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• Soon to appear in the fleet are the first models of a 
new type radar repeater, the VK. This repeater is a 
sing le-package unit desig ned for compactness, measur
ing approximately 51" x 18" x 23". These measure
ments include base shock mounts and a 14" viewing 
hood. The unit is equipped with a 12" PP I tube, util iz
ing magnetic deflection and focusing. A d 1oice of six 
range scales, 4, 10, 20, 40, 80, or 200 m iles, is provided 
in the equipment. For each range scale a certa in leng th 
of gate is p rovided, to be used for gating various cir
cuits th ro ughout the equipment. Due to these various 
gate leng ths, 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 d irect ions 
respectively as shown in table 1. For example, if the 
unit is being operated on the 20-mile range the corres
pond ing gate is 80 miles, so it is possible to off-cen ter 
so that 40 mi les of sweep is spread across the scope. If 
desired, this off-centering can be cont inued unti l 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 V K Radar Repealer. 

:Range Scale 4 10 20 40 80 200 

Gate Length 40 80 80 120 160 200 
Max. Off-Centering 36 70 60 80 80 so 
:Radii Off-Centered 9 7 3 2 1 0.4 
:Range on Scope 8 20 40 80 160 200 
:Range-Marker Spacing 1 2.5 5 10 20 50 

Each range scale selected makes avai lable 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 wi ll be at 1-mi le intervals, 
on the 20-mile sweep at 5-mile in tervals, 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 
mechan ical bearing cursor is provided with its position 
on the scope also transmitted by a 5G synchro as bearing 
information to be used by externa l 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 01echanical cursor. 

The equipment is designed to permit maximum effi
cient use of off-centering principles and to furn ish mag
nification without distortion. When a portion of the 
sweep is spread across the PPI, say from 20 to 40 m iles, 
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 d uring off
center operation. The range ring can also be positioned 
to the true range of a target even thoug h 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. A utomatic 
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 diag ram of the VK 
showing the major electrical circuits. The equipment 
consists of nine component circuits, t rigger-amplifier and 
gating circuit, sweep generator, N -S and E-W sweep and 
off-cen ter d-e voltage amplifier circu its, range-markers 
generator, range-ring generato r, video amplifier, inten
sity compensation and blanking circuit, servo amplifier, 
and power supply. In addition to these circuits, the 
uni t contains range and bearing t ransmitt ing compo
nents and circuit ind icating systems. 

The radar which is connected to the repeater, either 
through a switchboard or adapter uni t, must fu rnish 
three input voltages, a trigger voltage, a video vol tage. 
and a ! -speed synchro an tenna reference vol tage. A ll 
inpu ts and outputs of the VK are shown in fig ure 2. 
The incoming trigger f rom the selected radar is the 
initiating pu lse for all sweep and gat ing circu its in the 
VK. This pulse triggers off the gating multivibrator 
which furnishes five outputs lo various circuits includ ing 
the sweep generator, range-markers generator, range
ring generator, N-S and E-\ XI sweep circuit clamps, an d 
the intensifier and intensi ty compensation circuit. 

The sweep generator p roduces the range-sweep com
ponent for eventual application to the deflection coils of 
the PPI tube. Th is 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 an tenna. The outputs are taken 
off the two stator windings of th is resolver, one for the 
E-W sweep componen t and the other for the N -S sweep 
component. Each of these voltages is then amplified, 
clamped to a reference point, mixed with a d-e off
centeri ng voltage, amplified in a push-pull amplifier 
and applied to the sweep coil o f the PPJ assembly. 

The range-markers generato r <. irw it produce~ fixed 
range marks to be applied lo the PPI scop<: for estimat
ing range of targets. This circu it receives its initia ting 
impu lse from the gating circuit and its output is deli
vered to the video amplifier strip for even tual appl ica
tion to the C:R tube. 

The range-ring generator produces a variable-position 
range mark which is used for accurate measu rement of 
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Artist1S drawing of the VK Radar 
Repealer sbol/)i11g 11ariom controls 
r111rl adjllstme11ts available to tbe 

operator. 

range to targets which appear on the scope face. The 
outpu t of this stage is also delivered to the video ampl i
fier strip. T he video amplifie r is a conventional broad
bandwidth amplifier and in add ition acts as a mixer for 
the range markers, range ring, and video vol tages, as 
mentioned above. 

The intensifier (CR tube unblanking ) and in tensity
compensation circui t is used to blank the scope during 
the return-trace ~eriod and to p rovide even intensity o f 
th: sweep at a ll tunes, r~~ard lcss of the leng th of sweep 
bemg used or the repet1t10n 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 ind icating 
bearing an9 for transmitt ing target bearing information 
to external locations through a 5G synchro . I n addition 
to the mechanical cu rsor, an electronic cursor is avail
able, if desired, which,,while in use, a lso transmits bear
ing information from the un it th rough lhe 5G synchro. 

T he above paragraphs have been devoted to a general 
description of the overall operation of the equ ipment. 
The following is a more detai led descript ion of the 
operation of the individual circui ts throug hout the unit. 

TRIGGER-AMPLIFIER AND GATING CIRCUIT 
T he input trigger from the selected radar is coupled 

to the trigger-amplifier gating circui t. T his circuit is 
nothing more than a conven tional amplifier driving a 
one-kick multivib rator gating circu it. The several posi
tive and negative square-wave outputs from this multi
vibrator (shown in figu re 3 ) arc used to gate the sweep 
generator, the range-markers generator, the range-ring 
genera tor, the damps in the N-S and E-\'V' sweep cir
cui ts, and the in tensifier (C:R tube unblanking ) and 
intensity-compensation circuit. An arrangement o f 
switching is p rovided to vary the amount of capacity in 
the charging circu it in order to obtain the different gate 
leng ths required with changes in range scale and 
changes between the cen tered PPI and the off-center 
PPJ type of presentation. 

SWEEP GENERATOR CIRCUITS 
The sweep generator is a bootstrap type of circuit w ith 

switch ing provided to obtain d ifferent values of charg
ing voltages for the d ifferent sweep lengths for each of 
the six ranges. One of the positive outputs f rom the 
gating circuit is used to turn on the sweep generator 
whose output, a positive voltage sweep, is coupled to a 
degenerati ,·e amplifier. The output of this stage is 
coupled to e ither the rotor o f the PPI 2-phase resolver 
o r the rotor of the electronic cursor 2-phase resolver. 
T he resolver to be used is selected by S-209A in figu re 
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1. The rotor of the PPI 2-phase resolver rotates m 
synchronism with the radar an ten na, producing a vol ta~e 
waveform at the secondaries similar to that shown m 
figure 4. The frequency of modulation is the rotation 
frequency of the antenna. Except for th is ampli tude 
modulation, the output sweep wave-shape is identical 
to that of the sweep input from the degenerative am
plifier. 
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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-S 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 ampl ified , clamped 
to ground for a reference voltage, mixed w ith the d -e 
off-centering sig nal, and fed through directly-cou pled 
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push-pull ampli fie rs to the deflection coils. The d -e off
centering voltage is taken f rom the variable tap of a 
precision potentiometer. This tap is positioned manu
ally by a control knob, o r automatically by a lF synch ro 
motor. Th is synchro is driven by a signal f rom either 
the AEW or DRA systems. Separate dials coup led to 
the N-S and E-\'V' poten tiometers are cali brated to ind i
cate in m iles the amoun t the center is displaced. It is 
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pointed out that in the VK, the deflect ion yoke is of the 
fixed type which permits a g reater rpm of the s~eep 
than if a mechanical rotation system were used. 

