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2 CONFIDENTIAL

M Soon to appear in the fleet are the first models of a
new type radar repeater, the VK. This repeater is a
single-package unit designed for compactness, measur-
ing approximately 517 x 18”7 x 23”. These measure-
ments include base shock mounts and a 147 viewing
hood. The unit is equipped with a 127 PPI tube, utiliz-
ing magnetic deflection and focusing. A choice of six
range scales, 4, 10, 20, 40, 80, or 200 miles, is provided
in the equipment. For each range scale a certain length
of gate is provided, to be used for gating various cir-
cuits throughout the equipment. Due to these various
gate lengths, off-centering is available on the above-
listed ranges in the amount of 36, 70, 60, 80, 80, and
80 miles in both the east-west and north-south directions
respectively as shown in table 1. For example, if the
unit is being operated on the 20-mile range the corres-
ponding gate is 80 miles, so it is possible to off-center
so that 40 miles of sweep is spread across the scope. If
desired, this off-centering can be continued until the
40 miles of sweep on the scope actually is the 40-mile
portion between 40 and 80 miles.

TABLE I—Gate length and off-centering characteristics of
the VK Radar Repeater.

Range Scale 4 10 20 40 80 200
Gate Length 40 80 80 120 160 200
Max. Off-Centering 36 70 60 80 80 80
Radii Off-Centered 9 7 3 2 1 04
Range on Scope 8 20 40 80 160 200
Range-Marker Spacing 1 2.5 5 10 20 50

Each range scale selected makes available four range
markers and a movable range ring, the range markers
being equally spaced across the scale. For example, on
the 4-mile sweep the markers will be at 1-mile intervals,
on the 20-mile sweep at 5-mile intervals, etc. The posi-
tion of the range ring is transmitted as target informa-
tion by a 5G synchro up to a range of 72,000 yards. A
mechanical bearing cursor is provided with its position
on the scope also transmitted by a 5G synchro as bearing
information to be used by external sources. An elec-
tronic cursor can be selected in place of the normal
sweep and it will always have its origin at zero range
and will always parallel the mechanical cursor.

The equipment is designed to permit maximum effi-
cient use of off-centering principles and to furnish mag-
nification without distortion. When a portion of the
sweep is spread across the PPI, say from 20 to 40 miles,
no distortion is present due to the expansion of the base
as in a B-type scope, or contraction of the base as in a
delayed-PPI presentation. The electronic cursor always
starts from the position of the ship, so bearings of tar-

gets from ship’s position can be determined during off-
center operation. The range ring can also be positioned
to the true range of a target even though the sweep is
off-centered. Automatic off-centering from airborne early
warning equipment is included so that the position of
the ship can be kept at the center of the scope while the
plane carrying the radar moves its position. Automatic
operation from dead reckoning analyzer equipment off-
sets the effects of own ship’s motion so that targets
move relative to the center of the scope face at only
their own motion.

Figure 1 is a functional block diagram of the VK
showing the major electrical circuits. The equipment
consists of nine component circuits, trigger-amplifier and
gating circuit, sweep generator, N-S and E-W sweep and
off-center d-c voltage amplifier circuits, range-markers
generator, range-ring generator, video amplifier, inten-
sity compensation and blanking circuit, servo amplifier,
and power supply. In addition to these circuits, the
unit contains range and bearing transmitting compo-
nents and circuit indicating systems. “

The radar which is connected to the repeater, either
through a switchboard or adapter unit, must furnish
three input voltages, a trigger voltage, a video voltage,
and a 1-speed synchro antenna reference voltage. All
inputs and outputs of the VK are shown in figure 2.
The incoming trigger from the selected radar is the
initiating pulse for all sweep and gating circuits in the
VK. This pulse triggers off the gating multivibrator
which furnishes five outputs to various circuits including
the sweep generator, range-markers generator, range._-
ring generator, N-S and E-W sweep circuit clamps, and
the intensifier and intensity compensation circuit.

The sweep generator produces the range-sweep com-
ponent for eventual application to the deflection coils of
the PPI tube. This sweep is amplitude modulated by a
voltage developed between the rotor and stator windings
of a 2-phase resolver, the rotor being positioned by the
movements of the radar antenna. The outputs are taken
off the two stator windings of this resolver, one for the
E-W sweep component and the other for the N-§ sweep
component.  Each of these voltages is then amplified,
clamped to a reference point, mixed with a d-c off-
centering voltage, amplified in a push-pull amplificr
and applied to the sweep coil of the PPI assembly.

The range-markers generator circuit produces fixed
range marks to be applied to the PPI scope for estimat-
ing range of targets. This circuit receives its initiating
impulse from the gating circuit and its output is deli-
vered to the video amplifier strip for cventual applica-
tion to the CR tube.

The range-ring generator produces a variable-position
range mark which is used for accurate measurement of
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range to targets which appear on the scope face. The
output of this stage is also delivered to the video ampli-
fier strip. The video amplifier is a conventional broad-
bandwidth amplifier and in addition acts as a mixer for
the range markers, range ring, and video voltages, as
mentioned above.

The intensifier (CR tube unblanking) and intensity-
compensation circuit is used to blank the scope during
the return-trace period and to provide even intensity of
the sweep at all times, regardless of the length of sweep
being used or the repetition rate of the incoming radar
trigger. 'This circuit is controlled by a gate from the
gating circuit.

Bearing indication is afforded by an azimuth scale
around the periphery of the PPI scope tube face. A
mechanical cursor is attached to the unit for indicating
bearing and for transmitting target bearing information
to external locations through a 5G synchro. In addition
to the mechanical cursor, an electronic cursor js avail-
able, if desired, which,‘while in use, also transmits bear-
ing information frpm the unit through the 5G synchro.

