
. ·~· ' 
t\t$lt\\C'Ct\l.~-. 

~· :~ : :;~· ~J '·i 
.. ' .. . ;t 

:·f 



BUSH IPS 

ELECTRON 
1951 

VOLUME 6 

NUMBER 13 

MAGAZINE 

FOR 

ELECTRONICS 

TECHNICIANS 

THIS 
ISSUE 

Limitations of Raclcrr N a vi gat ion . ..... .. . ..... . . 

Low }V!oclel 55 Sensitivity . . . . . . . . . . . . . . . . 4 

F.C. No. 1- Radiacmeter li\lf-3j PD . . . . . . . 5 

1Vcweg!(ide Filters f or Trammission Studies . . . . . . . 6 

The Shipboard Integrctled Electmnic i\tlaintencrnce 
Pcn"ts System, NcrvShips 900, 7 68 . . . . . . . . . . . . . 9 

NEL Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 

Utility of ROVI Eq"ipment . . . . . . . . . . . . . . . . . . . . . 12 

i\lfodel TDQ Drawer Connector .Contcrct Alignment 

Tool... .......................... .... . .... 13 

J\1.crgnetic Amplifier Ftmdamentcrl s ( conclmion) . . . . 14 

Errors in Btt!letin f or F.C. No. 42-SU-1 . . . . . . . . 28 

GCA Saves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

j\lfodificcrtion of FSA FSK f or Radiophotoj Fcrcsimi/e 
0 peratiou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

TBL Blower M otor Fcti/!(res. . . . . . . . . . . . . . . . . . . . . 31 

Lett ers to the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

THE PRINTING OF TH IS PUBLICATI O N HAS BEEN A PPROVED BY THE DIRECTOR 
OF TH E BUREAU OF THE BUDGET 13 JANUARY 1950 

DISTR!BUTU?N: BuSH IPS ELECTRON is sent to D epartment of Defense activities concerned w ith the instafltllion 
o
8
peraiTOn, mam

1
tenance, and supply of elee11·onic equipment. If the quantity mpplied is 110 1 correct please ad11ise th; 

ureau prompt y. ' 

~JNTijf~~!lOJ;fS: Contributions to _Ibis magazine are always welcome. All material should be addressed to T he 
~'J' h r

1
pds b eclron, Bu~eau of Sh;ps (Code 993-c), Navy D epartment, TVashington 25, D. C. TVhenever possible 

m·tJc es s 0 11 e accompan;ed by appropriate sketches, diagrams, or photographs. 

CLASSIFICATION: _Most ismes of ~u IIIPS EI.ECT~ON are c~assified _restricted or confidential in order that information 
on all t;pe~ of _eqmpmellt . may be m;luded. Sp~Cific. matertal pr~blrshed in any is me may or may 110 1 be classified, 
however. £dtch JJJ/Ie rs

1 
asSigned _ the ~rghest classr/icatron of materral mcluded. Classified material should be shotl'll only 

to concerne pers~nne as _prov;ded 111 U. S. Nat' )' RegulatJom. Don·t forget many enlisted men are concerned wit h 
the conte_nt~ of tl11S ma~az1ne. B u SIJIPS ELECT RON contains infm·mation affecting the 11r11ional defense of the United 
States wrthm the 111eanmg of the Espionage A ct (U.S.C. 50; 31-32) as amended. 

0 

by 
LT. CoR. JAMES M. BRUNING, USNR 

RCA Service Co., fur. 
Ct~~udeu 2, N. J. 

Radar has p roven to be a h ighly effective naviga
tional aid during periods of low visib ili ty. Under certa in 
cond itions extreme radar ranges have been obta ined with 
surprising ly accurate bearings. These resul ts and their 
causes have been '~idely discussed in existing literature. 

H owever, the disproportionate emphasis placed upon 

unusually good rada r performance has served to create 
the impress ion that all radars are supposed to give out
standing ly good resu lts all the time. Such, unfortunately, 

is not t he case. 
The performance of any radar is subject to many 

limi ting factors, some of which are related to the des ign, 
construct ion, installation and ad justment of the system; 
while other considerations, ex ternal to the ship, deter
mine what wi ll happen to the transmitted s ignal after 

it leaves the antenna and before it retu rns to the antenna. 
Even though the t ransmi tter and receiver are adj usted 

for peak performance, there wi ll be no s ign of an echo 

on the disp lay tube if external condit ions prevent the 

return of the t ransmitted signal. It is not always real

ized that radar navigation as well as any other naviga· 

t iona! aid is subject to certain restrict ions or l imi tations. 
In coastal pi loti ng it is possible for even good navi

gators to take the beari ng of th e wrong object. While 
th is should be a rare occurrence, it does happen. Opti
cal tangents taken at a d istance are often faulty because 
the actual l ine where earth meets sea is obscured by 
mist or hidden by horizon dip. Similarly, one can never 

be sure of the precise range or bearing of a given sec
tion of land when establish ing a radar "fix·· b ecause 

there is no way of determining which portion of the land 

is acting as the " reflector". 
O ne shoul d be extremely caut ious in util izing radar to 

establ ish "off shore· · ranges (distances) , since the radar 
may ignore low lying or gently sloping land and may 
indicate that the ship is farther off shore than is actua lly 
the case. If land ri ses abrupt ly from the sea, w ith es
sentially vertical development and with little or no 
shore, radar wil l indicate gu ite accurately the off-shore 
distance o f the ship. On the other hand , radar cannot 

be relied upon to pick up reefs or shoal water. These 

constitute low-lying, poor radar targets, and w ill be 

detected at dangerously close range, if at all. 
Radar tangents taken against an island are not rei iable 
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for accurate bearings because of two main errors which 
are inherent. All radar beams traveling in space have 
an angular width w hich varies from about one degree 
to twenty or more degrees depending upon antenna de
sign. The width of the beam causes land to appear 
wider to the radar, therefore left tangents as read on 
the compass repeater tend to be ''small" (fewer degrees) 
and right tangents large (greater number of degrees). 
Also, since radar ignores low-lying or sloping land, 
there will always be doubt as to whether the radar ac
tually is showing the land tangent or some other point 
inland. This effect introduces a tendency to carry tan
gent bearing inland, making the left tangent too large 

1 
GUESS WE ' LL 
FOLLOW \ HE 
OLD SALIVA 

WAY 

ON EXCEEDINGLY MURKY 
DAYS ONE HAS TO RESORT 
TO MANY DEV IOUS WA'{S 
1 0 REACH ONE'S DESTI -
N ATIO N. 

(g reater number of degrees ) and the right tangent too 
smal l (too few degrees) . 

Again, every navigator knows that the range of his 
vision is determined by many variable factors. Low
lying islands o r reefs may be masked by vapor or light 
fog. Familiar sta rs and planets are f reguently clouded 
over. The horizon is but seldom cl early defined. These 
limitations on .. v isibility" are so p ronounced that only 
for a fc'VI' minutes each morning and evening will con
ditions be .. just right" for obtaining a ccl c:slial " fi x". 
Even when conditions are genera lly good it is not un
usual to d iscover that a relatively " near by" planet is 
invisible w hile at the same time a far distant sta r will 

be sh ining brightly. When making landfall there a re 
many occasions of s ighting land fifty or more miles away, 
wh ile at other times a ship wi ll be practically in the 
harbor before any la nd can be seen. All these familiar 
happenings are related to external causes. The great . 
d ifferences in VISUAL RANGE obtained by any one 
individual under varying atmospheric conditions are so 
commonplace that they are not considered to be unusual. 
There is noth ing mysterious about the fact that one can 
see a g reater distan<:e in clear weather than in foggy 
weather. 

Nor should it be considered unusual or mysterious 
that RADAR RANGES are subject to wide variations 
because of atmosph eric and other external considera
tions. Visible light, rad io and radar waves are quite 
s imilar since they represent energy in electromagnetic 
form. They differ chiefly in energy conte nt and fre
q uency. Radar frequencies usually a re much hig her than 
radio, approaching t he vibratory rate of light. H ence, 
it is only reasonable to expect that as the radar wave 
used for a given application increases in frequency, its 
behavior more closely approximates the behavior of 
light. Experience proves this to b e true. As radar fre
quencies increase, the tra nsmitted signal becomes in
creasing ly subject to the well known optical effects of 
s imple absorption, band absorption, reflection, refrac
tion, cancellation, reinforcement, beam focus, beam di
vergence or scattering, penetration, etc. L ittle wonder 
then that the perfo rmance of the hig her frequency 
radars should change so marked ly from day to day. 

Low frequency radar often can ' 'look through " a 
cloud or squall that would b lock-off the signals of a 
hig her frequency radar. It is actua lly possible for a 
small ship to " h id e" behind a squall and to be com
p letely invis ible to a hig h frequency radar w h ile a 
lower frequency radar sig na l may " look th roug h " t he 
squall and w ill .. sec' ' the ship. I t is to be expected, 
then, that different radars wil l react d ifferently when 
operating in a g iven area. Any one radar may be ex
pected to perform at a different level of effectiveness 
from day to day. 

T he experienced navigator is a lso aware that at
mospheric effects wil l cause l ight \vaves to bend. It is 
poss ible: to .. see around a corn er" if the corner ang le is 
not too acute and if atmosphe ric conditions are just 
right. This effect has been encountered many t imes in 
radar applications during which echo s ig nals h ave been 
returned by ta rgets wel l beyond the dip of the horizon. 

After a radar sig na l leaves the antenna and until a 
portion of the energy refl ected by some distant target re
turns to the orig inating anten na, the s ig na l is influenced 
by two complex factors. T hese are the meteorolog ical 
in fluence of th e weather upon the atmospher ic path 
traversed by the s ignal and the nature of the target or 
reflecting substance. 

T he prevailing weather or atmospheric condition of 
the area between a radar and its target result in two 
classes of signal propagation, standard and non-standard. 
With standard propagation the radar waves are g radu
ally bent downward, following the curvature of the 
earth . Under average weather conditions the horizon 
d istance is increased by about fifteen ( 15) percent. 
Non-standard propagation includes conditions which re
duce radar ranges below the normal expectancy and con
ditions wh ich produce unusually long radar ranges. 

T he refraction or bending of radar waves is deter
m ined by the variation of temperature, moisture content 
and pressu re of the atmosphere wit h changes in height 
of the s ignal path. Of these considerations the:; varia
tions of moistu re content is most important with tem
perature variation second in importa nce. A rapid de
crease of moisture with height, known as a " moisture 
lapse" causes a pronounced downward bending of the 
signal : A rapid increase of temperature w ith h eight, 
known as a "temperature inversion" also produces down
ward refraction . If both conditions occur simultaneously 

a situation of super- re fract ion prevails and extremely 
long ranges may be obtained from low altitude targets. 
The above conditions produce a rapid decrease of the 
index of refraction with increase in height above the 
water or land surface. If the change in the ind ex of 
refraction is in the opposite di rection to that just dis
cussed , the bending of the radar wave will be upwards 
and low altitude targets may be missed. 