T he range-markers generator utilizes a gated Hartley
type oscillator to effect changes in range scales. The 
frequency of oscillation of th is circuit is made variable 
in steps by the use of separate oscillator tank circuits 
whose components determine the actual f requency. The 
circuit is so arranged that the oscillator and its associated 
circuits w ill produce sufficient oscillations that range 
markers will appear at equally spaced intervals for the 
duration of the gated period. T hat is, if the 20-mile 
range scale were in use and off-centering ~vere employed, 
range markers would appear at 5-mile intervals for the 
full 80 miles.· T hus with selected range scales of 4, 10, 
20, 40, 80, or 200 miles, range markers will represent 
1-, 2.5-, 5-, 10-, 20- or 50-mile intervals respectively. 
The output from the oscillator, in the shape of damped 
oscillations, is coupled to a regenerative amplifier w hich 
produces sig nals with severe leading edges. The sig nals 
are transformer coupled to a blocking oscillator. W hen 
this b locking oscillator is triggered by one of the pulses 
from the transformer, a sharp p ip is produced in the 
circu it, which is fed to the screen g rid of the second 
video amplifier. In th is ampli'fier they are mixed with 
the video signals and applied to the cathode ray tube. 

The range-ring generator employs th ree sweeps to 
secure varying deg rees of accuraq', from :!: 100 yards for 
the first 18,000 yards to ± 5'/o of the actual range on 
the 0 to 200-mile sca le. The th ree sweeps are from 
zero to 18,000 yards, 100,000 yards, and 200 miles. The 
unit automaticall y switches from the first to the second 
at 18,000 ya rds, and from the second to the third at 
100,000 yards. When the scale shifts from the second 
to the thi rd sweep, the counter goes back to 0 and 
starts indicating miles. The range-ri ng marker uni t con
sists essen tially of a sweep generator, operated by a gate 
f rom the gating circui t, a range pick-off ci rcu it, and a 
marker generator. T he S\veep generator p roduces a 
sweep which starts simultaneously w ith the initiation of 
the mai n PPI sweep since it is t riggered by a vol tage 
which is iden tical in time phase with that w hich t rig 
,~;e rs the main sweep circuits. T his sweep is app lied to 
the plate of a pick-off diode w hich has as its cathode 
resistor the ra nging potentiometer. This ran~ing po
tentiometer is mechanically coup led to a Veeder cou nter, 
and as the value of cathode voltage is va ried the me
chanical coupli ng to the Veeder counter w ill change the 
range-dial reading corresponding ly. When the sweep 
voltage is applied to the plate, and its value reaches 
and starts to exceed that on the cathode, the d iode will 
conduct. At this point a sweep wi ll be fo rmed across 
the cathode resistor identical to that on the p late f rom 
the point of conduction. The rise of th is cathocle-resis-

tor sweep voltage quickly saturates the next stage, a re
generative amplifier, whic)'l acts as a limi te r due to 
saturation. The output of the regenerative amplifier 
t riggers a blocking oscillator. The output of the block
ing oscillator is a sharply defined pip wh ich is added to 
the first video amplifie r and mixed w ith the incoming 
video. 

T he video amplifier receives positive inpu t video s ig
nals · from 1 to 2.5 volts in ampli tude and is capable 
of amplifying them to a value in excess o f 35 vol ts . 
T he frequency response of the amplifier is re lat ively flat 
from 40 cycles to well over 6 Me. In addition to its 
function as a b road-band amplifier, the video ampl ifie r 
also acts as a mixer of the range markers, the range 
ring, and the video signal voltages. A gain contro l is 
made availab le for regu lating the amplitu de of the 
video signa l input. \XI hen the electron ic cursor is "se
lected by the operator, a switch (S-209f) automatically 
blanks the video sig nal to p revent confusing displays on 
the scope. 

The amplifier uti lizes two 6 AC7's and o ne 6AG7 to 
accomplish the various functions requjrecl of it. T he 
first stage, a 6AC7, is operated as a cathode follower to 
match the incoming video ( through coaxial cable) to 
the rest of the system. The output from th is cathode 
follower is coupled to the control grid of the second 
stage which is actually the first video amplifier. Coupled 
to the screen g rid of this stage is the range-ring voltage. 
Thus, th is stage acts as a mixer for the video and range
ring voltages, with the resultant output fed to the 
6AG7 which is the second video amplifier. The range 
marker voltages are coupled to the screen g rid of th is 
stage and consequently mixed with the range-ring and 
sig nal voltages f rom the preceding stage. Since the 
sig nal voltages (range ring, video, and range marker) 
are negative, the b ias requ ired on the stage is low and 
the cathode bias ing resistor is smal l. The fin al mixed 

. output, positive in polarity, is feel to the contro l grid 
of the cathode ray tube. 

W hen the electron ic cursor is employed it becomes 
necessa ry to blank the vid eo, since the video signal, 
without bearing, has no sig n ificance and only mudd les 
the scope pattern. When the bearing cursor knob is 
lifted , a negative bias o f nea rly 8 volts is applied to the 
w id of the 6 AC7 which acts as the cathode fo llower 
input stage of the video ampl ifier. T h is negative bias 
on the g rid is, for a ll p ractical purposes, sufficient to 
cut the lube off since the grid is normally on ly posit ive 
by about 4 volts. 

It is necessary to b lank lhe scope at all times except 
during the sweep period to p reven t undes irab le disp lays 
on the scope during the sweep retrace. One hal f of a 
6SN7\XI (V108B) is used as the blanking tube as 
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shown in figure 5. Normally Vl08B is conducting 
heavily since its grid is tied to a positive voltage source. 
The cathodes of the cathode ray tube and Vl08B 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 g rid of V208B. 
When the negative gate from the gating circui t (see 
figure 2 ) is applied to the grid of V 208C this stage is 
cut off. This results in a decreased curren t 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 contro l-grid potential of 
the cathode ray tube can be varied f rom -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 w ill not be of sufficient amp litude 
to make the cathode ray tube conduct dur ing the blank
ing period becaLISe 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 V 208B is cut 
off by the negative gate and a large R-C time constant 
is p rovided in conjunction with th is 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 t race is determined by the number of electrons 
striking the fluorescent coating of the cathode ray tube 
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FJ~URE 2-lnput and output re
qwremen/s of the VK Radar 

Repeater. 

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

The speed at wh ich the beam passes a point varies 
inversely with the leng th 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 :ay tube i~ controlled primarily by the grid
to-cathode b1as potential. Under normal conditions the 
plate current is c_onstant, an~ ma~ be varied only by 
changing the settmg of the mtens1ty control. Thus it 
is apparent that the trace would be less brill iant at the 
shorter ranges or ~ow repetition rates and brighter at 
longer ranges or hi_gher re1~etition rates, if the grid-to
cathode bias potential remained fixed. 

Since it is not p racticable to increase or decrease the 
trace in~ensity manually_ in acc~rdance with unpredict
able vanablts, the VK IS provided with an automatic 
intensity-compensation circuit. In figure 5 the incom
ing negati \'c gate from the gating ci rcuit is applied to 
the first stage V208B whose cathode circuit functions 
,ts the unblankcr for the CR tube. However, in the 

TRlGGttt I'' 

FIGURE 3-T t·igger-amplifier gat
ing block showing five outputs 
11sed as initialing t1ol1ages for 
various components of the equip
men/. All gates are identical in 
width m1d start a/ the same lime. 

rROM CATHODE Or V2198 P tOJol CATHODE OF' \J 22 4 B 
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fAOf,l CATHOO( F'ROM C..THOO( 
or vn•e or v 219 A 

fiGURE 5- l nlensifier (CR-t11be tmblanking) and intensity-co111pemation rirmit schematic diagram with pertinent 
11/fl l'eforms ii!IIStraled. 
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F IGURE 6-Simplified schem atic diagram of tbe antenna f olloi/J-IIP systr:m . A ll phase angles ( <f>) are in ref erence t-o 
the 115 -v a-c synchro-excitation lin~. T be rot 01: o f t~;e antenna:bea~mg syncbro generator an~ one !!Jase of tbe 

slewi1
1
g-motor field are energ1zed f rom thiS som ce and t/mefOie bave a phase angle of ze1o (<P - 0} . 

plate ci rcui t o f V 208B is a d ifferentiating circuit wh~ch 
develops a positive and negative pulse. The poscttve 
pulse, when impressed on the grid of V 209B, caus~s 
that tube to conduct fo r the du ration of the pulse. Th iS 
quickl y discharges capacito r C2llB, whi ch then charg~s 
slowly afte r V 209B returns to cutofi (end of the posi
tive pulse ) . The average d-e voltage value o.f th.is 
capacitor depends on the repetition rate, increasmg Jn 
value as the repetition rate increases. T his average d-e 
voltage value adds to a plus or minus refe~ence. d-.c 
voltage whose value depends on the range swi tch posi
tion and which alone would compensate for the change 
in in tensity due to change in range sweeps. The result
ant d-e vo ltage is ampl ified and applied to the cathode 
of the CR tube, thereby adjusting the g rid- to-cathode 
' ·oltage d ifferen tia l to maintain even intensity on the 

screen of the tube. 