The above paragraphs have been devoted to a general
description of the overall operation of the equipment.
The following is a more detailed description of the
operation of the individual circuits throughout the unit.

M-S OF-centering Handwheel ond Disl

Renge Burter and Light

Of-centering Range
Selector Switch

Range Mork Hondwheel and Dial

MNomal Off-centering Selector Switch

Range Ring
|~ Dial Dimmer

[ Intensity

\—Lurnm ond Fures

™—— Power On.OF

[\ Betle Shor

Radar Selector Switch

N— Off-centering Switch (DRA-Mancal. AEW).

Plotrer Dimmer

N— D-C Restorer

TRIGGER-AMPLIFIER AND GATING CIRCUIT

The input trigger from the selected radar is coupled
to the trigger-amplifier gating circuit. This circuit is
nothing more than a conventional amplifier driving a
one-kick multivibrator gating circuit. The several posi-
tive and negative square-wave outputs from this multi-
vibrator (shown in figure 3) are used to gate the sweep
generator, the range-markers generator, the range-ring
generator, the clamps in the N-S and E-W sweep cir-
cuits, and the intensifier (CR tube unblanking) and
intensity-compensation circuit. ~ An arrangement of
switching is provided to vary the amount of capacity in
the charging circuit in order to obtain the different gate
lengths required with changes in range scale and
changes between the centered PPI and the off-center
PPI type of presentation.

SWEEP GENERATOR CIRCUITS

The sweep generator is a bootstrap type of circuit with
switching provided to obtain different values of charg-
ing voltages for the different sweep lengths for each of
the six ranges. One of the positive outputs from the
gating circuit is used to turn on the sweep generator
whose output, a positive voltage sweep, is coupled to a
degenerative amplifier. The output of this stage is
coupled to either the rotor of the PPI 2-phase resolver
or the rotor of the electronic cursor 2-phase resolver.
The resolver to be used is selected by S-209A in figure
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4 CONFIDENTIAL

1. The rotor of the PPI 2-phase resolver rotatcs in
synchronism with the radar antenna, producing a voltage
waveform at the secondaries similar to that shown in
figure 4. The frequency of modulation is the rotation
frequency of the antenna. Except for this amplitude
modulation, the output sweep wave-shape is identical
to that of the sweep input from the degenerative am-

Siage-by-stage servicing block diagram of the VK Radar
Repeater. Heavy lines indicate main circuits, light lines
indicate auxiliary circuits or controls.
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As a result of the positioning of the resolver rotor in
relation to the stator windings, the modulation envelope
of the sweep which feeds the N-§ sweep amplifier lags
by 90° the modulation envelope of the sweep which
feeds the E-W sweep amplifier. In both the N-S and
E-W circuits, each sweep voltage is amplified, clamped
to ground for a reference voltage, mixed with the d-c
off-centering signal, and fed through directly-coupled

push-pull amplifiers to the deflection coils. The d-c off-
centering voltage is taken from the variable tap of a
precision potentiometer. This tap is positioned manu-
ally by a control knob, or automatically by a 1F synchro
motor. This synchro is driven by a signal from either
the AEW or DRA systems. Separate dials coupled to
the N-S and E-W potentiometers are calibrated to indi-
cate in miles the amount the center is displaced. 1t is
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pointed out that in the VK, the deflection yoke is of the tor sweep voltage quickly saturates the next stage, a re-
fixed type which permits a greater rpm of the sweep  generative amplifier, which acts as a limiter due to

