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start. Note that the dotted curves at low values of emit­
ter current are controlled largely by the rapidly chang­

ing values of r., while at the right on the plot rc is 
essentially the only remaining variable. 
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FIGURE 7--Basic single-transistor bistable circu its. 

Experimental checks have been made of the transition 

points with the circuit constants of lines A and B. These 

points are indicated in Figure 5 by the short, vert ical, 

dotted lines. Note that in every case the points occurred 

on the stable side of the predicted transition value. This 

discrepancy is very probably due to inherent t ransistor 
noise which causes the circuit to "trigger" over into the 

unstable region slightly before the conditions of Equation 
(3) are satisfied. As would be expected the agreement 
between the actual transition point and the predicted 

transition point is better on the low current side since 
the two curves intersect at a much steeper angle. 

Thus, it has been shown that the existence of the two 

stable states and the transition from one to the other may 

be predicted with reasonable accuracy by the application 

of equivalent circuit theory and experimental measure­
ments of the transistor constants. Although an analysis 
of a given bistable circuit by this method requires rather 
complete knowledge of the transistor characteristics it 
should nevertheless furnish valuable correlation between 
the transistor constants and this type 
of CJrcmt operatiOn. 

Not all transistors have the high peak of rm at low 
emitter currents as shown in Figure 5. As a result, not 
all transistors exhibit bistable operation in the circuits 
to be described. As indicated by Equation ( 4 ) the con­
dition of ins tabili ty is satisfied with a minimum value 

of rm when RL and R0 are both zero. Even under these 

conditions, transistors having rm curves without the peak 

of Figure 5 do not exhibit two stable states. 

Figure 7a shows the basic circuit suggested by the 
mathematical analysis. Figure 7b shows another circuit 
which is capable of two stable stites by virtue of the 

positive feedback directly from collector to emitter. 

Those with t ransistor field will recognize 
that the add1t10n of th1s· feedback path is very similar 

to increasing the rb of the trans istor equivalent circuit 

therefore, the circuit of Figure 7b may be analyzed 

much the same man ner as that of Figure 7a. T he former 

has a disadvantage in that a h igh impedance collector is 
coupled back to a low impedance emitter I t h b · as ' een 
found that a circu it combining both of these P · · 1 . . nnop es 
IS somewhat more stable than e1ther circuit b itself 
Such a circui t is shown in F igu re 7c H ere a y · · · capaotor 
has been included across the feedback res1'sto f 1 r rom co .. 
lector to emi tter. This increases the high f requency 
coupling between emitter and collector and tends to de-
crease the transition time from one state t t l h o 1e ot er. 
In all of these circu its, triggering has bee h n s own on 
the emitter by means of positive input pul It · ob ses. 1s .. 
vious that this will p roduce the trans1·t· f 1 1on rom ow 
conduction to high conduction. Howeve tl h r, 1e c ange 
from high conduction to low conduction 1 b may on y e 
accomplished by a negative pulse. This is obtained by 
allowing the input pulse to deveJo1) a t" . . . nega 1ve over-
shoot by dlfferent1at1on. Hence in the · ·t h . . . • ClrCUI S own, 
d lfferent1at1on must occu r in condenser c f tl · · or 1e Cl rcu1t 
to trigger from high conduction to low co d t ' Tl · n uc 10n. 11s 
might seem to introduce der)endence 0 · 1 . n mput pu se 
w1dth and shape, however as in the tw t · · • o- rans1stor or-
cuits, impedance changes at the emitter t d ·d h en to a1 t e 
desired effect (Sec the emitter impedanc f F' . . e curve o •Jg-
ure 6 ) and from a pract1cal Vlewr)o1'nt th · · 1 

C CirCUit laS 
good stability. 

Figure 8 shows one complete stage of a decade 
counter. This is the circuit found most sat· f t 

. . IS ac o ry as a 
stage. The circuit of f igure 7c has 

been modified sl1ghtly by the introduction of the t rigger 

pulses to the collector, the addition of a capacitor from 
collector to ground, and the add ition of a crystal diode 
which passes a single posit i\·e pulse to the next stage. In 
this case, triggering from high to low conduction is ob­

tained by differentiat ion of the pulse which appears on 
the emitter, and in tegration of the pulse which appears 

on the collector. The combination of these two effects 
gives good trigering from high to low conduction and 
the ci rcuit does not seem to be unduly sensitive to either 

trigger amplitude or shape. 
O perationally, the single-transistor counter stage ex­

hibits somewhat the same characteristics as the two-unit 
circuit. Constants arc quite critical for a g iven transistor 

but when the complete circuit is in operation from a 
single voltage source good stability with respect to trig-

ated successfully up to 250 kilocycles. It appears proba­
ble that with a carefully selected transistor such a circuit 

could be operated at frequencies up to 500 kilocycles. 
\XIhen operated from a 45-volt source this circuit takes 

a current of about two milliamperes for a power drain 

of 90 milliwatts. Here again, a considerable power sav­
ing might be effected by reducing the supply voltage. 
A circuit similar to Figure 7c has been operated as a 

single-stage counter with a three-volt supply. 