Thus it is seen that we have a circuit which auto
maticall y varies the bias on the cathode ray tube accord
ing to changes in range sca les and j o r repet ition rate. 
By automatically decreasing the negative bias on the 
CR tube the intensity is compensated fo r short ranges or 
low repetit ion rates. Conversely, increas ing tbe bias on 
the CR tube automatically compensates for longer ranges 
o r h igher repet it ion rates. 

T he synch ro amplifi er system in the VK is composed 
of an external synchro generator coupled to the motor
driven antenna or to some device o r system ind icating 
antenna posi tion, a synchro control t ransformer me
chanically coupled to the two-phase resolver, a small 
two-phase slewing motor whi ch drives the sweep re
solver and synchro contro l transformer, and a servo 
amplifier '>vhich contro ls the rotation of the slewing 

motor. As the an tenna rotates, the rotat ion is trans
mitted th rough the servo system to the rotor of the 2-
phase resolver which positions itself accordingly. Rota
t ion of this 2-phase resolver roto r and the application o f 
sweep voltages to a rotor wind ipg from the sweep 
generator resul t in the modulated sweep vol tages which 
appear at each of the stator windings of this resolver. 

A t ransparent plate, eng raved with a cursor mark ,· is 
positioned over the face of the CR tube. This is the 
mechanical cursor and is rotated by the beari ng-curso r 
handwheel which makes feasible the read ing of bearing 
d irect ly on the azimuth scale affixed to the periphery o f 
the PPI. By lifting the bea ring-cursor knob, several 
effects are noted. f irst an electrical cursor line appears 
on the scope and parallels the movements o f the en 
graved pointer, the vi deo presentation is cut off the 
tube by biasing the video ampl ifi er be}'ond cutoff, and 
the beari ng servo system is disconnected. Ins.tead o f 
utilizing a servo system to cause the roto r o f the resolver 
to fo llow the rotations of the mechanical curso r, both 
are geared mechanicall y to the cursor handwheel. There
fore movements of the mechanical cursor cause similar 
movements of the cursor resolver. W ith the exception 
of the method of positioning the rotors, the a:t ion of 
the cursor resolver in the sweep circuit is the same as 
that of the PPI sweep resolver. Off-centering, range 
chang ing, and other (unctions are perfo rmed ident ically. 

The power supply for the VK consists of four rect ifie r 
circuits, a high-voltage osci llator, two voltage-regul at ing 
circuits, and mi scellaneous a-c power d ist ribut ing systems 
such as tube-fil ament circuits, ind icator-ligh t circuits, 
relay circuits, etc. T he various vol tages delivered by the 
power suppl}' uni t are shown in figure I . 

OKA TROUBLE 

Various difficulties were encountered wi th the O KA 
range resolv)ng equipment aboard a D E. 

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. I t is suspected 
that there are shorted turns in the relay that was re
placed, as the t rouble cleared up '" hen the replacement 
was made. 

The Rq rheostat R-302 was opening in certa in 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 H elipot was repaired 
by so ldering a piece of pressed powdered bronze con
tact metal to the orig inal spring contact. The material 
\vas d ressed down and no further trouble was experi
enced . It was necessa ry to repair the H elipot in this 
manner because attempts to re-anchor the contact p roved 
unsuccessful. These fa ilures appear to be due to erro rs 
in manufacturing. 

. Diffi~ul~y was exper.ienced with the Rq-Rhq calibra
tiOn dn ftmg. The unct was pulled for re-zeroing and 
to check R-302. It was found that the friction clutch 
that d rives ~-302 was slipping. The cl utch was t ight
ened and sl1ppage was no longer apparent. Afte r two 
days of service, hmvever, the sl ippage reappeared . 
Further investigation showed the clutch coul d not be 
tigh tened further and that the fi bre washers had g lazed . 
These washers ·were replaced with rubber ones and no 
fu rther d ifficulties were experienced. 

D uring the p rocess o f calibrating the OKA, it was 
noted that the Rq-Rhq dial assembly was loose. T he 
unit was pul led from the chassis and it was found that 
the d ial set screw and the set screw securing the gear 
to the d ial assembly were loose. I n future assembli es 
the shafts should be dri lled 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 h ad to be re-zeroed. 
It IS suspected that these units were out of adjustm ent 
due to mechanical slippage. 

D uring operation at sea, it was observed that the 
heat developed in the resolver and slant-ranoe recorder b 

was sud1 that the ambient temperature was e.xcessive 
(about 150° F). Therefore some form of forced-draft 
wntila tion should be installed. 

• 
IMPROPER PRESENTATION 
ON TACU 

-E.F.S.G. 

In tl1e in itial ad justments of the T ACU M ark 2 M od 
2, .some difficulty may be experienced in obtaining a 
sat1sfactor}' presentation because of excessive phase shift 
between the antenna movement (nodding ) and the ver
tical d isplacement of the ind icator sweep. T he resul t 
o f such excessive phase shift is that the presentation 
from a g iven target may appear at a differen t elevation 
on the indicator on U1e downward d isplacement of the 
sweep from that occupied on the 11 pward displacement. 
In an extreme case the presentat ion may appear as two 
echoes at identical ranges but at two different elevations. 

The T ACU is equipped wi th fixed phase-sh ift cor
rection networks located in the output of tbe nodding 
amp lifiers. T he time constan ts o f th e networks have 
been established by precision components at the design 
center of 0.9 cps at h igh nod , and 1.8 cps at low nod . 
In the event of phase-shift t rouble 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 noel , as determined by a pro
tracto r mounted on the antenna. If such is not the case, 
first adjust H IGH 11od by the PRESET NOD control, th en 
adjust LOW nod with the 5 degree nod control, R-116 
and, 2-that the nodding f requency is 1.8 cps at LOW 

nod, and 0.9 cps at HIGH nod, ± 10%. A stopwatch is 
necessary for this test. The C}'cling f requency should 
be wi thin 97 to 119 cycles per minute on low nod and 
49 to 59 cycles per minute on high nod. 

After lhe nod ang le has been established as in (1 ) 
above, the nodding frequency is determined by the 
funclions of the hydraul ic drive on the antenna mount 
M ark 25 M od 0. Assuming that the oil pressure is 
correct, no field adjustment is provided for changing 
the cycl ing rate other than chang ing the angle of nod. 
Such deviation from the adjustment in ( 1) above should 
not exceed 10 percen t for satisfactory operation of the 
unit. 

- JJV estem Electric . 
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Preferred List of 

Army-Navy Electron 

T ubes- 28 January 19 47 

Receiving Types: 

Filament Diode- Twin Pentodes 

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 pre.ferred tubes selected 
jointly by the Army and the N avy. 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 
fu tu re design of new equipments under the jurisdiction 
of the Army laboratories or the Navy department be 
chosen from this list. Exceptions to this ru le are here
inafter noted. 

3. The term "new equipment", as mentioned in para
g raph 2 above, is taken to include: 

a. Equipments basically new in electrical design, with 
no similar prototypes. 