than if a mechanical rotation system were used. saturation. The output of the regenerative amplifier
% triggers a blocking oscillator. The output of the block-
The rz}nge-markers generator lltl-llZES a gated Hartley- ing oscillator is a sharply defined pip which is added to
S type oscillator 12 Eﬂf‘?d Cha“{%‘f-”_m rangs scales. .The the first video amplifier and mixed with the incoming
% frequency of oscillation of this circuit is made variable widon.
1 - -1 o in steps by the use of separate oscillator tank circuits
) by T whose components determine the actual frequency. The The video amplifier receives positive input video sig-
. ] E circuit is so arranged that the oscillator and its associated ~ nals from 1 to 2.5 volts in amplitude and is capable
=z ~ X . : . . . 3 v 2 s
55‘55 2% g gk T _:‘ circuits will produce sufficient oscillations that range of amplifying them to a value in excess of 35 volts.
EE%S Egg g§: EE§ ;;EE 2 markers will appear at equally spaced intervals for the The frequency response of the amplifier is relatively flat
gr32 Eg% T ;H§ Sz283 § duration of the gated period. That is, if the 20-mile from_110 cycles to well over 6_Mc. In Ilfidltlon to its
ng gLs 352 23 ! @ Ty Q range scale were in use and off-centering were employed, function as a broad-band amplifier, the video amplifier
za wo Sz i : . ‘ . - 1
G % 0, . éj!n’g ) 2 g§§§§-g § range markers would appear at S-mile intervals for the Zl'lbO acts as a mixer ‘ot the range marl\er‘s, the range
- f e {532 3 §§EE;¥ : full 80 miles. Thus with selected range scales of 4, 10, ring, and the video signal voltages. A gain control is
= L EE e Y 2 “g“ﬁé g g 20, 40, 80, or 200 miles, range markers will represent made available for regulating the amplitude of Flle
§ §§ ' § . 3 “ 1-, 2.5-, 5-, 10-, 20- or 50-mile intervals respectively. video signal input. When the electronic cursor is se-
5&5 f '-g:l: S - 5 o, ?‘f The output from the oscillator, in the shape of damped lected by the operator, a switch (5-209F) automatically
i - a - wl W il =388 Sg » . . . . . A o : s = %
EEE I§§ =z -'_‘?_"Ih 2 oscillations, is coupled to a regenerative amplifier which ~ blanks the video signal to prevent confusing displays on
g = 33 ‘Ceej .953 5 produces signals with severe leading edges. The signals  the scope.
T TS AT is . = 3 led to a blocking oscillator. When . =
= c oF So /_X L 3 ﬁr? tramf.ormer C.OUP i 8 The amplifier utilizes two 6AC7's and one 6AG7 to
g & 3 2 535)1 S this blocking oscillator is triggered by one of the pulses accomplish the various functions required of it. The
z 2 I . H 5
i e tre mer, a sharp pip is produced in the :
{ g g _; ) © =y f{'om' e lt_mlns-forf g ,t | P PP 5 £ i d first stage, a GAC7, is operated as a cathode follower to
2 = s O = -h is scre e se . - ; :
i §EE EE% Bed : e B cn-rcmt, B -l . ‘;?u;cn gtid o 1 N co.n[ match the incoming video (through coaxial cable) to
g| £ EE.E-E E,;Egg ;~’5§§§§:2§§ 2 T 1 = video: dnplifier. In: this amplifer they ﬂ]rcdmAEd wll:l the rest of the system. The output from this cathode
gl B8 "e.g =B 55~ "2E3E = > i ignals and appli athode ray tube. . .
ol - §§ #3080 e 2 2 8 5 the video signals and applied to the cathode ray tu follower is coupled to the control grid of the second
é‘g B z( EE 3 T ) | | ‘ stage which is actually the first video amplifier. Coupled
a 3 > " i = 3 SWEee o - " =
- 2= i 2 52 3}- g fange-ring EROsiEten SUpIJR Ey L TOUSERS 40 to the screen grid of this stage is the range-ring voltage.
g 3% = 1 EE: z % SetiisER g, cepees b sy, i <UL gl o Thus, this stage acts as a mixer for the video and range-
ol = o SO roae =S = < ;e —+50 “tus 7 ¥ i i <
' 2 - r __@ 53 = tile first 18,000'}‘1rd5 to =5% of the actual rmg? on ring voltages, with the resultant output fed to the
ggs 3 - » gﬁ-_. G i ] iue -t gi R the 0 to 200-mile scale. The three sweeps are from 6AG7 which is the second video amplifier. The range
= 2 - - = z3 uz ] 1o t 74 : {1 2 i - 3 ;
28 35§§ S ] ; 2 5355 ng :g | Ea | =R E zu‘o to 18,000 yards, .1()(),000 yards, and 200 miles The1 marker voltages are coupled to the screen grid of this
ey 3 1t on o =y - = -3 = a H 4 2 - a 8 - 5 .
t4e 35 §§§§ L @ i é : I 223 g B ils u;ui;utomat:c;lly S\’\;lt;h(’.s f[[om the first to tlxclsF*Lclon(t stage and consequently mixed with the range-ring and
A Eégg SES g g i £1° - " 00N JHGs e, LIOH Lie sec_ond to the thied a signal voltages from the preceding stage. Since the
sg ] g 822 S 100,000 yards. When the scale shifts from the second signal voltages (range ring, video, and range marker)
E?é EF o= % o the thind sweep. The countor foes hack o 0 2ad are ncgative the bias required on the stage is low and
<9z i P 52 = . s F— i . e T it ) a d s - . < . .‘
ng? > . gggg ) r —C) S@ s.Fart.s md:(.‘lt[llng 1;11105. T'he range-ring marker unit COI: the cathode biasing resistor is small. The final mixed
< © - EX0 w 7 a SwW T crator e r e H .. . . s =
ey %‘E @_ §§§ 7] - :: .;J.st.s c:;c11t1at.) o ‘fts\ftecp gCn(.[‘llO.l.,}\OPFLfr.lt.C‘d l')) a lg:ilc output, positive in polarity, is fed to the control grid
g 8 . 2 ron e “ircuit, a range pick- and a - .
£ fozz §_§;—: ?é% x om the gating circu ge pick-oft circutt, an of the cathode ray tube.
M; 02 ks o g;: =5 = marker generator. The sweep generator pr(}duces a
ggg —O Eg% | “‘g sweep which starts simultaneously with the initiation of When the electronic cursor is employed it becomes
A i 5 g-q - -',_9._ the main PPI sweep since it is triggered by a voltage necessary to blank the video, since the video signal,
! ggs EO I___@%’ég & which is identical in time phase with that which trig- without bearing, has no significance and only muddles
25 0 e ] ‘ = gers the main sweep circuits. This sweep is applied to  the scope pattern. When the bearing cursor knob is
w 52 uE | e - the plate of a pick-off diode which has as its cathode lifted, a negative bias of nearly 8 volts is applied to the
= = w . % 5 0 i . .
s P ?3: g: - E§ ‘: o resistor the ranging potentiometer. This ranging po- arid of the 6AC7 which acts as the cathode follower
o > O £ 0 il ; o P . - . - . . -
£] 8 §;~:§§§ EE 8 g%g: g o tentiometer is mechanically coupled to a Veeder counter, input stage of the video amplifier. This negative bias
gg H :;%gg; "—"5 E o and as the value of cathode voltage is varied the me- on the grid is, for all practical purposes, sufficient to
*x -] g J o E " " . " = 3 . L
3 E I I Eéﬁﬁ o4 5%5* chanical coupling to the Veeder counter will change the ¢yt the tube off since the grid is normally only positive
g= v woITEe 25 yREES

range-dial reading correspondingly. When the sweep by about 4 volts.