Conditions fo r extreme radar ranges are according ly 
favorable if warm dry air is Rowing over cold water. 
In this case a temperature inversion (increased tempera
ture w ith height) is automatically present. Evaporation 
of surface water into the lower atmosphere produces 
a moisture lapse (decreased moisture w ith height). 
O ver land, clear skies at night allow rapid cool ing of 
the earth, in tu rn setting up conditions favorable to a 
temperature invers ion, w ith a corresponding increase 
in radar ranges. 

When the barometric pressure IS H IGH a n effect 
known as subsidence generally t.1kcs pl,tce. Masses of 

dry a ir s ink vertically towards the earth and spread 
horizonta lly along the earth's surface. This condition 
is id eal for producing a temperature inversion. Thus, in 
an area of high barometric pressure, if warm dry a ir 
flows over colder water or land, p roducing much surface 
evaporation, one can exp ect extreme radar ranges. 

A low barometer is usually accompanied by overcast 
skies and moderate to strong winds. Under these condi
tions it is not likely that a temperature inversion or a 
m oisture lapse will occur. Consequently, it would be · 
expected that radar ranges will be either normal or less 

than normal. 
In the f oregoing d iscussion it should be appreciated 

that the effects described a re most pronounced for low 
altitude targets. Actually, super-ranges are to be ex
pected only for targets having an ang le of elevation 
somewhat Jess than two degrees, and then only when 
the conditions of barometric h igh, temperature invers ion 
and moisture lapse occur simultaneously. 

Assum ing favorable atmospheric constituency, it IS 

necessary for t he target to be of suitable material, size, 
shape and angular disposition relative to the radar be
fore a reflection echo can be obtained. These phys ica l 
requirements for the target are more evident if the radar 
p roblem is compared to the optical problem of direct
ing a sha rply focused flashlight beam toward a d istant 
mirror in such fash ion that the light beam reflected by 
the mirror can be seen by the p erson hold ing the flash
lig ht. A glass mirror wou ld certa in ly be a better reflector 
than a wooden board, a Rat surface mirror would be 
better than a sphe rical g lobe having the same surface 
area, and if the angle of the mirror is not properly ad
justed it w ill not reflect the light beam back to t he 
observer. 

Radiat ion falling upon a surface is partly absorbed, 
partly refl ected, and unless the substance is very thick 
or very opaque, it is partly transmitted t hroug h the sub
stance. Absorptivity o f a surface may vary f rom zero 
to nearly 100% depending upon the material, the f re
quency of the incident rad iation and the temperature of 
the absorber. T he energy absorbed by a t arget obvi
ously cannot get back to the radar to p roduce an echo. 
Consequently, a substance which has a high absorption 
coefficient wi ll make a poor radar target. M eta ll ic sub
stances in general arc better reflectors than non-metallic 
materials. Good conductors are usually better targets 
than poor conductors. A metal ship makes a better tar
get tha n a wooden ship. A small iron sh ip may make 
a better target than a la rge densely wooded island. Just 
as certa in mater ials absorb certain colors, so too, will 
d ifferent targets be " frequency sensitive". If the t a rget 
medium f rom w hich the reflection occurs has an absorp· 
lion band for the particu lar frequencies being considered 
it may be impossible to obta in a radar echo unti! the 
range has been drastica ll y red uced. T his effect Ius often 
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been noticed when ranging on islands covered with 
tropical vegetation and trees. One radar may give a very 
poor echo o.r no echo at all while another radar operat
ing in a different frequency band will produce a strong 
echo signal. It is to be expected that a given radar will 
perform qHite differently from time to time depending 
upon whether its target is barren, dry, rocky, moist, 
covered with vegetation, trees, melting snow or frozen 
ice, etc. 

The size of the target is naturally a governing factor. 
Any object having electrical dimensions approximat)ng 
a half wave length at the operating frequency may act 
as a reflector. In general, the larger the target the more 
effective it becomes as a mirror. 

The shape of the target is also of consequence. A 
curved surface, with the exception of one or two special 
cases, does not make an effective target. The reflected 
energy is widely dispersed with little, if any, being re
turned directly to the originating antenna. A ship 

having many vertical and right angle surfaces is a better 
target than one in which the superstructure consists of 

plating d isposed in curves. Where two plane surfaces 
meet at a right angle a "corner reflector" is formed. Re
gardless of the angle at which radiation strikes one of 
the surfaces, a substantial portion of the energy will be 
reflected directly back to the source. So many of these 
natural "corner reflectors" exist on a ship that one is 
tempted to believe the designer intended the ship to 
be a radar target. 

The angular d isposition of a target relative to the 
radar is most important, and is probably the largest 
single factor controlling the range that can be obtained. 
If the target were assumed to be a flat metal plate 
mounted at an angle of forty- five degrees to the line of 
fire of t he radar, no energy would be rehzrned to the 
radar. The relative angle of the target surface should be 
normal (right angles) to the li ne of fire of the radar. 

The case is similar to the use of a mzrror for reflecting 
a light beam. 

If one were to range on a mountainous island having 
a gentle slope on the west side and precipitous vertical 
cliffs on the east side it would be normal to expect a 
radar pick up distance of great range when approaching 
from the east, and a sharply reduced range when ap
proaching from the west. If the sloping side of the 
mountain is covered with vegetation or snow it might 
be entirely in order to make radar contact while eighty 
miles distant to the east although radar contact from the 
west might not be established unt il within twenty miles 
of the island. 

It is not sufficient that the reflected energy be directed 
towards the general vicinity of the radar ship; the re
flected signal must be focused directly upon the radar 
antenna. A strong echo ten feet away from the antenna 
is completely wasted. Unless the returned energy strikes 
the radar antenna there will not be an indication on the 
radar picture tube. 

The primary obj ective of this article has been to dis
cuss those external variables which affect the performance 
of any radar. However, the electrical and mechanical 
functioning of radar equipment can only be determined 
by ach1al test with appropriate instmments. Power out
put should be determined by use of the directional
coupler and power measuring apparatus. Receiver 
sensitivity and noise level should be checked with 
standard equipment. The dai ly use of a resonance or 
echo box is a necessity to rapidly determine over-all 
effectiveness of the radar system. 

From a detailed consideration of the factors discussed 
in t his article, combined with the knowledge gained 
through actual measurement of transmitter and receiver 
energy levels, one can formulate his own estimates of 
what constitutes normal performance of any given radar. 
Meteorological effects and target characteristics shou ld 
not be indiscriminately blamed for poor radar coverage. 

LOW MODEL SS 
SENSITIVITY 

A recent case of low sensitivity in the Model SS radar, 
when using the periscope an tenna, was determined as 
being a result of trouble in the periscope itself. This 
was in dicated when a neon bulb wou ld l ight at the wave
guide in the pe-riscope well and at the top of the adapter 
but not at the periscope an tenna window. The bottom 
plug assembly of the periscope was found defective after 
removing the periscope. 

This merely draws attent ion to the bottom plug as
sembly and waveguide inside the periscope itself when 
the periscope antenna gives poor results and the rest of 

the equipment has been checked as satisfactory. 
It is suggested that whenever the periscope is removed 

at a N aval shipyard for optical repa irs, a job order be 
submitted to have the electrical portion of the periscope 
tested in accordance with data g iven in the "Submarine 
Periscope Manual" N avPers 16165 (Confidential). These 
electrical tests are quite campi icated and special eguip
ment is required. The test equipment is not found on 
tenders at present so it becomes a shipyard job to m ake 
these electrical tests. 
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F .t. No~ 1- Radiaumeter IM-3/PD 
Equipment Affected 

Radiacmeter IM-3j PD, all serial numbers. 

Purpose 
To modify the spur gear for switch S-1 in order to 

prevent equipment failme due to internal shorts. The 
stop sections, as shown in Figure 1, on the present 
switch, S-1, of Radiacmeter IM-3/ PD do not allow 
sufficient clearance for the snap action to operate prop
erly. The force of the snap action causes the stops to 
break off. This breakage allows the switch to be turned 
in such a manner that the "B" supply of the equipment 
shorts out tube V- 1, necessitating replacement of the 
entire ion chamber. 

Time Required 
Approximately two man-hours. 

Materials Required 
Supplied with field change-none. 
To be supplied by installing activity-One (1 ) #6-32 

round-head screw, 5/ 16" long. 

Tools 
Installing actzvzty wi ll require a screwdriver, pliers, 

#36 drill and a tap for #6-32 threads. 

Routine Instructions 
Reference should be made to the Instruction Book 

for Radiacmeter IM-3j PD, NavShips 91032, and to 
Figures 1, 2 and 3, shown here, when making th is 

NOTE. 
THESE PUNCHED OUT 
STOP SECTIONS (ON 

PRESENT SWITCHES) 
BREAK OFF UNDER 

NORMAL OPERATING 
CONDITIONS. 

FIGURE !-Battery Switch (Rotary Type-S 1). 

change. 
1- Remove the spur gear shown m Figures 2 and 3. 
2-lnstall a #6-32 round head screw, 5/ 16" long, 

as shown in Figures 2 and 3. 
3- Replace the modified spur gear and check for 

proper operation. 

Special Instructions 
A limi ted stock of replacement gears, Standard Navy 

Stock Number Nl6-G-432090-371, has been procured 
and placed in stock by ESO. The replacement gear is 
supplied complete with an appropriate stop-pin. As the 
old gear presently in the equipments can easily be modi
fied by the maintenance yards, these gears should be 
modified as described herein whenever practicable. 
However, in order to provide a readily available replace
ment, each maintenance yard should requisition a small 
quantity (not to exceed 3 ) of the new replacement gears. 
As the existing gear is removed and replaced with a 
new or modified gear, the old gear should in turn be 
modified 111 order to replenish the available replacement 
stock. J 

SWITCII 
MOUNT I NG 

PLATE. 

1 EXISTINC SPU R GEAR 

'l6 DRILL 8 TAP 
FOR '&-~2 ROUND HEAD 

SCA £W 5/U;'" LONG. 

,--
1 
I 

FIGURE 2-Gear Modification Data. 

SWITCH (51) 

FIGURE 3-Assembly View. 
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In connection with research in pulse modulation, it 

became necessary to separate a group of microwave 

channels transmitted in a waveguide into individual 
channels and subsequently to recombine them. M icro

wave filters which perform these funct ions have already 
been described. For the particular studies referred to, 
however, a somewhat different technique was chosen. 
A total of eight channels with 30-Mc separation between 
mid-bands of adjacent channels was provided by the 
filter array developed. Four of these channels were trans

mitted as a group in one waveguide, and another group 
of four at the same frequency in another waveguide. 

