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FOREWORD

This handbook was prepared under joint Air Force — Navy sponsorship. The gather-
ing of technical data, analysis and presentation of information was performed by Aero-
nautical Radio, Inc., under joint Services contract NObsr — 64508. Acknowledgement is
made to the many persons and activities of the Military Services and the receiving tube
manufacturing industry who provided assistance in obtaining technical data and furnish-
ing constructive comments.
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ABSTRACT

This handbook is intended to provide guidance to design engineers in the application
of electron tubes in military electronic equipment. The philosophy of conservative design
and the necessity for awareness of tube-property variability are emphasized throughout
the handbook. In Part I, tube properties and statistical concepts relating to them are dis-
cussed. Tube properties are classified by ratings, characteristics, and those properties
that are detrimental to circuit design. Tube properties and statistical techniques are dis-
cussed in relation to circuit design in Part. II. This portion of the book contains check
lists of abnormal environmental conditions and important circuit design factors. Part III
contains numerical and graphical information and special design data derived from MIL-
E-1 specifications, for tube types appearing in MIL-STD-200. Manufacturer’s life-test
data on the tube-property behavior of these specific tube types are presented in Part. IV.



MIL-HDBK-211
31 December 1958

TECHNIQUES FOR THE APPLICATION OF ELECTRON
TUBES IN MILITARY EQUIPMENTS

INTRODUCTION

The objective of this handbook is to provide guidance to design engineers in the ap-
plication of electron tubes in military electronic equipments.

Electronic equipments and systems have become so complex that the misapplication
of a single part can nullify the effectiveness of a whole system. Misapplication of electron
tubes is one important cause of system unreliability, and is a problem resulting in large
part from a lack of information about the variability of tube properties. A consequence
of this lack of information is that the significance of tube variability as an equipment de-
sign factor has frequently been overlooked, to the detriment of equipment operational re-
liability.

It is evident that reliability is influenced not only by the relationship between elec-
tron tubes and equipments, but also by environment, manner of application, and mainten-
ance practices. This handbook is confined to a consideration of electronic equipment design
as influenced by tube procurement specifications. Application information is given on the
56 receiving tube types listed in Military Standard, MIL-STD-200. Every effort has been
made to present information simply, factually, and constructively.

Part I of the handbook is concerned with properties common to all electron tubes.
Since many of these properties are random variables exhibiting definable probability dis-
tributions, basic statistical information is presented at the end of the discussion as an aid
to the understanding of electron tube applications. Part II is concerned with the relation-
ship between tube properties and circuit design, and provides techniques for using specifi-
cations information in circuit design. Part III presents a summary of applications infor-
mation with reference to specific structural or functional categories of tubes. This material
is followed by a discussion of the mechanical, electrical, and environmental-response char-
acteristics of specific tube types, and by application notes which are uniquely applicable
to specific tube types. Part IV outlines observed behavior of properties in specific tube types.

Data and advice presented in this handbook are not elsewhere available in consoli-
dated form. However, the material is intended to serve only as a guide for the design en-
gineer and should be used with discretion.

iv
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GLOSSARY OF STATISTICAL SYMBOLS AND ABBREVIATIONS

(In Order of Appearance in Text)

f(X) = Probability density function. The various values of f (X) give the relative
frequencies of occurrence corresponding to the particular values of X.

¢ = Population standard deviation.
o® = Population variance.

X = A variable, usually the independent variable; the number of times an ob-
served event occurs in the binomial distribution ; length of life of a prod-
uct in reliability theory.

X, = The itk observation of the variable X.
A = Parameter of the logarithmico-normal distribution.
M = Population mean value.
A = Parameter of the uniform distribution.
B = Parameter of the uniform distribution,
P = Probability of an event occurring on any trial,
m; = The jt order moment of the variable X about an arbitrary origin.

Z = Some arbitrary origin about which the moments of the variable X may be
computed.

X = Sample arithmetic mean of X; an estimate of the population mean.

8? = The sample variance; an estimate of the population variance.

s = /s* = The sample standard deviation; an estimate of the population stand-
ard deviation.

n = Number of cases; size of sample.
B. = A measure of relative skewness; The value of P, = 0 for a normal curve.

B: = A measure of relative kurtosis (peakedness) ; the value of B, = 8 for a
normal curve.

F = The sample variance ratio; the ratio of two independent estimates of the
same population variance.

n, = Degrees of freedom associated with greater mean square of F-ratio.
n, = Degrees of freedom associated with smaller mean square of F-ratio.
W = A weighting factor.

X,y = The variate found in the it» row and jt column of a two-way table of classi-
fication,

£y (X) = Probability density function of the null hypothesis,

v
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f,(X) = Probability density function of the alternative hypothesis.

k = A predetermined constant for acceptance of the null hypothesis; number
of a product which fail in time t in reliability theory.

S
8y = — — = Standard error of a sample mean.
n
a = Probability of rejection; level of significance; risk of an error of the
first kind.

1- a = Probability of acceptance; confidence coefficient.

t = The deviation of a variable from its mean divided by an estimate of the
population standard deviation based on the sample standard deviation;

a distribution.
ta = The « percent point of a t distribution.
ka = The a percent point of the normal probability distribution,
Pr = The probability that.
SS = Sum of squares.
DF = Degrees of freedom.
MS = Mean square = SS/DF.
L, = Lower tolerance limit.
L, = Upper tolerance limit,
1 = Tolerance factor,
K = Scale factor.
Y = A variable, usually the dependent variable.
Y, = The ith observation of the variable Y.
A = Constant in the population regression equation.
B = Population regression coefficient.
a = Estimate of A ; a constant in the sample regression equation.
b = Estimate of B; a sample regression coefficient,
3 = The summation of.
Y = Arithmetic mean of Y.
e = Residual; error; discrepance term.
8, = Standard error of estimate.

p = Population correlation coefficient.
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r = Sample correlation coefficient ; an estimate of p.

r? = Coefficient of determination; a measure of the closeness of the relationship
between two variables,

X’ = A particular value of X.

A
Y = Sample estimate of the mean value of Y obtained from the estimated line
of regression.

?’ = Confidence limits for the mean of the Y values for a particular value of X.
¥” = Confidence limits for an individual Y value.
SAK”’ = Tolerance limits for Y for a given value of X.
SS, = Sum of squares of all Y, values about Y.
SS. = Sum of squares of the deviations of the Y, values about the regression line.
P = 1 — a= Value of confidence coefficient.
y = Log Y.
x = Log X.

§ = Sample estimate of the mean value of y obtained from the estimated re-
gression line.

sy = Sample standard deviation of Y.
LAL = Lower limit for X,
UAL = Upper limit for X,
Log = Common logarithm.
T = Time measured from some beginning point.

R(T) = Pr(X>T) = Reliability function; the probability that the length of life of
a product will be greater than time “T.”
~ n—k
R(T) = — — Estimate of R(T).
n

R(t) = P(X>t) Reliability function obtained by an approach other than that used
for R(T).

R(t) = Estimate of R(t).
i = The ith ordered failure.
t; = Time to the itk failure.
ﬁ(t,) = Estimate of R(t) at the time of the ith failure.

n; = Number of survivors beginning the interval which precedes the it failure.

vii
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r; = Number of failures occurring at the time of the itk failure.
7 = The product of.
V = Variance,

W; = Number of withdrawals (censored observations) during the itk time inter-
val.
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PART I
TUBE PROPERTIES
AND
STATISTICAL CONCEPTS






1. TUBE PROPERTIES

The electronic equipment designer may
best evaluate the ability of a specific tube
type to satisfy a given circuit requirement
by considering the following five types of
tube properties.

(1) Ratings: the set of limiting values
defining each operating condi-
tion within which the tube type
can be expected to yield a nomi-
nal period of satisfactory ser-
vice.

(2) Controlled Characteristics: tube
properties essential to the oper-
ation of the circuit, and having
a distinet range of values de-
fined for a given tube type by
specifications.

(3) Uncontrolled Characteristics: tube
properties essential to the op-
eration of the circuit, but existi-
ing within an indeterminate
range, owing to lack of specifi-
cation control.

(4) Controlled Detriments: inherent
tube properties which must be
considered in circuit design be-
cause of their detrimental effects
upon circuit operation. These
properties have no specified
range of values; they are re-
stricted by a single specified
limit on their magnitude or fre-
quency of occurrence.

(5) Uncontrolled Detriments: inherent
tube properties which are detri-
mental to circuit operation and
which are not subject to speci-
cation control.

Table I indicates the extent to which tube
ratings, characteristics, and detrimental
properties are controlled by specifications.

1.1 Tube Ratings as Limitating Values

Three rating systems are currently in
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use for defining conditions of operation
within which a tube type can be expected
to yield a nominal period of satisfactory
service. These are the design-center system,
the absolute-maximum system, and the de-
sign-maximum system. Although military
specifications usually employ the absolute-
maximum system, the designer must oc-
casionally use a tube type for which no set
of absolute ratings is available and must
therefore be able to work easily with any
of the three systems.

The Design-Center System

The design-center system was de-
veloped to control the use of tubes in
relatively simple circuits. Because of
the complex and critical nature of
many present-day circuits, this system
is no longer adequate and is not used
in military specifications. The design-
center maximum ratings allow for a
10-percent increase over rated values
to accommodate limited variations in
operating conditions. This increase is
not always sufficient for modern equip-
ments operated under stringent condi-
tions. An additional inadequacy in the
design-center rating system is that no
allowance is made for variations in
tube characteristics. Tube abuse may
result inadvertently if the calculated
operating conditions are near a rating
value. For proper use of the design-
center system, design ratings must be
specified sufficiently below the design-
center maximum values to allow for
variations in tube characteristics.

The Absolute-Maximum System

In the absolute-maximum system,
the rated values of a tube must not be
exceeded under any specified condition
of supply-voltage variation, change in
ambient temperature, manufacturing
variation in tube or other component,
equipment control adjustment, or any
combination of these specified condi-
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RATINGS CHARACTERISTICS DETRIMENTAL PROPERTIES
FREQUENTLY CONTROLLED IN SPECIFICATIONS
Heater Voltage Transconductance Control Grid Current at Rated E¢
Ancode Voltage (d-c) Plate Current Heater-Cathode Leakage
Screen Grid Voltage (d-c) Screen Grid Current Microphonics
Heater-Cathode Voltage Heater Current Noise
Anode Dissipation Inter-Electrode Capacitance Shorts and Continuity
Screen Grid Dissipation Amplification Factor Vibration Output
Output Current (Rectifiers) Power Output
Output Voltage (Rectifiers) Emission
Peak Current (Rectifiers) Conversion Conductance
Peak Inverse Voltage (Rectifiers)
High Impact Shock

OCCASIONALLY CONTROLLED IN SPECIFICATIONS

Anode Voltage—Peak Forward
Anode Voltage—Peak Inverse
Control Grid Voltage

Control Grid Resistance
Average Cathode Current
Bulb Temperature

Dynamic Plate Resistance
Bias For Plate Current Cutoff

Electrode Insulation

Grid Current at Elevated Eg
Change of Characteristics with Life
Change of Characteristics with E¢

RARELY CONTROLLED IN SPECIFICATIONS

Pressure—Temperature Derating
Peak-Pulse-Cathode Current

Zero'Bias Plate Current
Zero Bias Screen Current

Plate Current at Multiple Bias Points
Screen Current at Multiple Bias Points

Initial-Velocity Electron Current
(Contact Potential)

Electron Coupling Effects

Plate Emission

Screen Emission

Table 1. Degree of Specifications Control of Specific Tube Ratings. Characteristics, and Detrimental Properties.
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tions. The equipment designer is re-
sponsible for determining design
values such that the absolute maximum
value of any rating will not be exceeded
under any combination of anticipated
variations in the operating conditions.
This rating philosophy requires that
the designer take into account the
normal variation in tube characteris-
tics and allow for the severest possible
condition of signal voltage.

The Design-Maximum System

Under the design-maximum system,
the ratings are based upon the be-
havior of the average tube. In setting
these ratings, the tube manufacturer
takes the responsibility for manufac-
turing variation by life-testing at or
near the rating value. It is the respon-
sibility of the designer using this
system to see that the rating is not ex-
ceeded under any possible combination
of voltage-supply variation, control
misadjustment, or signal-voltage level.

Although ratings are specified by single-
valued limits, these limits are not absolute
barriers on one side of which satisfactory
operation will continue indefinitely and on
the other side of which almost immediate
degradation of performance will occur. The
equipment designer must realize that the
expected period of satisfactory performance
decreases gradually as the rating is ap-
proached and exceeded, and that the life
expectancy of the tube is greater if the
tube is used conservatively with respect to
its ratings. The numerical value specified
is usually the value which assures accept-
able performance under specified life-test
conditions and is not necessarily closely re-
lated to field usage. Table 2 summarizes the
types (and causes) of tube failure which
may result from use of tubes at values ap-
proaching common tube ratings.

1.2 Characteristics Essential to Circuit
Operation.
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Essential characteristics of an electron
tube are those properties that support the
performance of the tube in the application
in which it is employed.

In many cases, the tube properties which
are essential to specific circuit performance
characteristics are known. For example, the
gain of a pentode amplifier circuit is closely
related to transconductance (Sn); the gain
of a triode amplifier circuit, on the other
hand, is related both to transconductance
and to the tube amplification factor (u).
In some applications, inter-electrode capaci-
tances can be regarded as essential charac-
teristics, whereas in other applications (for
example, low-frequency circuits) these
properties are of no consequence.

The optimum situation obtains when the
essential characteristics are known, when
their variability is adequately defined by the
applicable specification, and when a high
degree of correlation exists between the
variability of the essential characteristics
and the variability of performance charac-
teristics of the circuit.

Certain methods used for specification
control of variability in essential character-
istics are discussed at the end of Part I.
Techniques for determining the correlation
between essential tube characteristics and
circuit performance characteristics are dis-
cussed in Part II.

1.3 Properties Detrimental to Circuit Op-
eration.

Detriments are inherent tube properties
whose deleterious effect on circuit operation
must be taken into consideration in circuit
design. These properties have no specified
range of values, but are restricted by a
single specification limit upon their magni-
tude or frequency of occurence. Certain
detriments manifest themselves upon initial
installation of the tube; others become evi-
dent only through equipment malfunction
with the passage of time.
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Accelerated Evolution of Gas
(Positive Shifts in Bias and X X X X X X
Progressive Loss of Emission)
Thermal Expansion of Tube Parts
(Shorts and Temporary Change of X X X
Characteristics)
Increased
s Accelerated Formation X
Operatmg of Leakage Paths
Temperature
of Tube Cracks in the Glass Envelope X X X X
Elements
Changed “Contact Potential” X
Shortened Heater Life X
Increased Voltage Breakdown of Insulation X X X X X
Potential
3 Increased Rate of
Gradient Heater-Cathode Shorts X X
Increased Effects of Control Grid X X X X X
Emission (Shifts Bias More Positive)
Increased Effects of Anode Emission
Increased (Arc-Back in Rectifiers or X X X X X X X X
Temperatu re Positive Bias Shift in Amplifiers)
of Elements
Increased Heater-Cathode Leakage X X
and/or
Potential Accelerated Formation of X X X
Gradient Cathode-Interface Resistance
Accelerated Electrolysis Effects
(Glass Leakage Current and X X X X X X X X
Possible Loss of Vacuum)
Accelerated Change in Characteristics With Time X X X X X X X X
Increased Initial Variation in Characteristics from Tube to Tube X X X X X
Inadvertently Exceeding Other Ratings X X X X X X X X X X X X

Table 2. Specific Tube Defects Resulting from Operation Under Conditions Closely Approaching Common Tube Ratings.




To obtain maximum utilization of the Es-
sential Characteristics, it is necessary that
detriments be recognized as potential con-
tributors to equipment failure. In general,
if the equipment designer has properly as-
sessed the nature or mode of equipment
malfunction resulting from detrimental
properties, he has three means of prevent-
ing such malfunction:

(1) By selecting a tube type for which
the specification quantitatively
defines the undesired property.

(2) By avoiding operation of the tube
under conditions which will ag-
gravate the effect of the detri-
ment or accelerate its develop-
ment.

(8) By designing the circuit so that the
presence of the undesired prop-
erty is tolerated both initially
and after extended operation.

The following material describes briefly
the source and nature of some generally un-
desired but often unrecognized properties
of present-day electron tubes, the variables
involved and their effects upon circuit op-
eration, various methods of reducing the
effects of the undesired properties, and cer-
tain applicable methods of testing for and
simulating the presence of these properties.

1.3.1 Initial-Velocity Grid Current

Figure 1 shows a typical relationship be-
tween control-grid current and potential re-
sulting from the initial velocity of electrons
emitted from the cathode. Tube manufac-
turers often refer to the value of grid
potential producing a current of 0.1 micro-
ampere as the “contact potential”* of the
tube.

The diagonal lines showing grid current
versus grid voltage may be considered plots
of the number of electrons emitted per unit

* “Contact potential’”’ must be clearly distinguished

from “contact difference of potential” of dissimilar
materials.
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time (grid current) with sufficient kinetic
energy to move to the grid against a given
retarding electrical field. (The retarding
field must be considered as the actual po-
tential between the surface of the cathode
and the surface of the control grid. This po-
tential includes any separately introduced
sources of bias voltage as well as the “con-
tact difference-of-potential” of dissimilar
materials in the grid-cathode circuit loop.)
The resulting current is consequently a
function of grid-cathode potential and
cathode temperature, as well ag of cathode
composition and area.

Cathode area is reasonably constant in
tubes of the same type. Cathode temper-
ature is usually dependent upon the operating
voltage of the heater. Hence, variations of
initial-velocity electron current in a given
tube type will occur primarily with
changes in heater voltage. However, such
variations will also occur from tube and,
in particular, from manufacturer to manu-
facturer.

The circuit designer must consider the
fact that initial-velocity grid current in the
grid-potential range between 0 and approxi-
mately —1.3 volts is manifested in two phe-
nomena which have different effects in dif-
ferent applications. On the one hand, initial-
velocity grid current represents a finite dy-
namic grid impedance with magnitude de-
pendent upon grid potential. The effect of
this impedence may appear as loading in
tuned input circuits or as extreme distortion
at low frequencies in audio amplifiers. On
the other hand, initial-velocity grid current
represents a direct-current source having
high internal resistance, with the negative
pole on the grid and the positive pole on the
cathode. Where the major portion of grid-
return resistance is common to several
grids, this direct-current source may cause
variations of AVC bias, since the tube hav-
ing the highest value of initial-velocity grid
current will determine the residual bias
under no-signal conditions and thereby the
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RETARDING FIELD POTENTIAL (Ecl}, IN VOLTS

10
=1
— 0.1
1 | | | | | r
2.6 2.4 20 1.6 1.2 0.8 0.4 0

INITIAL ELECTRON VELOCITY GRID CURRENT (lc1), IN MICROAMPERES

Figure 1. Typical Initial Electron Velocity Grid Current of a Receiving Pentode as a Function of Heater Voltage and Grid

Potential. Screen and Plate tied to Cathode.



maximum sensitivity of the equipments in-
volved.

Dyamec impedance and d-c biasing can be
reduced by the use of the minimum value of
grid-return resistance compatible with cir-
cuit function, and by the establishment of
cathode or fixed bias sufficient to remove
the grid operating potentials from the re-
gion where initial-velocity current causes
trouble. Usually a bias of 1.3 volts will suf-
flce. Although excessive heater voltage
greatly increases the magnitude of the cur-
rent, reduction of the current by reducing
heater voltage far below rated values is not
recommended because of adverse effects
upon other tube haracteristics. The vari-
ation of heater voltage as a laboratory test
to simulate variations in “contact potential”
is a useful technique, provided the accom-
panying changes in other tube characteris-
tics are also considered. “Contact potential”
is not now controlled by tube specification.

1.3.2 ITonie Grid Current

MIL-HDBK-211
31 December 1958

The ions resulting from the collision of
electrons and gas molecules can, in some
measure, be regarded as normal by-products
of cathode current. Positive ions will usual-
ly be attracted to the control grid (the
most negative region of the tube), where a
fraction of them will be intercepted and will
constitute an ionic grid current. Ionic grid
currents in excess of 3.0 microamperes are
sometimes found in receiving-type tubes.
The ionic current flows in opposition to the
initial-velocity electron current, making the
grid more positive if grid-return resistance
is utilized. A typical variation of ionic grid
current with grid potential is shown in
Figure 2. This current is dependent upon
erid potential, gas pressure within the tube,
current density of the electron stream, and
the ability of the grid to intercept ions at-
tracted by its field. The circuit designer must
give particular attention to the relationship
of grid potential and gas pressure and the
geometry of the tube type with which he is
dealing.

PLATE CURRENT CUTOFF

TVILNZLOd QO T0YINOD

IONIC CONTROL GRID CURRENT (GAS)

o

Figure 2. Typical Variation of lonic Grid Current with Grid Potential.

Ionic grid current has two undesirable ef-
fects on circuit function — a finite, negative,
dynamic impedance at the grid; and a direct-
current source of variable internal resist-

ance, with the positive pole on the grid and
the negative pole on the cathode. The sec-
ond effect is more important than the first
in some applications, for the direct-current
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source may result in an excessive increase
in plate current if too much grid resistance
is used. The situation can cascade and result
in a complete loss of control of plate current
by the grid, since I, = f (I,).

Both the effects of dynamic impedance
and the effects of a positive shift of grid
potential can be reduced by avoidance of high
operating temperatures and by use of a
minimum value of grid-return resistance.
It should be borne in mind that gas pressure
may increase considerably beyond the initial
limit during operation as a result of exces-
sive temperature, cathode current, vibration,
or simply the lack of vacuum in the en-
velope. An unhealthy trend toward helium-
gas cooling of tubes in hermetically sealed
enclosures has brought about an unusual
‘“goas” problem, in that helium diffuses read-
ily through the thin glass walls of electron
tubes.

1.3.3 Spurious Emission Currents

Most tube electrodes are capable of emit-
ting some current during operation. The
magnitudes of such currents depend, in cer-
tain cases, upon electrode temperatures and
upon the extent to which the electrode has
become contaminated.

In most applications, the major concern is
with currents originating at the control grid
as primary or secondary emission to some
more positive element. A positive shift in
bias occurs, dependent upon the value of the
grid-return resistance. This shift in bias,
like ionic grid current, is capable of cascad-
ing into a condition resulting in loss of plate-
current control — provided that excessive
grid-return resistance is present.

In applications in which the control grid
is not maintained as the most negative tube
element, the grid may act as an anode and
receive emission currents from other ele-
ments, with the result that bias shifts in a
negative direction. Such an effect frequently
occurs in circuits in which the plate or the
screen is supplied with alternating current.

The effect is usually characterized by a
gradual negative drift which requires sev-
eral minutes after warm-up to reach a quasi-
stable state. Any of the spurious emission
currents may display short-term variations
during warm-up and may increase through-
out the life of the tube. They exhibit wide
variations in magnitude, depending upon
the tube and the conditions under which it
is operated. For example, control-grid cur-
rent of more than 10 microamperes may be
experienced in some tubes.

Reduced operating temperatures, low val-
ues of grid resistance, and, in particular,
the avoidance of increased grid temperature
resulting from excessive heater voltage will
aid in reducing spurious emission currents.
Some tube specifications call for grid-cur-
rent tests at elevated heater voltage to in-
sure that the tendency for the primary con-
trol grid to develop emission is kept to a
minimum. Specification control of screen-
grid and plate emission is comparatively
rare.

1.3.4 Control-Grid Current

Under conditions of direct-current or low-
frequency operation, undesired currents may
flow in the control-grid circuit from at least
four different sources within the tube:

(1) electrons of high initial velocity,
(2) ions formed by collision,

(3) inter-element conductive paths
(surface leakage), and

(4) undesired electron emission (from
elements other than the cathode).

A comparison of these four sources is
given in Figure 3, which is intended to show
the trend in the current-voltage character-
istics of the control grid, rather than the
ability of this grid to control plate current.
The net grid current may obviously differ
widely in different tubes, depending upon
the magnitude of each individual current.
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THIS CURRENT CAUSES THE CONTROL GRID
YOLTAGE TO BECOME MORE NEGATIVE

—

TYPICAL INITIAL VELOCITY
== === ELECTRON CURRENT

=+ = TYPICAL IONIC CURRENT
== === TYPICAL CONTROL GRID EMISSION

!
COMPARISON OF CONTROL GRID CURRENT SOURCES "
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THESE CURRENTS CAUSE THE CONTROL GRID
YOLTAGE TO BECOME MORE POSITIVE
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Figure 3. Comparison of Control Grid Current Sources.

The figure indicates that the control grid
(a) is capable of producing finite dynamic
impedance in the region of negative bias;
and (b) is capable of shifting the externally
applied bias by means of internal conduc-
tion paths and emission sources.

There are two methods of forestalling
trouble caused by these sources of grid cur-
rent. One method is to operate the heater
at the correct voltage; the other method is
to use the smallest value of grid-return re-
sistance compatible with circuit function.

1.3.5 Interelectrode Resistive Leakage
Currents

Electrical insulation between elements in
electron tubes is usually provided by mica,
glass, or ceramic members. During tube
manufacture or operation, these insulating
materials may receive a light surface coat-
ing of conductive material which forms re-

sistive leakage paths between elements.

The formation of leakage paths during
operation is usually a function of cathode
and getter temperatures. Metals which have
sublimed from the cathode sleeve condense
on relatively cool surfaces such as those of
mica spacers. The resistance of leakage
paths so formed usually decreases with an
increase in applied voltage. In addition, the
resistance value is variable, for the leakage
path may open and close intermittently be-
cause of loose electrical connection with the
electrode.

The resistance of certain types of deposited
films is frequency-sensitive. Although the
d-c leakage-resistance values appear to be
very high, the resistance component at
elevated measuring and operating frequen-
cies may cause severe and variable circuit
loading. The variation of leakage resistance
with frequency of measuring signal is shown
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in Figure 4. The tubes on which the meas-
urements were made had been operated

for several hundred hours in military air-
borne equipment.
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Figure 4. Leakage Resistance Between Grid and All Other Electrodes as a

Although the resistance of a normal tube
is usually more than 5000 megohms between
plate or grid and all other electrodes when
measured at 300 volts, internal leakage may
reduce this resistance to less than 5 meg-
ohms. Under conditions of high humidity,
external leakage paths having a resistance

10

Function of the Freq y of the Measuring Signal.

of less than 10 megohms may also appear
between pins outside the tube envelope.

Since high heater voltage and excessive
bulb temperature accelerate the formation
of internal leakage, the design engineer can
reduce leakage by controlling thermal and



electrical operating conditions, and by using
tube types for which specifications control
insulation resistance during life-testing.

1.3.6 Cross-Currents

In the manufacture of multi-structure
tubes, the anodes are often perforated at
one or more points, (for manufacturing pur-
poses) and the apertures remain open after
the tube is assembled. Through such open-
ings, cross-currents can flow — for example,
from the cathode of one structure to the
anode or the side rods of the other — form-
ing a coupling path between supposedly in-
dependent circuits. Such currents bring
about a condition wherein it becomes im-
possible to cut off one or more sections
completely, regardless of grid voltage or
they can act as sources of unwanted signal
energy (cross-talk). If the equipment de-
signer uses multi-structure tubes in circuits
critical to cross-currents, he should assure
himself that the specification adequately de-
fines cut-off both in terms of limit value and
in terms of method of test. His only alterna-
tive, if specifications do not contain such
information, is to design the circuit to tole-
rate cross-currents.

1.3.7 Heater-Cathode Leakage

In most tubes in which the cathode is
heated indirectly, the heater is coated with
or is enclosed within a ceramic-type material
to insulate it electrically from the cathode.
During operation, the insulating value of
the ceramic may drop, thereby permitting
current to flow between heater and cathode.
The precise mechanism of heater-cathode
leakage is very complex; it is sufficient to
note that the current usually increases with
an increase in temperature. The relation-
ship between current and voltage is usually
non-linear, as shown in Figure 5. This fig-
ure illustrates a situation in which leakage
current is greater under conditions of posi-
tive heater-cathode voltage. The reverse
situation, in which leakage current is great-
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er under conditions of negative heater-
cathode voltage, also may occur.

+100 YOLTS

HEATER-CATHODE CURRENT
USUAL SPECIFICATION [TEST POINT

HEATER-CATHODE VOLTAGE

S

USUAL SPECIFICATION TEST POINT 100 VOLTS

5. Typical Heater-Cathode Voltage and Current Relationship,
Indicating the Location of the Usual Specification Test Points.

When alternating voltages are applied be-
tween heater and cathode, peak currents
greater than those measured for correspond-
ing values of d-c voltage may flow. This
phenomenon may result in leakage currents
of high harmonic content when sine-wave
voltages exist between heater and cathode.
The implication is that d-c testing does not
furnish complete assurance that equipments
operated under a-c conditions will stay with-
in specified limits. Therefore, published lim-
its of heater-cathode leakage should be
avoided with a large margin of safety. An
additional factor to be taken into conside-
ration is that the magnitude of leakage in
any one tube may vary somewhat from read-
ing to reading.

The most common circuit difficulty re-
sulting from heater-cathode leakage is the
introduction of an extraneous signal from
the heater to the input circuit of the tube.
Signal voltage is formed at the cathode by
the passage of leakage current through the
cathode resistor. A voltage may also be
coupled from the heater to the input circuit
through the physical capacitance between
heater and cathode. The latter phenomenon
becomes important if operation or testing
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occurs at more than one frequency of the
a-c heater supply. The reactance of the
capacity-coupling at 400 cycles will be less
than 1/6 of the reactance at 60 cycles, and
the coupled voltage will be correspondingly
higher at the higher frequency.

Heater-cathode leakage current is usually
measured, for testing purposes, at both plus
and minus 100 volts on the heater with
respect to the cathode, the higher current
reading being recorded. As of June, 1957,
initial ‘specification limits for leakage cur-
rent range from 2 to 100 microamperes.
Typical life-test end-point values range from
10 to 120 microamperes.

The effects of heater-cathode leakage can
be reduced by avoiding excessive heater
voltage and by using the smallest value of
cathode resistance compatible with circuit
function. A typical illustration of the effect
of excessive heater-cathode voltage on tube
life is given in Figure 6. The curves are
based on the number of tubes failing to
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6. Typical Heater-Cathode Defectives on Static Life Test,
Hlustrating  Effect of Excessive Heater-Cathode Voltage.
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meet specifications because of excessive
heater-cathode leakage or indicated shorts
between heater and cathode.

1.3.8 Thermionic Instability

Information concerning thermionic insta-
bility of tubes consists primarily of observed
phenomena rather than of established the-
ory. It has been observed that, in general,
(a) the apparent emission capabilities of
cathodes decline with life; (b) the range
of emission capabilities of tubes in a given
lot may increase with life; and (c) the
variation of emission capabilities with heat-
er voltage increases with life. These three
emission phenomena are illustrated in terms
of the variation of plate current with oper-
ating time in Figure 7.

In addition to the long-term changes in
emigsion described above, there are certain
short-term readjustments in the character-
istics of an operating cathode which occur
if the average -cathode-current Ilevel 1s
changed from an established operating
value. A short-term readjustment may begin
as a result of an abrupt change in the op-
erating conditions of the circuit or even
upon installation of a new tube. Some spec-
ifications incorporate requirements concern-
ing the stability of characteristics of indi-
vidual tubes during the first hour of life
test. To have significance, the results of
stability tests on a sample of tubes must be
given in terms of values for individual tubes;
results given in terms of the sample aver-
age do not indicate the extent to which indi-
vidual tubes are unstable.

The operating value of heater voltage is
important to thermionic stability through-
out the functional life of the tube. As ex-
plained in previous sections, excessive heater
voltage may produce detrimental effects
such as interelectrode leakage or spurious
emission currents. Operating heater volt-
ages which are much less than the rated
minimum value can produce equally -detri-
mental ecects on the cathode itself. It has
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also been observed that operation at very
low heater voltages is related to a decline
of certain characteristics with life and, un-
der conditions of moderate current density,
accentuates the initial differences in char-
acteristics from tube to tube. Both the sta-
bility and the uniformity of electron tube
characteristics can be increased by maintain-
ing the operational heater voltage close to
the design-center value.

Both short-term and long-term variations
occur in such electrical characteristics as
plate current, screen current, transconduct-
ane, and power output. In most instances,
there is excellent correlation among varia-
tions of these characteristics. For example,
a given percentage of change in the static
plate current of a tube is likely to be ac-
companied by a similar percentage of change
in transconductance. This relationship be-
comes a useful concept in circuit design in
that stabilization of plate current, in most
instances, is accompanied by stabilization of
transconductance and power output.

A familiar method of stabilizing plate cur-
rent is to employ cathode bias. The effects
of cathode bias are outlined in the portion
of the handbook covering design calculations.
Figure 19 shows the effects of limiting
cathode current with cathode bias resistance.
The stabilization of screen current in pen-
todes is also a useful method of achieving
characteristics stability.

The designer may not always be able to
stabilize tube characteristics by means of
circuit design alone. However, he can di-
minish the instability problem by using tube
types for which specifications govern the
change in characteristics during life-testing.

1.3.9 Electron Coupling Effects

If an electrode is so arranged in position
and potential that it intercepts electrons
from the electron stream, and if the elec-
tron stream is modulated, a voltage may be
produced at the electrode in phase with the
modulation, provided that the electrode load
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is resistive. If the electrode is so arranged
by either position or potential that it does
not actually intercept electrons from the
electron stream, a voltage may nevertheless
result from capacitive coupling between the
electrode and the modulated electron stream.
In this case, the voltage will not be in phase
with the modulation when the electrode load
is resistive. The out-of-phase voltage may
give rise to undesired effects, particularly if
the electrode happens to be a control ele-
ment.

In the case of pentagrid converters, some
observations indicate a variation in conver-
sion gain from the signal grid. This varia-
tion is believed to result from capacitive
coupling to a space charge in the region
between the second and third grids. The
density of such a space charge (and hence
its charge with respect to the signal grid)
varies at the oscillator frequency. These
charge variations induce an oscillator-fre-
quency current-component in the signal-grid
circuit approximately in quadrature with
the voltage of the oscillator grid. Since the
signal-grid circuit reactance is usually capa-
citive at the oscillator frequency, the induced
voltage component at the signal grid may be
out of phase with the oscillator and may
tend to diminish the effect of the oscillator
in the region of the signal grid, thereby
reducing the conversion gain. Conversion
gain can be expected to drop as the fre-
quency of operation is increased. However,
a similar effect is often produced at fre-
quencies relatively low with respect to elec-
tron transit time.

The effect of electrode coupling to a space
charge is largely dependent upon external
circuitry. Extreme variations may be ex-
pected within the limits set by the tube spec-
ification. Consequently, caution should be
exercised in the use of capacitive neutraliza-
tion between the oscillator and the signal
grids. Certain individual tubes will require
no neutralization; others, of the same type,
may require appreciable capacity to com-



pensate for or neutralize all the variables
encountered at any one operating point.
Moreover, the circuit must maintain neutral-
ization over the range of operating points
encountered in functional use.

In the case of high-frequency amplifiers
and mixers, the space-charge coupling effect
is complicated by tube reactances, by elec-
tron transit time, and by phase shifts. The
overall effect changes the input conductance
of the tube as either the bias or the input
frequency is changed. This relationship is
such that, if frequency is maintained below
the point of tube resonance, the conductance
and capacitance usually increase as frequency
or cathode current is increased. The change
in input conductance is illustrated in Figures
8 and 9. Input-conductance data should be
used to determine the relative merits of two
tube types, rather than the magnitude of
input-conductance in any specific type.
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Figure 8. Typical Change of Input Conductance With Frequency
(Short-Circuited Output).

