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F IGU RE 6-Recta ng11lar 
p11lse analysis, 11ideo aspect 
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harmonic of the pulse frequency in the case of a perfectly 
square wave, there will be ze ro power as the pulse will 

be act ing to start and to stop this harmonic with equal 

force. The pulse decreases through a potential exactly 
equal to the potential that it rises through. Therefore 
at 500 kc there will appear a null in the d istribution of 
power in the side bands emi tted by a transmi tter modu­
lated by such a square wave. The position of this null 
in the frequency spectrum is a boundary, with the carrier 
center as the opposite boundary, in setting the limits of 
the so-called "band-width" in the radio-frequency spec­
trum. 

Curve 4 in figure 4 shows a wave so related h armon­
ically to the pu lse frequency as to be able to receive 
power f rom the rise and fall of the pu lse. T h is is the 
third harmonic of the pulse. Its frequency is 75 0 kc 
since it is th ree times g reater in frequency than that in 
cu rve 1. T hus at 75 0 kc there wi ll appear a lobe center 
in the side-band distribut ion . l t will be noted that this 
occurs at 1.5 t imes the mod ulation frequency at which 
zero energy is produced . 

Figure 5 indicates the distribution in frequency, with 
relative amp! itude and polarity, of the various side bands 
generated by a radar at a pu lse repetition frequency of 
1000, and having a 2-microsecond pulse. T he pattern 
presented in figu re 5 consists of a series of discrete 
carriers distributed in frequency at equ idistant in tervals 
equal to the pulse repetition rate, which in this case is 
L kc. The relative amplitude o f these individual carriers 
varies in a quasi -sinusoidal manner, commencing at the 
carrier and progressing outward in either direction. Each 

successive lobe decays in amplitude but maintains a defi­
nite pe riodicity . Complementary lobes on the two sides 

of the ca rrier have the same polarity . The interval in 

frequency between the carrier and the first crossover is 
exactly equal to the reciprocal of the pulse-width time. 

It be noted that each individ ual side band 
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represents a separate signal on the air. Were it possible 

to tune in on this emission with a receiver of such 

selectivity as to accept just one side band, the receiver 
would be presented with a single signal when the modu­
lation is accomplished by a perfectly square-topped pulse 
of a constant repetition rate. The configuration appear-
ing on either side of the carrier in figure 5 may be 
referred to as side-band lobes. Their amplitude relative 
to the carrier depends upon the shape of the pulse and 
does not change with frequency of emission or pulse 

frequency. The .. point of zero ampl itude occur-t.) 
nng between the lobes w!ll change its position in fre­
quency with changes in pulse width . In the pa rticular 
case ill ustrated, a point of zero amplitude occurred at 
500 kc to either side of the carrier as this was the fre­
quency correspond ing to the second harmonic of the 
pulse frequency and, as demonstrated earlie r, the square ­
topped pulse being one-half a wave possessing mirror 
symmetry, contains no even-order harmonics. 

T hus it is clearly seen that the band width in the 

radio . frequency spectrum occupied by the ene rgy in the 
emtss ton from a pulse-modu lated t ransmitter is inversely 
proportional to the emitted pulse width . As the pu lse 
width decreases, it possesses a higher rate or f requency. 
This hig her f requency t hen modulates the emitted radio 
wave, extend ing the side bands out further from the 
ca rrie r. 

l\1ost receivers which arc intended to receive pu lsed 
emission·s p.ossess in their intermed iate-frequency ampli ­
fier a suffioent bandwidth to accept the f requency spec­
trum covered by the pulsed emission between the plus 

and minus cross-over points. However, in p ractice the 

i- f bandwidth is measured at the poin t of 70.7 '/o of 

maximum voltage response. Thus it is seen that quite a 

good response is obtained outside this ·receiver bandwidth 
at reduced sensi tivity. In consideration o f th is fact, it 
unnecessary that the i-f bandwidth (as measured ) fu lly 
embrace the complete rad io-freque ncy spectrum covered 
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by the pulsed emission. When reference is made to the 
band width in the emitted rad io-frequency spectrum, as 

previously stated, the width is measured from. the 
out to either side to the first cross-over po111t. Vtdeo 
ampl ifiers need on ly a bandwidth adequate fo r 
dimension in frequency, as they follow a detector whtch 
has removed one set of side bands. T his is l a minimum 

ideal requi rement. In p ractice, due to severa l .design 
side rations, the bandwidth of present-day vtdeo ampl i­
fiers in radar systems is made equal to the i-f bandwidth. 

By reference to figure 5 it is seen that very little would 
be gained by going to an i-f of more th.an 
one megacycle centeri ng on the earner. the 
lobes in their enti rety are embraced by an t-f bandwtdth 
of one megacycle, with 70.7% or of 
response, and the second lobe as well 1s accepted wtth 

some degree of response below 70 .7% maximum. 

Sig nal-to-noise ratio is improved by restnctmg the wtdth 

of the i-f amplifie r as much as practicable. The null 

points in figure 5 occurr ing between # l and #2 lobes 

•
counting out from the carrier in either d irection ( referre.d 

to as ''fi rst cross-over point") always occur at a harmontc 
of the pu lse repetition rate whose number is eq ual to the 

ratio between the \vidth of the pulse cycle and the pulse 
itself. In the case of the Model SG radar it was found 
that this rat io was 500. 

Let us consider the situation existing in the case of 
the CXAM equipment. Though this equipment is obso­
lete, the characteristics lend themselves very well for the 

purpose of th is discussion . The period of the CXAM 
pulse cycle was approximately 610 m icroseconds, and its 
p ulse width was approx imately 5 m icroseconds. Thus ·at 
the 122nd h armonic of the pulse-repetition-rate fre­
quency of J 640, or 200 kc, we will find the first cross­
over point. As a short cut, the modulation f requency at 
the first cross-over point may be found di rectly by divid­
ing the pulse width into unity. The effective bandwidth 
is considered to be between the p lus and minus cross-over 
points. T hus the 200 kc becomes doubled , g iving us a 

400 kc band width . 