Both of these sets of four channels could be separated, 
or combined, independently in the same filter structure. 

A simple block schematic indicating the fi lter func

tions is shown in Figure 1. T wo signal bands, X and Y, 
are directed over separate paths to opposite ends of a 
waveguide array of separat ing fil ters. H ere they are 
separated into eight channel bands, each of which is then 

passed through the individual channel apparatus, in
dicated by the dashed Jines shown connecting the sepa

rating and combining fil ters. The combining filter array 

then inverts the separating process : the eight channel 

bands are combined to form the pair of composite signal 

bands, x and Y emerg ing from opposite ends of the 

combining fi lter a rray. 
The separating filter array consists of four waveguide 

hybrid-type filters each of which diverts two channels 

with the same mid -band f requency to their respective 
channel apparatus. H ow this is accomplished is indicated 

schematically in Figure 2, which shows a circuit with 
a hybrid coil at each end, two channel reflecting net 

works, and two quarter wave length delay networks. 

Input appl ied to arm A 1 of the hybrid coi l is equally 

divided bc:twcen the half-power arms B l and c l ; no 

direct transmission hc:tween arms A 1 and o 1 resul ts. 

Energy at frequc:ncic:s in the channel centered at fre

quency f1 is reflected by the two networks labeled f- 1, 

but that in the lower arm passes t hrough the one-quarter 

wave length delay network both before and after re

flection. Thus the reflected energy returning toward the 

lef t in the lower branch is out of phase by 180 degrees 

with that in the upper branch. As a resu lt, the reflec

tions are in phase in the middle conductor and are thus 

transmitted out the branch Dl. Energy outside the band 

fl, on t·he other hand, passes through the networks 

f1 and thus through the hybrid at the right, and appears 

at A1 ', none being transmitted out branch Dl ' . 

In an exactly similar manner, energy in the band fl 

applied at A 1' would pass out b ranch D 1 ', while energy 

outside the band f1 would be transm itted through the 

circuit and out Al. 

by P. A. R EILING 

T rtti/SIItission Research, Bell T elepbone Laboratories 

SET X OF FOUR 
CHANNELS AT --

f1,f2,f3 AND f4 -

SET Y OF FOUR 
CHANNELS AT - - 

f1,f2,f3 AND f 4 

INDIVIDUAL 
CHANNEL 
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f 1 fz f3 f4 

FIG URE 1-A set of fou r incoming channels is con
nected to one end of the separating filter chain, a nd 
another set of four to the otbr end, and the eight 
i~d~vidu al channels a re separate d by the filter. In a 
s1m dar manner, the cha in of combining fi lte rs takes 
eight individual channe ls and forms two groups of four. 

Four such circuits, each d esigned for a different f re

quency are shown con nected in tandem in F igu re 3. If 

fou r channels, x1, x2, X3, and x4, are applied at the 

left of this circui t, and four channels Y1, Y2, Y3, and 

Y4, with the same mid-band frequencies as the re

spective x channels, are applied at the right of the 

circuit, the eight channels will be separated out over the 

side branches as indicated. Of the four channels enter

ing at the left, x1 will be separated out by the first 
section, X2 by the second, X3 by the U1ird, and x4 by 
the last, and no energy will remain to continue out the 

righ t-hand end of the circuit. Of the four channels 

entering at the right, Y4 will be separated out by the 

right-hand section, Y3 by the next, Y2 by the next, and 

Y1 by the left-hand section. Such an arrangement could 
thus serve as the separati ng filter of Figure 1 to dis-

tribute the eight composite channels into the eight in
d ividual channels. 

It may also be seen from Figure 2, that were a single 

HYBRID REFLECTOR HYBRID 

FIGURE 2-A wire circuit analogy of the chain of a 

separating or combining fi lter circuit. 

channel at frequency fl applied to the branch n l , the 

energy would be out of phase in the upper and lower 

branches. After reflection f rom the filte rs in the two 

lower branches, however, the reflettcd energy would be 

in phase at A 1 because the energy in the lower branch 

has bec:n shi fted 180 degrees in phase by the delay net

work. The channel entering at Dl therefore would pass 

out th rough Al . Similarly a channel at frequency ft 

channels applied at branches Yl, Y2, Y3, and v4, and 

Xl, x2, X3, and x4 respectively would in the circuit 

of Figure 3 thus be combined in to two groups; the 

group consisting of Yl, Y2, Y3, and Y4 will flow out 
at the right, and that consisting of channels xl, x2, 

x3, and x 4 would flow out at the left. The circuit could 

thus serve as a combining filter shown at the right of 

Figure 1, and would thus combine the separately ampli
fied channels for transmission. 

The various elements comprising this circuit may be 

duplicated in waveguide structures in a variety of ways. 

In the pulse studies referred to above, however, the 

method d iffers from those previously employed . In the 

filter arrays the main .waveguide is square 1n cross-

entering at o 1' would pass out through A 1 ' . Eight 

section, but the branch taken cff at one corner is stand
ard oblong waveguide, being twice as wide as it is high. 

A photograph of this unit is shown in Figure 4. Within 

the square section is a diagonal sephun as indicated in 
Figure 5. \XIaves entering either end of the square sec
tion with their electric vector at right angles to the 

septum, as ind icated in the upper part of F igure 5, 

pass th roug the gu ide and arc not transmitted out the 

corner bra nch. Waves enter ing from the right and 

polarized parallel to the septum, on the other hand, will 

OUTPUT 
,--- --- - -------- --~-----------------, 

Yft Yf2 Yf3 Yf4 

t t t 

Xf1 Xfz Xf3 Xf4 
'------ --- --------~------------ ----J 

OUTPUT 

y 
INPUT 

FIGURE 3- Biock schematic of the chain of separating 

or combining filters. 
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not pass through the square guide but will pass out the 
corner branch. 

If a waveguide structure capable of reflecting waves 

of frequencies in the vicinity of fl and at the same time 
rotating their direction of polarization by 90 degrees 
were connected at the right end of the waveguide section 
shown in Figure 5, waves polarized as in the upper part 
of Figure 5 would be returned to the section pqlarized as 
indicated in the lower part of Figure 5. This reflected 

FIUGRE 4-0ne of the eight waveguide units form
ing a separating or combining filter. 

wave would then be transmi tted out the corne·r branch 
and none would be transmitted through the square guide 
past the septum. • 

~Th is rotation of the polarization of the reflected wave 
is accomplished by quarter wave length sections of 
square waveguide and reflecting networks in the form 
of resonant cavities. The wave leaving the coupling sec-

POWER 
IN OR OUT 

(b) 

POWER 
IN OR OUT ........_ 

FIGURE 5-Perspective drawing of the waveguide hy
brid unit showing its effect on entering waves polarized 
in two directions. 

tion of Figure 5 is polarized diagonally across opposite 
corners, and may be considered as composed of two 

right angle components. This is indicated in Figure 6, 
where R represents the resultant electric field vector po
larized diagonally and H and v the two right ang le com
ponents. T wo sets of reflect ing cavities are emloyed; 
one to reflect the vertical component and one the hori
zontal component. Each set consists of two full-wave 
and two half-wave lengths of closed waveguide pro
jecting perpendicularly f rom opposite sides of the square 
waveguide to which each are coupled by quarter wave 
sections as shown in Figure 7. The cavities reflecting 
the H component are offset one-quarter wave length 
from those reflecting the v component, thus correspond
ing to the reflecting sections of Figure 2. One com
ponent therefore travels one-quarter wave length further 
before reflection and one-quarter wave length fur ther 
after reflection than the other component, and th us one 
component of the reflected wave w ill be 180 degrees 
behind the other. This turns over the d irection of one 
reflected component so that a wave polarized as in the 
left-hand diagram of Figure 6 before reflection will be 
polarized as in the right-hand diagram after reflect ion. 
This reflected wave will thus pass out the corner branch 
as shown in the lower diagram of Figure 5. 

IL:H 
(a) (b) 

FIGURE b-Cross-section of hybrid unit showing reso
lution of diagonally polarized waves. 

The two wave componen ts of Figure 6 correspond to 
the currents in the upper and lower branches of Figure 
2, and on th is bas is the waveguide section shown in 
Figure 7 is closely analogous of the circui t of Figure 2. 

The complete waveguide separating fi lte r consists of four 
sections such as Figu re 7 con nected together, and is 
shown in Figure 9. At each end is a coupling sect ion 
through which the outputs from both of the waveguide 
transmission lines are supplied to the filter. 

Four sections like that of Figure 7 connected together 
to form the separating fil ter of Fig ure 9 and an6ther set 
of four to form the combining filter would thus appear 

as in Figure 8, which is a wavegu ide counterpart of the 
block diagram of Figure 1. The combined four chan
nels enteri ng from the left at the top of Figure 8 are 
designated x l, x2, x3, and x4, and those entering f rom 
the left at the bottom have the same mid-band f requency 

FIGURE 7-A waveguide hybrid unit on each side of a 
delay and reflecting unit is the equivalent of Figure 2. 

and are designated Yl , Y2, Y3, and Y4. The paths of 
the X channels are indicated by light solid lines drawn 
inside the guides, and those of the Y channels are simi
larly indicated but by dashed li nes. Keeping in mind the 
action of the hybrid section as indicated in Figure 5, 
one can readily visualize how the eight channels are 
diverted to their individual amplifying channels. After 
amplification and regeneration, these channels enter the 
combining filter at the right and follow the paths in
dicated . All the X channels are combined and leave at 
the top of the combini ng filter, wh ile the Y channels 
are combined and leave at the bottom. 

The use of quadratu re fields in square waveguide 

INDIVIDUAL 
CHANNEL APPARATUS 
~ 

TO 
WAVEGUIDE NO.I 

XI' X2 ,X3 ,X4 -
r-+------~l------~--~ 

SEPARATING 
FILTERS 

COMBINING 
FILTERS 

FIGURE 8--Arrangement of waveguide units corres
ponding to Figure I. 

FIGURE 9--A complete separating or combining filter 

yielded filters with input and output sect ions which could be easily constructed . The filter elements depended only 
on linear dimensions making for relatively simple mechanical construction. Experimenta lly observed characteristics 
were in remarkably close agreement with theoretical characteristics established as performance requirements. 