The magnitude and frequency-variability
of input conductance are largely functions
of tube geometry and lead configuration and

15

MIL-HDBK-211
31 December 1958

RELATIVE INPUT CAPACITANCE
S
T
\

! | gL 1 L
0 2000 4000 6000

TRANSCONDUCTANCE IN MICROMHOS

Figure 9. Typical Variation of Input Capacitance ond Input
Conductance

RELATIVE INPUT CONDUCTANCE

With Transconductance at
(Output Short-Circuited).

100 Megacycles

therefore may vary widely within the limits
set by the tube specification. Furthermore,
since the effect of conductance upon opera-
tion is definitely affected by small changes
in the circuit constants, extreme caution
must be exercised in providing means for
compensating or neutralizing the effect —
for example, the neutralization of plate in-
ductance. Not only must the circuit provide
for the compensation or neutralization of
all variables encountered at any one oper-
ating point; it must also maintain neutral-
ization of these variables over the entire
range of operating points encountered in
the application.

1.3.10 Cathode Interface Resistance

“Interface resistance” is the name given
to a common cathode condition which seems
to affect tube behavior in much the same
way as would the inclusion of a parallel
resistance-capacitance combination in series
with the cathode. For purposes of circuit
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design, the effect of interface resistance is
analogous to the effect of a partially by-
passed cathode resistor external to the tube.

Under ordinary circumstances, interface
resistance develops with operating time.
However, interface formation is often
greatly accelerated by operation of the tube
under conditions of little or no cathode cur-
rent. Even greater acceleration appears to
be caused by operation of the tube at high
heater voltage, as illustrated in Figure 10.
. Accelerated interface formation has also
! been noted in low-duty-cycle applications.

RESISTANCE

&
CONNANNNNN

MEASURED AT

£ ST
}é«_&&
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Figure 10. Typical Formation of “Interface Resistance” Under-
Cut-Off Condition of Cathode Current.

As indicated above, the measured value
of interface resistance is a function of cath-
ode temperature, and hence of the value of
a applied heater voltage at time of measure-
ment. The value of a interface resistance is
usually greater if the value of applied heater
voltage at measurement is reduced. Resist-
ances greater than 300 ohms are not un-
common at rated heater voltage, and re-
sistances several times this value may be
experienced at reduced heater voltage. The
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effect of rated and reduced heater voltage
on interface resistance at time of measure-
ment is shown in Figure 10. The equivalent
value of the shunting capacity is usually in
the range from .001 to .01 microfarads.

The effect of interface resistance upon an
operating circuit is best determined in each
case by considering the resistance and its
shunting capacity as a partially by-passed
cathode resistor which limits low-frequency
peak currents and distorts pulses and video
signals.

The design engineer should attempt to
avoid an operating condition in which high-
heater-voltage operation is followed by low-
heater-voltage operation. The first condition
may accelerate the formation of interface
resistance, and the second condition may ac-
centuate the effect of the phenomenon.
Caution must also be exercised in the choice
of tube type, for unless the tube specifica-
tion adequately defines interface resistance,
trouble may develop in the equipment after
a period of tube operation. At present, cath-
ode interface resistance is seldom directly
defined by specifications. Life-test limits on
the change in transconductance in individual
tubes with time or with heater voltage are
usually relied upon to indicate the presence
of the defect.

1.3.11 Microphonic Output

In general, the causes of microphonism in
tubes are the loose fit and improper anchor-
ing of tube parts. These conditions give rise
to considerable motion within the tube, and
hence to variation in the frequency and
amplitude of noise or microphonic output
tube to tube.

Two distinct problems arise in checking
a circuit versus a tube type for microphon-
ism. The assurance of satisfactory perform-
ance lies in the specification limits for the
tube type under study. However, these lim-
its are concerned with the amount of plate
signal permitted under conditions of me-
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chanical excitation in a particular test cir-
cuit. A preferred technique for testing for
microphonism consists of estimating the
gain of the test circuit and carrying the
plate-signal limit back to the grid circuit
as an equivalent grid signal. This value of
grid signal may then be extended forward to
the intended application by substituting the
gain of the actual circuit for that of the test
circuit.

Experimental checking for microphonism
usually yields overly optimistic results if
the phenomenon is evaluated in terms of
the average microphonism in a small sample
of tubes. There is a preponderant chance
that the average value of a small sample of
tubes would indicate little or no microphon-
ism in the tubes tested, while the population
would exhibit the difficulty to an unsatis-
factory degree. If possible, checking should
be done with a number of tubes which ap-
proach the single maximum value for micro-
phonism.

The mechanical stimulus imparted to the
tube elements may be reduced by acoustical
or mechanical isolation or, in particular, by
damping of chassis resonances.

1.4 Variability in Tube Properties

In general, the variability among items in
a group takes the form of a definite prob-
ability distribution which may be discerned
and plotted (in a histogram) when the items
are measured and sorted. The items may be
sorted either into two groups — items hav-
ing values above and below a certain value —
or into a number of groups. As the number
of measurements and groups increases, the
observed histogram becomes smoother and
more clearly defined. The pattern eventually
approaches that of a theoretical continuous
probability distribution. In many instances,
the probability distribution may approxi-
mate a “normal” curve, although occasional-
ly, and for ascertainable reasons, a non-
normal curve is approximated. Whatever
the shape of the distribution, the pattern
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of variation is always well defined in a proc-
ess in which the conditions are approximate-
ly constant.

Figure 11 illustrates the histograms which
result from the sorting of 418 type JAN-
5814A tubes by transconductance values,
first into 2 groups, then into 10 groups, and
finally into 45 groups. The curve in the
lower right corner of the figure indicates
the probability distribution which mathe-
matically describes the variation in trans-
conductance values.

Some of the forms which probability dis-
tributions may take are shown in Figure 12.
The first three distributions — a normal
distribution, a logarithmico-normal distribu-
tion, and a uniform distribution — may be
taken by properties which are continuously
variable. The fourth distribution — a bi-
nomial — is the distribution for a discrete
variable. )

Transconductance in electron tubes is
a continuously variable tube property, in
that it can assume any value within a wide
range of values. However, as illustrated in
Figure 11A, transconductance can also be
treated as a discrete variable (attribute)
by sorting tubes on a “black and white”
basis — that is, tubes whose transconduct-
ance values fall within a prescribed range
are considered good; tubes whose transcon-
ductance values do not fall within this range
are considered defective.

Other properties of electron tubes are in-
trinsically “attributes” in nature, since they
are not continuously variable over a wide
range of values. Such properties either do
or do not exist within a given item. For
example, either there is heater continuity
in a tube or there is not. Attribute proper-
ties are measured in terms of the probability
of their occurrence in a population of items.
Hence, if 3 tubes in 1000 have broken pins,
the population of tubes is 0.3 percent de-
fective with regard to broken pins. The prob-
ability of occurrence of this attribute in the
population is therefore .003. The probability
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distribution for an attribute is restricted to
the type shown in Figure 12D.

1.4.1 Populations and Parameters

A population may be defined mathematical-
ly by the density for its probability distribu-
tion. For example, the density for a normal
distribution is

—(X — M)2/20%

£1(X) = E

oVenr
where X is a random variable representing
the measurement of the property being de-
scribed, and M and ¢ are parameters, or
fixed constants of the population. For a
normal distribution, M, the mean or ex-
pected value of the random variable X, in-

dicates the location of the center of the
population; o, the standard deviation, is a
measure of dispersion around the mean of
the population.

Different populations having the same
type of distribution may have different para-
meter values. For example, two normally
distributed populations, each with a stand-
ard deviation of 10, may have such widely
different mean values as 1000 and 6000.
Conversely, two normally distributed popu-
lations having the same mean value may
have different standard deviations. Figure
12 gives the parameter values for each of
four types of distributions. Figure 13 pre-
sents normal distributions for three dif-
ferent populations, each population having
different parameter values.

£(x)

K]
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Figure 13. Normal Distribution for Three Populations With Different Parameter Values.
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A population consisting of individuals (in
this case, tube-property values) which are
identical in all respects is completely de-
scribed by the values for one individual and
a value indicating the number of individuals
in the population. However, those popula-
tions which are of interest in the study of
electronic design display variations among
individuals, and must be described in terms
of the type of distribution and the specific
values for the parameters of that distribu-
tion. When the parameter values are known,
the percentage of the population having val-
ues outside specified (or any other) limits
can easily be determined.*

When the tube property under considera-
tion is of an attributes nature, a statement
of the proportion of defective items in the
population completely describes the distribu-
tion. The small letter “p”, which is generally
used to designate this proportion, may take
any value between zero and one. For exam-
ple, if 1 tube in a lot of 1000 tubes has a
broken pin, then p = 0.01. This value is the
estimated proportion of the lot which is de-
fective with regard to broken pins. The sym-
bol p can be used with continuous-variable
populations to describe the proportion of de-
fective tubes in the population. However,
when used in this manner, p is not usually
considered to be a parameter of the popu-
lation.

1.4.2 Inspection Lots and Population
Stability

In acceptance inspection of electron tubes,
the population of interest may be either the
entire lot submitted for acceptance or a
portion of the lot associated with some char-
acteristic of the product. When a lot is de-
fined in terms of units of production — for
example, 1000 tubes or a week’s production
— it is usually designated as a “production
lot”. The production lot does not necessarily
provide a satisfactory appraisal of the pat-

* Fisher, R.A., Statistical Methods for Research
Workers, Oliver and Boyd, Ltd., London, 1948.
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tern of variation in the production process.
Two production lots made by the same proc-
ess may exhibit different patterns of varia-
tion, either because there is no stable pattern
in the production process, or because several
patterns are evident. The concepts of pro-
duction control and homogeneity (sameness)
of a lot are closely associated with the stab-
ility of the pattern of variation* in the pro-
duction process.

For purpose of acceptance testing, the
population of interest is the “inspection
lot”, a concept defined in various ways by
different organizations. Military Standard
MIL-STD-105A states: “Each (inspection)
lot shall, as far as practical, consists of units
of product of a single type, grade, class, size
or composition, manufactured under essen-
tially the same conditions.”*

In electron tube acceptance testing, the
variation in one characteristic of a tube
type over a long period of production is
plotted in terms of a ‘“product distribution
curve”’, which describes the population as-
sociated with the characteristic. This curve
is the sum of many “lot distribution curves”,
which describe the variations in individual
inspection lots. A typical relationship be-
tween lot distribution curves and a product
distribution curve for a normally distributed
characteristic under reasonable inspection
control is shown in Figure 14. Although tube
specifications and published technical data
are based on the product distribution curve,
tubes are usually procured and used on a
lot-by-lot basis. There may be a considerable
difference between the distribution for a lot
and the distribution for the product, depend-
ing upon the nature of the procurement spec-
ifications.

* Simon, Leslie E., “The Industrial Lot and Its
Sampling Implication,” Journal of the Franklin In-
stitute, Philadelphia, Pa., May 1944, Vol. 237.

* Military Standard; Sampling Procedures and
Tables for Inspection by Attributes (MIL-STD-
105).
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Figure 14. Example of “Normal” Distribution of a Given Tube
characteristic “Product Distribution Curve and
“Lot Distribution” Curve.

The methods shown in Figure 14 and
Table 3 for controlling the variation in tube

characteristics from lot to lot represent vari-
ous systems developed by tube manufactur-
ers for reducing differences between lot and
product distributions. It is apparent that
some methods are more successful in this
respect than others. For example, the “Min-
Max” system of limits in no way defines the
distribution of the characteristics, but only
defines the range within which the character-
istic must lie. The “Min-LRLM-URLM-
Max” system is better, in that it restricts
the median of each sample to a defined
range. However, widely dispersed or multi-
modal (many peaked) distributions are not
excluded by the system, even though the
medians of the distributions are controlled
by the “LRLM-URLM” range. The use of
“acceptable lot dispersion” (the parameter
o weighted for the sample size used in the
test) to form the “Min-LAL-UAL-Max,
ALD"” system makes possible a definition of
range, sample average, and dispersion of
individual samples. An alternate system is
the “LRLM-URLM,” in which less than 50
percent of the measurements of the sample
fall beyond either limit.

Limits of Specification

Controls on “Lot” Basis

Min — Max

Min — LRLM — URLM — Max

Min — LAL — UAL — Max, ALD

Minimum and maximum vaiuves only

Minimum and maximum values and sample median

Minimum and maximum values, sample average (X)
and sample dispersion

LRLM = Lower reject limit for
sample median

URLM = Upper reject limit for
sample median

ALD = Acceptable limit for the
dispersion (weighted o)

LAL = Lower limit for the sample average (i)

UAL = Upper limit for the sample average (X)

Table 3. Specification Limits Used in Controlling Sample Median and Dispersion Values.
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In spite of these systems for controlling
lot distributions, marked differences may
occur between the distributions for the lots
and that for the product. It should also be
noted that two lots from the same popula-
tion do not necessarily have the same dis-
tributional characteristics. Figure 14 is
somewhat misleading in this respect.

So far the discussion of populations has
been concerned with only one property of an
item. However, a lot is often defined as a
population of items having a number of
properties. For example, specification MIL—
E-1/293C for tube type JAN-5T03WA re-
quires tests for more than 50 tube proper-
ties. It is possible for a lot to be formed in
such a way that the distributions for one
group of properties are stable, but the dis-
tributions for another group of properties
are unstable. Ideally, the inspection Ilot
should be so defined that it will constitute a
population in which the distributions of all
properties of interest are stable.

1.4.3 Samples and Sample Estimators of
Population Parameters

One of the most important engineering
applications of statistics is that of sum-
marizing a population of primary data so
that its essential content can be understood.

When a body of statistical data is volumin-
ous and unwieldy, the prospect of examining
each item to determine the uniquely identify-
ing characteristics (parameters) of the
whole population may be uninviting. Fur-
thermore, technical and economic considera-
tions may preclude a complete examination
of all items. However, a sample from the
population can be examined as a means of
estimating the character of the population
as a whole. If the sample is adequately
representative of the whole population, it
will contain as much as possible—ideally
all—of the relevant information contained
in the original data.*

* Fisher, R.A., “Foundations of Theoretical Sta-
tistics,” Philosophical Transactions of the Royal
Society, London, 1922, Vol. 222A, p. 309.
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Sampling may be done on any basis;
however, in statistical terminology, the term
“sampling” is assumed to mean ‘“random
sampling.” A random sample, as commonly
defined, is one in which each item in the
population has an equal probability of being
included, irrespective of the measured value
of the property of the item in question.
The statistical measure of the amount of
error involved in making a statement or a
decision on the basis of sampling is based
entirely on the probability theory of ran-
dom sampling.

The parameters of a population can be
estimated on the basis of a random sample
drawn from that population. For example,
the mean or “first moment” of a sample is
an estimator of the mean of the population.
If several random samples are drawn from
the same population, their means will vary
according to a definite pattern, or theoreti-
cal probability distribution. Means of sam-
ples drawn from a normally distributed
population follow a normal distribution
which has a mean equal to the mean of the
population and a standard deviation equal
to the population standard deviation divided
by the square root of the sample size. As
the sample size increases, the variability of
the sample means about the population mean
becomes smaller. These relationships are il-
lustrated in Figure 15, which shows, for the
same population, the distribution of all the
individual items and the distributions of
the means of samples consisting of 10 items
and 35 items.

Estimation of the parameters of normal
and non-normal distributions has been
studied by statisticians working in various
fields. One technique involves the use of the
“moments” of a set of data. It is relatively
easy to calculate the moments of such data,
but it may be very difficult to determine the
exact values of the population parameters.
However, the moments of a sample may be
used to form estimates of population para-
meters, and for this reason, it is of value to
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Figure 15. lllustration of Variability of Sample Means About a Population Mean With Change in Sample Size.

explain the moment concept.

The moment of order j about X = Z is
given by

1
m(;) =—3 (X, —Z)j,
n
where X; represents the n sample values.
When Z = O and j = 1, the formula for
the arithmetic mean, X, is

. 1
X =—2X1
n

For Z — X, the moment of order 2 about
the mean is g

n

also known as the sample variance. The
moment of order j about the mean is

s? 3 (X —X)?,

24

1

n

m(;) %(X;—X)}

An additional property of moments is
perhaps more interesting. Certain ratios of
the second, third, and fourth moments de-
scribe the shape of the distributions of the
data involved. For example, the “skewness”
or lopsidedness of a distribution is defined
by the parameter \/B;. As a distribution de-
parts from symmetry, the \/B8; value in-
creases or decreases from 0. The formula
for \/B; is

m(s)
m(z) 3/2

where the sign (=) of \/B; is taken by con-
vention to be identical to the algebraic sign

1



of m(;). A measure of the flatness or peak-
edness of a distribution is called “kurtosis.”
This value equals 8 for the normal distribu-
tion, and decreases or increases as the dis-
tribution becomes respectively, more flat or
more peaked. The formula for the measure
of “kurtosis” is

MIL-HDBK-211
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m(,)

" m(y)®

B:

Additional information on shaping and
departure from normality in relation to the
parameters B; and fB: is given in Part IL.
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PART II
TUBE PROPERTIES AND
STATISTICAL TECHNIQUES
IN RELATION TO
CIRCUIT DESIGN






2. TECHNIQUES OF CIRCUIT
DESIGN

One of the problems facing the designer
of electronic circuits is to achieve compati-
bility between the performance require-
ments of the circuit and the capabilities of
the electron tubes used and component parts
used. The satisfactory operation of the
tubes and components is, in general, assured
by procurement specifications only when
certain important limiting conditions are
not exceeded.

Insofar as electron tubes are concerned,
the designer must give particular attention
to the three general types of properties de-
scribed in Part I of this handbook—Tube
Ratings, Tube Characteristics and Tube
Detrimental Properties. Tube Ratings must
be considered in relation to the operating
requirements imposed by equipment specifi-
cations and component part design. Tube
Characteristics (properties essential to the
operation of the circuit) must be considered
not only in terms of initial values, but also
in terms of the effect of a change in these
values upon the performance characteristics
of the circuit. Finally, the harmful effects
of Detrimental Properties must be allowed
for, so that inevitable increases in these ef-
fects with time do not prove ruinous to cir-
cuit operation.

This portion of the handbook is devoted
to a discussion of Ratings, Characteristics,
and Detriments in relation to specific ap-
plication problems. Certain statistical and
engineering techniques are described for
using specification information in develop-
ing circuit designs which are compatible
with many of the commonly used tube types.

2.1 Ratings.

As defined in Part I, ratings are the set
of limiting values defining each operating
condition within which a tube can be ex-
pected to yield a reasonable period of satis-
factory service. Two questions are posed by
each rating:
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(1) For a given tube application, what
manner of operation makes the
most severe demands upon the
tube?

(2) If operated under these conditions,
will the tube exceed its permis-
sible ratings?

Certain techniques of use in determining
the answers to these questions are described
briefly in the following section. Graphic
representations of ratings for four general
classes of tube types are given in Figures
3-3, 3-7, 3-13, and 3-19 in Part III.

2.1.1 Techniques for Using Rating Infor-
mation in Circuit Design.

It is evident from the study of triode and
pentode circuitry that the judgment of the
circuit designer plays an important part in
rating analysis. In Class A triode amplifiers,
for example, the maximum plate dissipation
occurs with no applied input signal. Although
the plate dissipation relationship is similar
in pentode circuitry, the maximum screen
dissipation occurs with maximum input sig-
nal. Hence, the ratings for each tube type
must be considered in relation to the indivi-
dual operating conditions which impose the
most severe stresses upon the tube,

Figure 16 illustrates a graphic method for
determining a value of series resistance that
will limit the plate dissipation of a tube to a
given “safe” value. Figure 17 presents a gen-
eral-purpose graph for determining the mini-
mum “R series” value that will limit elec-
trode dissipation to a given “safe” value
under given conditions of maximum elec-
trode supply voltage.

It is frequently discovered that both elec-
trode — dissipation and electrode — voltage
ratings are exceeded under adverse condi-
tions. A typical circuit in which ratings are
interdependent is presented by a screen-volt-
age-dropping-resistance network designed
(a) to limit electrode dissipation to its
“safe” value, and (b) to limit possible elec-
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MAX., POWER SUPPLY VOLTAGE
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TYPICAL QUIESCENT POINT
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PLATE CURRENT (lb) IN MILLIAMPERES
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PLATE VOLTAGE IN YOLTS
Plate dissipation may be restricted to values less than the load line is started at the maximum operating value of
safe operating maximum by the use of series resistance supply voltage, its equivalent resistance will limit plate
between plate and power supply. The minimum value of dissipation to a safe value despite variation in tube char-
resistance can be determined by plotting a load line acteristics, bias and supply voltage. The minimum value
tangential to the curve Ey x I, = safe dissipation. If the of resistance may also be found from the relationship:
R (Ebb)x Epp, = maximum supply voltage
min = "4 Pb Pb = Safe dissipation in watts

Figure 16. Limiting Electrode Dissipation with Series Resistance.
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Fiqure 17. Minimum Series Resistance Needed to Limit Electrode Dissipation to a Given “Safe Value” for Given Conditions
of Maximum Electrode Supp'y Vo'tage.
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trode voltage excursion to its “safe” value.

Equations for the values of R;, R,, and R
series (see Figure 18), in terms of ratings

and supply voltages, are:
E,, X E;; Max
Ry =
4 P, Max
R, X E., Max
R, = , and
E,,— E.: Max
R: R,
R series=——,
R1 + Rg

When the technique implied in these equa-
tions is used, the actual operating electrode
voltage will be limited to a safe level under
all conditions, and the value of this voltage
will be lower than the rating and will be de-
pendent upon the electrode current drawn
by the tube.

The monograph shown in Figure 18 affords
a useful aid in determining the values of R,
and R, when the values of supply voltage
(E,,) and safe screen voltage (E..Max) have
been stipulated, and when the value of R
series has been determined from Figure 17
(using E_,Max and P.,.Max as shown in
the figure).

The variability of cathode current in elec-
tron tubes must be considered in assessing
tube application from the point of view
of current ratings. It is known that the vari-
abiliy of cathode current from tube to tube
is materially reduced by the action of cath-
ode bias. Under conditions of fixed-bias—
which increase the spread of cathode cur-
rent—careful analysis of cathode-current
variability should be made with tube- and-
cathode-resistor pairs, in order to set the
operating point with respect to the plate or
the cathode current rating. Figure 19 illus-
trates the decrease in cathode current vari-
ability which can be achieved by using
cathode bias rather than fixed bias. The in-
fluence of cathode-resistor tolerances on this
variability is also shown in the figure.
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2.2 Characteristics.

Tube characteristics are defined as those
properties which are essential to the satis-
factory operation of a circuit, Three ques-
tions arise concerning tube characteristics
in circuit design:

(1) Which tube characteristics are
necessary to the functions of the
circuit?

(2) Does the applicable MIL-E-1 tech-
nical specification sheet (TSS)
define these characteristics?

(3) Will the circuit operate satisfac-
torily over a period of time with
tubes whose range of values both
at installation and after a period
of operation is within the limits
set by the technical specification
sheet?

2.2.1 Techniques for Using Characteristics
Information in Circuit Design.

The “spread” or range of performance in
a simple circuit should be computed in terms
of the specified upper and lower limits of the
characteristics of the tubes involved. When
the circuit becomes more complex, or when
the number of related characteristics in-
creases, the probability that the characteris-
ties will all have either maximum or mini-
mum values becomes exceedingly small. Un-
der such circumstances, the circuit designer
can relate circuit performance characteris-
tics to specified tube characteristics by using
certain effective statistical techniques de-
veloped in the field of biophysics. Linear re-
gression techniques, statements of inference
(decision-making), and analysis of variance
are three statistical methods which are easily
adapted for use in circuit analysis.

Linear regressiog techniques often aid the
designer in selecting components that will
permit “good” tubes (i.e., those which meet
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The operating range of quiescent plate current in circuits
utilizing cathode bias will depend upon cathode resist-
ance and cathode current os illustrated above. It should
be noted that the operating range of cathode current is

materially reduced by the use of cathode bias as opposed
to fixed bias. Reference to the tube rating of moximum
cathode current will determine if ary portion of the oper-
ating range lies at or near the rating.

Figure 19. Limiting Cathode Current with Cathode Bias Resistance.
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specifications) to operate satisfactorily in a
given circuit.

/) When decisions must be reached, it is often
" necessary to make statements of inference
based upon the analysis of experimental
data. Subsequent sections of the handbook
describe the role of experimental sample size
and confidence and tolerance limits in mak-
ing statements of inference.

Analysis of variance, which is also ex-
/ plained in a subsequent section, is an ex-
tremely versatile technique which can be
applied in the design and analysis of elec-
tronic circuits. In brief, the technique per-
mits the variability in circuit output to be
related directly to the variability in tube or
component characteristics.

Certain additional techniques are useful if
the design of an electronic equipment must
fulfill predetermined reliability as well as
functional requirements. As a first step in as-
suring that an equipment will perform satis-
factorily in the field, a determination or veri-
fication must be made of the reliability of the
design. Some notes and techniques relating
to design verification were recently published
in a RETMA document, and are included in
Part II as an aid to the interpretation of data
presented in the following sections of the
handbook. .

2.3 Detrimental Properties

Detriments are inherent tube properties
which must be considered in circuit design
because of their harmful effect on circuit
operation. They pose two important ques-
tions for the designer:

(1) What is the maximum value that
any detriment can reach and still
permit the circuit to operate sat-
isfactorily?

(2) Does the applicable JAN or MIL
specification adequately define the
detriments of the tube type se-
lected for the design?
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In considering the effects of tube detri-
ments upon circuit performance, it must be
borne in mind that detriments, by definition,
may or may not occur in every tube. A cir-
cuit which is designed to compensate for ef-
fects which do not happen to occur in the
particular tubes employed is inherently un-
reliable. The problem of detriments should
be approached only in terms of the range of
detriment-values the circuit can tolerate
without impairment of operation. It there-
fore becomes necessary for the circuit de-
signer to determine the permissible limit for
those detriments which affect the perform-
ance of the circuit being designed,

If only a few randomly selected tubes are '
used to check the compatibility between tube |
detriments and circuit design, the conclusion |
reached is nearly always overly optimistic. |

A more realistic appraisal is achieved if
checking is done with many tubes whose
detriments are known to have values within

the limits allowed by specifications, or with f_;
tubes whose detriment-values are simulated

by the test circuit.

The following methods may be used to de-
termine the compatibility between the tube
detriments and required circuit performance.

2.3.1 Techniques for Using Detriments
Information in Circuit Design

One method is to test in the circuit a num-
ber of tubes which exhibit the detriment in
varying degrees, and to note those tubes
which— perform satisfactorily and those
which perform satisfactorily and those which
do not. A graph similar to the one shown in
Figure 20 can then be drawn to show the
distribution of tubes which do and do not
operate satisfactorily.

Figure 20 represents a group of tubes dis-
tributed on the basis of heater-cathode-leak-
age values. It will be observed that tubes
begin to fail in the equipment when leakage
current is greater than four microamperes.
To be able to design with confidence, the

i

£
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design engineer must be sure that the speci-
fication limit on this type of leakage current
is less than four microamperes. Moreover,
he must be sure that the life-test end-point
on heater-cathode leakage is less than four
microamperes.

Four microamperes represents the highest
value of heater-cathode leakage that this par-
ticular equipment will tolerate. If the tube
specification does not limit leakage to less
than four microamperes, a more tolerant cir-
cuit must be designed.

The method outlined above is based on the
assumption that the tube either operates or
does not operate in the circuit, depending
upon the amount of heater-cathode leakage
present, Frequently, the problem is not so
clear-cut. Instead, a degrading effect on per-

formance is observed, and the design engi-
neer must decide what “good enough” per-
formance is, and where to establish the limits
on satisfactory and unsatisfactory perform-
ance.

Figure 21 indicates the nature of the
“variables” approach to the problem of de-
ciding where to establish limits on detri-
ments in relation to circuit performance.
For example, if the performance of a circuit
is evaluated in terms of hum output resulting
from heater-cathode leakage, the values of
hum output could be plotted versus the values
of heater-cathode leakage. If 15 millivolts is
established as the maximum limit for hum
output, the limit on heater-cathode leakage
should be less than 10 microamperes to as-
sure satisfactory circuit operation.

= 0=TUBES WHICH FAIL
i X = TUBES WHICH OPERATE
-
X o
X P 3
X a
X >
X X o
X X x =
X X X X
X X X X
X X X X
X X X X
X X XX
X X X X
X X ,)/(( X
§ X X X
XX XX X x
XX XX X X X 0 0
XXX XX X xXxX 0 00O
XXX XX X XX0 X00 000
XXXXXX X X00 00X 000 0
XXXXXxX X XXX 000 000 0o 0
XXXXXxX X XXO0O 000 00000 o] (o] (o}
XXXXXX X XXX 00X 00000 (o I ¢] o ? 0o o
] | ] 1 ] I ] L
| | | | \ U I ! i
2 4 6 8 10 12 14 16 18
HEATER CATHODE LEAKAGE IN MICROAMPERES
Figure 20. Attributes Distribution of Tubes with Various Values of Heater-Cathode Leakage Current, Showing Equipment

Limit Value.
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Figure 21. Variables Distribution of Tubes with Various Values of Heater-Cathode Leakage Current: Heater-Cathode Leakage
Versus Hum Output.

2.4 Application of Specific Statistical
Techniques to Circuit Design Problems

As indicated in Part I, acceptance testing
is usually done on the basis of random sam-
pling. Since most statistical techniques are
based upon the premise of a random sample,
it goes without saying that if the sample is
not randomly selected, the techniques cannot
be expected to yield valid results. The follow-
ing example illustrates a procedure for se-
lecting random samples.

Suppose that the circuit designer wishes
to withdraw 50 tubes of a certain type from
a stock of 1000 tubes (10 boxes each con-
taining 100 tubes) in order to establish an
experimental relationship between tube and
circuit. A totally incorrect procedure would
be to withdraw all 50 tubes from the first
box. However, this is the procedure usually
followed when a standard requisition form
is sent to the average stockroom.
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A preferable procedure would be to with-
draw five tubes from each box. However,
even in this event it would be unwise to leave
the choice to the stock clerk, because it is
conceivable that the manufacturer has sorted
tubes of various date codes by boxes in a
particular geometric manner. If tubes are
categorized by box in any manner — that is,
by manufacturer, date code, or container —
the sample must be withdrawn in the same
proportion from each box in order to be
representative of the stock.

The withdrawal of tubes according to an
exact randomization scheme can be facili-
tated by random number tables*, in which
each number has an equal probability of be-
ing selected. If it is desired to withdraw 5
tubes from a box of 100, the individual mak-
ing the selection ned merely number the

*The Rand Corporation, A Million Random
Digits, Free Press Publishers, Glencoe, Ill., 1955.
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10 x 10 array of tubes in some sequential
manner from 00 to 99, and then remove the
first 5 tubes according to the first 5 random
digit pairs which appear on any page of the
random number tables.

When conducting the experiment, it is also
important that reading order be randomized.
If it is necessary to repeat, or “replicate”,
the readings made on a group of tubes, it is
absolutely essential to compile a separate
random reading order for each replication.

The time factor must also be taken into
consideration in any experiment involving
several hundred readings made on 50 tubes.
For example, electrical and thermal inter-
actions in the test equipment are time func-
tions. A-C line voltage is also likely to be a
time function. If all 50 tubes are read in the
same sequence on several consecutive days,
it is certain that the first tube will always
be subjected to a thermal and electrical en-
vironment different from that imposed upon
the fiftieth tube.

It has often been found that time and
thermal effects of this nature are more im-
portant than different levels in the quality of
 test equipment. If a correct randomization
procedure has been carried out prior to each
group of measurements, fortuitous effects
which might otherwise bias the results will
largely cancel out. The validity of the statis-
tical procedures described in the following
sections depends upon data which are not
biased by non-measurable effects.

2.4.1 Analysis of Variance

The analysis of variance offers a poten-
tially effective technique for use in solving
problems in electronic design. This technique
permits the arithmetic means of a set of or-
dered data to be analyzed to determine
whether they are significantly different. Af-
ter the variability or homogeneity of the set
of data has been determined, the technique
affords a comparison of the variability of the
means both wish and without the inclusion

of chosen factors. Thus, the variables that
affect the data most significantly can be de-
fined, while those having no effect can be
ignored.

Symbols and formulas used in analysis of
variance are as follows:

(a) n = the sample size;

.. ¢
(b) X = ——, the sample mean;
n
Xy —X)?
(¢) s? = ————, the sample variance
n-1
(ZX,)?
EX12— n
(d) s*= , a computa-
n-1

tional formula for the variance s2;

(e) s = \/s? = the sample standard devia-
tion.
A. Decomposition of the Variance of a Single
Variable Classification

For purposes of illustration, the reader is
asked to consider a set of data obtained from
a test made on tubes of different specification
dates in a severe mechanical environment.
The data represent the number of hours to
failure of each tube in the test. The question
asked by the investigator is: are the tubes
procured under the three specifications
significantly different?

The data can be arranged for analysis as
follows:

Specification letter: A4 B G
Hours to failure: 5 6 10
6 6 9

4 3 8

5 5 5

Total: 20 20 32

Means: 5 5 8

Grand Total: 72
Grand Mean: 6

The sum of squares of the deviation of the.



data from the grand mean (6 hours) may be
written as follows:

(5 —6)2 + (6 — 6)2 + (10 — 6)% +
(6 — 6)2 + (6 — 6)2 4 (9 — 6)2 +
4 —6)2 + 8 — 6)% 4 ’
(5—6)2+ (5—6)24 (5—6)2=1
0+ 16 + 0+ 0 + 9 4+ 4 + 9 +
+1+4+1+1=46

The sum of squares of deviations from in-
dividual column means may be written as
follows:

(56— 5)2 + (6 — 5)2 (4 — 5)? +

(b — H)2 Column A
+ (6 —5)2 + (6 —5)2 4+ (3 —5)2+
(b — b)2 Column B

-+ (10-—8)2 + (9—8)2 + (8 — 8)2 +
6] 8)2 Column C
=0+1+1+0+1+1+44+0+14
+.1 == @0 £ 9 = 22
The weighted sum of squares of the devia-
tions of the column means from the grand
mean are then computed. The column mean
deviations squared are weighted (multi-
plied) by the number of observations in each
column as follows:
4[(6—6)2+ (5—6)2 + (8—6)2] =
4 (1+1+14) =24
An arithmetic check may be instituted at this
point, since the sum of squares of deviations
from column means + the weighted sum of
squares of deviations from the grand mean
= the total sum of squares of deviations
from the grand mean, or

22 + 24 = 46.

In actual computation, these sums of
squares of deviations, which are usually ab-
breviated as “Sum of Squares” (or symboli-
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cally, “SS”), may be calculated more readily
by utilizing the numerator of the formula for

= 3X;? -——Q‘i(—‘) .For example, the
total sum of squares is
52~I»6'4’—{—102’+62+622—{—92—{—42+32
+82+52+52—{—52—E= 478 — 432
12 = 46.
The weighted sum of squares of the column

mean deviations, often known as the Sum of
Squares due to columns, is

122
) - 2 = = 2
4(5% + 5% + 82) 13 4.
The within columns sum of squares, also
known as the Residual Sum of Squares, is

commonly obtained by subtraction:
46 — 24 = 22.

8% i.e.,

B. Testing for a Significant Difference

It must be assumed that the experimental
error associated with each observation is a
random quantity drawn from a population
with a mean of zero and a variance of ¢
An estimate of o? is calculated by dividing
the within-column sum of squares (22) by
the appropriate number of degrees of free-
dom. Since there were four tubes for each
specification, there are 4 — 1, or 3 degrees
of freedom contributed to the Residual SS by
each specification letter; therefore, there are
a total of 3x 3, or 9 degrees of freedom for
the Residual SS. The mean square estimates
are found dividing each respective SS by its
degrees of freedom

The results of the computations so far can
be summarized in the following table.