voltage is applied to the plate, and its value reaches

As and starts to exceed that on the cathode, the diode will It is necessary to blank the scope at all times except
conduct. At this point a sweep will be formed across during the sweep period to prevent undesirable displays
the cathode resistor identical to that on the plate from on the scope during the sweep retrace. One half of a

the point of conduction. The rise of this cathode-resis- GSN7W (V108B) is used as the blanking tube as

L TYILNIAIINOD
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J-SPEED ANTENNA REFERENGE | BEARING TR

8 BUZZER

RELATIVE BEARING WARNING LIGHT,
FROM RADAR DIST RADAR ,TOR ATIN
SWITCHBOARD REMOTE RADAR SELECTOR SWITCH VK
STANDARD TRIGGER REPEATER
STANDARD  VIDEO
5 V AC 700 WATTS
N-S5 OFF-CENTERING
E=-W OFF-CENTERING-

RANGE _RING

FROM SHIPS SUPPLY
FROM AEW OR W{

shown in figure 5. Normally V108B is conducting
heavily since its grid is tied to a positive voltage source.
The cathodes of the cathode ray tube and V108B have
a common cathode resistor which places about 90 volts
at each cathode. This condition exists at all times ex-
cept when a gate is applied to the control grid of V208B.
When the negative gate from the gating circuit (sce
figure 2) is applied to the grid of V208C this stage is
cut off. This results in a decreased current flow through
the common cathode resistor thus making the cathode
of the CR tube swing in a negative direction, and allow-
ing the tube to conduct. The control-grid potential of
the cathode ray tube can be varied from —43 to —180
volts by the variable intensity control. During the
blanking period (period between gates) the average
bias voltage from grid to cathode of the cathode ray
tube will be near —200 volts. Since the maximum signal
from the video amplifier output will never be more than
40 volts, these signals will not be of sufficient amplitude
to make the cathode ray tube conduct during the blank-
ing period because about —150 volts will keep the tube
at cutoff. Thus the retrace can be blanked regardless
of the signal voltage at the grid of the cathode ray tube.
As stated above, during the trace period V208B is cut
off by the negative gate and a large R-C time constant
is provided in conjunction with this stage to prevent the
grid of the tube from rising to a conduction point during
this period.

The brilliancy, or intensity, of every point along the
entire trace is determined by the number of electrons
striking the fluorescent coating of the cathode ray tube

FIGURE 3—T7igger-amplifier gal-

RANGE_TRANSMISSION B BUZZER

FROM CATHODE OF V2198

10 FIRE
CONTROL SYSTEM

FIGURE 2—Input and output re-
quirements of the VK Radar
Repeater.

7O VL REPEATER

at that point. Therefore, the intensity of trace at any
given point depends primarily upon three factors: 1—
the speed at which the electron beam passes the point,
2—the number of times the beam sweeps across the spot
before the relatively slow rotary movement of the trace
moves the beam beyond this area, and 3—the rate gt
which the electrons in the beam are propagated; j.e.,
the number of electrons striking a point on the screen
in a given instant.

The speed at which the beam passes a point varies
inversely with the length of sweep being used. The
repetition rate of the selected radar equipment largely
determines the number of sweeps across the point before
the rotary motion of the sweep carries the beam beyond
this point. The rate of electron flow or propagation in
the cathode ray tube is controlled primarily by the grid-
to-cathode bias potential. Under normal conditions the
plate current is constant, and may be varied only by
changing the sctting of the intensity control, Thys it
is apparent that the trace would be less brilliant at the
shorter ranges or low repetition rates and brighter at
longer ranges or higher repetition rates, if the grid-to-
cathode bias potential remained fixed.

Since it is not practicable to increase or decrease the
trace intensity manually in accordance with unpredict-
able variables, the VK is provided with an automatic
intensity-compensation circuit. In figure 5 the incom.
ing negative gate from the gating circuit is applied to
the first stage V208B whose cathode circuit functions
as the unblanker for the CR tube, However, in the

TRIGGER IN

TRIGGER AMPLIFIER

FROM CATHODE OF v224p

ing block showing five onipuls
used as initiating woltages for
various components of the equip-
ment. All gates are identical in
width and start at the same time.

&

TR |
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FIGURE 4—T'he output of the 2-phase resolver used in the VK. This diagram shows how the output across the stator
windings and the position of the PPI trace vary as the rotor winding is revolved. As the dotted envelope lines show,
the amplitude of the N-S and E-W stator winding outputs vary sinusoidally. For purposes of illustration, 16 sweep
cycles are shown for one rotation of the resolver rotor. Actually there are (even at the faster rotor speeds) over 1000
sweep cycles for each rotation of the antenna, rotor, or PPI trace. This gives a visually smooth rotation of the trace.
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FIGURE 5—TIntensifier (CR-inbe unblanking) and intensity-compensation circuit schematic diagram with pertinent
waveforms illustrated.
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WARNING SIGNAL

3 T How-up system. All phase angles (¢) are in reference to
6—Simpli 211 iagram of the antenna fo :
;E/:SUIR 1E5 v czsj‘mrp'ij{r/fi)iff;j’f}:::;:ﬁ;({’i;i T/JZ rotor of the antenna-bearing synchro generator and one phase of the
- ] r[e!t‘fi]g;iiﬁf.()r' ﬁc:ld are energized from this sonrce and therefore bave a phase angle of zero (¢ = 0).

plate circuit of V208B is a differentiating circuit Whl_':h‘
develops a positive and negative pulse. The positive
pulse, when impressed on the grid of V209B, causels
that tube to conduct for the duration of the pulse. This
quickly discharges capacitor C211B, which then chargc.s
slowly after V209B returns to cutoff (end of thef pO‘S_l-
tive pulse). The average d-c voltage v:aluc ?_ this
capacitor depends on the repetition rate,.mcreaamgdm
value as the repetition rate increases. This average d-C
us or minus reference . d-c
¢ switch posi-
or the change

voltage value adds to a pl
voltage whose value depends on the rang
tion and which alone would compensate f
nge sweeps. The result-

in intensity due to change in ra
i £ d to the cathode

ant d-c voltage is amplified and applie : :
of the CR tube, thereby adjusting the grld-.to-c‘itho:ic
voltage differential to maintain even intensity on the
screen of the tube.