Other Counter Circuits 
For many counter applications circuits other than the 

bistable types just described, are required. These cir­
cuits fall into two general classes, astable and mono­

stable (astable referring to the free-running type, and 

FIGURE B- One stage of a pulse counter. 

ger amplitude and supply voltage is again obtained. 
T ypical circuit constants for ope.ration with a 45-volt 
supply arc: 

Collector Resistance 10,000-30,000 ohms 
Base Resistance.. . . 3,000-10,000 ohms 
Feedback Resistance 15,000-50,000 ohms 
Emitter Resistance.. 500- 5,000 ohms 
c2 . . . . . . . . . . . . . . 100- 500 micromicrofarads 

. . . . . . . . . . . . . . 100- 800 micromicrofarads 

T he transition time from low conduction to high con-
duction is quite rapid. For transistors with good high 
f requency response it may be 1/ 10 microsecond. From 
high conduction to low the transition time is apt to be 
longer and will of necessity start at the traili ng edge of 

the trigger pulse. T his tends to limit the upper frequency 

of operation. A single stage as shown in figure 8 (ex­

cept that the diode circuit has been omitted) was oper-

monostable referring to the type that must be triggered 
once for each cycle of operation ) . In general, the cir­
cuits to be discussed may be either of these types, de­
pending upon the bias voltages applied. While multi­
vibrators of these types using two transistors have been 
built, they seem to have no advantage over circuits that 

use one transistor; consequently only the latter will be 

discussed here. 
These circuits also have the requirements for oscilla­

tion stated mathematically in Equation (3). However, 
in this case, the transition from one stable state of con­
duction to another is accomplished by incorporating a 
time constant (either RC or RL) into the circuit. These 
circuit constants compel the unit to pass into the un­
stable region (indicated in Figure 5) at regular intervals. 
\XIhen operated in a monostable condition the circuit 

is so biased as to ha,•e one continuously stable state. 
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Triggering pulses must then be provided to drive the 
unit into the unstable region. 

Three basic astable or monostable oscillator ci rcuits 
are shown in Figure 9. The circuits of Figures 9a and 
9b differ from the bistable multivibrator of Figure 7a 
only by the addition of shunt capacitance in the col­
lector of the emitter. 1l1e circuit of Figure 9a functions 
in much the same manner as a single gas-tube osci llator. 
When in an astable condition, condenser C alternately 
charges and discharges. It charges when the transistor 
is in its low conduction state and discharges when the 
transistor is in its h igh conduction state. This action pro­
duces a sawtooth collector voltage wave and approxi­

mately rectangular pulses at the base and the emitter. 
Synchronization may be achieved by the int roduction of 
an external pulse somewhat before the time the circuit 
would normally reach the _transition point. For this pur-

R 

may be desig ned to be quiescent either in high or low 
conduction. This follows from the peaked rm and cur­
rent gain curves shown in Figures 2 and 5. · The low 
current condition is generally preferred in practice, due 
to its greater inherent stabil ity and for reasons of power 
economy. For triggering at a given point in the circuit, 
the two modes of operation offer a degree of freedom 
in selecting trigger pulse polarity. Generally speaking, 
this is not a great advantage because the oscillator may 
be triggered by a pulse of either polarity depending upon 
the point of application. In a l ike manner, a pulse of 
either polarity may be obtained from each operating con­
di tion depending upon where the output is taken. In 
general, output pulses o f f rom one microsecond to sev­
eral thousand m icroseconds in width are available from 
these circuits. Astable operation can read ily be obtained 
up to frequencies of at least three megacycles. 
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FIGURE 9-Three basic re laxation oscillator c ircuit s. 

pose, positive pulses may be applied to the emitter, or 
negative pulses may be applied to the base. 

In the circuit of Figure 9b, the time constant is em­
ployed in the emitter ci rcuit. However, its operation is 
simil ar to that of the circuit of Figure 9a, except that in 
this case the capacitance charges to its greatest negat ive 
voltage while the transistor is in a state of hig h con­
duction. 

A somewhat different type of operation is characterized 
by the circuit of Figure 9c. H ere an inductance replaces 
the resistance in the base, and frequency is determined 
by the time constant afforded by L and the resistance of 
the transistor and its associated components. Operation 
is brought about by the voltage variation on the base 
caused by the change in the rate of current flow through 
the inductance as the unit passes through the unstable 
region. 

These circuits have an unusual feature in that they 

Fre quency Divider Circuits 
The rela..xation oscillator circuits described above have, 

w ith some modifications, been found to be suited to fre­
quency division of pulses. This requires that they be 
operated in an astable condi tion and synchronized with 
incoming pulses. Without further mod ifications, each 
of the circui ts of Figure 9 may be useful for dividing by 
two, three or fou r wi_th some degree of stability, but for 
a division rate of more than fou r some means must be 
found to stabilize operation. 