Table 4. Sum of Squares, Degrees of Freedom, and Mean Squares for Samples of Tubes
Made According to Three Specifications.

Sum of Degrees of Mean

Source of Variation | squares freedom squares
Columns 24 3—1 = 2 24/2 = 12.00
Within Columns (Residual) 22 3(4—1) =9 22/9 = 244
Total 46 12—1 = 11 46/11 = 4.18
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It can be hypothesized (this is the “null
hypothesis”) that the data were drawn from
the same population, that the variance com-
ponent of the column means is zero, and that
the population column means are the same.
If this hypothesis were true, the mean square
of columns would not be very different from
the Within Columns Mean Square (Resi-
dual). If the mean square due to columns
was much larger than the within columns
mean square, the probability of this occur-
rence would be small if the null hypothesis
were true so that one would feel safe in re-
jecting the null hypothesis and concluding
that the specification did produce different

grades of tubes.

To test the hypothesis, use is made of the
fact that the ratio of two variances (under
the null hypothesis) is distributed as F. The
F distribution is described at the end of this
section (see Table9).

12
2.44

In looking up critical values in the F table,
it must be remembered that there are two
degrees of freedom in the numerator and
nine degrees of freedom in the denominator.
Reference to Table 9 reveals that the proba-
bility of exceeding an F value of 4.26 with
these degrees of freedom is less than 5 per-
cent.

Therefore, it is safe to reject the null hypo-
thesis and conclude that the calculated F
value of 4.92 is not due to chance, and that
significant differences do exist in relation to
the letter on the specification.

C. The Two-Way Classification
It will now be assumed that the tubes
manufactured under specification letters A,
B and C were supplied for the test by four
manufacturers. A new table, showing how
the hours to failure are distributed by speci-
fication and manufacturer, is prepared.

F = = 4.92

Table 5. Hours to Failure of Tubes of Three Different Specications and Four Different

Manufacturers.
Hours to failure, Total
Manufacturer by specification letter heurs to
(Rows) Columns) failure Mean
A B C
1 5 6 10 21 7
2 6 6 9 21 7
3 4 3 8 15 5
4 5 5 5 15 b
Total 20 20 32 72
Mean 5 5 8 Grand Mean = 6
The weighted sum of squares of deviations 722
of the row means from the grand mean is i = 12,

8[(7—6)2 + (7 — 6)2 (5 —6)2 +
(5 — 6)2] =12 w

The weight 2 is obviously the number of ob-
servations in each row, The value of 12 could
also have been calculated by

(3X;)2

j —

=3(72 + T2 + 52 + 57)
n

or by using row totals instead of row means,
as follows:

722

(I5) (212 + 212 + 152 + 152) —

=12,

where 3 is the number of observations in each
total. Adding the weighted sum of squares of
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TABLE 9
5% (a) and 1% (b) Points for the Distribution of F

1 2 3 4 5 6 7 8 9 10 12 16 20 30 50 100 ©

oe

oe

161 200 216 225 230 234 237 239 2 242 244, 246 248 250 252 253 254
4052 4999 5403 5625 5764 5859 5928 5981 6022 6056 6106 6169 6208 6258 6302 6334 6366

18,51 19,00 19.16 19.25 19.30 19.33 19.36 19.37 19.38 19.39 19.41 19.43 19.44 19.46 19.47 19.49 19.50
98.49 99.00 99.17 99.25 99.30 99.33 99.34 99.36 99.38 99.40 99.42 99.44 99.45 99447 99.48 99.49 99.50

10,13 9.55 9.28 9.12 9,01 8.94 8.88 8,8, 8.81 8.78 8.7, 8.69 8.66 8.62 8,58 8,56 8.53
34,12 30,82 29,46 28,71 28,24 27.91 27.67 27.49 27.34 27.23 27.05 26,83 26.69 26.50 26435 26.23 26.12

7,70 6,94 6,59 6.39 6.2 6,16 6,09 6,0, 6.00 5.96 5.91 5.84 5.80 5.74 5.70 5.66 5.63
21.20 18.00 16.69 15.98 15.52 15.21 14,98 14.80 14.66 14.54 1437 14.15 14.02 13.83 13.69 13.57 13.46
6,61 5,79  5.41  5.19 5405 4495 488 482 4.8 LuTh  4e68 460  4.56  4e50  Luhd LoD 4e36
16.26 13.27 12, 11,39 10.97 10.67 10445 10.27 10.15 10,05 9.89 9.68 9.55 9.38 9.24 9.13 9.02
599 5.4 476 453 4439 428 4,21 415 4.0 4,06 4.00 3,92 3.87 3.81 3.7 3.71 3.67
13,74 10,92 9,78 9.15 8,75 8.47 8.26 8.10 7.98 7.87 7.72 7.52 7.39 7.23 7.09 6.99 6.88
8459 474 435 4.2 3,97 3.87  3.79  3.73  3.68 3.63 3.57 3.49 3.44 3.38 3.32 3.28 3,23
12,25 9455 8u45 7.85 7.46  7.19  7.00 6.8, 6.7 6.62 6.47 6.27 6,15 5.98 5.85 5.75 5.65
5032 4u46 407 3.84 3.69 3.58 3,50 3.44 3.39 3.34 3.28 3.20 3.15 3.08 3.03 2.98 2,93
11,26 8465 7459 7.01  6.63 6.37 6.19 6.03 5.91 5.82 5.67 5.48 5.36 5.20 5,06 4.96 4.86
5.2 L.25 3.86 3.63 3.48 3.37 3.29 3.23 3.8 3.13 3.07 2.98 2.93 2.86 2.80 2.76 2.711
10,56 8,02 6.99 6.42 6.06 5.80 5.62  5.47 5435 5626 5,01 492 480 464 4e5) Lol  4e3d
4,96  4.1C  3.71  3.48  3.33  3.22 3,14 3.07 3.02 2,97 2.91 2,82 2.77 2.70 2.64 2.59 2.54
10,04  7e5€ 6455 5499  5.64  5.39 5421 5406 495 4eB5 4 TL 452 4u4l 4e25 42 401 3.9
4.75  3.88 3,49 3.26 3,11 3.00 2,92 2,85 2,80 2.76 2.69 2,60 2,5, 2.6 2,40 2,35 2,30
Ce33  6.93 5,95 5.41  5.06 4.82 465 4450  4e39 430 4,26 3.98 3.86 3.7C 3.56 3.46  3.36
4049 3463 3.24  3.01 2,85 2,74 2.66 2.59 2.54 2.9 2.42 2.33 2.28 2,20 2,13 2.07 2.4
8453 6423 428 4 77 4ebd 4420 4.03 3.89 3,78 3.69 355 3.37 3.25 3.10 2,96 2.86 2.75
4e35 3449 3.0 2,87 2,71 2.60 2,52 2,45 2,40 2.35 2,28 2,18 2,12 2,04 1.96 1.90 1.8,
8:10 5.85 494 443 410 3:87 3,71 3456 3445 3.37  3.23  3.05 2,94 2,77 2,63 2,53 2,42
427 3432 2,92 2.69 2,53 2.42 2,34 2,27 2,21 2,16 2.09 1.99 1.23 1.8 1.76 1.69 1.
7.5€  5.39 451 4,02 3,70 3,47 3.30 3,17 3.06 2,98 2.8, 2,66 2,55 2,38 2.2, 213 2.01
4.03 3,18 2,79 2,56 2,40 2,29 2,20 2.13 2,07 2.02 1,95 1.85 1.78 1,69 1,60 1.52 1l
717 5.06 44,20 3.72 3.4 3.18 3,02 2,88 2,78 2,70 2.56° 2,39 2.26 2,10 1.9, 1l.82 1,68
3.94 3.09 2.70 2.46 2,30 2,19 2.10 2,03 1l.97 1.92 1..85 1,75 1,68 1.57 1.48 1,39 1.28
6.90 4.82 3,98 3.51 3.20 2,99 2.82 2,69 2.59 2.51 2,36 2.19 2.06 1.89 1..73 1..59 1.43
3.86 3,02 2,62 2,39 2,23 2,2 2.03 1,9 1,90 1.8 1,78 1,67 1,60 1.49 1.38 1,28 1.13
6,70 4.66 3,83 3.36 3,06 2,85 2,69 2,55 2,46 2,37 2.23 2,04 1.92 1.74 157 142 1,19
3.8, 2.99 2,60 2,37 2,21 2,09 2,00 1.2 1..28 1.83 1.75 1l.64 1,57 1.46 1.35 1,24 1,00
. 4,60 3,78  3.32 3.02 2,80 2,64 2.51 2,41 2,32 2.18 1.9 1.87 1.69 1,52 1,36 1.00
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the row means and the column means gives

12 + 24 = 36.

This value, subtracted from the total sum of
squares, leaves a residual of 10. This term is
representative of interaction effects and er-
ror.

The two-way table of variation can now
de constructed. The degrees of freedom for
the Discrepance (Residual) is the product
of the degrees of freedom for rows and col-
umns,

Table 6. Two-Way Table of Variation in Hours to Failure of Tubes of Three Specifications
and Four Manufacturers.

Sum of Degrees of Mean
Source of Variation squares freedom square
Columns 24 §—1=2 24/2 =12
(Specification Effects)
Rows 12 4—1=3 1273 = 4
(Manufacturers Effects)
Residual 10 2X3=26 10/6 = 1.67
Total (as check) 46 12—1=11

Assuming that there is no interaction ef-
fect, the F ratios may be obtained from Table
9. The mean squares of rows and columns
can be compared to the mean square of the
residual. For columns,

- 12
F=gyg="1719

Since F = 7.19 > F.,;(2,6), the null hypo-
thesis is rejected and it may be concluded
that there is a difference in hours to failure
due to differences in specifications,

F.05(2,6) = 5.14

Again, forming F for the row effects,

A
1.67

In this case, the null hypothesis is not reject-
ed, and it may be concluded that there is no
significant row effects — that is, there is no
discernible difference in hours to failure be-
tween manufacturers. However, in coming to
this conclusion, one must realize that an in-
significant F value may be caused by one of
two things.

F = = 240 < F.05(3,6) = 4.76,

(1) There is no difference between the
population row means.

(2) There is a difference but the sample
size was too small to detect it.

42

Many statistical texts contain designs for
analyses of variance on a much more elab-
orate scale than that illustrated here. Several
WADC publications on the subject are:

(1) Mentzer, Eldo G., Tests by the An-
alysis of Variance (WADC-TR
53-23), January 1953.

(2) Harter, H. Leon, and Lum, Mary
D., Partially Hierarchal Models
in the Analysis of Variance
(WADC-TR 55-33), March 1955.

(8) Analysis of Variance: Preliminary
Tests, Pooling and Linear Models
(WADC-TR 55-244) March 1956:

Volume I: Bozovich, Helen; Ban-
croft, T. A.; Hartley,
H. O.; and Huntsber-
ger, David V., “Pre-
liminary Tests of
Significance and Pool-
ing Procedures for
Certain Incompletely
Specified Models.”

Volume II: Wilk, M. B., and Kemp-
thorne, 0., “Derived
Linear Models and



Their Use in the An-
alysis of Randomized
Experiments.”

(4) Rider, Paul R., Harter, H. Leon,
and Lum, Mary D., An Elemen-
tary Approach to the Analysis of
Variance. (WADC-TR 56-20),
February 1956.

(5) Olds, Edwin G., Mattson, Thomas
B., and Odeh, Robert E., Notes
on the Use of Transformations in
the Analysis of Variance
(WADC-TR 56-308), July 1956.

The reader of these publications will be-
come aware that the data and formulae pre-
sented in this section of the handbook were
taken from publication number 4 above. It is
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hoped that the wide distribution which the
handbook receives will justify the removal
of this material from its context.

D. Replication

In the analysis described in the foregoing
section, it became apparent that nothing fur-
ther could be done to decrease the “residual”
term for the given sample size, Moreover, it
is unwise from an engineering point of view
to base important conclusions on data from
one tube of one specification date and one
manufacturer, since there is no measure of
interaction. The following material illus-
trates how the technique of analysis of vari-
ance can be applied to a series of identical
types of readings (replications). The tech-
nique is usually more effective when more
than one sample of readings is involved.

Table 7. Two-Way Table of Variation for Two Sets of Readings of Hours to Failure of
Tubes of Three Specifications and Four Manufacturers

Specification date A B [¢] Total Mean
Manufacturer
1 5 6 10
4 6 11
9 12 21 42 7
2 6 6 9
5 4 6
11 10 15 36 6
3 4 3 8
7 4 10
11 7 18 36 6
4 5 b 5
4 6 5
9 11 10 30 5
Total 40 40 64 144
Mean 5 5 8 Grand Mean = 6

Now the total weighted sum of squares of
the 12 averages 9/2 = 4.5,12/2 = 6,21/2 =
10.5, etc., is found.

2[ (45 — 6)2 + (6 — 6)2 - (10.5 — 6)2
+ (55 — 6)2 1 (5—6)2 + (7.5— 6)2 -+
(B8 = 8)¥+ (85 — B)3 4 (0 6)2 -

(45 —6)2 +(55 —6)2 + (5 — 6)2] =90
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A short-cut computation of the above is re-
lated again to the formula.
(%) [92 + 122 + 212 4+ 112 + 102 +

152 + 112 + 72 - 182 4 92 + 112 + 102] —
(144)2

24
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The weighted sum of squares of the column
means, the specification effects, become

8[(6—6)2+ (5—6)2+ (8 —6)2] = 48.
The short computational form is

144
24
Similarly, for the rows, the manufacturer
effects are computed thus:
6[(7T—6)2 4 (6 —6)2 + (6 —6)2 +
(6 —6)2]=12.

The short form is

(1/8) (40% + 40* + 64%) — = 48.

144

Thus, the interaction sum of squares is
90 — 48 — 12 = 30.
There is still more information in the data,

since the total sum of squares of the indi-
vidual, deviations from the grand mean is

5 — 6) + (4 6)2+(6—6)2+

(6 — 6)2 + (10 — 6)2 + (11 — 6)2

(6 — 6)? L (5 — B)* + (6 — .6)* +
4 —6) + (9 —6)2 + (6 — 6)2 +
4 —6) 4+ (7T — 6)2 + (3 — 6)2 +

4 —6) + (8—6)2 + (10 — 6)* +
b —6)2+ (4 —6) 4 (6 — 6)2 +
(6 —6)2+ (b —6)2 + (5 — 6)2 = 106.

234 1442
The short-cut form, 3 = 3 (Xju)? — —
kji 24

furnishes the same result: 106.
It can be seen that there is an unaccounted-
for sum of squares,
106 — 48 — 12 — 30 = 16.

Actually, this value is the sum of the squares

of the deviations of the individual values

from their cell averages, This term is some-

times known as the “Error Sum of Squares.”

Thus,

(5 —45)2 + (4 — 45)2 + (6 — 6)2 -
(6 — 6)2 16.

A refinement of the summary table becomes
necessary, using the following abbreviations:

SS = sum of squares
DF
MS

degrees of freedom

mean square

After the mean squares have been calculated,
each is divided by the error MS to find F.

Table 8. Sum of Squares, Degrees of Freedom, Mean Squares and F for Two Replications: Hours to Failure of Tubes of Three
Specification Dates and Four Manufacturers.

Source Ss DF MS F F(.05)
Columns (Effect of 48 3--1=2 24 24 3.88
Specification) — = 18.05*
1.33
Rows (Effect of Manufacturer) 12 4—1=3 4 4 3.49
— =3.01
1.33
Interaction 30 (83—1) (4—1)=6 5 5 3.00
— = 3.76*
1.33
Error 16 12 (2—1) =12 1.33
Total (check) 106 24 —1=23

* Denotes that the variability is significantly greater than random error.

The DF of the error term is the number
of observations per cell minus one, times the
number of cells.
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The existence of the interaction term in
the calculations requires some explanation.
An interaction is the condition of dependence



between two or more factors. This condition
is determined by testing whether the effects
of one factor (that is, the differences between
two or more levels of this factor) are the
same for every level of the other factor or
factors.

2.5 Choice of Sample Size

Experimentation and decision-making be-
come necessities in most cases involving ad-
vanced electronic design. For example, in
solving the tolerance problem, the production
engineer is often faced with the question:
How large a sample must be tested in order
to establish operating tolerances? When re-
liability is a consideration, the sample size is
of major concern, for the time and man-
power involved in life-testing and field test-
ing are very expensive. Another factor to be
considered is that life-tests and field tests
usually result in the destruction of the items
tested. If an expensive test yields non-repre-
sentative data because of inadequate atten-
tion to sample size, the false sense of security
developed in the analysis is much more harm-
ful in the long run than the lack of a test
would prove to be.

A. Testing Hypotheses

The choice of sample size will be dictated
by the magnitude of the Type I and Type II
errors (to be defined later) which the ex-
perimenter is willing to tolerate, and by the
economics of the test situation. Successful
engineers often develop an intuitive ap-
proach to the problem of sample size, based
on an understanding of the amount of experi-
mentation required and of the amount of
decision-making that will be involved in ar-
riving at adequate test results, For those
persons who are less experienced in conduct-
ing large-scale statistical tests, it is often
helpful to realize that a formal, logical pro-
cedure is available to reduce the risk of error
to a predetermined level.

In many experiments, the sample size can
be determined by setting up two hypotheses
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— the null and the alternative — concerning
the population value under study. The in-
vestigator allows for a sufficient number of
items in the sample to enable one of the two
hypotheses to be accepted. The testing pro-
cedure is such that every measurement fur-
nishes evidence favoring one or the other of
the hypotheses.

The term ‘‘accept” requires explanation.
The investigator ‘“‘accepts” the null hypo-
thesis, Ho, only in the sense that he does not
find sufficient evidence to reject it. He “ac-
cepts” the alternative hypothesis, H;, only
in the sense that he rejects the null hypo-
thesis. Under certain circumstances, H, is
not tested against a single alternative, H,,
but against a whole class of alternatives, H;.

Figure 22 presents a simplified graphic
illustration of the procedure involved in ac-
cepting or rejecting hypotheses. The problem
is to determine whether a property is dis-
tributed according to fo(X) or according to
f,(X). The first case corresponds to the null
hypothesis; the second case corresponds to
the alternative hypothesis.

In the simplest case, with a sample con-
sisting of a single item, the null hypothesis
could be accepted if the sample value X were
less than k, a predetermined criterion for
acceptance based on a given value of Type I
error, The null hypothesis would be rejected
if X were greater than k.

In the testing of hypotheses or in decision-
making, there are only two general types of
error that can be made:

Type I —the probability of rejecting
the null hypothesis when
it is actually true.

Type II — the probability of accepting
the null hypothesis when
it is actually false.

In an instance such as that illustrated in
Figure 22, there is almost no probability of
making an erroneous decision, Figure 23 il-
lustrates the kind of situation which occurs
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f1X)

FREQUENCY

Mo k

Figure 22. Hypothetical Situation in which the Distribution, f,(x), Specified Under the Null Hypothesis, Is Known to be
Distinct from the Single Distribution, f,(x), Specified Under the Alternative Hypothesis.

much more frequently — a situation in which
there is a distinet probability of making
either a Type I or a Type II error. As in the
previous example, a sample of one item will
be used to illustrate the procedure. The test

calls (a) for acceptance of the null hypo-
thesis that X belongs to the fo(X) distribu-
tion if X is less than k; and (b) for rejection
of the hypothesis that X belongs to the £, (X)
distribution if X is greater than k.

£(X)
' ﬂ]]]]]]]] TYPE I ERROR
l 777 TYPE II ERROR

" |

|

= |

g

£ |

k M,

Figure 23. Hypothetical Situation in Which the Distribution, f,(x), Specified under the null Hypothesis, Is Known to Overlap
the Single Distribution, f,(x), Specified under the Alternative Hypothesis.
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In this illustration, the Type I error is a
measure of the area under curve f,(X)
which falls to the right of k; the Type 1I
error is a measure of the area under curve
f,(X) which falls to the left of k.

Figure 24 describes a specific situation in
which the probability of the Type II error
can be decreased, for a given probability of
the Type I error, by the expedient of increas-
ing the sample size. For samples of greater
size than one, the sample average, X, is used
in place of the value of a single observation.
The acceptance criteria now become: (a)
accept the hypothesis that the sample is
drawn from the f,(X) distribution if the
sample mean, X is less than k; and (b) re-
ject the hypothesis if the sample mean is
greater than k. The probability of error de-
creases markedly as n increases. Note that
if k were moved to the left, the Type I error
would increase appreciably, while the Type
IT error would not be greatly affected.

For the examples in Figure 24, the normal
distribution has been plotted, In Part A,
f,(X) and f;(X) are distributions of sam-
ples of size one, with means M, = 0 and
M, = 1, respectively, and standard devia-
tions ¢ 1. Part B presents two distribu-
tions of means of samples of size four, where
fo(X) has a mean of 0 and a standard devia-
tion of 14, and f,(X) has a mean of 1 and a
standard deviation of 14. Part C presents
distribution of means of samples of size nine.
The mean of the f, (X) distribution is 0, and
the mean of the f,(X) distribution is 1. The
standard deviation of both distributions is
14.

In all three cases illustrated in Figure 24,
k is chosen to give a probability of Type I
error of .05. As the sample size is increased,
the probability of the Type II error is de-
creased, and there is a corresponding in-
crease in the ability to distinguish between
the two distributions. Note that k is moved
to the left with each increase in sample size,
to keep the Type I error constant.

By selecting k properly, it is possible to de-

47

MIL-HDBK-211
31 December 1958

termine the minimum sample size for which
the risks would be equal to, or less than, any
specified values of Type I and Type II errors.
Two references which afford concrete assist-
ance relating to the procedures discussed in
this section are cited in the footnote below.*

B. Estimating Population Parameters

The logic of hypothesis-testing can be car-
ried over into the estimation of population
parameters, Figure 24 indicates the relative
dispersion of estimates of a mean value
based on one, four, and nine observations.
Since the standard error of a sample mean is
the sample standard deviation divided by the
square root of n, the sample size, the preci-
sion of an estimate will increase in propor-
tion to the square root of n. To double the
precision of an estimate, the sample size
must be quadrupled. The formula for the
standard error of the mean of a group of X;
values is given as

$Xi2 — (2Xi)%/n
LI - ¥
X Vi vn
2.6 Confidence Limits and Tolerance
Limits

Tolerance limits should not be confused
with confidence limits. Confidence limits are
constructed to encompass a population par-
ameter with a given probability. Tolerance
limits are constructed to include a desired
minimum proportion of the population with
a given probability.

Confidence limits for the mean are of the
form

S

X = tae——
« va

and are computed in such a way that for a
fraction 1 — a = .95, or 95 percent, of the
samples used, the limits will encompass the

* Cochran, W. G., and Cox, G. M., Experimental

Designs, John Wiley & Sons, New York, 1950; and
Kempthorne, O., The Design and Analysis of Ex-
periments, John Wiley & Sons, New York, 1952.
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true mean of the population.* Tolerance lim-
its, on the other hand, are computed so that
for a fraction 1 — a = .95, or 95 percent,
of the samples, at least P percent of the
population will be included within the limits.
As the sample size increases, the confidence
interval diminishes toward zero, whereas the
tolerance limits tend to move toward the
value which would be used if the true values
of M and ¢ were known.

A. Confidence Limits on the Mean of a
Population

Two illustrative examples are used in the
following material, In the first case, the pop-
ulation standard deviation, ¢, is assumed to
be known, In the second case, the value of
o is unknown, and the sample estimate s must
be used instead. In both cases, it is necessary
to assume that the distribution is normal,
although other distributions could be treated
wih analogous methods.

For the sake of convenience, a normally
distributed variable such as transconduc-
tance might be considered. The mean and the
standard deviation of the lot are known.
Sample estimates of the mean are normally
distributed about the true value of the mean,
and the standard deviation of distribution of
means is ¢/\/n. The following probability
statement can be made concerning X :

koo - koo
0)) Pr(M—— — < X<M+—
Vn Vo

— e

Pr = the probability that:

l—a = the assigned probability or confi-
dence coefficient

k a = the constant obtained from table of
“percentage points of the nor-
mal distribution” which corre-
sponds to «

The foregoing inequality simply states that

* In this expression, te is the value of the distribu-
tion of t for given values of o and n, shown in
Figure 25.
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there is a probability | — « that the mean
of a sample will fall in the interval defined
by

kao

A2 ¢!
This is a fundamental property of the nor-
mal distribution.

(II) M =+

The inequality may be treated as follows
without changing the probability statement:
Subtract M from each element and then div-
ide each element by ¢/v/n. This computation

gives
: XM
(III) Pr § — ka< <ka
o/Vn
= 1. — @

The inequality solved for M gives

- kao  kao
(Iv) Pr (X—— <M<X + —
\2 vno

=1—a

Care is necessary in the interpretation of
the last statement. It should be noted that
for each individual sample of size n, there
will be a corresponding interval.

kao

— X

v

such that, in repeated sampling, 100 (1 — )
percent of the intervals can be expected to
include the population mean M. In practice,
only one sample is usually available, and the
interval defined by the sample either contains
or does not contain the true population mean.
Equation IV, then, does not hold for the case
where X, the sample mean, is already deter-
mined, because the interval does or does not
contain M with a probability of 1 or 0, re-
spectively. It is common practice, however,
to make the following statement:

X

ok

Assuming that the factor (1 — a), the
confidence coefficient, equals .95, the 95-per-
cent confidence limits for M are therefore
given by the inequality
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1.960 1.960
vn v

In most cases, the experiment does not
know the true value of the population stand-
ard deviation and must use instead the sam-
ple estimate s. When the sample standard
deviation is used, the 100 (1 — «) percent
confidence limits for M are given by

V) X— <M <X +

— tas . tas
X —— <M<X + —
Vv %

Formula VI differs from Formula V in

(VI)

that « is replaced by s, and ke is replaced by
ta. The last term refers to a percentage point
of the “Student’s t Distribution.” The value
of t depends upon « and on the sample size.

A graphic plot of “Student’s t” for vari-
ous degrees of fredom is shown in Figure 25.
The appropriate number of degrees of free-
dom in this case is n — 1. It will be noted
that t is numerically larger than k for the
normal distribution. However, the difference
is so small for degrees of freedom greater
than 30 that the percentge points of the nor-
mal distribution may be used.
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Figure 25. Plot of "“Student’s t'’ for Type | Errors of 2 Percent, 5 Percent, 10 Percent and 20 Percent.

B. Tolerance Limits on a Normally
Distributed Population

A problem frequently encountered in en-
gineering statistics is to set tolerance limits
L, and L. (based on sampling information)

which will include a given percentage of the
population with a given probability. If M and
o are known, the 95-percent tolerance limits
are given by M == 1.96¢ with a probability
of 1,



When the population parameters are re-
placed by X and s, the variability of these
estimates must be taken into account, and
the tolerance limits are more widely separ-
ated. Furthermore, it is not possible to state
with certainty that a given proportion of
the population will fall between the limits.
Under these circumstances, the observer
states with some “confidence” that some per-
centage of the population lies between L, and
L.. For example, with a sample of 10 obser-
vations and a confidence coefficient of .95,
the interval including at least 95 percent
of a normal population is defined by

X + 3.379s

or, stated in terms of L, and L.,
L, = X — 3.37%
L, = X + 3.379s

The value of 3.379 may be called the toler-
ance factor. It has been computed, and can
be found in tabular form, in at least two
books.* A portion of the table from Hald’s
book is reproduced as Figure 26.

In order to use Figure 26 to obtain a tol-
erance factor, it is necessary to decide upon
a confidence coefficient and upon the pro-
portion of the population to be included
within the tolerance limits. The tolerance
factor is given corresponding to a given
sample size. For example, with a sample
size of 30 and degrees of freedom of n — 1,
or 29, it is desired to establish 90 percent
tolerance limits with a confidence of .95.
Figure 26 was drawn only on the basis of a
.95 confidence coeflicient. The degrees of free-
dom are plotted on the abscissa. To obtain
the tolerance factor, I, the observer reads
the point on curve a = 10 percent which cor-

responds to 29 degrees of freedom. The tol-

* Eisenhart, C., Hastay, M. W., and Wallis, W. A.,
Techniques of Statistical Amnalysis, McGraw-Hill
Book Co., New York, 1947; and Hald, A., Statistical
Theory with Engineering Applications, John Wiley
& Sons, New York, 1952.
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erance factor for this abscissa value is ap-
proximately 2.15.

C. Usefulness of Estimates of o

The foregoing material on confidence and
tolerance limits pertains specifically to norm-
ally distributed data. Similar techniques
have been developed for dealing with several
non-normal distributional forms, but no gen-
eral all-inclusive theory has been devised.
Often, if the data are not normally distri-
buted, it is possible to transform them into
a normally distributed form or into some
other recognizable form which is amenable
to tabulation, whereupon tolerance state-
ments can again be made.

Figure 27 illustrates criteria for determ-
ining tolerance limits (a) when the data are
symmetrically distributed, and (b) when the
form of the distribution is not known. The
figure relates the tolerance percentage fall-
ing outside of selected limits by means of
=+ Ks, where s is the sample standard devia-
tion of the data and K is a scale factor. The
advantage of knowing that the data are
normally distributed is obvious. If the data
are known to be distributed symmetrically
and unimodally, the second, wider tolerance
criterion may be used.

If nothing whatsoever is known about the
data—except for the sample standard de-
viation—the third criterion may be used to
place tolerance limits about the mean of the
data. This method, which was developed by
Tchebycheff, is quite general.

2.7 The Technique of Linear Regression

The technique of linear regression is a
statistical tool which can be used to ad-
vantage by the electronic designer to deter-
mine tube-to-circuit compatibility, The tech-
nique is applicable in designs where the op-
erating points are somewhat removed from

the MIL-E-1 test point.

Two methods for using the technique are
described in the following discussion. The
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first method involves a series of computa-
tions resulting in an estimating equation,
an estimate of the degree of correlation be-
tween two sets of values, a determination of
the importance or significance of the calcu-
lated correlation, and the establishment of
tolerance limits. On the basis of these com-
putations, a prediction can be made of the
compatibility of tubes purchased under MIL-
E-1 specifications,

The second method involves a straightfor-
ward graphic technique which, although it
yields only approximate results, may pro-
vide sufficient information about the relation-
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ship between circuit performance and mea-
sured tube characteristics to permit the pre-
diction of tube-to-circuit compatibility.

2.7.1 The Computational Technique.

The analysis of experimental data col-
lected by the circuit designer is based, in the
first instance, upon the premise that the ex-
pected value of circuit output, Y, can be ex-
pressed by a linear relationship with a tube
characteristic, X, whose values during life
are defined by specification. The analysis may
be extended to include more than one tube
characteristic, but the following description
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of the technique is limited to one.

The relationship between X and Y may
be expressed as

Y = A + BX,

where A and B are constants of the regres-
sion. The true values of A and B cannot be
determined by a sampling technique, but
estimates of these values can be obtained
by means of the general technique of “least
squares.”’*

The estimating equation or model for the

* Bennentt, C. A., and Franklin, N. L., Statistics
Analysis, John Wiley & Sons, New York, 1954.
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relationship of circuit performance to the

tube characteristic becomes
A

Y = a + bX,
where a and b are the estimated values de-
termined from a set of data taken by sam-
pling tubes and circuits in some random
manner.

A. Assumptions Underlying Linear
Regression

Before giving the data-reduction equation,
it is prudent to list some of the assumptions
upon which the normal regression technique
is based:
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(1) For each vaiue of X, the values of
Y should be normally distributed
about the regression line. No as-
sumptions are necessary regard-
ing the distribution of the X
values. Therefore, the X’s may be
determined arbitrarily within the
physical limitations of the experi-
ment,

(2) As stated previously, the mean
value of Y corresponding to a
given value of X is a linear func-
tion of X,

(3) The variance of the distribution of
Y for a fixed value of X is inde-
pendent of X-—i.e., is constant
for all values of X.

(4) The observations must be indepen-
dent; that is, any particular
value of Y must be independent
of, and not influenced by, any
other value which Y may happen
to take.

In view of the foregoing assumptions, it is
necessary to describe the relative effect on
the results of the analysis of failure to meet
any of the four requirements. The relative
importance of the assumptions is evaluated
on an item-by-item basis below :

(1) The consequences of failure to com-
ply with the first assumption are
not serious. The tests of signifi-
cance involving the use of “t”
and “F” distributions require
that the data be normally distri-
buted about the regression line.
Some validity is lost if this re-
quirement is not met. However,
the least-squares line of Y on X
is an unbiased estimate of the
true relationship.

(2) If the mean of the Y’s, given X, is
not a linear function of X, a dif-
ferent approach — for example,
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curvilinear regression—may be
taken.

(3) If the varience of Y is not constant
with all values of X, statements
of tolerance and confidence will
not be valid, unless they are
weighted by the inverse function-
al relationship between the vari-
ance and the X variable.

(4) If the observations are not indepen-
dent, the estimate of the correla-
tion coefficient will be either op-
timistic or pessimistic, depending
upon the nature of the relation-
ship destroying the independence.

When data are sparse, approximate com-
pliance with the assumptions may be as-
sumed if no outstanding exceptions, such as
those relating to the second and third as-
sumptions, are present,

B. Formula of Linear Regression

The procedure involving the derivation of
the “Normal Equations” of estimation may
be found in many statistical texts,* and re-
sults in the following simultaneous equa-
tions:

na -+ b2X; =2Y,
aEX‘, ”1" b2X12: ZXiYi

Solution of these equations for the regres-
sion coefficient yields

a==Y ==bX
n X,
X, Xy
b =—
{n X5
12X, 2X,Y; |

Several measures of variation must be
mentioned in connection with this technique:
SSy the sum of squares of all the Y,
values about Y

SSy =13 (Y, — Y)s?,

or, in computational form:

* Bennett, €. A., and Franklin, N. L., Op. Cit.



SSy = 3¥:® — (CY.)?*/n.

SSe = the sum of squares of the deviations
of the Y; values about the regression
line. This term is also known at the
discrepance, or the residual sum of
squares.

SSe = 3(Y; — a — bX,)?,
or, in computational form:
(X)) (2Y))
SSe=S8Sy—b X, ¥, —— 1.
n
A measure of the residual variability is

known as the standard error of estimate s..

S. is the root mean square of the residual er-

ror, with a loss of two degrees of freedom

(since the regression coefficients, a and b,

have been estimated from the sum data).

S. = V/SSe/ (n-2)
s. is used later in computing confidence and
tolerance limits.

A useful measure of the relative value of
the regression line in predicting circuit per-
formance is the population correlation co-
efficient p. An estimate of p, denoted by the
letter r, is given by the following formula:

r — /1 — SSe/SSy.
A direct computational form for r is:
\/ " XY, — (2X) (3Yi) /n
.

%Y — (BY;)*/n

By convention, the algebraic sign of r is
chosen to be identical to the sign calculated
for the slope b.

A property of the correlation coefficient
which is of considerable interest to the cir-
cuit designer is the value of r2. This value is,
in a sense, the proportion of the variability
of circuit output, Y, which is explained by
the variation of the tube characteristic, X,
since

SSe

SSy
SS., in this context, is a measure of the

PP ' e
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SSe

SSy
remains as the proportion of total variation

(SSy) left unexplained by the regression
(functional relationship) existing between
the tube characteristic and circuit perform-
ance.

random error involved. The ratio

To obtain a further measure of the value
of the correlation coefficient, r, it is possible
to compare it to the “t” distribution for a
given sample size and Type I error «. (In
this circumstance, 100« percent of the time
the analyst erroneously decides that correla-
tion exists when it does not.)

t=rvn—2/ vyi—r

The calculated value of t may be com-
pared to a value interpolated from figure
25 at n — 2 degrees of freedom. If the cal-
culated value of t exceeds the graphic value,
r may be assumed to be significant at the
level selected, and a real linear relationship
may be assumed to exist between X and Y.