Thus it is secen that we have a circuit which auto-
matically varies the bias on the cathode ray tu'l.ac.‘ accord-
ing to changes in range scales and/or. I‘CPC‘HUOH ra:e:
By automatically decreasing the ncg_atlve bias on the
CR tube the intensity is compensated for short ranges or
low repetition rates. Conversely, increasing the bias on
the CR tube automatically compensates for longer ranges
or higher repetition rates.

The synchro amplifier system in the VK is composed
of an external synchro generator coupled to the t.not‘or-
driven antenna or to some device or system indicating
antenna position, a synchro control transformer me-
chanically coupled to the two-phase resolver, a small
two-phase slewing motor which drives the sweep re-
solver and synchro control transformer, and a sm“vo
amplifier which controls the rotation of the slewing

motor. As the antenna rotates, the rotation is trans-
mitted through the servo system to the rotor of the 2-
phase resolver which positions itself accordingly. Rota-
tion of this 2-phase resolver rotor and the application of
sweep voltages to a rotor windipg from the sweep
generator result in the modulated sweep voltages which
appear at cach of the stator windings of this resolver.

A transparent plate, engraved with a cursor mark, is
positioned over the face of the CR tube. This is the
mechanical cursor and is rotated by the bearing-cursor
handwheel which makes feasible the reading of bearing
directly on the azimuth scale affixed to the pe'riphery of
the PPL. By lifting the bearing-cursor knob, several
effects are noted. First an electrical cursor line appears
on the scope and parallels the movements of the en-
graved pointer, the video presentation is cut off the
tube by biasing the video amplifier beyond cutoff, and
the bearing servo system is disconnected. Instead of
utilizing a servo system to cause the rotor of the resolver
to follow the rotations of the mechanical cursor, both
are geared mechanically to the cursor handwheel. There-
fore movements of the mechanical cursor cause similar
movements of the cursor resolver. With the exception
of the method of positioning the rotors, the action of
the cursor resolver in the sweep circuit is the same as
that of the PPI sweep resolver. Off-centering, range
changing, and other functions are performed identically.

The power supply for the VK consists of four rectifier
circuits, a high-voltage oscillator, two voltage-regulating
circuits, and miscellancous a-c power distributing systems
such as tube-filament circuits, indicator-light circuits,
relay circuits, ete. The various voltages delivered by the
power supply unit are shown in figure 1.

OKA TROUBLE

Various difficulties were encountered with the OKA
range resolving equipment aboard a DE.

The DDE standby relay K-312 was not pulling in
sufficiently to actuate the range-resolving relay K-311.
K-312 was replaced from the spares. It is suspected
that there are shorted turns in the relay that was re-

placed, as the trouble cleared up when the replacement
was made,

The Rq rheostat R-302 was opening in certain spots,
and was replaced from spares. The replacement had
about 16 hours’ service when it developed the same
“trouble. Investigation showed that one side of the con-

" tact arm had become un-anchored. Another spare was

not immediately available, so the Helipot was repaired
by soldering a piece of pressed powdered bronze con-
tact metal to the original spring contact. The material
was dressed down and no further trouble was experi-
enced. It was necessary to repair the Helipot in this
manner because attempts to re-anchor the contact proved
unsuccessful. These failures appear to be due to errors
in manufacturing.

Difficulty was experienced with the Rq-Rhq calibra-
tion drifting. The unit was pulled for re-zeroing and
to check R-302. It was found that the friction clutch
that drives R-302 was slipping. The clutch was tight-
ened and slippage was no longer apparent. After two
days of service, however, the slippage reappeared.
Further investigation showed the clutch could not be
tightened further and that the fibre washers had glazed.
These washers were replaced with' rubber ones and no
further difficulties were experienced.

During the process of calibrating the OKA, it was
noted that the Rq-Rhq dial assembly was loose. The
unit was pulled from the chassis and it was found that
the dial set screw and the set screw securing the gear
to the dial assembly were loose. In future assemblies
the shafts should be drilled so as to insure positive lock-
ing action of the set screws.

To obtain proper resolution it was found that the
Rq-Rhq, the Eq, and the Eqr units had to be re-zeroed.

It is suspected that these units were out of adjustment
due to mechanical slippage.

During operation at sea, it was observed that the
heat developed in the resolver and slant-range recorder
was such that the ambient temperature was excessive
(about 150° F). Therefore some form of forced-draft
ventilation should be installed.

—E.F.S.G.

IMPROPER PRESENTATION
ON TACU

In the initial adjustments of the TACU Mark 2 Mod
2, some difficulty may be experienced in obtaining a
satisfactory presentation because of excessive phase shift
between the antenna movement (nodding) and the ver-
tical displacement of the indicator sweep. The result
of such excessive phase shift is that the presentation
from a given target may appear at a different elevation
on the indicator on the downward displacement of the
sweep from that occupied on the wpward displacement.
In an extreme case the presentation may appear as two
echoes at identical ranges but at two different elevations.

