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~irt;ch'on1 . a pr-oblem of cbmbat in fhree 
technicians carry · the respoosibjlitr for the 

.!ICCUrncy of .the height information obt-ainable from 
iighter·director type radars. This responsibility does not 

'Yitb the daily cal ibration of the height circuit, for 

height circuit is just ·one small pa(t of ilie mechanism 
Of. altitude detenninapon nod the easiest to test .a-nd ad-
jq~t. Therefore- ito is important that al! tcd10icians under
;uand fully the ~ourCes o e-rror, how they are measure~, 
aful what can be aone to correct them. This article tells 

sio.ry with spe<;ific reference to the SP and SM 
,_,_-. ---·-. using W estinghouse ~'l(k 8 Mod 2 Stable Ele- -

but the p rincip les and methods involved are 
~~i~\t;:a1~1~Caibl.e With minor' modifications to other stabilized 

polar-type plotting system, each ship 

,~~~~~~~~~~~·~ reference-point fo.r the t hree-variai)le I system. Range :tcro is at the ship, bear-
from the shtp to true north, and eleva

is a. plane horizontal with .respect to the 
~~Jfilfol~.'*ip;s )?Osition , 

'is provid~d internally by each radar. 
~~~~~~~~f~~n:l'\on.-.nt external to the radar provides the 

~fri~~~jj~:f9..t~n~~- ~or bearing and elevation ~gle. These 
~rtnces both depend upon gyroscopic action; 
compass to provide bearing zero and the gyro-

element to provide elcvatio)l-angle zero. Although 
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the gyro compass is not the maintenance concern of the 
radar technician , t he stable element is p rovided as pa rt 
o f the SP j SM, and the radar technician, unwit ting ly, bas 
inhe rited a gyroscopic device. 

THE HORIZO N TAL REFERENCE 
T he simp lest horizonta l refe rence would be a plane 

pe rpendicular to the str ing of a pl um b-bob. On ship
board a f ree p lumb-bob w oul d be sub jected to many 
accele rations fro m the sh ip's movements in addition to 
t he accele ration of gravity. T he mean position of this 
simp le re fe rence plane would be horizon tal, but m
stantaneo.usly it m ig h t be in any position othe r than 
horizonta l. B y taking numerous alt itude read ings of a 
target , t he average would be close to correct, but this is 
a far cry from the desired g oa l of a reading accurate 

within 500 feet eve ry 15 seco nds. 

O nce sta rted , a simple gyroscope tend s to remain with 
a fixed d irection of its rotating axis, i.e. fixed in space, 
rathe r than w ith respect to the earth. A gyrosco~e 
started at the equa tor with its ax is vertical at 0600 will 
have its axis ho rizontal at 1200 _ T he ax is has mainta ined 
fixed d irection in space , but the earth has changed its 
position during the e lapsed time. 

A practical gyroscope has gimbal rings and bearings, 
none of which can be mad e weightless or frictionless, 

and which consequently exert continual forces o_n t l~e 
gyroscope and tend to move it from its fixed di rectiOn In 

space. A p ractical gyroscope to be used as the basis for 
horizo n ta l re fe rence would require constant re~ettJng to 
compensate for externa l forces and earth 's rotatJOn. 

tion is vertically below the cen ter of rotatio n of it s 
support. The actual reference pl ane is integral with the 

gyros~ope, and is ~er~endiculat to th~ gyro's axis of sp~ 

W1th every dev1at10n of the erectmg magnet from~ 
correct vertical posit ion, a magnetic force acts o n t l~e 

gyroscope tending to make it m ove from the vert ical . 

N ormal swings o f the erecting magnet occur too rapid ly 
for the gyroscope to fol low an ything b ut the m ag ne t's 
average motion. In like man ner, any tendency for the 
g yro-axis to devia te f rom its correct ve rt ical position is 
counteracted by an average restori-ng fo rce exerted by 
the erect ing magnet and directed towa rd the po int of 
mean mot ion o r true ver tical. 

The restoring effect o f the erecting magnet is d e per.
dent o n the magnitude o f the d isplacement, and cor. 
sistent with all er ror-actuated devices the re is eve r p resen t 
some small e rro r. To keep this e rror a min imu m, p re
dictable dis turb ing fo rces on the gyroscope a re co mpen 
sated or eliminated . The k nown tendency of a gyro to 
remain d irected in space w as men t ioned above. To keep 
the re fe rence p lane horizonta l, then , the gyro m ust b~ 
made to fo ll ow the ea rth 's rotation f rom w est to east. 
By applying a northerl y-di rected fo rce to the top o f th~ 
st_able_ element gyroscope, the gyro w ill p recess in the 
d Jrect•on of earth 's rotation. However, a ve rt ical lin~ 
at the equator chang es angula r position in space 360 7 

per day, whereas a ve rt ical l ine at either pole rema in~ 
fixed, necessitati ng that this p recessi ng fo rce be variab~ 
and proport io nal to the cosine of the latitude. Th i5 
variable precessing force is provided by the /atit11d e co r~ 
rection mechanism. 

The stable e lement fu rnished with the figh ter-d irecto r The same forces which cause loose gear to sli ther 
rad a r combines these s imple systems . The prime refer- across the deck du ring violen t ship's m ovement al so act: 
ence is the plumb-bob, m odified beyond recog ni t ion and to deflect the e recting magnet. The g reate r the magni~ 
~merging as an ' 'erecting magne t". As before, t he erec~- tude of these forces, the mo re d etr imen ta l is t he ir ~ffect: 
111g magnet has considerable mot ion, but i_ts ave rage pos•- on the accu r_acy of the stable e lemen t. B y m ain ta ll1111&' 

FIGU RE ! - Comparison of tJertical beam pa!lem s fo r high- and l ow-mlgle targ et s. A x is o f an fe7lna dire cted at targeJ. 

F IGURE 2- Eievation a/1-
gle as a fff11Cfion of sla11f 

range and altit11de. 
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the erecting magnet in a deflected position, the point of 
mean motion moves from the true vertical toward the 
deflected position, and through magnetic action, the gyro 
would tend to follow this point unless the magnetic 
action were removed. The alltomatic 111m CIIIOII! is p ro
vided on some stable elements to de-energize the erecting 
magnet under cond itions of prolonged violent ~aneu
vers, thereby -removing a known cause of error 111 the 
position of the horizontal reference p lane. 

The horizontal reference plane, as determined by the 
gyro, must be transferred to the an tenna. This is accom
plished through a series of reference planes: 1-a stable
~Iement reference plane, 2-an antenna-pedestal refer

t~nce plane, and 3-an antenna reference plane. 

The stable-elemeht reference plane is perpendicular 

to the train- rotat ion ax is of the stable-element yoke. The 
antenna-pedestal reference plane is perpendicular to the 
azimuth- rotation axis of the antenna pedestal. The an
tenna-reference plane is the locus of the center of the 
(scanning) radar beam of zero-elevation ang le. It is the 
sole purpose of the stab ilizing system to keep th is latter 
reference plane horizontal so that all elevation angles 
measured by the system will be with respect to the 110ri
zon. 

The level and cross-level synchro systems measure the 
angle between the horizontal reference plane and the 
stable element reference plane, and dupl icate this angle 
between the antenna-pedestal reference plane and the 
anten na re ference plane. Stable-element syncluos pro
duce a ze ro signal when the horizontal reference plane 
and the stable-element reference plane are para llel. On 
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FIGURE 5-Photograpb of stable element showing location of gyro-balancing weights. 

receipt of a zero sig nal, the antenna reference p lane 

should become parallel to the antenna-pedestal reference 
plane. 

For the antenna reference plane to be horizontal re
quires not only p roper duplication of ang le, but also 
requires that the antenna-pedestal refe rence plane be 
parallel to the stable-element reference plane since thes ~ 

a re the orig ins for measuring the angles of plane ti lt. It 
may be said that whereas the angle is transmi tted elec · 
trically th rough synch ro wi ring, the ang le refe rence 
p lane is transmitted mechanically th roug h the structure 
of the ship, and the foundations and bases of the stable 
element and antenna pedestal. 

SP /SM LI MITATIONS 
W ith the overall picture in mind it is now possible 

to examine the system for possible causes of in accuracy 
of height measurements. Before p roceeding into the 
exami nat ion, however, a fundamental limitat ion of the 
equ ipment must be recognized to preven t misin terpreti ng 
the limitation as an inaccuracy. 

Conical-scanning height-find ing radars such as the 
SP and the SM (and also the M ark 12 and Mark 28) 

depend on the matching of echo st rengths with the an· 

tenna beam pointing an equal angular distance above 
and below the target. Thi s cond ition can be atta ined 

only when the radar beams are symmetrical fo r positio ns 
above and below the target . D isto rt ion o[ one beam 

such as occurs clue to water re flection changes the inten· 
sity patte rn o f the reflected beam and renders echo 
strength matchi ng mean ing less. Water re flectio 'l wi th 

its reinforcements and nullifications of echo strength 

will always affect the lower beam first, as shown in figure 
1. For the frequ ency used in the SP j SM rad ars, the nulls 
fo rmed in the lower beam are narrow and genera lly thA 
water reflec tion results in an increased echo for the lowe~ -1 
beam. To equalize the echo returns necess itates lowering 
the antenna to practically ze ro elevation. 

W ater reflection increases the "ability of the set to pick 
up low flyi ng targets at g reater ranges, but prevents the 
determ =nat ion of altitude of these targets until the lower 
beam is clear of the water. For the SM and the SP, the 

lower beam clears the water when the an ten na elevation 

ang le is equal to the beam width or approximately 2 Y2 ° 
with the eight foot antenna dish. 

The erro rs obtained in <!tt:::·\Jt in,G to read target 
ang les at elevation ang les 
less than 2V2 ° is therefore 
not due to misadjustment of 
the equipment, but repre
sents the limi t of usefulness 
of this type of radar. The 
M ark 22 has been furn ished 
for use in the angle of limi 
tation of the Mark 12, and 

s imilarly the SX is adapting 
the principl e of the M ark 

22 to the fig hter-di recto r 
rada r to prov ide lower-angle 
coverage. 

fiGURE 11 - QIIadran! r.-. r/r 
359° 23' . 

ELEVATION SYSTEM ERRORS 
The errors possible in the system may now be listed 

-tarting at the prime reference. 

l - U11balauced erecting magnet: The center of an un
balanced erecting magnet travels in a small circle about 
the vertical wh ile scanning, averaging its position directly 

under the gyro center. Scanning stops whi le inspecting 

a target, thereby permitting the gyro to move toward 
this deflected magnet center and tilting the " horizontal" 

plane. 

2-U nbtdanced gyro housing: Being mounted in gim
bal rings, the entire gyro will tilt under the influence of 
gravity unless the center of gravity coincides with the 
ve rtical axis. During scanning a tilting force due to 

unbalance would be applied to the gyro equally in all 

positions and would average out with each revolution . 
W hen not scanning, the unbalanced force wou ld tilt the 
"horizontal" plane unti l the tilting force is matched by 

the restoring force of the erecting magnet. 

3-Erecting magnet de-energized : \Xlith no actual 

magnetic fie ld between e recting magnet and gyro fly
wheel, the p rime reference for the " horizontal" plan e is 
then a practical gyro free to move under all disturbing 
forces eventua lly resulting in an upset gyro. 

4- l mproperly positioned latit11de correction arm : The 

latitude correction med1anism must apply its force in a 

northerly direction to produce eastwa rd precession of 
the vertica l axis. \'<lith th e force applied in any o ther 
direction the "horizontal" plane will become til ted and 
cannot be leveled by scanning . 

It thw becomes ob·vious that the gyro plane will not 
normally be horizontal when the equipme1lf is operated 
in relative bearing, for tbeu the latitude corrector I S 

positioned at ship's head instead of tme north. 

5-lmproperly set or calibrated latit11de correction 
meter: The force applied for alti tude correction must 

FIGURE 7- (left) Photograpb of a Gunner·s Q11ad1·m1t. 

FIGURE 8- (below ) Stable element ll'ith top removed, 
sbowi11g Gmm er"s Quad1·ant in position 0 11 J'Oke. 

QUADRANT (Degree D ivisions) 

MICROMETER (Half-Minute Divisions) 



be just sufficient to cause precession equal to earth's 
rotation. Excessive force wi ll depress the east portion of 
the ·"horizontal"' p lane, and insufficient force the opposite 
(west) portion. 

6-IIY eak servo amplifiers iu stable element: To mea
sure the position of the horizontal plane, the stable
element synchros are driven into correspondence with the 
gyro by the level and cross- level servo amplifiers. Insuf
ficient ampl ifier gain will result in the transmission of 
e rratic tilt angles to the antenna. 

7- lmproperly zeroed letJel syncbros in stable element, 
console, and antenna: Any errors introduced by the 
synchros are constant in all azimuth directions, and will 
not be cancelled by scanning. 

8- Stable-element trai11 axis and antenna azimuth axis 
not parallel : W ith a-'<es not parallel, the reference planes 
used to transfer the gyro p lane to the antenna will not 
be parallel. It would be presumed after leveling the 
mounting rings for stable element and antenna that the 
two axes would be parallel after installation. This pre
sumption is by no means valid . Rough handling of the 
equipment may render the individual a-"Xis no longer 
perpend icular to its base. The mounting rings are 
machined and leveled in an unloaded cond ition, so that 
after installation, the weig ht of the equipment may ti lt 
the mounting ring. A ship is not a rigid st ructure and 
major ship overhauls and additions involving welding, 
or even accidents, can distort the structure connecting 
the mounting rings. In a stationary ship, the effect of an 
intense sun shining on just one side of the antenna plat
form t ripod has been measured and found to produce as 
much as 10 minutes o f tilt between a-xes. 