Power Tuning M iscellaneous 
Voltage Diodes I Triodes Triodes Triodes Converters Klystr ons Output Indicators Recti fiers 

Remote Sharp Cathode Ray Crystals 
---

1.4 1A3 3A5 1T4 1S5 1R5 3A4 1Z2 2APIA 1N21B 
1U4 3S4 1B3GT/ 8016 3DP1A 1N23B 

3V4 3JP1 1N25 
- - - --- 3JP7 1N28 

5.0 5U4G 3JP12 1N31 
5Y3GT 5CP1A 1N32 ---- - - 5CP7A 

6.3 2822 6AT6 2C40 2C51 68A6 6AC7W 68E6 2K22 6AK6 6E5 OZ4A 5CP12 Phototubes 
6AL5 68F6 6C4 6AS7G 68D6 BAGS 6SA7' 2K26 6AQ5 BX4 5FP7A 

6SQ7* 6F4 616 6SG7* 6AG7 6S87Y 2K29 6B4G 6X5GT 5FP14 1P30 
6SR7* 6J4 6N7GT 6SK7* 6AH6 2K41 6L6GA 1005 5JP1 1P37 

6N4 6SL7W 6AK5 2K45 6V6GT 1013 78P7A 1P39 
6SN7W 6AN5 2K48 6Y6G 12DP7A 1P40 
12AU7 6AS6 2K50 927 

' 6AU6 2K54 Voltage 
6SH7* 2K55 Regulators 
6SJ7' 68L6 

OA2 
25 or 25L6GT 25Z6GT 082 
over OA3/ VR75 

OC3/ VR105 
Only types for OD3/ VR150 
28 volts anode 26C6 26A6 26D6 26A7GT 
supply 011eration 

Transmitting Types: 

I Tetrodes 
Twin Pulse I~~ Rectifiers Gas Switching 

Triodes T etrodes Pentrodes Modula!ion M agnetrons Clipper 
Gas Grid Control Tubes ATR TR --- - - -

2C39 250TH 14021 8D21 2E30 3D21A 2J30-34 4J51 2X2A 3828 2D21 3826 1835 1823 
2C43 450TH 5D22 8298 3C45 2J41 4J57-59 38 24W 4826 C5B 4831 1836 1824 
6C22 811 807 832A 3E29 2J48 4J78 5R4GY sc 6D4 71 9A 1837 1826 
6C24 880 

I 
4CJ5 2J51 5J26 836 168 393A 1844 1827 

7C24 889RA 5C22 2J58 5J29 1616 es78 394A 1851 1832 
9C21 893A 6C21 2J60 5J32 8020 8698 884 1852 18 50 
9C22 893AR 715C 2J61A-62A 5J33 872A 1853 1855 
100TH 3J21 6J21 

I 
1006 1856 18 58 

4J50 H K7-T 18!i7 1862 
(Series) 1863A 

-
• W here direct interchangeability wit h prototype l isted above is assured and its JAN- 1A Speci fication has boon issued, a counterpart of tho prototype indicated by euffi x lottor(s) 

3T, Y. W, A. B otc. may be usod. 
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NUMERICAL LISTING 
OA2 
OA3/VR75 
OB2 
OC3/VR105 
003/VR150 
OZ4A 
1A3 
1B3GT/80 16 
IB23 
IB24 
IB26 
1827 
IB32 
IB35 
IB36 
1B37 
IB44 
IB50 
IB51 
IB52 
IB53 
IB55 
IB56 
1B57 
1858 
1B62 
IB63A 
IN 21B 
IN23B 
!N 25 
IN26 
IN3 1 
IN32 
IP30 
IP37 
IP39 
1P40 
IR5 
!55 
IT4 
IU4 
IZ2 
2AP lA 
2B22 
2C39 
2C40 
2C43 
2C51 
2021 
2E30 
2J30-34 
2 J4 1 
2 T48 
2}51 
2}58 
2]60 
2T61A-62A 
2K22 
2K26 
2K29 
2K4 1 
2K45 
2K48 
2K'5o 
2K54 

2K55 
2X2A 
3A4 
3A5 
3B24W 
3B26 
3828 
3C45 
30 21A 
3DP1A 
3E29 
3] 21 
3]P l 
3] P7 
3]P12 
354 
3V4 
4B26 
4B31 
4C35 
4021 
4] 50 
4]5 1 
4] 57-59 
-1]78 
C5B 
5C22 
5CP1A 
5CP7A 
5CP12 
5022 
5FP7A 
5FP14 
5]26 
5] 29 
5] 32 
5] 33 
5]P1 
5R4GY 
5U4G 
5Y 3GT 
6AC7W 
6AG5 
6AG7 
6AH6 
6 AK5 
6 AK6 
6 AL5 
6AN5 
6AQ5 
llAS6 
6 AS7G 
6AT6 
6AU6 
6B4G 
6BA6 
6B06 
6BE6 
6BF6 
6 BL6 
6C 
6C4 
6C2 1 
6C22 
6C24 

60 4 
6E5 
6F4 
6]4 
6]6 
6]21 
6L6GA 
6N4 
6N7GT 
6SA7 
6SB7Y 
6SG7 
6SH7 
65] 7 
6SK7 
6SL7W 
6SN7W 
6SQ7 
6SR7 
6V6GT 
6X4 
6X5GT 
6Y6G 
HK7-T (Series) 
78P7A 
7C24 
80 21 
9C2 l 
9C22 
l 2AU7 
120P7A 
16B 
25L6GT 
25Z6GT 
26A6 
26A7GT 
26C6 
2606 
lOOTI-f 
250TH 
393A 
394A 
450TH 
715C 
7 19A 
807 
811 
829B 
832A 
836 
857B 
869B 
872A 
880 
884 
889RA 
893A 
893AR 
927 
1005 
1006 
101 3 
16 16 
8020 

b. Equipments h aving a similar prototype but com
pletely redesigned as to electrical d1aracteristics. 

c. New test equipment for operational field use. 

4 . The term "new equipments" , as mentioned in 
parag raph 2 above, does n ot include: 

a. Equipments either basically new or redesigned, 
that are likely to be manufactured m 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 P referred List. 

NOTE : 'I'hc foregoing statements in pnr ngr n phs 3 and 4 ab ov e 
nr c e x p la na tory in u nturo and nr c not intended t o b e 
nll·in clus ivo. 

5. In the event that is is believed that a tube other 
than one of those included in this Preferred List shoul d 
be used in the design of new equipments fo r 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 f rom the Army 
Laboratory concerned wi th 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 fi nal decision will be made 
and returned to the Laboratory for transmitta l to the 
party request ing the exception. When N avy equipment 
is concerned, the request for exception shalL be ad
dressed to the Electronics Division, Bureau of Ships, 
Code 930A, Navy D epartment. 

6 . The publication of th is list is in no way in tende? 
to hamper or restrict development work in the field of 
electron tubes and electron tube applications. 

7. This l ist is to take effect immediately. 

Joi llf Army-Nal' )' Eler t r on T flbe Committee, 

Serrefariat- Porf jVJonmolft b, N. J. 

/ Jitbough 110 1 tt pttrl of tbc: A -N Preferred LiJt, this !iJt of ,·ecommended subminiature tubes bas bc:en prepared / o r t/;e guid.mce of 
equ ipment desig1N rs by tbe Joint / luny-Nat•y Electrou T ube Commillee. 
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Ef Pcntodcs Diode Pontodos Voltage -- Pontode Video and Convertors Rectifiers Thyr atrons Rogulntors 

Volts Triodes Romoto Shaq1 Power 
- - - -- ---- · - - -- --- ---- - - -

0.625 CK-512AX SN- 948 
----- - - - - - --- - -- - - - - -- -

1.25 CV.-568AX 1W5 

I 
VX-21 

CK-556AX CK-569AX 1Q6 1V5 1C8 SN-956A 
----·~- - - --- --- - - -

I CK-619CX 

I 
SN-947 SN-95q 

6.3 CK-608CX SN- 944 SD-828E SD-828A CK-6068X I SN-949 

I SN-957A SN-953A 
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mIn the past the fa ilure report fo rm NBS-383 has been 
the topic of many articles in our Navy publications. 
They have covered the form p retty thoroug hly, but 

mostly concerning its use in the fleet. The condit ions 
unde r wh ich Navy electronic equi pment is handled and 
maintained at shore activities are also ve ry complex, and 
require a system such as that associated with the N BS-

383 fo rm. It is hig h time that >Ve bring the shore per

sonnc:l up to date on this important system , so we wi ll 
go over the NBS-383 again,-not to explai n the form 

itself but to describe the associated system and poin t 
out the facto rs wh ich make its use important for all 
personnel assigned to t he mainte nance of N avy elec
tron ic equipment, whether afloat o r ashore . 

