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Trammitler-Receiver-A ntenna Assembly of tbe CXJG 1-cenlimeler surface­
search radar mounted for testing purposes a/ tbe Nm~al Research Laboratory. 

1- Centimeter Search Radar 
• There has long been recognized a need for a surface­
search radar operating in the one-centimeter region in 
order to gain the advantages of a very narrow beam and 
extreme definit ion on short-range targets. Early in the 
summer of 1945 the Bureau of Ships released a Radia· 
tion Laboratory developmental model of such a radar to 
Sylvania to be used as a basis for a pre-production con­
tract of 15 ec:uipments. In order that an early evalua­
tion of radar performance in this frequency range could 
be made, on ly minor changes were authorized on the 
o riginal developmental equipment. T his procedure made 
possible de livery of the first pre-product ion model of the 
CXJG durin.g t he summer of 1946. 

Prelimi nary tests and inspections by both Naval and 
civilian personnel disclosed that tech nica l operation was 
in general satisfactory but some defects in mechanical 
design and layout of component parts were apparent. 
Since it is the policy of the Bureau to give the utmost 
consideration to future servicing of eguipment as well 
as the best in technical design and efficiency commen­
surate with space a nd weight limi tations, several changes 
in mechanical design and electrica l characteristics will be 

incorporated into any future production. T he p repro­
duction models consist of 4 units, Transmitter-Receiver­
Antenna Assembly, Con trol and Plan Position Indi«ator, 
Gyro-Compass Synchro Amplifier, and the Rectifier 
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Power Unit, with weights of 260, 265, 8~, and ~25 
pounds respectively. Test equipment supplled cons1sts 
of a test scope (TS-34Aj AP), crystal checker (TS-268/ 

U), and FM test set (TS-223Aj AP). 

TRANSMITIER-RECEIVER UNIT 
The transmitter-receiver unit contains circuits for the 

generation, transmission. and reception of super-hig h­
frequency pulses. The transmitter sect ion of the un1t 

consists of a trigger generator, modulator, magnetron 

osci ll ator, and associated r-f waveguide assembly. 

The trigger generator, which is the timing device 
for the entire system, is a f ree-running multivibrator 

uti lizing a type 6SN7GT tube and components chosen 

to produce trigger pulses at a repetition rate of 750 per 

second. These trigger pulses are passed through a 

cathode follower (6SN7GT) and then applied to the 

modulator as positive pulses of 1 50 volts. The modu­

lator circuit consists of a hydrogen thyratron ( -iC3) ) , a 

charging choke, pulse-forming network, and the: primary 

of the high-voltage pulse transformer. 

Control and Plan Position Indira/or of the CXJG bench 
mollnled for testing. Test scope type TS-34A -AP is 

mo11nled 011 top of indicator. 

W hen the modulator circuit is triggered by the pulse 

from the cathode follower, the pulse-forming network 
gene rates a 4000-volt pulse O.l7 microseconds in dura­

tion. This pulse is applied to the p rimary of the high­
vol tage pulse transformer which steps it up to 15,000 
volts before application to the magnetron . When this 
hig h-voltage pulse is appl ied to the magnetron, oscill a­
tions occur resulting in a high- intensity r- f pulse which 

is carried to the antenna by means of a waveguide. 

Conventional TR and anti-T R ci rcuits are util ized to 
protect the receiver during pulse transmission and to 
prevent attenuation of the return ing sig na l during re­
cept ion. 

In order to synchronize the outgoing r-f pulse w ith 
the other components of the system, a synchronizing 
pu lse is taken off the cathode of the modu lator wh ich 
wi ll occur simultaneously in time with the r-f pu lse gen­

e rated in ~he magnetron. This synch ronizi ng pulse is 
used to tngger the sweep and marker circuits in the 

indicator and to gate the receiver for suppression of 
clutter at close-in ranges. 

The receiver ection of the transmitter-receiver un it 

is . of the superheterodyne type employing a crysta l 

m1xer, eleven stages of stagger-tuned intermediate fre-

.• 

"--

guency ampli fication, and a few other refinements such 
as AFC ( AIIIOIIItlfic Freq11enry Control}, a stabilized 
oscil lator circuit, STC (SemitiJiity Time Control), and 

a ship's-head marker circuit. The 30 Me output of the 
crystal mixer is passed through one stage of amplifica­
tion (a 6AK5 connected as a triode to keep the noise 
level at a minimum) to the grounded-grid triode (6)6) 
which resu lts in a very good sign:tl -to-noise ratio. The 
output of the grounded-g rid triode is then applied to 

the i-f ampl ifier strip ( 11 type 6AK5 tubes) with the 
tuning staggered from 25 to 36 Me. Staggered tuning, 
in combination with components of the i-f st rip, pro­
vi c..l es a bandwidth of 9 Me. The gain of the receiver 
is controlled by variation of the grid bias on the first 
six stages of the i-f amplifier. 

A type 6AL5 is used as the second detector, with 
maximum video f requency response of 7 Me obtained 

by the use of series peaking in the plate circuit. The 

reason for extending the video response to 7 Me is to 

preserve the pulse shape which, due to its 0.17-micro­

second duration, requires a large bandwidth for faithful 
reprod uction. , The output from the detector is coupled 
to a cathode follower (6]6) which is connected as a 
single t riode havi ng a negative output voltage limited 
to a maximum of 0.9 volts . T his output is carried via 
coaxial cable to the video ampl ifier strip located in the 
control and p lan position indicator unit. 

T he AfC crystal mixer operates in the same manner 
as the receiver crystal mixer. Its purpose is to p rov ide 

a 30-Mc intermediate-frequency voltage for the AFC 

channel. This intermediate-frequency voltage is ob­

tained by piping the incoming r-f signal into the AfC 

crystal mixer along with the r.f. from the local oscil­
lator, the resultant output being a 30-Mc i.f. The out­
put of the AFC crystal mixer is fed to an r-f t rans­
former having secondaries wound in opposite directions. 

The noise voltages induced in the secondaries of this 
transformer are of opposite phase so that, at the center 

tap where the output is taken off, these voltages will 
cancel, whi le the i-f signal wi ll be permitted to pass to 

the following two i-f amplifier stages. Th is is to elimi­
nate as much as possible of the extraneous oscillator 
noise. T he output from the first stage is taken off the 
cathode, and that from the second stage is taken off the 
plate. 

The output from the second of these i-f s tages is ap­
plied to the grid of a 6AK5 operated as a phase splitter 

with outputs of equal amplitude but opposite polarity 

taken from the plate and cathode. If the frequency 

rises above or falls below the desired 30-Mc i.f. the 
voltage applied to the grid of the phase splitter will 
either swing negative or positive, respectively. This is 
due to the action of a tuned circuit in the plate of the 
first i-f amplifier stage mentioned above, and the con­
ventional polarity reversal through the second i-f stage. 

The two outputs from the phase splitter are coupled to 
the cathodes of a dual diode ( 6 AL5) the outputs of 

which operate an Eccles-Jordan (flip-flop ) multi vib rator. 

One output is applied to each section of the flip-flop 

Al!lelllla assembly of tbe 
CXJG with prolerlil'e roJ;ers 
rellt011ed expo.ring the /rai!S­
IIIiller-receil'er 1111il on tbe 
left a11d tbe modllltJ/or 1111i1 

011 tbe right. 
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circuit. The output voltage wave of the flip-flop cir­
cuit, taken from the plate of the second section, is 
coupled to the tuner grid of _the local oscillato~ and 
acts as an automatic variable adJustment to the osollator 
whid1 has a coarse adj ustmen t set by the manual tuning 
controL The voltage applied to the tune r grid of the 
oscillator by the AFC circuit will always be negative in 
respect to g round, but may be ~ade more _or less nega­
tive as the occasion demands, wtth the maxtmum change 

in the vicinity of 5 volts. 

In order to minimize the effect of variation of the 
ship's power supply on the frequency of the receive r 
local oscillator, the filament voltage and plate voltage 
are stabil ized. The filament voltage of 6.3 volts at 950 
cycles is provided by a 6) 6 in a carefully stabilized 

H artley oscillator ci rcuit. 

The sensitivity time control circuit employ~ a_ 6]6 
connected as a single triode. In the plate orcutt of 
this stage a re the necessary resistive and capacitive com­
ponen ts to produce the desired ST C waveforms. _ W_he~ 
the positive trigger pulse f rom the modulato~ o~cu1t _ts 
applied to the g rid of the ST C tube_ the orcu1t wt_ll 
conduct heavi ly but, since the pulse ts ver~ short tn 

duration, this negat ive swing will be a lmost Instantane­
ous, the depth of d rive being controlled by the ST C 
ampli tude control located on the indicator front paneL 
This control effectively sets the p late voltage of th~ S~C 
tube. The recove ry time or length of sweep of_ th1s or­
cutt 1S adjustable, being controlled by two vanable r~­
sistors wh ich make up part of the R-C time constant tn 

the p late circuit o f the tube. 

T he sh ip's-head marke r circuit is used t? in_tensify 
the sweep line to show the dead-ahead_ d1~ect10n of 
travel of the shi p, which permits the nav1gat10n of the 
ship through narrow lanes or alongside a d?ck. .t: 
synchro generator, located on the antenna dn ve umt 
housing, is mechanically coupled to the antenna sl~ aft. 
At the base o f the synchro g enerator are two micro­
swi tches ami a cam. T he fi rst microswitch uti lizes two 
contacts and the second switch only one. As the antenna 
rotates, the ship's-head marker cam revolves corre­
spondingly so that, as the antenna approaches a dead ­
ahead posi t ion, the ri se on the cam approaches one of 
the microswitch actuat ing rollers. The rise causes the 
arm o f the microswitch ( which we will designate S-1) 
to operate, leaving the ci rcuit closed th roug h S-2. T he 
cam revolves further, causing S-2 to open since there 
is on ly one contact on this switch. At the moment the 
antenna faces dead ahead S- l d rops back to its first po­
sition but S-2 remains open . The shift from one con­
tact to the other by S- l causes a momentary open circuit 
in the receiver gain cont rol line. The result of this 
momentary open circuit is that the receive r noise, at 
full gain, ap pears as a bright line on the scope face 

because the open circuit is of sufficient duration to allow 
two or three sweeps to be generated. 