The TACU is equipped with fixed phase-shift cor-
rection networks located in the output of the nodding
amplifiers. The time constants of the networks have
been established by precision components at the design
center of 0.9 cps at high nod, and 1.8 cps at low nod.
In the event of phase-shift trouble being encountered,
it is suggested that the following be determined before
looking for trouble(s) in the TACU: 1—that the an-
tenna is actually nodding =15 degrees in HIGH nod
and =5 degrees in LOW nod, as determined by a pro-
tractor mounted on the antenna. If such is not the case,
first adjust HIGH nod by the PRESET NoD control, then
adjust Low nod with the 5 degree nod control, R-116
and, 2—that the nodding frequency is 1.8 c¢ps at Low
nod, and 0.9 cps at HIGH nod, =10%. A stopwatch is
necessary for this test. The cycling frequency should
be within 97 to 119 cycles per minute on low nod and
49 to 59 cycles per minute on high nod.

After the nod angle has been established as in (1)
above, the nodding frequency is determined by the
functions of the hydraulic drive on the antenna mount
Mark 25 Mod 0. Assuming that the oil pressure is
correct, no field adjustment is provided for changing
the cycling rate other than changing the angle of nod.
Such deviation from the adjustment in (1) above should
not exceed 10 percent for satisfactory operation of the
unit.

—Western Electric.
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[ TUBI ‘TOPICS
%

Preferred List of

Army-Navy Electron
Tubes—28 January 1947

Receiving Types:

This Preferred List supersedes the Army-Navy list of
classified and unclassified Electron Tubes dated 1 Novem-

ber 1945.

To those concerned with the design and manufacture
of Army or Navy equipment utilizing Electron Tubes:

1. The following Army-Navy Preferred List

of Elec-

tron Tubes sets up a group of preferred tubes selected
jointly by the Army and the Navy. The purpose of this
list is to effect an eventual reduction in the variety of

tubes used in Service equipment.

2. It is mandatory that all tubes to be used in all
future design of new equipments under the jurisdiction
of the Army laboratories or the Navy department be
chosen from this list. Exceptions to this rule are here-

inafter noted.

3. The term "new equipment”
graph 2 above, is taken to include:

, as mentioned in para-

a. Equipments basically new in electrical design, with

no similar prototypes.

Fi!ament| | Diode- ! Twin | Pentodes Power Tuning Miscellaneous
Voitage | Diodes | Triodes | Triodes Triodes | Converters | Klystrons Output Indicators | Rectifiers
\ ! | Remote | Sharp Cathode Ray | Crystals
14 | 1A3 i | 3as 174 185 1R5 3A4 | 122 2AP1A IN2IB
| | 14 384 | 1B3GT/8016) 3DP1A 1N23B
| \ 3v4 | 3JP1 1N25
—— — | 3IP7 TN26
5.0 \ ‘ 5U4G 31P12 N3
| | ‘ 5Y3GT 5CP1A 1N32
TR { - 5CP7A
6.3 2B22 BAT6E 2C40 | 2C51 6BA6 BAC7W | 6BEB 2K22 6AKB BE5S 0Z4A 5CP12 Phototubes
| BALS | 6BF6 6C4 | 6AS7G 6BD6 BAG5 B6SAT* 2K26 B6AQ5 6X4 5FP7A
| 6SQ7* 6F4 | 616 6SG7* BAG7 6SB7Y 2K29 6B4G 6X5GT 5FP14 1P30
I | BSR7* | 6)4 6N7GT | 6SK7* BAHB 2K41 6L6GA 1005 5JP1 1P37
\ | 6N4 BSL7W BAK5 2K45 6VBGT 1013 7BP7A 1P39
| | BSNTW BANS 2K48 6Y6G 12DP7A 1P40
[ [ | 12a07 BAS6 2K50 927
| | | BAUB 2K54 Voltage
| | B6SH7* 2K55 Regulators
1 ‘ | | 6817° 6BL6 | L
— | e e | 0A2
25 or ‘ [ 25L6GT | 25z66T | OB2
over ] \ ‘ 0A3/VRTS
| |— | | - ) —— | 0C3/VR105
Only types for | [ [ ; ‘ ‘ 0D3/VR150
28 volts anode | 26C6 [ [ 26A6 26D6 ‘ 26ATGT | |
supply operation | ‘ i ‘
Transmitting Types:
Twin | | Pulse ! Rectifiers Gas Switching
Triodes | Tetrodes | Tetrodes | Pentrodes | Moduiation Magnetrons | —————— Clipper |-— —————
A ‘ \ | vacuum | Gas | | Gas |Grid consroq Tubes ATR TR
2039 25(1TH | 4021 | BDZI 2E30 3D21A 2J30-34 4151 2X2A 3B28 2D21 3B26 1B35 1B23
2C43 450TH | 5D22 829B | 1 3C45 2141 4157-59 | 3924W 4325 F C58 4B31 1B36 1B24
EC22 B11 807 | 832A 3E29 2J4a8 4178 | 6D4 7T19A 1B37 1B26
B8C24 880 1 4C35 2J51 5126 | 836 | 1 B 393A 1B44 1B27
7C24 889RA | 5C22 2J58 5]29 | 1616 | £578 | 394A 1B561 1B32
9Cc21 893A | ‘ 6C21 2160 5132 8020 | 8698 | 884 1B52 1B50
9c22 893AR | | 715C 2J61A-62A  5J33 | 872A ‘ 1B53 1B55
100TH : \ | 3121 6121 \ | 1006 \ 1B56 1B58
| | | 4150 HK7-T | \ I 1B&7 1B62
\ , ‘ (Series) | : ‘ 1B63A
- Whure direct |merCI‘angeah|Isly with prototype listed above is assured and its JAN-1A Specification has been issued, a counterpart of the prototype indicated by suffix ]oﬂer(s)
3T, Y. W, A, B etc. may be used.
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NUMERICAL LISTING