The primary purpose of any reporting system of th is 
type is to p rovide the cognizant organizat ion with d ata 
whereby necessary procurement of spa re parts may be 
initiated, design defects located, and a basis for im
provement formed. In the case at hand the Bu reau of 

Ships is the cognizant organization and the subject of 
the reporting system is all the electronic ec1ui pment for 
which the Bureau is responsible. T his responsibility in

cl udes mate rial cognizance of all rad io, radar, sonar and 
special devices used by the Navy with the exception of 
that so lely applying to aeronaut ics or ordnance. T hat is 

a large order and the Bureau needs help from the fie ld 
activities if this equipment is to be kep t in good operat
ing condition. Incidentally, when we say "field activi
ties" we mean all those activities that use BuShips 
equipment, and by "help" we mean strict use of the 
NBS-383 form. In addition to the equiph1ent at coastal 
and ship install ations, there is a lot of equipme nt located 
at Naval or Marine air stations, Coast Guard fac ilities, 
Civil Aeronautics installations, schools, and laboratories, 
wh ich is operated and maintained by the station p er
sonnel. These equipments will be neglected unless all 
technicians, regard less of Bureau or agency affi liation, 
give their full cooperat ion to the Bureau of Ships by 
submitting the NBS-383 fai lure report form. 

T he use of this form is very important at this time 
because a lot of the ec1uipments operating on shore to
clay are either "special" and unlike anything found on 
board ship, or are war-time ··stop-gap" equipments. 

Among the special equipments are the ANj MPN-lA 

(GCA) and ANj GPN-2. Stop-gap equipments range 
in s ize from the Army SCR-522 radio to the Army 

AN j CPS-1 (MEW) radar. These equipments are sti II 
serving thei r purpose well and we expect to be saddled 
with them for some time. For example, the ANj CPS-1 
radar, which cost a quarter of a mi ll ion dollars per unit 

during the war, is .an excellent equipment for tram10g 
purposes. ·The Navy has five of these equipments and 

obviously is not going to throw them away when a little 
reporting of failures and shuffl ing of available spare 
parts_w.ill keep tnem on the air. So if you h ave a piece 
of radio, radar, or sonar gear inoperative due to a de
·fec_t ive component part or tube, · fill out an NBS-383 
Failure Report form in as much detail as you can man

dge and send it to the Bureau. It will be greatly 

_.!~ppreciated·. 

Incidentally, the card should be mai led directly to the 
Bureau of Ships (Code 980 ) without any additional 
routing or "vias". Part of the efficiency of the system 
depends on cutting down the t ime between the occur
rence of a fault· and -its transcription into the records at 
the Bureau of Ships. Individual commands may require 

additiona l copies of the reports and it may be advan
tageous tliat Electronics Officers who are responsible for 
the gear .in the field also receive such reports, but 
nevertheless this proce.dure should not delay th e mailing 
of the orig inal to the Bureau. 

H ere is what happens to the reports after they reach 
tL1 e Bureau of Ships. As soon as they are received they 

MODIFICATION OF THE TDH FOR FSK 
The master oscillator circui t of the TDH radio trans

mitter is desig ned for a frequency range of 1000 to 
1510 ki locycles. However, the re are certain f requencies 
that cannot be covered when frequency-sh ift key ing is 
used because with th is type of keying the mas ter oscill a
tor f requency must be set 200 kilocycles be low the fre
quency normally employed with on -off key ing. 

To a lleviate this condition the Naval Radio Station 
at A nnapolis modified their TDH transmitter to the 
extent of inserting an add itional capacity of .001 3 
microfarads across the g rid tuning ind uctors of the os
ci llator assembly. This capacity was connected in paral
le l with the mas ter-oscillato r g rid tuning capacitor 
th rough a toggle switch in order to connect or discon 
i1ect it as desired. T he frequency range of the master 
oscillato r was found to be from 800 to 1210 kilocycles 
with the additional capacity connected. \X!ith thi s ar
rangement any frequency within the range o f the t rans

mitter can be set up for eithe r f SK or on-off keying . 

Any activ ity exl)eriencing simil ar difficu lty w ith the 

TDH-series of eguipments is authorized to m ake the 
above modification. \XI hen the change is made ap pro
priate records shou ld be entered in the instruction book 
for the equipme nt. 

are forwarded to the cognizant ma intenance 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 
a lso contain the number of failures for ead1 component· 
and the tota ls of all previous fai lures. This information 
enables the Naval Inspector and the cog nizant eng ineers 
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 t ime they can al
ways refer back to the NBS-383 cards which are kept 
permanently on fi le. It is a very good system, but much 
of its success depends upon the cooperation the Bureau 
receives from the technical p e rsonnel in the fie ld. 

\XIell , we have passed the word, and you technicians 
wi ll have to carry on from he re. We would like to 
recommend_ that you acquire the failure-report habit im
mediately. It is very little trouble. To get started, Jill 

out a form requisi tion 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 add ressed envelopes (NBS- 383A). 
The rest is easy ; just Jill out a form for each failure 
and drop it in the ma il. T he Bureau will do the rest. 

REPLACEMENT OSCILLATORS FOR 
TDO-TDH 

The Bureau of Ships is prepar ing to Issue a fie ld 
change kit provid ing for the replacement of the master 
oscillator assemblies of the Models TDO and TDH 
tran.;mi tters. Physically, the replacement unit is similar 
to the orig inal u nit, the only major change being the 

redesig n of the tun ing assembly. T he new assembl ies 
wi ll have an improved lead-screw assembly in the p er

meabil ity-tuned oscillator. While it is expected that 
stability wi ll be slightly improved , the maj or advantage 
of the new uni t is the improved resetability of the oscil 
lator when used in conj unction with the A 11to-ltme 
mechanism. 

O f the total quantity o f oscillator assemblies be ing 
provided, 139 units a re o f the sealed variet·y, and a re 
replacemen ts for simila r sealed uni ts supplied only w ith 
the Model TOH-4 transmitte rs procured unde r Contract 

N 5sr-') 5667. T he Bureau has arranged for shipment of 

a ll rep lacement assembli es directly to the Supply Officer 
of each Naval shipya rd , marked for t he attention of the 

Electronics Officer. I n th is connect ion , all act ivities are 

caut ioned to make sure that the sea led repl acemen t un its 
are used only for rep laceme nt o f sea led units in Model 
TDH-4 transm itters . 
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During tests with a duty-cycle meter on the Mark 
_) .:t Mod 2 radar equipment the modulation network 
overheated and a false echo appeared betwetn 1000 and 
J 350 yards. These troublts 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 h igh voltage at 1200 volts, and 
the h igh-voltage current at 175 milliamperes. Then, if 
necessary, reduce the current by adjusting the duty-cycle 
adjustment until the false echo d isappears. 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 
2]50 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 
J 020 ohms. \'{!hen a magnetron having an impedance 
near the low to lerance l imit is paired wi th a pulse net
work whose impedance is hig h, a mismatch occurs caus
ing double fi ring of the mag netron, and the fa lse echo 
appears. In order to use the existing network with 
these new 2] 50 mag netrons Navy Field Change No. 22 
'"Elimination of Double Pu lse" was desig ned to drive 
this false echo away. It consists of a 100-ohm, 40-watt, 
non- inductive resistor placed in series with the d ischarge 
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 rai~ed as 
to whether this fal se echo condition also exists Jfl the 
Mark 8 Mod 3 equipment. Production of :Mark 8 Mod 
3 conversion kits was completed some time ago and tl:e 
magnetrons supplied with these equipments and the1r 
~ssoCiated spa res were either nsA or 2 ]50 types w~th 
Impedances of 1080 ohms. Since the d ifficulty wtth 
double pulsing showed up in the Mark 34 Mod 2 radar 
ec1uipment using later design of 2150 mag netrons, it is 

n.:asonable to expect that the same difficu lty will appear 
in the Mark 8 Mod 3 eguipments w hen the new mag
netrons are install ed. It is ~ot l ikely to appear so long 
as spare magnetrons of h ig h impedance a re used. If and 
when th1s false echo does appear, it is recommended 
that the instructions in sub-paragraph (1) above be 
fo llowed and the fi ndings reported to the Bureau. 