CONTROL AND PLAN POSITION INDICA TOR 

The control and p lan position indicator consists of 
a sweep mu ltivibrator, sweep gene rator, video amplifier, 
range-marks circuit, range-marker circuit, and associated 
servo-amplifie r and power-supply ci rcuits. The infor­
mation obtained by the equipmen t is p resented on a 
circular type of indicato r (PPI) , w ith the set being a~ 
the center of the indicator. Four range markers are 
p rovided for rough estimation of target range. Five 
range sweeps of 1, 2, 4, 10, and 20 miles are provided. 
The four range markers represent 1;4, y2, 1, 21/2> and 
5 miles respectively on the fi ve sweeps. A movable 
range marker, commonly referred to as the range ring, 
is also provided to obtain fine range measurements. 
\XIhen this movable marker is adjusted to coincide with 
the target, the range of the target is indicated accurately 

by a diaL 

The sweep multivibrator is a one-kick mul tivibrator 
which is triggered by the positive synchronizi ng pulse 

Front vJe/11 of the rectifie r jJOtver tmit of the CXJG 
equipment. 
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from the modulator cathode circuit. T he output of the 
sweep mul tivibrator is coupled to the sweep generator, 
which employs a type 6SN7GT tube wi th associated 
circuit components. The constants of this sweep circuit 
a re chosen by the SWEEP r-.n LES switch on the indicator in 
such a manner that any one of five lengths of sweep 
time may be util ized by the operato r. The output of 
the sweep generator is passed through two stages of 
amplification and coupled to the g rid of a cathode 
follower. The outpu t of the cathode follower, a positive 
vol tage, is impressed on the g rid of an 807 tube which 
acts as a current ·amplifier and inverter. The resultant 
output from this 807 is then passed through the deflec­
tion coi ls, thereby generating magnetic fie lds wh ich de­
flect the electron beam in the cathode ray tube f rom 
the center toward the outer edge of the screen . T hese 
deflections of the beam effectively form the sweeps 
wh i~h a re seen on the scope face. 

The video-amplifie r section of the indicator supplies 
the PPl with the ta rget information, fixed and movable 
range markers, and the IFF signal, all of which may be 
presented on tl)e screen. T he video amplifier section 
contains three 6AC7.'s, two 6AG7's and one 6 H 6. T he 
video from the receiver uni t is brought in to the indi­
cator by coaxial cable and applied to the grid of a 
6AC7 which acts as a mixer amplifier. T he Iff vi deo 
is also brought into the ind icato r by coaxial cable, 
passed through one stage of amplificat ion (a 6 AC7) 
and applied to the mixe r-amplifier. In addi tion to these 
two vol tages, the range markers and the movable range 
marker are likewise applied to the mixer amplifier, thus 
making a total of four sig nal voltages which are m ixed 
and amplified in this stage. T he output of the mixer­
.tmplifier is coup led to a second amplifier stage (a 
6 AG7) which has a combination of series and shunt 
peakint; in its plate circuit for h ig h-frequency com­
pensation . The output of this stage is coupled to the 
ca thode o f the PPI through a clamping circui t uti lizing 
.t 6H6 diode to obtain the clamping action . 

T he r<:maining 6AC7 and 6AG 7 are utilized to fur­
n ish an output from the indicator to repeater un its . T o 
accompl ish th is, the video .l ine is tapped inside the in­
di cato r and coupled to the gr id o f the 6 AC7 whose 
plate t ircuit contains both series and shunt peaki ng for 
h igh -f reguency compensation. T his stage acts as a con­
ventional amplifier and inverter, its output bcin~ de­
live red to the 6AG7 which is operated as a cathode 
fo llower. T he reason for this cathode follower is to 
facili tate impedance matchi ng to the coaxial cable carry­
ing the video to the repeaters. 

The range-markers circuit is designed to generate 
the fixed range markers. It consists of an oscil lator, a 
cathode follower, a cl ipper stage, two amplifiers, and 
a blocking oscillator. The fre;~uency of the basic oscil-

l.ttor is determined by the: L-C combination in the cath­
ode circuit, there being five possible combinations. They 
provide oscillations at frequencies which are equi,·alent 
to 500, 1000, 2000. 5000, and 10,000 yards respec­
ti ,·ely, depending upon which sweep is in use on the 
indicator. The output of the oscillator. a quasi-sinewave, 
is clipped, amplified, and sharpened in the stages fol­
lowing the osci llator. T he single-swing block ing oscil ­
lator output is in the form of sharp pips which a re the 
final range markers. T hese p ips arc connected to the 
mixer-amplifer through the markers potentiometer which 
controls the b rightness of the markers on the indicator 
screen . 

T he movable ran.gc marker, or range ring, is gen­
erated in the range-ring ci rcuit and is used to accurately 
determine and indicate the range of a target having a 
range of I 0 mi les or less. T his ci rcuit consists of five 
tubes with associated components necessary to generate 
the marker and provide variable adjustment of its 
position coincident with actual range of the target. 
T he input trigger from the modulator circuit in the 
transmi tter-receiver unit is passed th rough one stage of 
amplification and inverted with the resul tant output 
being a negative voltage pulse. Th is negative p ulse is 
applied to the second section of the fi rst tube in the 
range-ring circuit, a 6SN7GT, which is normally con­
duct ing heav il y since its grid is tied to 250 volts through 
one half of' a 6H 6. T he other half of the 6SN7GT is 
normally cut off w ith a high g rid bias, and its plate is 
coupled to the grid of the second sect ion. W hen the 
negative trigger pulse is appl ied to the second half of 
the 6SN 7-GT it is driven beyond cutoff almost instan­
taneously, but the voltage rise in the plate circuit is 
made very linear due to current-regulating features in the 
circui t. T he rate of rise, and consequen tly the slope 
of the voltage wave, is determined by the R-C constants 
in the circuit. T here a re two R-C combinations avail­
able to the operator through the use of the range switch, 
the first generating a 2-mile range sweep and the second 
a 1 0-mi le range sweep. 

T h is exponential voltage wave ts impressed on the 
p l.tte of the second ha lf of the 6H 6 ment ioned above. 
In the cathode circuit of this tube is a precision wire­
wound li near potentiometer which is mechanical ly 
coup led to the range crank. This potentiometer sets 
the cathode voltage in such a manner that, when the 
exponentia l voltage applied to the plate reaches and 
slightly exceeds the cathode voltage, the tube wi ll con­
duct. T h is point of conduction is determined by the 
sctti ng of the range crank, the actual range being read 
on a dia l mechanically coupled to the range crank. 
\XIhen the d iode conducts there will be an jnstantaneous 
heavy cu rrent flow through the tube, formi ng a pulse 
across the load res istor located in the cathode circuit. 
The output from the cathode resistor is passed through 
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a diffe rentiating circuit and appl ied to the g rid o~ a 
6 AC7 wh ich is b iased beyond cutoff. This stage, act1ng 
as a clipper-amplifie r. cl ips all but the very peak of t_he 
po~itive pulse of the in put waveform, ;ltnpli fics and Ill ­

verts it, with ,1 resulting negJt iYe pulse in the output. 
T his negative pul,e i ~ passed th roug h a pulse trans­
former and one more stage o f amp li fication before 
being applied to the pLLte o f a sing le-swing oscillator. 
Due to t ransformer coupling between p late and g rid of 
this circuit, a posit ive pulse will be applied to the g rid 
of the ~t,tge, which is normal ly at cutoff. T h is w ill 
cause the circu it to oscillate, developing a ve ry sharp, 
well -defi ned positive pulse in its cathode circu it. Thi s 
pulse, which i~ the range marker or range ring , is 
cou p led to the mixer-ampl ifie r in the video sect ion d is­
cu~sed previ ou~ly. 

T he wnt ro l ,md indicator un it has a self-contained 
power supply which suppl ies power to ,ti l the va rious 
u rcu ih in the un it proper. T h is power supply obta ins 
I I 'i-volt 60-cycle input from the rect ifi er power u nit. 
T he outputs fu rn ished by this sel f-contai ned power unit 
.Lfe j t'iOO, j-310, -l- 2'i0, -j- I R'), and - 100 volts. 

Rectifier power unit witb f ront panel opened and com­
ponents exposed by lowering inner panel . These features 

contribute to ease of servicing of this unit. 

RECTIFIER POWER UNIT 
T he rectifie r power uni t supplies a ll the voltages 

(except the keep-alive) necessary for the proper opera­
tion of the transmitte r-receiver. In addition this unit 
acts as a junction box and provides a switching ar­
rangement for the presentation of either relative or t rue 
bearing on the ind icator screen . 

T he major outputs furnished by the unit are a 
+4000-volt hig h-voltage supply, a +300-vol t regu­
lated power supply, a - 175-volt regulated supp ly, and 
various fi lament voltages. T he high-voltage power sup­
ply is a conventional full -wave rectifie r system util izing 
two type 38 24 tubes and associated circuit components 
to ·obtain the necessary 4000 volts in the output. This 
output is supplied to the modulator section of the t rans­
mitte r-receiver th roug h a h igh -voltage coaxial cable. T he 

regulated 300-volt supply employs a 5U4G full -wave 
rectifier coupled to a vacuum-tube reg ulating section to 
provide independence from a-c supply and load varia­
tiom over a wide range. T he negative 175-volt regu­
Ltted supply is obtained f rom a type 6X 5GT full -wave 
rectifi er having an outp ut filtered to a llow only a 0. 13· 

J 

\·olt peak-to-peak ripple voltage. This fi ltered voltage 
is then coupled to a vacuum-tube regulat ing section, the 
output o f which is used to p rovide the reAector :w d 
tun ing voltages for the local oscillator. 

f if teen CXJG equipments have been delivered by 
the Sylvani a Company. Assignment of these equipments 
has been made .to N.R.L., OpD evFor, USCG, USMC, 
U. S. Army, and to selected N avy vessels. It is expected 
that much valuable information will be gained under 
the varied operating cond itions of the above services. 
O ne of these equipments is being used by the Naval 
Anta rctic Expedition on the USS N ortiJivind for navi­
gation purposes. Due to the very short pulse length 
a minimum range of about 75 yards is expected. T his 
feature together with the 0.8 ° beam wid th and super­
h igh frequency should make the system invaluable in 
navigating through channels which are buoy marked, 
or in close waters, during periods of low visibility due 
to darkness, fog , or other causes. T he Bureau has not 
yet received any actual reports of operat ion o f this 
equipment from the Antarctic Expedition. 