The SC-Series rada r has a pulse cycle period of l 6,666 
microseconds. Its emitted pu lse width will vary widely 

with various transm itter tuning adjustments. H O\vever, 
5 m icroseconds is a figure quite commonly used for its 

pulse length. T hus both the CX AM and the SC operate 
with a 5-microsC?cond pulse length and the bandwid th 
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of the two receivers is theo retically the same. The so le 
d ifference is in the magnitude of the interval between the 
d iscrete sideban ds where equal power is assumed , as in 
this discussion. 

In the case of the SC-Se ries, these side bands will be 
separated by only 60 cycles w h ile in the CXAM they will 
be separated by 1640 cycles. This makes it evident that 
the SC p laces p ractically a continuous so lid pattern across 
the f requency spectrum \Vith in the limits of its cross-over 
points \vhile the CXAM produces a side band only every 
1.64 kc. It is not inferred that a low pulse rate is superior 
to a high pu lse rate so le ly because of this characte ristic. 
Other facto rs enter into the s ituation w hich bring about 
a superiority for a h ig h pulse rate over a low pulse rate 
when amplitude of echo is the only cri terion. 

From the study of pu lse modulation as developed in 
the p reced ing parag raphs, we arrive at severa l definite 
conclusions of s ignificance to the technician . The fi rst 
and foremost is the fact that, irrespecti,·e of em ission or 
pulse repetition rate, as the pulse widt h is decreased o~ 
increased the bandwidth in the radio-f requency spectrum 
is correspondingly increased or decreased respectively. 
In cases where the receiYer i-f bandwidth h as been set by 
desig n for a fixed ,·alue, w ithout provis ions for varying 
the bandwidth from the receive r panel, if we change the 
tuning adjustments on the transmitter so as to b ri ng 
about a change in its bandwidth in the frequency spec­
trum a very defini te change in overall performa nce wi ll 
take place. In the same line , suppose variable i-f ampli­
fier bandwidth is provided and the nature of the design 
of the pulse-modulated transmitter is such that changes 
in its pulse length may not be brought about read ily. 
U nder these condi tions the value of the variable i-f con­
t ro l is largely lost, fo r if the i- f bandwidth in the receiver 
is narrowed down the same maximum performance will 
not be maintained. T his is because the receiver will be 
accept ing on ly a fraction of the energy in the bandwid th 
of the t ransmi tte r's outpu t. For these reasons it h as been 
conside red inadvisable to include a variable pulse- length 
control without variable i-f amplifier bandwid th cont ro l 
and vice-ve rsa. For maximum performance a nd satis­
factory fid eli ty o f pulse-pattern reproduction, the i-f 
amp lifiers in receivers designed to receive pu lsed emis­
sions must possess a bandwidt h in megacycles which is 
egua l to 1.2 d ivided by the pulse widt h in microseconds. 
T he shape of the response curve of the i-f amplifi er 
should be as flat-topped as p ossible. 

It may be proven rigorously by mathematics that, as 
the shape: of a pulse departs from the perfectly rectangu­
lar shape, the re is a decay in the amplitude o f the d iscrete 
side bands composing the side-band lobes. T he rate of 
their decay from the carr ier outward to either side de­
parts f rom the guasi-sinusoidal as the sgua re-topp ed pu lse 
is rounded off. In a rad ar receiver, the only ene rgy we 

have following the second detector is that derived from 
the side bands. T hus it is seen that, fo r maximum 
efficiency, a pulse wh ich ~pproaches t he sgua re -toppe. 
condit ion as closely as poss1ble must be emp loyed, as l e~J 
and less power ap pears in the side bands as the pulse is 
rounded off. 

Th e foregoing statements may become more evident by 
referr ing to figure 6 . The numbe r o f side bands between 
the carrier and the fi rst cross over point is determined by 
the rat io o f pulse cycle period to the pulse width. The 
separation between any two adjacent side ~a~ds is eg~al 
to the pu lse repetitive freguency. Theoretically the s1de 
bands may continue on out f rom the carrier infinitely. 
However, in p ractice the number of s ide bands a nd the ir 
amplitudes are in the fin al analys is I_imited by t he ba_nd 
width of the circuits they are placed 111. W here any s1de 
bands are s liced due to passage through circuits of inade­
quate frequency ·band wid th, the effect p roduced is a 
round ing of the corners on the video aspect of the pulse 
and a loss of power in the side bands generally. The 
optimum i-f ampli fi er. band widt_h_ equals the d i_mension 
in freguency found between pos1t1ve and n_e~atl\·e cross 
over points. This figure in Me eguals 1.2 d~v 1ded by t_he 
pulse width in microseconds. Video amphfie rs regUlre 
only one-half this width. 

The d istri bution of side bands and their ampli tudes 
relative to the carrier are arrived at mathematically assum - • ) 
ing a perfectly rectangula r (square topped) pulse with ~­
no incidenta l phase or f requency modulation. Under these 
cond itions, the following aspect is Ya lid ; the letters re­
fe rring to points on f igure 6 : A- Ca rrie r amp litude = 
1 00 ){ = E. B- Amplitude at a point one-half way to 
cross over points, 2Ej 1r. C- F irst cross over poin t. Separa-
tion in Me from carrier f req uency eguals 1 divided by the 
pu lse width in microseconds. D- First side band lobe. 
Maximum amp litude eguals 2f / 37f". Its negat ive polarity 
has no sign ifi cance other than phase re lative to the other 
side bands. E-Second cross over poin t. Sepa rat ion in Me 
f rom car ri er equa l to twice that o f the first cross over 
point. F- Second side band lobe. Maximum amplitude 
egua ls 2Ej 57f". G - Th ird cross over point. Separation in 
Me f rom carrier egual to three times that of fi rst cross 
ove r poi nt . 