9-Weak or improperly-adjmted serro am plifiers i11 
anteuna: Some height-finding antennas are badly unbal-

anced around the elevation a-x is so that the servo-system 
error never drops to zero, for even under static conditions 
the error must compensate the gravitational fo rce~. Thi. 
ever-present servo error indicates a corresponding an~ 
tenna-elevation error which is equal in a ll azimuth direc
tions and should be kept a minimum by setting the 
e levation amplifier gain a ma-x imum. 

Normally the antenna is controlled by the h igh-speed 
synduo system, depending on the low-speed for position
ing whenever more than 4 ° away from the correct eleva
tion angle. Failure of the transfe r relay to operate or 
improperly set "low-speed cut-in" may resu lt in the 
antenna locking in with an elevation error of 10° or 
multiples, constant in a ll azimuth d irections. 

10-Center of scanning radar beam not coincident 
. with mechanical center of tvobbler: The center of the 
radiation pattern of the wobbler is coincident with the 
center line of the wobbler bearings, but after the radia
tion leaves the wobble r it is reflected by the sp lash plate 
and the parabolic reflector. T he splash plate may not be 
perpendicular to the center line, or the axis of the pa
raboloid may not coi ncide with this cente r line. Either 

FIGURE 6-Paper template for use in correcting constant error. 

condition deflects the scann ing radar beam cente r from 
the mechanical zero. This e rror will be constant in all 
azimuth directions and is the reason for using a radar 
target for final calibration, as simple mechanical means 
cannot detect the error of the radar beam. 

ELEVATION-CALIBRATION FLIGHT TEST 
If a target plane were to Ry completely around the 

ship, maintaining constant al titude and constant distance 
from the ship, a tracking SP j SM radar should require 
movement in azimuth only. Any movement in elevation 
required to remain "on target" would be due to the 
accumulation of e rrors introduced in to the system by all 
causes listed above. Such a target plane Rig ht is purely 
hypothetical , but a similar practical fligh t test using one 
JM or three TBM's has been developed and is recom 
mended as a routine test to be conducted every fe 
months. 

F IGURE 9-A second quadra11t is placed on any smooth 
horizo11tal surface 0 11 tbe rotatable part of the antennrt. 

The fl igh t test requires cooperation between tech
nicians, operators, FDO's and pilots for satisfacto ry 
results, and the roles played by the FDO and pi lots dur
ing the actual .test flight are most important, for the 
fu ture accuracy and value of the SP j SM radar a re deter
mined solely by the constancy of altitude of the target 
plane. 

It is essential that the cal ibration plane p ilot fly stead 
ily at a true altitude of 10,000 feet th roughout the test 
fl ight. A devi ation of not more than 200 feet may be 
allowable. The pi lot should set the p ressure altimeter 
at the sea level barometric p ressure fu rnished by the 
fDO (Kollsman number) and should correct the in
dicated altitudes for temperature using standard N avy 

computers. 

The FDO should vector the plane on various courses 
to complete a circular Right around the ship at a rad ius 
of 20 miles +4 mi les. During the hou r period necessary 
for this flig ht the ship shou ld maintain steady course, 
so that uni formly spaced observations will be obtained 

in all relative directions. 

Prio r to the test flig ht, technicians shou ld make a rou
ti ne check of the radar system, stressing the calibration 
of range and height-computing circuits and al ignment 

(. of the p recision circui ts . The level servo amplifier of the 
stable element should be adj usted for best operation by 
turn ing the ga in contro l clo~kwise until hunting beg ins 

or then backing down sl ightly until h unting stops. T he 
elevation amplifier for the anten na should be adjusted 
for smooth operation with min imum elevation-error sig
nal on the high-speed synchro system. The a-c voltage 
measured between terminals TB 3351 (El) 3 & 5 on SP 
and between terminals TB 3351 (El) 5 & 6 on SM 
should not exceed 0.5 volts. 

Du ring the test flight, the best operating team should 
track the calibration p lane with the SP j SM radar operat
ing in the Stabilized-True-Bearing cond ition. Whenever 
on target the precisioning operator should call "mark!" 
and stop turn ing the handwheels. T he range operator 
should then posi t ion the target at the left of the ranging 
d itch for an accurate range readi ng at the time mark. 
T he following information should be read f rom the in
d icators and passed via sound-powered phone (23JS or 
24JS) to a recorder for tabu lation in T able A: 

Range ( to tenths of miles) 
Altitude ( to hundreds of feet, e.g. 9.8 thousand 

feet) 
Relative Beari ng (to degrees) 
EleYation Angle (to nearest 5 minutes on SM, to 

tenths of degrees on SP) . 

' L racking, accurate positioning, and recording readings 
as rapid ly as possible should permit the obtaining of 
,tbout 100 readings distributed evenly at four-degree 
intervals of azimuth. (ro11tin11ed rm page 30) 
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• The LP is a standard r-f signal generator covering a 

range from 9.5 kc to 30 Me, and having a frequency 

accuracy of one percent. An addition:~! range from 30 to 

50 Me is provided, having an accuracy of tl~ ~ee percent. 

The instrument consists of two units, the rad1o-frequency 

oscillator p roper, and a power-supply unit. Accessories, 

including a dummy an tenna (simulating a standard an

tenna ) and an attenuator unit, are also provided with 

each equipment. 

The power supply unit furnishes heater and plate 

voltages for al l stages in the r-f. oscillator unit . The 

equipment may be operated from any 115-volt 60-cyclc 

power source. 1t employs a type 84 full-wave rectifier 

with a flux-regulated transformer to compensate for li ne 

vol tage fluctuat ions. In applications where no a.c. is 

available, the equipment may be modified to operat~ from 

batteries. For battery operation a 200-volt, 40-ma B 

supply and a 6-volt, 1.7-amp A supply is required. 

The r-f osci llator unit contains a carrier oscillator, a 

buffer stage, a modulation oscillator, carrier andj or mod

ulation VTVM, r-f fi lter, and an attenuator. 

The carrier oscil lator is of the conventional tuned

plate type and uses a -76 tube. Seven f req ~•ency bands 

are utilized to cover the range from 9.5 kc to 30 Me. 

Seven trimming capacitors ami adjustable cores in the 

coils are provided for resetting the maximum and mini· 

mum frequencies shou ld they he known to be in error. 

These ranges are checked at the factory and normally will 

not re911 ire readjusting. The tuning capacitor dial has 

fo ur scales. One covers an arc of 180 degree~ on the 

out.:r ring and is calibrated from 0 to 300 division •: . T~ 

use this scale the operator must use the fre9uency calibra

tion scales in the instruction book. The other outside 

scale provides a direct-reading frequency calibration ac

curate to 1 percent with a range from 9.5 kc to 30 Me. 

The two inner scales provide d irect reading of fre

CJUencies from 9.5 kc to 9500 kc. When the 30-50 Me 

band is ·used, the fre9uency is set up by th:-: use of a 

separate calibr:J.tion graph provided ;n the instruction 

book. Accuracy is in the order of 3 percent. 

The carrier oscillator output is appl ied to a type 89 

tube, called the separator, which performs two functions. 

It operates as a buffer amplifier between the carrier 

oscil lator circuit and all stages following the sep:trator. 

and at the same time it is used as the stage where the 

carrier is modulated by the outp:.1t of the mo2ulation 

oscillator or by an external source. The separator h:J.s 

three outputs; one to the :J.ttenuator unit, one to the 

carrier VTVM, and a constant 1-volt output to a jack in 

the front of the unit. Th is high-level outp~•t vol tage can 

be used for several tests such as receiver performance in 

strong electric fields, selectivity, etc. 

The modulation oscillator is a conventional Hartley 

circuit employing a 76 tube. The frequency is 1000 

cycles +JO~ . The modulation voltage supplied to the 

separator is controlled by a knob on the front panel 
marked MODULATION. 

The meter on the front panel of the r-f oscillator unit 

is for use as an ind icator when setting the carrier to a 

point of pre-determined value, or when adjusting the 

percentage of modulation (up to 50 1/c ), from either the 

noclu lat:oQ oscillator or from an external moJu lation 

~ourcc. T he carrier is adjusted to a point on the meter 

( l ) Tbe LX-I Signal Genl!rrll?r in met~d carl! ll'ilh jro1~1 rorer remored. (2) Tbe LAG Si.f:lltd Gelleutor ll'ilb 

OII!Jiitl rab(e conllecled. (3) 7 be LX St f.na/ Ge11erator 111 ll'O_odell rarr;ing case. ( 4) T be LP Si,r:11.d Ge11er.11or 
u•tth poll'er Sllf'flly allached. N ote d!l!/1111) anlelllltl 111111 and a/11!11/tt:lor 1111i1 i11 front of mai11 1111Jt . 
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marked CARRIER SET. After the carrier has been set, 
the unit is then switched to modulation by appropriate 
contrpls on the f ront panel and the percentage of modu
lation adj usted, using the same indicating meter. 

When using external modulation, care must be taken 
that the equipment is set up correctly. The unit is not 
suited for modulation f requencies greater than 1000 
cycles per second when the carrier frequency is 300 kc or 
less. The unit will therefore be operated w ith the "Nor
mal-External Mod" switch on "Normal" . On higher 
carrier frequencies, the unit will operate satisfactorily 
with modulation f requencies greater than 1000 cycles but 
the "Normal-External Mod" switch must be set to "Ex
te rnal Mod". 

Before attemp ting to use the LP, the operator should 
read the instruction book carefully in order to make ad
justments intelligently. This applies particularly to the 
atten uator and correct terminating impedances as de
scri~ed in Section 5.9. 

LX 

The LX and LX-1, manufactured by General Radio 
and Federal Manufacturing and Engineering, respec
tively, are designed and patterned along the same lines as 
the 804-B but have a few improvements which· decrease 
r-f leakage. 

The LX or LX-1 consists of four parts; a uhf signal 
generator, a 10:1 external attenuator, a jack connector, 
and a terminal unit. T he entire LX equipment is con
tained in one case. I t operates from any 115-volt, 60-
cycle sou rce and can be changed very easily to operate 
from 230-volts, 40-60 cycles. The power supply is a 
conventional full-wave rectifier usi ng a 6X 5GT tube. 
The power required is app roximately 25 watts. 

The equipment covers frequencies from 7 .5 to 330 Me 
in five ranges. The scales are changed by a front-panel 
control which masks all scales but the one in use. Each 
range scale is divided into uni ts of 5 or less; fo r ex
ample, the 24-330 Me band is marked off in divisions of 
ten Me and each division is further divided by an indi
cating mark. W hen sett ing up a new frequency, the 
accuracy is about 2% . When resetting the unit to a 
p reviously-calibrated frequency the accuracy is approxi
mately 0.03 % provided the settings for the frequency 
have been properly marked beforehand. 

T he frequency adj ustments are made by a front-panel 
control which has a 100-division vernier scale on the 
control knob. This control is geared to turn the fre
quency-indicating dial mentioned above, and also turns a 
second large dial which is marked in 15 uniform divi
sions, thereby providing 1500 effect ive dial divisions. 
In this manner g reat accuracy can be realized when re
setting the un it to a previously-calibrated f requency. 

The uhf signal generator has only fou r tubes; a 
6X5GT recti fier, a VR-150-30 voltage regulator, a 955 
and a 6G6G. The 955 is used in a conventional H artley e 
oscillator circuit as the carrier oscillator. The tuning 
capacitor is permanent! y connected between g rid and 
plate. Provisions are made for switch ing any one of the 

five coil assemblies into the circuit when changing ranges. 
The outpu t of the osci llator is appli ed to a capacitive 
voltage divider which allows only about 10 /'o of the 
total voltage to be available at the attenuator. The out-
put of the attenuator can be varied from l microvolt to 
20 millivolts by the output con trol on the f ront panel. 

T he attenuator is in the form of two variable capaci
tors connected in series and operated from the same shaft 
in such a manner that one increases while the other de
creases, but the total capacity of the series combination 
remains constant in order to prevent changes in oscilla
tor frequency. It acts as an ordinary capacity-type voltage 
divided, and the output jack is connected across one of 
the capacitors. On lower frequencies the output imped
ance of .the circuit is about 75 ohms to match the coax ial 
cable supplied for the equipment. 

The carrier sett ing is accomplished by a contro l on the 
fron t panel wh ich effectively varies the plate voltage on 
the carrier oscillator. A micro-ammeter in the grid cir
cuit is used for indication. 

The 6G6G is used in a second H artley oscillator circuit 
as the modulation osci llator. The frequency of oscilla
tion is 100 cycles +-5 % at about 70 volts. The per
centage of modulatio11 , as read on the modula tion indica
tor, is varied by impressing the 70-volt output across a 
potentiometer. T he output from the potentiometer is 
applied in series with the plate supply to the ca rrier 
oscilla tor. Facilities are also provided to externally modu
late the carrier, using either video or aud io frequencies. 
The external input must be approximately 7 volts in 
ampl itude to obtain 50 % modulation. 

LAG 

The LAG is a general-purpose, ultra-h igh-frequency 
sig nal generator for use aboard ship or in the laboratory 
for general service work, such as checking the sensitivity 
and a lignment of uhf receivers. It covers the range 1200 
to 4000 Me, and is essentially a bench-mounted instru
ment as it weighs about 125 pounds. It may be used as 
a portable in an emergency, however. A tota l o f 18 
tubes are rec1ui red , 11 of these being in the various 

power supplies. The equipment draws approximately 2 
amperes from a 105-125-volt, 60 -cycle line. 