To answer the many questions that have arisen concerning the new electronic maintenance parts allowances, 
the Bureau has published NAVSHIPS 900,168 "The Shipboard Inte grated Electronic Maintenance Parts 
System" which explains the program and the details of conversion from the old spare parts box system to 
the new method of bin stowage. All hands interested in this program are urged to read this pamphlet, 
copies of which are available upon request to the Bureau of Ships, Code 960. 
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nel notes: 

time-saving RDF calibrator 
Calibration of RDF's, and the subsequent difficulty of keeping the 

calibration up-to-date in the face of inevitable topside structural 

changes, has always const ituted a serious problem. But no longer. 

The Navy Electronics l aboratory has developed the Direction Finder 

Calibrator Set, ANj SRM-1 (XG- 1)_, that promises to reduce dras

tically the time required for cal ibration. The new equipment is portable, 

easy to operate, and rugged in construction. It is applicable to either 

pip-type or null-type gear. T ests conducted at sea have demonstrated 

that with the device it is possible to calibrate the RDF in a fraction of 
the t ime required under present methods. 

T ime-consuming calibration p rocedures have long constituted a major 

disadvantage of RDF. Several days are usually required for the opera

tion. Since it is difficult to allocate such protracted ship time to th is 

relatively unimportant task, calibration is often delayed for weeks. 

As a result, the doubtfu l bearings obtained from uncalibrated equip

ment have given RDF techniques a reputation for unreliability. The 

new NEL-developed calibrator, by making possible more frequent 

calibrations, should overcome this major objection to RDF. 

Under present calibration techniques, simultaneous visual and radio 

bearings are obtained on a transmitting target and relayed by voice 

tube or talker to a recorder. The three-way exchange of information 

limits the speed at which the calibrating run can be cond ucted and 

multip lies the opportunity for error. By contrast, the new ANj SRM- 1 

equipment p rovides automatic transmission of bearing information, and 

automatic and continuous plotting of the results. Bearing information 

from both visual observer and RDF operator is transmitted by a synchro 

system and recorded in the form of a polar plot on a special chart. 

This chart is so des igned that it indicates di rectly the number of de

grees to be added to, or subtracted from, the RDF dial reading to g ive 

the correct relative bearing of the target. Because of this automatic 

transmission and recording feature, the time in which a run can be 

made is limited only by the speed wi th which the ship can swing 

without excessive listing. A single 360-degree calibration run has been 

AN/SRM-1 (XG-1) 
visual follower unit . 

made in 3 minutes, and a full set of correction curves 

has been made in less than half a day. 

The centra l unit, the recorder, has two essential parts 

each l ight enough to be carried by one man. The units, 
including a recorder, rad io follower, visual follower, 

and gyro follower, operate as a single equipment when 

connected by flexible plug-in cables and powered from 

the ship's own 60-cps 110-volt line. . 

T he central unit, the recorder, has two essent1al parts 

-a polar chart and its d~ive assembly, and a re~ording 
pen and its driving mechan ism. The polar ch~rt IS made 

to rotate in exact synchronism with the beanng of the 
RDF dial. The recorder pen is driven by a synch ro 

whose output is p roportional to the difference in the 
relative bearings from the RDF and visual follower. 

With pip-type Of F's it is only necessary for the 

visual observer and the RDF operator to keep on ~ar?et 

in order to p roduce on the chart a continuous dev1at10n 

curve--a permanent record of deviation with no further 

plotting required. . . 

Procedures with null-type D j F's are only slightly 

more involved. In this case it is necessary for the RDF 

operator to sweep the antenna back and f~rth across 

the null. To prevent the pen from markmg at _any 

t ime save at a sharp nu ll point, the pen normally r:des 
above the paper. The operator, by pressing a sw•tch, 

can lower the pen to mark the critical moment wh~n he 

has obtained a null. The plot, in this case, is a senes of 

dots through which a smooth curve can be readily drawn 

on completion of the calibration run. 

RDF bearing information is normally obtained f_rom 

the RDF dia l of the radio receiver through a d1rect 

mechanical coup ler. This coupler connects to the rear 

of the radio follower unit through a short shaft. T he 

RDF dial is then operated through the follower by a 

hand wheel on the follower front. 

The visual follower consists of a telescopic sight, a 

synchro transmitter mechanically coupled to the tele

scope, and a variable-speed reversible motor for rotat

ing the telescope head through 360 degrees. T he motor 

speed is ad justable so that the sight will approximat~ly 
track the target, requ iring only slight corrections applied 

th rough a handwheel. 

On those occasions when the target is obscured by 

superstructure or other intervening objects, the gyro fol
lower may be cut in to replace the visual follower, pro

vidi ng an alternate source of rela tive bearing information 

for these short periods. 

T he Navy Electronics Laboratory has produced ten 

prototype equipmcnts for del ivery to the Bureau _of 

Ships early in 1951. Subsequent to tests with these equ• p

ments, addi tional units will be produced and made 

available at central fleet servicing activities for requisi

tioning by forces afloat. 

Recorder unit a nd typical correction curve. 

Radio follower unit connected to dial of 
DAK-2 rece iver. 

:;o 
m 
V> 
-t 
:;o 

0 
-t 
m 
0 

:;o 
m 
V'l 
-t 
:;o 

0 
-t 
m 
0 



c 
w 
1-
0 
a: 
I
V> 
w 
a: 

c 
w 

' 1-
0 
a: 
I
VI 
w 
a: 

by 

C. R. LAKE, ETCA 

U.S.S. Agerbolm (DD-826) 

Lately, increasing emphasis is being placed on the 
use of RCM equipment. There are also other uses for 
ships RCM receivers, panoramic adaptors, and pulse 
analyzers for other than RCM exercises. Some of the 
most obvious are: 

1- Check of ships radar (wi thin P, L, and S band) 
for pulse width, shape and stead iness. 

2-Check of ships interrogator (BM, 80, etc.) for 
frequency, pulse width, etc. 

3-Checking to see that the ships responser (BK etc.) 
is transmitting. 

Another important use of the panoramic adaptor 
(RDP, etc. ) is to monitor the percentage of modulation 
of the ships VHF, U HF radio transmitters. The pro
cedure is as follows: 

1- Key the transm itter to be checked and tune in the 

NO MODULATION 100% MODULATION 

RCM receiver (ROO, etc.), unti l a pulse appears on the 
panoramic adaptor (RDP) . Leave the ROO gain at 
maximum and keep the RDP ga in reduced as necessary 
to keep the pulse below saturat ion. 

2-Turn the sweep control on the RDP towards 
minimum (CCW), unt il the pulse on the scope is about 
2 inches wide. Turn the center control on the RDP 
as necessary to keep the presentation centered on the 
scope. 

3-Have someone g ive a short count on the trans
mitter being checked. As the panoramic adaptor is es
sentially a plot of carrier amplitude against f requency, 
the downward excursion of the breaks in the carrier 
pulse represent the percentage of modulation. Figure 1 

will clarify this. All transmitters should modulate over 
50%, preferably 85% to 95 % . 

This enables the ET to actually show the operator who 
whispers into a microphone why he doesn't obtain good 
results from a TDQ transmitter, as most remote handsets 
require a normal speech level to sufficiently modulate 
a TDQ or TBS. 

50% MODULATION 25% MODULATION 

Presentation on Model RDP indicating percent modulation of transmitter being tested. 

Every time the ship gets underway, in addition to 
taking the usual transmitter meter readings and power 
output checks with the ME- 11/ U wattmeter, we also 
check our TBS, TDZ, IDQ, and ANj ARC- 1 trans
mitters for their percentage of modulation or for any 
noticeable distortion in their modulating circuits. 

Granted that the TBS and TDQ have percentage of 
modulation meters installed, checking with the RDP 
will allow you to see what is actually on the air. It also 
affords you the opportunity of checking another ship's 
transmitter. Some time ago another ship called us to 
check our RDZ as they had 25 watts output on their 
TDZ and couldn't reach us. When we checked their 
TDZ on our RDP, it had about 5 to 10 percent modula
tion. ET's often use the carrier power as read on the 
ME- 11/ U wattmeter as the final word on a transmitter's 
ability to carry, overlooking the fact that you don 't hear 
the carrier-only the modulation. Usually the ability of 
the AN/ ARC- 1 (8 watt) transmitter to equal or some
t imes exceed the ranges obtai ned with a TDQ ( 40 watt) 
transmitter, is due to insufficient modulation of the 

MODEL . TDQ DRAWER 
CONNECTOR CONTACT 

ALIGNMENT TOOL 
A beneficial suggestion submitted by Eilis C. Harder 

and Verne C. Harris of the Mare Island Naval Ship
yard makes provisions for aligning the spring contacts 
in the rear drawer connectors of the TDQ transmitter. 
By use of this contact alignment tool the porcelain con
nector may be assembled in much less time than nor
mally required to align these twelve contacts and insert 
them into the top half of the porcelain connector. 

The tool is composed of two pieces of 1/ 16" sheet
brass formed as shown in Figure 1. The two comb-like 
pieces are inserted from ad jacent sides of the contact 
assembly as shown in Figure 2. This compresses and 
al igns the spring contacts which allows the top half of 

, II..( TO 
4 POINT 

TDQ. Most AN/ ARC- 1's have a very capable modula
tor section, normally producing 85 to 95 percent modu
lation. 

A simple check of the accuracy of the RDP to indi
cate percentage of modulation can be effected by: 

1-Set an LP (or any other r-f signal generator with 
a modulation meter) at 30 megacycles (input frequency 
of the RDP is 30 Me). 

12-Connect output of LP to r-f input of the RDP. 
Tune LP slightly for maximum on RDP. 

3-Turn the RDP sweep the same as before for trans
mitter check (to minimum until pulse on RDP is ~bout 
2 inches high and wide). 

4-Increase modulation (as read on the LP modula
tion meter) and check that the percentage of downward 
deflection on the RDP's presentation will be the same 
as the modulation on the LP. 

Bureau C omment: This article is consi-dered an ex
cellent example of an e lectronic technicia n's initiative 
in ap plying equipme nt ope rat ional features to "check
out" t he ship's electronic equipme nt. 

FIG URE 2. 

the contact assembly to be easily placed in position. The 
tool is then withdrawn and the connector secured to the 
chassis in the required manner. 

The tool can be made by station personnel from scrap 

pieces of brass. 

r [// ,tft.OC< .. ... f. .. 

L tr" A POINT r·+ ~r1. 2~ ,. 
•• . .. 

~R. 
MATERIAL • BRASS {• 

FIGURE I. 
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(Continued from last month) 

Figure 29 is simply a basic sketch showing the p rin
ciples of applying a magnetic amplifier to audio-fre
quency amplification. The a-c supply f requency must be 
sufficiently high to permit separation from the voice fre
quencies. Frequencies up to 20 kc at 100 watts have 
been amplified w ith this device, utilizing another mag
netic amplifier as a frequency multiplier for a "plate" 
supply. Figure 30 shows a 100-watt 2-stage magnetic 
audio amplifier. Figure 31 shows oscillograms of the 
output with different input powers. 