C. Determination of Significance of
Correlation

Three possible conclusions may be drawn
from the determination of the significance
of the correlation:

(1) The significance level may be high,
but the correlation coefficient
may be too low for practical ap-
plication. Perhaps less than 50
percent of the variation in cir-
cuit output is explained by the
selected tube characteristic. In
this case, different variables or
more variables should be used to
increase r? to a useful level.

(2) The correlation coefficient may be
high, but not significant, thereby
indicating that more data must
be taken to enable information
derived from the analysis to be
used with confidence.

(3) The correlation may be highly sig-
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nificant, but may involve proper- used with professional restraint.

ik GF COnGILONS Witiol wike pot D. Confidence and Tolerance Limits About
controlled or measured during . .
the Regression Line

the test. Such spurious correla-

tion an be detected only if the in- Since the Y values are normally distri-
vestigator is observant and ex- buted about the regression line, it is possible
ercises good judgment. to compute confidence limits and tolerance

It is well, in this connection, to remember Hhmite o Sesarya,

that statistical analysis is not a substitute The confidence limits for the mean of the
for engineering ability. However, statistics Y values for a particular value of X = X’
can become an effective aid in design when are given by

(X — X)?
X2 — (2X;)?*/n
The confidence limits for an individual Y value are given by

A 1 (X" o 28
Y’=a + bX’ + ta 8, AR S
n 3X2 — (2X,)%/n

In both of the foregoing notations, t @ is  for a given value of X*, with confidence co-
the appropriate constant from the “Student’s  efficient P = (1 —a), the following formula
t Distribution” (see Figure 25). To obtain is used:
the 100 (1—a) percent tolerance limits of Y

A 1
Y’=a+bX’itase\/_+
n 3

A 1 (X — X)3
Y —=a + X" 2l 8, Jl_;__,;_

n 2X2 — (2X;)%/n

In this notation, ! is the tolerance factor a point-for-point plot of the data given in
interpolated from Figure 26. As indicated the table,

BreumAl, Figas 26 1x detwn Tor F= 96, The figure indicates that linear relation-

From the three formulae immediately  ship exists between the MIL-E-1 test-point
above, it can be seen that the limits spread values for plate current and circuit output
out as observations depart from the mean of current. A case of non-linear relationship is
the X values. The reason for this is that the discussed later. The linear regression tech-
uncertainty due to the error in estimating nique will be applied to this relationship
the slope of the regression line increases as after a transformation of the linear esti-
the X value departs from its mean. mating equation has been made.

E. Example of Linear Regression Technique After the scatter-plot has been made, the
sums of squares and cross-products of the

A logical first step in any regression prob- i
two variables may be tabulated or totaled

lem is to make a scatter-plot of the data. . : )
Table 10 gives plate-current readings for a directly with a suitable calculator. Table 11

sample of tubes, as taken under the condi- illustra’.ces how the listing may be made. In
tions specified in the MIL-E-1 technical comp1.1t1ng‘ sums O_f squares and cross-prod-
specification sheet (TSS). These readings  ucts, it is 1mperat1\{e to use as many signifi-
are recorded with the corresponding read- cant figures as possible. In later subtractions

ings for circuit output current. Figure 28 is * Hald, A., Op. Cit.
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Tube Plate Circuit Tube Plate Circuit Tube Plate Circuit
# Current Current # Current Current # Current Current
1 8.10 4.54 18 8.00 4.50 35 7.80 4.42
2 8.90 4.90 19 8.40 4.61 36 7.20 4,26
3 7.40 4.29 20 7.30 4.30 37 7.50 436
4 7.00 414 21 8.25 4.57 38 7.40 432
S 7.80 4.54 22 7.20 4.24 39 7.00 4.26
é 775 4.47 23 7.15 4,34 40 715 4.32
7 7.25 4.38 24 7.70 4.38 41 7.40 4.38
8 7.80 4,44 25 7.70 4.53 42 6.80 4.17
9 7.40 4.40 26 7.55 4.40 43 8.00 4,50
10 8.90 478 27 770 4,46 44 7.10 4,26
1 7.55 4.49 28 8.65 4.80 45 715 421
12 8.00 4.56 29 675 410 46 775 4.46
13 775 4,44 30 7.45 4,34 47 7.00 4.20
14 8.10 4.64 31 7.80 4.52 48 7.40 4.36
15 8.40 4,69 32 715 4,28 49 7 .45 4.44
16 7.10 4.30 33 7.20 4.30 50 7.60 4.44
17 8.15 4.68 34 7.10 4,22

Table 10. Plate-Current and Circuit-Current Readings Forming Basis of Linear Regression Analysis.
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of nearly identical numbers, the entire cal-
culation can be thrown into error if too few
significant figures are used. Cross-products
must be computed by machine, as slide-rule
accuracy is insufficient for this task. Bar-

MIL-HDBK-211
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low’s Table* is a good source for squares of
numbers.

* Barlow’s Table of Squares, Cubes, Square Roots,
Cube Roots, and Reciprocals of All Integers Up to
12,500, L. J. Courie Chemical Publishing Co., Inc.,
New York, 1954.

Sums of Squares and Cross-Products of Plate-Current and Circuit-Current Readings Used in
Linear Regression Analysis

Tube # X X3 X X+ XY

i, 8.10 65.6100 4.54 20.6116 36.7740

2 8.90 79.2100 4.90 24.0100 43.6100

3 7.40 54.7600 429 18.4041 31.7460

4 7.00 49.0000 4.14 17.1396 28.9800

5 7.80 60.8400 4.54 20.6116 35.4120

6 7.75 60.0625 4.47 19.9809 34.6425

i 7.25 52.5625 4.38 19.1844 31.7550

8 7.80 60.8400 4.44 19.7136 34.6320

9 7.40 54.7600 4.40 19.3600 32.5600
10 8.90 79.2100 4.78 22.8484 42,5420
11 7.55 57.0025 4.49 20.1601 33.8995
12 8.00 64.0000 4.56 20.7936 36.4800
13 7.75 60.0625 4.44 19.7136 34.4100
14 8.10 65.6100 4.64 21.5296 37.5840
15 8.40 70.5600 4.69 21.9961 39.3960
16 7.10 50.4100 4.30 18.4900 30.5300
17 8.15 66.4225 4.68 21.9024 38.1420
18 8.00 64.0000 4.50 20.2500 36.0000
19 8.40 70.5600 4.51 21.2521 38.7240
20 7.30 53.2900 4.30 18.4900 31.3900
21 8.25 68.0625 4.57 20.8849 37.7025
22 7.20 51.8400 4.24 17.9776 30.5280
23 7.15 51.1225 434 18.8356 31.0310
24 7.70 59.2900 4.38 19.1844 33.7260
25 7.70 59.2900 4.53 20.5209 34.8810
26 7.55 57.0025 4.40 19.3600 33.2200
27 7.70 59,2900 4.46 19.8916 34.3420
28 8.65 74.8225 4.80 23.0400 41.5200
29 6.75 45.5625 4.10 16.8100 27.6750
30 7.45 55.5025 4.34 18.8356 32.3330
31 7.80 60.8400 452 20.4304 35.2560
32 7.15 51.1225 4.28 18.3184 30.6020
33 7.20 51.8400 4.5 18.4900 30.9600
34 7.10 50.4100 4.22 17.8084 29.9620
35 7.80 60.8400 442 19.5364 34.4760
36 7.20 51.8400 4.26 18.1476 30.6720
37 7.50 56.2500 4.36 19.0096 32.7000
38 7.40 54.7600 4.32 18.6624 31.9630
39 7.00 49.0000 4.26 18.1476 29.8200
40 7.15 51.1225 4.32 18.6624 30.8880
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Sums of Square and Cross-Products of Plate-Current and Circuit-Current Readings Used in
Linear Regression Analysis (Cont’d)

Tube # X X2 Y Y2 XY

41 7.40, 54.7600 4.38 19.1844 32.4120
42 6.80 46.2400 4.17 17.3889 28.3560
43 8.00 64.0000 4.50 ; 20.2500 36.0000
44 7.10 50.4100 4.26 i 18.1476 30.2460
45 7.15 51.1225 4.21 ‘ 17.7241 30.1015
46 7.75 60.0625 4.46 19.8916 34.5650
47 7.00 49.0000 4.20 17.6400 29.4000
48 7.40 54.7600 4.36 19.0096 32.2640
49 7.45 55.5025 4.44 19.7136 33.0780
50 7.60 57.7600 144 19.7136 33.7440

TOTAL 380.10 2902.2000 220.93 977.6589 1683.6380

MEAN 7.6020 4.4186

X
v

1

E. Use of Computed Regression Data
to Determine the Range of Circuit
Performance Values

If a proper selection of circuit perform-
ance characteristics and specified tube char-
acteristic was made in the foregoing analy-
sis, (a) the regression equationwas estab-
lished, (b) the correlation coefficient was
calculated, (c¢) the significance of the cor-
relation coefficient was determined, and (d)
the sets of points for confidence and toler-
ance limits wer computed and plotted. The
results of these calculations are presented
in Table 12 and Figure 29.

This information should be superimposed
upon a plot of the specified characteristic
limits, as shown in Figure 30. Assuming
that the sample values did not extend
through the specified acceptable region, the
regression line and the tolerance limits must
be extrapolated to intersect both the mini-
mum an dmaximum specification limits,

2.7.2 The Approximate Graphic Technique
of Linear Regression.

The second method for determining the co-
efficient of correlation consists in drawing
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Test-point plate current in milliamperes
Circuit output current in milliamperes

the line of estimation by inspection. With a
little practice, this can be done fairly easily
but not very accurately. The equation for the
estimated line can be written from the two-
point form of the equation for a straight
line. This equation is included in Table 13
for reference purposes.

Two lines are drawn parallel to the line
of estimation in such a way that 14 of the
points are above the top line, and 14 of the
points are below the bottom line. The verti-
cal distance between these lines is approxi-
mately 2s.. Approximately 24 of the items
are in the range bounded by these two lines.

The next step in the procedure is to draw
two lines parallel to the X axis so that 1; of
the points are above the top line, and 14 of
the points are below the bottom line. The
range between these two lines representing
approximately twice the standard deviation
of Y, 2s,, and contains approximately 24 of
the items. The procedure being described
is illustrated in Figure 31. The approximate
coefficient of correlation (r) is calculated
from the equation

r’ = 1 — s.2/s,?%

as indicated in Table 18,
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TABLE 12
COMPUTATIONS IN THE TECHNIQUE OF LINEAR REGRESSION

-~
Model: Y = a+ bX

n = 50
=X = 380,10 zxf: 2902, 2000 (zxi)2= 144,476,0100
sY; = 220.93 zviz= 977.6589 (zyi)2= 48,810, 0649
=X3Yi = 1683,6380 (zX;)(zY;) = 83,975.4930
T= ZXi . 76000 ¥ BW. a8
n n
COMPUTATION OF THE REGRESSION
n 3y 50 220,93
IX; =X%3Y;l 1380,10 1683, 6380 206,4070
b = - 1710 . = %33 9900 - 0.3256
R ZX; 50 380. 10 B
X3 =X32 | |380.10 2902.2000

a=Y - bX =4,4186 -(0.3256)(7.6020) = 1.9434

Regression line is: Y = 1.9434 + 0,3256X

Computation of the Variations

2
ssy = zv32 - (2Y1)" = 977,689 - 48810,0649 - ) 4576
- n
SSe = SSy - bEZXiYi -2 (_Xi)fl_"i)} 1.4576 - 0,3256 (1683.6380 -

83,975.4930)= 0,1135

—J___S.O_—-—

. f 25 0.1135 . /57003365 =
se =/ —5 = /U - /07002365 = 0.04863
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TABLE 12 continued

Computation of the Correlation Coefficilent
/88y

r = Cos 6 =/1-51n°0 5 v/S5e
A /35
r=_,/1-232¢ r/ SSy
S5y

-/1-¥59% -/1-c.o8r - /09281 = 0.9603

Test of Significance of the Correlation Coefficient

Null hypothesis is that p = O

r vn - 2_0.9603 VI8
J1 -1 JiTo9my

t =
t = 23.838

Critical value of t oxipp _ pop - 48) = 2.007 (Figure 25)

Therefore the null hypothesis 1s rejected. The conclusion can be
drawn that the correlation is significantly greater than zero with
a possible chance of error of 5%.

Tolerance and Confidence Limits on the Mean Y Values, the Individual
Y Values, and the Population of Y Values at the .95 Level (Type I
Error, a = .05)

Formulas:

Confidence limits on the mean of Y's for a given X = X',

.}.+ (X = i)g
- (EX4)°
n

' =a+ X'+t o5 5
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TABLE 12 continued

Confidence limits on an 1ndividual Y value, given X!

ONE
§“=a+bX'+to5se 1+ 1+ (xr X)
t t, = ST
£x7 - CX1)

n

Tolerance limits including 95% of all Yt's at the .95 confidence
level

= 12
R i (Xt - X))
yul-a+bX‘ije ,\/1+n = ZXiZ‘(zxi)

a = 1.9434 se = 0.,04863 t o5 = 2.007
b = 0.3256 ] = 2.379
)2
£x;2 - &X3)° - 15 6798 t os5e = 0.09760
- ;

Jse = 0.1157
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TaABLE 12 (Continued)

Choose Several Convenient X Values

X! 6.5 7 745 8 8.5 9
(1) = xt -X -1,1020 -0.6020 -0,1020 0.3980 0.8980 1.3980
(2) = (12 1.2144 0.3624 0.01040 0.1584 0.8064 1.9544
2
(3) = (21 (zx,2 - ‘—z—’&ﬂ—- .09577 .02858 0008202 .01249 .06360 L1541
(4) =+ (3) L1158 .04858 .02082 .03249 .08360 .1741
(53) = (4) + 1 1.1158 1.04838 1.02082 1.03249 1.0836 1.1741
(6) =  (4) .3403 .2204 .1443 | .1802 .2891 .4173
(1) = (3) 1.0563 1.0240 1.0104 1.0161 1,0410 1.083
(8) = t 5¢(6) 03321 .02151 ,01408 01759 . 02822 ,04073
(9) =t g 57 .1031 .09994 .09862 .09917 .1016 .1058
wo) = Ls,tn 1222 .1188 L1169 L1176 1204 .1254
(11) = bXx* 2.1164 2.2792 2.4420 2,6048 2.7676 2.9304
(12) = a+ (11) 4,05%8 4,2226 4,3354 4.5482 4.7110 4.8738
Mean of Y Values as f(X)
(13) = (12) + (8) 4.0930 4,2441 ‘4.3995 4.5658 4,7392 4.9145
(14) = (12) - (8) 4,0266 4.2011 4.3713 4.5300 4.6328 4.8331
Individual Y Values as £(X)
(15) = (12) + (9) 4.1629 4.3225 4.4840 4.6474 [ 4.8126 4.9796
(16) = (12) - (9) 3.9567 4.1227 4,2868 4.4490 l 4.6094 4.7680
Population Y Values as f(X)
(17) = (12) + (10) 4,1820 4,3411 4.5023 4.6658 4.8314 4.9992
(18) = (12) - (10) 3.9376 4.1041 | 4.268% 4,4306 4,%906 4.7424
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Figure 29. Scotter Plet Showing Confidence and Tolerance Limits for Test-Point Plate Current Versus Cirevit Output Current.
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Figure 30. Relationship of Observed Co-Variation in Circuit Output Current and Test-Point Plate Current Expended to Include
Expected Circuit Current Limits, Given the Plate Current Specication Limits.
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TABLE 13
CALCULATIONS USING APPROXIMATE METHOD

Coefficient of Correlation
2 s, = 0105 By inspection, see text.
2 s, = 0.330 By inspection, see text.

8.2 0.105 \2
r2=1-— =1— = 0.899
8,2 0.330

r = v0.899 = 0.948

Determining the Formula of the Estimating Equation
by the 2 Point Method

Let X, = 7.0, then Y, = 4.19
Let X, = 9.0, then Y, = 4.92

VAN Y1 w— Yz
Y — Y1 = e (X I Xl)
X, —X,
0.73
‘/Y\——-4.19 = ( ) (X — 17.0)
2

A 0.73 0.73
¥ d19 = W . (7.0)

2
Approximate 95% Confidence Limits About the Individual Y Values
N
Y’ = a + bX =+ 2s,
a = 1.635 b = 0.365

A
Upper Limit ¥ = 1.740 + 0.865X
Lower Limit 7 = 1,530 + 0.865X

}From Fig. 31

A
Y = 1.635 + 0.3656X

Test of Significance of the Correlation Coefficient
Null Hypothesis: p = 0

, rvn.— 2 0.948\/48
t = = = 11.65
V1 — x? 1/0.318
The correlation is significant since the critical value
t
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Figure 31. Plot of Test-Point Current Versus Circuit Output Current lllustrating Approximate Method of Determing Correlation.
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The test of significance is calculated as
before, and the confidence limits are drawn
parallel to the line of estimation and shifted
along the Y axis 2s, (above and below it),
as indicated in Figure 31. This procedure
has the obvious advantage of simplicity, and
yields satisfactory results for most practical
problems. The accuracy of the method im-
proves as the coefficient of correlation ap-
proaches unity. The confidence limits ob-
tained may be used, as before, in determin-
ing the performance limits of the circuit.

2.7.3 Conclusions.

In the example used to demonstrate the
two methods for determining the coefficient
of correlation, the plate-current values, as
measured under specified conditions, were
compared with measurements of circuit per-
formance. For the obvious reason that speci-
fied conditions are the only conditions for
which there are related characteristic limits,
the circuit designer should always attempt to
correlate circuit performance with tube
characteristics which are measured under
specified conditions. Occasionally, it is im-
possible to correlate performance with
characteristics measured under such condi-
tions. When characteristics are measured
under other than specified conditions, and
when good correlation is observed to exist,
it is to the advantage of the designer to
change his circuit so that tests can be run
on tubes whose characteristic limits are de-
fined in terms of specified conditions.

When the circuit cannot be changed, and
when the analysis seems to require the addi-
tion of a new test condition, the designer
should have the addition made to the tube
specification by going through the usual
military and industrial channels established
for this purpose, However, additions to the
specification should be made only when cor-
relation does not exist between circuit per-
formance and tube characteristics measured
under normally specified test conditions.
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2.7.4 Non-Linear Regression.

Frequently, the points on a scatter-dia-
gram cluster more closely about a curved
line than about a straight line. To determine
the relation between two variables which
behave in such a manner, it is sometimes
desirable to plot some function of the vari-
ables which will yield a linear diagram. A
number of transformations involving the
use of logarithms can be used with good
success.

If it is desired too determine the correla-
tion between the time delay of a circuit and
the static plate current of a tube as mea-
sured under standard test conditions, a good
first step, as in all regression problems, is
to prepare a table and a scatter-plot of the
data as shown in Table 14 and Figure 32.
It will be observed that the data assume a
curvilinear relationship. If the logarithms
of the variables (given in Table 15) are
plotted in a new figure (Figure 33), a bet-
ter approximation of a linear relationship
is observed. The transformation

v = log Y and x =log X

is then made. The procedure for thus achiev-
ing simple linear correlation is outlined in
Table 16.

After the transformation is made, either
the computational method or the approxi-
mate method can be used. The procedure for
determining confidence limits, line of esti-
mation, coefficient of correlation, and circuit
performance limits is the same as that used
for simple correlation, It must be remem-
bered, however, that the correlation is be-
tween the logarithms of the variables rather
than between the variables themselves. When
limits are established in terms of the vari-
ables, the transformation must be taken into
account.

2.7.5 Multiple and Partial Correlation.
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Toble 14. Readings of Plate Current Versus Time: 14-Tube Somple Used in
Non-Linear Regression Analysis.

Tube # Y X Tube # Y X
1 40.0 427 8 59.1 376
2 99.3 333 9 1127 324
3 724 344 10 50.2 376
4 443 384 11 57.0 356
3 43.9 375 12 732 342
) 98.0 343 13 56.0 376
74 47.6 406 14 76.5 356

Y =Plate Current (Microamperes)
X =Time (Milliseconds)

Table 15. Logarithms of Readings of Plate Current Versus Time.

(Microamperes)

= Plate Current

70

Y X
Tube No. X X (Log Y) (Log X) v2 x2 xy
1. 40.0 427 1.6021 2.6304 2.5667 6.9190 4.2142
2. 99.3 333 1.9970 2.56224 3.9880 6.3625 5.0372
3. 2.4 344 1.8597 2.5366 3.4585 6.4343 4.7173
4. 443 384 1.6464 2.5843 2.7106 6.6786 4.2548
5. 43.9 375 1.6425 2.5740 2.6978 6.6255 4.2278
6. 98.0 343 1.9912 2.5353 3.9649 6.4277 5.0483
7 47.6 406 1.6776 2.6085 2.8143 6.8043 4.3760
8. 59.1 379 1.7716 2.5786 3.1386 6.6492 4.5682
9. 112.7 324 2.0519 2.5106 4.2103 6.3031 5.1515
10. 50.2 376 1.7007 2.5752 2.8924 6.6317 4.3796
11 57.0 356 1.7559 2.5514 3.0832 6.5096 4.4800
12. 73.2 342 1.8645 2.5340 3.4764 6.4212 4.7246
13. 56.0 376 1.7482 2.5752 3.0562 6.6317 4.5020
14. 76.5 356 1.8837 2.5514 3.5483 6.5096 4.8061
TOTAL 25.1930 35.8679 45.6062 91.9080 64.4876
MEAN 1.7995 2.5620
X = Time (Milliseconds)
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Table 16. Computations in the Technique of Linear Regression With A Non-Linear Model.

Yy =Log Y x = Log X

Model: Log Y = a + b Log X

n =14 2 >
Ix; = 35.8679 Zx;< = 91,9080 (sx;)7= 1286.3063
Ixjyj = 64.4876 (2x;)(Sy3) = 903,6200
¥ = 24 = 2,5620 v = 2¥i = 1,7995
n n

Computation of the Regression Coefficients

n Zy; 14 25.1930
- Xi XiYi = 35.8679 64,4876 - -0,7936 = -3.8580
n sx3 14 35.8679 0.2057
Tty zx;% | | 35.8679 91.9080

a=Y7 - bx = 1,7995 +(3.8580)(2.5620) = 11,6837

The Regression Equation is: vy = 11,6837 - 3,8580 x or in terms of the
original variables:

Log Y = 11,6837 - 3,8580 Log X

Computation of the Variations

42
SSy = Zy;° - (L;'l)-= 45,6062-45,3348 = 0,2714

$Se = SSy - b [inyi - (2x )(ZY')]= 0.2714 + 3.8580 (64.4876 - 64.5443)
n

0,02714 + 3,8580 (-0,0567) = 0,05265

wn
]
9]
wn
(1]
1]

V 12

7l
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TABLE 16 continued

CCRRELATION COEFFICIENT

i
[

Formula: :

- SSe - 1 - 0.1940
ss

-.8978*%

n
o
-
o
(@
o
(@]

n

% r is negative because the
slope, b, is negative

SIGNIFICANCE OF THE CORRELATION COEFFICIENT

Formula: =lﬂ —tt 8,9__78__“1 = =3, 1401 = -7.060

Vi-r?2  q/o.1940 0.4405

n =14 r = -,8978

Critical value (Figure 25), for t, 05(DF=n-2=12) = 2,18, Correlation
coefficient is significantly different from zero since | 7.06| >2.18

COMPUTATION OF TOLERANCE LIMITS
Formula:

Tolerfnce limits for 95% of the y's with a confidence of 95% for a given
x = x' are

% )2
y''' = a + bx' £/ 1l (x*-%)
e \/1 TN Ea? - )

n
Where: a = 11.6837 L = 3.012 (Figure 26) se = 0.1995
2
b = -3,8580 se = 0.06625 sx32- (x40 - 0, 01470

n

=3
(8]
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Choose Several Convenient x Values
x! 2,50 2.54 2.58 2,62 2,64
(1) x' -<x -.0620 -,0220 .0180 . 0580 .0780
(2) (1)2 .003844 .0004840| .0003240| .003364| .006084
2
(3) 5 (2) 5 .2615 .03293 ,02204 .2288 .4139
Z %4 = B )/n
(4) 1+ ﬁ +(3) 1.3329 1,1043 1.0934 1.3002 1.4853
(5) A4 1.1545 1.0509 1.0457 1.1403 1.2187
(6) 1se (5) .2303 .2097 . 2086 L2275 .2431
(7) bx? -9.6450 -9,7993 -9,9536 -10,1080 =-10.1851
(8) $=a+ (7) 2,0387 1.8844 1.7301 1.5757 1.4986
Upper 95% Tolerance Limits
(9) (8) + (6) 2.2690 2,0941 1.9387 1.8032 1.7417
Lower 95% Tolerance Limits
(10) (8) - (6) 1,8084 1.6747 1.5215 1.3482 1.2555
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Figure 32. Typical Scatter Plot Showing Tendency Toward Non-Linear Relationship.
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Figure 33. Scatter Plot, With Upper and Llower Tolerance Limits, Showing Effect of Logarithmic Transformation of Variables.
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In some instances, circuit performance de-
pends to nearly the same degre upon two or
more tube characteristics. Some correlation
may be observed between circuit perform-
ance and each individual tube characteris-
tic. However, better correlation can some-
times be obtained if the combined effects of
various tube characteristics are considered.
In the determination of multiple correlation,
the combined effects of two or more indepen-
dent variables are considered simultaneously.
In the determination of partial correlation,
the effect of one independent variable is con-
sidered while the other independent variable
is maintained at some constant average
value.

2.8 Description of Frequency Distributions

As indicated in Part I, the description of
a population is given by the formula for the
frequency distribution (also known as “den-
sity function”) of the population. Descrip-
tions of the shape of the distribution may
also be given by certain moment ratios. For
example, B8, or \/B: may describe the “skew-
ness” of the distribution; B8, may desecribe its
“kurtosis.” The first two moments of a group
of data are equal to the mean and standard
deviation of the data. The 8, and B. coordi-
nates of all normal distributions are 0 and
3, respectively. A test of departure from
normality, using the values of /B, and 8.
is described in the following section.

When the B, and B, coordinates depart
from 0 and 3, certain changes in the “smooth
shape” of the distribution can be detected.
The value of B, indicates whether the dis-
tribution is lopsided, but does not indicate
whether the skewness is to the right or to
the left of the Value of X. This information
is given by the value of \/B,, as indicated by
the nature of the formula for this term:

(X, — X)®
(3%, — X)2)

Since the denominator is squared before the

ms

\(/~B~l . \/ -I'iA,

m, /2
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summation takes place, it will always be
positive. The numerator, on the other hand,
will be positive only when X; exceeds the
value of X. When a distribution is skewed
to the left, there will be a few values of X,
which are much smaller than the value of X.
These values will so weight the sum that m,
and /B, will be negative. Skewness to the
right will be characterized by a positive
VB-

The measure of kurtosis, 3., is-calculated
by means of the formula

Sinceboth m. and m, are always positive, 8,
is also always positive.

When B. is smaller than the value com-
puted for the normal distribution (B8, = 3),
the distribution becomes more flat; when
B. is larger than the value determined for
the normal distribution, the distribution be-
comes more peaked.

No distribution will ever have a pair of
B, B. coordinates which exceed the level
B: — By —1 = 0 (see Figure 34). Figure
34 shows the density functions which exist
at three points in the B;, 8. plane. The locus
of all so-called “logarithmico-normal” dis-
tributions is also shown in the figure, This
line reveals the fallacy involved in the at-
tempt to characterize the time-varying data
by a particular density function. Study of
the values of \/B; and B. for the property-
description charts given in Part IV will in-
dicate that these values generally take some
curvilinear path through B, B. space, be-
ginning in the vicihity of the points 0
and 3.

One interesting property of the moment
ratios B, and . is related to the transforma-
tion of lopsided or peaked distributions to
the unit-normal form. The reader who de-
sires further discussion of this matter is
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Figure 34, Density Functions Existing at Three Points in the ﬁl . Bz Plane.
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directed to the article® cited in the foot-
note below.

2.9 Tests for Departure from Normality

A test for departure from normality may
also be made with the parameters v/B8, and
B.. As has been pointed out, the /B, and
B: coordinates of the normal distribution
are 0 and 3, respectively. However, repeated
sampling from a normally distributed popu-
lation yields distributions of the /B, and
B. estimates. The 1-percent and 5-percent
boundaries of these distributions are given
in Tables 17 and 18. Certain selected pairs
of the parameters are plotted in Figure 35.
If the VB, and B coordinates of a sample
distribution of size n lie inside the limits,
non-normality cannot be shown. The alterna-
tive is to conclude, with some reservations,
that normality exists. However, if the co-
ordinates fall outside the percentage bound-
aries—for example, the 1-percent boundary
—the probability is less than 1 percent that
a sample drawn from a normal distribution
would yield such a result.

2.10 Estimation of Observed Reliability
Functions

The inoperative probability of survival
curves for certain tube types discussed in
Part IV were computed on the basis of the
technique described in this section, Formu-
lae 3 and 4 are particularly applicable to the
discussion in Part IV. The material on ob-
served reliability functions first appeared
in the monograph cited in the footnote.*

Given a random sample of lifetimes, the
reliability function may be estimated in
either of two ways: (a) by noting the per-
centage or fraction of the sample which sur-

* Johnson, N. L., “Systems of Frequency Curved
Generated by Methods of Translation,” Biometrika,
Cambridge University Press, London, June 1949,
Vol. XXXVI, p. 149.

* Herd, G. R., Estimation of Reliability Functions
(Monograph No. 8), Aeronautical Radio, Inc., Wash-
ington, D. C.,, May 1, 1956, pp. 8-10.
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vives after a given time T, or (b) by noting
the time at which a given percentage or frac-
tion of the sample still survives.

If the reliability function were presented
graphically, the first approach would be an-
alogous to selecting a value on the abscissa
(time) and determining the corresponding
value on the ordinate (probability of sur-
vival). The second approach would be ana-
logus to selecting a value on the ordinate
and determining the corresponding value
on the abscissa.

Although the two approaches appear to
be identical, they are based upon different
theoretical procedures. The first approach
involves the estimation of the theoretical
percent or probability R (T). This procedure
is equivalent to estimating the parameter
of a binomial distribution, since if T is fixed,
the number surviving T is a random vari-
able. The appropriate estimate of R(T) is
given by

Number surviving time T n-k

R(T)

Initial sample size n

where k is the number which fail in time T.

The second approach involves a procedure
in which the random variable is the time to
failure or time between malfunctions. At
the time of each failure or malfunction, the
expected percentage surviving is known.
This approach leads to an estimate of R (t)
which is given by

n—i+1
n41

where i represents the ith ordered failure
t; represents the time to the ith failure. (The
term “ordered” means that the times to fail-
ure are numbered in ascending order of
magnitude; t, is the shortest lifetime; t, is
the longest lifetime.) The function R (%)
may be plotted by plotting the points

n—i+1
.t )i

n-+1

R(t) =

1,2 ...
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Table 17. Percentage Points of The Distribution of 1/ B—; = M, /rn2 8/2

size of Percentage Standard Size of Percentage Standard
Sample Points Deviation Sample Points Deviation
n 5% 1% 8 n 5% 1% 8

26 11 1.061 4354 200 .280 403 1706
30 .661 982 4062 250 .251 360 .1631
86 621 921 .3804 300 .230 329 .1400
40 .b87 .869 .3696 3560 213 306 .1298
45 .b58 .826 3418 400 .200 .285 .1216
50 .533 787 3264 450 .188 .269 1147
500 179 .265 .1089

60 492 723 .3009 550 A7 .243 .1039
70 459 673 .2806 600 .163 233 .0995
80 432 .631 .2638 650 157 224 .0956
90 .409 .b96 .2498 700 151 216 .0922
100 .389 567 2377 750 .146 .208 .0891
800 142 .202 .0863

125 .350 .508 .2139 850 .138 .196 .0837
1650 321 464 .1961 900 134 .190 .0814
175 .298 .430 .1820 950 .130 .185 0792
200 280 .403 .1706 1000 JA27 .180 0772

Table 18. Percentage Points of The Distribution of [}, = m,/m, 2

Percentage Points

Size of
Sample Upper Upper Lower Lower
n 1% 5% 5% 1%
200 3.98 3.67 2.61 2.37
260 3.87 3.62 2.65 2.42
300 3.79 3.47 2.69 2.46
350 3.72 3.44 2.62 2.60
400 3.67 3.41 2.64 2.62
450 3.63 3.39 2.66 2.55
500 3.60 3.37 2.67 2.67
5560 3.67 3.35 2.69 2.68
600 3.54 3.34 2.70 2.60
660 8.52 3.33 2711 2.61
700 3.50 8.31 2.72 2.62
750 3.48 3.30 2.73 2.64
800 3.46 3.29 2.74 2.65
850 3.45 3.28 2.74 2.66
900 3.43 3.28 2.76 2.66
950 3.42 3.27 2.76 2.67
1000 341 3.26 2.76 2.68
2000 3.28 3.18 2.83 2.77
3000 3.22 3.16 2.86 2.81
4000 3.19 3.13 2.88 2.84
5000 3.17 3.12 2.89 2.856
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Figure 35. Relationship of Various Values of 3., \/ﬁ—v and Sample Size to Specified Degrees of Chance that Non-Normality
Will be Assumed Incorrectly.
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Either of these procedures can be used to
present the observed reliability function,
since they are equivalent if used in connec-
tion with large samples. However, the
second procedure is more advantageous than
the first when the problem involves lost or

A n—r,+l n,—r,+1 n;—r; +1
R(t];) o . . .

n -1

in which n; is the number of survivors be-
ginning the interval which preceeds the ith
failure, and r; is the number of failures oc-
curing at the time of the ith failure. It is rea-
sonable to present a reliability function by
plotting the expected fraction surviving as
a function of the observed times.

n +1 n, +1

VRG] = » (

i=1

Two methods of estimating the reliability
function are available to the investigator
who can observe only the numberof failures
occuring within an interval, rather than the
exact times at which failures occur, and who
must take account of censored observations.
The method of estimation for situations in
which censorship occurs at the end-points
of time intervals is the same as that given
in Equation 3. However, if censorship hap-
pens to occur within the time interval be-
tween observed failures, it may be advisable
to adjust the sample size for the interval to
allow for the reduction in accumulated life.
To obtain a reliability function in a situation
characterized by censorship within the time
interval between failures, the estimate of
R (t) at the time of the kth failure is given
by

Brey = B (

(5)

ni—Wi /2—1’1 +1
ni—Wi /2 + 1

ni—ri+l
n; + 2 i
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terminated observations.

It can be shown that, if terminated ob-
servations occur at the same time as failures,
and if the number of terminations is speci-
fied in advance, an estimate of R(t) at the
time of the kth failure is given by

n—ri+1 K n,—r;+1
¥ peeean i B (] e (3)
Ny + l i=1 n; +1

An example given in ARINC Monograph
No. 3* indicated that, when censorship oc-
curs, the exact observed reliability function
cannot be determined. Instead, it is necessary
to estimate this function bythe method given
in Equation 3. This is a non-parametric, or
distribution-free, method of estimation. The
variance of the estimate is

n—r;+1 2
—_— (4)
1 n; +1

In this equation, W; is the number of
withdrawals (censored observations) dur-
ing the ith time interval; the other symbols
are the same as those used in previous equa-
tions. The variance of this estimator is
given by Equation 4, with (n;-W;/2) sub-
stituted for n;.