An un-modulated, pulse-modu lated , or frequency- 1}1 

modulated s1gnal may be selected for the output by ~ 
means of a switch on the front panel. T he vo ltage at 
the end of the six- foot 50-ohm outpu t cable is 40,000 

microvolts or greater for all frequencies covered by the 
oscillator. An attenuator unit can be used to reduce this 
voltage to approximately 100 db below the exist ing zero
level voltage. The attenuator is calibrated in db below 
1j 10 volt across a 50-ohm load. For continuous checks 
on the r-f output level, a bolometer with an indicating 
meter is p rovided. Calibration curves are furnished to 
determine corrections to be applied to the output level as 
i ndicated by the bolometer circuit, at d ifferent fre

quencies. 

The oscillator used is of the velocity-variation reflex
type with an adjustable cavity. T wo controls are pro
vided, one for setting cavity length and the other to 
set the repeller voltage accurately in order to peak the 
oscillator tube to the desi red mode. A calib.ration curve, 
with approximate dia l settings for the complete fre

·quency range, is provided. 

Equipment Spares 
• The eventual plan to bin-stack common electronic com
ponents aboard all tenders has so much in its favor that 
it may be extended to equipment spares on ind ividual 
ships. The p lan has worked out exceptionally well aboard 
fleet electronic sh ips. 

Before delving in to the matter too deeply, however the 
Bureau of Ships desires to get as many suggestions on 
equipment spares as possible from the fleet as well as 

f ro1n service forces. 

It is no secret that existing equipment spares are too 
bulky, weigh too much, and involve too much fumbling 
in order to find the right part at the right time. There 
is in some cases a tremendous dupl ication o f parts aboard 
ship, and in other instances a serious shortage of badly 
needed parts. This condition was to be expected during 
the stress and strain of war, al though there is no excuse 
for perpetuating the difficulties. It is believed that a 
more suitable plan for spares can be worked out which 
will be adaptable to peacetime use and economy as well 
as war-ti me expansion and necessity. 

There may be a need for two classes of equipment 
spares; a large one for ships of the battleship, crui ser, 
and carrier types, and a small one for ships of the de

stroyer and smaller types. 

Standardization and interchangeability of elect ronic 
units will go far towards red ucing the need for so many 
varieties of parts, and is being accomplished as rapi dly as 

possible. 

Proper cataloging has to date reduced the number of 
diffe rent manufacturers parts from 600,000 down to 
30,000. A careful analysis has been necessary in order to 

The carrier may be either frequency-modulated or 
pulse-modulated. If frequency modulation is desired, a 
switd1 and control are provided so that 60-cyde fre
quency modulation may be obtained, the amplitude of 

· which may be changed to produce a varying carrier shift. 
By means of a PHASE control, the phase angle of the 
frequency-modulated signal may be varied with respect 
to the 60-cycle supply. If pulse modulat ion is desired, a 
pulsing circuit is provided whid1 gives a 1- to 30-micro
second pulse at a repetition rate from 60 to 25 00. A 
pulse delay of from 3 to 300 microseconds is also 
available. 

On the front panel is a SYl..JC OUT jack. This jack 
may be used to faci li tate taking a pulse from the LAG to 
synchronize an oscilloscope or to introduce a synchroniz
ing pulse into the LAG from an external source. 

determine that items are electrica lly and mechanically 
alike. Eventually, it would seem that all armed services 
must a rrive at a common cataloging system. 

Actual "use-rates" will be employed in determining 
the required quantities of spare parts, making use of 
valuable failure reports submitted during the war. 

A standard box of common parts (or utili ty spares, so 
to speak) might be kept ready at each location containing 
elect ronic eq uipment so that the necessity fo r access to 
spare parts boxes or bins during general quarte rs would 
be reduced . 

Spares sup plied with equipments could be reduced to 
peculiar items on ly, which could be suitably stored near 
the equipment. These items are, in genera l, the heaviest. 

Common components cou ld be issued to ships as a set, 
based upon the electron ic allowances. Such parts would 
not accompany the equipment, if transferred, and would 
be b inned, to facil itate withdrawal. 

The above suggestions are offered merely as a starter. 
It is hoped that all activities deali ng with the problem 
of equipment spares wil l g ive the Bu reau of Ships the 
benefi t of the ir experience and suggestions. Di rect such 
mate rial to the Bureau, attention Code 980. 
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The information in this article was obtained f rom CR.E 
Eldridge A. Helwick, USNR, who 1·epaired some five 
hundred RBO receivers in the Pacific. Data concerning &\ 
11ezv speaker-amplifiers was fNmished by lVlr. Otis A. ~ 
Anderson, Receiver Design Section, BNrealf o f Ships. 

II Radio broadcast programs, including the corny singing 
commercials, have become a defini te part of the American 
way of living. While at sea, being able to enj oy favorite 
programs and newscasts not only provides en tertainment 
but is a great boost for morale. The Navy has always 
recognized the value of the broadcast receiver and prior 
to the war usually permi tted the use of personal sets. 

During the early stages of the war it became necessary 
to ban th is practice as the majority of such sets t rans

mitted its own oscillator signal, the reby permi tting the 

enemy to detect movements of our forces. However, the 
Bureau ini tiated immediate action to obtain suitable 
equipment for entertainment purposes, and the Model 
RBO equipment was the result of this effort. 

In view of the fact that the RBO entertainment system 
is the most-appreciated piece of electron ic equipment 
aboard sh ip, radio technicians have managed to keep it 
in some sort of operati~g condition. I t is hoped that this 
article may help you maintain the equipment at its best. 

The equipment proper is of good design and, if prop-
erly installed, operated, and maintained, wil l out-pe rform GJ 
the average broadcast set. Unfortunately, being parallel 
to all electronic developments encountered at the begin-

ning of the war, such complications as priorities, shortage 
of materials and pmduction faci lities, made it imperative 
to employ certain items and units that were already avail
able or in quantity production. The Navy Type 49131 
series of speaker-amplifiers employed in the RBO dis
tribution system was the result of such necessity. 

This speaker-amplifier was originally designed as a 
rugged , blast-proof, general -purpose speaker for voice 
communication circuits. Consequently the resulting re
prod uction cannot rightfully be class ified as high fidel ity. 
The Navy Type 49545 speaker-amplifier, which wi ll 
eventually replace the 49131 in the RBO distribution 
system, has been designed specifically for use with the 
RBO and shoul d do justice to the capabilities of the 

equ ipment. 

The major complaints and cri ticism received by the 

Bureau in regard to the RBO system has not, however, 
been the direct result of the l imitations of the 49131 
speaker-amplifier. Poor installation , authorized and un
authorized modifications, and attachment of additional 
speakers, microphones, electric megap hones, and p hono
graph attachments, with li ttle or no regar~ to im~edance 
matching, has been the g reatest factor 1n creat1ng the 
d istortion and generally unsatisfactory operation encoun

tered in many of the RBO installations. 

It is not the purpose of this article to criticize the many 

mistakes that have been made in this premise, but rather 
to outline some p rocedures whereby such errors may be 
tracked down and corrected so that the best possible 
performance may be obtained from the RBO receiver. 

One of the most common faults found in th~ RBO 
installation is the improper connection of the receiver to 
its output load or speaker distribution system. The out
put circuit of the RBO contains an output transformer 
having three secondary windings to match a load imped
ance of eithe r 5000, 600, or 60 ohms. One leg of each 
of these secondary wind ings are connected together in
terna lly and brought out to a common terminal which is 
connected to the chassis and ground. The input trans
former of the 49131 speaker-ampli fier has a center
tapped primary and,, as supplied to the N avy, has the 
center tap g rounded for balance-li ne inputs. Connecting 
the 49131 speaker-amplifier to the RBO resu lts in short
ing out half the primary of the input transformer in the 
speaker-amplifie r which, in tu rn , causes distortion, fre
quency discrimination, and loss of po\ver. Many tech
nicians recognized th is trouble and corrected the condi-

tion by simply removi ng the jumpers in each of the 
49131 speaker-amplifie r uni ts connected in the system. 

Due to cross-talk encountered in many instal la tions 
having two or th ree RBO receivers operating into a 
single d ist ribution system, an e rroneous modification was 
inadvertently authorized by Rad io Installation Bulletin 58 
of 26 f ebrua ry 1945. This mod ificat ion consisted of 
removing the common terminal of the RBO output 
transformer from g round, insulat ing the phone jack from 
the chassis, and shunting the 600-ohm winding with two 
300-ohm resisto rs, the junction of the resistors being 
connected to g round. T h is modification eliminated the 
difficulty of cross-talk and the possibi li ty of removing 
the load from the RBO when all speakers were switched 
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This Model CRV-49545 speaker-amplifie r will 1·eplace 
11nits 110111 being used ll'ilh tbe RBO 1·eceiver. Fidelity is 
improved by the use of a "bass-reflex·' cabinet, larger 

speaker, and lone control. 

to another circuit, but a lso p resented a full load to the 
output tube with the resu lt that the addition of any 
speaker-amplifier units caused mis-matching of imped
ances, distortion , and loss of power. Distortion in music 
reproduction was minor compared with the unintellig ibil
ity that resulted due to reduct ion in high-frequency 
response. T h is was corrected later in RIB 124 of 2 June 
194 5 wherein it was outlined that the two 300-ohm re
sistors should be connected across the 60-ohm winding 

rather than the 600-ohm wind ing as previously stated. 
This modification presents only a 10 '/o loading of the 
output tube, obviates the possibility of removing the load 
from the receive r when all the speaker-amplifie rs are 
switched f rom the circuit, and provides a balanced output 
circuit for elimination of cross-talk between equipments. 
The necessary parts and instructions to faci litate this 
modification have been supplied to the fleet in RBO 
Modification K it #3. It has been noted that in many 
cases where the above modificat ion has been made, the 
phone jack was not insulated from the chassis. Fiber in
su lating washers or bushings for insulating this jack are 
included in the kit. 

Some recently inspected installations will show that 
impedance matching is entirely ignored . T wo particular 
installations wi th receivers having the 600 -ohm winding 
modified for halanced-line operation (100 % loading) 
had twenty 491 3 l speaker-amplifiers ( equivalent load of 
)() ohms) and a 4-ohm monitor speaker all connected 
across the 60-ohm winding. 

The basic laws of impedance matching state that in 
order to keep frequency and harmonic distortion at a 
minimum in audio circuits, the impedance of the load 
must match the impedance of the source. The combined 
total loading should at a ll times present to the output 
tube the recommended loading and under no circum

stances a lower impedance loading. If th is cannot be 
done, it is much better to feed into a higher impedance 
with some loss in power than into a lower impedance 
which results not only in a loss of power but increased 
distortion. This mis-match should never exceed about 
2-to-1, however. 

The introduction of negative feed-back or degenera
tion in the design of audio amplifiers has helped to com
pensate for any slight mis-matching. This feature is in
cluded in the design of the 60-ohm output circuit of the 
RBO receiver. Theoretically, the correct loading for the 

RBO is ten 600-ohm speaker-amplifiers connected in 
para llel to present a 60-ohm load to the receiver. How
ever, good resul ts are possible by feed ing one to ten 
speaker-amplifiers from the 60-ohm winding. 

For any installation, only one of the three output 
windings should ever be employed at a time for supply
ing audio power to loudspeaker circui ts. However, this 
does not preclude the use of a head te lephone set for 
monitoring whi le the loudspeaker system is in operation. 

COMMON FAILURES 
6X5-GT rectifier tubes w ith their heaters grounded or 

at chassis potential were used in the early RBO's. Th is 
practice had the advantage of eliminating the need for 
a rectifier fi lament winding on the power transformer, 
but the tubes were subjected to a high cathode-heater 
potential difference. This resulted in reduced tube life 
and, due to shorted tube elemen ts, considerable damage 

T he Model CRV-49456 is weatber-proof and /Jery 
mggecl in constmction. This speaker 111ill be stanclarcl 
for all 011tsicle i!ls!allatiom and 1uil! replace all former 

a11cl ad iuterim speakers. 

to power transformers and other components. Tubes 
were usually subjected to vibration and shock encountered 

8aboard ship and in many instances to fluctuating or ab
normally high a-c voltages that contribute largely toward 
breakdown failures. 

Blowing of the 2-ampere line fuses F-10 1 usually re
sulted from breakdown of 6X5-GT tubes. Although 
there is a notice on the rear of the RBO receiver chass is 
cautioning the technician that the fuse rating should uot 
be increased, some 20- and 30-ampere fuses have been 
found in sets where the power transformers were burned 
to a crisp. If your set employs 6X5 -GT rectifier tubes, 
check them occasionally and insist on 2-ampere fuse p ro
tection. Al so check the a-c line voltage. Recent 6X5-GT 
tubes are of better design and ·construction, and should 

therefore prove satisfactory. 

For some time a replacement transformer incorporat
ing a 5-volt secondary winding for converting over to 
5Y 3-GT rectifier tubes has been available at navy yards 
and radio pools. It is known as RBO Modification No. 
2, and has been approved by BuShips. It is covered in 
RIB No. 123 of 26 May 1945 (Vol. 5). 

Failure of the 680-ohm, 2-watt bias resistor for V-109 
(6K6-GT in early models and 6V6-GT in later models) 
was corru110n. Most failures were caused by gassy or 

~shorted power tubes, though any abnor~al plate current 
would cause this trouble. A ten-watt resistor can be used 
for more satisfactory results. 

The RCA Voltohmyst Jr., or any electronic d-e volt
mete r, is handy for checking voltage in high- resistance 
audio circuits. W ith a good power tube in socket X -1 09, 
and normal a-c line voltage, the voltage drops across the 
cathode bias resistor should be approximately 2 l volts. 

The control g rid voltage with respect to the cathode 

should be the same, and any lower voltage would indi
cate a gassy power tube or leakage in the .005 p.f coupling 
capacitor C-1 27. 

In a few cases R-131, the 470 k plate-load resistor for 
V-108, has increased in value causing low volume. In 
some sets the 470 k screen-dropping resistor R-1 38 has 
also increased in value. These resistors should be checked 

and replaced if necessary. 