• Power measurements of alternating current systems 
whi le 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 f rom the applied potential and 
the component of the current in phase with it, te rmed 
the active power, is measured in terms of watts , kilo
watts or megawatts and the methods for determining 
th is quantity are wel l known and in general use. This 
is the power dissipated in the resistance or equivalent 
resistance of the circuit, and in a sing le phase circuit, 
is equ ivalent to J2R or El cos cf> for sine wave form 

where 
E = Voltage, volts rms 
I = Current, amperes rms 
cp = Phase angle between E and I 
R = Equivalent resistance ohms 
X = Reactance, ohms. 

The power resulting f rom the applied potential and 
the component of the current in quadrature with it, 
equal to PX or El si11 1) for sine wave form, while of 
considerable importance in the operation of power gen
erating equipment is not so well kno\v n as the active 
power. Although th is power does not produce work, it 
is essential in prod ucing the conditions which bring 
about work. In order for a transformer to function , or 
a motor to run, it is necessa ry to m~gnetize the core or 
field. T he component of the current whi ch produces 
the magnetic field is in quadrature or 90 degrees out 
of phase with the applied potential and in time phase, 
lagg ing. 

This quadrature power has been termed the watt less 
power, wattless component, reactive power, reactive volt 

By A. F . WOLFERZ, 

\\(! eston Electrical Instrument Corp. 

amperes, volt amperes reactive and is expressed in terms 
of the unit, the V AR. This terminology was adopted 
at the International Electrical Convention at Stockholm 
in 1930. The word V AR 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 
OUADRA TURE POWER 

O ne method consists of measuring the potential, cur
rent and the phase angle: the quadrature power is then 
calculated from the equation El sin cf> for a single 
phase circuit having a sine wave form. It is essential 
that these measurements be made simultaneously, re
quiring th ree instruments and three observers fo r single 
phase measurements. It must be remembered that phase 
ang le meters such as power factor meters for use on 
sing le phase circuits are critical with respect to fre
quency and that the usual polyphase meters arc correct 
only on balanced loads. 

A second method of measuring the quad rature power 
requires the measuremen t o f the potential , current, and 
the active power. Quad rature power for si nusoidal 
wave fo rm ca n then be calculated from the relat ion, 

Vars = y (Volt Amperes) 2 - Watts2 • 

The active power is very conveniently measured by 
means of an eJectrodynamometcr wattmeter. The electro

dynamometer in its best form consists of a stationary 
coil system which produces a magnetic fie ld and a mov
able coil mounted to a p ivoted staff wh ich also carries 
a pointer. T he movable coil rotates in the magnetic 
field of the stationary coils and the torque producing 
the ang ular deflection is proportional to the product of 

() 

0 z 
ll 

0 
m 
z 
-1 
)> 
I 



-I 
<( 
i= z 
UJ 
0 
u::: 
z 
0 
u 
co ,... 

O•~L-------------~Ar-----------.-
1 
I 
I 
I 
I 
I 
I 

s't'----------- -
F IGU RE 1--T ypical vector diagram of v?lta$e and mr

reut relations in single pbase etrCiflt~ . 

the components o f the ampere turns of the movable coil 
and the ampere tu rns of the field coils which are in 
phase with each other. The movable coil, together with 
the necessary series resistance, is connected across the 
l iC?e and its current is proport ional to and substantially 
in phase with the potent ia l applied and the instrumen t 
indicates the in -phase product of current and potential 
or active power. Figure 1 is a vector d iagram of the 
voltage and current cond itions for a single phase cir
cuit where in OM represents the current in the movable 
coil \\'hich is in phase with the applied potential and 
OF the current in the fie ld coil. OA is the component 
of the fie ld coil current in phase w ith the movable coil 
curren t and is equal to OF cos q,. It is th is cu rrent 
which causes the movable system of the electrodynamo
meter to de flect when con nected to measu re watts. 

The quadrature power can be directly and conveni 
ently measured with the electrodynamomete r by shi ft
ing the phase o f the current in its movable co il 90 de
grees so as to bring it into phase with the quadrature 
component of the curren t in its field coi ls. Refe rring to 
figure 1, the magnetizing or quadrature component of 
the current which must be considered when measuring 
vars is represented by the vector OB which is equal to 
OF sin q,. 

The methods for bring ing about this p hase shi ft are 
described in the paragraphs which follow. 

SINGLE PHASE CIRCUITS 
The current in the potentia l circuit of the electro

dynamomete r is p ractical ly in phase with the potentia l 
applied. 

We can shift this current nearly 90 d eg rees by sub
stituti ng a series reactance for the series resistance 111 

F IGURE 2-Cirwit of reactor for single pbase l'tlrmeter. 

the movable coil circuit. By usi ng 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 adjustab le 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 poten tial, current and f requency de
sired. 

T he resistance is adjusted to g ive fu! l sca le reading 
when the potent ial current and frequency a re as desired 
for full scale watts. A low resistance m illiammeter is 
connected in series in the potentia l circuit. The most 
satisfactory milliammeter for this pu rpose is a thermo
couple type. The potential circuit curren t for full sca le 
is then recorded. The series resistance is then rep laced 
by an adjustable reactor and a shunt resistor connected 
to a sui table tap on the reactor as shown in F igure 2. 
The reactor X and the resistor R are adjusted so that 
with the above potent ial, load cu rrent and frequency, 
the potential circuit current is restored to the recorded 

VAR9 

F JGU RE 3- Diagram sbowing comlection of instmmeut 
for meamring walls or vars in single phase cirmit. 

value and wi th the m ill iammete r shorted the instrument 
under adjustment reads zero. The current of the po
tential circuit has now been made to lag 90 degrees 
beh ind the applied potential and becomes in-phase w ith 
the quadrature or mag netizing current described. T he 
instrument is now correct ly ad justed to measure vars . 

f rom the above it is gu ite evident that co rrect in 
dications will be obtained only when the f requency is 
the same as that used in the adjustment. Any deviation 
in freguency will resu lt in an error . 

T he same instrumen t may be used to measu re e ither 
watts or vars by connecting as shown in fig ure 3. A 
series resistance and a series reactance a re each adjusted 
so that wi th the fo rmer in its potenti al circuit t he in
strument measures watts, and with the latter in circuit 
it measures vars. R1 represents the series resistance used 
when measuring watts. 

TWO PHASe CIRCUITS 
A two piTas~· c ircui t is a combination of circu its ener

gized by alternating e lectromotive 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 p hase four-wi re circuit and the 
latter as two phase three-wi re circuit . 

Ei ther circuit may be treated as two single phase cir
cuits ut ilizing instruments and measurements as de
scribed under single phase ci rcuits. The total active or 
reactive power wi.l l be the algebraic sum of the respec
t ive powers measured for the two circuits. 