• 
DECLASSIFICATION OF SONAR BDI 

ATTACHMENTS 
On 15 March 1946 the Chief of Naval O perations 

issued lette r OP-413-B 23j jeh Ser 9 28P4 13 downgrad ing 
certain sonar BD I attachments. T hose downgrJ.ded are 
the Models X -3 and X -4 developed by H arvard U ni,·er-
sity, the CQA-55098 and CQA- 55099 manufactured by 
Astatic Corporation, the CD I-55136 manufactu red by 
Bogen, the CRV-55 149 manufactured by RCA , and the~\ 
CBM-55104, CBM -55 105 and CBM-5 5 137 manu fac­
tured by the Subma rine Signal Company. 
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TUNING THE SR-2 

T . f tl SR 7 is considered a rather critical ope r-A unlng 0 l e -- . . . f ' 
.. ation since incorrect tun ing wd l result. 111 a reguenc} 
~ I .f I h . g f rom one pulse Width to anothe r. s 11 t w 1en c angm d d. tl 

. . . t · g and to stan ar 1ze 1e To assist the techn iCian In umn ' f I SR 7 

f II d tl e manufacturer o t 1e --procedure to be o owe • 1. ' . . 
h as issued the fo llowing detaded mst ruct lons. 

I .. I t . g of tile enuipment is done entirely from n1 t1a un1n -~ · · d 
the T ransmitter-Receiver assembly. The tra~smlttmg an 

. . . . f tl e T raosmitte r-Rece1ver assembly rece1vmg orcu1 ts o 1 . f 
b I. d d ad j· usted for operat1on at the ac-have t en a 1gne an ' 1 

f I . t and should only be tuned to t 1e to ry be ore s 11pmen , • . . . 
. d f t the time of mstallatiOn. T he t rans-ass1g ne requency a h 

. . c. k d for maximum output a nd then t e 1111 tter IS 11 rst pea e . 
. d d lexer adjusted for maximum response rece1 ver an up · ' · 1 d 

. I. d tl e Monitor Scope. A statiOnary an as 1nc1Cate on 1 . ·r t 
. I ld b -ed for tuning the egLupment, o r I a ObjeCt S lOll e LI S • • "d 

I I b - of the receiver is utdlzed to provl e an sea t 1e ec 10 ox 
I , A ·ng tllat the oscill ator tubes have been p rop-ec 10. SSUml ' 

d h t 11 the tuning cont rols haYe been set to e rly age , t a a · 1 
. d f with reference to the tunmg c larts an ass1t:ne reguency . . 

. t nd that the eglllpment has been Ill on the C::CJLII pmen , a ' . . 
R ADIATION-ON operation for at least 15 minutes 

. I I d l·tte vo ltage proceed as follows : \\"It 1 rtc uce p ' · • 

1- Check to see that wave selector switch is i ~1 the 
INCID EN T posit ion, and the pulse length control In the 

•
•' /. " .t. T hen adj· ust the cat hode tunmg cont ro.l for ~ -'1 pOSI I On. . . 

. d. g 011 the re flectometer. f urther maxl-maxun um rea 1n . 
mize the reflectomete r read ing by alte rnately tu ning the 

load stub No. 2 and load stub N o. l controls. These 
controls tune ve ry b roadly, and the entire ranges shou ld 
be covered to make certain that a peak is obtained . Re­
tune, in turn, the cathode tuning, load stub No. 2 and 
load stub No. 1 controls until no fur ther improvement 
of the t ransmitter output can be obtained, as indicated 
on the re flectometer. 

2-0n the f ront panel of the receive r turn the echo 
box switch to t he ON position. Vary t he echo box tun­
ing control for a maximum indication on the echo box 
output meter, and from the setting of the con~rol the 
operating frequency may be dete rmined by usmg the 
f requency cha rt on the transm itte r door. 

3-Adjust focus, intensity, V-cente r. and H -center 
contro ls of t he monitor scope fo r a clean, sharp, cente red 
trace. Adj ust the vertical ampl ifier gain contro l to get 
approximately Ys" of g rass on the screen . . Obtai n an 
echo response on lhe monito r scope by ~av1 ng t he a~­
tenna trained on a stationa ry target. Adjust the sen~l ­
tivity control on the receiver if nece:ss.Hy. W hile ope~at­
ing the press-to-tune-r.f. button, adjus_t the r-f tunmg 
contro l unti l the response on the mo n1 to r scop_e sc r~en 

atta ins maximum ampli tud e. If at sea, o r otherw1s~ L~sm? 
the response of t he echo box, m,tximum response IS lndt­
cated on the scope when the foot of t he step ~xtends :ts 
far toward t he right ( in the grass) as poss1ble. The 
nominal range of the echo box is 3000 yards. If the sea 
is rough and clutter extends beyond 3000 yar_ds, the echo 
box response will not be seen: however. Lurly :tcrurate 
tun ing may be done on the se.t clutter. 
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4-The two d uplexer controls on the right-hand side 

of the transmitter lower-f ront panel should be varied. 

The duplexer protective tank tunes sharply, whereas the 

dup lexer decoupling tank tunes b roadly. Lock the con­
trols whep a ma.ximum response is indicated on the 

screen of the monito r scope. In case of doubt about the 

proper operation of the duplexer, remove the ·righ t side 

shield of the transmitter and visually ma_ke certain that 

the duplexer spark gaps are firing properly. 

5-T hrow the p ulse length control to the " l " position. 

Check to ensure that no re-tuning of the receiver is 
necessary. Check that re-adjustmen t of the cathode tun­
ing control does not increase the reflectometer read ing. 

Th is reading will be slig htly less in the " 1" position, 
even for peaked-tune conditions. If no change of tuning 
is indicated, as is usua lly the case, return the cathode 

tuning control to its original setting, throw the pulse 

length control back into the "4" position, and re-check 

the receiver tun ing. After operating any of the trans­

mitter controls, the receiver peaking should be checked. 

6_-If the above check test (5) ind icates any change of 
~nmg, change the settings of the load stubs to neig hbor­
~ngpo~itions which will not app reciably alter the output 
md,cat1on on the reflectometer. Particu lar attention 
should be given to load stub No. l. T he en tire range 

should again be covered, and a setting made on another 

m~x!mum, if one exists, or near the fi rst setting of the 
ong1nal maximum. After each one of these setting 
changes, re-peak the cathode tuning, receiver tuning and 
duplexer tu ning, and repeat the check test (5). Correct 
settings, as shown by this check test, shou ld be obtained 
after a few trials. 