AUDI O FREQUENCY A MPLIFIER- (PROTOTYPE ) 

FIGURE 29. 

It appears that with further development work audio 

magnetic amplifiers can be desig ned and constructed 
which will be superior to the p resent electronic amplifiers 

in the following respects: 

1- More rugged . 

2- Smaller size. 

3-Less weight. 

4- Less maintenance. 

Figure 32 (a) is a schematic diagram of a controlled 
saturable reactor type magnetic amplifier having a suffi
cient amount of positive external feedback so as to cause 
instabili ty or flip-flop action. This basic fli p- flop circuit 
is not new, its principle having been described by Fi tz
gerald in 1936 (U.S. Patent 2,027,312} . Using spirally 
wound ribbon cores of modern, ultra-thin molybdenum 

permalloy, and using toroidal windings, magnetic flip
flops have been made in the laboratories which have 
been triggered by one microsecond pulses at repetition 

FIGURE 30-Enclosed magnetic audio amplifier with 
associated input equipme nt. 

rates as h igh as 400,000 transitions per second. The fre

quency of the a-c power supply for this magnetic ampli
fier type flip-flop was from 1 to 3 megacycles. With im
proved materials and components, even h igher operat ing 

speeds are indicated to be possible. 

TRIGGER PULSE 
INPUT 400 KC 

A C 

SUPPLY 
3 MC MAX . 

OUTPUT 
I LOAD ) 

RF ENVELOPE 

FIGURE 32 (a)-Saturable reactor used as a digita l 
computer element. 

100 CY. M 
~ -· 

400 CY. 

1000 CY. 

2500 CY. 

5000 CY. 

FIGURE 31-0scillograms of output of ampl ifier shown in Figure 30. 

Such high-speed magnetic ampli fier circuits have 

many very desirable features. They are inherently low 

impedance devices ( 5 to 100 ohms) and they are in

herently low power devices (milliwatts per stage) . It is 

conceivable that many such units could be assembled 

into a relatively small , lig htweight, rugged, permanent 

package as compared to an equivalent electron tube con

trol circuit. 

Magnetic fl ip-flops of the type described above have 

RF 
ENVELOPE, • 
FROM MAG.• 

FF 
STAGE (A) 

CLIPPER 

: 
• 

-BIAS 

DEMODU· 
LATE 

GATE 

=l= 

R· LOAD 

> GATE 

~ INPUT 
PULSES 

~GATE OUTPUT 
( GATED PULSES) 

FIGURE 32 (b)-Magnetic "flip-flop" use d to control a 
crystal diode gate. 

been combined to form basic circuits for use m digital 

computers. The circuits may have applications in radar 

and loran systems as pulse shapers, triggers, and count

ing and measuring circuits. As an example of the cir

cuits used, Figures 32 (b) and (c) show pulse forming 

circuits for use with magnetic flip-flops to form counting 

and gating circuits for these applications. In laboratory 

tests, multiple stage magnetic binary counters have been 

operated at counting rates as high as 60,000 counts per 

MAGNETIC BINARY COUNTER INTERSTAGE PULSE FORMING CIROJff 
CLIP-( OEMODU· iDIFFEREN·iCLIP-I INVERT 6 I RINGING 
PER I LATE$ I IATES 1 PER : MATCH ICAPI4CITOR 

0 
I I I I OUTPUT 
I \r o TRIGGER 
I 1 WINDING OF 
I NEXT COUNTER : : ~~ 
I 

FIGURE 32 (c). 
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lnput to Stage 1: 
(Repetition Rate = 10,000 oos.) 

The counter has been operated at 
50,0 00 pps. into stage 1, thoug h 
outputs are distor ted. 

Input to Stage 1: 
(After Cr.; Showing desired 
effect of coupling): · 

RF Envelope of Stage 1: 
(Across Bridge Rectifier) 
(RF = lMc) 

Output of Stage 1: 
(RF Envelope is clipped to save 
lower side; demodulated) 

Input to Stage 2: 
(Repetition Rate = 5,000 pps .) 
(Output of Stage 1 is differentiated, 
clipped and inverted thru a step
down pulse transformer) 

RF Envelope of Stage 2: 
(Across Bridge R ectifier} 
(RF = lMc} 

.7V 
.L 
T 

+.6V 
o--=:!::: 

t 
-.6V 

1.7V 
_L 

T 

. 35V 
i_ 

T 

j_ 

lOV 

1.3V Ounut of Stage 2: 
RF Envelope is clipped to save lowerj_ 
side, demodulated) T 

Input to Stage 3: 
(Repetition Rate = 2,500 pps .) 
(Output of Stage 2 is differentia
ted, clipped and inverted thru 
a step-down pulse transformer. 

Scale 1:1 Scale 10:1 
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FIGURE 33-High-speed magnetic counter-Binary, two stages. 

1. Pulse Repetition Rate = 2000 pps, 
(Time between pulses = 500 u sec.) 

Input Pulse s : 
Note: Input Pulses in each case are min

inum amplitude required to set 
Flip Flop. Increased Pulse ampli
tude i s r equired at higher rates. 

RF Envelope : 
( RF = 1.42 M.c .) 

2. Pulse Repetition Rate = 20,000 pps. 
(Time betwee n pulses = 50 u sec.) 

3 • 

Input Pulses: 

RF Envelope: 
(RF = 1.32 Me.) 

Pulse Repetion Rate = 200,000 pps. 
(Time b e t ween pulses = 5 u sec .) 

Input Pulses: 

RF E-nvelope: 
(RF - 1.4 Me.) 

4, Pulse Repetition Rate= 400,000 pps. 
(Time between pulses = 2.5 u sec .) 

Input Pulses: 

RF Enve lope: 
(RF = 1.5 Me.) 

+.5V 

o..l: 
T 

- .4V 

_t 

7.5V 

T 

Scale 1:1 

~ ~ 5 u sec. 

-- ---- ~ 

J '\ .. /"'._~ 

FIGURE 34--Magnetic "flip-flops" driven at high rates. 

Scale 10:1 

::0 
m 
VI 
-i 
::0 

0 
-i 
m 
0 

;;o 
m 
V> 
-i 
;;o 

0 
-i 
m 
0 



0 
w ..... 
(.) 

a: ..... 
Vl 
w 
0:: 

0 
w ..... 
(.) 

a: ..... 
Vl 
w 
a: 

co 

FIGURE 35-60-cycle Amplistat. 

second. Figures 33 and 34 are oscillograms of the wave 
forms of the circuits shown in Figure 32. 

Figures 35 and 36 show two production units made 

by the General Electric Co. Figure 3 7 shows a labora
tory setup at the Carnegie Institute of T echnology ar
ranged to measure response time. Figure 38 shows a 

FIGURE 37. 

FIGURE 36-100 volt-'ampere industrial Amplistat. 

response curve plotted from a unit wi th a very high gain. 
F igure 39 is plotted from a uni t with moderate gain, 
showing a lag of less than one hal f cyde of excitation 
frequency. 

Figure 40 . is a photograph of a popular type push
pull magnetic ampl ifier with characteristics as follows : 

Gain-600,000. 

Power output- 10 watts (adequate to control fields 
of Y<! -hp motors). 

Anode voltage-115. 

Rect ifier-Silenium. 

Hermetically sealed. 

/REVERSAL OF SIGNAL 

OUiPUi CURRENT 

FIGURE 38-Response t ime of a high-gain amplifier. 

FINAL LOAD CURRENT 
AVERAGE ID8.7 AMPS. 

60 CYCLES /SEC. 
TIME MARKER 

FIGURE 39-Response time of a moderate/ gain 
amplifier. 

FIGURE 40-Photograph of a popular type push-pull amplifier. 
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FIGURE 41. 

The curve of Figure 41 shows the operating charac· 
teristics of this amplifier. An equivalent 2-tube push
pull class AjB electron tube amplifier might have a 
power gain of less than 100. 

Magnetic Amplifier Versus Electron Tube 
Analogy 

Before this article was undertaken, both officers and 
men in various electronics activities were questioned as 
to the general type of information desired. They agreed 
unanimously on one thing-leave out the mathematics 
in order to present a readily understandable picture of 
the possibilities of magnetic amplifiers. The detail theory 
material is available in other literature. 

Another thing that was noted during the sampling 
of ideas from this group, was the predominant curiosity 
as to how this device functions as an audio-frequency 
amplifier. The general feeling seemed to be that ?n~e.~.~ 
this was understood froin,.~n electron tube angle, even ' 
though the analogy be somewhat distorted, a better 
understanding among electronics personnel would result. 

An attempt to analyze the magnetic amplifier in direct 
relation to an electron tube would require that certain 
assumptions be made as this type of amplifier differs 
considerably from one in which electron tubes are used. 
In an electron tube, good analytical treatment is possible 
for small signals because a more linear relationship can 
be obtained between the input and the output. 

AC 
SUPPLY 

FIGURE 42 (a)-Single-ended tube. 

In magnetic amplifiers, although workable on the 
somewhat linear part of the curve, good efficiency is not 
obtained unless control is maintained at the knee of the 
curve where abrupt saturation occurs. It is this non
linear section of the curve that makes high gain possible 
and also accounts for the analytical difficulties encoun
tered in this device. However, for operational compari
sons with a tube, the upper knee cannot be considered, 
as this is where tube saturation takes place. Comparisons 
therefore, will be made only on the linear section of the 
curves. 

To attempt an analogy between the two amplifiers 
at audio frequencies, in the most elementary form, would 
require that a single ended tube be compared with a 
simple biased internal feedback saturable reactor as 
shown in Figure 42 (a) and (b). 

To compue them in the same relationship, AC would 
have to be used as a power supply for both devices as 
the magnetic amplifier will not function on DC. The 
frequency of the power supply to both unit~ would also 
have to be above audibility. Since they are smgle ended, 
comparisons would also have to be ma~e as clas~ "A" 
amplifiers, using the center ·of the stra1ght portton of 
the characteristic curve. 

AC 
SUPPLY 

FIGURE 42 (b)-Biased internal feedback saturable 
reactor. 
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FIGURES 42 (c). and (d). 

As previously mentioned, similar control voltage vs. 
load current curves can be used for both devices, as the 
magnetic amplifier anode impedance in relation to con
trol voltage can be made very similar to that of a tube. 