To this end several stabilized d ivider circuits have 
been devised . The simplest scheme is shown in Figure 
10. Greater stability has been ach ieved here by the use 
of two RC networks. The circuit may be triggered by 
positive pu lses on the emitter as shown, or by negative 
pulses on the base. Triggering may also be accomplished 
by the application o f negative pulses to the collector, but 
this scheme is not as desirable as the other methods, 

SUPPLY 

FIGURE I 0-Freque ncy divide r stage using two RC 
circuits. 

since a pulse of g reater amplitude is required. Even 
better stabilization may be obtained by adding an induc­
tance as suggested by Figure 9c. 

FIGURE 12-An experi­
mental decade counter 
using o nly transistors and 
cryst al diodes. (Four un­
used socket s are shown.) 

Fig ure 1 1 indicates a divider circuit exhibiting very 
stable properties. RC networks are employed as shown 

in F igure 10 and the base impedance is replaced by a 
parallel resonan t circuit. Greatest stabili ty is obtained 
if the time constant of the emitter circuit (R1C,) is 

made approximately egual to the time constant of the 
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FIGURE 11- Frequency d ivider stage using two RC 
circuits and a resona nt base circuit. 

collector circu it (K~C2 ) and' the resonant frequency of 

the tuned circuit is made equal to, or some multiple of, 

the desired output pulse repetition rate. W hen the cir­

cuit is triggered an osci llation is set up in the base reso­

nant ci rcuit, observable in Figure 17c. When this circuit 

is adjusted so that triggering occurs on a negative going 

portion of this sine wave, a considerable degree of stabi­

lization may be obtained. This particular circu it is es­

pecially useful since it is capable of div iding by ten with 

good stabil ity and up to 40 with decreasing reliability. 

The divider circuits discussed here exhibit exceptional 

power economy each requiring f rom 0.5 to 1.5 mill iam­

peres or a power drain of 25 to 60 mi ll iwatts. T his in­

cludes power dissipated in load resistors. Positive t rig­

gering action can usually be obtained with half-Yol t 

pulses applied to either emitter or base. These circu its 
have one disadvantage in that the hig h transistor noise 
tends to introduce a variation in the time delay of the 
output pulse. This variation accumulates and may amount 
to a fe,v tenths of a microsecond after the pulse has been 
passed through several divider stages. 

Demonstration Circuits 

Two experimental counters employing the circuits 

suggested above have been buil t to indicate possible 

fields to which the transistors may be appl ied. O ne of 

these is a decade counter and the other a frequency di­

vider. The first to be d iscussed wi ll be the decade 

counter. 
A photograph of the counter is shown in Figure 12. 

It consists of a series of four bistable and two monostable 

multivibrators. T hey are arranged as indicated in the 

block diagram of Figure 13. Voltage wave forms which 
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FIGU RE 13-Biock d iagram of experime nta l decad e counter. 

FIGURE 14a-lnput pulses to counter (I k~J -

FIGU RE 14b-Voltage wave on the collector of t he 
second t ransistor of the fi rst st age. 

FIGURE 14c- Voltage wave o n the colle ctor of the 
se cond transistor of the second stage. Note the sharp 
pulse when this unit is stepped back. 

are present at various poin ts m the circu it arc shown 
in Figure 14 . 

The input to the first stage of the coun ter may be 
either positive or negative pulses. Successive stages arc 

triggered by positive pulses obtained by different iating 

the collector square wave. Crystal diodes are used be­

tween stages to eliminate und esired parts of th is d ifferen­
tiated wave. The fi rst two stages are double transistor 
units of the type shown in Figure 3 while the last two are 

single transistor units of the type shown in Figure 8. 

A cascade of fou r bistable multivibrators w ill give one 

output pulse for every 16 inpu t p ulses. As is common 

practice in this art, in order to change this count to one 

in ten, two feedback circuits are added as indicated in 

the block diagram . Switches are provided to switch the 
feedback in and out. Monostable oscillators, as indicated 

in Figure 9a, are included in these feedback circuits in 

order to isolate the stages from each other and to obtain 
a pulse of sufficien t amplitude to retrigger a preced ing 
stage. Both of these monostable circuits are triggered 

with negat ive pulses obtained by differentiation of the 

bistable collector wave shape. Those acq uainted with 

th is method of feedback in decade counters wi ll recall 

that there is a possib il ity o f returning a pulse through 
the first feedback circuit at the moment that the second 

FI G URE 14d- Voltage wave o n t he coll ector of th e 
third st age. Note t he sharp p ulse whe n t his unit is 
st e pped back. 

feed back circuit is stepping the counter back. To avoid 
this difficulty, a blanking pulse is coupled from the sec­
ond monostable oscil lator to the first in such a manner 

as to stop the first f rom triggering at the und esired 
moment. 

·Because of changes in the direct-cu rrent characteristics 
of the transisto r w ith both time and temperature, it was 
found ~cs i rable to incorporate several variable elements 

into the counter. These controls which may be observed 

along the base of the stand in Figure 12, arc used to 

vary the b ias on individual units. General ly speaking, 

some of the controls may have to be adjusted each time 
the counter is started . O nce started, several ft~rthcr 

ad justments may be necessary unti l the transistors reach 
a stable cond ition. Once th is point is reached, l ittle 

further ad justmen t is needed except when there is a 

large change in the ambient tcmperatu_re. 