The over-all design characteristics of the CXJG are 
as follows: 

P rimar)' input supply 

R-f power output (peak ) 
Frequency 
Pulse length 
Pulse repetition rate 
Antenna beam w idth 

(hal f-power points ) 

Antenna scan ning rate 
Antenna gain (absolute ) 
T-f bandwidth 

(hal f-power poin ts ) 
Video bandwidth 

( half-power points ) 
Receiver noise factor 
Receiver features 
Repeater outp ut provisions 

Range accuracy 

Bearing accuracy 
Range resolution 

Bearing resolution 
T otal we ight 

PUBLICATIONS 

11 5-volts, 60-C)•cles, sing le 
phase 

23-kw 
23 744-2-1 244 megacycles 
0. 17 microseconds 
750 pps 
0.8° horizontal 

t o· ve rtical 
1 or 6 rpm 
34 db 
9 Mc 

7 Me 

16 db 
AFC, STC 
Standa rd trigge r, video and !­

speed bearing fo r one re­
peate r. Variable range-ring 
feed from rada r. Addit iona l 
repeate rs can be added if a 
standard PPI ad aptor is 
used. 

::!::40 yds ( 75-4000 yards ) 
::!::200 yds ( 75-20,000 ya rds ) 
::!:: I o 

55 yds on 1-, 2-, and 4-mile 
sweeps. 

120 yds on 10-rni le sweep. 
240 yds on 20-mile sweep. 
o.s• 
ll>O pounds. 

T he East Coast Publicat ions D istr ibution Center has 
been moved from Wi ll iamsburg to N orfolk, Va. T he 
correct maili ng address is Officer in Charge, Publicat ions 
D istribu tion Center, Bldg. No. I 0 I , NSD, Nor folk, Va. 

RECONDITIONING SA/ SA-2 ANTENNAS 

T he hig h fai lure rate of antenna a rrar s for SA, SC 
and SK radar equ ipments caused special maintenance 
procedures to be inaug urated. lt \vas requested that all 
antenna array frameworks and dipoles on these equip­
ments be inspected quarterly, and those installed directlr 
a ft of the stack be inspected monthly. One of the con­
stituents of stack ga_s is sulphur wh ich , when mixed n·ith 
salt water spray, forms sulp huric ac id. Since s tack gas 
reaches temperatures of 500 to 600 ° f , it tends to dry 
out the paint on frameworks and d ipoles, causing it to 
crack easily from v ibration and the shock of gunfi re . 
This allows the sulp huric acid accompanying the fu mes 
to etch into the metal unde r the pa int. and thus starts 
the material rusting . 

\X! hen the paint on the f rameworks or dipoles has 
started to crack, and rust has begun to form, immediate 
action should be taken to clean the surround ing surfaces 
of old paint, soot, rust, etc., using a good strong w ire 
brush . T he clean surface should then be repainted, 
using a hand b rush, with two coats of 52 P l 8 z inc 
d uomate p rimer and two to fou r coats of exte rior bat tle­
sh ip g ray paint. In th is connection it should be noted 
that brass dipoles need not be coated wi th the 52PI S 
zinc chromate p rimer. Also, a coat of ta llow and wh ite 
lead should be caulked between the d ipole support and 
the mattress junction , at the time of insta ll ing or re­
working the d ipole and d ipole support on the mattress 
framework, in orde r to provide a weathe r seal to the 
frame interior. 

In order to p rovide rep lacement mate ria l for recon­
d ition ing the antenna assemblies of the Models SA and 
SA-2 radar equipments, the Bureau of Ships has issued 
.. rield Change No. 37- SA" . This fiel d-change ki t 
provides for reconditioning the antenna radiator ass~m­
blies, " bazooka" assemblies, lobing motor cable end­
seal insulators, rings and gaskets. A II necessary mate­
rials (except 5j 64- or 3/ 32-inch di ameter welding rods) 
are included in the kit. Ships in need of rep lacement 
parts for their SA radar anten nas shoul d contact one of 
the following act ivities for this fi eld change k it : 

Puget Sound Naval Shipya rd , 13remerton , W ashing ton 
Norfolk Nava l Ship}'ard , Portsmouth, Vi rg inia 
Charleston N ava l Ship}'.trd , Naval Base, South Caro-

lina 
Boston N aval Sh ipyard, Boston, M ass. 
Terminal Island Naval Shipyard, San Ped ro, Calif. 
Ph ilade lphia Naval Shi pyard, Phi ladelph ia, Penn . 
N aval Repair Base, N ew Orleans, La. 
Naval Suppl}' D epot, Clearfield, Utah 
N aval Supply Depot, Ba}'o nne, New Jersey 
Naval Supply D epot, San D iego, Calif. 
N aval Supp ly D epot. M echanicsburg, Penn . 
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Design ~onsiderations In 

Cathode Ray ·Tubes 

• Prior . to the war and the development and production 
of radar on a la rge scale, usage of cathode ray tubes was 
limited to oscilloscopes and television. Oscilloscopes, 
being test and laboratory instruments, are not inherently 
critical in req uirements for inte rchangeabili ty and h igh­
quality. Televis ion was still in its early stages and had 
not been standardized . Radar broug ht requirements for 
reproducible, in terchangeable, rugged cathode ray tubes 
wi th improved perfo rmance in spot size, sensitivi ty, 
focusing, and screens, and better insula tion at the base, 
particularly for aircraft use. Th is entailed the develop­
ment of testing methods, standard ized among tube 
manufactu rers and government labo rato ries, in addi t ion 

1-V> 

to research on improvement of the tubes themselves. A 
knowledge of this material shoul d lead to more effective 
and intelligent use of cathode ray 'tubes. 

Cathode ray tubes fall into a variety of general class i­
fications, depending on size of screen, type of l umines­
cent material used, and methods of focusing and deflect­
ing the beam. 

NOMENCLATURE 
D esig nation of each cathode ray tube type is assig ned 

by the Rad io Manufacturers Association D ata Bureau 
according to a system consisting of th ree g roups of sym · 

l£1~ .... ,_, 
CONTROL GRID 
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FIRST ANODE 
(FOCUSING ANODE) 

SECOND ANODE 
(ACCELERATING ANODE) 

I 

F IGURE ! - Triode 

I 
I 

elert ron gun and electron paths thro11gb g11n . 

I . 

: 

bois : ( 1) a number to correspond to the nom inal m~xi ­

mum bulb diameter in inches, (2) a letter to d istin­
guish between tubes of the same diameter, and ( 3 ) the 
Jette r " P" and a n umber to indicate the type of phos­
phor. for example ' '2 AP l" signi fied "two-inch bulb", 
" first two-inch type registered", and type "Pl" phos­
phor. Addi tion of an "A" to this nomenclature 
''2 AP1A" signifies that an improvement was made sub­
sequent to the orig inal registration of the 2AP 1. 

THE ELECTRON GUN 
The concentration of electrons into a beam is accom­

p lished by electron optical methods of focusing. which 
a re analog ous to the focusing of light beams by a g lass 
lens. Electron lenses are formed by electrostatic or mag­
net ic fields which exert a bending action upon an elec­
tron traj ectory, the amount and d irection of bending 
depending upon the strength of the field and the elec­
trode configuration. 

Electron guns used in cathode ray tubes are based on 
a two-lens principle. The simplest form o f gun struc­
ture and its e ffect upon an electron stream are illus­
trated in figure 1. 

and through the lens to converge at a focal point, termed 
the "cross-over", where the rays cross the a."\:is of the 

gun. 

T he fi rst lens shou ld be shaped to permit high cu r­
rent without too large a cross-over beam diameter. l\l[is­
al ignment of gun parts or apertures, or cyl inders not 
quite round , will form an elliptical or poorly defined 
spot. As in light lenses. electron lenses are subject to 
aberrations of the chromatic and spherical fo rms, as 
well as aberrations caused by space-charge effects. These 
aberrations affect size and definition of the spot, but 
cannot be entirely e liminated. The first lens YOitage 
shou ld be high enough to saturate the emission from 
the cathode \vhen maximum beam current is needed. 
High voltage also minimizes any de-focusing action o f 
the space charge near the cathode, but too high a voltage 
makes the control of the electrons more d ifficul t . T he 
voltage of the fi rst lens has little effect on the diameter 
of the beam at the second lens. 

T he second lens images the crossover into a spot at 
the viewing screen, and is re latively simple. T he major 
problems involved are ease and accuracy of construction 
and reduction of spherical aberration. Spherical aberra­
tion may be minimized by increasing the size of the 

FIGUR E 2-Tetrode ttlectrou gHn. Arce/eratiug electrode 
roJmected to second anode plarecl adjacent to grid. 

The first lens compnses a cathode, a rontro/ grid . 
and the first (or jocmi11g) anode. Oxide-coated cath­
odes a re used beLause of their hig h emissivi ty and low 
operat ing temperature. The latter featu re is desired 
since aberrations in the lens, and conseq uently spot size, 
increase wi th the initial velocity of the electrons. f or 
maximum efficiency, practically all the current emitted 
by the cathode should be concentrated in the spot. 
Since the rad ius of the beam going through the lens 
varies with the radius of the emitting areas, a limiting 
aperture is used to mask off part of the cathode area. 
The aperture is placed near the end of the con trol 

e lectrode, the voltage of which determines the amount 
of current in the beam, thereby controlling the bright­

ness of the spot at the screen. T he effect of control 

vol tage on spot size is kept to a minimum. The second 
(o r arre/erating ) anode accelerates the electrons toward 

lens, but the size is li mited by the gun diameter in elec­
trostatic types. 

The gun illustrated in figu re 1 is of the so-called 
"triode" construction, and has the advantage of si m­
p licity. The disadvantages are that .the electrons are 
first accelerated by the low voltage of the focusing anode 
and there is interaction between focus and brightness 
controls, and also that close spacing and critical ali~n­
ment arc involved . 

Modern cathode ray tubes usually contain the "tet­
rode" form of gun, two versions of wh ich arc shown in 
figures 2 and 3. 

In the tetrode construction an accelerat ing anode, con­

nected to the second anode, is p laced between the grid 

and the focusing anode. This arrangement overcomes 
the interaction between focus and brightness controls 
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MASKING 
APERTURE 

F IGURE 3-Tetrode electron gun with "zero-first-anode-mrrent" constmction, long accelerating electrode with 
masking apert11re, and fowsing anode. 

in electrostatic types, and allows the cross-over point to 
be formed at a hig her voltage with resultant smaller 
focused spot. The earlier versions used a d isk, as shown 
in figure 2. A n improvement recently in troduced and 
now included in nearly all the newer service-approved 
electrostatic cathode ray tubes, is the "zero-Ib1" (zero­
fit'St-anode -mrrent ) gun, wherein the accelerating elec­
trode is lengthened, and carries a mask ing apertu re 
which l imits the beam d iameter, the fi rst anode being 
shortened to a d isk w hich is used for focusing on ly. By 
this arrangement the focusing anode d raws no cu rrent, 
so that its voltage may be tapped from the power sup­
ply bleeder w ithout necessitat ing readjustment o f focus­
ing control with variation of beam current (modula­
t ion) . T he beam is thereby reduced to a small w idth 
before entering the focusi ng fie ld, and bad ly aberrated 
rays are prevented from entering the second anode 

aperture. 