Load current will also have to be compared against 
control voltages as the grid of a tube operating as class 
"A" is not drawing current, while the input control 
winding of a magnetic amplifier is current actuated. 
A given amount of voltage across this coil will deter
mine the amount of current, consequently, the saturation. 
Biases will also have to be included to open the "valves" 
of both units half way between cut off and saturation. 
In the tube, the negative voltagC§ on the grid accomplish 
this. In the magnetic amplifier, the current circulating 
through the input resistance and the control coils, all 
of which are in series, accomplish essentially the same 
effect. This current partially saturates the core, main
taining the no signal load current at the center of the 
curve. With the input i.mpedance of both devices made 
equal, both devices would follow closely within their 
parameters the input voltagejload current curve plotted 
in Figure 42 (c), i.e., modulating an inaudible carrier 
which is in series with the load. These amplifiers oper
ating as class "A" would both be inefficient as power 
amplifiers. The demodulation of the carrier would also 
have to be considered. 

A much more satisfactory method for comparing the 
two amplifiers would be to connect them in push-pull. 
4~ (c) could then be used to outline both halves of the 
push-pull circuits 42 (e) and (f) as shown in 42 (d). 
The efficiency would then be high and demodulation 
would present no difficulties. With push-pull the power 

output could be increased several times over that of the 
single ended devices with less harmonic distortion. The 
carrier frequency in the output circuit would also be 

doubled, due to using both halves of the a-c supply volt

age. This reduces heterodyne effects between the audio 

? ... 
~ 
Q. z -

AC 
SUPPLY 

FIGURE 42 (e)-Push-pull tube. 

AC 
SUPPLY 

FIGURE 42 (f)-Push-pull type magnetic amplifier. 
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FIGURE 43-Commercial prototype of an a-f amplifier. 

signals and the high frequency power supply. Figure 
43 is a further development of 42 (f). Figure 29 shows 
a more practical, although still somewhat basic circuit 
employing this principle. Figure 31 is an oscillogram 
showing the output wave form of a 100-watt audio fre
quency magnetic amplifier. Note the HF carrier super
imposed on the sine wave. This HF is of course in
audible. Although the magnetic amplifier was not in
tended as a competitive device at audio frequencies, 
work along this line is being done toward producing a 
rugged, maintenance free amplifier for intercommunica
tion and public address services. 

One commercial radio· firm constructed a complete 
broadcast receiver using the magnetic amplifier for the 
audio and i-f system, with germanium crystal transis
tors for the r-f and oscillator stages. Crystals were used 
for detectors. A magnetic static device was used as a 
frequency multiplier power supply. This broadcast re
ceiver, it is understood, was constructed primarily for 
publicity purposes to show that a relatively intricate elec
tronic device could be made without the use of electronic 
tubes. The transistor, incidentally, may also be de
veloped into a competitive tubeless amplifier in the near 
future. The transistor is primarily a low power device 
limited to 25 milliwatt output. The gain per stage is 
around 100 at frequencies up to 10 megacycles. 

INPUT 
(CONTROL) 

+ 
0 

New Development 
Figure 44 shows a basic sketch of a rather interesting 

magnetic amplifier development recently disclosed by 
Dr. Robert A. Ramey of the Naval Research Laboratory. 

This approach to the magnetic amplifier has resulted 
from a recognition that the amplifier is a voltage sensi
tive device and not as generally believed a current sensi
tive device. The only truly independent variable is the 
control voltage. 

The remarkable fact that the time of response of this 
series amplifier does not depend upon the inductance of 
the transformers as reactors seems to be adequately shown 
by analysis. 

A preliminary review indicates that this amplifier may 
have the following advantages:* 

!-Response time is constant, independent of gain. 
(Always less than 1 cycle of supply frequency.) 

2-Lighter and smaller for .the same power output. 
. 3-The output is a linear function of the control 

voltage. 
4-Greater power sensitivity; the control source need 

not supply power to the amplifier control. Power is ab
sorbed instead. 

·5-Independent of variations in supply voltages. 
6--Single core reactors may be used without reaction 

into the control winding. 

*This circuit has not as yet been evaluated by the Bureau. 
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Core Material 
The magnetic core is the heart of the magnetic ampli

fier. It is the reaction of this core to magnetic influence 
that determines the performance of the device. The 
excellence of magnetic material cannot be over empha
sized. Contrary to the general impression, it is not the 
ingredients of the material used in the melt, but to a 
greater degree the treatment after smelting that deter
mines its excellence. Most of the core materials used in 
magnetic amplifiers today are usually composed of equal 
parts of iron and nickel-a common ratio for conven· 
tional radio transformers. It is the purity of this mate
rial, coupled with controlled annealing under magnetic 
fields that has a marked influence on the final shape 

of the magnetization curve as shown in Figure 45. Dr. 
Mihara of Japan altered the characteristics of a simple 
silicon iron core by special annealing in a weak .field of 
the same order of magnitude as the earth's magnetic 
field. Figure 45 (a) shows the B-H curve obtained with 
this material. Figure 45 (b) and (c) show curves of 
two identical cores-(b) was slowly cooled without 
applied field, and (c) was slowly cooled under a weak 
field of one oersted parallel to the direction of rolling. 
Figure 45 (d), (e), (f) and (g) shows hysteresis loops 
for grain oriented SO percent nickel-iron cores. All are 
of identical material, rolled from the same melt with 
drastic cold reduction- (d) untreated, (e) annealed 
for 2 hours at 975°C and (g) at 1175°C. The rectangu-
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lar characteristics are lost when annealed at still higher 
temperatures. Figure 45 shows only hysteresis loops. 
Figure 46 is submitted to show how these loops are re
lated to an actual operating curve. 

The permeability of a magnetic material is the ratio 
of B to H where B is the flux density and H is the 
magnetizing force. The relationship of B to H varies 
with the material and is usually indicated by the mag
netization or B-H curve for that material. The actual 
magnetization curves have shapes indicated in Figures 
4 5 and 46. At low values of flux density the permeability 
will have a tnoderate value and will increase to a maxi
mum value at the knee of the curve and then drop 
sharply at high flux density values. Since B is propor
tional to the voltage across the inductance, and H is 
proportional to the current through the inductance, it 
follows that permeability is directly proportional to reac
tance, and vice versa. To permit smaller cores the flux 
density at saturation should be high. Silicon steels have 
a high flux density but the permeability is low and 
saturation is not abrupt. Therefore, iron nickel alloys, 
in spite of their lower flux densities, are preferred. Cross 
saturating with minimum power requires less control. 
The value of incremental permeability under any set of 
conditions depends not only on the magnetic charac
teristics of the material but also on such factors as the 
presence of d-e bias mmf., presence of a-c mmf. swing, 
the past magnetic "history" of the material, etc. Effective 
incremental permeability might also take eddy current 
effects into consideration. 

New developments in the theory of ferro-magnetic 
domains which are the result of experiments with mag
netic alloys in crystalline form indicate that conclusions 
may be reached in the near future which may be of 
considerable value when applied to magnetic amplifiers. 
Investigations in this field are apparently leading to the 

following conclusions: The Barkhausen effect is due 
principally to impurities. That the absence of impurities 
would resqlt in practically zero hysteresis loss. Further 
details can be found in handbooks on magnetic mate
rials. Most of the above information on magnetic mate
rial was obtained from papers presented at the Naval 
Ordnance Laboratory symposium, Washington, D. C., 
15 June 1948. This Laboratory has contributed con
siderably towards the revival of the magnetic amplifier 
in the United States, principally in the investigation of 
core material. The efforts of the Magnetic Section of 
this Laboratory are under the guidance of Dr. Elmen, 
who was formerly connected with the magnetic develop
ment project of the Bell Telephone Laboratories. Dr. 
Elmen is also responsible for the development of 
Permalloy. 

To describe the dynamic behavior of the core requires 
that the detailed characteristics of the core material be 
considered. As these characteristics become more pre
cise, the mathematical equations become more compli
cated. In fact, a general analytical solution, when. at
tempting to solve for anything except for the stra•ght 
part of the operating curve, extends almost to the stage 
of unsolvability. The formulas even though carefully 
worked out would not necessarily accurately predict the 
final performance of the production unit. M~nufac
turers may be supplied with identical core matenal and 
still turn out units with different characteristics. Fabri
cating processes sometimes affect the final performance. 
Shock and strains during punching, shearing and wind
ing may change core characteristics. Lamination insula
tion, type winding and rectifier characteristics all have 
a direct bearing on the final performance. A method 
was recently published for relieving stresses incurred 
during fabricating. This process consists of a low tem
perature anneal after the coil has been wound and fabri-

cation is complete. This restores the magnetic properties 
altered during manufacture and contributes considerably 
towards uniform, predictable performance. 

The better type cores not only result in an increased 
efficiency but also in less wave distortion as indicated 
in Figure 3. In small sized units toroidal wound coils 
result in an appreciable saving in volume. In addition, 
for a given volume and core material, the performance 
is about twice that obtained from conventional non
continuous stampings. The ability to utilize the full 
advantage of grain orientated mechanically annealed 
material is more pronounced in toroidal structure. The 

· difficulties encountered in winding the toroidals or any 
continuous core limits their applications. 

Ferramics 

Another magnetic amplifier core material that is gain
ing popularity, especially in HF application, is magnetic 
ferrite. This is commonly confused with powdered iron. 
Ordinarily powdered iron cores used in r-f transformers 
cannot be used efficiently in magnetic amplifiers because 
the iron particles are suspended in an insulation which 
acts as an air gap. Ferramics, however, a related com
position, consisting only of metallic oxides, have a high 
volume of resistivity and high permeability, but low 
losses, making for reduction in size and weight in HF 
magnetic circuits. 

Ferromagnetic ferrites are compounds of various 
metal oxides (not metals). Physically, they are crystal
line material having a spinal structure. Mechanical 
properties are similar to those of dry process porcelain 
except that the specific gravity is between 4 and 5. 

The natural ferro-ferrite magnetite or load stone, 
was discovered before the Christian er; and was one of 
the first substances to arouse scientific curiosity. Thales 
of Miletus mentions this material in 624 B.C. The first 
patents on this material were granted in Germany in 
1909, followed by several Japanese technical articles 
on theory and developments. 

The difference between powdered irons and ferrites 
should be emphasized. In the former, the desirable 
properties of high volume resistivity is achieved by bond
ing finely divided metal particles in an organic insulating 
binder, thereby sacrificing permeability as the core is 
full of "airgaps". Ferrite material does ~ot have to be 
powdered, therefore the permeability is not diluted. 
Any organic material would be fired out in the 2300°F 
kiln. Ferrites, like porcelain, must be preformed to size 
prior to firing. Machining operations after firing are 
limited practically to silicon-carbide grinding wheels 
under water. Ferrites, like iron alloy cores, can be de
veloped to reflect various families of hysteresis loops. 
Cores of either material are superior within their own 
parameters. Ferrites are superior in specialized applica-

tions in high response circuitry, responding effectively 
to frequencies up to 20 Me or more. 