7-Should some particular condition exist whereby 
the above procedure does not gi,·e good results, a slight 
change of freguency should be made, .and the entire 
tuning procedure repeated, begi nning with step 1 as 
explained above. 

_8-Increase plat~ voltage by pressing plate-voltage­
raise button, observmg _the h ig h voltage meter for sharp 
fluctuat1ons and ilstenmg for arcing in the oscillator 
circuit. The maximum setting used should then be just 
below the point at which arcing occurs. T he card over 
the hig h voltage meter specifies 6.5 ki lovolts maximum 
although this does not imply that this voltage can b; 
reached with a ll tube combinations as some tubes wi 1J 
generate full power at lower plate voltages. H owever, 
at least 6.0 ki lovolts should normally be attained; if it 

cannot, the oscillator tubes and circuit components should 

be checked. On the upper calibration chart on the trans­

mitter front door, fill in the most favorable settings for 

stub No. l and stub No. 2. (Settings for the other con­
t rols were marked on the chart at the factory. ) 

- RCA. 

DEFINITION OF GUN CONTROL 
FUNCTIONS 

The terms "Target Ind ication", "T arget D esignation", 

and "T arget _Acguisition" being closely re lated, h~,·e 

oftentimes been incorrectly used due to m isconcep t1on 
of the ir over-all meaning. T o cl ari fy this situation and 

to avoid incorrect usage of these terms in the future, the 
Chief of N aval Operations has issued the fo llowing 

definitions to cover their meanings and fu nctions: 

By T arget l ndicatio11 is meant the indication, to Com-tfiJ 
mand and gun-control stations, o f the ta rgets ;lvailable . "' 

When conside ring a task fo rce (group ) (uni t) , it is 

the indication, to Command, of the ta rgets approaching 

the area of gunfi re. T arget Ind ication includes all the 
in formation necessary for p roper desig natio n includ ing 

the p resence, identity, location, size, number, course, 

speed, and estimate of intention. In add ition, CIC must 
include evaluated factors which a re necessary in order 

that Command has adequate information for p roper 
designation. 

By Target D esignation is meant the se lection, by Com· 
mand, of the target or targets wh ich are to be taken 

under fi re by a particular ship andj or gu n batteries. 

By Target A cq11isition is meant the process of trans­
ferring a target from a search radar to a li re-contro l 

radar andj or optical system in such a man ner that the 
latte r may be so positioned in trai n and elevation that 
the targets wi ll be imaged in the scope or optics and 
may be subsequently tracked . 

In addition to the defin itions given above, the folio,,· . 

ing defi nitions a re quoted from War Instructions for 
informat ion : 

Rerog11ition is t he process of determ ining the f riend ly 
or enemy character of others. (#II 

ldentifictttion is the process of indicating your friend ly 
character. 

• The following tables show the latest classifications 

ass igned to le'st equipment used with _vari_ou~ types of 
'ectronic installations. U n less otherwtse llldtcated the 

- truction books for these units carry ·the same classifica­

tion as the equipment. 

Equipme111 Cf,usi{icatioll Equipme111 

A / UPM-7 R OAL 

CU-29/U P R OAO 

CU-90/U P u OA\\' 

CU- 11 5/UP u OBA 

CU-11 8/UP u OBI. 
OBQ CXJQ u 
OBR LD u 

LF u OBT 

u OBU~' 
LG 

OBZ 
LJ u 

OCD LK L" 
LN (..; OCG 

OCK 1.0 u 
OCL LP li 
OCR 

LR c 
ocu (.\X' R ocv 

LX c 
OC\X' 

LZ u 
OZA 

LAB c 
TS-89/AP 

LAC l" 
TS-173 /UR 

LAD ') {.j 
TS-186/UP 

LA E c 
TS-202 /U 

LAF u 
TS-231/AP 

LAG u 
TS-268/U - LAH {.j 
TS-270/UP u LAJ 
TS-275 / U P 

LAK u 
TS-295/UP 

OD c 
TS-310/U P 

OE {.j 
TS-311 / U P 

O F c 
L" TS-318/ l 1R 

OG 
TS-323/ UP 

O H c 
TS-33 1/ UR 0) c 
TS-334 / UP u OQ 
TS-349/ UP 

OT {.j 

u TS-398/ UP oz 
TS-417/U 

OAA u 
TS-4.n / UR 

O AE u 

In adJition to the above, the following equipt~ents 

( . 1 . t t. books) are reduced to Unclass1fied, w1t 1 ms rue 1011 . . 
falli n unde r the categories of test equipment, tralnmg 

. g . · L· b t (MIT ) prototy(Jes of equ1pment, Rad1at10n ,1 ora ory . 

N . .. dev'·lopmental or pre-product1on avy eg u1pmen.s, '- . 
models of product ion eguipments o~ accessones. These 

. t . cerneJ d irect!)' wtth loran and should equ1pmen s are con 
be classified as such. 

T est 'Equip ment : 
TS-'?5 1/ UP Test Set. . . 
Typ~ CDU-60073 Tran.smitter _1-vfomtor Oscdluscope. 
O CA Tr.tnsmi tter .l\!omto r Oso_lloscope. 
OB ' Transmitter t. lonit<_>r Oscilloscope. 
013~1 T ime Monitor Oscil loscope. 

Training Eq u ipment : . 
C~l E-60069 and C~fE-60069-A S1gnal Generators. 

.Atre-Production and De,•elopmenta_l _Mo~els_: 
,._ CXJD and X- D BE Loran Re~e1vmg l:qutpment. 

X -DB Loran Recei\"ing Equtpment. 