The .02 p.f tone-control capacitor C-11 8 connected 
f rom the plate of the first audio tube V-107 through the 
variable 25 0,000-ohm tone-control unit to the chass is 
somet imes fails. Capacitor leakage can be checked w ith 
an elect ronic d-e voltmeter by turning the tone control 
fu lly clockwise and noting if there is any d-e voltage 
present at the tone-control side of C-118. If any d-e 
voltage is present, the capacitor should be replaced. 

If the 6E5 magic-eye tube V -110 is good but does not 
close on strong signals R-1 50, the ta rget load resistor, 
may be open or increa~ed in value. It should be replaced, 
if necessary, \vith a ne\v resisto r and R-148 readjusted 
for desired operation. A dull screen is the usual indica
tion of a weak or worn out tube which should be re
placed if a brigl1ter image is desired. 

SERVICING THE RBO 
O ne of the most important steps toward keeping any 

piece of e lectronic equipment in good operating condi
tion and reducing failures to a minimum is a regular 
cleaning routine. A small paint brush, rags, a bottle of 
carbon tetrachloride, an air hose or bellows, and a li ttle 
energy are the only things necessary. After dust has been 
loosened with the brush it can be removed with air or 
rags as appropriate. 

A ll tubes should be checked on an OZ or similar tester 
every month. A flickering of the meter pointe r while 

A 11 extem al speaker may be mecl a/ low t1ol11me ln ,els if an amplifier 1111it is not atlailable, b11t an 8-obm L
or T-pacl should be inserted as sboum fo r control of tbe vol11me. 
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tapping o r thumping tubes under test will ind icate any 

intermittent shorts. 

The H allicra fte rs PM-2 3C w ith a 5000-ohm matching 

transformer is an excellent speaker for use in testing 

operation of the RBO, thoug h any good P M speaker 

with a 5000-, 600-, o r 60-ohm transfo rme r w ill serve the 

purpose. 

The i-f amplifier, second detecto r, and aud io amplifier 

tubes should be checked for in termi tten t shorts and 

microphonics. Either a modulated o r an un modulated 

i-f s ig nal may be used. Sligh tly noisy tubes can easily 

be located by using a strong unmodu lated signal, since 

any tubes w ith loose elements wi ll modulate the carrier. 

T he Navy M odel LP is probably the best s ignal gen

erator for use in a ligning. the RBO, but is by no means 

the only one that can be used. A ny stable signal genera 

tor covering the f requency range wi ll be sat is facto ry. 

Inst ruction books suggest that the g enerato r be con

nected to the control g rid ( terminal #8) of t he fi rst 

detecto r V -103. Experience has shown, however, that 

it may just as well be connected to the termina l on the 
~Lalo r section of the l uning capacitor, thereby elimi nat

ing the poss ibility of d istu rbing cri tica l circuit constants. 

If the signal generator is connected in the latter position, 

a sl igh tly h igher output will be reg ui red because coupling 

capacito r C- 123 wi ll he in series with the i-f signa l. 

The dummy antenna should always be useJ with the 

L P, even at i-f f reguencies, as its in te rna l capacitor w ill 

protect the r-f attenuator from exposure to any possib le 

d -t \Oltages. Several attenuators have been burned out 

in the: tieJJ by carelessness in attempting to con nc:ct the 

LP output leads directly to some tube te rminal, and 

The addition of a jack to tbe _ ~ -.1ker-amplifier tmit pe,·
mits 11se of a bef/ er-q11ality sp~aker. W ben p111g is in
serted, the original speaker is a11tomatically disconnected. 

touching the lead against a d-e voltage on another ter
mina l. 

T he use of an elect ronic vol tme ter, R CA Voltohmyst 

J r. or H ickok Model 202, connected to the automatic 

volume control system is strong ly reconimended fo r all 

receiver alignment operations. It has many advantages~ 

over the old system of using an ou tput meter o r db mete r~) 

for resonance indication . When us ing an audio output 

ind icator (db meter) it is necessary to keep the s ig na l 

level from the r-f sig nal gene ra tor below the th reshold 

of the receiver's automatic volume control syste m. Seve re 

electr ical interference (ABK, BL and most rad ar equip

ment undergo ing test ) o r static backg round noise usua lly 

present, make correct alig nment a tedious, ne rve-racki ng 

job. Compromises are made in some cases by using a 

stronger r-f carrier level which usually results in over

load ing and double-hump resonance misalig nment. C lose 

o~servation has revealed that many tech nicia ns and en

g meers use alignment methods that need co rrection. 

. With the automat ic volume contro l method it is pos
Sible to use an r-f signal level that is above the back

g rou nd noise, operate the r-f and i-f am pl ifie r tubes at a 

more.: nearly normal operating point on the ir cha racteristic 

~u r:e, .secure more rap id alignme nt w ith stab le mete r 

lntlicat iOn, and finally obtain a noiseless cond ition if 

desired by turn ing the volume cont ro l down or using an 
unmod ulatc:d r-f signal. 

A c~nveni ent connection po int for the e lectronic vo lt

mete r IS to the g rid -retu rn lug on the fi rst i-f t ransformer 
T -1 10. 

The th ree i- f transformers should be a lig ned accord in~ 
to standard p rocedure, us ing AVC and an e lectron ic volt

meter fo r resonance ind ication. An r-f signal strong 

1 

Scbemalic diagram sho ws correct 
modi fica/ion for balanced-line 0 111 p11t. 

~ enough to prod uce five to seven volts A VC is satis-

factory. 

Complete alignmen t to the antenna, first detecto r, and 

oscillator circuits should be done following the pro

cedure outlined in the RBO instruction book. T he 6K7, 

6SA7, and 6}5 tubes in the r-f and oscillator compart

ment should be thoroughly checked for intermittents, 

microphonics, or other noise, before proceed ing with t he 

r-f and h igh-freguency oscillator circuit alignment. Some 

tubes that check very well in tube checkers do not per

form very well at h igher frequencies. Several new tubes 

should be t ried in these sockets, noting sensitiv ity and 

noise. Extreme care should be exercised in all alig nment 

operations. Proper tracking is not always attained and a 
common mistake is that o f tun ing the oscillator to the 

high-f requency rather than to the low-freq uency s ide o f 

the incoming carr ier on bands 2 and 3. It is h ig hly ad -

. visable to re-align each band several times, using the 

tri mmer capacitors at the h igh-f requency end and the 

iron-core inductor adjustments at the low-frequency e"nd 

to obtain best results. Good sensit ivity, tracking, and 

dial ca libration can be secured. A sens it ivity of two 

m icrovolts th roughout bands 2 and 3 can be obtained, 

while band 1 should be about 5 to 7 microvolts at 600 

';- c and 2 microvolts at 1500 kc. 

T his extreme sensit ivity may never be u til ized aboard 

ship as the average electrical in terference noise level is 

usually over 20 microvolts and many small vessels h ave 

a noise leve l o f 100 or more. 

Considering the fact that the useful sensitivity of the 

RBO or any receiver is limited only by the prevailing 

noise level, all electrical inte rference encounte red aboard 

ship should be reduced to a minimum by shielding. bond

ing, etc. The receiver is a p rogram o r amusement re

ceiver, and the necess ity for interference suppression is 

not as g reat as fo r communication receive rs. H owe,·e r, 

eliminating interference w ill g reat ly e nhance the en ter
tainment va lue of the system. 

SPEAKER AMPLIFIERS 
The T ype 49131-A , -B, and -C sp eaker-amplifiers 

wh ich genera lly h ave been used with the RBO were de

sig ned to with stand sea spray, concuss ion from gunfire, 

and general shock cond itions experienced aboard com

batan t vessels of all types. Due to the speaker cone 

construction these speakers a re unsuitable for the repro

duction of music or: for fu ll utilizat ion of the receiYers' 
high-fide lity characteristics. 

These speaker-amplifiers h ave required on ly general 

servicing and rep lacement of such parts as noisy volume 

controls, broken o r noisy channel selector switches, open 

fi lter ch okes, and burned-out input and output trans

formers. Several cases of input transfo rmer fai lures were 

traced to experimenters or ungualified personnel ex

changing the audio input cable with the 120 volt a-c or 

d -e power cable wh ile attempting to make quick tempo

rary repairs to a dead or weak speaker-amplifier. This 

condition was usua lly noted aboard small vessels that 

used DHF A -3 cable for both audio and powe r supply. 

A n a-f signal generator is helpful in servicing the ampli

fier and especially in locating resonant speaker cone 

rattles. Noisy speaker cones should be replaced with 

new cones after removing the o ld cone and cleaning the 

magnetic ai r gap of iron fi lings and other foreign matter. 

I n the event a new cone is not avail able for th is replace

ment, cleaning the vo ice coil structu re and re-cementing 

any loose voice coil turns w ill remove most rattles. 

Bakelite speaker cones h ave a peak at approximately 

3000 cycles, which makes the T ype 4913 1 series speaker

amplifi ers good fo r in tel lig ib il ity of speech but inade
quate for music. 

Because there are many areas aboard ship where the 

b las t-proof and water-resistant protection of the 49 131 

speaker-amp lifie r is not required, and because of the 

general interest in bette r sound reproduction, the newer 

Type 49620 speaker-amplifier, incorporating a soft p aper 

cone speaker o f s ligh tly large r dimensions, has been made 

avai lable as an interim unit. T he improvement in fre

guency response makes th is model a suitable replacement. 
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The production of the 49131 series and 49620 speaker
amplifiers has ceased and deliveries of these specific 
units have been completed. Future production of speaker
amplifiers is being limited to units now under de
velopment which wi ll become standard for ship-board 
instailat"ion on radio communication and on broadcast 

entertainment circuits. 

T he Type 49620 speaker-amplifie r is intended pri
marily for use on the broadcast entertainment ci rcuit 
pending the availability of the completely new Type 
49545 speake r-amplifier unit which will be standa rd for 
this circuit. The 49545 unit will be avai lable early next 
summer, and is of an entirely new desig n usi ng the 
'"bass-reflex" principle to ad1ieve improvement in low
frequency response over that of all previous units. 

Due to the unavailabi lity of the new 502 10 audio 

amplifier now unde r development for use with the T ype 

49546 speaker, it has also been necessary to use the 
<9620 speaker-amplifier on radio communication circuits 
for an interim period. The 49546 speaker is a weather
proof and blast-proof unit which is present ly intended 
only for open-bridge and other exposed locations. Even
tually it is contemplated that the 49546 speaker with the 
50210 audio ampl ifier wil l supersede all presently em

ployed speakers and speaker-amp lifiers for all shipboard 
commun!cation circuits. The 49546 is a diaphragm-type 
driver unit coupled to an air-column horn of the radial 
reflex type and is radically diffe rent from the cone- type 
of direct radiator speaker which has prevai led in ship
board radio installations for a number of years. The 
radial feature permits mounting this un it in many loca
tions heretofore impracticable. 

All RBO installation plans approved by the Bureau 
of Ships incorporate a TTHFA-5 cable for audio d istribu-

tion, ·spare channels being avai lable for phonograph 

record p rograms. 

A record p layer capable of playing both 78 and 331/,~ 
rpm broadcast transcription recordings has been avail
able through the Bureau of Naval Personne l and the 

Welfare and Recreation dep artments of the Navy. 

Connecting the output of the record player amplifier 

directly into the spare audio channel at the RBO output 

distribution box has been covered in RIB No. 85 .of 2 
September 1944. The 10-ohm, 10-watt resistor may be 
used for a dummy load, but it is suggested that the 
speaker be retained in the circuit of t he phonograph 
ampli fier for a monitor while p laying recordings. Omit 
the load resistor in this case. 

The importance of maintaining approximately the 
same relative audio level 'from all receivers and the 

phonograph channel cannot be overemphasized. The audio 

volume contro l of the RBO receiver should be adjusted 
up to but not beyond the level necessary to drive each 
49131 or 49620-type speaker-amplifier to maximum vol
ume level with its volume control in the extreme dock
wise position. 

The RBO receiver was designed for head phone moni: 

toring, but many installations include a local loudspeaker 
for monitoring and entertainment of the rad io personne l. 

Impedance matching has been tota lly disregarded in • . 
most instances, and it is not uncommon to find a 4-ohm ~ ..J 
voice coil connected across the 60-ohm o r 600-ohm out-
put te rmina ls! An additional 4913 1 or 49620-type 
speaker-ampl ifier should be used, although a speaker 
alone cou ld be used at low vol ume levels if connected so 

' as to add only a slig ht load of ten to fifteen percent. 
Volume shou ld be controlled by a low-impedance 6 to 
8-o!1m l or T pad volume control. 

Intermittent A z imuth Marks on V F's 
• When a VF is repeating a radar with a 60-cycle repeti 
ti on rate, the azimuth marks on the B-tube may skip at 
random intervals. This resu lts from the fact that the 
duration of the flash from the azimuth-marks amplifier 

(V -1 203) as well as the time constant of the coup! ing 

between this amplifier and the B-tube a re shorter than 

the repetition period of the rada r. Thus the azimuth 
mark may occur completely between repet itions of the 

radar. Thi s condition is greatly accentuated by low
intensity azimuth marks which may result from either a 

weak azimuth-marks amplifier (V-1203 ) , weak photo 
cel l (V -1202), improper positioning of exciter lamp 

( 1-1210), or dust in the slo ts of the d rum or aperture. 