DESIGN DETAILS AFFECTING O PERATING OF 
CATHODE RAY TUBE GUNS 

The most wanted characte ristics of a cathode ray tube 
are: (1) a small round spot at the screen, (2) h igh 
brill iance of the spot, ( 3) I ittle effect on size or shape 
of spot with deflection , (4 ) ability to operate at low 
voltages, (5) high deflection sensitivi ty, ( 6 ) short over­
a ll length, (7) sensitive control of spot brig htness ( low 
grid-drive requirements) . Some of the facto rs govern ing 
these points conflict with each other, so the design 
chosen for each type must be a compromise in w hich 
maximum performance in one respect is sacrificed to 
obtain improvements in some other characterist ic. Ex­
amples of such considerations are listed below. 

Spot size is decreased by high focusing and accelerat ­
ing vol tages, a long gun, a short gun-to-screen distance 
and low beam current. Since the beam is densest at its 
core, it is better to reduce the d iameter by masking off 
the edges than to generate a narrow beam cur rent with 
less total curren l in it. 

A b rilliant spot is attained by high beam current, i.e., 
h igh emission and high accelerating voltages. Enlarg-

ing the grid apertu re increases current density at the 
beam center, but it also increases spot size. H owever, 
spot size may be reduced by an increase in g rid b ias, 
hence the use of a la rger g rid apertu re makes possible 
a choice by the operator o f e ither a small spot for fi ne 
detail or a bright spot for high-speed traces. 

Increase in spot size with deflection (deflection de­
focusing ) wh ich occu rs in electrostatic types is due to 
the fact that the electric fie ld which deflects the beam 
accelerates the side nearest the negat ive electrode more 
than the side nearest the positive electrode, result ing in 
an elongated spot. To reduce this d istortion, the beam 
divergency ang le should be small and the deflection take 
place within a small ang le. Th is means a long g un-to­
screen distance. 

Operation at low second -anode voltage improves de­
flection sensitivity and permits the use o f a compact. 
low-cost power supply. Al te rnatively, high voltage is 
advantageous because the beam current increases as the 
3/2 power of the voltage. T he spot size decreases due 
to less space charge effect (space charge increases spot 
size due to mutual repulsion of the e lectrons in the 
beam ) , and the fl uorescent screen becomes more efficient 
at high voltages. 

Deflection sensitiv ity is increased by long gun-to · 
screen distance, but bri ll iancy of spot is reduced. 

. Short overall length permi ts design for smal l spot 
stze at _the expense of deflection sensitivity and increased 
d tstorl1on due to a wider defl ection ang le. 

The_ maximum permissible spot size at the end of the 
beam tS determined by the maximum deflection ang le, 
length of deflection electrodes, and amount o f permi s· 
sible deflect ion distortion . 

. O~e me~hod of increasing sensit ivity withou t sacrific­
mg tntenstty or increasing tube lenglh is the ad dition 
of a thm l anode, te rmed the intensifier, which accele r­
ates the beam toward the screen after it has been de­
flected. Th is anode is formed by a separate conducting 
nng on the inner surface o f the bulb and is usually 
operated at double the second-anode voltage. 

FOCUSING 
Electrostatic and magnetic methods of focusing each 

have advantages and disadvantages. Electrostatic systems 
are subject to "modulation defocusing" , i.e., reduction 
of the grid bias requires lowering of focus voltage to 
keep the spot in focus. Magnetic focusing is not sub­
ject to this effect, and also introd uces less aberration as 
the second lens is not l imited in physical size by gun 
diameter. The gun is simplified by the omission of a 
focusing anode. On the other hand, the need for focus­
ing coi ls and yokes to form the magnetic fields is an off­
setting factor in the choice of focusing methods. 

Electrostatic focusing has been improved by the zero­
lbl g un described above. The most recent types of mag­
netic g uns have also been improved by the inclusion of 
a l imiting aperture in the g rid cylinder. This mas~s off 
the edges of the beam and reduces spot size w ithout 
much sacrifice in brig htness because of the concentration 
of the beam at the core. Both positioning and · alig n­
ment o f th is masking aperture are cri tical. If maximum 
results a re to be ach ieved, the apertu re must be placed 
at the point ·where the beam is focused to its smallest 
and sharpest spot and must be alig ned so as not to mask 
off any of the center portion of the beam. An electron 
gun of this type is illustrated in fig ure 4. 

CONTROL GRID 
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Advan tages of electrostat ic deflection are ( 1) elimin.t­
tion of coils andj or magnets, (2) low power req uire­
ments and simpler deflection circuits, ( 3 ) f reed om from 
ion spot, and ( 4 ) possibili ties o f higher de flection 
speeds. 

D eflection may take place after accele ration. or part 
of the acceleralion can take p lace after deflection. In 
the former method there is an increased amount o f beam 
current, and g reate r lig ht o utpu t. I n the latter method 
there is g reater sensitivity, since the deflection is ap­
p lied to a lower-voltage beam. 

D eflection sensit ivity increases with the width of the 
de fl ect ion plates and the leng th between deflection p lates 
and screen, and is in,·ersely p roportional to the distanc.: 
between the deflection plates and the· accele rat ing , ·ol t­
age. D eflection sensitivity is expressed in mill imeter~ 

or inches of spot deflect ion per volt appl ied to the de­
flection p lates. The "D eflection f actor" expression used 
in Service specifications is the reciprocal of deflection 
sensitivity, and is exp ressed in volts requi red for an 
inch of deflect ion. 

MODULATION 
Modulation may be appl ied lo the beam by changing 

the bias voltage applied to the control g rid to vary its 

ACCELERATI NG ELECTRODE 

FIGURE 4- Eiectron g11n f or mag11etic types 11Jitb limit ­
ing aperttlre. 

DEFLECTION 
Magnetic and elect rostatic defl ection methods are both 

used. In magnetic deflection the field is inversely pro­
portional to the square root of the second anode voltage, 
while in electrostatic deflection the field is inversely 
p roportional to the voltage, which means h igher volt­
ages arc needed with consequent difficul ties in applyi ng 
them to the deflection plates. 

Advan tages of mag netic deflection are: (1) g reater 

structu ral simpl icity and ruggedness since the re are no 

deflecting plates and focusing anodes to be alig ned and 

supported, (2 ) a shorter focal length, permi tting a 
shorter tube, and ( 3) the feasibi li ty of applying a rotat ­
ing radial sweep which g ives the polar indicat ions 

needed for PPI radar displays. 

intensity as used in television or PPI d isp lays, or by 
maintaining the intensity constant and placing the modu­
lation on one or both sets of deflect ion electrodes, as is 
done in oscil loscopes. 

The amount o f g rid d riving voltage needed to modu­
late the beam over its full range from zero to max imum 
availab le beam current depends upon the cutoff charac­
teristics o f the cont ro l electrode. T here is considerable 
variation in cutoff ranges from tube to tube. This i s 
ch iefly d ue to the very close spacing between cathode 
and g rid (of the order of 0 .01 inch ) and the fact that 

variation in the temperature of the cathode changes th is 

spacing by a very app reciable percen tage. The length of 
the "skirt" between the g rid aperture disk and the end 
of the grid cylinder also affects the cutoff value. A ll 
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present-day types requi re a considerable amount .of grid 
drive. Attempts are being made to improve thts char­
acteristic by p lacing a mesh g rid over the grid apertu re, 
but to date th is has not been very successful. 

LUMINESCENT SCREENS 
Screen types differ in initia l fluorescent color, phos­

phorescence o r after-glow color, and persistence. Each 
type of screen used is identified by the letter P followed 
by a number. Some characteristics and common uses of 
the screens used in Service equipments and laboratory 
test instruments follow: 

Pl-Green, single layer, synthetic wi llemite (zinc 
si licate) (Zn2Si01:Mn) with medium persistence. Gen­
eral purpose oscilloscope screen with h igh visual effi ­
ciency. 

P2-Bluish-green , single layer zinc-sulph ide (Z nSC­
dS:Mn :Cu) with long persistence. Used in low-fre­
quency oscilloscopic work. 

P3-Yellow, zinc-berryllium silicate with medium 
persistence. (Obsolete.) 

P4- White, zinc-berryllium si licate mixed with zinc 
sulphide, medium persistence. Used in television. 

P5- Blue, single layer, calcium tungstate (Ca WO 1) 
with very short persistence. Has h igh photographic effi ­
ciency and medium visual efficiency. Most rap id decay 
of any production phosphor. Used for photographic 
recording on moving films for f requencies up to 60 kc. 

T;pical elec/ron-gun assemblies 
fo r tubes employing eleclroslalic 

d eflecl ion. 

(Note: Some past tubes labelled P 5 have contained the 
sulphide phosphor now desig nated Pll). 

P6- W hite, zinc sulphide mixed with z inc-cadmium 
sulph ide, short persistence. Principal application is for 
color television. 

P7- Cascade (two-layer) with yellow (Z nSCdS :Cu) 
and blue (Z nS:Ag) , long persistence. Short blue flash 
and long yellow afterg low. Used fo r PPI radar pre­
sentations. 

FlO- Sing le layer, dark-trace potassium .ch loride 
(KCI) {Not a phosphor, but a scotophor) with ma­
genta darkening . Used in applications requiring projec­
tion of a persistent image. Not active at present. 

Pll- Biue, single layer, zinc sulphide (Z nS: Ag ) 
with short persistence. H as very high photog raphic effi ­
ciency and· high visual efficiency. Rapid initial decay, 
but not q uite as fast as P5. Can be used for photo­
g raphic record ing on moving fi lms for frequencies up 
to 9 kc. 

PL2-Yellow, sing le layer (ZnF~MgF2:Mn) with 
med ium persistence. Used in radar applications ·where 
P 1 screens prod uce objectio nable Ricker, i .c., for scans 
equal to or somewhat slower than visual persistence. 

Pl4- 0range, cascade [ZnS (75 % )CdS (25% ) : Cu 
and blue] with intermediate persistence. Noticeable 
fl icker at 1 2 scansj min; best performance ncar 60 scans; 
min. Chosen by A AF as optimum decay fo r AN/ 
APQ-7. Simi lar to P7 in operating requirements. 

• ... 