0A2 2K55
0A3/VR75 2X2A
0B2 3A4
0C3/VR105 3A5
0D3/VR150 3B24W
0Z4A 3B26
1A3 3B28
1B3GT/8016 3C45
1B23 3D21A
1B24 3DP1A
1B26 3E29
1B27 3J21
1B32 3JP1
1B35 3]P7
1B36 3JP12
1B37 354
1B44 3V4
1Bs50 4B26
1B51 4B31
1B52 4C35
1B53 4D21
1B55 4]50
1B56 4]51
1B57 4J57-59
1B58 4]J78
1BG2 CsB
1B63A 5C22
IN21B SCP1A
1N23B SCP7A
1N25 5CP12
1N26 sD22
1N31 5FP7A
1N32 sFP14
1P30 5]J26
1P37 5]29
1P39 5J32
1P40 5J33
1R5 5JP1
155 SRAGY
1T4 sU4G
1U4 SY3GT
17.2 GACTW
2AP1A G6AGS
2B22 6AG7
2C39 6AHG6
2C40 GAKS
2C43 6AKG
2Cs51 6ALS
2D21 6ANS
2E30 6AQ5
2730-34 6AS6
2J41 6AS7G
2748 GATG
2]51 GAUG
2]58 6B4G
2760 6BAG
2161A-62A 6BD6
2K22 GBEG
2K26 G6BFG6
2K29 6BL6
2K41 GC
2K45 6C4
2K48 6C21
2K50 6C22
2K54 6C24

6D4
GE5
GF4
6J4

6J6
6J21
6L6GA
6N4
6N7GT
6SA7
GSB7Y
65G7
6SH7
6S]7
6SK7
GSL7TW
GSN7W
65Q7
6SR7
6V6GT
6X4
6X5GT
6Y6G
HK7-T (Series)
7BP7A
7C24
sD21
9C21
9C22
12AU7
12DP7A
16B
25L6GT
25Z6GT
26A6
26A7GT
26C6
26D6
100TH
250TH
393A
394A
450TH
715C
719A
807

811
829B
832A
836
857B
8G9B
872A
880

884
889RA
893A
893AR
027
1005
1006
1013
1616
8020

b. Equipments having a similar prototype but com-
pletely redesigned as to electrical characteristics.

¢. New test equipment for operational field use.

4. The term “new equipments”, as mentioned in
paragraph 2 above, does s70¢ include:

@. Equipments either basically new or redesigned,
that are likely to be manufactured in very small
quantity, such as laboratory measuring instruments.

b. Equipments that are solely mechanical redesigns
of existing prototypes.

c. Equipments that are reorders without change of
existing models.

d. Equipments in the design stage before the effective
date of adoption of this Preferred List,

NOTE: The foregoing statements in paragraphs 3 and 4 above
are explanatory in nature and are not intended to be
all-inclusive.

5. In the event that is is believed that a tube other
than one of those included in this Preferred List should
be used in the design of new equipments for either the
Army or the Navy, specific approval of the Service con-
cerned must be obtained. Such approval, when Army
equipment is concerned, is to be requested from the Army
Laboratory concerned with such equipment; the said
Laboratory will then make known its recommendation in
the matter to the Army-Navy Electronic and Electrical
Standards Agency where the final decision will be made
and returned to the Laboratory for transmittal to the
party requesting the exception. When Navy equipment
is concerned, the request for exception shall be ad-
dressed to the Electronics Division, Bureau of Ships,
Code 930A, Navy Department.

6. The publication of this list is in no way intended
to hamper or restrict development work in the field of
clectron tubes and electron tube applications.

7. This list is to take effect immediately.

Joint Armiy-Navy Electron Tube Commitiee,
Secretariat—TFort Monmouth, N. [.

Althongh not a part of the A-N Preferred List, this list of recommended subminiature tubes has been prepared for the guidance of
equipment designers by the Joint Army-Navy Electron Tube Committee,

Triodes

"CK-568AX
CK-556AX

 CK-B19CX
CK-508CX
SN-957A

SN-944

Remote

SD-828E

Pentodes | Diode
= 2 Pentode
Sharp |
| 1ws |
CK-569AX 106

Autio | | j

Pentodes | | Voltage

Video and Converters |  Rectifiers |  Thyratrans Regulators
Power | |

CK-512AX | SN-948

VX-21

1V5 . 1c8 | SN-956A

sNega7 | sN.gsaq

SD-828A | | CK-B0BBX SN-949

SN-953A
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B In the past the failure report form NBS-383 has been
the topic of many articles in our Navy publications,
They have covered the form pretty thoroughly, but
mostly concerning its use in the fleet. The conditions
under which Navy electronic equipment is handled and
maintained at shore activities are also very complex, and
require a system such as that associated with the NBS-
383 form. It is high time that we bring the shore per-
sonnel up to date on this important system, so we will
go over the NBS-383 again,—not to explain the form
itself but to describe the associated system and point
out the factors which make its use important for all
personnel assigned to the maintenance of Navy elec-
tronic equipment, whether afloat or ashore.

The primaty purpose of any reporting system of this
type is to provide the cognizant organization with data
whereby necessary procurement of sparc parts may be
initiated, design defects located, and a basis for im-
provement formed. In the case at hand the Bureau of
Ships is the cognizant organization and the subject of
the reporting system is all the electronic equipment for
which the Bureau is responsible. This responsibility in-
cludes material cognizance of all radio, radar, sonar and
special devices used by the Navy with the exception of
that solely applying to acronautics or ordnance. That is

a large order and the Bureau needs help from the field
activities if this equipment is to be kept in good operat-
Ing condition. Incidentally, when we say “field activi-
ties” we mean all those activities that use BuShips
¢quipment, and by “help” we mecan strict use of the
NBS-383 form. In addition to the equipment at coastal
and ship installations, there is a lot of equipment located
at Naval or Marine air stations, Coast Guard facilities,
Civil Aeronautics installations, schools, and laboratories,
which is operated and maintained by the station pet-
sonnel. These equipments will be neglected unless all
technicians, regardless of Bureau or agency affiliation,
give their full cooperation to the Bureau of Ships by
submitting the NBS-383 failure report form.