Since the shape of the azimuth-mark pulse is in the 
form of an inverted V, any factor which reduces its am
plitude will automatically reduce its duration. T here

for.e, if a VF is found to be skipp ing azimuth ma rks 
senously, an attempt should be made to increase the 

ampli tude by investigating the items listed above. Or

dinarily, if the unit is in good operating cond ition other
wise, t he azimutl~-mark skippi ng will be in freguent an(e 
wdl not be suffic1ent to eliminate the appearance of the 
marks on the tube . - Raytheon 

~ • T he provision of accurate and reliable higl~-frequency 
direction finders in .r-t aval ships for a contmuous fre· 
guency coverage of 3 to 30 Me is one of the most ~iffi~ult 
technical problems in the whole field of N avy d1rec~ton 
finders. T he results obtainable even after elaborate pre
cautions h ave been taken are, for ins tance, very much 
inferior to those which are obtained in ships on MF and 
under some circumstances in the VHf freguency ranges. 

In genera l, accurate and reli able d irection finding in 

ships is only possible when the D F antenna can be placed 
in such a position that the secondary fields caused by 
metallic objects in the vicinity are small compared with 
th e main incident field. It is also necessary, for accurate 
results over a band of freguencies, that any secondary 
field present should not vary greatly for a small change 

in frequency. 

In the 1-30 Me range a number of parts of the ship's 
structure and rigging will successively assume the quarter
wave resonant condition as the wave length is progres

s ively decreased. f irst the masts, approximately 100 ft 

above the wate r line, will resonate at a frequency of 
about 2.5 Me. The various rad io antennas may have 

resonances at about the same frequency. T he bridge 

superstructure wi ll resonate at about double this fre-
-quency ( 5 Me), and t he stacks standing about 30 ft 

· · above the deck w ill be 1n resonance at about 7 Me. There 
are also numerous othtt small parts of the ship which arc 

Direct· . 
Ion F.· _1 'nuers 

of a height to cause them to resonate at other frequencies 
below 20 Me. ' Some of the structures mentioned will 
assume a second, thi rd, and even h igher mode of oscilla

tion within the working frequency band. 

It is seen that any position in a ship where H F j DF 
may be installed is under the influence of a complex 
secondary fie ld caused by re-radiation from a large num
ber of oscillators resonant to d ifferent frequencies within 

the working range. 

It is to be noted that for a slight departure from the 
resonance frequency of each of the structures there will 
be a large change in the re-radiation and therefore in the 

deviation it produces. 

T o avoid ha rmful effects by re-radiation from the mast 
on which the antenna assembly is mounted, complete 

symmetry of the antenna about the vertical ax is of the 

mast and its rigging is essential. 

The antenna assembly 1nust be fixed exactly co-axially 
with its supporting mast. The smallest asymmetry even 
amounting to a fract ion of an inch may produce consid
erable error, amounting to many degrees. 

. It is preferable to bave the bottom of the mast welded 
to the main deck itsel f (rivet ing may not give sufficiently 
good contact) and the cables from the DF antenna 

assembly must not be supported on conduit o r channel

ling enroute to the direction finder room. 

In view of the above, every effort shou ld be made to 
keep the secondary fields at a min imum, and the im

portance of proper al ignment of the antenna assembly 
cannot be overemphasized . 
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• Supply activities report enough confusion on requisi
tions for ordnance type synchrol units that perhaps a 
word of explanation won't hurt anyon e. 

Requisitions too often specify both Mark and Mod 
numbers. This is unnecessary because when a synch ro unit 
h as a M ark number- and nearly all types do- all Mods 
of the same type and Mark are interchangeable . I t is 
only when a unit has a M od number 011ly that inter
changeability does not exist. 

For example: 

(a) 5SB Mod 1 is not interchangeable with 5SB Mod 

2 (no Mark numbers). 
(b) 5F Mk 4 Mod 1 is interchangeable with 5F Mk 

4 Mod 2 (Mark numbers) . 

In the case of certain special synchros of early manu
facture, Mark numbers were not assigned, nor will they 
be assigned in view of the task such action would en
tail in stamping the numbers on the namep lates. H ow
ever, all new types of synch ro units will carry M ark and 
Mod designations. 

The Model indicates the manufacturer as follows: 
Mod 1- Anna Corporation 

Mod 2- General Electric Co. 
Mod 3- Ford Instrument Co. 

Mod 4- Bendix Aviation Corporation 

Mod 5- Central Instrument Co. 
Mod 6--Diehl Manufacturing Co. 
Mod 7-Bennel Machine Co. 

The letters A, B, etc. indicate minor des ign changes 

(as Mod 1, Mod 1A, Mod 1B) but the units are still 

interchangeable. 

Recently some improved types of synchros h ave been~ 
designed and will soon be available for replacement. In 
most cases the improved type has the Jetter "H" pre
fixed to the type designation of the unit. T he H denotes 
high speed, and shows that the newer unit has had in
corporated in its design better bearings and brushes and 
improved lubrication . This design is essential where high 
rotational speed is encountered , and it furthe rmore af
fords longer life where the synchro application is of a 
general nature and is not being used for a specialized 

purpose. An example of this type of synchro is the 5H~ 
Mk 6. In most cases a synchro of the new "high-speed 
type can be used as a replacement for its Jow-s~eed 
counterpart. However, instruments of recent destgn, 
whose designs have been based on the capabi li ties and 
longer life of the high-speed type of Synchro should not 
use the low-speed counterpart as a replacement. An 
example is shown by the fact that a 5HG Mk 6 can be 
used as a replacement for the 5G Mk 1 but the 5G 
Mk 1 shou ld not be used as a replacement, for the 5HG 
Mk 6. 

In the following tables interchangeable synchros are 
shown. Note that the first choice for replacement is not 
always the same as the original unit. This is because 

newer types may be preferable. It should also be pointed 

out that not every synchro listed in this table is immedi-t/) 
ately available. Some of the newer ones, mostly of the 
high-speed type, have not yet gone into p roduction. 

Installed 
Synchro 

T ype 

1G 
1HG 
1HG400 
3H G 
SG 
5HG 
5H G400 
6G 
6HG 
7G 
7HG 
7SG 

IF 
11-IF 
1F400 
3F 
3H F 
SF 
5HF 
5F400 
5SF 
5B 

5SB 
5SB 
:;N 
SSN 
5DB 

1D 
11-!D 
3D 
5 D 
5D400 

lDG 

11-IDG 
11-1 LJG400 
31-lDG 
5DG 
5HDG 
5H DG400 
6DG 
6J-Il)t; '* 71)(; 

\;;'!7 7H DG 

I M k 

5 
14 
13 
10 
1 
6 

12 
2 
7 
3 
9 
8 

J 
8 

14 
7 
9 

15 
4 

11 
12 

5 

6 

9 

I Mod 

any 
any 
any 
any 
any 
any 
any 
any 
any 
any 
any 

2 

a ny 
any 
any 
any 
any 
any 
any 
anv 
3 or 4 
any 

1 
2 

any 
1 

any 

a ny 
5 any 
3 any 
7 any 
4 any 

13 
15 
8 
4 
9 

14 
s 

10 
6 

II 

a ny 
a ny 
an~· 

any 
an y 
any 
any 
a ny 
an)· 
an y 

Replace wit h Replace with 
First Choice Second Choice 

T y pe 

lHG 
lHG 
1HG400 
3HG 
5HG 
5HG 
SHG-!00 
6HG 
6HG 
7HG 
7HG 
7SG 

11-IF 
1HF 
1F400 
3F 
3HF 
SF 
SHF 
SF-!00 
5F400 
SB 

5SB 
5SB 
5N 
5SN 
5DB 

lD 
lHD 
30 
5D 
SD.JOO 

1HDG 

!H OG 
IHDG-100 
3HDG 
5H DC 
SHDG 
51-1 llC400 
611 DC 
6H D< ;. 
ill DC 
iHDG 

I Mk I 

14 
14 
13 
10 
6 

• 6 
12 
7 
i 
9 
9 
8 

1-l 
14 
7 
9 

15 
-l 

11 
12 
12 
5 

6 

9 

Mod T ype 

GENERATORS 

any 
any 
any 
any 
any 
a ny 
any 
any 
any 
any 
any 

2 

any 
any 
an y 
an y 
an y 
anv 
an y 
a ny 
an y 
any 

1 
2 

any 
1 

an y 

1G 
. . . . . . . . . . . . 
......... ... 
. . . . . . . . . . . . 
5G 

. . . . . . . . . . . . 

. . . . . . . . . . . . 
6G 

. . . . . . . . . . . . 
7G 

. . . . . . . . . . . . 
7G 

MOTORS 

1F 

5SF 

I Mk l Mod 

5 an y 
. . . . . . .. . ... 
. . . . . . . .... . 
. . . . . . . . . ... 

1 a ny 
... . .. . . . . . . 
. . . . . . ...... 

2 a n y 
. . . . . . ...... 

3 any 
. . . . . . .. . ... 

3 any 

8 any 

3 

DIFFERENTIAL MOTORS 

an y ... .. .. ... . . 
5 a n y ... .. .. . .. . . 
3 any . . . . . . . . . .. . 
7 a n y . . . . . . ..... . 
4 a n y . . .. . .. .. . 

DIFFERENTIAL GENERATORS 

13 a n y 

13 
15 
ll 
9 
9 

1-l 
10 
10 
II 
II 

a n y 
an ~ · 

a n y 
a n y 
any 
a n~ · 

any 
any 
any 
any 

JDG 

5 DG -1 an y 

60(.; 5 any 

71 )(; 6 any 

R emarks 

400 cycles. 

400 cycles. 

Special windings. 

400 cycles. 

400 cycles, standard. 
400 cycles, s pecml. 
W hen M ods a re intercha nged, brush 

b lock su pplied with spare synchro 
un it must also be changed. 

Special h igh torque. 
Special high acc uracy . 

Special high torq ue. 

'100 cycles . 

Mk 1 Mod 1 must be used for Stable 
Elemen ts a nd S table Vertica ls , in 
order to a\·oid interference. 

-WO cycles. 

400 cycles. 

' Synclrro is t he general t erm for t hese uni Ls ; not SPls~· n, which is a (;en era ! Elect ric Co. t rade na me. 
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I nstalled Replace with R eplace with 
Synchro First Choice Second Choice 

Remarks 

T ype I Mk I Mod T ype I Mk I Mod Type I Mk I Mod 

CONTROL TRANSFORMERS 

lCT 2 1CT 2 .... . ... Special mounting and shaft . 
lCT 3 l CT 3 . . . . . . . . . . . . Special lo w impedance. 
lCT 5 any lHCT 11 any l CT 5 any 1CT no Mk Mod 3 third choice. 
lHCT 11 any lHCT 11 any .......... . . 
l H CT-!00 9 any lHCT-!00 9 any ......... .. . -lOO cycles. 
3HCT 7 an y 3HCT 7 any . . . . . . . . . . 
5CT 1 3 51-ICT 6 any 5CT 3 Mk 1 Mod 3 must be used for 36 " 

5CT 3 5H CT 
Sperry Searchligh t . 

any 6 any 5CT 3 any 
5HCT 6 any 5H CT 6 any ........... . 
5HCT-!OO 10 a ny 5HCT400 10 any ......... ... 400 cycles. 
5SB1 2 5CTB 8 a ny 5SB1 2 Bearing mounted control transformer. 
SCTB 8 any SCTB 8 any ....... .. ... 

Special low i mpedanc~ control SSDG 1 5SDG 1 . . . . . . . . . . . . t rans-
former. 

5CTB 5CTB . ...... .. .. . Special bear ing moun ted low un-

6CT 6CT 
pedance control transformer. 

2 2 2 2 ....... . . ... 
5SCT 2 or .J. 5SCT 2 or 4 . . ... ... .... 90/ 22.5 volts. 

CAPACITORS 

1 an y 1 any 
2 any 2 any 
3 any 15 any 3 an y 
4 any .j. any 
5 any 1 any 5 a ny 
6 a ny 2 any 6 any 
7 any 15 any 3 a ny 
8 any 4 any 8 a ny 
9 any 9 an y 

10 any 10 any 
1 1 any 11 any 
12 any 12 any 
13 any l3 any 
1-! any 14 any 
15 any 15 any 3 any 

NEW FIELD-CHANGE POLICY 

The Bureau desires that the following policy be ap
plied in respect to accomplishment of field changes to 
elect ronic equipments (sonar, rad io, radar, etc. ). 

tioned and stowed in a safe p lace aboard ship unde r the 
fo ll owing conditions : 

Active Flee!: All field changes which are applicable to 

equipment installed in vessels of the active fl eet sha ll be 

made. Vessels of the active fleet shall have priority over 

vesse ls of the reserve and inactive fleets. All field changes 

shall be made on vessels of the active fleet as soon as 
availability and materials pe rmit. 

(a) The ki ts are available in adequate quant ities, i.e., 
enough to take care of all active vessels and then supply 
the reserve fleet. 

(b) The bulk of the field change is not so great as to 
cause stowage difficul ty. 

~ 

Resen;e Flee/: Only field changes which can be ac· 
complished by the vessels RT's should be made on vessels 
of the reserve fleet. Other field changes may be relJu is i-

A complete and accurate list shou ld be kept of a ll 

stowed fie ld changes and their exact location. This list 

should be kept in a place where it can be easily found 
by the man who relieves you. 

1 narli~e Fleet : No field changes shall be stowed o!/J 
accomplished on vessels of the inactive fleet as long as 
they remain in that status. 

~ 

~ . . 

········ · ···.· · ···· ·· · ·· · .. 

FIGURE 1-Mode/ DBS Loran Receiving Equipment, consisting of type 
CG-47 335 A ulenna Loading Coil and type CRlvl-46286 Receirler-lndi

cator Unit. 