MECHANICAL DESIGN 

Alig nment of electrodes and apertures has a critical 
effect upon the performance and ruggedness of these 
tubes, and a great deal of work has been carricJ out 
toward improvement of the mechanical strength of the 
gun and deflection assemblies. Illustrations of v.trious 
types of cathode ray "mounts" for e lectrostatic and mag-
netic types are shown in figure 5. · 

In. addi tion to fau lty mount construction , us.tbility of 
the tube may be adversely affected by defects in the 
glass bulb or face, and in the luminescent screen. Gl:tss 
defects which may occur are ,referred to as b! iste rs. 
bruises, scratches, cracks, stones, scale particles, knots, 
cords, mold marks and chill or wrinkle. Screen blem­
ishes are identified as bright spots, dead spots, shaded 
and mottled areas, water marks, siphon marks, etc. The 

size, number, and location of such defects are l imited 
by inspection methods to assure that the pattern on the 
screen will not be marred to an extent which may inter­
fere with satisfactory operation of the tube. Other 
mechanical checks must be made for bulb roundness, 
wal l thickness, dimensional tolerances, neck straig htness, 
face contou r and neck and bulb al ig nments. The use of 
materials which are affected by magnetic fields may have 
:tn adverse effect on the behavior o f the electron b:::t rn . 
There are also requirements for mechanical strength, 
e lectrica l breakdown resistance, and wearabi lity o f the 
bases, snap, and cap connectors. 

Electron-8"" assemblies for 
fttlb?de ray 111bes employ­

mg eleclromagllelic 
deflerlioll. 

DEVELOPMENT OF JAN SPECIFICATIONS 

Methods for checking each e lectrical and m~ch:w icai 

characteristic of cathode r.1y tubes to assure tlut each 
tube accepted for Service use falls with in predetermined 
tolerance limits, and the determ ination of acceptable 
limits, ha,·e been worked out among representatives of 
tube manufacturers, equipment manufacture rs. and 
Army and Navy eng ineers. The results are incorporated 
into the tube specification sheets for each type included 
in the Joint Army-Navy Specification J AN- 1 A for Elec­
tron Tubes. All types which have found the ir way into 
Service equipments in the past, or have been purchased 
as components of a commercial equipment and wh ich 
require replacements, are covered by a JAN- I A specifica­
tion sheet so tha t satisfactory replacements may be pro­
cured for proper operation of these equipments. 

In equipments of new des ign, only tubes on th~ cur­
rent preferred lists are to be used. The Army-Navy 
Preferred List indicates one preferred tube for each an­
ticipated application so that the multiplicity of similar 
types (except for certa in hig hly specia lized laboraro ry 
use ) may be reduced to one standardized line of h igh­
quality, carefu lly-designed, rugged cathode ray tubes. 
The 1947 issue of the Army-Navy Preferred List con­
tains the following cathode ray tubes : 2AP 1A, 3DP1A, 
3]Pl , 3JP7, 3jPl 2, 5C PIA, 5CP7A, 5CP12. 5FP7A, 
s r:P J4, 5JP1, 7BP7A, and 12DP7A. 

When new tubes a re developed which prove superior 
for any particular application, they will be added or sub­
stituted into the next revision of Preferred List. 
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High Speed Transm is~i ons· 

llln the past twenty years tremendous strides have _been 
made in the methods of communicating at the h1gher 
frequencies. New equipments have been developed and 
new methods devised \vhich increased the speed of com­
munications to such an extent that we now have systems 
such as the four-channel multipl ex teletype hand ling 
240 words per minute, and the single-sideband mufli­

/ Oile system with a possibility of twelve teletype chan­
nels to handle 720 words pe r minute in a required band 

width of only 10 kc. 

This prog ress in the hig h frequencies is indeed grati­
fy ing but it appears we have neglected the very-low 
frequencies, as traffic in the band from 5 to 35 kc is still 
moved at a speed in the vicinity of twenty words per 
minute. This snail's pace is shocking in view of the 
fac t that these very-low frequencies have certain un­
deniable p ropag ation advantages over a ll other fre­
quencies, and a re necessary for the fulfi llment of Navy 
comniunication requirements that cannot be met except 
wi th low frequency and high power. An increase in 
traffic speed on this band is very desirable, but there are 
many problems to be solved before this is possible. A 
d iscuss ion of these problems is the purpose of this 
article. 

It has been accepted that the 500-kilowatt TB J and 
TAW t ransmi tters could not be successfully keyed at 
speeds in excess of 25 w.p .m. by ordinary on-off keying. 
This was at first attributed to the long charge-discharge 
time required by the antenna, due to the use of a high-Q 

antenna system. However, there is no data at hand to 
prove conclusively that all the limi tations are confined to 

the antenna, and it is suspected that the power supply 
may also be limiting the speed due to charge-d ischa rge 
t ime of the rectifier tubes and associated filters. 

on the 
ver,, 1 

~--'ow 

Frequencies 

Frequency-shift keying on the very low f requencies 
was investigated, as the carrier in this system would be 
on continuously thereby overcoming any limitations 
which may be presented by the power supply. T ests 
were made to collect data regarding the Q of the an­
tenna used on the TB J at Annapolis. The transmitter 
and antenna were both tuned to 18 kc and the power 
output noted. When the transmitter frequency was 
changed without retuning the antenna it was found that 
a 20-cycle shift caused the output to be reduced to 50 % . 
This means tha t if frequency-shift keying were employed 
so that the carrier was shi fted 20 cycles from the reson ­
ant frequency of the antenna, the radiated power would 
onl y be 50 % of that possible at the resonant frequency. 
This wou ld cause tremendous power dissipation in the 
fina l amplifier and wou ld therefore be a very inefficient 
system. 

The dotting speed of the 60 w.p.m. teletype is ap­
proximately 23 cycles per second . However, the tele­
type signal is a square wave which contains not only 
the fundamen tal but also harmonics. Consequently, the 
resulting complex wave must contain at least the thi rei 
harmonic or its departure from the square wave pro­
hibits its use in systems such as the teletype. T h is means 
that, in order to keep the distortion within p ractical 
limits, the thi rd harmonic of the fu ndamental keying 
speed must be transmitted. 

In order to pass 23 cycles th rough a medium, that 
medium must therefore have a minimum band width of 

3 x 2 3 or 69 cycles. The medium in this case is t he 
TBJ antenna system which, as explained above, has a 
very narrow band , and therefore must be radical!}' 
changed before it can be expected to pass a band of 69 
cycles. 

The most desirable arrangement. to facilita te coverage 
of this bantl wou ld be a system in which the an tenna 
was tuned f rom mark to space f requencies in synchron­
ism with the transmitter frequency shifts. Anothe r ac­
ceptable artangement would be the in troduct ion o f re ­
sistance into the antenna system so as to lower the Q 

. ~ and broaden the resonance curve and therebj enable it 
' ,' to pass •the desired frequency band. However, due to 

the high power involved, ei ther of these arrangements 

present tremendous physical prob lems which are not 
materially reduced by the use of the multiple antenna 
tuning employed with these large t ransmi tte rs. 

ception, but the code is the same as In ternationa l Morse 
and N avy operators should ~e able to· read the tape with 
very little additional training. The Cable Printing code 
cannot be used for aural or tape-recorder recep tion but 
may be used with teletype when translator equipment is 
used to convert the 7 .42-uni t teletype code to the cable 
code and vice versa. \'(li th either o f these cable codes, 
keying of the TB J or TAW at 25 words per minute 
dotting f requency would be approximately eq ual to that 
for 15 word -per-m inu te I nte rnat ional Morse keying . 

By way of summary it may be said that this 1s a very 

The high-power low-freqflency transmitter at L11alualei. 

It has been suggested that rt1ble rode may be adapt­
able, as twice the intell igence could be transmitted in 
the same bandwidth as that required for International 
1vforse. However, cable code is a th ree-el ement or three­
condition code, composed of marking. sparing. and 
zero (or neutral) conditions, and it wou ld be necessary 
to use special frequency-shi ft keyers and receiver adap­
to rs to generate and convert the three rad io frequencies 
for these conditions. Nevertheless, such equ ipment is 

not impractical and, moreover, there are two types o f 
cable code available, Cable Morse and Cable Printing . 

The Cable Morse is only usable with a type-recording 
eq uipment and is not adaptable to aural or p rin ting re-

interesting but complex problem for wh ich the Bureau 
of Ships does not yet have a satisfactory answer. H ow­
ever, in a recent demonstration of FSK applied to VLF 
circuits, by sh ifting the freq uency of a 20-kc tank cir­
cu it in syncl1ron ism with the square wave keyi ng, a dot­
ting speed equivalen t to 500 w.p.m. was successfully 
t ransmi tted. No offic ial developmen t p roposa ls have 
been made as yet, but the problem is under active dis­
cussion . It appears possible to apply the princip le to 
existing Vlfo equipments, as well as those to be p ro­
cured. These invest igations are being continued and it 
is hoped that a workable system will be developed in 
the near f utu re. 
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• With the adven t of the first general-service radars 
(CXAM, SC-Series, etc.) , technicians were confronted 
with strange phenomena not previous ly encountered in 

communication systems, such as h ig he r f requencies, 
pulsed r-f energy, microsecond timing, scope presenta­
tion of returning signals, and rapid p ulsing of the 
transmitter, to name only a few. One of the problems 
which presented itself , not only to the techn icians but 
to the design engineers as well , was the p roblem of pro­
tecting the radar recei\·er during the time that the h igh­

voltage r-f pu lse was being transmitted by the trans­
mitter section of the equipment. Since the repetition 
rate of a ll genera l-service radars is at least s ixty pulses . 
per second a nd usua lly many t imes more, it was e vident 
f rom the first that a mechanica l swi tching device to 

The 
\\ 

Magic Tee'' 
close and open the receiver r-f input section in synchro­
nism with each t ransmitted pul$e was out of the ques­
tion. This inescapable fact Jed to the development of 
the electron ic switching method commonly referred to 
as dNfJiexing, which in its earliest stage cons isted of a 
spark gap placed at a critical d istance from a junction 
point so that when it was broken down due to a high 
voltage pulse from the transmitter i t wou ld present a 
high impedance at a pre-determined point, thereby pre­
venting the high -voltage pulse from entering the re­

ceiver section. This spark gap was rep laced in most 
cases by gas-filled tubes very early in the program, but 

the principle of operat ion remains the same. 