T he coun ter of Figure 13 would operate only in the 

f requency range of 500 crcles to about 10 kilocycles. 
However, these lim its were set by Ci rcu it constants rather 
than by lim itations o f the t ransistors. The entire circu it 
operates f rom a 45 -Yolt supply and requires about 850 
milliwatts of power. This by no means represents the 
mini mum power consumption possible. Operat ion at 

a lower supply voltage and the use of only single unit 

multivibrators would both tend to rcd~tce the power 
d rain. 

The second experimental counter constructed is the 

frequency d ivider pictu red in Figure 15. The block 
diagram of Figure 16 indicates the arrangement of the 
n ine transistors used in th is circu it. The photographs 
of voltage wave forms present at various points in the 
circu it are shown in F igure 17. 

T he fi rst stage of th is circuit is a crystal-controlled 

oscillator operating at 100 k ilocycles. The sine wave out­

put is employed to drive a pulse generator whose circuit 

is similar to that of Fig ure 9c. This stage produces posi­
tive pulses at the frequency of the oscillator. As indi-

FIGU RE 14e- Volt a g e wave on +.he collector of the 
fo urth unit . 

cated in Figure 17b the output from this stage consJsts 
of sharp pulses having a rise t ime of less than 1;4 micro­

second. The frequency of these pulses is next reduced 

by a factor of ten in a divider circuit as shown in Fig­

urel l. 

The following two stages are similar to the ci rcui t of 

Figure 10 and each divides the f requency br five. At 
th is point, the variat ion in delay introduced by the noise 
of the preceding stages, has become appreciable. Ac­
cord ingly, in order to preserve the inherent stabili tr of 

the crystal oscillator, the princip le of selecting one of the 

orig inal sharp pulses with a gate pulse is employed. 

This is accomplished in two stages, the first of whid1 is 
a monostable oscillator, and the second a coincidence 

amplifier. The gate pulse (about 12 microseconds wide) 
and pulses from the pulse generator are mixed at the 

emitter of the coincidence amplifier. Note the resem­
blance between the voltage wave forms in Figures 17b 

FIGU RE IS-Frequency divider: The last three stages 
are mounted on t he reverse side. The base of the 
I 00-kc crystal may be ob~erved mounte d a t t he lower 
right. · 

and g. The frequency of the gated pulse is 400 cycles 

per second. T he following two units each divide this 

frequency by four giving output pulses at 25 per second. 

For the same reason as in the decade counter, it was 

found desirable to include several variable elements. 

In Figure 15, these controls may be observed along the 

lower portion of the chassis. Usually some minor ad-

FIGURE 14-Wave forms taken at several points in 
the experimental decade counte r. 

justment has to be made to one or more of these con trols 

each time the d ivider is started. In general, once operat­

ing, no further ad justment is necessary. It appears that 

these circuits are not a~ critical to temperature changes 

as the bistable circui ts of the first experimental coun ter. 

The ent ire circuit, operating from a 45-volt source, 

draws about 675 milliwatts · of power. As before it is 

reasonable to suppose that the div ider cou ld be designed 

to operate at a much lower power consumption. 
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Conclusions 
This investigation shows that transistors can be used 

in several basic types of relaxation oscillators. In fact, 

some of their unique characteristics make possible the 

design of circuits having greater flexibility than an 

analogous vacuum-tube circuit. These characteristics 

allow the circuits to be stable in either high or low con­

duction and to be triggered by either positive or negative 
pulses at the same input point. The experiments demon­

strated that the power capabilities are adequate for op­

erating one stage into the next and that the average 

frequency response is good enough to allow counter 
operation to at least one megacycl e. The high internal 
noise of the transistor may produce a variation in the 

circui t delay but this is not an unsurmountable problem. 

H owever, p resent transistors have two faults that prohibit 

their appl ication to practical counters. qne of these is 

their instabili ty with respect to time and temperature and 

the other is the very wide variation in characteristics be­

tween different uni ts. When these difficulties are over­

come, the transistor should fi nd widespread application 

in this .field.-RCA Review 

FIGURE I b-Biock diagram of experimental frequency divider. 
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FIGURE 17-Wave forms taken at several points in the experimental frequency divider. 

FIGURE 17a-Sine wave on the emitter of the crystal 
oscillator. 

FIGURE 17b-Output pulses of the pulse generator 
after differentiation. 

FIGURE 17c-Voltage wave on the base .of the first 
divider. Note the sin e wave of the base resonant 
circuit. 

FIGURE 17d-Voltage wave on the emitte r of the 
second divider. 

FIGURE 17e-Voltage wave on the collector of the 
second divider. 

FIGURE 17f-Gating pulse at the collector of the 
gate generator. 

FIGURE 17g- Output pulse at the collector of t he 
coincidence amplifier. Note residual pulses not in 
coincidence with gating pulse. 