The estimating technique given in Equa-
tions 3 and 5 has two advantages: (a) the
computations are simple, and (b) the basic
technique remains the same, whether or not
censored observations are involved, except
that censored observations necessitate a
slight increase in the number of computa-
tions.

Example: The failure data presented in
Table 19 are from a sample of 49
items of which 32 were with-
drawn from test at various times
during the test, Table 19 presents
the observed times when failures
occurred, the number of with-
drawals (censored observations),

* Herd, G. R., Op. Cit.
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the contribution of each interval drawals would be made at the
between failures to the estimated same time that failures occurred.
reliability, and the estimated re- Therefore, equation 3 was used
liability function. The experi- to estimate the reliability funec-
ment was designed so that with- tion.

Table 19. Computation of Non-Parametric Reliability Function. Failure Data of 17 Tubes
From Sample of 49.

(1) (2) (8) (4) (5) (6)
A
t, n, Ty W, n-r, +1 5 R (t)
i n, +1
1187 49 1 2 980 .980
2397 46 1 (1} 979 9569
2564 45 1 0 978 938
8024 44 2 | 8 978 917
3364 40 1 4 976 .896
3396 36 1 0 972 870
3697 84 1 3 971 846
37568 30 1 2 .968 818
38556 27 1 2 964 789
3936 24 1 0 960 J67
4132 23 1 1] 958 726
4137 22 1, 0 957 694
4291 21 1 2 9566 663
4320 18 1 (1] 947 628
4349 17 1 1 944 .93
4464 15 1 i | 938 .bb6
4523 13 1 12 929 b17
17 32

t, = time of the ith failure

n, = number of survivors before the it time interval = n,_,-r,_-W,_,
r, = number of failures at time t;

W, = number of withdrawals at time t,

K
R (t;) = estimated probability of survival at t,
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2.11 Check List of “Abnormal Environmental Conditions Frequently Encountered in Re-

liability Studies

Power

Temperatures (Ambient)

Temperatures (Equipment)

Humidity or Moisture

Altitude or Pressure

Dust

Vibration or Shock

Poor voltage or frequency regulation
Instability, transients

Excessively high or low voltage
Improper frequency

Interruptions

Improper ventilation

Failure of heating or air-conditioning systems

Wide range in heating or cooling cycle, due to overnight or week-
end shutoff

Improper installation (obstruction of intake or exhaust ducts)
Proximity to heater, engines, or other heat-producing equipment

Periodic access of rain or flood

High local humidity

Local atmospheric conditions causing chemical deterioration of
plating, colder joints, insulation, ete. (salt air, ete.)

Excessive pressure resulting in leaking seams or seals
Corrosion due to corona
Insulation breakdown because of arc-over

Improper installation
Abnormal local conditions
Poor maintenance

Impairment due to collision

Mishandling

Improper installation

Abnormal local conditions

Vibration or shock transmitted from associated systems or com-
ponents
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RATINGS—Does the operation of the tube approach any absolute rating under any usual condition of sup-
ply-voltage variation, load variation, or manufacturing variation in the equipment itself?

Heater Voltage
Anode Voltage (dc)
(Peak forward)
(Peak inverse)
Screen Grid Voltage
Control Grid Voltage
Suppressor Grid Voltage
Heater-Cathode Voltage
Control Grid Resistance
Cathode Current (average)
(peak)
Anode Dissipation
Screen Grid Dissipation
Bulb Temperature

CHARACTERISTICS-Does the specification of the tube type selected

define the required characteristics?

Will the circuit operate satisfactorily with tubes having the range of characteristics allowable in the spe-

cification?

Transconductance (life-test end point)

Transconductance (at reduced heater voltage)

Plate Current (life-test end point)
Sereen Grid Current

Heater Current

Interelectrode Capacitance
Dynamic Plate Resistance
Amplification Factor

Power Output (life-test end point)

DETRIMENTS—Does the specification of the tube type selected adequately define detriments? Will the
circuit operate satisfactorily with having the detriment value allowable in the specification?

Electrode Insulation (life-test end point)

Grid Current at Rated E, (life-test end point)
Grid Current at Elevated E, (life-test end point)

Plate Current Cutoff
Heater-Cathode Leakage

RF Noise, AF Noise, Noise and Microphonics
Change of Characteristics with Life (I,, P,
Change of Characteristics with Heater Voltage

BASIC LIMITATIONS-Is operation of the circuit satisfactory considering the basic limitations of elec-
tron tubes? Does circuit function depend upon any unspecified property of the tube?

Initial-Velocity-Electron Current
Spurious Emission Current
“Interface Resistance” Effect
Thermionic Instability

Electron Coupling Effects
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PART III
APPLICATION INFORMATION AND
SPECIFICATION ASSURANCE
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APPLICATION INFORMATION AND
SPECIFICATON ASSURANCE

3. INTRODUCTION

General tube properties and circuit design
treatment have been presented in preceding
parts of this handbook. Part III contains in-
formation of the specific tube types listed in
MIL-STD-200 and includes MIL-E-1 speci-
fication data.

Military Standard MIL-STD-200 lists
preferred electron tube types that have been
selected by the U. S. Army, Navy and Air
Force, jointly, to fulfill the majority of elec-
tron tube applications. Purpose of this stand-
ard is twofold:

(a) To guide military equipment de-
signers and manufacturers in the choice of
tube types that represent the highest quality
tubes available for military use.

(b) To provide for a minimum tube
maintenance stock by making extensive use
of a minimum number of tube types.

The current list is included here as Table

87

3-1 for information purposes. Reference to
the most recent issue of MIL-STD-200
should always be made since it is subject
to revision and re-issue,

Military Specification MIL-E—-1 are con-
trols intended to provide assurance that the
equipment designer using electron tubes can
expect comparatively uniform initial charac-
teristics, relatively stable characteristics
throughout life, and a high attribute quality
level. Parenthetically, it follows that there is
no assurance of satisfactory operation of
tubes when they are used under conditions
incompatible with test conditions and ratings
set forth in this specification. Both the quies-
cent operating point and the dynamic oper-
ating requirements must be considered in re-
lation to these ratings.

Specification data applicable to the re-
ceiving types of MIL-STD-200 are pre-
sented in Table 3-2 which includes a sum-
mary of specification controls and a list of
properties tested by variables.



MIL-HDBK-211
31 December 1958

Table 3-1. Receiving Tubes.

MIL-STD-200C, 5 October 1955
Listing by Structure and Heater Voltage

Heater
Voltages 1.25 and 1.4 5.0 6.3
Structure (volts) (volts) (volts)
Diodes #1A3 2B22 *5829WA
*5647
#5726/6AL5W | # *5896
Triodes #2C40 #*5718
#6C4W #*5719
*5708WA *5T44WA
*6533
Twin Triodes #3A5 #12ATTWA *6021
#5670 *6111
#5751 *6112
#5814A
Pentodes
Remote #5749/6BA6W
# *5899
Sharp #*1AD4 #6AH6 # *5639
*1AH4 #6AU6WA *5702W A
#5654/6 AK5W | # *5840
Mixers and *5636 #5750/6BE6W
Converters #5725/6 AS6W *5784WA
Power Output
Pentodes #3B4 #2E30 5686
3V4 6AGT7 #*5902
#*5672 6BG6G #6005/6 AQ5W
#*6088 #6L6WGB 6094
Triodes #5687 6030WA
Rectifiers #1B3GT | #5R4WGA #6X4W 6203
#1Z2 #5Y3BWGTA | #*5641

# Also U.S. tubes on NATO priority list of electronic tubes (valves).

* Subminiature.
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Tube
Type Specification Specification
JAN- Serial Number Sheet Dated
1A3 MIL-E-1/19 5 Feb 1953
*1AD4 MIL-E-1/20A | 9 July 1953
*1AHA4 MIL-E-1/316 |14 Aug 1953
1B3GT MIL-E-1/T749A |23 Dec 1955
1Z2 MIL-E-1/29 5 Feb 1953
2B22 MIL-E-1/736 |17 Dec 1954
2C40 MIL-E-1/737 |17 Dec 1954
2E30 MIL-E-1/32 5 Feb 1953
3A5 MIL-E-1/33A |14 Jan 1954
3B4 MIL-E-1/34B |17 Dec 1954
3V4 MIL-E-1/343 |14 Aug 1953
5R4AWGA |MIL-E-1/116A | 4 March 1954
.5Y3SWGTA |[MIL-E-1/1021 |28 June 1956
6AGTY MIL-E-1/45C |14 May 1956
6AH6 MIL-E-1/46 5 Feb 1953
6AU6WA |MIL-E-1/1 13 Jan 1953
6BG6G MIL-E-1/53A |14 Jan 1954
6C4W MIL-E-1/55B |14 Jan 1954
6L6WGB |MIL-E-1/197 |20 May 1953
6X4W MIL-E-1/64A |20 May 1953
12ATTWA |MIL-E-1/3A |23 Aug 1955
*5636 MIL-E-1/168C |23 June 1955
*5639 MIL-E-1/169C |23 June 1955
*5641 MIL-E-1/170A |26 Oct 1954
*5647 MIL-E-1/204C |18 June 1956
5654/ MIL-E-1/4A 5 Dec 1955
6AK5W
5670 MIL-E-1/5A 5 Dec 1955
*5672 MIL-E-1/280 9 July 1953
5686 MIL-E-1/171 |20 May 1953
5687 MIL-E-1/80C |14 May 1956
*5T02WA MIL-E-1/82B |25 July 1956
*5703WA  |MIL-E-1/293C | 5 Aug 1955

Method of Specification
Definition of
Characteristics

Characteristics
Defined By
Variables
Techniques

EEEEEEEEEESESES

-M
-M
-M
-M
-M
-M
-M
-M
-M
-M
-M
-M
-M
-M
-M

M-LRLM-URLM-M

M-M
M-M
M-M
M-M
M

M-LRLM-URLM-M

M-LAL-UAL-M-ALD
M-LAL-UAL-M-ALD

M-LAL-UAL-M-ALD
M-LAL-UAL-M-ALD

M-LAL-UAL-M-ALD

M-LAL-UAL-M-ALD

A

=EER
feema

M-LAL-

o

~M-ALD

M-LAL-UAL-M-ALD

Characteristics
Defined During Life
Characteristics

If, #1hk, #1Icl,
Ibl, Ic2, Smil,

#8m2, #Cglp,
Cin, Cout, #Ep

If, #Ihk, #Ic,
Ibl, Smi,
#Sm2

If, Ibl, Sm1

If

If

If

If, Ibl, Smil,
Ic2, #Sm2,
Cin, Cout

If, Ibl, Smi,
Mu

Ibl, Smi, Ic2

Ibl, Sml

Io

Sm2

Sml, Icl

Is

Is

Etd

Po

Ag,Ip, Ic2

Sm

AgEp, Ic2, ep
Pol

Io2

Io

Po

Sml

Rgl-all, Rp-all, If,
Thk, Icl, Sml, A Avg
Sm1

Is

Smi, Ic

Po, Sm

Io

Rg-all, Rp-all, If, Ihk,
Ic, Smi1, A Avg Sml

Icl, If, A |, Smi,

A Etsm’ Ihk’ Rp'anr
Rg-all, Avg A,Sm1
Iel, If, A , Smi,

A g¢Sm, Ihk, Rp-all,
Rg-all, Avg A , Sm1
If, Thk, Io

If, Io, A,Io, Ihk,
Rp-all

Rg-all, Rp-all, If, Ihk,
Icl, Sm1, Avg A Sml,
A Sm, A g,Sm

If, Ihk, Ic, A 5,Sm,
Sml, Avg A Sml,

A {Sml, Rg-all,
Rp-all

Pol, Icl

Pol, Ic

Ibl, Sm

If, Ihk, Ic, Smi,

A Sml, A 5,Sm, Rg-all,
Rp-all

If, Ihk, Icl, Ic2,

A (Sml, A 5,Sm,
Rg-all, Rp-all

* Subminiature Tube.

# Refers to asymmetric limits.
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Table 3-2. Receiving Tubes of MIL-STD-200—(Cont'd.)

Tube Method of Specification Defined By
Type Specification Specification Definition of Variables Characteristics
JAN- Serial Number Sheet Dated Characteristics Techniques Defined During Life
*5718 MIL-E-1/172B| 5 Aug 1955 |M-LAL-UAL-M-ALD If, Ibl, Sml Ie, If, A ;Sml, A ,Sml,
Ihk, Rg-all, Rp-all,
Avg A Sml
*5719 MIL-E-1/173C | 5 Aug 1955 |M-LAL-UAL-M-ALD If, Sml Ic, If, A ;Sml, A g,Sml,
Ihk, Rg-all, Rp-all,
Avg A ,Sml
5725/ MIL-E-1/6C |25 July 1956 |M-LAL-UAL-M-ALDIf, Ibl, Sml Rgl-all, Rg3-all,
6AS6W Rp-all, If, Ihk, Icl,
Smil, Avg A Smil,
A (Sml, A 5,Sml
5726/ MIL-E-1/7A | 3 May 1954 | M-LRLM-URLM-M |If, #Ihk, #]Io,
6AL5SW #Is, #C(1p to
2p),
C(1p to H+1k
4+ sds.),
C(2p to h+2k
+ sds.),
C(1k to h+1p
+ sds.),
C(2k to h+2p
-+ sds.),
#Ep
*5744WA  |MIL-E-1/84C (25 July 1956 M-LAL-UAL-M-ALD|Ib1, Sml, Mu (If, Ihk, Icl, Ic2,
A (Sml, A 5,Sml,
Rg-all, Rp-all
5749/ MIL-E-1/8 13 Jan 1953 | M-LRLM-URLM-M |If, #Ihk, #Icl1,|Rgl-all, Rp-all, If, Ihk,
6BA6W Ib, Sml, #1c2, |Icl, Sml, A Avg Sml
#Sm2, Sm3,
#Ep
5750/ MIL-E-1/9 13 Jan 1953 M-LRLM-URLM-M (If. #Ihk, #1Ic3, Rgl-all, Rg3-all,
6BE6W Sel, Iel, Ib2, |Rp-all, If, Ihk, Ic3,
#1c2+44, Ik, Scl, Icl, A Avg Sel
Smil, #Sm2,
#Ep
5761 MIL-E-1/10 |18 Jan 1953 M-LRLM-URLM-M |If, #Ihk, #Ic, Rg-all, Rp-all, If, Ihk,
Ibl, #Ep (ac |Ic, ACA, A Avg ACA
ampli.), #Ib2,
Sm1, #Sm2,
Mu, Cgp, Cin,
Clout, C2out,
#Ep
*5784WA  |MIL-E-1/88C |25 July 1956 [M-LAL-UAL-M-ALD Ibl, Sml If, IThk, Icl, A ,Sml,
A gsSml, Rgl-all,
Rg3-all, Rp-all
5814A MIL-E-1/12A |23 Dec 1955 |M-LAL-UAL-M-ALD If, Ibl, Sml, Mu|Rg-all, Rp-all, If, Ihk,
Icl, Sml Avg A Sml,
A (Sml, A 5, SM1
*5329WA  |MIL-E-1/292A |23 Dec 1955 [M-LAL-UAL-M-ALD | #]TIo, #Is Rp-all, If, Ihk, Io,
A Jo
*5840 MIL-E-1/140B | 5 Aug 1955 |M-LAL-UAL-M-ALD If, Ibl, Sml Iel, If, A ,Sml,
A g;Sml, Thk, Rg-all,
Rp-all, Avg A ,Sml
*5896 MIL-E-1/174C (23 June 1955 M-LAL-UAL-M-ALD If If, Io, A ,Jo, Ihk, Rp-all

* Subminiature Tube.

# Refers to asymmetric limits.
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Characteristics
Tube Method of Specification Defined By
Type Specification Specification Definition of Variables Defined During Life
JAN- Serial Number Sheet Dated Characteristics Techniques Characteristics
*5899 MIL-E-1/97C |28 June 1956 |M-LAL-UAL-M-ALD|If, Ibl, Sml Icl, If, A ,Sml,
A 5:Sm, Thk, Rp-all,
Rg-all, Avg A ,Sm1
*5902 MIL-E-1/175C {14 May 1956 |M-LAL-UAL-M-ALDIf, Ibl, Sm If, Ihk, Icl, A ,Pol,
Avg A Pol,
Rp-all, Rg-all, A z,Pol
6005/ MIL-E-1/13A |20 May 1953 | M-LRLM-URLM-M |If, #Ihk, If, Thk, Icl, Pol,
6AQ5W #1cl, #Ic2, A Avg Pol
#Pol, Ib,
# Po2, #Cglp,
Cin, Cout
*6021 MIL-E-1/188B |23 Aug 1955 |M-LAL-UAL-M-ALD If, Ibl, Sml If, Ihk, Ie, A Sml,
Avg A Sml, Rg-all,
Rp-all,
A gsSml
6080WA MIL-E-1/510B| 5 Dec 1955 |M-LAL-UAL-M-ALD Ibl, Sml Ie, A 5;Sm, Ihk, If,
Sm, Rg-all, Rp-all
*6088 MIL-E-1/694 3 May 1954 M-M Pol
6094 MIL-E-1/821B |23 Dec 1955 |M-LAL-UAL-M-ALD Ib, #Ic2, #Po, | If, Icl, Po, A ;; Po, Ihk,
Sm Rgl-all, Rp-all, Avg
A (Po
*6111 MIL-E-1/189B |23 Aug 1955 |M-LAL-UAL-M-ALD If, Ibl, Sml If, Ihk, Ie, A (Sml,
AVg A (Sml, Rgl-all,
Rp-all, A 5,Sml
*6112 MIL-E-1/190C |14 May 1956 |M-LAL-UAL-M-ALD|If, Sml Ic, If, A (Sml,
A g¢Sm1, Thk, Rg-all,
Rp-all, Avg A Sml
6203 MIL-E-1/262A |23 June 1955 |M-LAL-UAL-M-ALD If A (Jo, If, Thk
6533 MIL-E-1/975 5 Dec 1955 |M-LAL-UAL-M-ALD If, Sm If, Thk, Ic, A , Sm,

Avg A Sm, Rg-all,
Rp-all, A g¢,Sm

* Subminiature Tube.

7 Refers to asymmetric limits.
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3.1 Application of Triodes

This section discusses triode properties
and methods of treating them in circuit de-
sign. Triode types are shown on a field of
constant Mu lines for comparison purposes
in Figures 3-1 and 3-2. The test conditions
under which these characteristics were de-
termined are those listed in the applicable
specifications. Tube properties under actual
usage may vary considerably from the values
shown. The conditions under which the ac-
ceptance tests are performed for various
triodes are given with other information in
the section on specific tube types where a
treatment of acceptable limits, character-
istics variability, and permissible areas of
operation appears.

3.1.1 Permassible Operating Conditions.
The permissible operating conditions are
considered in relation to the ratings. In gen-
eral, as the operating condition approaches
the ratings, the reliability of the design will
be adversely affected, since these define the
limiting conditions beyond which there is a
complete absence of operating assurance.’
Figure 3-3, an average plate characteristic
plot for a typical triode, shows such a per-
missible area of operation bounded by heavy
lines representative of the absolute maxi-
mum ratings of the type.

3.1.2 Questionable Areas of Operation.
Note should be taken of Regions 1 and 2
indicated by line shading. Though operation
in these regions is permissible it is nonethe-
less questionable for certain applications.
Region 1 is located near the zero bias line.
Tube characteristics in this region are sub-
ject to considerable variability primarily due
to grid currents resulting from such causes
as contact potential and ionic gas currents.
These properties are rarely subject to com-
plete specification control and are therefore
unpredictable; as a result, tube character-
istics in this region may vary more widely

1 Reference Table 1-2 in Part. I
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than is indicated by the specification limits.
Grid currents may, in addition, cause loading
of the input circuit, resulting in wide varia-
tion of apparent stage gain over short peri-
ods of time.

3.1.3 Low Current Region. The second
area (2) appears in the low plate current
region of the tube, In some specifications,
a minimum cathode current appears as a
rating. Unless otherwise indicated on the
individual electron tube specification sheets,
operation below this rated value is decidedly
uncertain since in this low current region,
particularly under conditions of fixed bias,
currents may vary widely from tube to tube
or between sections in dual types. Further-
more, circuit operation is not assured when
the tube, after being held at low or no plate
current with its heater energized for an ap-
preciable length of time, is subjected to high-
er current demands.

3.1.4 Area Adjacent to Maximum Plate
Dissipation Boundary of Permissible Area
of Operation. The third (3) area deserving
consideration is adjacent to the maximum
plate dissipation boundary of the permissible
area of operation. A definite relationship
exists between the plate dissipation, the
bulb temperature, and the effective environ-
mental temperature. Under certain condi-
tions, the maximum rated bulb temperature
may be exceeded unless the plate dissipation
is reduced. In many cases, the proper choice
of shield, socket® and/or mounting clamp
(subminiature) will materially aid in the
solution of this particular problem.

3.1.5 Other Design Considerations

In addition to the limitations discussed
above, other design considerations not im-
mediately apparent from the specification
are treated below for triode application.

(a) Supply Voltages. A note concern-
ing the use of supply voltages in excess of

1 See WADC Report 53-174, June 1953
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the rated maximum appears in MIL-E-1,
as follows: “Unless otherwise specified on
the tube specification sheet, when the load
impedance is of such type that the instanta-
neous voltage at the plate never exceeds
the supply voltage, the supply voltage may
be twice the maximum rated dc plate volt-
age, provided the maximum rated average
dissipation is never exceeded on any elec-
trode.”

(b) Low Electrode Current. Unless
otherwise noted in individual tube type sec-
tions, circuit operation is not assured when
the tube, after keing held at a low value of
plate current for appreciable periods of
time, is subjected to higher current demands.
Examples of this service are all types of
intermittent operation wherein heaters re-
main energized under conditions of very low
or no plate current.

(¢) A—C Plate Operation. Considerable
caution should be exercised in the supply-
ing of plate potential from alternating volt-
age sources. In such applications, the nega-
tive excursions of the plate afford an op-
portunity for electron emission from plate
to control grid, resulting in a negative shift
of bias. In addition, the positive alternating
voltage peaks may draw cathode current
sufficient to impair the operation of the
tube.

(d) Heater Operation. Attention should
be given to heater voltage tolerance ratings.
Life and reliability of performance are di-
rectly rated to the degree that heater volt-
age is maintained at center rated values.
The importance of good heater voltage reg-
ulation on the useful life of the tube is
evident from Table 1-2 (Part I). Here it
is apparent that excessive heater voltage
will hasten deterioration within almost every
electron tube defect category.

(e) Bias Conditions. The apparent vari-
ability of characteristics of many triode tube
types, as reflected in the specification, is
greatly reduced through the use of cathode
bias for measurement test conditions. It can
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be expected therefore, in applications em-
ploying fixed bias, that characteristic vari-
ability will exceed that which is evident for
such types under MIL-E-1 test conditions.

(f) Grid Return Resistance. Caution
should be exercised in the choice of grid
resistors. Specification assurance on life is
lost if the resistance chosen has a value
greater than that specified in the intermit-
tent life test conditions.

(g) Pulse Operation. In general, the
testing of all electron tubes is performed at
discret operating points only and unless
specific tests provide assurance of pulse be-
havior, no assumptions may be made for
such conditions of operation. Specification
assurance of characteristic uniformity rarely
exists in the positive grid region. The at-
tention of the designer is again directed to
the observations concerning low electrode
currents typical of operation in pulse cir-
cuitry (paragraph

(h) Low Supply Voltage Operation.
There is no assurance of characteristic
uniformity when the plate is operated at a
low voltage, as, for example, from 28-volt
d-c aircraft supplies. With a very low plate
voltage, the cutoff value of bias approaches
the value of the ‘“contact potential” effects.
Operation in this area must be regarded as
extremely unpredictable.

(i) Microphonic Behavior Under Shock
and Vibration. Vibration testing and meas-
urement is rarely performed at operating
points where characteristic assurance is al-
ready available by means of other accept-
ance tests. The specification limits of vibra-
tion noise wherever such tests are made on
triode tubes are shown in figures 3—4 and
3-5. In these figures the microphonic noise
limits are referred back to the respective
grids of the tubes involved by consideration
of the operating level of the tube under test
and the characteristics of the average tube
of each type.
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3.2 Application of Pentodes

This section discusses pentode properties
and methods of treating them in circuit de-
sign. Factors of merit are presented for re-
ceiving pentodes in Figure 3-6. The factors
and characteristics shown have a direct re-
lationship to pentode applications and are
presented for comparison purposes. The test
conditions under which the characteristics
were determined are those listed in the ap-
plicable specifications. Tube properties under
actual usage may vary considerably from
the values shown. The conditions under
which the acceptance tests are performed
for various pentodes is given with other in-
formation in the section on specific tube
types where a treatment of acceptable lim-
its, characteristic variability, and permis-
sible areas of operation appears.

3.2.1 Permissible Operating Conditions.
The permissible operating conditions are
considered in relation to the ratings. In gen-
eral, as the operating condition approaches
the ratings, the reliability of the design will
be adversely affected, since these define the
limiting conditions beyond which there is a
complete absence of operating assurance.l
Figure 3-7, a plate characteristic plot of a
typical pentode, shows such a permissible
area of operation bounded by heavy lines,
representative of the absolute maximum
ratings of the type,

3.2.2 Maximum Screen Dissipation. Bound-
ary 1 indicates the maximum screen dissipa-
tion for the tube. It is obtained by considera-
tion of rising screen current as constant
screen voltage in the regions of low plate
voltage., Screen currents are quite variable,
particularly under conditions of fixed bias
and low screen current source impedance.
Accordingly, this rating should be considered
even when the operation of the tube appears
to lie well within this boundary.

1 Reference Table 1-2 in Part. 1.
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3.2.3 Temperature Problem. The general
remarks concerning triodes apply to pen-
todes, namely, that a functional relationship
exists between the bulb temperature, plate
dissipation and environment, and under cer-
tain conditions, the maximum rated bulb
temperature may be exceeded unless the
plate dissipation is reduced. In many cases,
the proper choice of shield, socket? and/or
mounting clamp (subminiature) will ma-
terially aid in the solution of the temperature
problem.

3.2.4 Maximum Plate Voltage Boundary.
The maximum plate voltage boundary (3) is
subject to the restrictions mentioned in para-
graph

3.2.5 Minimum Plate Current Region. Un-
der the usual specification requirements for
electron tubes, circuit operation in the mini-
mum plate current region or boundary (4) is
not assured when for an appreciable period
of time little or no plate current flows with
the heater energized. Tube properties are
seldom specified in this region and the op-
erational variability may be greater than in-
dicated by the acceptance test limits.

3.2.6 Questionable Areas of Operation.
Note should be taken of the two areas (5
and 6) indicated by line shading. Although
operation is permissible in these areas, it is
questionable for certain applications. Area
(5) is that area near or below the plate cur-
rent knee for the particular value of bias
concerned. Tube characteristics in this re-
gion are subject to much wider variations
than are indicated by the specification limits
at the test points, It has been observed that
the plate characteristics curves may display
unusual shapes in this area giving rise to
regions of low dynamic plate resistance as
illustrated in Figure 3-8. The consequent
loading of the plate circuit may cause wide
variation in stage gain from tube to tube.
Also the possibility of inadvertently exceed-

2See WADC Report 53-174, June 1953.
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ing the screen dissipation ratings exists in
the low plate voltage region of this area.

3.2.7 Screen Voltages Larger Than Plate
Voltage. Caution should be exercised in ap-
plication of screen voltages larger than the
plate voltage, particularly if low values of
control grid bias are likely. Wide variation
in characteristis (including possible negative
resistance effects) as well as excessive screen
dissipation may result.

3.2.8 Initial Velocity FElectron Current.
Another questionable area may be considered
as containing any value of grid bias at which
“initial velocity electron current” may flow
in the control grid areas (5 or 6). Tube
characteristics in this region are subject to
considerable variability primarily due to
grid currents resulting from such causes as
contact potential and ionic gas currents. The
input circuit loading represented by this
grid current will vary widely among tubes,
and in addition, variations in other char-
acteristics can be expected.

3.2.9 Other Design Considerations

In addition to the limitations of the per-
missible area of operation discussed above,
other design considerations not immediately
apparent from the specification are treated
below for pentode application.

, (a) Supply voltages. A note concern-
| ing the use of supply voltages in excess of
the rated maximum appears in MIL-E-1
as follows: “Unless otherwise specified on
the tube specification sheet, when the load
impedance is of such type that the instan-
! taneous voltage at the plate never exceeds
. the supply voltage, the supply voltage may
be twice the maximum rated de plate voit-
age, provided the maximum rated average
dissipation is never exceeded on any eleec-
trode.”

(b) Low Electrode Current. Unless
otherwise noted in individual tube-type sec-
tions, circuit operation is not assured when
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the tube, after being held at a low value of |
plate current for appreciable periods of time,
is subjected to higher current demands.
Examples of this service are all types of
intermittent operation wherein heaters re-
main energized under conditions of very low
or no plate current.

(¢) Heater Operation. Attention should
be given to heater voltage tolerance ratings.
Life and reliability of performance are di-
rectly related to the degree that the heater
voltage is maintained at center rated values.
The importance of good heater voltage reg-
ulation on the useful life of the tube is
evident from Table 1-2 (Part I). Here it
is apparent that excessive heater voltage will
hasten deterioration within almost every
electron tube defect category.

(d) Bias Conditions. The apparent vari-
ability of characteristics of many pentode
tube types, as reflected in the specification,
is greatly reduced through the use of
cathode bias under test conditions. It can
be expected therefore, in applications em-
ploying fixed bias, that characteristic vari-
ability will exceed that which is evident for
such types under MIL-E-1 test conditions.

(e) Grid Return Resistance. Caution
should also be exercised in the choice of
grid return resistance. Specification assur-
ance on life is lost if the resistance chosen
has a value greater than that specified in
the intermittent life test conditions.

(f) Screen Dropping Resistance. While
MIL-E-1 test conditions normally employ a
fixed value of screen supply voltage, the use
of a screen dropping resistance is a partic-
ular circuit application may result in re-
duced characteristics variability from that
which is evident from consideration of the
specification limits. In addition, the use of
a screen resistance will reduce the possibility
of inadvertently exceeding the screen dissi-
pation rating.

(g) A-C Operation of Plate and Screen.
Considerable caution should be exercised in
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supplying plate or screen potentials from
alternating voltage sources. In such applica-
tions, the negative excursions afford an op-
portunity for electron emission to the con-
trol grid, resulting in a negative shift of
bias. In addition, the positive alternating
voltage peaks may draw cathode current suf-
ficient to impair the operation of the tube.

(h) Pulse Operation. In general, the
testing of all electron tubes is performed
at discret test points and unless specific tests
provide assurance of pulse operation, as-
sumptions may not be made regarding such
operation. Specification assurance of char-
acteristic uniformity rarely exists in the
positive grid region. The attention of the
designer is again directed to the observations
concerning low electrode currents typical
of operation in pulse circuitry discussed in
paragraph 3.2.9 (b).

(i) Triode Connection. Specification as-
surance of uniformity in characteristics is
lost when pentode tubes are operated as
triodes.

(j) Low Supply Voltage Operation.
There is no assurance of characteristic uni-
formity when the tube is operated from very
low plate and screen supplies such as 28
volts de. In addition, low values of screen
voltage reduce the control grid bias required
for cutoff of plate current. With very low
values of screen voltage, the cutoff value of
bias may approach the ‘“contact potential”
of the tube causing operation in the ques-
tionable area of ‘“initial velocity electron
current.”

(k) Screen Grid Circuit Protection. De-
signers should insure that plate and screen
supply voltages are supplied from a com-
mon chassis plus or preferably a common
terminal within each individual chassis to
prevent the accidental removal of plate volt-
age without concurrent removal of screen
grid voltage. Removing the plate supply
voltage with the screen grid voltage remain-
ing on can result in excessive screen grid
current and screen dissipation, resulting in
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severe deterioration of electrical character-
istics, or even destruction of the screen.

(1) Microphonic Behavior Under Shock
and Vibration. Vibration testing and meas-
urement is rarely performed at operating
points where characteristic assurance is al-
ready available by means of other accept-
ance tests. The specification limits of vibra-
tional noise wherever such tests are made
on pentodes and dual control tubes are shown
in Figures 3-9 and 3-10. In these figures
the microphonic noise limits are referred
back to the respective grids of the tubes in-
volved by consideration of the operating lev-
el of the tube under test and the character-
istics of the average tube of each type.

Similar comparisons have been made be-
tween filamentary types and also between
power output types both triodes and pen-
todes. These comparisons are made in Fig-
ure 3-11 and 3-12.

3.3 Application of Rectifiers

This section discusses rectified properties
and methods of treating them in circuit de-
sign. In Figures 3-13 and 3-14 rectifier
tube types taken from MIL-STD-200 elec-
tron tube list are graphically compared in
relation to their output current and inverse
peak voltage ratings. The chart is presented
for comparison purposes only since it is not
wholly descriptive of the limiting conditions
of operation. The conditions under which
the acceptance tests are performed for vari-
ous rectifiers are given with other informa-
tion in the section on specific tube types
where a treatment of acceptance limits, char-
acteristic behavior, and permissible areas
of operation appears.

3.3.1 Permissible Operating Conditions.
The permissible operating conditions are
considered in relation to the ratings. In
general, as the operating condition appro-
aches the ratings, the reliability of the de-
sign will be adversely affected, since these
define the limiting conditions beyond which



MIL-HDBK-211

PN 31 December 1958
! TEST CONDITIONS:
— Initial Measurements Test 1. Low Frequency Vibration
O »ost. shock & Post Fatigue (es-00aps)
PENTODES, SHARP CUT-OFF
6AH6
bt
GALGWA
5654/6AK5W=; 2
5639
Sk
PN 5840  pimmEmmunnmmiimiiiinan i > 159
5702WA
SVeee4 J
PENTODES, REMOTE CUT-OFF vatM
5749/6BA6W / .59
P .
5899
| |
0.1 1.0 10.0 100
EQUIVALENT GRID MICROPHONIC NOISE (eg) IN MILLIVOLTS, R.M.S.
/ Figure 3-9. Equivalent Grid Microphonic Noise Limits for Receiving Pentodes.
P { T T
: TEST CONDITIONS:
i Initial Measurements Test 1. Low Frequency Vibration (25-60cps)|-
> o5t shock & Post Fatigue
M0 0000000000060 0000008600000000¢ mm
R H
/ w / 2.59
5725/6A86W | %
5784WA
> 159
5636
N | |
0.1 1.0 10.0 100
EQUIVALENT GRID MICROPHONIC NOISE (eg) IN MILLIVOLTS R.M.S.
Figure 3-10. Equivalent Grid Microphone Noise Limits for Dual Control Tubes.
P

103



MIL-HDBK-211
31 December 1958

POWER OUTPUT, PENTODES |

5672

384

3v4

1000

TWIN TRIODE
3A5
PENTODES, SHARP
1AH4 TEST CONDITIONS:
1. Low Frequency Vibration
1AD4 sieliet T (25-60 CpS)
2., 2.5 9
| |
1.0 10.0 100
EQUIVALENT GRID MICROPHONIC NOISE (eg) IN MILLIVOLTS. R.M.S.
Figure 3-11. Equivalent Grid Microphonic Noise Limits for Filamentary Receiving Tubes.
] T
TEST CONDTIONS:=
Initial Measurements Test
% 1. Low Frequency Vibration
VI Post Shock & Post Fatigue (25-60cps)
URLM
et vl \
6005/6AQ5W [ H %
P e i
2E30
3 2.59
5686 i
6AG7
SR BT siiiiiiiiiii 4

6080

2:959

5687

J 1

1.0 10.0 100

EQUIVALENT GRID M

ICROPHONIC NOISE (eg) IN MILLIVOLTS, R.M.S.