In the late spring of 1944 the very popular SG (sur­
face-search) radar was modi fied in many ways, one of 

~·h i ch was the introduction of a second gas-filled tube 
m. the r-f section . This tube was called the anti-dllplex­
mg tube, and its purpose was to prevent returning 
echoes, which were relatively weak in comparison to the 
outgo1ng pulses, from being attenuated by leaking back 
into the r-f section of the transmitter. There were 
?ther reasons for incorporating this an ti-dup lexing tube 
mto the system which were discussed in deta il in 
.ELECTRON for May 1946, page 1. These duplexing and 
anti-cluplexing tubes later became known as the TR and 
r1nti-'I'R boxes o r cavities. W ith the passage of time, 

the TR and anti -TR boxes with associated waveguide 
fit tings were improved in efficiency by various methods 
such as more efficient tubes, keep-alive voltages, etc. 
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FIGU RE 1- E,Iine dis1rlb111t'on in a rectang11lar lllalle­
gtl-ide, i h0111i11g the l:e/;ers,i/ of polarity roinrident witb 
phase ·cbii/lges. View is front the uai'I'0/11 side of tbe 
• "' • g11ide ai iudirated by the t(imensiOII· "r1". 

However, h 'very late develo1m1ent 111 the · wan.•guidc 
duplexing fie ld was the introduction of the magic tee. 

Basically, the operation o f the magic tee depends 
upon the d i~eren(:e be~ween the coupli ng of waveguide 
tees in the E and H planes. From waveguide theory we 

know that the energy in a waveguide is contained in 
t\.,;o fields, an electric or E-line fie ld , and a magnetic or 

H-line field. The E lines in a waveguide can be repre­

sented as str~ ight ·Ji nes existing in a plane perpendicu lar 
to t he widest dimension of the guide, while the H lines 

are in the form of loops fo rmed in a plahe parallel to 
the widest d imension of the g uide. By this geometrical 
arrangement the E and H l ines, and consequently the 
e lectric and magnetic fields, \viii be at right angles to 
each other. 

To visua lize t!1e electric fie ld in a waveguide Jet us 

assume a s ine wave traveli ng along the waveguide with 
the peaks (both positive and negative ) bounded by the 
walls of the wide dimension of the guide_ In other 
words, if we look at the narrow dimension of this guide 
we will see the ri se and fall o f the sine curve as a single 
l ine with the electric field intensity at its maximum at 
the peaks of the curve as shown in figure 1. Obviously 
th is field would reverse in polari ty with each reversal in 
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flGURE 2- Eiertromagnetit or H lines in a rertangular 
llltll'eguide as 11ie111ed from the wide dimension indicated 
by ' 'b'' . Note that maximum 1-I field orrl!rS sinmllm?e-

omly will; minillllflll E field as sho/1111 in figure 1. 

phase o f the sine c~rve. If th is field were plotted by 
arrows representing the E lines at rig h t ang les to the 
side wa lls of the guide there wou ld be few at the null 

poin t o f the ...sine curve and a gradually increasing num­
ber as the fie ld approached a max imum, with the polar­
ity (ind ica ted by arro1v heads) chang ing d irection in 
the g uide as the curve swings th rough its complete 
cycle. ·This action is repeated rapid ly th us developing 
the elect ric fi~ ld in the g uide. 

An : J-1 fie ld may be visual ized as a series of closed 

loops formed in a plane parallel to the wide d imension 
or side wa lls of the waveguide, as shown in figu re 2. 
Froo11 fundameptal theory we know that in transmiss ion 
of r,f. ene rgy throug h a transmission line the electric 
and magnetic fields are inseparable but will be d isplaced 
from each other by ninety degrees in both space and 
time. Therefore, if \ve combi ned figures I and ::!. it 

wi ll be shown that the maximum e lectric field occurs 

BRANCH 

FlGURE 3- JI'/til'eguides ronnecterl IO fo rm an E-plane 
T jtmrtion. 

duri ng the minimum magnetiC' field and vice versa . 
When two pieces of waveguide a re joined as shown in 
figure 3 they are sa id to form an £-plane T junction . 

If they a re joined as shown in figure 4 they form an 

I-f-plane T junction. l t is an established fact that when 

energy is fed into a T junction with matched loads on 

the branch arms, the energy wi ll divide between the 
two branches. However, a fact which is often over­
looked is the phase relationsh ip between the electric 
fi elds in the t\vo b ranches in reference to the junction 
poi nt. This depen ds upon w hether an E- or H-plane 
junct ion is employed. 

Referring to figures 1 and 3 let us explore the t rans­
fer of energy from the bra nch arm into the two sections 
of the main waveguide. As can be seen from figure 1 , 

the E l ines are fo llowing a sinusoidal 1 attern as the 
wave approaches the end of the branch arm. As h as 
been explai ned in preceding paragraphs, the polarity of 
the E l ines will be changing as the wave p rogresses 
down the gu ide, with the resul t that the heads of the 
a rrows will be reversing d irection in the guide simul-
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FIGURE 4-11~ a·veg11ides connected to form an H -plane 
T junction. Compare tbis type of j11nction 11litb that 

rhn ll'n in fig11 re 3. 

tantous ly w ith tht dungts in polarity. Figu re 5 is a 
cut-away view of the £-plane junction looking at the 
narro\v d imension of the guidt. It can le s::en from 
this figure that as the E lines reach the end of the 
branch a rm they te nd to bend outward, forming curved 

lines which eventua ll}' will join the opposite wall of the 
main guide. However, in so bending and p rogressing 
out the two arms o f t he main g uide, the ir phases will 
be reversed making them 180° out of phase but identi ­
cal in amplitude at any point equ id istan t f rom the 

junction . 

On the other hand , if we consider fig ures 2 and 4 the 
transfer of energy is o f a d ifferent nature. In fig ure 
2, which i a s ide view of the waveguide, we see the H 
lines formed in loops in the waveguide, parallel to the 
sides of the guide. As stated prev ious ly, for e.1ch series 
of H-line loops there wi ll be a series of E lines, com­
bined as shown in figure 6, which is a s ide v iew of the 
guide. To better illustrate the division of E-line ene rgy 
and the resu ltant identity of polarity in the branches, 
only four E lines are shown in th is fig ure. As the H 
loop approaches the junct ion , it wi ll start to d ivide into 

two If loops wi th accompanyi ng E l ines. Since our 
re ference in this explanat ion is the E lines or fie ld , we 

ENERGY U~ 

l 

OUT OUT -- ... 
J-'IGURE 5 - Ttm?Sfer of energy from a brancb to adjetcent 
arms tbro11gb an E-plane j11nction remlting in out-of­
phase electric field c011ditio11J in the adjacent arms. 

Dnnenston " a'' is tbe narrow side of the guide. 

can therefore state that the d ivis ion of energy will resul t 
in no change in polarity of the E lines in the loops of 
1-l lines proceeding out the two branches. Theref~re, 
we have established that E-plane junctions will result in 
electrica l energy proceeding out the branch arms 180 
degrees out of phase, while H -plane junctions will result 
in e lectr ical energy proceeding out the branch a·rms 111 

phase. 

A simple rectangul ar magic tee is a four-bran ch .net­
work consisting of the main waveguide, an E-plane june: 
tion and an H-plane junction, as shown in figure 7 . In 
tillS type of tee, if power is sent into any arm or branch 
with matched loads on the other th ree, the powe r will 
divide between the two adjacent arm-; and no power 
wi ll go into the opposite arm, as illustrated in figu re 8. 
We see then that energy transmi tted in to the H-plane 
branch (magnetron input ) will go out the two b ranches 
comprising the main waveguide (toward the two TR's) 
but no power will go out the E-plane branch (antenna ) 
since the H -plane energy excites only an even-function 

0 X 

~ 0 r~ ~ J D r OUT 

FI~URE 6- Tramfer of energy from a brand; arm into 
ad1a:ent arms thro~tgb an H -plane j11nction res11lting in 
an 111-pbase electn c field coll(/ilion in adjacmt arms. 

Dimension "b" is !be tilide side of !he g11ide. 

wave abou t the p lane of symmet ry, whereas it takes an 
odd symmet ry to excite the E-planc branch. Con versely 
energy sent into the £-plane branch w ill not couple to 
the H-p la_ne branch for E-p lane energy excites only an 
?dd-funct10n wave about the plane of symmetry, and 
1t takes an even symmetry to excite the 1-l-planc. O f 
course if there are reflections in either o r both o f the 
branches adjacen t to th e: E or /-/ p lanes which w ill alter 
the phase of the outgoing wave, the opposing side a rm 
(either E or H junct ion) will be excited by these re­
flected waves. On the ot her hand , refl ected waves from 
egu~ l . mismatches in the adjacent branches at po ints 
cgUidistan t from the junction result in a wave conve rg­
ing on the junction with the same symmetry as the 
diverging wave, so that the refl ected waves can only 
excite the side arm from which they were orig ina lly fed. 

By the reciprocity theorem it is es tabl ished that energy 
coming in from the two adj acent b ranches will only go 
into one of the junctions, either the E-plane o r the H -

E 

R 
L R 

H 
fiGU RE 7-Two views of a conl'elltional reclanglllar magic lee .rhou ing botb .111 
E- and H- plane j11nc1ion with tbe main wareguide extremities indicrtled by L .111d R . 

pla~e, depending on the phase of the two when they 
~rnv: ~t the plane of symmetry. For example, if e nergy 
IS ongmally transmitted throug h the E branch it will 

proc~ed out th~ adjacent arms out of phase. Upon re­
turnmg to the Junction th is energy wil l proceed out the 
E branch, provided the phase relationship has not been 
changed ~ ue to a. mismatch some p lace in the S)'Stem, 
th~1s tend mg to bnng the two waves into phase. If thi s 
m1smat~h should be placed in the system to bri ng these 
\~aves 111 phase, they would proceed out the H plane 
Since the m-phase condition woul d excite the J-1 plane 
but would not excite the E p lane. 

For most applications of the mag ic tee it is des i r.tblc­
to have some matching transformers added to t he tee. 
The only restriction on these matching dev ices is that 
t hey do not upset the symmetry of the waves at the 
junc~ion . 1: the two ends of the main waveguide arc 
te rm mated 111 matched loads and ene rgy is sent into the 
£ -plane branch a mismatch will be fou nd wh ich may 
be cancelled out by the addition of a suitable iris or 
other device in this branch. S imilarly, one may prod uce 
a match for energ }' fed into the H -plane branch. 

. A 1~1agic-tee ~uplexing system is shown in figure 8 , 
1n wh1ch the onentation of the /-/ , E, L, and R arms of 
the two mag ic tees corresponds with those in Jig ure 7. 
The d istances from the junctions to the two TR boxes 
d iffe r by a guarter waveleng th , but the tota l d istance 
from the lowe r magic tee to the upper magic tee is the 
s.tme throug h both paths. 