II For applications where a very compact light-weight set is requi red, 
the Bureau is procuring a number of model D BS loran Receiving 
Equipments. The DBS is basically an ANj APN-9 aircraft loran mod i
fied for 60-cycle 115-volt operation (i nstead of 400 cycles) and p ro
vided w ith shipboard-type shock mounting and accessories. The com

plete equipment weighs 97 pounds, including the bulkhead mount ing 
bracket and antenna coup ling unit. It is much smaller than any previous 

loran set. The overall dimensions of the receiver- indicator unit, exclud
ing the removable visor, are 13o/s" x 13"';/s" x 26". 

One of the methods of s implifyi ng the ANj APN-9 (and therefore 
DBS) circui ts is the use of a new type of sweep presentation as shown 
in figure 2. Notches are used instead of the pedestals as in other equ ip
ments, and only one fast sweep is provided, with a med ium-fast portion 
at the right and a very fast portion at the left. Al l trace presentations 
arc selected by a single fUNCTI ON switch. Sw itch positions 4 and 5 
remove the signals and substitute time-markers so that the loran time· 
d ifference may be read. These markers are in multiples of 10, 100 and 

1000 microseconds to simplify counti ng, and with a little pract ice it is 
possible to "sig ht-read" the time difference at a glance, without labor i

ously counting each interval. In this respect, as well as in the provision 

of a sing le function switch, the 1 resentation is a distinct improvement 
over the DAS, but not comparable to the DBE. T he ANj APN -9 and 
DBS use a 3-inch cathode ray tube with a magnifying g lass instead of 
the 5-inch tube used in other models. 
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FIGUR E 2- Trare presentation on ANj APN-9 (part of 
OBS) sbowing sequence of operation. 

The modification o f the ANj APN-9 receiver-indicator 
unit to the DBS consists of the substitution of a some
what larger power-supply sub-chassis, a heavie r and 
slight ly la rge r cabinet, and the provision of a bulkhead 
mounting bracket which supports the cabinet through its 
cen ter o f g ravity. An a-c power-line filte r is mounted 
on one siJe of the cabinet, and a compartment for a 
power-line ex tension cord is mounted on the other side. 
The chass is is he ld in place by panel-mounted thumb
screws. Slide· rail s and catches are provided to hold the 

LORAN DECLASSIFICATION 

chassis in an extended position for servicing. A canvas 
cover is provided to protect the front panel when ~ 
equipment is not in use. ~ 

The mounting bracket has been carefully designed and 
tested to provide adequate stiffness for the rather long 

projecting length of the cabinet. The mounting bracket 

extends over the top of the cabinet to provide ma..ximum 

clearance beneath in case the equipment is mounted over 
a chart table. This method of construct ion also facili tates 
suspension from the overhead, and by securing the front 
shock mounts in another set of holes in the mounting 
bracket, the equ ipment may be mounted vertically on a 
bulkhead , as shown in figure 3, with the panel at a 
slig ht tilt for operating conven ience. Another feature of 

the mount is that the cabi net may be removed from the 

bracket by looseni ng bolts inside the cabinet. Thus, the 
equipment may actually be easily installed in a space no 

larger than the overall dimensions of the bracket. 

For its field of application, the Model OBS is superior 
to other models of loran receiving equipment, and may 
extend the use of loran to previously impractical condi
tions. 

F IGURE 3-:-V erl ical_ m o11n1 in g a.rrangeme11t of fv!~d el 
DBS showmg_ chassts p~rlta~ly 1/ltlbdt·awn for servtcmg, 
with power-/me extei!Stol/ m use. Chassis is held ea 

/ended by latches. ~~ 

In accordance with recent directives from the Chief of 

N aval Operations, all loran receiving equipments, charts, 

tables, operat ional reports, and other publications per

taining to this subject issued to date are reduced to tm

d (/IJt/u:d. This will permit the commercial air and steam

ship lines to take advantage o f loran, thereby adding 
another system to promote safety in travel. 

1/J· 

KINKS ON LINKS 

N aval S11pjJI)' D ejJ0/1 M echanicsb11rg, Pa. 

An unwarranted number of maintenance calls have 
been experienced on Link T ype 5-FRX Transmitter-Re
ceivers installed in the security and ini:lustrial control nets 
at N SD , Mechanicsburg. Approximately 85 % of the 
failures were attributable to faulty capacitors. Endeavor
ing to reduce the number of main tenance calls, the fol

lowing steps were taken, which resulted in a reduction 

~ approxi mately 75 % : 

( 1) C40 and C4 3 were replaced by a Cornell-Dubilier 

T ype UP-7D-J54, 4 x 10 p.f, 450-volt dry e lectro lytic 
can-type capacitor. Two sections in parallel were used to 
replace C43 (the cathode bypass of the 6K 6GT audio 
output tube) and one section to replace C40, the cathode 
bypass of the 6SL7GT first audio tube. The four th sec
tion remains unwired as an installed spare. This type 

capacitor fits exact ly in the d 1assis mounting hole of the 

capacitor replaced. 

(2) (78 and C79 were replaced by Cornell-Dubilier 
Type KR-588A, a 2 x 8 p.f, 450-volt dry electrolytic can
type capacitor in the rectifier filter. This rep lacement a lso 
exactly fits the replaced capacitor. 

( 3) Block 952D , a 6 x .05 p.f paper capacitor, was 
replaced by two Aerovox Type 430-400, 3 x .05 p.f, 400-
volt capacitors stack-mounted on the chassis. These com
prise ( 22, the meter bypass of the first limiter grid cir
cuit; ( 24, the screen bypass of the first limiter; ( 28, the 

meter bypass of the second i- f grid circuit ; ( 30, the 
screen bypass of the second i-f amplifier ; ( 38, the cath

ode bypass of the squelch generator ; ( 39, the plate by

pass of the squelch amplifier. 

(4) T he fiber wafer-type sockets of the 6X5GT recti 
;~ are being replaced by a phenolic wafer-type since a 

number of instances of voltage leakage and eventual 
arcing across the fiber socket have been experienced . 

These maintenance replacements have p roven so satis

factory that all equipments are in the process of being 
serviced acco rdingly. 

B11rea11 Comment: The Bureau has no objection to 
these replacements where activi ties are experiencing fai l
ures of the components discussed. The Bu reau is always 
in terested to learn of ways of nipping trouble in the bud. 

* E.F.S.G. INFORMATION 
The Electronic Field Service Group is maintained to 

assist both shipboard and shore activities. For full infor

mation on this organization see the March issue of CIC. 

* TDE RADIATING WHEN NOT KEYED 

By .M. R. Lambert, RT 2 j c-USS Scribner (APD-1 22 ) 

\'V'hen the TD E transmi tter of th is ship was tuned to 
any frequency wi thin its range, an audio tone could be 
heard in a receiver tuned to this same f requency. The 

tone persisted when the transmi tter was not being keyed 
or modulated, and blocked all reception from other sta
tions. The i-f amplifier g rid current meter ind icated 3 
rna. This condition exists whenever the transmitter is 
turned on, except when the tune-operate switch is in the 
ad just-frequency position. 

After checking several components, C- 301, a capacitor 
between the cathode of V-302 and g round was found to 
be leaky. In the tune or operate position of the tune
operate switch, p late voltage is applied to the tubes, and 
since they a re keyed by ground ing the cathodes, the high

res istance short to g round caused the oscillator and i-f 

ampl ifiers to draw a reduced current when not keyed. 
Thus, a weak signal was radiated. This sig nal was st rong 

enoug h to be p icked u p by the receiving antenna. 

Replacement of C- 30 L remedied the trouble and it is 
hoped that the above information will be of value to 
other technicians. 
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• The Commanding Officer, Fleet Training Center, 

Oahu, T.H. reports that visits to many ships of the 

Pacific Fleet revealed generally poor microwave radar 

performance existed without recogni tion . by the tech

nicians. The OBU echo box test equipment, installed 

aboard most of the ships visi ted, was not used or was 

used improperly. 

Calculation of expected ringing time for most of the 

newer types of echo boxes is not considered a difficult 

problem but requires reference to the instruction book, 
particularly the radar test sheets in the back of the book. 

Then following the example given in the book, refer to 

the charts as called for on these test sheets. Regardless 

of the fact that this calculation is a comparatively simple 

problem, it appears that most operators and technicians 

are seldom determining expected ring ing time. 

For simplificat ion of this problem, Mr. J. M. Wolf, 

of Radiation l aboratory Test Equipment Group and 

formerly of Operational Research Section at U. S. Armed 

Forces, Middle Paci fic, has prepared a series of charts. 

These charts, in the form of nomograms, effectively do 

all the calculating and table read ing necessary in deter

mining expected ringing time. They do not cover the 

use of the OBU on all types of radars with which it 

should be used, nor are they applicable to the SG-3, 

SG-4 , SG-5, or SG-6 because they do not use the OBU. 

The instructions printed on the nomograms are self

explanatory, but for purposes of further clarification the 

following steps are recommended 

1. H ave radar running for at least fifteen minutes 
and properly tuned before starting the tests. 

2. Check to assure that the attenuation (coupli ng) fig
ure ma~ked on your directional coupler is "27 db". This 
~gure IS stamped on the coupler in the r-f waveguide 
lme. T.hese nomograms assume a 27 db coupler since, as 
far as IS known, all directional couplers installed with 
these radars are of the 27 db variety. If other than 27 db 
coupler is .installed do not use these nomograms but 
follow the mstruction book which shows how t~ compute 
the expected ringtime for any value of coupling. 

3. Measure the length of cable furnished with your 
particular OBU. 

4 . N~te temperature in the vicinity of the echo box 
and log 1t. (It should be known within 10° F but it is 
not critical. ) 

5. look on the glass on front of the echo box meter 
for a number. This number is called the "box factor" 
for want of a better name. 

6. Pl ace a ruler edge on a point on the left-hand line 
of the nomog ram for the type of echo box you have. 
Run th.e ruler edge throug h a point on that line which 
is the Jength of your cable as measured in (3 ) above. 

7 . .Swing the ruler around on this point unti l the 
edge IS on the point of the box factor on the next line 
to the rig ht. 

Nomograms 

for use with 

SG/SL Radars 

8. D raw a line along the ru ler's edge through these 
two points and crossing the first "pivot line". 

9. Now move the ruler around, keeping the edge. on 
the pomt where the line just drawn meets the fi rst p1vot 
line, until the edge goes through the proper temperature 
as recorded in ( 4 ) above. 

10. Draw a line along the ruler's edge th rough these 
two pomts and through the second p ivot line. 

11. Assure that the echo box is connected to tl!i. 
directional coupler by means of the RG-Sj U cable a•'f!"') 
turn the knob on the echo box to g ive the ma..ximun. 
meter reading on the echo-box meter. Be careful that 
you choose a time for th is test when the eq uipment will 
not be required to range on targets less than about 8000 
yards as they wi ll be blanketed by the ringt ime. log the 
echo-box lower-dial reading (not the meter reading ) . 

12. Draw another line on the nomogram, th is t ime 
th.rough the point of the crossing of the last line drawn 
\~1th the second pivot line and the point on the lower
? wl scale correspond ing to the d ial read ing just noted 
Ill (11) above. Extend this line until it crosses the 
expected ringing time curve. 

13. Read the value from the expected ringi ng time 
scale where the last line d rawn crosses it. This is the 
corrected ringing time except for an SG-lb or SG-ab. 
In those eguipments the correct time can be determined 
by subtracting 200 yards from the value read above. 
The expected ringing time value should be recorded for 
future reference. 

After determining the correct ring ing t ime by the 

~bove procedure the performance expected of your radar 

IS ev1dent. N ext measure your radar ringing time in the 

usual fashion. Jf this does not closely approximate the 

value determined in the procedure outlined above, the 

~adar performance is low. I t follows that tuning, clean

mg the TR box, andj or inserting a good crystal is im

mediately necessary. Other troubles are probably 1,. 
usual and add itional techniques wi ll be necessary to gi -
proper performance. 
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Nomogram for calmlrtling the expected ringing time of 
the OBU-2 Echo Box with SG and SL l?fldars. T o me 
this chart, ( 1} fJ!ace a mler from appropriate point on 
first scale to appropriate point on second scale, and mark 
point at which the m ler crosses the first pivot line. (2} 
Place the mler from this point to tbe appropriate point 
on the temperatllre scale, and mark point at which the 
m ler crosses the second pivot line. ( 3 ) Place mler from 

;ef2.is point to tbe appropriate point on tbe echo-box dirt! 
·~le and read the expected ringing time from tbe right

!Jrmd scale at the point where the mler crosses tbe line. 
T he expected 1·inging time for an SG-1 b or SG-ab is 200 

yards less than tbat indicated for an SG-1. 
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Nomogram for calmlaling the expecleti ringing lime of 
the OBU-3 Echo Box 1Vilh SG anti SL Radars. T o 1/Se 
Ibis char!, (1) place a mler from app1·opriale poinl 011 

firs/ Hale lo appropriale point on second scale, anti mark 
the pr)illl a/ u bicb tbe mler crosses !be firs/ pit,ol Line. 
{2) Place !he m/er from this point to the appropriate 
point on the temperature scale, and mark the point at 
wh~e·b tbf: mler crosses the second pivot Line. (3) Place 
mler from !his point to the appropriate point on the 
echo box dial scale and read the expected ringing time 
from the right-hand scale a/ tbe point ?Vbere tl2e mler 
cro.r.rr:.r the line. The expected ringing time for an SG-lb 

is 200 yards Les.r tban that indicated for a1t SG-1. 