Figure 3-12. Equivalent Grid Microphonic Noise Limits for Power Output Triodes and Pentodes.

104



PEAK INVERSE PLATE VOLTAGE (epx) IN VOLTS

MIL-HDBK-211

31 December 1958

3500
3000
SR4WGA
2500
2000
1500 5Y3WGTA
3
6X4W
1000
N
\\:S
500 \::i
NS
N N
tttt\\ N
0 40 80 120 160 200

DC OUTPUT CURRENT PER PLATE IN MILLIAMPERES

Figure 3-13. Comparison of Output Currents and Inverse Peak Voltage Ratings for Rectifier Tube Types.



\\\*

-

\\\\

\\\

0 1.5 20 2.5
UT CURRENT lo IN mAdc
d Inverse Peak Voltage Ratings for High Voltage Rectifier Types




there is a complete absence of operating as-
surance.!

3.3.2 Rating Charts. Inasmuch as the
observance of correct rectifier operation de-
pends on the choice of several circuit para-
meters external to the tube, more than one
permissible operating area may be required
to define properly the region within the
ratings. Commonly, three or more “rating
charts” are employed for such purposes. It
must be emphasized that the use of a rectifier
within its ratings implies that it is operating
in the permissible areas of each of its rating
charts. Consideration of all ratings and rat-
ing charts is therefore important in the
choice of an operating point. It should be
borne in mind that all ratings are based on
the “absolute maximum system” and are not
to be exceeded under any service condition
(see paragraph 1.1). The rating charts
which follow exemplify the corresponding
charts for the specifi crectifier tube types
discussed later. Rating Charts I, II, and III
are derived from the specification ratings by
methods given in the “Manual of Practice”
for the Joint Electron Tube Engineering
Council. Rating Charts I and II must be
used in combination, in connection with the
design of capacitive input filter applications.
Hence, they are presented side by side to
permit easy projection of points from one to
the other.

(a) Rating Chart I. A typical Rating
Chart I is shown in Figure 3-15. Here the
permissible operating area for both choke
and capacitor input circuits is defined by the
maximum rated d-c output current (per
plate) and the RMS plate voltage. Point E
corresponds to the intermittent life test con-
dition given in the applicable MIL-E-1
specification. Point C corresponds to the con-
ditions of maximum inverse peak voltage and
maxmium de output current, as given by the
rating.

(b) Rating Chart II. An example of
Rating Chart II is shown in Figure 3-16.
This chart is applicable only to capacitor

1 Reference Table 1-2 in Part I.
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input filter operation and defines the per-
missible operating area by the maximum
rated d-c output current per plate and the
rectification efficiency corresponding to maxi-
mum rated steady-state peak plate current
as given in the applicable specification.
Rectification Efficiency is defined as:

DC Output Voltage (Eo)
Peak Plate Voltage (v/2Epp/p)

(¢) Rating Chart III. Figure 3-17
shows the permissible operating area as de-
fined by Rating Chart III. This chart gives
the minimum allowable resistance effectively
in series with each plate of the rectifier tube
for any allowable a-c plate voltage. The
boundary conditiens are derived from the
maximum instantaneous surge current rat-
ing for the tube. The effective series plate
supply resistance per plate, Rs, may be
calculated from circuit measurements:

Rs = Rsec + N?Rpri + Ra
Where: Rsec

d-c resistance of trans-
former secondary/sec-
tion.

d-c resistance of trans-
former primary.

Rpri

Ra d-c resistance added in

series per plate.

N transformer voltage step-

up ratio per section.

3.3.3 High Altitude Operation. Caution
should be exercised in the design of rectifier
circuits which will operate in unpressurized
enclosures at high altitudes. Freedom from
arc-over is not assured by the specification
if operation at pressures lower than that
equivalent to the maximum rated altitude
is attempted. In addition, convection cool-
ing of the rectifier envelope may be reduced
at low atmospheric pressures and endanger
the operation due to excessive envelope tem-
perature. High altitude derating is specified
for some rectifier types by suitable rating
charts set forth in the individual specifi-
cation.
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3.3.4 Time Delay Rating. The simultaneous
application of plate and heater voltage may
result in excessive cathode bombardment
and materially shorten the useful life of the
tube. When this factor is to be considered
in circuit application, time delays appear as
ratings in the applicable specification. In
some cases, this rating is also presented by
a rating chart, defining more completely the
conditions of input voltage and output cur-
rent for which the application of plate volt-
age should be delayed.

3.3.5 Heater Operation. Attention should
be given to heater voltage tolerance ratings.
Life and reliability of performance are
directly related to the degree that the heater
voltage is maintained at center rated values.
The importance of good heater voltage reg-
ulation on the useful life of the tube is
evident from Table 1-2 (Part 1). Here it
is indicated that excessive heater voltage
will hasten deterioration within almost
every electron tube defect category.

3.4 Application of Diodes

This section discusses diode properties and
methods of treating them in circuit design.
Diode types included in MIL-STD-200B are
compared graphically in Figure 3-18 in re-
lation to their respective output current and
inverse peak voltage ratings. The chart is
presented for comparison purposes only and
is not wholly descriptive of the limiting
conditions of operation. The conditions un-
der which the acceptance tests are perform-
ed for various diodes is given with other
information in the sections on specific types
where a treatment of acceptance limits,
characteristic variability, and permissible
areas of operation appears.

3.4.1 Permissible Operating Conditions.
The permissible operating conditions are
considered in relation to the ratings. In
general as the operating condition appro-
aches the ratings, the reliability of the de-
sign will be adversely affected, since these
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ratings define limiting conditions beyond
which there is a complete absence of op-
erating assurance.! Figure 3-19, an average
plate characteristic plot of a typical diode,
shows the permissible limits of operation
bounded by heavy lines representative of the
absolute maximum ratings of the type. Lim-
it (1) is the maximum peak-plate current
(ib) rating. Limit (2) is the maximum d-¢
output current per plate rating.

Normal application of diodes in signal
rectifier service — modulators, demodulators,
limiters, clippers, clampers, etc., requires at-
tention to the shaded region indicated as
Area 3 on the chart. Area 3, though well
within the limits of permissible operation,
is a questionable area for small signal appli-
cations. Initial uniformity of electrical char-
acteristics in this area and stability of these
characteristics through life is adversely af-
fected by heater voltage variation. Although
individual specifications may enforce control
of plate current balance between sections of
dual diodes in this region under conditions
of design center heater voltage, no assur-
ance of balance through life may be afforded.

3.4.2 Rating Charts. Although the diodes
discussed herein are used primarily in
signal rectification applications, at low sign-
al levels, there are other applications in
large signal and supply voltage rectifier serv-
ice wherein rectifier Rating Charts I, II and
IIT become applicable. On the basis of their
absolute maximum ratings, such charts have
been developed for individual types within
the signal diode category. Refer to para-
graphs 3.3.2 through 3.3.2 (c) for a general
discussion of these charts.

3.4.3 Other Design Considerations

Design considerations other than the lim-
itations discussed above, which are not im-
mediately apparent from the specification
include the following:

(a) Low Electrode Current. Unless

1 Reference Table 1-2 in Part. I.



2822
(UHF DIODE)

5896 AND
5647
6 /6AL5SW

o
GOTTIEGEITTHENETR TG ISl FETTE I TTEG TS

20 25

15

110

10

Figure 3-18. Comparison of the Receiving Diodes.

31 December 1958
500

MIL-HDBK-211

ELLLALTLLL \\\\\\\\\\\\\\\\\\\\\N» -
o

o o o o
o o o o
<+ L2 o -

SL1770A NI (xd3) 31V1d ¥43d 39VLI0A ISUIANI ¥V 3Id dILVYH WNWIXVWN

MAXIMUM RATED DC OUTPUT CURRENT PER PLATE IN MILLIAMPERES



PLATE CURRENT IN MILLIAMPERES

MIL-HDBK-211
31 December 1958

MAXIMUM RATED STEADY STATE PEAK CURRENT (ib)

MAXIMUM RATED Io 7

l

PLATE VOLTS

Figure 3-19. Typical Rating Chart A for Receiving Diodes.

111




MIL-HDBK-211
31 December 1958

otherwise noted in individual tube type sec-
tions, circuit operation is not assured when
the tube, after being held at a low value of
plate current for appreciable periods of
time, is subjected to higher current de-
mands. Examples of this service are all types
of intermittent operation wherein heaters
remain energized under conditions of very
low or no plate current.

(b) Heater Operation. Attention should
be given to heater voltage tolerance ratings.
Life and reliability of performance are di-
rectly related to the degree to which the
heater voltage is maintained at center rated
value. Specifications for some types enforce
a control of heater current toward a design
center value through maximum limits on the
allowable shift of lot averages and a limit on
the spread or dispersion.

3.5 Application of Converters and Mixers

This section discusses mixer and converter
properties and methods of treating them in
circuit design. In general, the factors and
design considerations discussed have a direct
relationship to converter or mixer perform-
ance. Where test conditions are mentioned,
it is to be understood that the conditions of
measurement in use in the applicable spec-
ification is implied, unless otherwise stated.

3.5.1 Permissible Operating Region

The permissible operating region must be
considered in relation to the published spec-
ification maximum ratings of the type. In
general, as the operating conditions ap-
proach one or more of these ratings, life
of the tube in its operating environment
will be shortened and the reliability of its
equipment will be impaired. The specified
ratings define boundaries of operation be-
yond which there is absolutely no assurance
of satisfactory performance. Reference to
the Data of Part III concerning the spec-
ific tube types; 5636, 5725/6AS6W, 5750/
6BE6W, and 5784WA will portray figures
of the permissible operating region outlined
and so labeled.

3.5.2 Maximum Screen Dissipation

All of the types mentioned posses limita-
tions of operation imposed by the screen dis-
sipation rating. In converter applications,
where high values of AVC voltage may be
applied to the outer signal grid, the total
space current may be drawn to the screen
(oscillator anode). Protective circuitry in
the form of biasing resistance or current
limiting resistance should be considered in
order that this rating need not be exceeded.

3.5.3 Temperature Problem

The general remarks concerning triodes
and pentodes are applicable to mixers and
converters. A functional relationship exists
between elements of the tube, the bulb tem-
perature and the effective environment. In
effect, specification life tests define safe in-
ternal element temperatures by demanding
fixed input power and fixed bulb temper-
atures, irrespective of the external environ-
ment. The life of a tube operating within
ratings will, in general, be improved by
proper cooling of the glass bulb. In many
cases, proper choice of shields, sockets and
mounting clamps? can materialy aid in the
solution of a temperature problem.

3.5.4 Electrode Voltage Boundaries

Although more applicable in gating cir-
cuitry than in mixer or converter services,
MIL-E-1 states in paragraph 6.5.1.1:

“Unless otherwise specified in the
tube specification sheet, when the load
impedance is of such type that the in-
stantaneous voltage at the plate never
exceeds the supply voltage, the supply
voltage may be twice the maximum
rated dc plate voltage, provided the
maximum rated average dissipation is
never exceeded on any electrode.”

3.5.5 Minimum Plate Current Region

2 WADC Technical Report 53-174.



Under standard specification requirements
in this category of electron tubes, circuit
operation in the minimum space current
region is not assured for protracted periods
of time. Tube properties are rarely specified
in this region and variability of perform-
ance may be considerably different from that
indicated by the specification limits.

3.5.6 Questionable Areas of Operation

Discussion of the questionable areas of
operation of the dual control mixer type, in
general, reverts to the discussion applicable
to pentode tubes, paragraph 3.2.6.

3.5.7 Initial Velocity Electron Current

Another questionable area may be con-
sidered as any value of grid bias at which
initial velocity electron current may flow in
the inner grid circuitry. Inner grid behavior
of a tube operated in this manner is sub-
ject to considerably more variation than
otherwise expected. A severe and variable
loading effect may be imposed upon inner
grid circuitry as well, if the tube is operated
in this region.

3.5.8 Other Design Considerations

In addition to the limitations in applica-
tions imposed by the foregoing conditions,
other design considerations, not immediately
apparent from the specification, are im-
portant to the equipment designer.

(a) Space Charge Coupling. A pheno-
menon known as space charge coupling is
found in application of multiple grid con-
verter tubes. This effect is manifested by
an apparent lack of isolation of signal and
oscillator circuits resulting in “pulling” of
the oscillator or radiation of oscillator
energy from the signal grid circuitry. In
addition, certain loading effects of high Q
signal circuitry may result from this pheno-
menon, prohibiting the use of tubes of these
types at elevated frequencies.

(b) Low FElectrode Current. Unless

113

MIL-HDBK-211
31 December 1958

otherwise noted in individual tube type sec-
tions, circuit operation is not assured when
the tube, after being held at a low value of
plate current for appreciable periods of
time, is subjected to higher current demands.
Examples of this service area all types of
intermittent operation wherein heaters re-
main energized under conditions of very low
or no plate current.

(¢) Heater Operation. Attention should
be given to heater voltage tolerance ratings.
Life and reliability of performance are di-
rectly related to the degree that heater volt-
age is maintained at center rated values.
The importance of good heater voltage reg-
ulation on the useful life of the tube is
evident from Table 1-2 (Part I). Here it is
apparent that excessive heater voltage will
hasten deterioration within almost every
electron tube defect category.

(d) Bias Conditions. The apparent vari-
ability of characteristics of many pentode
tube types, as reflected in the specification,
is greatly reduced through the use of cath-
ode bias under test conditions. It can be
expected, therefore, in applications employ-
ing fixed bias, that characteristic variability
will exceed that which is evident or such
types under MIL-E-1 test conditions.

(e) Grid Return Resistance. In general,
assurance of operation is lost if the applica-
tion departs from those values utilized in the
test circuits of the specification. However,
high frequency mixer and converter opera-
tion gives rise to several unusual effects such
as Flutter and Superregeneration. These
effects are influenced by choice of prop-
er grid circuit resistance. Flutter is a
descriptive term denoting two ills of con-
verter operation, both resulting from the
voltage sensitive frequency stability of the
oscillator section. Common coupling through
the internal impedance of the plate supply
has been known to produce Flutter due to
small audio signal detuning effects ecarried
back to the oscillator section by its anode
circuit. These audio fluctuations may cause



MIL-HDBK-211
31 December 1958

a detuning of the oscillator such that the
“flutter” may become self-sustaining. A
second fllutter is related to the AVC action
reducing the plate current drain, with re-
sultant rise in supply voltage and detuning
of the oscillator. These effects may often
be corrected by increasing and stabilizing
the oscillator grid return resistor, since such
effects are related to it. Superregeneration
is usually confined to the upper frequencies
and is related to the choice of time constant
in the oscillator grid circuit. Insertion of
a small carbon resistor (27-56 ohms) in the
grid circuit tends to reduce and stabilize the
oscillator drive at the high frequency end of
each band, thus reducing the tendency to
superregenerate. In converter and mixer
applications in which a negatively biased
signal grid is situated between two positive
grids, “blocking” may occur if the circuit
resistance in the signal grid circuit is too
high. A momentary highly positive tran-
sient on the signal grid can result in sec-
ondary emission which may produce suf-
ficient potential drop in the grid circuit to
cause the grid to block itself at a stable
positive voltage.

(f) Pulse Operation. Inasmuch as cer-
tain applications of these types in gating cir-
cuitry involve pulse signals, it is well to
recall that: In general, the testing of all
electron tubes is performed at discret test
points and unless specific tests provide as-
surance of pulse operation, assumptions may
not be made regarding such operation. Spec-
ifiication assurance of characteristic uni-
formity rarely exists in the positive grid
region. The attention of the designer is
again directed to the observations concern-
ing low electrode currents typical of opera-
tion in pulse circuitry discussed in para-

graph 3.2.9 (b).

(g) Triode Connection. Unless specific-
ally provided for in the individual test spec-
ification sheet, no assurance of performance
of these types exists when they are con-
nected in manners other than provided for
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by the specification i.e., triode connection
for space charge operation.

(h) Low Supply Voltage Operation.
There is no assurance of characteristic uni-
formity when the tube is operated from very
low plate and screen supplies such as 28
volts de. In addition, low values of screen
voltage reduce the control grid bias required
for cutoff of plate current. With every low
values of screen voltage, the cutoff value of
bias may approach the “contact potential”
of the tube causing operation in the question-
able area of “initial velocity electron cur-
rent”.

(i) Sereen Grid Circuit Protection. De-
signers should insure that plate and screen
supply voltages are supplied from a common
chassis plug or preferably a common termin-
al within each individual chassis to pre-
vent the accidental removal of plate voltage
without concurrent removal of screen grid
voltage. Removing the plate supply voltage
with the sereen grid voltage remaining on
can result in excessive screen grid current
and screen dissipation, resulting in severe
deterioration of electrical characteristics, or
even destruction of the screen.

3.6 Applications and Specification Data
for the Receiving Tube Types of
MIL-STD-200.

This section consists of specific informa-
tion for all receiving tubes of MIL-STD-
200. The rating charts previously discussed
are shown, together with limit information
derived from the specification and design
center information supplied by the original
RETMA registrant of each particular tube
type.

Since the symbols and notations used in
electron tube specification work are some-
what different than those presented by other
standards in the electronics industry, a list
of these is included. Since this handbook
places an emphasis upon the specification
MIL-E-1, these symbols are used wherever
applicable.



3.6.1 Abbreviations and symbols. For the
purpose of simplification, the following ab-
breviations and symbols are used herein and
on the tube specification sheets wherever
practicable.
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Eb,Eb1,2,3.. dec voltage on respective anodes
or plates. In the case of multi-
plex tubes containing more
than one operating unit, the
number of the unit concerned
is inserted between the voltage

. TR Angstrom unit

Ao v see siae Amperes (may be either ac rms
or de)

Bluie s iresinss aume Amperes (peak value) or anode

AR o siwe an

ac amperes (rms)
Attenuation constant
Alternating current

Ade......... de amperes

U- 1 71 ) R Acceptance limit for sample dis-
persion

AQLisissmissm Acceptable quality level

B (beta) . Phase constant

B/Y0viswwss Tuning susceptance

Covinnnnnnns Velocity of light

Chasnomsomos Capacitance

°C..veeasess Degrees centigrade

() TR Centibels

Cgk, Cgp, Tube capacitance between the

Cpk, ete.. . electrodes indicated

Cifte.c oniinis B Input capacitance

CR. o000 woone o Capacitor between cathode and
ground

Cliiicie wnsiaimivs Load capacitance

s vssnanns Centimeter r

Cout........ Output capacitance

CD8 s evnsis s Cycles per second

CRO: s semisns Cathode ray oscilloscope

Chrenmaanivats Center tap

CW.eciviosnin .. Continuous wave

A (delta)... A change in the value of the in-
dicated variable. When ex-
pressed in percent the differ-
ence in readings is divided by
the initial reading and multi-
plied by 100

ABe s capnins Decibels

D1.2.84d::5:5 Deflection plates

deecseecoese Direct current

DR .esancm . Deflection factor in volts per inch

L: 1 S—— Rate of rise of cathode current

dt pulse

15 15 [N, .. The product of time of pulse and
pulse repetition rate (duty
cycle)

A% o sy Dynode

EBissssenws Ballistic deflection

symbol and the element symbol.
For example, E2b, Elp, Elc2,
etc. The number of the unit is
the number of the plate in that
unit

€D wis s s 00 .. Peak dc anode or plate voltage

Ebb. o505 610 dc anode or plate supply voltage

Bb/Ib::s suis o Adjust plate voltage to produce
the specified plate current

Ec,Ecl1,2,3... dc voltage on respective grids

Ecc,Eccl,2,3. ac supply voltage to respective
grids

Be/Ib... oo Adjust grid voltage for the spec-
ified plate current

00T T de cut-off grid voltage

[T s PR Voltage peak between anode No.
2 and any deflection plate in
cathode ray tubes

BaY:. ws v o5 de voltage of anode producing
secondary emission

Bo: wur s uie s i End-of-plateau voltage

B s s v om Filament or heater voltage

Ef/Po...qc.. Adjust filament potential (with
other potentials held constant)
to reduce the power output ob-
tained on oscillation by the
amount specified

Eg1238..... rms value of ac component of
input voltage for respective
grids

(-17) SRR Peak voltage drop between grid
and cathode

egy,egyl,2,3. Peak forward grid voltage

(o CPPROR Peak inverse grid voltage

EhK..coses Heater-cathode voltage (sign to
indicate polarity of heater
with respect to cathode)

) 341, (S Ignitor voltage drop

ROk s smemae de component of output voltage
of rectifiers

B0 e . Overvoltage for radiation counter
tubes

() (AP, .... Pulse amplitude

Ep......... rms value of the ac component of
plate voltage with respect to
cathode

Epp.coes ... ac anode or plate supply voltage

Peak plate inverse voltage
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EPVk 151 vanisue Peak forward anode or plate for-
ward voltage

13 Reflector voltage

ER: o w65 Reservoir voltage

FITB 55 v amene Resonator voltage

) )y T —— dc emission voltage

U7 (S — Starting voltages for radiation
counter tubes

Esd......... External shield voltage

1) T Shell voltage

ESigcconos .. Applied signal voltage

) < T Target voltage

1 )7 s AP Average voltage drop between
anode and cathode

(217 O Peak voltage drop between anode
and cathode

! A — Ionization, breakdown, or strik-
ing voltage

2 (ARESL P Filament

1 [ .... Frequency (in cps)

. QN .e.. Maximum frequency above which

receiving tube performance de-
teriorates seriously and sharply

1 Maximum frequency at which
maximum ratings apply
B2 e i s s Frequency at which maximum

plate voltages and plate input
are limited to 50 percent of the
ratings for F1. For frequencies
between F1 and F2 the maxi-
mum plate voltage and plate
input will be reduced in the
correct proportion so that at
the frequency F2 these factors
will not exceed 50 percent of
their maximum ratings

< () RO Filament center tap

s ¢ LS, Filament-cathode return

FBG. ¢ o v 6 ai Frequency of signal generator

o 5 7) TSN Foot lamberts

G e soians s Acceleration of gravity

7 4 TS Equivalent conductance

v (gamma) .. Propagation constant

£ 81,28, .... Grid (number to identify grids,
starting from cathode)

g2+4....... Grids having common pin connec-
tion

GAvi vvswins Gas amplification

G5, winsi s Gas ratio

Heioeimmdas Field strength in gauss

het . vosneis Heater center tap

|13 A S, Heater tap

T oo
Ib,Ib1,2,3....

IC.ccveennse

T0issme i wsmmsses

x (lambda)

Anode current

de current of respective anodes or
plates

Peak value of dc anode or plate
current. When used in refer-
ence to pulses, the maximum
peak current excluding spike

de current of respective grid

Peak grid current

Current of anode producing sec-
ondary emission

Filament or heater current

Intermediate frequency

rms value of ac component of
grid current

Heater-cathode leakage current

Ignitor current

dc cathode current

Peak cathode current

Peak load current

Internal connection

dc component of output current
of rectifiers per tube

rms value of ac component of
plate current

Reflector current
Reservoir current
Resonator current

dec emission current
Peak emission current

dc component of primary emis-
sion from grid indicated

de target current
Ionization current
Degrees Kelvin
Cathode

Kilocycles

Kilo-megacycles

Theoretical resistance noise
power

Peak kilovolts

Kilovolt-amperes

Peak kilovolt-amperes

ac kilovolts (rms)

. de kilovolts

Kilowatts
Peak kilowatts
Lamberts

Lower acceptance limit for sam-
ple average or sample median

Wavelength



Resonant  wavelength

Conversion loss or gain (ratio of
available signal power to the
available intermediate frequen-
cy power)

Leakage current

Insertion loss

Lumens

Lower reject limit median for a
sample of tubes

Standardized light source sup-
plied by a coiled tungsten lamp
with a lead or lime glass en-
velope operated at a color tem-
perature of 2,870°K

Lower specification limit for
average of acceptable lots

Figure of merit, or one million

Meter, or one-thousandth

ac (rms) or dec milliamperes

Peak milliamperes

ac milliamperes (rms)

de milliamperes

Megacycles

Megohms

Millifoot lamberts

Millihenry

Millilamberts

Milliroentgen

Maximum rated standard devia-
tion

Milliseconds

Amplification factor

ac millivolts (rms)

de millivolts

Peak millivolts

Megawatts

Peak megawatts

Milliwatts

Peak milliwatts

Counts for radiation counter
tubes

No connection

Noise figure

Counts per minute

Counts per second

Output noise ratio (ratio of

noise power output to resist-
ance noise power)

Plate
Per plate
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Pb creom o avirs Plate breakdown factor (epx x
prr x lb)

o Average drive power

Pdazinasass Peak driver power

Pg1.2:3. o Power dissipation of respective
grids

) 2 (PP Power input (plate)

Plisons s 558 18 Peak power input

Pt o a0 559 Reactive power in watts

Blsomogresnads Plateau length

1 21 PR R Noise output

BOK cut s38 v Intrinsic P

Po......... Average power output

PO mmamas Peak leakage power
Du
APo, ete..... Change in Po, etc. of an indivi-
Ef dual tube, caused by the speci-
fied change in Ef
APo, ete. .- .. Change in Po, etc. caused by a
t test (life, shock, fatigue, etc.)

DG e orsnsinnn worsns Peak power output

B 555 ssmtiaim Plate or anode power dissipation

8] AR Pulse recurrence rate in pulses
per second

B s fui 5 5w Relative plateau slope

Qe s ones B 2 Quality of a circuit

() - J— Loaded Q

(57 PR — Intrinsic Q or quality of a cir-
cuit without external loading

B smaneis sxsens Reflector

P e ® Roentgen

Rissenesevsmmmne Resistance

Bbass@assun de resistance of extermal plate
circuit (by-passed)

R samss de resistance of external grid
circuit (by passed)

RBlos s vomd 55 Reference resistor for noise ratio
measurements (for crystal ree-
tifiers)

) R Radio frequency

Rifm s im0 smos e Resistance in series with filament
or heater

Bgeqwmswmans Resistance in series with grid

T hsrins o Dynamic internal grid resistance

REKio oy s Resistance in series with cathode

Rkal, Rka2, Tube resistance between the elec-

Rkrs, Rfrs, trodes indicated
ete.

Rl tmnaon Load resistance (Unity power
factor. Negligible dc resist-
ance.)

ms........ Root mean square
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R zats v Resistance in series with plate or
anode
PP 8480 Baelakas Dynamic internal plate resistance
of tube
1 (NP Resonator
RV swsesrpesmay Video impedance
S T Static sensitivity (phototubes)
B o it Dynamic sensitivity (phototubes)
8B usip slow wmis Starter electrode
S8 s wuie B Conversion trasconductance
{i SRS Spectral distribution
(A Shield
Sgl, g2, ete. Transconductance between the
elements indicated
8hi: s . Shell
o (sigma)... “Input” standing-wave ratio in
voltage
o (sigma) “Qutput” standing-wave ratio in
prime)...... voltage
) 1) [ Transconductance (control grid-
plate)
ASm, ete Change in Sm, ete. of an indivi-
Ef dual tube, caused by the spec-
ified change in Ef
ASm, ete..... Change in Sm, etc. caused by a
t test (life, shock, fatigue, ete.)
) T Sensitivity ratio (max. Ib to min.
Ib)
Tl sm s o Temperature (degrees centi-
grade)
C A Test duration (seconds, unless
otherwise specified)
TA owsiomnio Ambient temperature
tBvwns s sma Target
tadi e sommien Anode delay time. A time inter-
val between the point on the
rising portion of the grid pulse
which is 26 percent of the maxi-
mum unloaded pulse amplitude
and the point where anode con-
duction takes place
Atad. ... 5055 Anode delay time drift
DR riiasenauniia Envelope temperature
3 £ ROR—— Time of fall. The time duration
of pulse to fall from 70.7 per-
cent of the maximum pulse
amplitude to 26 percent of the
maximum pulse amplitude, ex-
cluding spike, in microseconds
THE ..ot oo Temperature of condensed mer-
cury in °C
L) RN Variation in firing time
EKiem 5 « ve v Cathode conditioning time (in
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seconds) necessary before the
application of high voltage. In
TR tubes, time delay between
application of ignitor voltage
and rf power

EDirss s & Pulse duration (excluding mag-
netrons). The time interval be-
tween the points on the trace
envelope at which the instan-
taneous amplitudes are equal to
70.7 percent of the maximum
amplitude excluding spike. For
magnetrons, see 4.16.3.3

-, IAS— Time constant of rise (excluding
magnetrons). The time dura-
tion of a pulse to rise from 26
percent of the maximum pulse
amplitude to 70.7 percent of
the maximum pulse amplitude,
excluding spike, in microsec-
onds

tre......... Time of rise of current pulse in
microseconds (for magnetrons,
see 4.16.3.3)

1 ' R Time of rise of voltage pulse in
microseconds (for magnetrons,
see 4.16.3.3)

Vs ot s v Amplification factor

U, o cvommvige 3% Microamperes, peak value

MABC, < ocs 0 ac microamperes (rms)

uAde....... de microamperes

UAL; 5.0 .. Upper acceptance limit for sam-
ple average or sample median

UmMhos. s 4 Micromhos

1 (TR Microfarads

M s .. Microhenries

URLM...... Upper reject limit median of a
sample of tubes

L) - PP Microseconds

USLA...... Upper specification limit for
averages of acceptable lots

L s e g Micromicrofarads

WVaAC, vssiwis s ac microvolts (rms)

aVde. s . o de microvolts

W snsinsnsiia Microwatts

Vo s, samasims Volts (may be either ac rms or
de)

Woin ormnsr S AT Volts, peak value

VAo samsosein Volt-amperes

B sesorismrg s Peak volt-amperes

Vacs vesnns ac volts (rms)

Vs sis s s scaie dec volts

v/in........ Volts, peak value, per inch of de-
flection



Amplitude jitter
Voltage standing wave ratio
Volume units

Extinguishing voltage
Watts

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
and the major cross-section of
the tube elements normal to the
direction of the accelerating
force

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
normal and the major cross-
section parallel to the accele-
rating force

Denoting peak inverse value

The orientation of a tube rigidly
mounted for mechanical tests
with the main axis of the tube
parallel to the direction of the
accelerating force. (When Y1
is referred o for shock tests,
the principal base of the tube
is toward the hammer)

The orientation of a tube (for
shock test only) which is the
same as Y1 except that the
principal base of the tube is
away from the hammer

Denoting peak forward value
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Lis s mses s Impedance

/s [P Impedance to anode of deflection
plate circuit at power-supply
impedance

i s 5 kst Impedance of the grid circuit

Zgg. i Impedance between grids of push-
pull circuit

2K vam n s e Impedance between grid and
cathode

/21 (RO Input impedance

Zlsssatsnsnn Load reactance (with negligible
dec resistance)

/7 PN Modulator frequency load imped-
ance

26055 o Output impedance and character-
istic impedance

LD s simeswws Impedance in plate circuit

/510) 1 RIS Impedance between plates in
pushpull circuit

1D2. s s voss Deflection produced by the de-
flection plates near the screen
(for cathode-ray tubes)

71D V- R Deflection produced by the de-

flection plates near the base
(for cathode-ray tubes)

Qualification test

X o § S DR Standard design test

Special design test

Test to be performed at the con-
clusion of the holding period
(See 4.5)

Indicates change on tube speci-
fication sheet

Indicates deletion from the tube
specification sheet
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JAN-1A3
SECTION
TUBE TYPE JAN-1A3

DESCRIPTION.

The JAN-1A831 is a seven pin, button base miniature, heater-cathode type
U.H.F. diode.
ELECTRICAL. The electrical characteristics are as follows:

FIBGLER VOILBIB: ritesvs o ncvivarsorniomnse sonansnsisiomoiosenses iansioosizs s tosvmosveiss siwmsrinmedticlune 1.4 Vde

CATNGOAE. .viomscismicrmmsmressmomiersmssmssmgms B g S S Coated Unipotential

MOUNTING. Any type of mounting is adequate.

e Y4 MAX.
.040-.002 DIA,

LEAD CONNECTICNS

1% MAX, ——~
1 T %, -—»I

901:3‘/?

e 2% MAX, ———+]

187 MIN.**
> .281 MAX.**

MINIATURE 7-PIN BUTTON
E7-1**
7 PIN MINIATURE
6-2

5.2+
* REFERS TO JETEC PUBLICATION J5-G2-1,
JANUARY 1949

** REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1.D.

ALL DIMENSIONS IN INCHES

Figure 3-20. Outline Drawing and Base Diagram of Tube Type JAN-1A3.

RATINGS, ABSOLUTE SYSTEM.

The absolute system ratings are as follows:

Heater: VOILBEE: «ssmimss s o0 mha s 0 ams s o 55, e s dme s mers 14 Vde = 15%
Peak Inverse Plate Voltage .........coiiiiiiiiiiiiiiiiinnnnn. 365 v
Steady State Peak Plate Current .............. e o ST RS S PREeTH 5.5 ma
DG OULPIE COTTENE o vovvovssemmevagio vowre waais vooss o nis wvn s 0 @asie S36 $ieedle 0.55 mAdec
Heater Cathode VOIAZE v wesws s vanmses vy s s e viss oesias wes 100 V
vAtade Rating' . uos v ses iy ne e ssmm:s @5 sumams Gus o e s 10,000 ft

* No test for this rating exists in the specification.
-

1The values and specification comments presented in this section are related to MIL-E-1/19
dated 5 February 1953.
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JAN-1A3

TEST CONDITIONS AND CHARACTERISTICS

Test conditions and characteristics are as follows:

Heater VOARE; I oot mosmemms sms o s arem 60 ssosis s ssesing 1.4 Vde
Secondary Voltage to Plate, Epp. «ovvvvireiininininnenenenn, 50 Vac
Series Resistance, RD i swm ssm smss o em s smm-s ssmaems oo s s 0.1 Meg
Lioad Capaeitor, i e iomsmsmmemsodd s 568 e ba0ms S8 s Ao dearssnes saiterwissers 2 af

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the proper-
ties for which measurement limits are provided. Specification MIL-E-1/19 dated 5
Feburary 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits |
Measurement % 2 !
Property C:nditio:s Initial Life test | Units
Min Max Min Max
Heater Current It 138 162 —_— —_ mAde
Operation Io| Ef =11V 0.36 - 0.30 — mAde
Emission Is Eb = 10 Vde 0.8 — — ‘ — mAde
Bf = 11. V 1 {
Heater-Cathode ' uAde
Leakage Ihk | Ehk = Eo 0 20 —_ . —
Resonant Frequency F = 500 me (See specification for limits)
Capacitance Cpkl Ef =0 0.2 0.6 — \ uuf
(Unshielded) Cph | Ef = 0 0.6 1.0 o \ — | uuf
Chk Ef =0 0.4 0.8 —_ i \I uuf
APPLICATION

SIGNAL RECTIFIER SERVICE: In the application of JAN-1A3 in signal rectifier and
discriminator service, Chart “A” relates boundaries to permissible operation and the ques-
tionable area of operation, to the plate characteristic.

Permissible steady state peak plate current is limited to 5.5 milliamperes, to define bound-
ary (1), and dc output current is limited to 0.55 milliamperes, to define boundary (2). Area
(8) is defined as questionable from the standpoint of uniformity and stability of plate current
in low-level signal applications. Reference should be made to Section 1.3.4 for a review of
the behavior of initial electron velocity and contact potential in tubes in general,
where the control grid currents discussed are equivalent to plate currents in signal diode
application.

