESIGN CHANGE IN MARK-34 RADARS

A minor circuit design change has been introduced
into later production of Radar Indicator (Control)
Mark 2 Mod 0 (a unit of Radar Equipment Mark 34
Mods 2, 3, and 4) to permit a sharper focus on preci-
sion sweep. This change was the result of trouble ex-
perienced in production when certain approved cathode
ray tubes were used in the indicator. It was found that
in many cases a careful selection of tubes was required
to obtain correct operation and adjustment of this unit.

The circuit modification consists of replacing the
Vh-watt, 0.15-megohm resistor R-369 with a LA-watt,
75,000-0hm resistor.  The new resistor shall still be
designated as R-369. The parts and spare parts list,
drawings, and all circuit schematics of the subject equip-
ment should be modified accordingly.

The Bureau of Ordnance does not contemplate a ficld
change to modify indicators which were delivered to the
Navy without this design change. In order to assurc
proper operation of these units when cathode ray tubes
within JAN limits are used, fleet personnel should ex-
amine the Radar Indicator (Control) Mark 2 Mod 0 of
subject equipments to determine if the circuit modifica-
tion described above has been incorporated in the unit.
If the modification has not been made it should be
introduced at once,

Failure veport cards NBS-383 are iow to be subniitted

for failures of all itens and tnbes vegardless of age or
ttatus of guarantee. This divective will be made a part of
Chapter 67 af the Burean of Ships Mannal,

.‘\

Present arms which display
these new specialty marks re-
cently approved by the Secre-
tary of the Navy. According
to a recent BuPers directive,
personnel in the ratings of
Electronic Technician’s Mate
and Aviation Electronic Tech-
nician's Mate are to commence
wearing the new rating badges
as soon as they become avail-

able.

The new specialty mark is
patticularly appropriate for
electronics technicians since
the design, representing nu-
clear particles encircled by
planetary electrons, implies an
association with the entire
broad field of electronics.

Electronic Technician's Mate

Aviation Electronic Technician's Mate
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