FIGURE 17h-Voltage wave at the base of the last 
divider. A strong positive pulse, too rapid t o show 
here, is present at the trailing edge of the negative 
pulse. 
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A UNIVERSAL ARRAY SIMULATOR 

The investigation of various problems relating to 
sonar beam formation can be facilitated by means 
of a laboratory device which will simulate the sig­
nals arriving from a group of transducer elements 
receiving energy from an underwater sound source. 
Devices of this nature, operating on various prin­
ciples, have been utilized in the past, and each has 
had its own advantages and limitations. With 
these advantages and limitations in mind, T. G. 
Beil, of the Underwater Sound Laboratory staff, 
has devised a method of simulation which com­
bines certain desirable features and makes possible 
a number of new applications for this type of 
instrument. 

Included in the array simulator are the follow­
ing advantages: 

1-Any given orientation of the elements of the 
array with respect to the sound source can be 
simulated. 

2-The phase and amplitude of each signal can 
be adjusted as precisely as standard measuring 
methods will a1low. 

3-The device may he used at any single fre­
quency commonly employed in sonar systems. 

4--The circuit is simple and economical j:o con­
struct, and the unit is reasonable with respect to 
size and weight. 

The simplicity of the circuit (see Figure 1) is 
iilustrated by the following brief description of 
the manner in which it functions. A center-tapped 
low-impedance oscillator output feeds 24 con­
ventional reactance-bridge phase-shift sections. 
Each section is adjustable over 180° of phase shift, 
and a reversing switch permits a 180-deg~ee addi-

tion, with the result that a full 360° of phase shift 
is covered. Isolation fron1 the load is achieved by 
a cathode-follower output for each c~rcuit, and the 
necessary shading is introduced in tlte grid circuit. 

. The cathode resistance is made high enough to 
·keep the total B+ current required below 100 
milliamperes. An output impedance of the order 
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FIGURE 1-Circuit diagram of array simulator. 

of 800 ohms is furnished by the cathode-follower 
circuiL 

The most efficient procedure for adjusting the 
phases and amplitudes is as follows: 

!-Determine the desired attenuations and rela­
tive phase lags for the simulator output signals 
and convert the phase-s to dial readings on a stand­
ard lag line. 

POWER 
SUPPLY 

When a low-impedance load is used, some change 
in phase may be noted as the amplitudes are ad­
justed. In this event, it may be necessary to ad­
just the phase settings slightly after the amplitudes 
have been set. The change in phase is caused by 
the fact that the cathode-follower bias, and there­
fore the output impedance, is affected by the grid 
resistance due to such effects as grid ~mission. If 
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FIGURE 2-Setup for adjusting array simulator signals. 

2-Set up the phase-measuring equipment as 
shown in the accompanying block diagram, Fig­
ure 2. 

3-Adjust all amplitude potentiometers for maxi­
mum signal output. 

4--Set the phase for each signal by setting in 
the desired phase-lag value on a standard lag line 
and adjusting the corresponding phase poten­
tiometer on the simulator until the scope indicates 
zero phasing difference. 

5-Adjust the amplitudes by means of a Ballan­
tine volbneter. 

it is not possible to work into a high-impedance 
load, no phase change will take place. 

Although the phase-shift sections were designed 
for 25.5-kc operation, they should be capable of 
operating at any of the common sonic or ultra­
sonic sonar frequencies. The simulator has ·been 
utilized in Laboratory investi~ations of interpola­
tion errors caused by QHB scanning switches and 
in an empirical investigation of the effect of trans· 
ducer phase errors on bearing accuracy. It is 
thought that other uses for the device will be sug· 
gested in the future. 

SUBSTITUTE MATERIAL FOR ANTENNA TRUNKS 
The substitution of aluminum for copper-clad 

steel in the construction of shipboard radio trans­
mitter antenna trunks is permissible when the lat­
ter is not readily available. This was authorized 
in Bureau of Ships multiaddress letter serial U-
982-2107 dated 9 June 1948. Excerpts from this 
letter are reprinted below: 

"The current general requirements for Radio 
Antenna Systems, Bureau of Ships Specification 
RE 66A 430B, specify that transmitter antenna 
trunks shall be fabricated from steel having a mini­
mum thickness of .094" and having a copper-nickel 
or copper plating of .008" minimum thickness 

(two sides or inside only). A number of activities 
have reported difficulty in procuring this material 
(copper clad steeel). .. 

''In the future, when the above copper-clad steel 
is not readily available, it will be satisfactory to 
substitute aluminum for use in fabricating radio 
transmitter antenna trunks. The aluminum should 
he 61 ST 6 in accordance with Navy Specification 
47A 12, condition T, and shall have a minimum 
thickness of .125". The inside and outside of tbe 
fabricated trunks shall be treated with a zinc 
chromate primer, the outside to he painted as re­
quired." 
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R-F BAND DESIG NATION 
I n " Le tter s to the Edito r" in the Au gust , I9SI , 

B uS HIPS E LECT RON m agazine, le tter and letter­
sub-le tte r design a tions fo r th e various r-f b ands 
were give n. It h as com e to the a t tention of the 
Chief of Naval O pera tions that confusion exists 
in r ega rd to the le tter an d le tter-sub-letter designa­
tion s of r a dio-freque ncy b ands and th at there ap­
p ear t o b e variou s system s in u se. 