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TS-239 / UP Oscilloscope 
• At a recent demonstration the Naval Research Labora
tory introduced the latest in test oscilloscopes, the 
TS-239 j UP. This is probably the best oscilloscope ever 
made avai lable for bench use, especially where short
durat ion transients and pulses are to be examined. It is 
a portable unit d isplaying a plot of the variation wi th 
respect to t ime of a voltage pulse or waveform, with 
self-contained means for measuring it's duration and 
instantaneous magnitude. The unit was designed by 
Bell Laboratories and will be built by the \'{!estern 
Electric Co. It weighs 60 pounds and measures 21Yz" 
x 16Y2" x 13Y2". A carrying case is al~o provided 
which is very light in weight, being constructed of balsa 
wood covered with aluminum sheeting. 

It will trigger from transients or sine waves from 10 
cycles up to 5 Me. The amplifier has very little phase 
shift and will permit observation of signals with ampli
tudes as low as 0.1 volt. External connections are avail
able to horizontal and vertical plates, as well as the Z 
axis. 

The instrument uses a 3-inch CRO tube inclined at an 
angle of 45° with respect to the front panel. An image 

1flliiil a scale may be made to appear .at any d~sired bright
'-., ss for measuring length and height. It IS completely 

invisible when not des ired and is of a contrasting color 
to the signal when appearing on the screen. There is no 
parallax since the image coincides with the fluorescent 
screen inside the CRO. Scope face reflection is at a mini
mum, thereby permitting ease of observation even in a 
lighted room. A continuously-variable sweep time of 0.5 

Front fJanel of the TS-239j UP Oscilloscope. T he CRO 
tube is 110t visible rmlil tbe light shield, upper right, is 

lifted. The screens at tbree of the comers are for 
tlentilation. 

to 50,000 microseconds per ind1 can be obtained. Any 
portion of the sweep may be delayed and expanded about 
10 times for detailed examination of the signal. Timing 
markers synchronized with the sweep can be obtained at 
intervals of 0.2, 1, 10, 100, or 500 microseconds. 

I t has a trigger outpu t 4 microseconds in duration with 
an ampli tude of 25 volts at a repet ition rate of 300, 800, 
or 2000 pulses per second. Also available is a sawtooth 
output of 150 volts for frequency modulating an oscilla
tor by varying the repeller voltage. Another feature is a 
calibration-voltage generator which permits mca$urements 
of instantaneous signal voltages without reference to an 
external standard . 

---------------- -------------------------------------- -- ---------------------~ ---------------------------

Broadcast ·Receivers 
• Since the cessation of hostilit ies the Bureau has received 
many inquiries f rom. the field indicating a general belief 
that war-l ime restrictions on ship installations of com
mercial types of broadcast receivers has been or will be 
relaxed. This is not the case. On the contrary, the Chief 
of N aval O perations has recently broadened the scope of 
the d irective wh ich established maximum permissible 
communication receiver radiation to cover all shipboard 
receivers. This d irective now specifies that a ll receiving 

;~uipmenls, including c.ommunicat~on rec~ivers, enter
.ttinmenl and non-Navy Issue receivmg eqtupments used 
aboard the vessels of the fleet, and operating in the lO-kc 

to 30-Mc band, shall not exceed 400 micromicrowatts 
osci llator radiation, measured across an optimum load 
resistance connected from the antenna input of the re
ceiver to the receiver ground. 

ln genera l, present commercial types of broadcast re
ceivers do not meet the above requ irements. ln view of 
th is, and due to the above stringent requirements, the 
Bureau cannot approve of the sh ipboard installation of 
any commercial broadcast receiver or multi pie antenna 
system until the specific type has been tested and passed 
by a N aval Laboratory. 
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SP/SM HEIGHT ERROR3 

(coni in11ed j1·om page 7) 

After completion of the test flight, obtain f rom the 
curves of figu re 2 the true elevation angle for each 
range read ing and enter in column 5 of Tab le A. Com
pute each elevation-ang le error by subt ract ing column 5 
f rom column 4 and enter the error in column 6. Average 
the e rrors of column 6, taking into due account the sig n 
of each error, and plot the errors of column 6 as a func
t ion o f the relative bearings of colwn n 3. 

Under perfect cond itions all the errors would be zero 
and all plotted points would fal l on the zero-error line. 
Actually the plotted points w ill not present that pictu re. 

In the first p lace, the points will be scattered due to 
natural operator's errors, an accumulation of the effects 
of errors 1, 2, 3, 6, and 9, and the presence of bearing 

frict ion in the gyro g imbals. 

Secondly, the points wi ll be scattered but will average 
about some l ine d isp laced f rom the zero l ine by the 
amount of the average erro r. T his error, constant at all 
bearings, will be an accumulat ion o f errors 1, 2, 7, 9, 
and 10, and is dependent for its accuracy on the pilot's 
maintenance o f a true 10,000-foot alt itude. 

Lastly, the p lotted error points may be dist ributed 
about the average e rror line in the shape of a fu ll-cycle 
sine wave, as illustra ted in figure 3. The average error 
l ine will be the base o f the si ne curve only if observations 
are d istributed uni formly completely a round the ship. 
This sinusoidal d istribution of e rror is caused by an 
accumulat ion of errors 3, 4 , 5, and 8. 

Any improper t ilt of a reference plane causes incorrect 
altitude readings for all relative bearings except the tv,ro 

d irect ions along the axis of til t. O n one half the remain
ing bearings the errors a re positive and the other half 
negat ive (see figure 4 ) , the errors having a sinusoidal 
distribution. 

If a ll the plotted e rror poin ts fall between + 0 .2° , 
the SP SM radar ca libration may be considered excellent. 

A . .d 1 m{Jlitude g reater n average error andj o r a smuso1 a a 
h . . . t isolate the cause t an 0.1° necessitates add1t10nal tests 0 

f I . f aximum accu ra~ o t 1e error and permit restorat1on o m · ~ 

d by rotating th~ The constant error can be correcte . . 
- . . 1 use !tes w1th the antenna elevat1on synch ro but tf t 1e ca 

I . ' . 1 doubles the num-gyro, t 11s method of correct1on mere Y 
ber of errors in the system. 

STABLE ELEMENT GYRO-BALANCE TEST 
Remove the top of the stable-element housing. ~ith 

th - . . d t. g on true beanng e equ1pment energ1zed an opera 1n ' 
p lace the stable element on '' local'' control at the control 

I d . t'l the bubble atop pane an scan at max1mum rate un I . . . 

th · b 1 - . 1 t 1 ed circle mdtcatmg e g1m a n ngs centers m t 1e e c 1 
an uprig ht gyro. Th is test J'h ust be conducted when _ the 
l · · d eous accele ratiOns s up IS stea y, so as to prevent extran 

affecting the stead iness of the bubble. If the bubble 
steadies, but not in the center, then e rrors 3, 4, or 5 may 
be present. 

To test fo r error 3, stop the scann ing, grasp _the erect
ing magnet by hand and move slow ly ( excess1ve move
ment will cause physical contact between magnet gt_mbal 
and gyro g imbal causing false indicat ions). _With a 
p roperly energized erecting magnet, the gyro w dl slowly 

and smoothly follow the m agnet, whereas _the gyro w~ 
not move for a de-energ1zed magnet. T h 1s test shou~ 
be made with the erecting mag net sw itch on the control 
panel in both "on" and "automatic" positions. 

The latitude correction arm should be checked fo r 
posit ion ing on the true North of the gyro. W hen so 
positioned, any gyro tendency to t ilt toward East or 
W est indicates an error in lat itude corrector curren t. A 
tilt to East indicates excessive current , '.vhereas a tilt to 
W est indicates insufficient current. It should be noted 
that the bubble position indicates a tilt in the opposite 
dire~tion , i.e . the bubble to the W est of cente r ind icates 
the gyro top t ilted to the East. O n the latitude setting 
mete r, current increases as latitude decreases, ze ro current 
occur ring at 90° lat itude. 

Table A- CrdibTation Flight D ata True Altitude of A ircraft 

1. 2. 
Range Altitude 
(miles ) (thousands ft. ) 

3. 4. 
Relative Elevat ion 
bearing angle 

(degrees ) (deg rees ) 

(Space for 100 Read ings ) 

I 

5. 6. 
True Elevation 

e levation ang le 
ang le error 

(degrees ) ( Col. 4 - CoL 5) 

(a.l Tiltecl Gyro Plane 

F IGURE 4-l ntrodllrtion of altit11de errors d/le to tiltiug of the refe rence plane. Tilt axes are uormal to page. 

(b) NonJ)arallel Transfer Plane Errors Due to Reference Plane Tilt. Tilt Axes Normal to Page 

After elimination of errors 3, 4, and 5, the bubble 
should cen ter after scanning for several mi nutes. Stop 
the scan ning and immediately turn off the erecting mag
net . If the gyro is unbalanced, the bubble wil l slowly 
drift from the center. The amount of angular tilt of the 
gyro may be judged by use of the small circle eng raved 
on the bubble g lass as follows : 

Bubble tangent to inside of circle : 20 minutes gyro til t 
Bubble bisected by circle : 40 minutes gyro t ilt 
Bubble tangen t to outside o f circle: 70 mi nutes gyro tilt 

If the gyro tilts more than 30 minutes within 3 min
utes after scann ing is stopped , rebalancing of the gyro is 

requ ired . 

There a re four balancing weig hts provided on the gyro 
housing located as shown in fig ure 5 (on ly three weig hts 
are visible in the photograph). In balancing, the rig ht

-ng le p recession must be remembered, e.g. moving 
·:: :~veigh t #1 outward causes weig ht #2 to elevate, moving 

the bubble toward weig ht #2. 

A fter balancing the gyro, scan as orig inally with the 
e recting mag net ON until the bubble again centers. Stop 
the scanni ng, but this time leave the erecting magnet 
energ ized .. The gyro ti lt should not exceed 12 minutes 
in 3 minutes. o f time. Excessive tilt req uires balancing 
o f the e rect ing magnet by means o f the th ree balance 
weig hts provided, one on the magnet g imbal ring and 
o ne on each side of the magnet, as shown in figu re 5. 
Balancing is st raightforward since p recess ion d oes not 
ente r into the e recti ng-mag net position. 

SYNCHRO ZERO ING 
D e-energize the stab le element frequency changer, but 

leave the synchros energ ized . Scribe-mark the latitude 
1 f synch ro position atop the g imbal rings and remove 
wi thout d isconnect ing . Insert the zeroing jig and zero 
the level synch ros in accordance w ith the inst ruction 
book. With the stable element level synchros zeroed, pro
ceed to the rad ar co nsole, set the elevat ion dials to 0 ° , 
and zero the elevation 5D G synch ros if necessary. 
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Remove zeroing jig and replace latitude 1F synduo. 

CONSTANT ERROR CORRECTION 

Any adjustments required during the gyro balancing 
or synchro zeroing invalidates the average error obtained 
during the fl ight test, necessitating a second flight test. 
Where no adjustments are required, or after the second 
flight test, the average error indicates errors in the radar 
beam alignment or antenna elevation synchros. This 
combined error is corrected by shift ing the antenna 
elevation synchros. 

Lay off on a template an angle equal to 36 times 
the average error, as shown in figure 6. 

Energize the radar equipment and operate m an un
stabilized condition, if available. 

Position the antenna for stowing and block the an
tenna elevation amplifier transfer relay in the de-ener
gized or high-speed position. 

Stow the radar antenna in all three a.xes and remove 
the cover which houses the elevation synchros. Scribe
mark the position of the 36-speed elevation synchro and 
loosen the clamping screws. Mechanically unstow the 
elevation axis only, and move the loosened synchro to 
determine relative elevation movements of the antenna. 

A positive constant error requires elevating the an
tenna d ish for correction, a negative constant error re
quires lowering the dish. Using the template and the 
scribe marks, move the synchro the required amoun t and 
direction and tighten the clamping screws. 

Unblock the elevation amplifier relay and adjust the 
low-speed elevation antenna synchro to zero with the 
high-speed synchro. 

SINUSOIDAL ERROR 

A tilted "horizontal" reference plane caused by errors 
3, 4, or 5 can be detected and corrected by the gyro 
balance tests outlined above. 

To eliminate the errors caused by the non-parallel 
transfer p lanes (error 8 ) requi res careful shimming of 
the stable element base until the tra in axis is parallel to 
the antenna azimuth axis. 

An accurate determination of the amount of error 
requires the use of two gunner's quad rants, which are 
not usually carried aboard combat ships. As can be seen 
in figure 7, they are accurately calibrated levels. They 
may be obtained from Ordnance Shops in Navy Yards 
or from repair ships and tenders. The quadrants are 
sensitive pieces of equipment and a few minutes of in
struction on their operation from an ordnance man will 
prevent incor rect results and damaged quadrants. 

St\IM 
FOP, 

+'-11 
+E; 

ST Ae.LE. 
EL E MEWT 
~ AS E 

FIGURE 13-Drawing shollling placement of shims for 
various errors; +E A iudicates positive athwart ships 
error; -EE indicates a negative fore-aud-aft error, etc. 

QUADRANT TEST OF TRANSFER PLANES 

During the quadrant test, the ship must be relatively 
free from movement, a condition sufficiently met when 
tied to a pier and ideally met when drydocked. The test 
should be performed when the sun has minimum effect 
in distorting the metal structure; that is, early in the 

18 
morning or on a cloudy day. ~ 

Test the two quadrants for relative sensitivity. The 
more sensitive quadrant, a pair of sound-powered phones 
and one technician will be required at the stable element. 
The Jess sensitive quadrant, a pair of phones, scotch tape 
or binding cord, and two technicians will be required 
at the radar antenna. 

At the stable element, de-energize the equipment and 
remove the top cover. Place the quadrant atop the yoke 
(figure 8 ) in such position as not to be disturbed if the 
gimbal ring assembly should move. One portion of the 
yoke top is machined and unpainted for use as a level 
surface, as was observed in figure 5. Connect phones to 
circuit X6J to radar an tenna. 