Other properties of ferrites make them suitable for 
such remote applications as waveguides (reducing its 
size by a factor of 10), supersonic delay lines, and 
magnetostrictive oscillators and transducers at sonic and 
supersonic frequencies. 

Magnetic and physical characteristics of ferramic ma
terials cover such a wide range that . no attempt is made 
to include them in this review.9 

Rectifiers 
Figure 47 shows the characteristic curves of a conven

tional germanium and a miniature selenium rectifier. 
These are reproduced mainly to give a rough idea of the 
rectifying relationship between the two devices. They 
may be obtained in greater power handling capacities as 
shown below. 

Operating characteristics of two currently advertised 
units are as follows: 

GERMANIUM SELENIUM.(C·K) 
(WELDED) STI. (STACKS) 

1N69 
HV LV 

Peak inverse voltage 75 440 35 Volts 

Average current 40 Ma 65 600 Amp. 

Peak current 125 'Ma 71 660 Amp. 

Surge current 400 Ma 130 •1200 Amp. 

Rectifier drop forward 2 5 2 Volts 

Working temperature 70°C 85°C 85°C 

Rectifiers play a very important part in the end per
formance of magnetic amplifiers. Low forward resist
ance and high reverse impedance is important. Even 
a small amount of reverse current has a noticeable effect 
on the efficiency of the amplifier. The leakage current 
reflects inverse feedback which is not exactly detrimental, 
except that it increases the amount of control current re
quired. Germanium crystal rectifiers are often used in 
the control winding as these windings are of high im
pedance. Selenium and copper oxide rectifiers, due to 
their low resistance and high power capacity, are usually 
used in the load circuit although in HF applications, 
crystals may be used for both purposes. 

Germanium crystals are currently gaining popularity 
in their own right as components in electronic equip
ment. They are now being used as a substitute for elec
tron tubes as detectors, clamping diodes, d-e restorers, 
diode modulators, switching circuits, etc., in both mili
tary and commercial equipment. 

11See Item No. 20, bibliography. 
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Non Linear Devices 
Glow tubes, thyrites, thermistors, aluminites, etc. 

Non-linear devices may also be used with magnetic 
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FIGURE 47-Characteristic curves of various rectifiers.-

amplifiers. In certain applications they may be applied 
to increase the control sensitivity several hundred percent. 

They may also be used as a protective device against 
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FIGURE 48 (a). 

> 
0 
0 

> 
0 ., 

FIGURE 48 (b)-Non-linear devices--principle of operation. 

input surges and output reactive loads. 
The amplication feature of these devices is shown in 

Figure 48. 
In this instance the glow tube increased the sensitivity 

several hundred percent. Other non-linear devices can 
be applied to low voltage applications, and, with certain 
types, directly across AC. Characteristic curves of other 
types are shown in Figure 49. 
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This review has been limited principally to reactance 
type magnetic amplifiers as they are the most commonly 
used, although only one of the numerous types now 
under development. 

Nowhere in the broad art of this development has a 
report appeared which described and summarized, in 
general terms, the various possible types and forms of 
magnetic amplifiers. In most of the writings only one 
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type of magnetic amplifier is discussed, ignoring refer
ences to other types. Mr. J. C. Miles, of Engineering 
Associates, has proposed broad classes including forms of: 

!- Saturable reactors controlled by signal mmf. 

2-Saturable transformers controlled by signal mmf. 
Each of the broad classes ( 1) and {2) contains spe-

cific circuit types as "polarized" and "non polarized" 
types comprising: 

1- Single ended circuits. 
2~Push-puli circuits. 

·3-Wheatstone-bridge type circuits. 

4-Special magnetic amplifier circuits (such as flip
flops comprising cross-connected pairs of magnetic am
plifiers, etc. ) 

Further, amplifier sensitivity, stability and linearity 
may be effected by incorporating any one or more of the 
following means as desired: 

! - External feedback (including a means whereby 
part of the final output or load signal is coupled back 
into either the power or control coils.) 

2-Internal feedback (including amplistats.) 

3-Unidirectional bias mmf, of fixed magnitude. 
4-0ff-resonance and ferroresonant means. 
Field activities should feel free to contact the Bureau 

of Ships, Code 815, for further information on this de
vice. Reprints of this article will be made available if 
sufficient requests are received. 

The writer gratefully acknowledges the helpful criti
cisms of Dr. L. A. Finzi, Carnegie Institute of Tech

nology, Mr. F. G. Logan of Vickers Inc., Mr. F. Spencer 

of Eclipse-Pioneer, Mr. Herz of Magnetic Amplifiers 
Inc., and Mr. J. C. Miles of Engineering Associates. 
Mr. Miles also contributed the section on H F fl ip-flop 
applications. 
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ERRORS IN BULLETIN FOR F. C. NO. 42-SU-1 

Discrepancies in Field Change Bulletin Navships 

98172 for Field Change No. 42 for Model SU- 1 eguip

ments have been brought to the attention of the Bureau 

and are submitted for information: 

The sketch on Page 2 should be changed such that 
the wire tagged "Existing" should be tagged "Add" and 

the terminal marked "5'' should be marked " 18". 

Under "Procedure" on Page 2, the follow ing paragraph 

should be corrected to read: 

"a- Pick up the spare: lead (usually WB ) in Cable 

2R- ER 3 (See Fig. 7- 74 in SU- 1 Instruction 

Book Navships 900,882) and connect it to a 

spare terminal (Number 18) . A second spare 

lead which should be marked R- ER- 64 is re

quired in Cable 2R ER-3 to connect terminal 

Number 64 in the modulator to a spare terminal 

(Number 64) in the indicator. 
"b-From the inner side of the terminal board, con

nect one piece of Number 13 wire to the spare 
terminal {Number 18 ) and connect a second 
pic"Ce of Number 18 wire to term inal Number 
64. 

"c-In the modu lator, pick up the spare lead in 
Cable 2R- ER- 3 (check for contin uity to the 
spare terminal Number 18 in the indicator) and 
conn ect to term ina l N umber 11 3 and mark 
R- ER- 11 3 WB" 

The inst.ructions contain ed in ' T emporary Correction 

to Instruction Book for Model SU- l Radar Equipment 

NAvships 900,882" shou ld be modified as outli ned 
above to agree with action taken. 

The following are some typical GCA "saves" as re
ceived from operational units: 

GCA Unit # 17 NAS Jacksonville, Fla. 
This unit had a surprise visit by a "Consti tution" 

during the 1950 Xmas holidays. The weather around 
the Jacksonville area was down to GCA minimums for 
almost a week, so it was a "saved'' approach. The 
abil ity of the pilot to fly the huge aircraft was amazing. 
The approach controller will now admit, however, that 
had he known there were 134 persons aboard he wouL:l 

have sweated just a little more that dark and foggy night. 

GCA Unit #26 NAS Minneapolis, Minn. 
On 19 May 1950 at 0300 the uni t was alerted for an 

air force C-47 that requested GCA when 20 miles from 

W old Chamberlain Field. The reported weather at the 
time·was vis ibility Ys mile, heavy fog, ceiling obscured. 
The aircraft made an excellent approach and was landed 
to touchdown at 0050. The aircraft stopped on the run
way and waited for an air force jeep, wh ich could well 
have used radar control, to find the aircraft and d irect 

it to the parking area. Both p ilots and passengers were 
well pleased with the landing. 

GCA Unit #32 NAS St. Louis, Mo. 
At 0945 on 13 January 195 1 GCA Unit :32 was 

alerted by Lambert Field tower in an attempt to locate 

a Cub Pacer that had reported to Lambert tower that 
the pilot was lost above the overcast somewhere near St. 

Louis, Missour i. The pilot reported that he had three 

hours of fuel and was flying five hundred feet on top. 
H e reported the overcast top at sixty-five hundred feet. 

At 0950 a VHFj DF bearing was obtained on the plane 
and the aircraft was subsequently brought over Lambert 
Feld and held over the field on VHF j DF. D ue to the 
Cub being on frequency 122. 1 Me, all instructions had 
to be relayed by Lambert control tower. At 1015, while 
pilot was ci rcling the fi eld, he stated that he had only 
an airspeed indicator, an altimeter, a magnetic compass 
and a turn and bank indicato r. H e also stated that his 
instrument tra ini ng and experience were ni l. Believing 

tha t a safe GCA approach could not be conducted under 
the circumstances, the GCA oflicer requested permission 

from the commanding officer to dispatch two station 

pilots in a JRB to cl imb above the overcast and lead 
the Cub to safety below. At 1025, LCDR W. C. Griese 

and LT. (jg) Cletus Futrell took off in JRB BUNO 
67202, climbeJ above the overcast at seventy-five hun-

dred feet and joined up on the Cub Pacer. After ap

proximately twenty minutes of formation instruction, 
LCDR Griese informed Lambert tower and GCA Unit 
# 32 that the Cub pilot was sufficiently qualified in 
formation flying to commence the instrument letdown 
and the GCA final approach. At 11 00 St. Louis ap
proach control informed LCDR Griese that the control 
zone was cleared of all aircraft and that he was cleared to 

commence his aescent. At 1103 LCDR Griese com

menced an instrument descent out the east leg of St. 

Louis radio range with the Cub Pacer flying on his star

board wing in formation. When the two planes reached 
a distance of twenty-two miles from the field, control 
of the letdown was taken over by GCA and the two 
ai rcraft completed a normal GCA final approach with 
the JRB being brought in two hundred feet to the left 
side of the runway. This procedure allowed the Cub to 
be lined up with the runway. Upon breaking out of the 
overcast, the JRB was g iven a waveoff and the Cub was 

landed. The JRB then circled the field and landed a 

short time later. Pilot of the Cub Pacer was W. R. 
Wickersham of Phoen ix, Arizona who had recently par
ticipated in a search for a Navy plane believed lost in 
Grand Canyon. W ickersham had never fl own a minute 
of formation prior to this GCA letdown. 

GCA Unit #25 NAS Glenview, Ill. 
On 31 January 1951 this unit made two emergency 

approaches without incident. 
On the fi rst emergency two P- 86 Sabre Jets were vec

tored to this field after a m issed DF approach into 
O 'Hare Field. The planes were g iven a stra·ight-in PPI 

approach into l'tunway 32 at the pilots' request. Both 
aircraft landed sa fely with less than 10 minutes fuel re
maining. CeiliAg and visibility at this time were 1500 

feet and% mile. 
The second emergency involved an Air Force T-6 

wh ich made a normal approach. W hen the plane was 
turned over to GCA control the pi lot reported 10 gal
lons of fuel remaining. T he pilot landed with no diffi

culty although the wheel warning horn was blowing 

throughout the approach. The plane ran out of gas 

taxi ing into the line. Cei ling and visibil ity at the time 

of th is approach were 500 feet and less than a quarter 

of a mile. 
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Introduction 
Radio facsimile transmission requires a linear relation 

between keying, or modulating voltage, and frequency 
deviation, or shift. In other words, rather than abruptly 
shifting the frequency between "Mark" and "Space", 
the facsimile signal frequency modulates the radio-fre
quency carrier. The frequency deviation is a function 

of the shade of the copy being scanned by the facsimi le 
transceiver at any instant. When the copy shade varies 
f rom ex treme black to extreme white in a gradual man
ner, the frequency is required to shift in a like manner. 