Classiflcati.on of 
Test Equipment 
ClaJJi{ir.uion Equipment ChtJJi{ir .Jtioll 

c TS-501 / UP 

u -t7AA L 

u -t-AA~ ! 

u -t"'AA~ 

u 60ABC 
ti 60AB~l 
u 60ACZ 
ti 1022) 
l." 22195 u 

22196 u 
49396 

l." 
4939-

u -19398 

l." 49416 

l" 49-11 -

u 49992 

u 6ooo-
'(..; 60018 
u 60039 
{.j 6004-t 
l." 60046 
u 60055 
u 60056 
u 60059 
R 60068 
R 60077 
R 

60086 
R 

60089 
R 

60090 c 
u 60094 

{.j 60098 

R 6010-

R 601 13 

R 60123 

u 62142 
u 62153 

Accessories: 
CG-47368 Antenna Coupling Unit. 
CG-301227 Lo ran Isolation Transformer. 
CAQT-474)8 Antenna Coupling Assemblr. 

c 
c 
c 
ti 
c 
u 
u 
u 
u 
t; 

c 
u 
l " 
t; 

c 
l" 
c 
l" 

c 
l." 
c 
u 
u 
u 
u 
u 
'(..; 

u 
li 
u 
c 
c 
c 
c 
u 
c 

RA D IAT ION LABORAT O HY PRO TOTY PES: 
A- L (Loran ) Transmitter Te>t Osci ll uscope. 
Janski and Bai ley Type 43A Field lntens it)' Meter. 
Loran r-f Pulse Generator (prt>tutype of CME-60069) . 

A and B Timer. 
B-1 T imer. 
B- 1 Timer Switch Gear. 
C Timer. 
C and C-1 Switching Equipment. 
C-1 T imer. 
Lor,m Synchronizer for B-1 and C Ttmers. 
Model 108 Transmitters. 
Model I OST Transmitters. 
~ lode! 125T Transmitter. 
~lode Is 5 75, 5 75B, 5 75 BC-a T r.tnsmitters ( plu, any acces­

sories for above p rotot)•pcs). 

(' Instruction bunk RE TRICTED. 
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New 
Field Changes 

EQUIPM ENT Page 

DAK DIRECTION-FINDING EQUIPMENT 
No. !- Modulator Tube Balancer Kit DAK/ DAQ:2 

DAQ DIRECTION-FINDING EQUIPMENT 
No. !- Insta llation of Improved Loop Antenna DAK/ DAQ: 2 

DAS and DAS-2 LORAN RECEIVING 
EQUIPMENTS 

No. !- Relocate Station Selector Trimmers 
1o. 2a-Change Time Corrector Circuit 

1 o. 2b-lncrease Slow Sweep Length 

DAS: 19 
DAS:!9 
DAS:!9 

N o. 3-Change DAS to DAS-A (Change pulse 
rate and improve cathode-ray-tube focus ) DAS:20 

No. 4-Remove Filament Ground in Indicator DAS:20 
No. 5-Improve Balance Gain Control Circuits DAS:20 
No. 6-Change Gain and Fine Delay Contro ls DAS:20 
No. 7-Add Resistor R-285 (no kit) DAS:20 
No. 8-Adjust B+ to 280 volts instead of 300 DAS:2l 
' o. 9-Change DAS-A to DAS-B, and DAS-2 

to DAS-2B (Modify coils for four 
med"ium frequency channels) 

N"o. 10--Add Two-Microsecond Markers fo r 
Monitoring 

No. ll-Change Amplifier Balance to R-F Ampli­
fier 

DAS-t and DAS-3 LORAN RECEIVING 
EQUIPMENTS 

DAS:2l 

DAS:2l 

DAS:22 

No. !-Change DAS-l to DAS- LA (add PRR 
switch) DAS: l 3 

N"o. La- PRR Adjustment (if kit for field 
change 1o. l is not avai lable) DAS: 13 

No. 2-Change DAS-L A to DAS-113 ( modify 
coi ls for four medium frequency chan-
nels ) DAS:L 4 

1 o . 3-Receiver D iode Connection DAS: 14 
No. 4-Nameplate Change DAS: 14 
No. 5-Groundi ng Change DAS· 15 
1\:o. 6-lnsulate Capacitor C-1 07/C-207 DAs: 15 
' o. 7-Change Slow Sweep Resistor R-167/ R·267 DAS: 15 
No. 8-Change Sapacitor C-37/C-137 DAS: 15 
No. 9-Add Res1stor R-3 1 DAS: 15 

DAS-4 LORAN RECEIVING EQUIPMENT 
No. 1- \XIaterproof Antenna Loading Coil 

To . 2-Change Feedback Capacitor C.2 19 
No. )-Reduce Inductance of l - 10 1 
i':o. 4-Change Slow Sweep Circu it Res istor 

R-269 
1\:o. 5-Change Feedback Capacitor C-220 

DAU DIRECTION-FINDING EQUIPMEN T 
1\:o. 1-Tnstallation of Improved Loop Antenna 

lRN- 1 and LRN- l A lORAN RECEIVING 
EQUIPMENTS 

No. !-Add PRR Switch 
i\:n. la- PRR Adjustment (if kit for field 

change 1 o. I is not available ) 
No. 2- Change LRN- 1 to LRN-1 M, and LRN­

lA to LRN-IAM (Modify coi ls for 
two rntdium frequency channels) 

J\:o. 2a-Change LRJ\:-1 to LRN-1 B, anJ LRN­
IA to LR:f\:.JAB (Modifv coils for 
four medium frequency channels ) 

J\:o. '>-Chan,r:e lnt(:rconnecting Cable 
i\. 11. ·1 Ch.:ng<: CRT lnll·n,ifit:r Circuit 

DAS: t 7 
DAS: I7 
DAS: 17 

DAS:I8 
DAS: t8 

DAU: L 

DAS: IO 

DAS:Il 

DAS:Il 

DAS 11 
DAS 11 
DAS II 

• Miscellaneous modifications to communication equip­
ment have appeared from time to time in the Communi­
catio~ Equipment Maintenance Bulletin. M any of the­
are now being converted to Official Field Changes, an~/ 

having Field-Change Numbers ass ig ned. Following is a 
list of the Field-Change numbers and titles of those 
modifications already reissued in the CEMB, together 
with the page numbers on which they can be found. 