In orde r to reduce the nuJ!lber of instruments and 
sti ll obtain the correct indication of power, it is more 
convenient to use an electrodynamometer having two 
elements. This instrument essentially combines two 
single element instruments with the mova~le po~ent ial 
coils of each element mounted to a common p1voted 

f iGURE 4--Typical 1'ector diagrr1m of curre.~Jt and 1'olt
rige relatiom of a ttvo phase system. 

staff carrying a pointer which moves over a common 
scale. T he total torque developed is the algebraic sum 
of the torques produced in the ~lements. T he s~ale m~y 
be graduated, and the indications o f the pom ter 10 

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. Cl rep resents the voltage in one phase and C2, 
the voltage in the second phase. T hese poten tials arc 
considered as balanced when they are equal and d is
p laced by 90 degrees. 

If CA represents the current as measured for phase 
1, the component o f this current in phase wi th its po
tentia l will be CA1. T his component of the total cur
rent produces torque in the element of the elect ro
dynamometer when measuring watts. The component 
of the total cur rent whicl) is in quadrature w ith its 
potential wi ll be CE, and it is this component of the 

fiG UR E 5-Diagram of connectiom for .a two-element 
elertrodynamometer for 11/~aS/fring .ll'alls in a /1/}o phase 

tlHee-uJire orcutt . 

current which p roduces torque in the elemen t of the 
electrodynamometer when measuring vars. Likewise, 
the component of the current CB which is in phase wi th 
its potential will be CB1 and the component in q uad ra
ture will be CF. 

If we connect element 1 of a two-e lement electro
dynamometer to phase 1 and element 2 to phase 2 as 
shown in figure 5, the torques deve loped in each e le
ment wi ll be in proportion to the potential applied to 
the movable coil of each element and the component of 
the current, in the stationary, o r fie ld coil, which is in 
phase wi th its potential. 

Referr ing to figu re 4, these components w ill be CA1 
for element 1 in phase with C 1, and CB1 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. 

W hen connected, as shown in figure 5, the q uad ra
ture component of the current in the field 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 fie ld of element 2, repre
sented by CF in figure 4, will develop no torque w ith 
its movable coil. 

In order to measure the reactive power of p hase 1, 
elemen.t 1 must be con nected to a potentia l which is in 
phase with the guadrature component of the cu rrent 
in the field coil associated with that element. T his con-

F IGU RE 6- Diagram of ronnertiow for a two-element 
elertrorlynamometer for measuring 1•ars in t1 tl/}o fJbase 

three-u•ire rirwit. 
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FIGURE 7-D iagram of connections for a two-element 
eleclrod ynamomeler f or meas11ring walls or vars in a 

t wo phase three-wire cirmil. 

clition may be readily obtained by us ing potential C2 
which is in phase opposition with the quadrature cur
rent component CE. It will be necessary when making 
this transposition to reverse either 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 Cl 
which is in phase w ith the quadrature current com
ponent CF. Note that vectors Cl 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 circui ts is suggested in order that the field and 
movable coils of each element may be connected to
gether to avoid electrostatic effects. 

By virtue of the balanced potentials of the circuit, 
there is no change in magnih1de 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 fig ure 7. 

T wo 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
tent ial coils of the wattmeter are connected together and 
b rought out to th ree bind ing posts, it is necessary to use 
two potential transfo rmers as shown in figure 8. Cur
rent transformers are suggested so that ground connec
tions may be made to re lieve electrostatic effects and 
protect the instrument. 

Instrument manufactu rers generally find it more satis
factory to insulate the poten tial circuits of varmeters, 
bringing the connections to the poten tial coils to four 
bind ing posts. The potential transformers are then un
necessary except when the line potentials are higher 
than the sel f-contained ranges provided. 

FIGURE 8-Diag ram of connectiom f or a two-element 
eleclrodynamometer for measuring vaf·s in a two phase 

four-wire cirmit . 

NON-INTERCHANGEABILITY OF SYNCHROS 
When ordering replacement synchros from supply 

it is mandatory that both the Mark and Mod number 
are clear and disti nct in the order. The differences 
among Mod numbers are in the external dimensions, 
notably in the size and shape of the end bells. O cca
sionally a larger end bell will interfere with adj acent 
apparah1s and prevent the use of a synchro to replace 
one of a different Mod. 

• • • 

"Hi, Chief . Mind if I take Miss Kl11tz up to see the 
uew 51?-6 1'adar?" 

RADCM Allowances and 

Equipment 

• The RADCM allowance fo r large combat ships, as 
orig inally p lanned and promulgated in the Electronic 
Equ ipment T ype Allowance Book (NavShips 900,11 5), 
consisted of the foll owing equ ipments : 

Model TDY-1 transmitter 
High-frequency transmitter 
M odel RDO-series receiver 
Model ANj SPR-2 receiver 
Model RDJ pulse analyzer 
Model RDP panoram ic adapter 
Model DBM-1 direction-find ing equ ipment 

A pictorial system d iagram for this equ ipment is 
shown in the accompanying illustration, and a l imited 
descript ion of its opera tion was given on p. 9, ELECTRON 
for D ecember 1945. The high-frequency (5-band ) 
phase of RADCM operations was to be taken care of by 
the h igh-frequency transmitter and the ANj SPR-2 re
ceiver. The high-frequency transmitter that the Bureau 
had in mind for th is application was the Model MBT 
or MBR. Since these transmitters have not been forth
coming, however, clue to the cancellation of contracts w ith 
the consequent curtailment of prod uction, it was con
sidered necessary to substi tute the TDYaj TDY-1 a hig h
frequency modification k it in the space des ignated fo r 
the h ig h-frequency transmitter, thus permitting the par
tia l coverage of the 5-band range. In this con ne:t'on it 
should be pointed out that both the J\1fodcls TDYaj 
TDY-la and DBM-1 are ava ilable on ly for new con
struction at the present time, so that only ad vance p la n
ni ng should be contemplated, and the running of cables, 
fabrication of foundations, etc., shou ld he he ld in abey
ance pending ava ilability of the equ ipment. 

T he changeover from the Model TDY / -1 to the 
TDYaj -1 a is based on the assumption that the ship re
ceiving the installation is already equ ipped with a Model 
TDY or TDY-1 equipment in good working order. If 
this is not the case, and the TDY / -I equipment is to 
be installed at the same time as the mod ification ec1uip
ment, the TDY/ -1 installation should be completed and 
placed in operation before attempting to make the modi
fi cation . T h is is important to insure successful low-fre
quency operation and subsequent satisfactory reconver
sion to Model T D Y / -1 when a high-frequency transmit
ter becomes available. T here is no reason, however, w hy 
the insta llation of field-ch ange kits contain ing mod ifica
tions such as antennas (and wavegu ides ) , waveguide 
switches, line stretchers, dummy antennas, antenna con
t rol units, synchro ampli fiers, wavemeters and voltage 

regulators, should not be made concurrently wi th the 
TDY j -1 installation. 

The modification of Model TDY / -1 equipment to 
Model TD Yaj -1a merely d1anges 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 uni ts are those needed to convert to the higher 
f requency. The modification consists of al teration of the 
modulator and transmitter power supply, replacem~nt of 
the power oscillator and its associated r-f and an tenna 
system, installation of a wavemeter, an antenna control 
unit to provide a means of controll ing the t ransmitting 
antennas, and a waveguide switch to perm it automatic 
switching of the power output to either transmitt ing 
antenna. 

Particula r attention is invited to the receiving antenna 
shown in. the accompanying illustration. If your ship 
has a M odel DBM-1 on board, the T DY-a or TDY-la 
antenna is removed and the Model DBM-1 antenna and 
associated eq uipment replaces it, as explained fully on 
p. 18, ELEcrRON for March 1947. Of course, if there 
is no Model DBM- 1 on board , the receiving antenna of 
the Model TDYaj -la is not removed, but remains as 
ind icated in the illustration. 

~~rto:·ial representation of a RAD CM .rystem 11sing tbe 
J D1 aj - l rt transmt!ler. T be type of rerenm,g ante1111r1 
sbotvn here IS removed from ships tbat ha1'e a M odel 

DBM-1 direction-finding equipment aboard . 
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Shipbo a rd 

Radio -Tele type 

• The Bureau of Ships has recently completed desig n 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 T}tpe TT-

23j SG, has been designed to provide flexibi lity, simplic

ity and practicab ility in the process of removing or trans

ferring of a teletype machine f rom one channel to an
other. 