The facs imile transceiver output signal is unsuitable 
for application as keying voltage to a frequency-shift 
keyer. The facs imile signal is an 1800-cycle amplitude
modulated voltage. The frequency-shift keyer requires 
a d -e keying voltage whose magnitude varies directly 
with the modulating or envelope frequency of the fac
simi le transceiver sig nal. K eyer adapter, KY-44 per
forms th is function of demodulation and extracts the 
required modulating f requency f rom the facsimile trans
ceiver output signal. For the reasons outlined, to oper-
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ate an FSA keyer for facsimile operation, modification 
of the FSA is necessary as well as the use of the keyer 
adapter KY -44. 

Installation 

The modification chassis is mounted on the right rear 
corner (looki ng from the f ront) of the FSA oven, 

d irectly over V-107 . 
T wo mounting ears are provided. O ne will mount 

under the middle fill ister head screw on the right side 
of the rear oven plate. T he other will mount under the 
round head screw which secu res the right hand lifting 
bar to the chassis proper. 

A one-half inch hole is drilled one-four th inch to 
the rear of and in line with X-107 to allow for passage 
of leads. The supplied rubber grommet is inserted for 

protection of the leads. 
The leads between pin #8 of V - 107 and R- 170 and 

between pin #8 of V-108 and R- 168, are removed. 
Leads from the mod ification chassis are then connected 
as shown in the schematic diagram, Fig ure 1. 

Operation 
Figue 2 is a block diagram showing the equipment 

sequence for facs imile transmission. For shore installa
tions t he KY -44 would be rack-mounted in one of the 
cabinets at the control position. I t has a 600-ohm out
put and is capable of simul taneously keying four or 

more modified FSA keyers. 
The pulsating d-e vol tage output of the KY - 44 has 

a positive polari ty and is app lied to the keying signal 
grid (pin #8) of eithe r of the two reactance modu
lators, V- 107 or V- 108, of the FSA. P in # 8 of the 
other tube is then g rounded. In order to obta in a sub
stantiall y linear relation between keying voltage and f re
quency deviation, the biasing arrangement shown in the 
schematic d iagram is used. A negative five volts, p lus 
or minus on e-half volt is des ired at the junction of the 

120K, lOOK and 5K resistors. The vol tage at th is junc

tion may be too hig h in some insta llat ions, in which 
case shunting the 5K res istor with a sui table resistor 
{1 0K- 20K) w ill bring it clown to the required five 
volts. 

\ [7 

FACSIMILE FSA C-W 
KY-44 

(Modified) TRANSCEIVER TRANSMITTER 

FIGURE 2. 

Two toggle S\vi tches a re used; one to set up the keyer 
for facsi mile or teletype o peration, the other to apply 
the facsimile keying sig nal to one or the other of the 
reactance modula tors, V- 107 and V-108. Throwing 
this S\vitch from REV to NORM causes the white and 
black radiated f requenc i ~s to be intercha nged. \'<lith the 
TIY-FACS sw itch in the TTY posi t ion, the FSA is 
restored to its original c ircuitry. 

Tuning Adjustments 
1-Patch the facs im ile transceiver outpu t to the input 

of the KY-44 . 

2-With the facs imile transceiver set up for plus 2 
db. output, adjust the gain con trol of the K Y-44 fo r 
10 volts ou tput. 

3-At the t ransmitter, patch the KY - 44 output into 
the keying sig nal jack loca ted on the modification chassis. 

4-P lace the TTY-f ACS switch in the FACS position. 
5-Place the REV -NORM switch in the N ORM 

posi tion. 

6-Tune the FSA keye r and the F ; s coupler in the 
same manner as when setting up for rad ioteletype 
operation. 

7-Set the frequency meter up on the transmitter 
Qutput f requency, plm 400 cycles. 

8- Adjust the FREQ CON TROL knob on the FSA 
for zero beat . 

9-Reduce the KY -44 output to 2.5 volts and adj ust 
the FREQ SHIFT control on the FSA for a 800-cyde 
shift* . 

•10-Repeat steps (7 ) , (8) and (9 ) until the shift is 
correct and a zero beat is obta ined as in (8 ). 

. * Shift measurement can readily be made by tuning the signal 
m on a loca l C-\VI receiver and applying the audio beat note to 
the ver tical p lates of an osci lloscope. The output of a calibrated 
audio oscillator is app lied to the horizontal plates. Set the oscil
lator for 2000 cycles and adjust the receiver tuning for a circu lar 
scope pattern. Then reduce the KY-44 output from 10 volts to 
2.5 volts. \Xfithout touching the receiver, vary tl1e audio oscil
lator frequency until the circu lar pattern is restored. T he d iffer
ence between the original 2000-cycle oscillator setting and the 
new setting represents the shift, in cycles, of the transmjtter. 

If unable to obtain the requ ired 800-cycle shift with 
the keyer shift control fully advanced, reduce the 
TRANS MULT FACTOR switch on the FSA one 
division. 

The above modification applies to shore instal
lations. In order to accomplish this change in ship
board equipments, the Bureau is providing a modifica
tion kit, MX-1 220/ SX. This kit modifies the FSA to 
FSA- b for facsimile use, eliminating the necessity for 
the KY -44/ FX Keyer Adapter. Kits are now in pro
duction, and are being dist ributed by the Bureau of 
Ships as di rected by the C hief of Naval Operations. 

TBL BLOWER MOTOR FAILURES 

T he following lette r f rom Commander Submarine 
For~e, U nited States Atlantic Fleet, is p rinted in its 
ent trety because of the unusual damage described: 

"1- A recen t report from a submarine of this Force 
describes the d amage resu lting from a f rozen bearing in 
the b lower motor of a TBL series transmitter. In th is 
case, the following damage was done: 

Burnt out armature 

·Blower motor brushes rui ned 

Two choke coi ls burned beyond repair 
Two heaters destroyed 
Th ree term inal boards burned 
Fo ur res istors burned 
One relay dest royed 

Three switches burned 

One thermostatic relay assembly destroyed 

T hirty interconnecting wires bu rned 

Felt insulation burned 
" 2- I t is believed that an inspection of the T BL 

b lower motors installed in submarines of th is Force 

wi ll d isclose several inoperative or defective motors. 

It is di rected that these blower motors be inspected for 

free rotation and cleanliness, and that these inspect ions 

be repeated at intervals o f not more than one month. 

" 3-Failure of these components, as well as other 

electronic items, must be reported to the Bureau of Sh ips 

using the customary Fa ilure Report Card." 
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EDITOR 

This new feature is the answer to numerous suggestions and requests from fleet and shore per
sonnel for a medium of presenting their individual problems, gripes and questions on electronics 
matters and obtaining answers to such queries. 

As a matter of convenience, it is suggested you write directly to: 

Editor 
BuSHIPS ELECfRON 
Sir: 

have been unable to find ad equate information on 
the new Electron maintenance parts and electron tubes 

allowance lists. 
What is the procedure fo r getting the allowance lists 

corrected after new equipment has been installed ? I 
have assumed that the Bureau corrects the allowance 
lists to support all eq uipment installed automatically 
when the N a vsh ips 4 1 10 has been corrected. Am I 

correct ? 
R. R. W., ETl , USN 

I nforma/ ion on electronic maintenance parts and t Nbe 
allowance !istJ is contained in NavSbips 900, I 68 
"THE SHIPBOARD IN TEGRATED ELECTRONIC 
MAIN TENANCE PARTS SYSTEM' ', copies of whicb 
are available from the BHretw "pon reqNest to Code 960. 

Significant cbcmges in installed eqNipment ctre IIJNally 
accomplished during a sbip·J. availt~bi!ity . T be BNrettlf 
fumishe.r reviud allowances to sbips to sNpport cbanges 
in insttt!led eqNipment made d~tring a 1·eg11lcLrly scbed
uled availability. To dssllre receipt of revised allotNLnces, 
particu!t~rly when equipment changes t~re m c1de ONtside 
of t·egNittr scheduled cwailclbilties, it is recommended 
tbat Code 960 of the B11rea11 be advised of Jllcb cbcmges 

as fc11' in ad/ltmce as poHible. 
Editor 

Editor 
BuSH IPS ELECfRON 
Sir: 

The Editor 
BuShips Ele ctron 
Code 993 
Bureau of Ships 
Navy Department 
Washington 25, D. C. 

In the February 1950 issue of BuSHIPS ELECTRON, 
an article entit led " Bringing Mahomet to the Mountain" 
described a proposed Electron ic Repair Craft designated 
AN j SSM- lC for use at advanced bases. 

At the t ime of the article, the information was only 
of passing interest, but in the past few months cond i
tions have developed that cause us here at the Electronic 
Repa ir Facili ty at Guantanamo Bay to become g reatly 
interested in procuring such a craft. 

Can you furn ish information as to whether the p lans 
o f the ANj SSM- lC have been firmed up to a point 
of p roduction and what BuShips Code should be con
tacted to initiate possible procurement action? 

J. F. P. , Electronics Eng ineer 

The plcms hal'e been firm ed up to the production 
{Joint, t~lthougb no ANj SSM- IC are yet cmtilable. It 

tt•oNid be entirely filling, ho ll'et,er, for yoNr r1cti'l'ity to 

reqHest one from tbe Chief of the BNrecw of Shrps, 
Code917. 

Editor 
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Dr. Lee de Forest, of
ten called the "Father of 
Modern Electronics" in
vented the "andion", the 

first tube to contain a grid, in 1907. 
This forerunner of modern electron 

tubes was the key that opened the door 
to radio, television, radar, sonar and effi
cient long distance telephony. . 

Richly endowed with inventive genius, 
D t·. de Forest has contributed many f a
mous :firsts to electronics and holds a 

long and impressive list of patents. 

Through "Famous Firsts in 
Electronics" ELECTRON brings 
yon great moments in the h is
tot·y of electronic developm~nl. 



RESTRICTED 

Welllll Stuck behind the 8-ball again. Tough? Sure it's 

tough, but don't just stand there; do something. Here's 

your cue! Gra b a pencil and paper and send your little 

8-ball to the editor of ELECTRON. If he can't call your 

shot, there are lots of people in the Bureau of Ships 

who can. 