SUPPLY VOLTAGE RECTIFIER SERVICE: Rating Charts for supply voltage rectifier
service are not provided for the JAN-1A3.

OTHER CONSIDERATIONS.
HEATER VOLTAGE: See paragraph 3.4.3.
LOW ELECTRODE CURRENT: See paragraph 3.4.3.
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JAN-1A3
3 7
/
MAXIMUM RATED STEADY STATE PEAK CURRENT Ib
b 4
4 /
? 7z
& b4
% #
= /
=3 /
Z3 A
- /
& /
g 7 q
< /
o= 7/
yl
3 -
/7
/
/
/7
P4
1 »”
MAXIMUM / &
RATED 5 £ ls MIN (AT Ef = 11)
%9 8 12 16 20

PLATE VOLTAGE IN VOLTS

Figure 3-21. Permissible Limits of Operation for Tube Type JAN 1A3.
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™ JAN-1A3

TYPICAL CHARACTERISTICS
The chart below presents the Static Plate Characteristic of JAN-1A3, reproduced

N from data published by the original RETMA registrant of the type. The extent of
variation which may be exhibited among individual tubes cannot be derived from
the specification which provides only a minimum limit on emission.

3 T G
Bf — 1.4 VOLTS e
P &
‘P
/
V.4
4 ,/
7/
7

A &8 7
oc Vé
o ’,

2 /

= 7

>3 /

7/

Z ’

- //

z

& 5

& /s

O 2 ,"

- 7

[

7/
= .
v
Ve
> 4
7/
Z
L 7
Y //
’b
0 24
0 4 8 12 16 20
PLATE VOLTAGE IN VOLTS
Figure 3-22. Typical Plate Characteristics for Tube Type JAN-T1A3.
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JAN-1AD4
SECTION

TUBE TYPE JAN-1AD4

DESCRIPTION.

The JAN-1AD41 is a 5 lead, pinch press, subminiature RF sharp cut-off
filamentary receiving pentode with a metallic shield coating.

ELECTRICAL. The electrical characteristics are as follows:

Filament: VOItAGe: s sws s so s 57 & i s 3150 5505 busns srsies T . 1.25 Vde
Filament Current ....... N RS et oRis e o B ST SR TP 88 - 112 mAde
CBEHOAE 50 3 5085 608 518 ¥ Fier o o e s o 05y 8 00 8 B SBYE 5 o EIE 5 Coated Filament
MOUNTING. Any type of mounting is adequate.
MINOR —+- D le & —d-Miion LEAD . CONNECTIONS
09 RED DOT —.|
25
%9 T2x3 i
:‘ i #
3% ’; E Gm::n
%8 | 3 — SEE NOTE ¥ <
.- | > /—_' ] ]
_¥_¢% 3 ) - 1 2 .3 4 5
e It —— ANY NUMBER OF P Go-F Gy +F
0% Of L3S oF ] ADJACENT i s 1G3a 263
THE GLASS PRESS TO BINE i ”‘; Sd
I
S SPACED ‘H“" 4 ©ooo0o0o00
o LEaos sea _w—i Il " z BASE PINCH PRESS
Hin =
- teans ”M Hfii : DIMENSIONS
016+ DA Ittt B DIAMETER
* W! W A MAX.I5ITTOL T MAX.
Mt C MAX]D MAX
il JH 1500 | 1.300 [ .100 | .385| .285

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

*** WHEN SPECIFIED ON THE TSS
* *** APPLIES TO PINCH PRESS TYPES ONLY (.02 MIN.)
7" GROUND LEAD OVERLAPPED BY SHIELD BY A MINIMUM OF .04

SHIELD TO GROUND WIRE MAY BE FROM EITHER SIDE OF THE MAJOR DIMENSION. ALTERNATIVE
CONSTRUCTION: UNUSED OR EXTRA RANDOM LEAD IN PRESS OR BUTTON MAY BE FOLDED BACK AND
WRAPPED AROUND BULB TO MAKE CONTACT WITH SHIELD.

1
-~
I

GRID 3 IS COMPOSED OF 2 SEPARATE DEFLECTOR PLATES, ONE OF WHICH IS CONNECTED
TO PIN 3 AND THE OTHER TO PIN 5
Figure 3-23. Outline Drawing and Base Diagram of Tube Type JAN-1AD4.

1The values and specification comments presented in this section are related to MIL-E-1/20A
dated 9 July 1953.
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RATINGS, ABSOLUTE SYSTEM.

The absolute system ratings are as follows:

Filament Voltage 1.25 = 0.25 Vde

R1ate] VOltARE: «vanivmme smmmnis s smsmemsmysmmns oy xigeb isin oy b8 isre s 100 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

*Screen Grid Voltage, Maximum ...........ccvvevnueeenenennnnn. 100 Vde

*Cathode Current, Maximum ...........c.uerienirnnnnennnnnn 7.0 mAde

*Altitnde: RabING . cuov cr v smonmnss e wm st s mie s min s sl s s 5 59587808 35658 10,000 ft

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.

Test conditions and design center characteristics are as follows:
Heater Voltage, Bf .. .ceivesmesus saans some on s o/ s 9 s s ¥ swsou
Control Grid Voltage, Ecl ......ooninnuiiiiiiiii i,
Plate: Voltage; BB . wewnis s s wis s s s mes ws) 5 o s s 5o 58 o 45 Vde
Screen; VoItage; J0D e e sissie s s 5.5 65005 500 5600 5 6t 515 s Spas 56
Control Grid Series Resistance

* No test of operation at this rating exists in the specification.

ACCEPTANCE TEST LIMITS

JAN-1AD4

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/20A dated 9
July 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement T
Property Conditions i TS o Units
Min Max Min Max
Heater Current It 88 112 —_ —_ mA
Transconductance(1) Sm | Ef = 1.0 Vde 1200 2500 — — umhos
Transconductance (2) Sm 1500 2500 1200 — umhos
Plate Current(1) Ib 1.9 41 — —_ mAdec
Screen Grid Current Ic2 0.5 1.3 — — mAde
Plate resistance Rp 0.2 — — — Meg
Capacitance Cgp — 0.01 — i uuf
Cin 3.0 5.0 e — uuf
Cout 3.0 5.0 — — uuf
Grid Current Ic | Ecl1 = -0.5 Vde — —0.5 — —_— uAde
Rgl = 0.1 Meg

APPLICATION OF JAN-1AD4

The chart below shows the permissible operating area for JAN-1AD4 as defined by the
ratings in MIL-E-1/20A dated 9 July, 1953. A discussion of the permissible operating area
for pentodes may be found in paragraphs 3.2.2 through 3.2.8.
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JAN-1AD4
4.0 T r
:_1 .25 Vdc 7/// /// 7 Ecl =0 Vdc
Ec2 = 45 Vdc
y 9 AT dd P rddd
4 8
<
3.0 £ / § =92
0 £ <
g // / ':4}54 p%‘f/ ;
225 /) 7/ Or %‘;2316 3
= ) >
; ‘E/ % | /O~\\ § —tp
< u ’
o 4 :
/8/ 2,,
2
0.5 Bl
7 P
/ /f/ —~25
- oo s
0 20 40 60 80 100 120 140

PLATE VOLTAGE IN VOLTS

Figure 3-24. Typical Static Characteristics of Tube Type JAN 1AD4; Permissible Area of Operation.

The fololowing table lists general considerations for the applications of
this type. The numbers refer to the applicable section or paragraph of this

Manual.
Voltages Low, 3.2.2, 3.2.6
i 28 Volts, 3.2.9
Hza;e;, 13.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, AC Operation, 1.3.3, 3.2.9
Heater-Cathode, 1.8.7 Screen Grid:
Plate: Supply, 3.2.7
High, 3.2.9 Protection, 3.2.9
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Control Grid Bias:
Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.3.1, 2.1.1, 3.2.9
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9

Temperature
Bulb and Environmental, 3.2.3
Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

127

MIL-HDBK-211
31 December 1958

JAN-1AD4

Dissipation

Plate, 2.1, 3.3.3
Screen Grid, 2.1, 3.2.3, 3.2.7

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9
Cathode, 1.3.7, 2.1.1, 3.2.9

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9
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JAN-1AD4

VARIABILITY OF JAN-1AD4 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values, Consequently the variation inherent in a typical characteristic
curve is frequently overlooked. The following charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were deter-

mined from the acceptance limits given on the specification.

The charts below present the limit behavior of static plate characteristics for JAN-

1AD4 as defined by MIL-E-1/20A dated 9 July 1953.

PLATE AND GRID #2 CURRENT IN MILLIAMPERES

3.5

3.0

»
e

i
=)

—
W

=
(]

0.5

| Ec1= 0 Vdc
Ef =1.25 Vdc
Ec2 = 45 Vdc
d b
T [pap——
—-0.5
7 e
4
«
\> ' -10
\ S —
.‘o‘ / |
|
/\ \ Ic2 MAX.
N \ "
S\ \\ NN i
RSy L\s___—_-_-r:—‘i—_—_-
\ § Rg = 2 MEG
A Foo
U] k \ \ [ Ee! = 0 AREA
AN\ | —20 —]
: Ic2 MIN
! —25
a— :
20 40 60 80 100 120 140
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Figure 3-25. Limit Plate Characteristics of Tube Type JAN-1AD4; Variability of 1¢2.
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JAN-1AD4

The chart below presents the limit behavior of transfer data for JAN-1AD4 as defined by
MIL-E-1/20A dated 9 July 1953.

5.0 2000
EL = 15'325 ldcu Vde / /
45 t‘ 1800
N
B Q Ib MAX . ™
N\
Q
ﬁ 3.5 & \S 1400
: [ R
2 N\ \\\ 3
§ 3.0 SEEUUU: £ - H»Q \\\ 1200 g
g 2.5 S ‘\§§ 1000 'z’
: )
% 2.0 Q N 800 é
< N o
g 15 N \\\§ o0
/ \ /éécz MAX.
/ / AR
1.0 . 400
N
R
0.5 ‘ N2 MN 200
YAD
0 F’/ //\ ' 0

o

-85 —4.5 —3.5 =2:5 = 1.5 - 0.5

GRID VOLTAGE IN VOLTS
Figure 3-27. Limit Transfer Characteristics of Tube Type JAN 1AD4; Variability of Ib and lc2.
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JAN-1AD4

These typical curves have been obtained from data published by the original RETMA reg-
istrant of this type.

The chart below presents the Static Plate Characteristics of JAN-1AD4.

PLATE AND GRID #2 CURRENT IN MILLIAMPERES

35

3.0

N
W

N
o

—t
(8,

—
o
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— Ec1= 0 Vdc¢
Ef =1.25 Vde
Ec2 = 45 Vdc
d b
€2 — = =
—-0.5
/
4
\ ~1.0
\ aapames S
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~C§:~o \ 4
T e— " ——1.5 ==
= e ey
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PLATE VOLTAGE IN VOLTS
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Figure 3-28. Typical Static Plate Characteristics for Tube Type JAN-1AD4,
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3.5

3.0

2.0

1.5

PLATE AND GRID # 2 CURRENT IN MILLIAMPERES

0.5

Ef= 1.25Vde
Eb=E2=45V /

/ 2,000

1,800

1,600

1400

Sm

/ 1,200

1,000

/s

800

.y
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T

-4.5 =3.5 -2.5 -1.5 -0.5
GRID VOLTAGE IN VOLTS

Figure 3-29. Typical Transfer Characteristics of Tube Type JAN-1AD4.
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JAN-1AD4
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Figure 3-30. Typical Average Plate Characteristics of Tube Type JAN-1AD4; Triode Connected.
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JAN-1AH4
SECTION
TUBE TYPE JAN-1AH4
DESCRIPTION.
The JAN-1AH4 1 is a 5 lead, pinch press, subminiature, pentode, with a
metallic shield coating.
ELECTRICAL. The electrical characteristics are as follows:
Filament Voltage ..........coviiiiiiiniinnnnannnnnnn, 1.25 Vde
Filament Current ..........couiniiiiiiininin ... 36-44 mA
Cathode ... .uewuvaseesswm e m e s esms ss s em s 6555050 Coated Filament
MOUNTING. Any type of mounting is adequate.
LEAD CONNECTIONS
MINOR —=- D = -—-cr-}-mog
|
T S O o
; N ¥ (_‘ RED DOT —
E : |
;:é | i 12%3 B
1" ‘ *
gé ‘ E |, GROUND
s | 3 A WIRE ‘ | —— |- see NoTE * + 1 2 3 4 §
| b ¢ 73 d | ‘ ‘ |
—4% I ﬁ#_g_ P G -F Gy +F
t REFERENCE MARK e ANY NUMBER OF Sd
TINNED WITHIN ___J (RED DOT) [ | LEADS IN LINE
050 OR LESS OF ADJACENT
THE GLASS PRESS TOPN1 [
(- BASE - PINCH PRESS
LEADS SPACED ——— | z
! MULTIPLES OF .048 i E
i Wi = DIMENSIONS
ol e ueans Wi 3 Wﬂ__sr DIAMETER
016 + 2 oia ‘ AMAX I TIOL | MAX.
C MAX|D MAX
| 1.500 | 1.300 | .100 | .385| .285
I [T ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

*** WHEN SPECIFIED ON THE TSS
* *** APPLIES TO PINCH PRESS TYPES ONLY (.02 MIN.)

|
~

I” GROUND LEAD OVERLAPPED BY SHIELD BY A MINIMUM OF .04

‘l"':\' SHIELD TO GROUND WIRE MAY BE FROM EITHER SIDE OF THE MAJOR DIMENSION. ALTERNATIVE
CONSTRUCTION: UNUSED OR EXTRA RANDOM LEAD IN PRESS OR BUTTON MAY BE FOLDED BACK AND
WRAPPED AROUND BULB TO MAKE CONTACT WITH SHIELD.

Figure 3-31. Outline Drawing and Base Diagram of Tube Type JAN-1AH4.

1The values and specification comments presented in this section are related to MIL-E-1/316
dated 14 August 1958. 4
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RATINGS, ABSOLUTE SYSTEM.

~ The absolute system ratings are as follows:
Filament VOILAZe: s sws s s s ¢ on 3 wne ¢ wis 91608 6es 558 500 5 ssi e @ 1.25 * 0.25 Vde
BPIALE VOLERTE! oo aoions a5 tom msmosaimis sk e i asoss Wiors S48 910 $1998 91078 315 100 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
%Screen: Grid VOoLtage. o « mis s wisis o oins s sne s whes mhe sisie oo o ojeia i & s 3 100 Vde
¥ARItUde RATINE ..o oiee vime oiewmscesiwie sioamin s wie v inger sioge éopn oo s 808 i 10,000 ft

TEST CONDITIONS.

Test conditions are as follows: ~  LLiiiiiiiiiiiiieaen

Heater Voltage , Ef ..... T r— 1.25 Vde
Blate Voltage; B omisnt s sistis s s enssoisssssme s dmiss @ s @i s 45 Vde
Control Grid Voltage, Ecl .........co0vvuenen. AT s SR R 0 Vde
Soreen Grid Voltage; TR o um mussmamem s sisso st oo oo o soonsisles i 45 Vdce
Control Grid Series ReBISEOY ...« wvoes s vinn wisine sis s siomais o 5 Meg
M
ACCEPTANCE TEST LIMITS
The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table ig in no wise intended to include all the proper-
ties for which measurement limits are provided. Specification MIL-E-1/316 dated 14
August 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.
Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.
Limits
Measurement % .
Property Conditions Initial Life test Units
Min Max Min Max
Heater Current If 36 44 s . mA
Py Transconductance(1) Sm 550 950 400 siis umhos
Transconductance(2) Sm | Ef=1.0 V 450 e ks — umhos
Plate Current Ib 0.45 o I | o Bl mAdec
Screen Grid Current Ic2 0.12 0.28 - S mAde
Capacitance Cgp e 0.01 S e uuf
Cin 2.7 4.2 seaie — uuf
Cout 3.8 5.2 ey aee uuf
Grid Current Icl | Ecl = 0.5 Vde o5 % —0.5 e —1.0 uAde
Rgl = 0.5 Meg.
Max.
Py
-
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APPLICATION OF JAN-1AH4
The chart below shows the permissible operating area for JAN-1AH4 as defined by the W/

ratings in MIL-E-1/316, dated 14 August, 1953. A discussion of the permissible operating
area for pentodes may be found in paragraphs 3.2.2 through 3.27 of this manual.

20 FJAXIMUM CATHODE CURRENT = 2.0 MILLAMPERES [
Ef = 1.25 Vdc

1.8 Ec2 = 45 Vdc
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Figure 3-32. Typical Static Characteristics of Tube Type JAN-1AH4; Permissible Area of Operation.

The following table lists general considerations for the application of this type. The para-
graph numbers refer to the applicable section or paragraph of this manual.
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Voltages

Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.2.9
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.2.2, 3.2.6
28 Volt, 8.2.9
AC Operation, 1.3.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.2.9
Control Grid Bias:
Low, 1.3.1, 1.8.2, 3.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9
PFixed, 1.8.1,21.1, 829
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9
Cathode, 1.3.7, 2.1.1, 3.2.9

MIL-HDBK-211
31 December 1958

JAN-1AH4

Temperature
Bulb and Environmental, 3.2.3
Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

Dissipation

Plate, 2.1, 3.2.3
Screen Grid, 2.1, 3.2.3, 3.2.7

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonics, 1.3.11, 3.2.9
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JAN-1AH4
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Ef — 1.25 Vdc
Ec2 = 45 Vdc
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Figure 3-33. Limit Plate Characteristics of Tube Type JAN-1AH4; Variability of Ib.

VARIABILITY OF JAN-1AH4 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, pre-
sent only average or center values. Consequently the variation inherent in a typical charac-
teristic curve is frequently overlooked. Thefollowing charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were de-
termined from the acceptance limits given in the applicable specification.

The limit chart on the preceding page presents the limit behavior of static plate charac-
teristics for JAN-1AH4 as defined by MIL-E-1/316, dated 14 August, 1953.
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DESIGN CENTER CHARACTERISTICS OF JAN-1AH4

These typical curves have been obtained from current data being published by the original
RETMA registrant of the type.

The chart below presents the average transfer data for JAN-1AH4.

JAN-1AH4

1,000 I T 2.0
Eb = Ec2 — 45 Vdc * Sm MAX
Ef = 1.25 Vdc
00— Re=0 1.8
*Rg = 5 MEG
800 / 16
7
-
w) /
O 700 1.4 8
z w
=
e 3
Y 3
2 400 123
= 7 ¥
w - Sm MIN
O s
7 & b MAX
= &
5 10§
a 0
Z (5]
2 =
(7]
Z 400 08 o
g < &
Sm/ 8
300 0.6 W
g
[-%
*ib MIN
200 0.4
: / b
/ 12 MAX
le2
- 0.2
100 v
/ 12 MIN
(0] < 4]
35 3.0 25 2.0 1.5 1.0 0.5 0

GRID #1 VOLTAGE IN VOLTS

Figure 3-34. Typical Transfer Characteristics of JAN-1AH4.
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JAN-1AH4
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Figure 3-35. Typical Static Plate Characteristics of JAN-1AH4.
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Figure3-36. Typical Triode Connected Characteristics of JAN-1AH4.
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SECTION

TUBE TYPE JAN-1B3GT
DECRIPTION.

The JAN-1B3GT ! is a 6 pin, octal base, half-wave, high vacuum rectifier

suitable in applications where the dc load current does not exceed 2.2 mil-
liamperes.

ELECTRICAL. The electrical characteristics are as follows:
Heater Voltage

............................................ 1.25 Vac
Cathode = s s e 5 v mis sis & s 5 63 5 595 5 005 3 1605 9180 & S8 4har 8 i ¢ g @ Coated Filament
MOUNTING. Not specified.
CAP: SMALL
*Cl1-1
LEAD CONNECTIONS
’-—-’ 360 +.005
¥
406 NOM.
f
T-9
=
-
L
*
T $2%
E N
v o
135 MAX— . T
1 ! K ¥
' -
1 I 'J‘ﬁ———-’— .075-.095
o
L_1_235 MIN. . INTERMEDIATE SHORT SHELL OCTAL 6-PIN BASE
1.275 MAX. *BS-8

ALL DIMENSIONS IN INCHES
*REFERS TO JETEC PUBLICATION JO-G3-1, FEBRUARY 1949
**ON FINISHED TUBE, ADD 0.030 FOR SOLDER

NOTE: CONNECTING PINS 1, 3, 5 AND 8 TO PIN 7 EXTERNALLY
IS PERMISSIBLE TO REDUCE CORONA DISCHARGE.
OTHERWISE PINS 1, 3, 5 AND 8 MAY NOT BE USED.

Figure 3-37. Outline Drawing and Base Diagram of Tube Type JAN-1B3GT.

1The values and specification comments presented in this section are related to MIL-E-1/748B dated 23 December 1955.
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RATINGS, ABSOLUTE SYSTEM

The absolute system ratings are as follows:

Heater VOlTATE v ilvpms e wiomme s mias e smn b sy smies 1.25 Vac = 10%

Peak Inverse Plate Voltage «aeesu s smesemssesemsms v obdenis i 33 Kv
Pegk Plate CuITent u vswvsso smmsis e s biaiss 565 6506 A 507 466 o560 18.7 mA
Steady State Peak Plate Current .................ccoooon.. 2.2 mAde
Minimum supply source impedance (at maximum

voltage and current ratings) .......................... 105,000 ohmas
*Frequency .................. . 300 KC
CAMItUAE BB 10005005 08050 555 50500 515 0355058, 500 iy g e fopsi i 10,000 ft

TESI CONDITIONS AND DESIGN CENTER CHARACTERISTICS

Test conditions and design center characteristics are as follows:

Heater VOIBEE, BE ..o v s oo minne sasasiasaimimsess s o oo el osssis s s wsoss 1.25 Vac
Peak Inverse Plate VOILBZE, DX « « sissma wsiwsmos siws o0 § 3485w swn s5s 0 33 Kv
Minimum Frequency «u e swesausiss swe s wms s wje s a0 s 68 596 ws 75 Ke

#* No test at this rating exists in the specification.

ACCEPTANCE TEST LIMITS

JAN-1B3GT

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/748A dated 23
December 1955 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions unless otherwise in-

dicated,
Limits
Measurement - &
Property Coniliifons Initial Life test Units
Min Max Min Max
Filament Current If 180 200 — — mA
Operation (2) Eo |R, = 1000 Meg 17.5 — - - kVde
C,, =400 uuf
exp = 40 kv
(test time not to
exceed 1 minute)
Emission Is |Eb = 100 Vde, 5.0 15.0 3.0 % mAde
Ef = 1.10 Vde
Capacitance Cpf 1.0 2.0 s p— uuf

Figure 3-38. Rating Chart I is based on maximum rated peak inverse

voltage per plate (epx) of 33 kilovolts and maximum rated de output current
(Io) of 2.2 milliamperes. Point C corresponds to the simultaneous occurance

of these two ratings, permissible under choke or capacitor-input filter
conditions.

Figure 3-39. Rating Chart II for capacitor input filter applications, is

based on maximum rated de output current (Io) and maximum rated steady
state peak plate current of 18.7 milliamperes. Rectification efficiency must not
exceed 0.85 under conditions of maximum rated dec output current.
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Figure 3-40. Rating Chart III for capacitor input filter is based on a
maximum allowable surge current (i surge) of 150 milliamperes, as derived
from the specification. Minimum permissible series resistance (Rs) is approxi-
mately 105, 000 ohms under conditions of maximum peak inverse voltage and
current ratings.

OTHER CONSIDERATIONS:

CORONA DISCHARGE: Connecting pins 1, 3, 5, and 8 to pin 7 externally
is permissible to reduce corona discharge, otherwise, pins 1, 3, 5 and 8 may
not be used.

Heater Voltage: See paragraph 3.3.5.

Altitude: See paragraph 3.8.3.

APPLICATION OF JAN-1B3GT

Rating Charts I, II, and III represents areas of permissible operation within which any ap-
plication of the JAN-1B3GT must fall. Requirements of all charts must be satisfied
simultaneously in capacitor-input filter applications.
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5 Fig. 3-40. Rating Chart Il for JAN-1B3GT.
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AC PLATE SUPPLY VOLTAGE PER PLATE IN

KILOVOLTS RMS
Fig. 3-39. Rating Chart Il for JAN-1B3GT.
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AVERAGE CHARACTERISTICS OF JAN-1B3GT

The chart below presents the Static Plate Characteristic of JAN-1B3GT, reproduced from
data published by the original RETMA registrant of the type. The extent of variation which
may be exhibited among individual tubes may be derived from the specification which pro-
vides minimum and maximum limits on emission, at Eb = 100 Vde, of 5.0 and 15.0 m Adc
respectively.
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Figure 3-41. Typical Plate Characteristics of Tube Type JAN 1B3GT.
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SECTION
TUBE TYPE JAN-1Z2
A 4
DESCRIPTION.
The JAN-1Z21® is a 7 pin button base, miniature, high vacuum rectifier
(half wave).
ELECTRICAL. The electrical characteristics are as follows:
Heater: Volta@e . v s wu s s+ a5 s 5 506 5005 500 § 6060 5 905 5 506 & 50605 518 5 8.5 86185 .9 1.25 V
Cathode .......ciiiiniiiii i ieennnnn Thoriated Tungsten
MOUNTING. Any type of mounting is adequate.
1The values and specification comments presented in this section are related to MIL-E-1/29
dated 5 February 1953.
CAP: LEAD CONNECTIONS
SKIRTED MINIATURE ~
*C1-3
-3 420 NG#
89
' r—.t»—— 250 +.005
X
| 3
. S nz
. 4
3 z
3 3 .040=:.002 DIA.
Q g 2 7 PINS
o ™ o
Z3
=
B 45°
W @ "
90° +3%4° ol
i [«
A5
T omax. T

MINIATURE 7-PIN BUTTON
E7-1*

*REFERS TO JETEC PUBLICATION JO-G3-1, APRIL 1953

ALL DIMENSIONS IN INCHES
NOTE: A4
PINS 1, 3, 4 AND 6 ARE CONNECTED TO AN INTERNAL SHIELD

Figure3-42. Outline Drawing and Base Diagram of JAN-1Z2.
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RATINGS, ABSOLUTE SYSTEM
The absolute system ratings are as follows:

Heater Voltage ........oooiiiiiiiiiiiiiiiiiiinennnnn 1.25 Vac 5%
Pesk Inverse Plate VolbBoe smes s mm soms s v aseio s 65508 gds o 15 kv
Steady State Peak Plate Current, Ib ...........coveiiiunnnnn... 8.5 mA
Output CUTTENt s cnsswsvms ousmwes wavwsenss e S8 5 S LR Bt 1.5 mAdc
®AItade RAtING 1 s s s 3 wvmpisin 6 995 56678 58 5 o1 § e & 608 ¢ 80, o5 o808 9361 & 810 10,000 ft

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heaten Voltage, Ef cu . vw'e s s s s sios sies me e siers o s sio s oo s ioew's 1.25 Vac
Peak Inverse Plate Voltage, €pX ....ovvvriereirenneeeennnannennns 15 kv
Load Resistance, RL .......cuiiiiiiiriiiinnenennneneennnnnns 4.2 Meg
Load Capacitazice;, OLi & smseessssmsssss s owesssas b R SRR S 0.01 uf
QUEPUE CUITENTE;, TO) 25 5510 5bimsciamiioiosimnors wiistorinonins imesisieso s =385 1o 1.5 mAde

* No test at this rating exists in the specification.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/29 dated 5 Feb-
ruary 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions unless otherwise in-
dicated.

3 Limits ‘
Measurement { g E -
Property s | Initial I Life test Units
“ Min } Max ‘ Min Max
Filament Current If | 245 | 285 } = - mA
Emission Is| Ef=135V i 9.5 ‘ s ! 8.5 e mAde
Eb = 100 Vde ; ]‘ i
| l !

APPLICATION OF JAN-1Z2

Rating Charts I, IT, and III represent areas of permissible operation within which any ap-
plication of the JAN-1Z2 must fall. Requirements of all charts must be satisfied simultaneous-
ly in capacitor-input filter applications.

Figure 3-43. Rating Chart I is based on maximum rated peak inverse
voltage (epx) of 15 kilovolts and maximum rated de output current (Io) of
1.5 milliamperes. Point C is derived from life test conditions of maximum
rated dc output current, peak inverse plate voltage, and steady state peak
plate current.

Figure 3-44. Rating Chart II for capacitor input filter applications, is
based on maximum rated dec output current (Io) and maximum rated steady
state peak plate current of 8.5 milliamperes per plate. Rectification efficiency
must not exceed 0.65 under conditions of maximum rated de output current.

Figure 8-45. Rating Chart III for capacitor input fiiter is based on
maximum surge current (i surge) of 25 milliamperes, as derived from speci-
fication minimum permissible source impedance of 300,000 ohms under con-
ditions of maximum permissible supply voltage.
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JAN-122

MIL-HDBK-211
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OTHER CONSIDERATIONS:

Heater Voltage: See paragraph 3.3.6.
Altitude: See paragraph 3.3.3.

AVERAGE CHARACTERISTICS OF JAN-1Z2
The chart below presents the Static Plate Characteristic of JAN-1Z2, reproduced
from data published by the original RETMA registrant of the type. The extent of varia-
tion which may be exhibited among individual tubes cannot be derived from the spe-
cification which provides only a minimum limit on emission.
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Figure 3-46. Typical Plate Characteristics for JAN-122.
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FILAMENT CURRENT (MILLIAMPERES)
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Figure 3-47. Typical Filament Characteristics for JAN-1Z2.
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JAN-2B22

SECTION
TUBE TYPE JAN-2B22

DESCRIPTION.
The JAN-2B221 is a 6 pin, octal base, U.H.F. diode.
ELECTRICAL. The electrical characteristics are as follows:

Heater VOWREE: o s smmwsrsonm smo i semes 68 5750 s0 0658 6 ¥ 5@ 6.3 Vae
CATIOABT 16 o661 a:6meviionsronepmnmisssiisins nswsms oot o ieint oinss) s sfasoi mioreross Coated Unipotential

MOUNTING. Any type of mounting is adequate.
RATINGS, ABSOLUTE SYSTEM.

The absolute system ratings are as follows:
Maximum Frequency at which maximum ratings apply, F{, 1200 Mc

HEBtET VOMAED o ocvmsivmmmrassmimm s g sdless sosp s o siate sas 6.3 = 5% Vac
¥¥Peak Plate VOILAEE «uw cuwsrs v omm semsmssn eom e s s sus e s s ws me 100 v
Pealk Inverse Plate Volbage e smisaesm o e s s s teis s see o0 s s 300 v
Heater-Cathods: VOILATE ... ... o oo s s s e s s aieee s g 100 v
*¥Steady State Peak Plate 'CHELeNE o musws wenenes s sures s &9 65 s sieis 1.0 a
Plate: 'CuITent: s smeses pomsms ns §amms SR 486 W3 2 s 3 550 SR o s 20 mAde
QUEPUL VOLBBEE & 5 ccic n e i sunrmisiis s sossiin s siors: sisio sibys: & el s 578§ 8he 5wy 875 o 150 Vde
Cathode: ‘Conditioning: Time; Tl ; ws woow o biv sioseisesios sws as v ste s o mes 60 Sec
*Seal Temperature s s ewusam s s poei s s i o T e 200° C
WATEILUAE) RBEIDEE 1« o - s« mioris swcons s man i mies otnzons sl 8 s, 8 S8 @00 8:90 91566 B 10,000 ft

TEST CONDITIONS

Test conditions are as follows:

Heater Volbage, ET ... ..o vaie cceaime sim o wssssoviii o o5 o s wiss o1 55908 & favel 518 6.3 Vac
Plate CUTTETE o cuie oo supa smio s wnary g g oo & T P Ty 20 mAde
Cathode Condifioning "THME: e . e s v 566 & mis 5 i0s s sk o6 o 915 8 99 8 300 Sec

* No test at this rating exists in the specification.
“* Tube shall not be operated more than 5 usec in a 100 usec interval.

1The values and specification comments presented in this section are related to MIL-E-1/736
dated 17 December 1954.
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JAN-2B22

-or ¢

RF CATHODE
CONNECTION — ™

.

NOTE 3

SRR

ANOD!

@I / CONNECTION

£

©

!
{

!

1 oF

NOTES (D) T; @

|

oF

3%
4

|

SKIRT
. ¥ 45° ALL PINS
T = - ¥
X e s
%5 3
vy bt —
- II -
135 MAX.—1 & | st_3|7
1271 MIN. —
1.312 MAX,
REF.|  DIMENSION 3
MIN, MAR, ** SMALL WAFER 6-PIN
N 1156 OCTAL BASE, B6-23
"B 1.312 DIA.
** ~11.216DIA}1.236 DIA,
D 1.023 DIA|1.039 DIA. **Note 1: Silver plate external surface of metal parts,
*g | .806DIA.| .818 DIA. except base pins, MIN .100 MS1.
*e| 475 505 *Note 2: Cathode RF connection & anode connection shall be
G 1.350 concentric with respect to each other within 0.020.
| 305 455 Note 3: Glass shall not extend beyond edge of anode.
*3| .80 210 Note 4: Tolerance does not epply to point where skirt is crimped.
*k| 360 390
. L Vie Note 5: Skirt shall not be used RF contact surface.
*=M| 013 027

Figure 3-48. Outline Drawing and Base Diagram of Tube Type JAN-2B22.
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APPLICATION

SIGNAL RECTIFIER SERVICE: In theapplication of the JAN-2B22 in UHF signal
rectifier service, specification MIL-E-1/736 dated 17 December 1954 prescribes that the
maximum ratings are applicable up to a maximum frequency of 1200 megacycles, though
no performance tests are specified in the UHF region. It should be noted that the speci-
fication prescribes also that the JAN-2B22 shall not be operated more than 5 microsecons
in a 100 microsecond interval, under conditions of maximum rated peak plate voltage or
maximum rated peak plate current.

Permissible steady state peak plate voltage is limited to 100 volts, and peak plate cur-
When used in reference to pulses the maximumrent to 1.0 ampere, under these conditions.
rated peak plate current excludes the current spike. An additional restriction should be
borne in mind by designers — a minimum cathode conditioning time (t.) of 60 seconds
must be allowed before the application of high voltage.

SUPPLY VOLTAGE RECTIFIER SERVICE: Not applicable.
OTHER CONSIDERATIONS:

HEATER VOLTAGE: See paragraph 3.4.3.

LOW ELECTRODE CURRENT: See paragraph 3.4.3.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits areprovided. Specification MIL-E-1/736 dated 17

December 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement e .
Property Conditions Initial Life test Units
Min Max Min Max
Heater Current If 700 800 ST _— mAde
Tube Drop Etd |Ib = 20 mAde 3.0 9.0 o 10.0 Vde
Pulse Emission | ‘
Voltage eb | Is = 0.90a; |
tp = 2us 5 e 150 v
prr = 500
Capacitance Cout | Ef =0 1.9 2.4 uuf
Heater-Cathode ;
Leakage Thk | Ehk = 100 Vde S -20 | - T | uAde
Ihk | Ehk = -100 Vde T -50 5 3 .5 uAde
Insulation
of Electrodes Rpsh 25 | Meg
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SECTION
TUBE TYPE JAN-2C40

DESCRIPTION.

The JAN-2C40! is a six pin octal base disc seal triode amplifier and
oscillator with an indirectly heated cathode.

ELECTRICAL. The electrical characteristics are as follows:
HEALET VIOILAZE .« o wios oo isiini a6 5 16 o505 0 cae o oo mion: & e wore, aiofasen el s 043 6.3 V ac
CaBhOTE! 5 5 56 o w10 v ous-ssisomes visyen s e 6 gme: s o 2 & 9l & S0 5 08 5 568 ¢ Coated Unipotential

MOUNTING. Any type of mounting is adequate.
RATINGS, ABSOLUTE SYSTEM.