Magnet ron power goes out the arms in which the TR 
tubes are located, the t wo waves being in phase s ince 
they are fed in on an 1-l-plane junct ion . T hese waves 
are reflected f rom the fired TR tubes a nd come back to 
the mag ic tee out of phase since one wave has h ad to 
travel a h alf waveleng th farther than the other. They 
then wi ll go out the antenna arm s ince it is an [ -pl ane 

junction and will be excited by the out-of-phase com· 
ponents arriving at the junction. The leakage powe rs 
of the fired TR tubes arrive at t he uppe r magic tee 
junction in phase and thus go out into the dummy load 
if the TR boxes a re iden tical. \X! hen the system is re­
ceivi ng a s ig nal, the received power comes in the an­
tenna a rm, divides and goes out th roug h the arms w ith 
the TR boxes in them, passes th rough the TR tubes and 
ar rives at the uppe r magic tee junction out of phase. 
Upon arrival at the uppe r mag ic tee out of phase they 
will exc ite the E-plane branch which goes to the re­
ceiver, thus transferring the received ene rgy to the re­
ceiver rather than to the dummy load . 

f-IG U HE 8- Scbent.tlic diagrr/111 of a magic tee d11jJiexer 
111ilizi1tg tu 'O ral.lll,~lll<~r tllttf!,ic tees tlllfl 111 t1 'f'R t11ber 

{J/11 11'1 anli- 'JR 1111}/!. 
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The main ad v<~ntage o f this type o f duplexer is the 

el imination o f the anti-TR boxes. Since in a magic tee 
there is no coupling between the opposite a rms with 

equa l loads on the adjacen t arms, no received power will 
be lost into the magnetron. In the X-ban d model the 
total anti-TR loss ( loss into magnetron, reflection out 
antenna, and powe r in to d u mmy load) is less than 0.5 
db ove r a l2'A band fo r a ll possible magnet ron im­
pedances . Anothe r advantag e is the cancell ation of the 

leakage power of the two TR boxes. Any received power 
leaking into the m agnetron is either absorbed in the 
magnetron or reflected by the magnetron an d reaches the 

seconJ tee in such a phase tha t it wi ll not go out the 
mixer arm. 

The main disadvantage of th is type of duplexer is its 
size. Anothe r disadvantage is the fact that the TR tubes 
must diss ipate 1 .4 times as much power as they would 
if they were mounted in an ordinary duplexer. Si nce a 

TR is a gas switch , the voltage across it when fired is 

essentia lly constant regardless of the power level. The 

power di ss ipated in a tube is proportional to the current 
throug h it. Le t us assume that we mount the tube on 
the top face of the guide. Then the power dissipated in 

Multi-Cha nnel Two-Tone 

Radio Telegraphy . 

Ey L c. ROB ERTS, 

Bell Telephone Laboratories 

it is equal to I. In a magic tee, the power in arms L or 

1?. t rave ling toward the TR tube is ha lf that in the main 

guide. Therefore, the amplitude of the current wave is 
equa l to 1jy'2 or 0 .707 times the ma in line cu rrent. 
The TR tubes present a short ci rcu it which is the em­
rent maximum and the magn itude of the current at the 
TR tube is 2 t imes tha t in the main line, so t hat the 
power d iss ipated is 2 times t hat in a normal duplexer. 
A third d isadvantage is that the leakage po\ve r which 

gets in to the mixer from high-level s ignals comi ng in 
the antenna is the sum o f the leakage from two TR 
tubes instead o f one as in a normal duplex~r. ror th is 
reason leakage to le rances on the TR tubes must be 
min imized. 

The rectangu lar mag ic tee has many appl ications such 
as ( 1) a variab le p hase-delay device, more commonly 
known as a line stretcher, ( 2) an impedance t ransformer 

for matching various devices to a matched li ne, (3 ) a 

balanced mixer, ( 4 ) the magic tee duplexer as described 

previously in th is discussion, ( 5) a balanced mixer 

plus automatic frequency control, and ( 6) a doub le 
balanced -mixer. 

• During the late war, the armed forces needed g reatly 

expanded communication facilities between a mu ltitude 
of widely sepa rated points. This need was fi lled to a 

large extent by the use of rad io-teletype circuits, em­
p l oyi n~ the two-tone o r freguency-shift type of tra ns-

m tsston . O ne of the matn factors which led to this 
widespread use of teletype\vriters on radio circu its was 

the success of the Multichannel Two-Tone Rad·JO T ele­
g rap h System , which \vas used by the Navy and the 
Army for long-distance communicat ion . These f re­
que ncy-shift radio circuits were used as the backbone 
Ji nks in a world-wide network of communicat ion faci li ­
ties. 

Shortly after Pearl Harbor, the armed forces we re 

confronted with the need for increased telegraph com­
munication between the Uni ted States and many dis­
tan t parts of the worl d . At the same time, many of 
the radio-telephone terminals of the Bell System were 

, not fully used either because the distant terminals were 
in enemy country or because of Government restrictions 
on overseas telephone conversations. Representatives of 
the American T elephone and Te leg raph Company, 
aware of this situation and of the need for additional 

faci lities, pointed out that many additional telegraph 

circuits could probably be provided by applying voice­
f requency carrier-telegraph systems to rad io-telephone 
circuits. I t was requested that arrangements be made 
to investigate this possibi li ty, and it was decided that 
tests would be made by eng ineers of the American 
Te lephone and Te legraph Company and Bell Telephone 
Laboroato ries. T he demand was urgent. T he re was no 
time to develop devices particu larly suited to the pu r­

pose, and thus eguipment already in production had to 
be adapted, if possible 

A11 obvio us starting poin t for the tests was to try the 
ope ration of a standard VF (voice-freguency) telegraph 
system (s imilar to the Navy Model UN Equ ipment de­
scribed on page 12, ELECTRON for Apri l, 1946) on a 
channel of a twin sing le-sideband rad io system. It was 
surprising to no · one, however, that a very brief trial 
indicated this was impracticable. The received tone of 

one channel of a VF teleg raph system operating ove r 

such a rad io channel fluctuates over a range of many db 

from instant i:o instant . At one moment it may be re­
ce ived at normal level, and a few seconds later the level· 
may be 20 or 30 db lower. It might at fi rst be thoug ht 
that an au tomatic volume control cou ld be made to 
compensate for such level fl uctuations, and doubt less 
considerable imp rovement could ·be obtai ned . In the 
standard v r: teleg raph system, however, a s ingle tone 
is used for on-off keying of each chan nel, t he tone b eing 
connected to the circuit for dots and clashes (commonl y 
call ed mark.r ), and removed for spaces. If a volume 

contro l we re made fast enough to fo il ow the very rapid 

fadi ng that is sometimes experienced ,the noise du ring 

spaces would be amplified to the same level as the 

s ig nals , and thus no inte lligence could be received. 

T h is sets a limi t on the possibility of improvement by 

such means. 
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FIGU R E 1- Cirruit arrangement of transmilfer terminal 
tbat s11pplies six two-tone radio-telegraph channels. 

T hese considerations led to abandoning the attempt 
to use s ing le-tone transmission, and it was d ecided to 

adopt two-tone t ransmiss ion (frequency-shift keying ) 
instead. This latter method of transmission was de­
veloped by the Laboratories and, beginning in 1928, 
was used for passing information by teletypewriter to 
assist in handling telephone traffic over the radio-tele­
phone circuits between London and N ew York. For 
two-tone transmiss ion, one channel of the standard 

system is used for marks and an adjacent channe l, em­
p loying a tone 170 cycles h ighe r in frequency, is used 

fo r spaces. With such an arrangement, the amp litude 
of the t ransmitted signal is substan tia lly constant, and 
a fas t-acting gain-control device may be used wi thout 
danger of raising the noise to the level of the s igna l. 
[See p. 5, ELECTRON for Sept. 194 5] . T h is two-tone 
transmission, howeve r, has the disadvantage o f regu ir­
ing two channels for each message, and thus p rovides 
only s ix telegraph circuits for a twelve-channel system. 

The results obtained with t his two-tone system were 
much better, b ut they were sti II not consid ered satis­

factory to meet present-day reg ui rements. What was 
needed was a limi ter, a fast-acti ng d evice that del ive rs 
a constant output for wide variations in t he input s ig nal 
level. No limiter was in production, but one h ad been 
built at the Laboratories for some experimenta l work, 
and this was bo rrowed for the tests . 

\XI ith t he: lim ite r, there was a ma rked improve: me: nt. 
The circuits were now good e:nou~h for automatic trans­
mission o f Internat ional Morse code, in which the re­

ccive:d dots and dashes are recorded on a pap er tape, 

but considerable furthe r improvement was de:s ircd for 

teletypewri te r t ransmiss ion, because eve n with the lrm­

iter, deep selective fadi ng would at times reduce the 

sig nals below the noise level. With the former methods 

of t ransmiss ion, the receiving operator can use judg me nt 
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TO OTHER 
CH-'NNELS 

F I LTERS 

F IGURE 2-Cirmit arrangement of receiving terminal 
fo r two-tone radio-telegraph trammission. 

1n interpreting the message, but a teletypewriter cannot 
use judg ment, and better transmission is consequ.ently 
required . 

It is a well-known characteristic of selective fading 
that when a signal received at one f requency has faded 
so that it cannot be detected because its intensity is less 
than that of the noise or static, a signal at a frequency 
only a few hundred cycles away is usually being received 
at a much higher level ; and by the time this second 
f requency has faded , the first w ill ·generally have re.­
turned to a usable value. It seemed reasonable, the re­
fo re, that if the signal were sent simultaneously on two . 
frequencies, one or the other frequency could be re­
ceived most of the t ime. 

T his " frequency-diversity" system was tried and the 

improvement was outstanding. The sendi ng re lays of 
two channels carrying frequencies that differed by about 
1000 cycles were connected at the sending end so that 
the same two-tone sig nals were sent out simultaneously 
on two pairs of f req uencies. T he detectors at the re­
ceiving end were connected to a sing le receiving relay. 
Now the circuit was satisfactory for mu lti-channel tele­
type operation and made possible the provision of much­
needed faci lities. 

Standard voice- frequency carrier-te legraph equip ment 
was moJi fied quickly by the W estern Electric Compan}• 
fo r two-tone operation, · l imiters were buil t, the equip­
ment was assembled in cabinets and delivered for ship­
ment to overseas points where it was most urgent ly 
needed. Si ngle-sideband t ransmitters and receivers were 
suppli ed a lso fo r locations where they were not al ready 
ava ilable . The Long Lines D epartment made the 
necessary arrangements fo r the home te rmina ls of these 
systems . 