At the radar antenna, de-energize the equipment 
using the sa fety switch and stow the antenna in elevation 
and cross level only. Place the quad ran t on some smooth, 
relatively horizontal surface, such as wave guide, flat 
casting, etc., on the rotatable portion of the antenna as 
shown in figure 9. Fasten the quadran t in place with 
scotch tape or cord, but never use " C" cl amps as these 
may damage the flatness of the quad rant base. Establish 
communication to the stable element. 

Th is test is performed with the entire equipment de-r"" 
energ ized, and the stable element and an tenna need not -; 
be in correspond ing azimuth positions. It is necessary 

that the quadrants be kept in corresponding positions, so 
that the bubbles will be leveled in the same vertical plane 
~nd angles measured in the same direction. Four posi

' "'tions of the quadrants are requi red. 

Start the test readings with the quadrants athwartships 
and pivots at the port side as shown in figure 10. Keep 
both bubbles centered unti l the ships mid-movement is 
found on the stable element quadrant, when mark should 
be called from the stable element. Stop adjusting both 
bubbles. As the stable-element bubble passes through its 
center, mark to the antenna. At the antenna, note the 
bubble position at each mark and make adj ustments as 
necessary until both bubbles pass the center simul
taneously. 

With steady ships, it may be possible to center both 
bubbles and have little motion, but this is the exceptional 
case. The antenna has additional motion, the swaying 
of the mast in the wind, necessitating the use of the 
least-sensitive bubble aloft. 

\Xlhen both bubbles center simultaneously, read the 
indicated angle to nearest half minute without moving 
the quadrants from position, and record in Table B. 

Quadrants are calibrated in an increasing d irection. 
The angle to be read for a depressed limb position will 
not be a negative value, but will be a positi~e value, 
such as 359° 23'. Do not try to convert at the quadrant, 
but read positive values direct. Convert later by sub
tracting from 360° to give the negative equivalent; e.g. 
the ang le shown in figure 11 becomes -37'. 

Repeat the above leveling procedure after rotating 
the antenna and stable element th rough 90° intervals 
unti l readings have been obtained in each of the four 
positions shown in figure 10. 

If at any time during this process the quadrant base 
is shifted from its resting place, the prior observations 
are invalidated and the test run must be repeated. 

In Table B, convert all depressed-limb readings to 

Table B- T est Before (After) Shimming Stable Element 

1. Stable Element quadrant, pivot port, reads 
2. Stable Element quadrant, pivot stbd ., reads 

3. Subtract line 2 from line 1 

4. Antenna quadrant, pivot port, reads 
5. Antenna quadrant, pivot stbd., reads 

6. Substract line 5 from line 4 

7. Subtract line 6 from line 3 

8. ERROR ATHWARTSHIPS (E,J-One-half of line 7 

9. Stable Element quadrant, pivot aft, reads 
10. Stable Element quadrant, pivot fwd., reads 

11. Subtract line 10 from l ine 9 

12. Antenna quadrant, pivot aft, reads 
13. Antenna quadrant, pivot fwd., reads 

14. Subtract line 13 from li ne 12 

15. Subtract li ne 14 from line 11 

16. ERROR FORE-AND-AFT (E1.,)-0ne-half of line 15 

Basis of Table B: 

( S.E. Pivot ) _ ( S.E. Pivot 
Port Stbd. 

Error athwartships (EA) 
2 

'- ( S.E. Pivot ) _ ( S.E. Pivot . :: . ~ 
Aft Fwd. 

Error fore-and-aft (Er.) 
2 

........................ , 

converted 
converted 

converted 
converted 

converted 
converted 

converted 
converted 

·······-················ 

························ 

) ( Ant. Pivot ) _ ( Ant. Pivot 
Port Stbd. ) 

2 

) ( Ant. Pivot ) _ ( Ant. Pivot 
Aft Fwd. ) 

2 
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PIVOTS 
POI\T 

((I) 

PIVOlS 
AFT 

(b) 

ANTHHI~ 
QUADIWH 

PIVOT5 
STAI\P.lOAPtD 

(C) 

PIVOTS 
FOP..WAfi..D 
(d) 

FIGURE 10-Quadrant positions for test of tramfer fJ!a!lC'J. 

negative equivalents. Insert elevated-l imb readings di
rectly in spaces marked "converted". Perform the opera
tions indicated in the table to obtain the errors of tilt of 
the transfer planes. 

T wo complete test runs should be made and cor
responding errors should check within two minutes. A 
failure to check can usually be traced to incorrect read
ings so that additional tests must be run until a check 
within limits is obtained . 

The average errors obtained from satisfactory runs 
may be converted into shim thicknesses required on the 
following basis for W estinghouse Mark 8 Mod 2 stable 
e lements : .006 inches of shim per minute of error. 
Shims should be made o f sheet brass o r steel shaped in 
accordance with figure 12. It should be noted that any 
error of tilt will be corrected by shimming a maximum 
of three legs of the stable element; one leg should always 
remain unshimmed. 

A posit ive value of athwartships error, + E LV requires 
shimming the starboard legs of the stable e lement fo r 
correction ( fig ure 13, at + EA). 

A negative value of athwartsh ips e rror requires shim
ming the po rt legs (figure 13, at - E A) . 

A posi ti ve value of fore-and-aft error requires sh im
ming the forward legs (figure 13, at + EF) . 

A negative va lue of fore-and-aft error requires shim
ming the af ter legs (figure 13 at - EF). 

After shimmi ng, another test run is desirable to insure 
correction of the prev ious errors. Residual e rrors of less 
than five minutes are satisfactory. 

It is obvious that in certa in instances variation in the 
order of the above alignment procedure will effect a 

conservation of test flights, and the technician shou ld 
feel free to vary the order as desired just so long as the 
interactions of the various causes of erro r are realized. 

The flight test procedu re was developed and reported 
in the enclosu re to ComAirPac Confidential letter, Serial 
No. 05480 dated 30 July 1945; the gyro-balancing test 
was reported in BuShips Confidential letter, Serial No. 
C-982 -802 of 29 August 1945, but to provide a completG(. 
elevation-system alignment, these two tests must be com- ' 
bineJ with the quadrant test of the transfer planes. 

FIGURE 12- Sbape and dimemions of sbi111s fo r stable 
element. 

SPARE 323A's FOR TTY EQUIPMENTS 

The Bureau has received reports that some radio tele
type equipments have been received wi thout spare type 
323 A tubes. These tubes are stocked at electronic pools, 
and vessels are requested to contact the Electron ics Office~ 
for a fu ll complement of spares. Electronics officers al -.- · 
requested to ascertain that adequate spare tubes are sup
plied to vessels having radio te letype equipments. 

• That extra five minutes that it takes to go back to the 
ship and get the correct serial number of the equipment 

(_ y_ou just made a field change on may seem like a waste of 
~ ttme-but it isn' t. An increasingly large number of 

Field Change Report cards are being received in BuShips 
with incomplete or incorrect information. An example, 
illustrating the type of. errors generally made on the 
reports, is shown below : 

U YSioi i'S 2)698 

BQJII'W!NT I()DKL cw 
BQJIFW<NT SERIAL NO. i\IX.,s - 3 3 I 70 
UliiT SI!RIAL NO. (!Ill -1/3 £1"/,1 

1/AVY FIELD CHAIIG& NO. !2 Jf. / :b 

0/JR FII!LD CHANG& W.OR I U IJ/ b 

W.OE BY J t7E osln/ /( r '1/c_. 
(Signoturo nnd Naval Act ivity or 

Coop any) 

In the above, it will be noted that ' 'CW" is not an 
equipment model, but the prefix letters assigned to units 
manufactured by the Western Electric Company ; "NX.ss-
33 170" is not a serial number, but the number of the 

(- contract un~.er whi: h ~~~ conversion _equ ipments were 
. . · purchased; CW-4)047 1s not the senal number of the 

unit involved, but the type number of that unit; " 24.12" 
is not the field change number, but the number of the 
paragraph in the Sonar Bulletin which gives instructions 
for making the change ; and lastly, the signature should 
be followed by the name of the naval activity or company 
to which the person making the change is attached. The 
same report made out properly is shown below : 

BQJIB!llNT IIODKL 

BWIFW<NT SERIAL 110. 

UI/IT SERIIJ. 110. 

NAVY FIBLD Cl!AIIGB NO. 

O .T J1 

1?.3 

DATB F'IBLD CIIAIIGB lo!AOB I U !'f h 

l!ADE BY ~ d-f._,_ RT "lc 
~ro ond Novs l Act i v ity o r 

Each en try on the Field Change Report card is im
portant and must be accurate in o rder not to confuse the 

·· field change records maintained in BuShi ps. These rec
. · " ords, kept by equipment serial numbers, show which 

changes have been reported as completed on each indi-

Report 

Your Field 

Changes 

Correctly 

vidual equipment together wi th indications of the ship 
in which the equipment is installed . 

EQ UIPMENT MODEL refers to the N avy model let
te rs which identify the major equipment to which the 
change is made. This information is · found on the 
equipment p late. 

EQUIPi\JIENT SERIAL NO . is the serial number 
which identifies the complete basic equipment and is also 
found on the model plate. D o not use the uni t serial 
number. 

UN IT SER f A L N 0 . is the serial number which identi 
fies the major uni t ( receiver, ind icator, antenna, etc. ) to 
which the change is made. T his number is found on the 
type plate for the individual unit involved . 

N A V Y FIELD CHA NGE NO . refers to the com
plete, officiaL number assig ned to the field d1ange by the 
N avy. 

DATE fi ELD CHANGE MADE is self-explanatory. 

i\ lADE BY shoul d be foll owed by the signature of the 
person actually completing or checki ng the change. The 
ship or activity to which he is attached should be incli
cated. 

fi eld Change Report cards (Navships 2369) are sup
plied with all fie ld change k its and should be used in 
reporting completions. Changes not requiring kits should 
be reported on F ai lure Report cards ( N avShips 383), in
dicati ng the fie ld change nu mber in the space for "Brief 
Description for Cause and Failure". 
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NEW TUBE- BASE MATERIAL 

• There appeared in the October issue of ELECTRON (p. 
35) information concerning the characteristics of a new 

low-loss phenolic tube base material. JAN- l A specifica
tions on the tubes listed below are being revised to insure 
that their bases are made from this materia l, and the 
letter ··y" will serve to identify them. The new type 
will supersede the p rototype without the "Y" ; for ex
ample, the 6AG7Y will replace the 6.AG7. 

The new designation, however, will not be added to 
tubes bearing the "W" suffix as all improvements arc 
automatically added to tubes in this category. 

6AB7Y 
6AC7Y 
6AC7W 
6AG7\V 
6L6Y 
6L6GAY 
6SA7Y 

6SA7GTY 
6SG7Y 
6SK7Y 
6SK 7GT Y/ G 
6SL7\\. 
651'\7 \\ . 
6V6Y 

6V6GT Y/ G 
12SA7Y 
12SA7GTY / G 
12SG7V 
12S K7Y 
!2SK7GTY / G 

DISPOSAL OF MAGNETRONS 

Since most magnetrons have been declassified, it is no 
longer necessary to follow any special disposal instruc
tions for these tubes. Secret and confidential electron 
tubes of all types must still be disposed of in accordance 
with security regulations. No special reports indicating 
the destruction of any electron tube are required by the 
Bureau of Ships. The only form required is the regular 

.. 

failure report form (NBS-383) Failure Report-Elec
tronic Equipment. 

UNTUNED ECHO BOXES CRITICIZED 

Reports f rom the field indicate that untuned echo 
boxes have lessened the enthusiasm over tuneable echo 
boxes. Perhaps those responsible for this criticism do 
not realize that results obtained from the untuned echo 
box are not expected to equal those obtained from the 
tuneable box, but that certain advantages of the former 
have warranted its production. The two types may be 
thoug ht of as two different eguipments designed for 
different purposes, even though their uses are simila r. 

In simple terms, the untuned echo box is a large cavity 
with reflecting walls. No tuning features are incorporated 
in the box, but it is capable of absorbing energy at almost 
any f requency. This energy is bounced around inside the 
box at random and delivers returning energy to the trans
mission li ne. W ave reflections inside the untuned box 
may for one f requency add together in amplitude at the 
coupling loop, while for another frequency, slig htly 
higher or lower, subtract to produce an output frequency 
of lower ampli tude. For this reason, relative ring ing 
times, except at a particular f reguency, are meaningless. 

For fi re control purposes, where a radar may cover a 
frequency band three times that of any tuned echo box, 
certain advantages of the untuned box are apparen t. The~ 
radar may be quickly tuned without any tes t set tuning or ' 
manipu lation. As stated above, however, the untuned 
box should not be used to tune the transmitter to another 
frequency for higher output, as relative ring ing times for 
two different frequencies a re of no va lue. 

If power output, standing-wave rat io, and overall sys
tem perfo rmance data a re desired , the tuneable echo box 
should be used, as it was designed especially for this 
purpose. Thus, every piece of test equipmen t has a cer
ta in function and should not be criticized because we 
expect results beyond its design capabi li ties. 
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~ The old saw about an ounce of 

prevention never had a truer 

apph'cal'ion than to electronic 

equipmmt. JI any a tough 

repair job is avoided by a good 

system of preventive 

mm"ntenance. Follow the 

procedures outlined in your 

h'lstrucUon books, then make an 

entry in the proper equipment log 

to show that the work has been 
I \ 

done. Th e extra time thus 

spent will pay dwidends in gear 

that really works when it is 

needed most. 