EQUIPMENT 

RAK RADIO RECEIVING EQUIPMENT 
No. !- Providing Concentric Antenna Jack 
N o. 2-Replacing Power Supply Resistors R-202, 

R-203 and R-204 (no k its ) 
No. 3-Fusing of the Equipmen.t (no kit) 

RAL RADIO RECEIVING EQUIPMENT 
No. !-Providing Concentric Antenna Jack 
No. 2-Replacing Power Supply Resistors R-202, 

R-203 and R-204 (no kits) 
No. 3-Fusing of the Equipment 

RBA RADIO RECEIVING EQUIPMENT 
No. !- Installation of T ype 49509 Pl~g Adapters 
No. 2-Inversion of Power Supply Filter Choke 

(no kit ) 

RBB RADIO RECEIVING EQUIPMENT 
N o. !-Installation of Type 49509 Plug Adapters 
No. 2-lnversion of Power Supply Filter Choke 

(no kit ) 
No. 3-lmprovement of Band Switch 

RBC RADIO RECEIVING EQU IPMEN T 
No. !-Insta llation of T ype 49509 Plug Adapters 
No. 2-Invcrsion of Power Supply Filter Choke 

( no kit ) 
N o. 3-Improvemcnt of Band Switch 

RBO RADIO RECEIVING EQUIPMENT 
No. !-Modification of the Audio Circuit 
No. 2- Replacing Power Transformer and Rec­

ti fier T ubes 
No. 3-Connecti ng for Balanced li ne Speaker 

Connection 

RCK RADIO RECEIVING EQUIPMEN T 
No. !- Add itiona l Tuning Set Up Syst~m ( no 

kit) 
N o. 2- N oise Suppressor Wiring Correction 

(no kit} 
No. 3-lnstallation of Type 49509 Plug Adapters 

RDP RADIO RECEIVING EQUIPMENT 
o. !- Extension of Swept Osci ll ator Shaft 

(no kit) 

HEA RAD IO RECEIVING EQUIPMENT 
No. !- Receiver Output Line Connections 

(no kit) 
No. 2-AVC Circuit Modificat ion 

TBA RADIO TRANSM ITTING EQUIPMENT 
No. !- Modification of Meter M-I ll By.Pass 

Circuit (no ki t ) 
No. 2-Balanced Output Operation 
No. 3-High Speed Keying ( no ki t) 
No. 4- Modification of the: 0·5/ FR Exciter Unit 

(no kit) 

TBK RADIO TRANSMITTIN G EQU IPMEN T 

Page 

RAK/ RAL: l 

RAK/ RAL:2 
RAK/ RAl: 2 

RAK/ RAl:l 

RAK/ RAL:2 
RAK/ RAL:2 

RBA:l 

RBA :2 

RBB:L 

RBB:2 
RBB: 3 

RBC:I 

RBC:2 
RBC: 3 

RBO: I 

RBO :l 

RBO:I 

RCK :3 

RCK :-1 
RCK: -1 

RDP: I 

REA : I 
REA : I 

TBA :I 
TBA : I 
TB A:2 

TBA: 3 

Nn. 1- Meter lvf.I 07 Erroneously Labeled TBK :5 
No. 2-Para '.'el H igh Speed Keying TBK :6 
No. ) - Mod1ficatwn of the 0·5/ FR Exciter Unit 

(no kit) TBK :6 

f'! ' , 

EQUI PMENT Page 

~BL RADIO TRANSMITTING EQUIPMENT 

No. !-Modification of Labeling of Band 
Change S_witch TBL: l 

No. 2-Wiring Correction to Audio Output 
Jack }101 TBL: I 

TBM R ADIO TRANSMITTING EQUIPMEN T 

No. 1- lnstallation of Peak Limiting Thyrite 
. Units · 

No. 2-Parallel High Speed Keying ( ~o kit >. 
N o. 3-Modification of the 0 -5/ FR ExCJter Un1t 

(no kit) 

T CK RADIO TRANSMITTING EQUIPMEN T 

No. 1-TCK Rep lacement Brush Kits 
No. 2-Replacement of TCK-3 Filament 

T ransformers 

TCS RADIO TRAN SMITTING EQUIPMEN T 

No. !-Modification of Model TCS Relay Cir-
cuit (no kit) . 

No. 2-Modi/ication of Tap Switches ~no k1q 
No. 3-Modification of the Load ing Cot! (no k1t) 
N o. 4-Replacement of Motors and Gen~rators 
No. 5- l nstallation of Power Supply Filter 

CTD-53173 or CTD-53174 . 
No. 6-Type 50 159 Noise Limiter A?apter Umts 
No. 7-Installation of TCS N01se L1m1ter 
No. 8- Replacement of Resistors R-303 and 

R- 304 (no kit) 
N o. 9-Installation of Radio Interference 

Elimination Kit 

• T CZ RADIO TRANSMITTING EQUIPMENT 

TBM:2 
TBM:2 

TBM:2 

TCK:3 

TCK: 3 

TCS:l 
TCS: 2 
TCS:3 
TCS:3 

TCS:3 
T CS:4 
TCS:4 

TCS:4 

TCS:4 

No. !- Replacement of 28-volt Generator Brushes TCZ: l 
No. 2-Removing of Audio Input Ground of 

Type COL-234 10 Remote Cont rol Unlt 
(no kit) TCZ : 1 

TDQ RADIO TRANSMITTING EQUIPMENT 

N o. I.- Overload Relay K-303 Change (no kit} TDQ: 3 
N o. 2-Model TDQ T ransmission Lme Fdter 

Type CRV-5 323 2 TDQ: 3 
No. 3-Caution Nameplates for TDQ 

T ransmitter 

YE HOMING EQUIPMENT 
No. !- Installation of Matching .Tra nsformer 

Type CRV-47194 (no k1t} 
No. 2-Modification of Antenna Assembly 

Drive Unit Heater Circult ( no kit ) 
N o. 3-Addition of Capacitors to G}'ro Selsrn 

System (no kit ) 
No. 4-Shorting of Interlock Switch S-114 (no 

kit} b b" 
No . 5-Change in Value of Spark A sor 111g 

Res istor R·503 (no k1t) . 
No. 6-Eliminat ion of In terference 1n Radio 

and Radar Equipments (no klt) 

YG H OM ING EQUIPMENT 

No. !-Change in Over-the-Bow Keying Cir­
cui t (no kit) 

No. 2-Hood for Barco Joint 
No. 3-lnstallation of Improved Contacts fnr 

Relay K·l OI (no k.1t} 
No. 4-Eiimination of Keyu1g R elay K· lO I . 