T he circuit arrangement for one channel o f the sys­
tem is indicated in the fi rst two ill ustrations. On a 
marking pu lse, the transmitting relay sho rt-circuits the 
Y:'\'5 -cycle supply and al lows the 765 -cycle supply to 
pass to the radio transm itte r, while for a spacing pu lse 
the reve rse action takes p lace. At the receiv ing end. 

band-pass fi lte rs select the two frequencies for this chan­
nel and pass· them to the limiter. At the output of the 
limiter, similar band -pass fi lters select the two freq uen ­
cies and pass them to separate detectors, the outp uts of 

which opera te the receiving relay. 

From each such system, six two -tone circu,its could be 
obtained using the International Morse code with 
Boehme recorders for receiving. To obta in teletype­
wri ter circuits, however, two of these two-tone ci rcuits 
had to be used for each message, and then there were 
only three channels per system. T he advantages of tele­
typewri ters in furnishing immed iate typewri tten cop y 
and not requiring skilled operators were appreci ated , 

-but the attendant reduction in the number of circuits 
per system to three was unsat isfactory on some routes. 
Some means were therefore sought to increase the num­
ber of te legraph messages that could be transm itted ove r 
a sing le radio channel. 

CIRCUIT 
I 

CIRCUI T 
2 

TO OTHER 
CHANNELS 

f iGUR E 3- Trammitler terminal for llllllti-cha1111el two­
tone radio teletypeu;riter transmission. 

A voice-frequency telegraph system suitable for p ro­
viding six .two-tone circuits occupies a f requency band 
less than 2000 cycles wide, while each channel of the 
si ng le-sideband system can t ransmi t a band about 5000 
cycles wide. On one rad io channel the re was thus space 
for two voice-frequency telegrap h systems, but no chan­
nel fi lters for frequencies above 3, 145 cycles were avai l­
able. To design and build them would have required too 
much ti me. There was a channel sh ifter, however, th at 
was used on rad io circUi ts to move the voice transmis­
sion f rom the lower frequencies to the uppe r f requencies 
of one channel o f a single-sideband circu it. By us in~ 
such a shifter, a method was designed for transmi tt ing 
six channels of the f requency d ivers ity te legraph system 
- twenty- four tones-over a sing le rad io chan nel with­

out requiri ng much ad dit ional equipment. 

T he arrangement of the transmitter is shown in figu re 
3. O utputs of six two- tone telegraph circu its, and 
a single-tone circu it used as an order wire, are con nected 
togethe r and then passed through a res istance network 
to a two-branch circuit- all frequencies flowi ng eq ually 

into each branch. Along the upper branch they pass 
d irectly to the rad io transmitter through a low-pass fi lrer 
that passes all f requencies below about 2600 cycles. 
Along the lower path , they enter the shifter circuit, 
where they are modulated w ith the current f rom a 5270 -
cycle oscillator. A balanced copper-oxide modulator is 
employed that eliminates the carrier, ·and the upper 
sidebands are eliminated by a low-pass fi lte r in the 
sh if ter. The lower sideband frequencies, . which a re 
hig her than those in the upper b ranch , are then passed 
through a high-pass fi lter to the rad io t ransmi tter. 

The twelve f requencies from the six two-tone tele­
g raph channels are spaced 170 cycles apart from 425 
to 2295, i nc~usive, and the o rder-wire frequency is 2465 . 
T he lower sideband f requencies resulting from the mod­
ulation o f these frequencies in the shi fter with 5270 
cycles are spaced 170 cycles apart from 4845 to 2805. 
The radio transmi tter thus.transmits thirteen frequencies 
spaced 170 cycles apart f rom 425 to 2465 cycles and a 
corresponding set of th irteen frequencies from 2805 
to 4845 . Each teletype sig nal pulse is represented in 
thi s group by two frequencies. Thus, a marking signal 
for the No. 1 teletypewriter circuit is represen ted by 
f requencies of 42 5 and 4845 ( 5270-4 25 ) , wh ile a 
spacing sig nal for the same channe l is rep resented by 
595 and 4675 ( 5270-59 5) cycles, and so on for the 
othe r five channels. If selective fading over the radio 
path shou ld d rop out the radio frequency correspond ing 
to 42 5 cycles, the same info rmation would nearly 
always be carried on to the receiver by the rad io fre-

quency corresponding· to 4845 cycles, wh ich I S about 
4000 cycles higher. 

Variations in the rad io path cause la rge changes not 
only in signal strength but also in the phases of the 
alternating currents received. A t the re~eiving end, 
therefore, if the 4845 -cycle current were restored to 
425 cycles and combined with the 425 -cycle current 
t ransmitted d irectly withou t being shifted in f requency, 
the two currents would rein force each othe r at times, 
b ut at other times they would tend to cancel each other. 
To avoid th is cancellation, the Jrequencies that were 
sh ifted to higher values. at the transmitter are restored 
to frequencies differi ng from their original values by 

.modulating with an oscillator frequency of 5610 cycles 
instead of 5,270 . T hus,· an original f requency of 4 25 
cycles, which is changed by the shif ter of the trans­
mi tter to 4845 cycles, is restored at the receiver not to 
4 25 but to 765 cycles. T he corresponding spacing 
signal of 595 cycl es would be restored to 935 cycles. 
At the receiver, therefore, the two pairs of frequenc ies 
for this particular channe l would be .425 and 595, 765 
and 935 cycles. T hese ·tones are combined in a hy­
brid coil, and amplifi ed in a common limiter. At the 
output of the lim iter, they are once more selected by 
band-pass fil ters and rectified in marking and . spacing 
detectors. T his.a rrangement thus provides a six-channel 

. frequency-d iversity system without the dupl ication of • 
detectors or the development of new fi lters. 

At the receiving end, therefore, the circuit is arranged 
as indicated schematically in figure 4. At the output of 
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F IGU RE 4-Recei t,ing terminal for multi-channel two-tone radio teletypewriter trammissio11. 
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the radio receiver, low-pass and hig h-pass fil ters separate 
t he frequencies below about 2600 cycles from those 
above it. The output from this low-pass filte r is con­

nected to the input of thi rteen band-pass filters for the 
frequencies 425 to 2465 cycles, inclusive, while that 
from the high-pass fil te r passes to a channel restorer, 
where the frequencies a re modulated with the current 
from a 5610-cycle osci ll ator. Channel fi lters in this 
branch then separate the various frequencies, and the 
pairs of frequencies from each branch corresponding to 

a single channel a re combined in a hybrid coil and then 
ampli fied in a limiter. At the ou tput o f the limiter a re 
four channel fi lters. T wo o f them select the two fre­
quencies correspond ing to marking signals and pass 
them to the marking detecto r, and the othe r two select 
the frequencies for the space signaling and pass them 
to the spacing detector. Al though one frequency of a 
pair may have been eli minate? by fad ing, the other 
will usually be present to operate the rece ivi ng relay. 

T his mult i-channel two-tone system [Navy Model 
UP Equipment] is capable of handling a large amount 
of traffic ove r a sing le radio-frequency ass ignment w ith 
comparatively low power per channel. Unlike other 
systems of large traffic capacity, it furni shes independent 
start-stop teletypewriter circuits which have maximum 
flexibility in that they can be readi ly te rminated in te le­
typewriters of types in heavy production and general 
use, or extended over land l ines to such mach ines at 
diffe rent locations by simple connections which permit 
use of standard forms of start-stop regenerative repeat­
ers where these are necessary. O peration w ith narrow 
frequency bands for the individual ch~nnels was made 
possible by the inherent frequency stability of the sing le­
sideband circuit. The system was designed and made 
available quickly, ut il izi ng fo r the most part standard 
componen ts a lready in production. 

Multi -channel two-tone circuits have been used to 
connect headquarters at Washington with the Armed 
Forces in distant parts of the g lobe. T he Bell System 
owned and operated one termmal of systems extending 
to Eng land , the continent of Europe, H awaii , Australia, 
and two locations in Africa T he N avy and Army 
owned and operated both te rminals of other systems. 
It is understood that t heir use was very satisfactory and 
of great value in the prosecution of the war. 
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Reports f rom certain fi eld activi ties indicate some 
OCT's are being received in an inoperative condition. 
The ad j uslments necessary to res to re normal operation 
a re in some cases considered ' ' factory" adjustments and 
have not been included in the instruction book. T o 

assist fi eld pe rsonnel, the no ted mal func.tions with the 

proper correction steps are listed below. 

Instability of R-F Oscillator T11ning Controls: 

1- Remove oscill ator oven cove r and t ig hten thrust 

bearing of main tun ing control shaft. 

2-Tig hten coup! ing of main tuni n? con~rol shaft 
and the shaft extension carrying the main tuning knob. 

6 · 1 ) " A llei1 " set-screw wrench ·is A long ( approx. -mc 1 

necessary to pe rform th is adjustment. 

3-T ig hten vernier tuning shaft bush ing . 

Excessit1e Distorti011 i11 A11dio-Frequency Out p111: 

1- Place a-f oscillator switch ( C ) S l 04 to EXT., the 
r-f BFO switch (G ) S10 l to O FF, and disconnect ~ny 
r-f in put to connector Jl92 (located on rear of chassis) . 

2-Note cu rrent ind icated on leve l and beat ind icator 
on both R-F BEAT AND TUNE and FREQU E NCY-SH IFT 

CHECK positions of the meter switch. . T his cu.r~ent 
should be between .05 rna and .1 rna in e ither positiOn. 

3- P rovided these cu rrents a r~ not between the l imits 
specified , remove the bottom plate fro~ the mon itor 
equipment and adjust grid b ias potentiometer R 148 
(located .in the rear r ight section ) until the proper cur­
rent is obta ined . If unable to ad just these cu rrents to 
equal and proper values, the larger current should be 
set to 1 rna, then if the smaller current is less than one­
half this value a d ifferent tube should be substituted fo r 
Vl05 and the above p rocedure repeated. 

Reminds me of them nutating dipoles the EO 
was telli ng us about. 
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If you are rece1vmg too many co p ies o f 

Electron, or if there are not enough to go 

around, let us know about it. Or y ou ma y 

d rop us a line a nyway, just to let us kno w 

how you like the magazine. 
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IN A QUIZ-THAT IS 

IS THIS A MAN OR A MOUSE? 

IS THIS A TUBE OR WHAT? 

FIND THE ANSWERS TO THESE AND OTHER PROBLEMS 
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