The use of this form is very important at this time
because a lot of the equipments operating on shore to-
day are either “special” and unlike anything found on
board ship, or are war-time “stop-gap”  equipments.
Among the special equipments are the AN/MPN-1A
(GCA) and AN/GPN-2. Stop-gap equipments range
in size from the Army SCR-522 radio to the Army
AN/CPS-1 (MEW) radar. These equipments are still
serving their purpose well and we expect to be saddled
with them for some time. For example, the AN/CPS-1
radar, which cost a quarter of a million dollars per unit

during the war, is .an excellent equipment for training
purposes. “The Navy has five of these equipments and
obviously is not going to throw them away when a little
reporting of failures and shuffling of available spare
parts will keep them on the air. So if you have a piece
of radio, radar, or sonar gear inoperative due to a de-
‘fective component part or tube, “fill out an INBS-383
Failure Report form in as much detail as you can man-
alge and send it to the Bureau. It will be greatly

appreciated.

Incidentally, the card should be mailed directly to the
Burcau of Ships (Code 980) without any additional
routing or “'vias'. Part of the efficiency of the system
depends on cutting down the time between the occur-
rence of a fault and its transcription into the records at
the Bureau of Ships. Individual commands may require
additional copies of the reports and it may be advan-
tageous that Electronics Officers who are responsible for
the gear .in the field also receive such reports, but
nevertheless this procedure should not delay the mailing
of the original to the Bureau.

Here is what happens to the reports after they reach

. the Bureau of Ships. As soon as they are received they

are forwarded to the cognizant maintenance engineers
for a quick analysis. Then they are summarized in de-
tail to include all the information requested on the
NBS-383 form. The sheets containing this summary

also contain the number of failures for each component'

and the totals of all previous failures. This information
enables the Naval Inspector and the cognizant engineers
in the Bureau to constantly keep their fingers on the
pulse of the equipments for which they are responsible.
If they need more information at any time they can al-
ways refer back to the NBS-383 cards which are kept
permanently on file. It is a very good system, but much
of its success depends upon the cooperation the Bureau
receives from the technical personnel in the field.

Well, we have passed the word, and you technicians
will have to carry on from here. We would like to
recommend that you acquire the failure-report habit im-
mediately. It is very little trouble. To get started, fill
out a form requisition and mail it to the nearest Dis-
trict Publications and Printing Office. In a short time
you will receive a supply of the NBS-383 Failure Report
forms together with addressed envelopes (NBS-383A).
The rest is easy; just fill out a form for each failure
and drop it in the mail. The Bureau will do the rest.

MODIFICATION OF THE TDH FOR FSK

The master oscillator circuit of the TDH radio trans-
mitter is designed for a frequency range of 1000 to
1510 kilocycles. However, there are certain frequencies
that cannot be covered when frequency-shift keying is
used because with this type of keying the master oscilla-
tor frequency must be set 200 kilocycles below the fre-
quency normally employed with on-off keying.

To alleviate this condition the Naval Radio Station
at Annapolis modified their TDH transmitter to the
extent of inserting an additional capacity of .0013
microfarads across the grid tuning inductors of the os-
cillator assembly. This capacity was connected in paral-
lel with the master-oscillator grid tuning capacitor
through a toggle switch in order to connect or discon-
nect it as desired. The frequency range of the master
oscillator was found to be from 800 to 1210 kilocycles
with the additional capacity connected. With this ar-
rangement any frequency within the range of the trans-
mitter can be set up for either FSK or on-off keying.

Any activity experiencing similar difficulty with the
TDH-series of equipments is authorized to make the
above modification. When the change is made appro-
priate records should be entered in the instruction book
for the equipment.

REPLACEMENT OSCILLATORS FOR
TDO-TDH

The Burcau of Ships is preparing to issue a field
change kit providing for the replacement of the master
oscillator assemblies of the Models TDO and TDH
transmitters. Physically, the replacement unit is similar
to the original unit, the only major change being the
redesign of the tuning assembly. The new assemblies
will have an improved lead-screw assembly in the per-
meability-tuned oscillator. While it is expected that
stability will be slightly improved, the major advantage
of the new unit is the improved resetability of the oscil-
lator when used in conjunction with the Awto-tune
mechanism,

Of the total quantity of oscillator assemblies being
provided, 139 units are of the scaled variety, and are
replacements for similar sealed units supplied only with
the Model TDH-4 transmitters procured under Contract
N5sr-55667. The Bureau has arranged for shipment of
all replacement assemblies directly to the Supply Officer
of each Naval shipyard, marked for the attention of the
Electronics Ofhcer. In this connection, all activitics are
cautioned to make sure that the sealed replacement units
are used only for replacement of sealed units in Model
TDH-4 transmitters.
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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

LINE R INSTRUMENT
MOVABLE COIL
[
|
O- & T e 4

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

»

ELEMENT *1

SOURCE LOAD

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-

3
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FIGURE G6—Diagram of connections for a two-element

electrodynamometer for measuring vars in a fwo phase
three-wire circuit.

61 TVIINIAIINOD




CONFIDENTIAL

20

ELEMENT |
VARS

SOURCE LOAD

o ] ELEMENT *2
c 2 S8

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

/]

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.
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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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