,A.No. 5-Add ition of T rue Beanng Control Un 1t 
IW Type CAIH-23408 . 

No. 6- lmproved lnsu latwn for Res1stnrs R-1 09 
to R- 11 2 (no kit) 

TDQ :4 

YE:7 

Y£: 8 

YE :9 

YE : JO 

YE : IO 

YE : I ll 

YG :2 
YG: .'> 

YG :3 
YG:3 

YG:4 

YG:5 

255-A 
Telegraph 

Relay 

H ere is a bit of useful information on the Western 
Electric 255 -A Polar Relay which is used in TTY,_FSK 
and similar types of equipment. 

T he terminal arrangement illustrated may be con­
sidered as a bottom view of the relay base, or a view of 
the wiring (rear) side o f the 18B Connector Block. T he 
phasing arrow alongside the coil spool in the other draw­
ing indicates the direction of current flow (electron 

6 7 
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ARMATURE 

+-- WINDINGS { 

"SPACE 
CONTAC T 

3 2 

fJI 112 113 411 

lls~6 1t7 en SHIELD 

theory, or left-band rule) w)lich will cause the armature 
to move toward the. mark (#4 ) contact. In other words, 
the lower-numbered term inal (#2 or #3) of either wind­
ing should be connected to positive battery to move the 
armature to the marking contacts. 

T he two wind ings are of 3200 turns each, and have a 
res istance of 130 ohms. T he normal effective current 
through one winding is 31.25 mil liamperes (for 6.25 m.a. 
loop operation), which is equivalent to I 00 ampere-turns. 
T he minimum current required in one wind ing is 10 m.a. 
(32 ampere-tu rns) . 

(} 

0 z .,.., 
0 
m z 
~ 

> 
I 



__J 

<( 
i= 
z 
w 
a 
u: 
z 
0 
u 

f'J 
' . 

AN j TPC-2 Tracker. N ote e ·epieces f . . 
stopes an~ oscilloHopes. Mmfua/ IJa11d1~~e:r~caL~;~~ 

)' the seal. Army Ordllallce pboto. 

_Marine Corps AA Gets a New Radar 
By F. A . l?mllJe; , Jr ., Lt Col USMC s 11 f SL . · · , reau o Jtps 

• By the end of July the Sperry Gyrosco C 
. pe ompany 

should have delivered twenty new radar fi 1 re-contro sys-
tems to the Marine Corps. These equip1n t 

en s represent 
the most up-to-date system for antiaircraft fire control 
and are to replace the SCR-584 Radar and M-7 D. 
Th . 1rector. 

IS new equipment as delivered to the M . C 
. • anne orps, 
IS known as the Radar Fire Control Equipment 
AN MSG-1. 

The AN; MSG-1 consists of eight major units: the 

T racker ANj TPG-2 (formerly Tracker T-5) , the Re­

mote Control Station (sometimes re ferred to as the "dog­

house"), Computer T-18, Cable System T-6, IFF Equip­

ment ANj TPX-2A, Ta rget Selector T -1, Trailer (Navy 

Type CAHU-10304 modified to provide means for stow­

ing the equipment), and the Eng ine G enerator Navy 

Type CAJG-73029. f .. 

This fi re-control radar is an integrated radar and com-

puter fire-control system of transportable mobile design, 

the function of which is to provide gun-laying orders to 
1
- 90-mm antiaircraft battery. The Tracker AN-TPG-_2 

shown in the figure is the radar part of the system. Th1s 

unit operates in the SG band and is designed as an auto­

matic-tracking radar. The weight of the tracker mount 

is 2072 pounds and that of the "doghouse" 414 pounds. 

The peak power output of the equipment is approxi­

mately 250 kw w ith a choice of either a 0.8- or 0.2-

microsecond pulse width. The transmitter employs a 

2}32 magnetron with hydrogen thyratron modulator. 

Three bandwidths are provided in the receiver, 3.5, 5, 

and 10 Me. The 3.5- and 5-Mc bandwidths are used 

when the equipment is being employed for sea~ching, 

wh ile the 10-Mc bandwidth is used when the eqlllpment 

is on automatic tracking and high discrimination is de­

sired. When on manual search (being controlled by the 

joystick) the transmitter is modulated wit!~ a 0.8·l~1i cr?­
second pulse and the 3.5-Mc bandwidth 1s effect1.ve 111 

the receiver. · When it is desired to search automatica lly, 

the operator releases the joystick, makes necess~ry ad­

justments to front-panel controls, and the ~qlllpment 
shifts into automatic search. \X!hen the equipment IS 

being used in automatic search, the transmi tter continues 

to be modulated by the 0.8-microsecond pulse but . t~e 
5-Mc bandwidth is effective in the receiver. \'<lhen 1t IS 

desired to use the equipment in automatic trackin~, two 

combinations of pulsewidth and bandwit~1 are avail able. 

Normally the 0.8-microsecond pulse w1dth and 5-Mc • 
band width will be used. However, in cases of bad clut­

ter, the 0.2-m icrosecond pulse width 'vith tl~e :o~Mc 
bandwidth can be employed to afford h igh.er d~swmma­
tion. The Maximum range when searchmg IS 80,00.0 

yards and, when t racking, 40,000 yards. The antenna IS 

a 72-inch solid aluminum parabolic reflector fed by a 
· · d ' 1 h 1'ng an IFF array mounted conKally-scanmng 1po e av • 

on top of the re flector. The appr?ximate gain of .the 

t . 30 8 db .. ,1·tll a beam w 1dth of 5 degrees at an enna IS . ~ • 

the half-power points. 

Five electronic indicat ing devices and two optical sys­

tems are provided with the equipment.. The ~racke r 
Moun t has two 2" scopes, one for pljJ-matchmg 111 

azimuth and the other for pip-matching in elevation . 