T he panel has a capacity of six independent channels. 

A meter (0-100 rna) and selector switch enable the 

checking of l ine curren t in any channel w ithout in ter

rupting the sig nal on that channel. D uring normal ope r

ation, when only one mach ine is be ing used, no patch

cords are requi red. H owever, if the situation warrants, 

two additional teletypewri ters may be connected into any 

one channel by the use of patchcords. 

To those familiar wi th the Signal Corps patch panel 

6C31, this new panel wi ll not present any unusual fea

tures. In each channel are two looping jacks, a set jack, 

MULTIPL IER 
RESISTOR 

R ADIO ADAPTER 

10 /l. 

Pane I 

and an independent jack which is tied directly to ter

minals 5 and 6 on the terminal block inside the p:mel. 

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 series circuit between the radio adap

ter, connected to terminals 1 and 2, th roug h 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 throug h terminals 3 

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

Procurement of these panels is now being in itiated. 

No defin ite delivery date can be established, although it 

is believed that a quantity will be available by November 
of this year. 

- 2r---------------------------~~------~ 

MULTIPLIER 
RESISTOR 

RADIO ADAPTER 

lOll 

- 2~----------------------------~~--~----~ 

Channel schematic. Note in11pper diagram the 11nbroken 
cirwit between 1·adio adttpter and teletype. A pl11g, when 
inserted in the set jack ( lower diagram), isolates the 

radio adapter from the teletype machines. 

General af' pertrance and d imen
.rions of the new T T-23j SG tele

tyjJe lramfer panel . 
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ERRORS IN NA VSH IPS 900,926 

N aYShips 900,926, the final instruction book for 

Target Acq uisition U nit M ark 2 M od 2, has been found 

to contain several errors which should be corrected. 

These e rrors appear in Section IV, wh ich outlines ope r

:~ti ona l procedure. 

In parag raph 6 (Search procedu re for designated tar

get) , it is stated under ( 5), "T urn ELEV ATION k nob 

to set the elevation index at approximate!}" + S degrees. 

This a llows sea rch of a sector from the horizon to about 

17 degrees in elevation " . T his in formation would ap- · 

p ly to TACU Ma rk 2 M od 1, b ut not to TACU Mark 2 

Mod 2 . T he foregoing quote shou ld be changed . to 
read : "T urn ELEVATION knob to set the elevatron 

index at app roximate ly + 15 degrees. T his allows sear~h 
of a sector f rom the horizon to :tbout 30 degrees rn 

elevation." Under (6 ) of the same paragraph "- ad

,·ance the el ~\·.1tion index to ap proximately 20 degrees 

to search- " should be changed to read: " - advance 

the e levation index to about -iO degrees to search- " · 

Under paragraph 7 (procedure for secto r scan ning ) 

on pag e 4 -2, u nde r (e ) "- the T ARG ET ELEVA:TION 

d ial to eig ht degrees. (This proYides the scann~ ng of 

a sector f rom the horizon to about 1 7 d egrees Ill ele

vat ion) ." This should be changed to read: ""- the 

T ARGET ELEVATION d ial to 15 deg rees. (T h is pro

vides the scanning of a secto r from the horizon to 

about 30 degrees in elevation ) " . Under (g ) of pa ra

g raph 7, "-the ELEVATION knob to approxi mate ly 

23 degrees" . Cha~ge to read "-the ELEVAT ION 

knob to approximately 40 deg rees". 

• • • 
CRYSTAL OVEN~ EXTRACTORS 

A p rev_ious article appearing in the ELECTRON, 

CEMB, and RIB, stated that c rystal-oven extractors for 

models T DZ RDZ M AR and RDR equipments arc 

being sh ip pe:! with ' t hose equi pmc:nts and that a suffi
cient quantity would be stocked at a n;l\·.d activity on 

each coast to take care of the eguipmen ts that were: 

~hipped before the extractors became available. 

This s tatement i ~ not entire ly correct. The extractors 

\\:ere not p rocureJ for and are not being shipped with 

models MAR and RDR as they arc not neces~a ry. The 

Lry-tal ovens in these equipments can be ext racted w ith 

I itt !c: d ifficul ty. 

Crystal-oven ext radors .ue now being shipped \v ith 

modc:ls T DZ and RDZ t:t]uipments only, and those now 

;wailab le in stot k ~ha ll nc issued exclusively to activities 

having the mod<.:! TDZ and RDZ equipments that wc:re 

~hippecJ bdorc: t he ecxtractors became available. 

I . 

LUBRICATION OF NUTATING DRIVE 

T he nutating dri\"e assembly "AS", part of Sl."';SP-l .M 
Field Change No. 43, has been sh ipped f rom the CO 'l· 

tractor's p lant in a non-lubricated or "dry" con•t icion. 

It is imperative that, prior to the fi rst use o f the 

antenna, the gears in the nutating d rive assembly "A S" 

be lubricated with about five pounds of g rease, Navy 

type 14L3 Grade II. (General store stock No. 14L90-15 

for 1 lb. , 14Ll 20 for 5 lbs.) 

The gears may be g reased through inspection hole 
"AA" . The greas e level should be up to the cen ter of 

nutator shaft when all grease has been scraped f rom 

the sides of the case and the gears. Failure to properly 

lubricate these gea rs will result in the nutator d rive 

motor burn ing ou't f rom the ovcrlo:1d . 

• • • 

DESIGN CHANGE IN MARK-34 RADARS 

A minor circuit design change has been introduced 

into late r production of Radar Indicator ( Control) 

Jv[ark 2 Mod 0 (a un it of Radar Equipment M ark 34 

i\l[ods 2, 3, and 4 ) to permit a sharper focus on p reci

sion sweep. This change was the resul t of troub le ex

perienced in production when certa in approved cathode 

ray tubes were used in the indicator. It was fo und that 

in many cases a careful s<:l ection of tubes was required 

to obtain correct operation and ad justment o f this unit. 

T he circui t modi fication consists o f repl acing the 

lfz-watt·, 0.15-megohm res istor R-369 with a lj 2-watt, 

7 5,000-ohm resistor. The new resistor sha ll stil l be 

des ig nated as R-369. T he parts and spare parts Jist, 

drawings, and all circuit schematics of the subject equip

ment should be modified according!}'. 

T he Bureau of O rdnance docs not contemplate a field 

change to modify in dicators which were d<:l ive rcd to the 

N avy without this design change. ln order to assure 

proper operation of these units when cathode ray tube:; 

within JAN limits arc used, fleet personnel should ex

amine the Radar Indicator (Contro l) M ark 2 Mod 0 of 

subject ectuipmecnts to determine if the circuit mod ifica

tion described above has been incorporated in the u ni t. 

Jf the modification ha ~ nol been m(lde it should be 

introduced at once. 

l :t~il11 re repfJr/ Cttrt!J 1\ llS-383 are /lO ll' to be .f/IV /1/ i lled . 
for f ftilures of all ite//11 <lilt! 111bes reg,mllerr of <~ge or 

lltilll r of ?,llar,/11/ee . 'f"hia diu:rti t e 11 ill be 1/ltid e <I f'<~rl of 
r. hajller 07 r,fthe IJ!frc·ttll of Ships M .tll!l,t!. 
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Electronic Technician's Mate 

• 
Present arms which display 

these new specialty marks re

cently approved by the Secre

tary of the Navy. According 

to a recent SuPers directive 
I 

personnel in the ratings of 

Electronic T echniciari 's Mate 

and Aviation Electroni<; Tech
nician's Mate are to commence 

wearing the new rating badges 

as soon as they become avai l
able. 

The new specialty mark is 

particularly appropriate for 

electronics technicians since 

the design, ~epresenting nu

clear particles encircled by 

planetary electrons, implies an 

association with the entire 
broad field of electronics . 

Aviation Electronic Technician 's Mate 



You, too, can be a social outcast! 