Accordin gly, except as sp ecified b elow, th e u se 
of th ese le t ter and le tter-sub-letter designation s t o 
indicate r:~.dio f requ en cies, or frequ ency b ands 
shall b e discontinued in official N aval communica­
tions and in l ieu ther eof, k il ocycles, m egacycles o r 
th e widely k nown b a nd designation s as l isted 
below sh all h e u sed as a p propriate : 

De ignatlon of radio Autho rized Frequ e nc y in kilocycles wa\·cs accord ing to 
frequ l'ncy abbre\·in tions per seco nd 

Very low VLF Below 30 
Low LF 30 lo 300 
Medium MF 300 lo 3,000 
High H F 3,000 lo 30,000 
Very h igh VHF 30,000 to 300,000 
Ultra h igh UHF 300,000 lO 3,000,000 
Super h igh SHF 3,000,000 to 30,000,000 
Extreme ly high EHF 30.000,000 to 300,000,,000 

T h e following b roa d band single le tter designa ­
t ions only m a y b e u sed as a m a tte r of convenience 
in con versation or wh e re r e fe ren ce to a gen eral 
rath er th an a spec ifi c fre qu en cy is to b e m a de such 
as in tactical publications or gen e ral in st ructi ons : 

P 200-Me r egion X 10000-Mc region 
L 1000-Mc region K 30000-Me region 
S 3000-Mc reg ion V 50000-Mc reg ion 

THE ABOVE INFORMATION IS UNCLASSIFIED. 

REACTIVATION OF 
CATHODE-RAY TUBES 

During the testing of ca thode-ray tubes received 
on roll-back b y th e R epair and R enova tion Lab ora­
tory, Naval Supply Center, Oakland, Califomi a, i t 
was found th a t approximately 90 % of th e tubes 
tes ted ba d h ad low an od e current a nd a very weak 
trace. Until recently th ese tubes h ave been sur­
veyed as n o t fit for furth e r use, at considera ble 
finan cial loss to th e Navy. Mr . . Walter R. Noon an 
of the R ep air and R enovation L ab ora tor y sugges ted 
a pplyin g a voltage of I S volts a .c. to th e h eaters, 
which n ormally oper a te at 6.3 volts a .c., an d m a in­
ta in in g the h ighe r voltage for a p er iod of I S sec­
onds, th us rea cti va ting th e tube. W h e n tes ted a fte r 

• th is proced u re a large m a j ority of the tub es sh owed 
prope r ave rage current a nd a n o r·mally b rillian t 
t race. 

T h e B urea u of Shi ps and th e m anufacturer of 
the tubes concur in th e a doption of this r eac ti va­
tion p rocess, which is sim ple, rap id a nd m ay b e 
don e at th e time of tes ting th e tubes. Ou t o f an 
or igin ~tl gro up of 860 t ubes so trea te d 828 re· 
spon ded Lo this p rocess. 

T he Bu rea u of Sh ips, h owever·, while e ndors ing 
th is proced ure ca utions all activities concerne d that 
i t is an em e rgency m easure for N a va l vessels an d 
that tnhes so processed sh ou ld n o t h e issued to 
N aval vessels whe re n ew tubes are ava ilabl e. T h e 
procedure is desi rable a nd n ecessar y b eca use of th e 
u nkn own l ife o f th e Lub es an d can b e a r outine 
one for fix ed sh or e ac ti viti es. However, ships 
sh ould be provide d with th e b est a vailable tubes~ 
i .e. n ew ones, wh enever p ossible. 

SURFA C E VESSEL B/T REC A LIBRATION PROGRAM 
A report received from COMDESF L OT T WO en­

clos ing a "Combin ed B / T Soun di ng G raph " an ti 
"Com b ine d Oceanogr a p h ic Log Sh eet E n t ries", 
showed results o f e ight sim ultaneo us ba th yther m o­
graph readings taken a t a pp rox ima tely la t. 36° 
40 'N, l on l!. 7.:1° 30 '\V. T h ese simulta n eous B T 
records cl ifl'e rerl so wi dely as to ca use conce rn as to 
the accurac ies o f the ins trumen ts. It is note d, h ow­
ever, that t h ese n>a d inl!s we re ta ken in th e G ulf 
Stream a nd wh ile the sh ips wer·e in col umn 500 
yards apat·t. It mi~ht h e reason a ble to ex pect som e 
varian ce in the readin gs at th e e d l!e o f the Gu lf 
Stre am. Furth e r·, it is poss ib lf' th at sh ips in col umn 
woul d ha \ e a ten dency to "mix" the wa ter so as 
to affect th e tc> m pera tures r ecorded b y t h e BT of 
each sueceed ing shi p in th e colum n. 