Mounted in the doghouse are a 7" A-scope with ~a.n.ge 
pedesta l, and a 5" 1- (ci rcula r sweep) scope. faCIII.ties 

a re p rovided for automatic tracking in range, ~levat10n, 

and azimuth , in addition to manual radar tracki ng 111 a ll 

of these. If the situation demands it, ta rgets can be 

tracked opticall y in either az.imuth or elev.ation but no 

facilities are provided for optiCal range findmg. 

The equipment may be used in any of several manners : 

full PPI search at 6 rpm, va riab le automatic sector scan , 

- combination of variable automatic sector scan and va ri ­

able automatic elevat ion sector scan, or a PPI fed by a 

remote radar ,·ia cable or radar data link. The major 

operational controls located on the Tracke r Mount are 

the. azimuth and elevation handwheels, while the dog­

house contains the " joystick" for manual control in e!eYa­

tion, azimuth and range slewing, and all the IFF dlal­

lenging controls. 

The Tracker ANjTPG-2 and associated doghouse pro­

vide, as outputs, continuous present-posit ion data elec­

trically transmitted to the T-18 Computer which is an 

e lectro-mechanical computer of adYanced design. Its 

function is to predict t he future location of the target in 

conjunction with the present-position data, rates, time 

of flight, "dead time", condi tions of the atmosphere, 

ammunition, and guns. The solution is transmitted elec­

trically to the 90-mm gun batte ry continuously for auto­

matically laying the guns and fo r fuse setting. The 

Computer T -18 weighs 1320 pou nds and is provided 

with detachable porter bars. 

iFF is provided as an integra l part of the system by 

means of the ANj TPX-2A . T his system consists of an 

AS-109j TPX antenna, which is mounted on top of the 

radar dish. The remainder of the system is the same 

as N avy Model BN-2, w hich should be famili ar to all 

Navy and Marine technicians. Challeng ing is accom­

p lished by pressing a button located on the joystick, and 

the display appears on the A scope. 

For certain purposes visual target desig nation to the 

radar is desirable. An optical telescope, the T arget 

Selector T-1 , is therefore mounted on a tripod provided 

for the purpose. When this telescope is positioned on a 

ta rget and necessary controls are energized, it will furnish 

azimuth and elevation data to the tracker servo system 

electrically, causing the antenna to position itself so that 

its axis is parallel to that of the telescope. 

The radar equipment is stowed in a van -type trailer 

which is simi la r to that supplied with Model SK-lM 

Radar. The engine generator, N avy Type CAJG-73029, 

is installed in the after compartment of the van . The 

doors and interior of the trailer have been rearranged to 

accommodate the radar equipment, which must be d is­

assembled into its transportable packages for stowage. 

A sli d ing monora il and hoist wh ich projects th roug h the 

side door is installed to assist in hand ling the units. 

Actua lly the only portion that must be removed from the 

tra iler for operat ion is the Tracker Mount. T he remote 

Control Station and Computer may he operated inside or 

outside the tra ile r, depending upon the tactica l situation. 

The trai ler provides d rawers, cabinets, and lockers for 

mobil e and equipment spares and a work bench equipped 

with d -e lo\v-voltage power suppl ies for testing and 

maintenance. Due to the very ample quantity of spares 

provided, it may be found that some of the equipment 

spares cannot be stowed within the trailer. Each of the 

twenty AN1 MSG-1 equipments is be ing furnished with 

a very complete set of depot test equipment. There is an 
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optional feature whereby the system may take pn mary 
power f rom the gun battery's generator. 

W hen set up for operation the equipment is inter­
connected by a cable system, T -6. This system is suffi ­
ciently flexible to provide good dispersion. 

Normally an operator seated in the doghouse can 
cont rol all the functions of the tracker. This includes 
aided manual tracking in range, and manual control of 
elevation and azimuth of the tracker by means of the 
joystick. Once having gated the target, auto-tracking of 
range, azimuth, and elevation is switched on by simply 
releasing the hands f rom the palm switches on the joy­
stick. Should it be necessary to employ manual radar 
t racking of a target, two additional operators are seated 
on the mount where each is provided with a handwhee[ 

and pip-matching scope. T hey can commence manual 
tracking on sig nal from the operator in the doghouse or, 
should it be necessary, they are provided with switchef) 
permitting them to cut out the remote servo-dr iven track- -" 
ing and take control us ing the handwheels. The housing 
on the tracker mount is so arranged that the optical 
telescope and pip-match ing scope for each operato r are 
placed side by side so that either system can be read ily 
used by the two operators. 

Jn anticipation o f the delivery of th is new equipment, 
arrangements were concluded with Sperry G yroscope 
Company to conduct a technician 's school wh ich com­
menced on 21 January 1946. Hence the A A outfi ts wi ll 
not on ly receive new equipment, but wi ll get some tech­
n icians along :with it. 

CONTROL 

PREDICTION 
UNIT 

INVERTER­
CONVERTER 

PANEL 

INPUT 
·SERVO 

UNIT 

1-'rrm/ l'le /11 of T - JR CoiiiJllller with C0 11ers removed. 
Army Ordncm re photo. 
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M ISSI NG : 4000 S . U. Field Change K its ! 
R idiculous, you say. But the graph illustrates that 
such is t he case. F ield change kits are often very 
expensive a nd represen t considera ble engineering 
effort. If the field change is considered su fficien tly 
important to design a nd manufacture, it is certainly 
importan t enough to ins tall. R eceipt of N BS Form 
383 is the only me thod the B ureau bas of knowin g 

\ whe ther this expense and effot·t are being utilized 0 1· 

was ted. It is also very d ifficul t for the Burea u to 
evalua te fa ilu re t·cpot·ts without knowing which field 
changes ha ve been made on the eq uipment. T he 
graph tells the s tory of the SU only, but t his is a 
typical case. P lease help the B ureau keep its house 
in order so tha t it m ay be in a be tter position to help 
~-ou . R eport a ll (jc ld eha nges promptly a nd correctly 
o11 Form 383! 
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