However , thPse t ests indicate th e des irab il it y of 

fr equen t shi p board ch ecks and pe riodic sh ipyard 
r ecal ibra ti ons of all BT' s. Shi p 's force pe rsonn el 
slr oul cl ch eck th e calibra ti on of th e ir BT's in ac· 
cord ance wit h tir e m eth od g iven in Secti on 6 of 

a vSitips 9ll5I and IavSh ips 9 I 3'W, the in struc­
t ion hoo ks for tir e Model OC series BT instrum ents. 
Jnacr ura te BT's as in d ica ted in Secti on 3 of i n­
st ru ction hooks (ze ro shi ft m ore th a n 4° or shifts 
f rom r ea cl in :r to r eadin{! ) shoul d be turned in to 
th e nea res t E.O. fo r re p lace m en t. 

In on ler to provide fo r per iod ic sh ipya rd r e­
cal ihration of all BT 's, ea c.: lr B T . lr o uld h e tum ed 
in to th e n ea rest F: .O. fo r rPplac.:emcn t a fte r it h as 
b een on hoard e igh teen nr on tlrs. T h e instrum ents 
will then he forwarded to one of t h e three B T re· 
pa ir fa icliti es (Boston, MT, o r PH aval Ship ya rd ) 
for ove rh a ul , r ecali b ra tion, a nd re turn to stock. 

STOCK STATUS, ISSUE OF COMMUNICATION HANDSETS 
The E lec troni c Suppl y Sys tem is now stocking 

h andsets sepa ra te f rom U1e associa ted plugs and 
cables. This allows h a ndsets, form erly stocked as 
complete "se ts" wi tl1 cable assemblies and plugs 
included, to b e s tocked unde r one N avy type num­
ber instead of three. T his N avy t yp e number, 
r epresenting th e h an dset minus accessory plugs 
and cable assembli es, is N T- SI 007. 

Cable assembli es CX- I 846i U, and CX- I 848/ U 
are also s tock e d as sep a ra te units. T h e p ractice of 
stocking assemble d handsets ,\ri]J b e discontinued 
wh en the present s tock is exh a uste d. 

This handse t, electrical connec tion s and cable 
leads are color code d to fa cilitate wiring at the 
end activity. T h e cable a ssembly (plug included ) , 
th e h andset, o r the cable and plug separa tely, are 
also availa ble as units. T h e ca ble can b e obtain ed 
in an y sp ecifi e d l en g ths, but as p a r t of ex assem­
blies it will h e f urni sh ed SI Y2 inch es in length. 
Breakdown information is a s follows : 

NT- 51007 H andset unit Stk. # Nl7- H- 20001- 1017 
NT-51081 H andset complete Stk . .;¢ N I7-H- 20001-

I 005 consists of: 
1- NT- 51007 HanJ- Stk. # N l 7-C- 919761- l 03 

se t u ni t 
2- NT - 4.91 I!! Cable 
3- P lug, T ype AN-

3106- HS- 5P, 
wi th type A N-
5037- 6 

Cable assembly 
comparab le to 
items 2 and 3. 

Stk.' ¢ N I 7-C- 70600- 1135 
Stk. # N I 7- C- 781366- 25 1 

Cable Clamp 

CX- 1846/U, 
BuShips dwg 
RE49B605-A 

NT- 51082 Handset coniplete 
1- NT-51007 Hand-

set unit 
2- NT-49 118 Cable 

Slk. .;¢N17-C-~8695-3 HI 

Stk. # Nl 7-H- 20001!1030 
consists of : 

3- NT-49619 P lug Stk. ~N1 7-C-71 5 1 2-3 1 00 

Cable assem.blv 
comparable· to 
items 2 and 3. 
CX- l 8,n jU, 
BuShips dwg 
RE-l9B606-A 

NT-51083 Handset complete 
1- NT-51007 Hand-

set unit 
2- NT- l9ll8 Cable 

Stk. # N17- C-!8695-372l 

Stk. #Nl 7- H- 20001- l003 
consists of: 

3- NT- l9928 P lug Stk . .;¢Nl7- C-7H83- 5120 

Cable assemb ly 
comparable ro 
items 2 and 3. 
CX- 1848/ U, 
BuShips dwg 
RE-l9B607- A 

NT-5 1 08-~ H andsel complete 
1- NT-51007 H and-

set unit 
2- NT--!911 0 Cabl e 

Stk. # N l i-C--!8695- 37-! 6 

Stk. #Nl 7- H - 20001- 1000 
consists of: 

3- NT-49210 P lug Stk. # Nl i - C- i ll89- 64.02 

(NT-5108-~ will no longer b e procured as a 
<'Omplete item, per BuSbips speed ltr 567/ 16 
(18) (839 ) serial 839D2- 290 ) 

F urther break down of N T-49ll8 Cable : 

1- Typ e Ml\IOP- 5 

2- Soldcr lugs, 
RC purl ¢'K-
819230 or equ al 

SNSN Nl 5- C-l0956- 75, 
or GSO 15- C- 10956-75 

SNSN N l 7-T- 267 l ..J-7705 

REUSE OF VRF RECORDING FILM 
A r ep o l·t h a s b een rece ived fro m Commander, 

Charleston Naval Shi pyard, describin g a m eth od 
of r eu si n!! V R F r eco rdin o- film wh ich h as b een de· 

~ b ' 

velop e d im d u sed su ccessfully a t U . S. Auxi liar y 
Air Station , Saufle y F ield , P ensacola, Fla. 

After reco r d ing on on e side of th e tap e h as b een 
comple te d , th e t ape is r eve rsed in tlr e following 
m anner : 

1- Th e op er ation r eq ui res two m en, one for 
h olding th e tape t o b e reversed and on e for re­
versin g the tap e. 

2- R em ove on e tu rn f rom th e inside an d on e 
tum from t h e ou tside of th e tape to b e reversed, 
to allow sufficien t wor kin g len gth of tape during 
th e rewin 1l in [!; p rocedure . 

3- Heverse th e tape, un wourHl in S te p 2 above, 
so as to p lace tir e recorde d fa ce of th e tape on th e 
outs ide. 

4- \Vi th th e tap e reversed, m ake a loop approxi­
m a tely th e size of the roll to b e reversed. 

5- 0 ne m an h old s th e tap e with thu mbs inside 

of the co.i l. T urns of th e t ape are th en rem ove d 
from th e outside of the roll only, ver y much a! 
u nwi nding yan1 from a skein, turti l all o f th e tap e 
has been rerolled with th e ta pe reversed. If during 
the rewin ding process, a dd itional t wists d evelop, 
the twists can be rem oved by m anip ulation of the 
tape as r ewinding contin ues. Wi th a li ttle exp er i­
ence, tlw above process r equires app roxima tely S 
minutes per roll. 

6- Th e reversed tap e may h e r ei nstalle d in 
r ecor di ng m achin es and u til ized in th e u su al man ­
ner with reference to the green dot ap pear in g on 
the tape. 

Bureau comme nt: In some cases whe re adjustment 
and cond ii·ion of the equipme nt pe rmit, it is possible 
to re use the reverse side of t he film . This proce d ure 
is re commende d only where a record ing conta ining 
a dditional background noise can be to le rat e d and 
when the economy of re ducing the cost of recording 
material is important. 

Cellulose acetate film (clea r) for IC/ VRF- 3 is availa­
ble from G SSO under Standard Stock No. 17-F-1630. 
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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 convemence, it is suggested you write directly to: 

The Editor BuShips Electron, Code 993, 
Boreau of Ships, Navy Department, Washington 25, D. C. 

Editor 
BuSHJPs ELECTRON 

Sir: 

Considerable difficult}" has been encountered on my 
ship in utilizing the Standard Navy Stock Number system 
for electron ic maintenance parts due to the substitution 
of new numbers for old. Upon reactivation many parts 
were found to be deficient or unidentifiable. 

Requisitions have been submitted for the deficient 
items using available stock numbers. As parts have come 
aboard they have been stowed by stock number. (It is 
sometimes necessary to consult many reference books in 
order to assign a stock number. ) It has been discovered, 
however, that many of the numbers are new and do not 
appear in the allowance l ists or the Stock Number Iden­
t ification Tables. Hence with regard to use when the 
need arises, many of these parts may as well not be 
aboard. 

I believe it would be of considerable help if lists 
were distributed which give the new stock numbers for 
those that have been changed; first a compilation to 
date, and then, periodically as changes are made. 

M. H. P., Ens., USNR 

T be follotcing is q11o/ed from " Tbe Shipboard Inte­
grated Eierlronic j\lfainlenance Parts System", N rti'Sbips 
900,168: 

" D. Changes in SNSN. SNSN assignments to e/er­
lronic materials bave been subject to cbanges beyond the 
control of tbe Bureau of Ships. Information 011 s11cb 
changes is fumished by tbe Electronic Supply O ffice to 
certain supply depots and shipyards. Except for t e11ders 
and issue ships, other fleet vessels will be unable to keep 
wrrently correct Standard Navy Stock Numbers. Until 
purification of these 1111mbers is achieved, issues of cer­
tain materials from stock will 110t be in rrgreement with 
requisition SNSN's. T o iusure delivery of the desired 
items, it is 1·ecommended tbat equipment application 
and cirwit symbol be incl11ded 011 tbe t·ertuisition in ad· 
dition to tbe SNSN. T be !tttest SN SN appeari11g on 
an invoice will 111ost likely be ro1-rect . I f desired, sbips 
117tiY correct bin lttgs, allo11'a11ce lists, stock 1·ecords, etc., 
to correspond, 1111til 11ew allou•ance lists are ft~rnisbed 
by tbe Bureau. As hHurrmce, ships are advised to list 
botb old and new SNSN's for req11isitioned items." 

! 11 addition Ia tbe above, make sure tbr1t yo11 do uol 
permit tbe correlation beltl'een ole/ 1111111bers and nell' 
mtmbers for parts aboard your 1·esselto become los/. I f 
it does, many of yo11r parts tl'ill become tmidentifir!ble. 

Editor 

Surprise attack is one of the primary weapons of aggres­
sion upon which our enemies depend. Electronic 
detection denies the enemy the advantage of surprise, 
unmasking him and pinpointing his location. Electronic 
detection is a first step in successful defense. 
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