The absolute éystem ratings are as follows:
Heaber VOIEREE: «umis o ouresny ciosisimsmm e s g md e s s b o 6.3 = 5% V ac

Plate VOIAEe: s iimes sws o sy mne sy s @z o Sa0s 65 508 ¢ o . 500 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Plate DIiSRIPALION, cor i v drensimisnsseisasis isheire o wisroms amesess syt s i b A 6.5 W

Cathode Conditioning Time ...........ccccoev cveeven...... 60 sec. min.

Soal TeMPEFAtULE o ouseitsos B Dms S8 o e o e bs-4 54 s 200° C

ALGHAE REVIDE oo oim 5000wt icimesem wawmminis sgsmmmenss s v siwsisrasssmnd e 105000 £

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.

Test conditions and design center characteristics are as follows:

Heater Voltage, EE .....ou. . vms swe cos msas sie s mg sise s s s s oie s 6.3 V ac
Plate Voltage; B . o« e 2w o s ms ugs s om s 36 8 5 5 55 5 55 5 5us s ains wie svs s 250 Vde
Cathode Conditioning Time ...... ek G 3 A Bl 5 e e e sy OO0 1BEICS
Cathode Resistance, RK .........cc0iiiiiiiininrennnnennnannn 200 ohms
Cathode Bypass Capacitance ..............c.oeeummenennemecnnnn 1,000 uf

1The values and specification comments presented in this section are related to MIL-E-1/737
dated 17 December 1954.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits areprovided. Specification MIL-E-1/737 dated 17
December 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.
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1 Limits
Measurement | . P
Property Contitions | Initial | Life test Units
‘ Min Max Min Max
Heater Current If ‘ 700 800 55 | mA
Transconductance Sm 1 ‘ 4400 5700 | = ’ i umhos
Amplification Factor Mu i | 27 4 wa - aee
Plate Current Ib | ! 13 22 mAde
Grid Voltage Ec {Ec/Ib = 10 uAde | -10 26 Vde
Emission Bs E,E./I, =40 mAdc : 10 Vde
R, =0 i
Power Oscillation Po |Eb = 250 Vdc max 35 25 ‘ m\V
Ib = 25 mAdc max ‘
Rk = O; Rg = ?
10,000 ‘ ‘
F = 3370 Mc/sec ! ;
| nom
Capacitance Cgp: | 1.15 1.40 uuf
Cin: 1.90 2.35 uuf
Cout: . 0.03 - R wee { uuf
Cshk: 30 , 200 - ’; o ] uuf
Grid Current Ie 0 | -1.0 | g3 ; - | uAde
Heater-Cathode t = 180 sec, |
Leakage Thk | Ehk = - 100 Vdc | 20 uAde
Thk | Ehk = —100 Vde -50 uAde
Insulation of | ‘
Electrodes Rk —sh | 25 ‘ _ | Meg
Rh-sh | 25 3 | - | Meg
Rg-sh | 25 | f | Meg
Rg-p ; 25 \ 1 ‘ Meg

The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Volteges

Heater, 1.3.1, 1.8.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.1.5
Heater-Cathode, 1.3.7
Plate:
High, 3.1.5
Low, 3.1.5
AC Operation, 1.3.3, 3.1.5
28 Volt, 3.1.5
Control Grid Bias:
Low, 1.8.1, 1.3.2, 3.1.2
Cathode, 2.1.1, 3.1.5
Fixed, 1.3.1, 2.1.1, 3.1.3
Positive Grid Region, 3.1.5
Contact Potential, 1.3.1, 3.1.3, 3.1.5

Resistance

Control Grid Series, 1.8.2, 1.3.3, 1.3.4, 3.1.5
Cathode Interface, 1.3.10, 3.1.5
Cathode, 1.3.7, 2.1.1, 51.5

[y
W

Dissipation
Plate, 2.1, 3.1.4
Current

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2
Plate, Low, 1.3.10, 3.1.3, 3.1.5
Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 8.1.2

Control Grid Emission, 1.3.3

Cathode, Thermionic Instability, 1.3.8

Temperature
Bulb and Environmental, 8.1.4
Miscellaneous

Pulse Operation, 3.1.5
Shielding, 3.1.4

Intermittent Operation, 3.1.5
Electron Coupling Effects, 1.3.9

- Microphonies, 1.3.11, 3.1.5
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& NOTE 4
J
A
! TANODE CAP REF DIMENSION

. : ANODE R-F MIN JMAX [NOM
L CONNECTION *A 1973
’ H ~~CONNECTION C |.395].455
TL T NNOTE | %D |.850.880
® @ CATHODE_R-F E_{.180 1.20
¢ CONNECTION *F | 475505
| .360/.380
L-—®——- NOTE 2 .360/.390
@ (? | L 242 |.258
.0301.035

2|z |r|x|¥x|*

} SKIRT
N
IFP OTE 3 3
®¢ § l 84
_____@_:I I.0:45 MAX 22
T [ - o IR —F T 1.216 |1.236)
. Z 5 %P [1.023[1.039
§3 312 L h 3@3 b %R |.80858155
) )| | sy S |.557[.567
l , | H %*7]|.248].252
7135 MAX. T (1] 1.312
.300-.317 Y Ll
1271 MIN
1.312 MAX.
LEAD CONNECTIONS
45° ALL PINS

.093+.003

** SMALL WAFER OCTAL, &-FIN BASE, ***B6.23

NOTES:
*1. GLASS SHALL CONFORM WITH REQUIREMENTS OF DETAIL A.
*2. CATHODE R-F CONNECTION SURFACE SHALL BE FREE FROM WELDING FLASH MATERIAL.
3. TOLERANCE DOES NOT APPLY AT POINTS WHERE SKIRT IS CRIMPED TO BASE.

4. A 3/64 MAX. RADIUS CHAMFER MAY BE USED INSTEAD OF BEVEL.
**5  EXTERNAL SURFACE OF METAL PARTS, EXCEPT PINS, SHALL BE SILVER PLATED 100 MS1 MIN.
*6. THE ANODE CAP GRID R-F CONNECTION AND THE CATHODE R-F CONNECTION SHALL BE CONCENTRIC

WITH RESPECT TO EACH OTHER WITHIN 1/64.
7. TEST SHALL BE MADE ON TEN TUBES PER MONTH WHEN IN CONTINUOUS PRODUCTION, FAILURE OF

MORE THAN ONE TUBE TO MEET THE TOLERANCE FOR ANY OF THESE DIMENSIONS, SHALL CAUSE
THAT DIMENSION TO BECOME A DESIGN ON ALL LOTS IN PROCESS.
#**REFERS TO JETEC PUBLICATION JO-G3-1, FEBRUARY 1949
#+*+*ON FINISHED TUBE, ADD 0.030 FOR SOLDER
ALL DIMENSIONS IN INCHES

Figure 3-49. Outline Drawing and Base Diagram of Tube Type JAN-2C40.
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The chart below shows the permissible operating area for JAN-2C40 as defined by the
ratings in MIL-E-1/737 dated 17 December 1954. A discussion of the permissible operating
area for triodes may be found in paragraphs 3.1.2 through 3.1.5.

140

T 7

Ef = 6.3 VYOLTS

PLATE AND GRID CURRENT IN MILLIAMPERES

\
MAXIMUM PLATE VOLTAGE

D
71 ' = =
PERM
o PERISSIB / AL

(£ cL4
ATION apgs A7 AD

o L€ ANNNNNN
0 100 200 300 400 500

PLATE VOLTAGE IN VOLTS
Figure 3-50, Permissible Operating Region of JAN-2C40.
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VARIABILITY OF JAN-2C40 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, pre-
sent only average or center values, Consequently the variation inherent in a typical charac-
teristic curve is frequently overlooked. Thefollowing charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were de-
termined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-2C40
as defined by MIL-E-1/737 dated 17 December 1954.

80

‘ [
3 Rk = 200 OHM
Ef = 6.3 VOLTS | TEST CIRCUIT
l/ LOAD LINE
70
| o
‘ 4,

40 l,& N\,

50 £

10

g
% 40 = Z\\\\ 7 et
T4 7

V7%

o 100 200 300 400

PLATE VOLTAGE IN VOLTS
Figure 3-5. Limit Behavior of JAN-2C40; Static Plate Data.
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The chart below presents the limit behavior of transfer data for JAN-2C40 as defined by
MIL-E-1/737 dated 17 December 1954.

40

\ //
% /
‘ 7
\ Voo e /
\ ,/ / 30
\ //
i &\\ \'\\ "
AN |
N\
Eb = 250 V AREA % \\§ %
PN :
w MIN
\ 10
X
=250 V A \
\ - \
e e =] - \ &

GRID VOLTAGE IN VOLTS
Figure 3-52. Limit Behavior of JAN-2C40; Transfer Data.
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DESIGN CENTER CHARACTERISTICS OF JAN-2C40
These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

140
\
\
\
X Ef = 6.3 VOLTS
120 A\ ib
\ - lc
\
%
\
\
100 S
4
% {Ee=+12
= \
= \
z \
Y
%80 \\
3
% N R //c
o - o il o HE | /
26 V4 4 /—
= | 5
\ /
@ ~_ »
DRt P AT Y
/ / / /“
20
A Y / / / / /\1
N +3

PLATE YOLTAGE IN VO!.TS
Figure 3-53. Static Plate Characteristics of JAN-2C40.
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The figure below shows the typical behavior of the JAN-2C40 as an oscillator with the
specified life test requirements superimposed.

1,000

™

bl
g N
< N
E 400 AN
™
\ NOMINAL FREQUENCY
Zz
z OF TEST = 3370 me |
5 |
E |
3 400 |
: :
e I
N |
200 1
|
|
|
1
Po; END OF LIFE MIN W
0
100 500 1,000 5,000

OSCILLATION FREQUENCY IN MEGACYCLES

Figure 3-54. Typical Power Output of JAN-2C40 Versus Frequency of Oscillation.
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SECTION
TUBE TYPE JAN-2E30

DESCRIPTION.

The JAN-2E30! is a 7 pin, button base, miniature instant heating beam pentode
power amplifier.

ELECTRICAL. The electrical characteristics are as follows:

Filament Voltage, AC or DC .sossnussnveysesss Parallel 3.0 Series 6.0 V
Filament Current
ERENOAE: =5 o 5 565005 o 1558 5 o Bl I b s hani e stain s s s Oxide Coated Filament

MOUNTING. Filament plane must be vertical.

ke % max» .040=.002 DIA.

—

LEAD CONNECTIONS

-
1

P | TSk
'H ' - 5
™ - *
3
N -
. poraye S B MINIATURE  7-PIN BUTTON
a I E7-1%*
7 PIN MINIATURE * REFERS TO JETEC PUBLICATIONS J5-G2-1,
6-5 NOVEMBER 1952
5_3 *
**REFERS TO JETEC PUBLICATION JO-G3-1,
APRIL 1953

¥ MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1.D.

ALL DIMENSIONS IN INCHES
Figure 3-55. Outline Drawing and Base Diagram of Tube Type JAN-2E30.

RATINGS, ABSOLUTE SYSTEM.

The absolute system ratings are as follows:

Filament: Volbage: .« « s vss woswwes Parallel 3.0 = 10% Series 6.0 == 10% V
PIALE VIOLUAEE: 5ot sre simns 538005 WE5iar® S35 s Subon, #snrs maosri it sois & bionids 6oare 250 Vde
Reference MIL-E-1C Section 6.5.1.1. Plate Voltage
Control Grid Voltage, Maximum Negative Voltage ............ —150 Vde
Screen Grid Voltage .......oiiiiiint it 250 Vde
Plate DISSIDALION s arorv v « wie s sum v 55 5 06 5 50 975068 7% 53605 e BIEES 5 & Bme § Widns 10 W
Screen: GP1d DISSIDALION 5565 5 5055 505 5555 Son v e o #1050 101 s 5 iz 8 v 3 0% & 08 G 256 W
ATGIEIAS RAUING o o1 o om0 5 500 5 506t 5 s x wiiot 0 wimiie oo =t o 10 551 6 fo s 8 ‘ot e s (o 10,000 ft

1The values and specification comments presented in this section are related to MIL-E-1/32
dated 5 February 1953.
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TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.

Test conditions and design center characteristics are as follows:

Filament Voltage, Ef . ...t 6.0 Vac
Plate Voltage, B! ¢ o sesmssses s mms s s osaes s msseasmasss 250 Vde
Control Grid Voltage, Ecl ............oiiiiiiiniininninnnn. —20 Vde
Screen Grid Voltage, Ec2 .......coiiiiiniiiineinineneennnnn. 250 Vde

ACCEPTANCE TEST LIMITS

The following tables summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/32 dated 5 Feb-
ruary 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

. Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits |
Measurement - .
Property Cosditions Initial Life test ; Units
Min Max Min Max |
Filament Current If Ef — 6V ‘ 585 715 b s } mA
Transconductance Sm | 3500 5000 s i — ; umhos
Grid Current Icl Measuring time 0 —b . e T uAde
t =120 Sec. i
Screen Grid Current IC2 ‘ - 5.5 5o T ‘ mAde
Plate Current Ib } 28 52 - s mAde
Amplification Mu Tie screen to plate i 6.6 8.6
Factor G1-G2 | \ |
Class C Doubler Pg F =160 mc ‘ 1.2 Bher? g i w
‘'eg = 70 v. Load 1 ‘
'and Rgl/Max Po |
at Ib = 50 mAdc |
Primary Screen Eb=0; Ec2=127 T 100 P P uAde
Emission Isc2 Vac; Ec1/Pg2 —
2.5 W; measuring |
‘ ‘time t =120 sec | f
Operation Output Ip iEbb =250 Vde | 90 — | - . | mA
Load Current {Eeel = 0; } :
RL = 750; :
‘Egl =90 Vac;
‘Rgl = 35,000 ;
Operation Screen 'Ebb = 250 Vde; s 20 . 20 mAde
Current Ie2 Eccl = 0; | ‘
RL = 750; i ‘
Egl = 90 Vac; 1 ‘
‘Rel = 35,000 ;
Activity Alp Ef =5.4 Vde ; - 5 ‘ . 10 ; %
Ef | I 1
Capacitance Cgp Ef=0 | . 0.2 i “ uuf
(Unshielded) Cin | Ef—0 8.2 10.2 = uuf
Cout iEf ==0 | 6.3 8.3 e | uuf

Tests performed on this tube indicate that it is suitable for use in Class C circuitry as an oseillator,
amplifier or doubler at frequencies up to 160 me.

163



MIL-HDBK-211
31 December 1958

JAN-2E30

APPLICATION OF JAN 2E30

The chart below shows the permissible operating area for JAN 2ES80 as defined by the
ratings in MIL-E-1/32 dated 3 February 1953. A discussion of the permissible operating
area for pentodes may be found in paragraphs 8.2.2 through 3.2.7,

400
Ef = 6 VOLTS
B2 = 250 Vdc
5
3w //ﬁ
wv
E 4+ 20
3 e
5 + 15
2 /
z //‘
— 10
5 youts = =
& v CONTROL GRID
5
g / N
)
= /
3 : :
2
: =5
>
b w —10
<
=
§ -20
4 :
IQUESTIONABLE AREA NEA Y g ] 5 =30
) 1 - ==
0 100 200 300 400 500 600

PLATE POTENTIAL IN VOLTS
Figure 3-56. Typical Static Plate Characteristics of the Tube Type JAN-2E30; Permissible Area of Operation.

The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraphs of this manual.

Voltages Control Grid Bias:
Low, 1.8.1, 1.8.2, 3.2.%, 3.2.8
3 3. 3.4, 1.3.5, 1.3.8, 1.3.10, ’ ) 2 y
H%age;, 13.1, 1.3.3, 1.3 3.5, 1.3.8, 1.3.10 Cathode, 2.1.1, 3.2.9
= Fixed, 1.3.1, 2.1.1, 3.2.9
Heater-Cathode, 1.3.7 Positive Grid Region, 8.2.9
Plate: Contact Potential, 1.3.1, 3.2.8, 3.2.9
High, 3.2.9
Low, 3.2.2, 3.2.6 Temperature
28 Volt, 3.2.9 Bulb and Environmental, 3.2.3

AC Operation, 1.3.3, 3.2.9

Screen Grid: Curront
Supply, 3.2.7 Cathode, 1.3.10, 3.2.5, 3.2.9
Protection, 3.2.9 Control Grid, 1.3.1, 1.8.2, 1.3.4, 38.2.8
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Screen Grid, 3.2.2
Interelectrode Leakage, 1.3.5
Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

Dissipation

Plate, 2.1, 3.2.3
Screen Grid, 2.1, 3.2.3, 3.2.7

MIL-HDBK-211
31 December 1958

JAN-2E30

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9

Cathode Interface, 1.3.10, 3.2.9

Cathode, 1.3.7, 2.1.1, 3.2.9

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9

VARIABILITY OF JAN-2E30 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, pre-
sent only average or center values, Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were deter-
mined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-2E30
as defined by MIL-E-1/32 dated 3 February 1953,

400
Ef = 6 VOLTS
Ec2 = 250 Vdc
+25
. 300 —
& +20
! A5
z /
- / / : LTS = +10
5 200 / / oL GRID_YOUIS ==
w CONTR
E /
S /
3
= //—-_ 0
b / L
100 // -5
/T”-' Ib -10
/ i i B B —i——-ao
7777, 2228 Vde AREAL/ T/ |
TV ILTLLALL LY AL LLL T I
' _40
: 1
0 0 100 200 300 400 500 520

PLATE POTENTIAL IN VOLTS
Figure 3-57. Limit Plate Characteristics of JAN-2E30.
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The chart below presents the limit behavior of transfer data for JAN 2ES30 as defined
by MIL-E-1/32 dated 3 February 1953.

100
Ef = 6 VOLTS
Ec2 = 250 Vdc

/

/
T ot g1 ;

Eb = 250 Vdc /
AREA | /. / .
AN \ -

ANES :

/ 2

b MAX. ;;\\\ 50 —f

NN :

AN g

” N 0 Y
S/ 3(,

/ C/ Ib MIN.

7 7
- /

# / / -
DESIGN CENTER /
v

CURVE
Eb= 250 Vdc/ P -

_///

40 30 20 10 0

GRID VOLTAGE IN VOLTS
Figure 3-58. Limit Transfer Characteristics of Tube Type JAN 2E30.
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DESIGN CENTER CHARACTERS OF JAN-2E30
These typical curves have been obtained from current data being published by the origin-
al RETMA registrant of this type.

The charts below present the Static Plate Characteristics of JAN-2E30,

350 ot e i r,,- :
Ec2 = 250 Vdc ; :
Ef = 6 VOLTS 425 .
300 e—— < 100
A 20 e
// : % é
250 S x 50
0 2 15—t |
200 / // g = & o ]
7 50 0o 150
% / +5 PLATE VOLTS
> A S
150 }
/ / 0 |
/ TN w=h
100 //W
/ ib —10
<0 > o
O \/()"\ 0\ ~— 20
T [P e g W _30
R 40
% 100 200 300 400 300 600
PLATE VOLTAGE IN YOLTS
Figure 3-59. Typical Static Plate Characteristics of Tube Type JAN 2E30; Ec2 = 200.
400 v ;
Ec2 = 200 Vdc 2
Ef = 6 VOLTS X 30 £
300 ~ 100
/ 4
i
/ 25 =
X =
250 — e O 50
/ w | — fa) + 30
/ 420 % +20 §
/ I ey PLATE VOLTS
/ ] o vouTS_ES = 410
T e L5
L
100
1
— —
> Lt ln ~<% —20
T o T Tt Rt —30
0 T
0 100 200 300 400 500 600
PLATE VOLTAGE IN VOLTS
Figure 3-60. Typical Static Plate Characteristics of Tube Type JAN 2E30; Ec2 = 200.
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DESIGN CENTER CHARACTERISTICS OF JAN 2E30

These typical curves have been obtained from current data being published by the origin-
al RETMA registrant of this type. W/

The charts below present the Static Plate Characteristics of JAN-2E30,

350 T
9 . Ec2 = 150 Vdc
< Ef = 6.3 VOLTS o
E 300 2100
'27 E
u; 0 -
%‘ 250 /—\—-34 § 50
:3 - / ‘bl”-/i—- 6 0 +20 \
— 0 50 100 150}
o v = 420 O
& ‘/CQNTROL GRID YOUS = £2 PLATE VOLTS
& 150 — e
& —
3 P +10
% 100 e +5
3 — 1 — 0
2 +30—.I =
SRS =SS S —
N P el T ol —20
0 — =
0 100 200 300 400 500 600

PLATE VOLTAGE IN VOLTS

Figure 3-61. Typical Static Plate Characteristics of Tube Type JAN 2E30; Ec2 — 150.
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400 -
X@ TRIODE CONNECTION
¥ s
350 " 7 Ef — 6 VOLTS
< / X 7
€
300 v
E / o 3100
& % £
o %
O 250 L, ‘é s0l_£40 -
(a] N\
‘ £ i 7 s | T
0 o P ————
Z 200 / 9 o Lt
& / ,y 0. 50 100 150
g / ©) PLATE VOLTS
% 150 A 0®y
= V / \-(‘Q'O\ > % »
w (o) a2 0
< 100 Fi 7 2 P /// // S
a.
;. / / /
O 50 s
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Figure 3-62. Typical Static Plate Characteristics of Tube Type JAN 2E30; Triode Connected.
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SECTION

TUBE TYPE JAN-3A5

DESCRIPTION.

The JAN-3A51 is a miniature, filamentary twin triode designed for use
as a high-frequency amplifier or oscillator in portable, battery-operated equip-
ment. Operation at a filament voltage of either 2.8 volts or 1.4 volts is
permitted by the center-tapped filament.

ELECTRICAL. The electrical characteristics are as follows:

Filament Voltage ........coviiriininniinenennennennnn Series 2.8 Vdec
Parallel 1.4 Vdc
CatBOAR . - 5is v v w0 3500 55005 050 5 003 505 5 10 & 5 5 G el 6k 3 4ons i 8 Coated Filament

MOUNTING. Any type of mounting is adequate.

. A MAX."%K

|

| |

|
|

2% MAX, ——
1% MAX, ——
1% T ¥ ~—l

¥ »*
» *
| Z 3
- ! 3
 Toorsow BB
: F0E3%" = Y MINIATURE 7-PIN BUTTON
1] E7-1%*
7 PIN MINIATURE
6-2 « REFERS TO JETEC PUBLICATION J5-G2-1,
5 9 JANUARY 1949

** REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
7,

AS DETERMINED BY RING GAGE OF 4 1D.

~- FOR PARALLEL FILAMENT OPERATION,
PIN NUMBER 4 IS POSITIVE, PIN
NUMBERS 1 AND 7 ARE NEGATIVE

ALL DIMENSIONS IN INCHES
Figure 3-63. Outline Drawing and Base Diagram of Tube Type JAN-3A5.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:
Filament Voltage ...............coiuiunn. 1.4 = 15% or 2.8 *= 159 Vdc

P1ate, " VIOILAZE wsniusians o omoimss oo ssssams 5 s sy 6 s b ssse e s b 150 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Cathode Current (per Cathode) ............coovvivinnnnn... 14 mAde

Plate Dissipation (per Plate) .............ccoiiiiiinininnennnnnn. 1.0 W

Altitude Rating ...oovvininnriiiiiiiiiiiiiiinnernernnneennn 10,000 ft

1 The values and specification comments presented in this section are related to MIL-E-1/33A
dated 14 January 1954.
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TEST CONDITIONS.

Test conditions are as follows:

Filament Violtage;: BE i somvom s mm s 5005 8 5.0 5 Soi § 5080008 4 00835 55 5 5t » 14 Vde
Plate Voltage, Eb .....c.oiiiiiiiii it i i 135 Vde
Gi1d. VIOIEHTS, B0 ; iy simi v winr v mon s midd 5 5 59790 & 5060 3 6 5 306 § 506 8 908 6 30 8 0 s —1.5 Vde

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/33A dated 14
January 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement it .
Property BesiFions Imtml' Life test Units
Min Max Min Max
Filament Current If 200 240 o o i mA
Transconductance Sm 2080 3120 1690 e ©  umbhos
Amplification Factor Mu 13 17 s e — e
Plate Current (1) Ib 8.3 16.7 e T mAde
Plate Current (2) Ib |Ec = —10.5 Vde .. 375 S e uAde
Eb = 90 Vde
Test Each unit
separately; unit
not under test,
Ee¢ = —50 vde
Power Oscillation (1) Po |[F =50 me 1.4 S v G w
Push-pull
Ib = 30 mAdc e
Ic = 6 mAdc e
Rg — 4000 ohms - N
Power Oscillation (2) Po |[Ef —=1.1 0.45 G5 E e —_ w
Capacitance Cgp |[Ef=0 2. 3.7 s s uuf
(Unshielded) Cin |[Ef =0 0.70 1.10 — Tz uuf
Cout|/Ef =0 0.70 1.30 o e uuf
Grid Current Ic |Units tied together 0 —1.5 s & —_— uAde

APPLICATION OF JAN-3A5

The chart below shows the permissible operating area for JAN-3A5 as defined by the
ratings in MIL-E-1/33A dated 14 JAN 1954. A discussion of the permissible operating
area for triodes may be found in paragraph 3.1.2 through 3.1.6.
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= v o~
=4 (7]
S \© /
- \
2 40 \
R — x5
3 >
o \
& v VA QUESTIONABLE AREA FO/
= \2 CLASS A OPERATION o o
2 ° M \ Q
=4 \ X
\ = 5
- 3 / A Ny s / >
S 20 \\x Ay MAXIMUM AVG — Ib MAX$> =
* ¢ )/ N CATHODE CURRENT O~ | £ | B
= _1.5
Diss;
PAT[ON e T MIN g/ //‘0
— —— — <~ /
E_-—-"—//
120 160 200 240

PLATE VOLTAGE IN VOLTS
Figure 3-64. Typical Static Plate Characteristics of Tube Type JAN-3A5; Permissible Area of Operation.

The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Voltages

Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.1.5

Heater-Cathode, 1.3.7

Plate:
High, 8.1.5
Low, 3.1.5

AC Operationo, 1.3.3, 3.1.5
28 Volt, 3.1.5

Control Grid Bias:
Low, 1.8.1, 1.3.2, 3.1.2
Cathode, 2.1.1, 3.1.5
Fixed, 1.3.1, 2.1.1, 3.1.8

Positive Grid Region, 3.1.5
Contact Potential, 1.3.1, 3.1.3, 3.1.5

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5
Cathode, 1.3.7, 2.1.1, 3.1.5

Dissipation
Plate, 2.1, 8.1.4
Current

Control Grid, 1.3.1, 1.3.2, 1.34, 3.1.2

Plate, Low, 1.3.10, 3.1.3, 3.1.5

Interelectrode Leakage, 1.3.5

Gas; 1.3.2, 8.1.2

Control Grid Emission, 1.3.3

Cross Currents in Multistructure Tubes,
1.3.6

Cathode, Thermioonic Instability, 1.3.8
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Temperature Miscellaneous

Bulb and Environmental, 3.1.4 Pulse Operation, 3.1.5
Shielding, 3.1.4
Intermittent Operation, 3.1.5
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.1.5

VARIABILITY OF JAN-3A5 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical characteristic
curve is frequently overlooked. The following charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were determined
from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-3A5 as
defined by MIL-E-1/33A dated 14 January 1954.

80

S
%

i

Ef = 1.4 Vdc

2
: =
: o5
E; /
i
2 © / X5
s
: / ;
:5: 20 / /4\:3/5

0 40 80 120 160 200 240

PLATE VOLTAGE IN VOLTS
Figure 3-65. Limit Plate Characteristics of JAN-3A5.
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80

DESIGN CENTER CHARACTERISTICS OF JAN-3A5

These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

The chart below presents the Static Plate Characteristic of JAN-3A5.

PLATE (Ib) OR GRID (lc) MILLIAMPERES

R 4 Bf = 1.4 Vde
X
x%
/ o
60 / /X/
10
\’; x
\O
. . /
X
\)55\ - X5
\
\\);3 % \
\o \ . / 3
\ 5
\ / 1.
20 \\ 5 - A 2= ] - =
; / / -5
/ ‘/ 15
'// 10
ﬂ
200

120

PLATE VOLTAGE IN VOLTS

Figure 3-66. Typical static plate Characteristics of JAN-3A5.
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SECTION

TUBE TYPE JAN-3B4
DESCRIPTION.
The Jan-3B41 is a 7 pin, miniature, filamentary, power amplifier.

ELECTRICAL. The electrical characteristics are as follows:
Parallel Series

Filament Voltage ......coviveiiieniineninnrnnnnnnnns 125V 25V
CAthode s s s s o w56 wms 510 8 wos0 § 040 5 900 448 & 48 3 0 5 Oxide Coated Filament
MOUNTING. Any type of mounting is adequate.
Y4 MAX.

2% MAX, ——]

1% MAX, ——
f1% T %, —-{

LEAD CONNECTIONS

.\
90‘1'4_'3V:°

!w.lﬂ MIN.**
s 281 MAX.**

MINIATURE 7-PIN BUTTON

-
7 PIN MINIATURE e

6-2
5.2¢

* REFERS TO JETEC PUBLICATION J5.G2-1,
JANUARY 1949

** REFERS TO JETEC PUBUCATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1D.

ALL DIMENSIONS IN INCHES
Figure 3-67. Outline Drawing and Base Diagram of Tube Type JAN-3B4.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Parallel Series
Filament Voltage, Maximum ............co0cvun.n. 1.438V 2.875V
*Pilament Voltage, Minimum .. ceesmses ossomsamsoss 1.062V 2.125V
Plate Violtage; Maximum. « s s sw s wic 55w s s s o0 i 516 s 618 5 8 955 § 35 § 6053 150 Vde

Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Control Grid Voltage, Minimum .......ueirunvrnnenneenneennns —175 Vde
*OoNtrol (GrId, CUFTENL vv wiwe sos siwim se s 91w s s s 5w s e 1578 955 4 8 o9 579 1.5 mAdec
*¥Plate DISSTDOEION 5055 605 & 515 5 5165 55 505 & mun 2 svsr s misl wose » s 8 sans: 2 o2 8 s 5 im0 e 5 3 W
*Screen Grid Dissipation ........c.ceviiiiniiiiineriineeennnnn. 11W
FPIAtE: CUBPETIE o oo v wre o one oow e winio winr s e s 26 5 s 8 7 8 s & fa5e 8 56 ot o w5er o 25 mAde

* No test of operation at this rating exists in the specification.
1The values and specification comments presented in this section are related to MIL-E-1/34B
dated 17 December 1954.
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Screen Grid Voltage ......ccevvscoererarsecsasssssssnssossss 1385 Vde
PAItItude RALINE oo v winniom wun v wem s wio o e s 00010« e o w0l 3 506 3 528 00 8 6t 10,000 ft
Frequency Rabing «owsmssmsowssies e v s oveshan o s oo wio s sim s oo 100 Mc

TEST CONDITIONS AND DESIGN CHARACTERISTICS.

Test conditions and design center characteristics are as follows:

Heater Voltage: Tf' « o s em omms o s we s s o0 5 om0 s 000 s w6 0 e wve o wns v e 2.5 Vac
Plate Voltage, ED .c.cvuicrsrmeoroessnsonioisossossnssossssos 200 Vde
Control Grid Voltage, Fel .. cesssen s s s onswnssenssossont —25 Vde
Screen. Grid Voltage, T2 s s weswas s sssumssysionses oo wms v 150 Vde

* No test at this rating exists in the specification.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/34B dated 17 De-
cember 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
Property M(‘::l;:i?::t Initial Life test Units
Min Max Min Max
Filament Current If |[Ef =2.5V 150 180 s sies mA
Grid Current Icl |Measuring time, 0 —1.5 b . uAde
— 120 Sec.
Screen Grid Current Ic2 il 2 _— fle mAde
Plate Current Ib 18 26 o e mAde
Transconductance Sm 1400 2300 o o umhos
Triode Amplification Mu |Eb=—=Ec2=150 Vdc 2.7 4.7
Factor
Primary Screen Emission [Eb=0; Ec2 =127 o 200 uAde
. Vde; Eel/Pg2 —=1W

measuring time,

t = 300 sec.
Operation peak ep (Ebh =150 Vde 100 oy 85 e v
output voltage Eel=0; Ec2 =

135 Vde;R1=1000;

Egl =—= 50 Vac;

Rgl — 55,000
Operation Screen Grid Ebb =—= 150 Vdec 5.5 11 _r 15 mAde
Current Ic2 |[Ecl = 0; Ec2 =

135 Vde; R1=1000;

Egl =50 Vac

Rgl = 55,000
Activity A Ep |Ef = 2.125 Vac Nt 7.5 i 15 %

Ef

Class C Amplifier F =100 me 0.5 sy w

Eb=Ec2 =290 Vde

Regl = 45,000

Excitation, eg —

35v peak; Max

Po/Ib — 15 mAde
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The following table lists general considerations for the application of this type. The num-
bers refer to the applicable section or paragraph of this manual.

Voltages Temperature

Heater, 1.8.1, 1.3.3, 1.3.4, 1.8.5, 1.3.8, 1.3.10, Bulb and Environmental, 3.2.3
3.2.9

Heatre-Cathode, 1.3.7 LU e

Plate: Cathode, 1.3.10, 3.2.5, 3.2.9
High, 3.2.9 Control Grid, 1.3.1 1.3.2, 1.3.4, 3.2.8
Low, 3.2.2, 3.2.6 Screen Grid, 3.2.2
28 Volt, 3.2.9 Interelectrode Leakage, 1.3.5
AC Operation, 1.3.3, 3.2.9 Gas, 1.3.2, 3.2.8

Screen Grid: - Control Grid Emission, 1.3.3
Supply, 3.2.7 Thermionic Instability, 1.3.8
Protection, 3.2.9 Disstnebion

Control Grid Bias:
Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8 Plate, 2.1, 3.2.3
Cathode, 2.1.1, 3.2.9 Screen Grid, 2.1, 3.2.3, 3.2.7
Fixed, 1.3.1, 2.1.1, 3.2.9 Mi

iscellaneous

Positive Grid Region, 3.2.9

Contact Potential, 1.3.1, 3.2.8, 3.2.9 Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Control Grid Series, 1.3.2, 1.8.3, 1.3.4, 3.2.9 Triode Connection, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9 Electron Coupling Effects, 1.3.9
Cathode, 1.3.7, 2.1.1, 3.2.9 Microphonics, 1.3.11, 3.2.9

Resistance

VARIABILITY OF JAN-3B4 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical characteristic
curve is frequently overlooked. The designer is directed to the specification of this type where-
in the variation of tube properties are definedby a series of operation tests. The class A vari-
ability of this type is difficult to portray, inasmuch as most of the acceptance testing of this
type utilize its properties as an oscillator or class C amplifier.

DESIGN CENTER CHARACTERISTICS OF JAN -3B4

These typical curves have been obtained from current data being published by the or-
iginal RETMA registrant of this type.

The charts below represent the typical static plate behavior of JAN-3B4.

APPLICATION OF THE JAN-3B4

The chart below shows the permissible operation area for JAN-3B4 as defined by the
ratings in MIL-E-1/34B dated 17 December, 1954, A discussion of the permissible operat-
ing area for pentodes may be found in paragraphs 8.2.2 through 8.2.7 of this manual.
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Figure 3-68. Typical Static Plate Characteristics of Tube Type JAN-3B4; Permissible Area of Operation.
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Figure 3-69. Typical Static Plate Characteristics of JAN-3B4; Ec2 = 90.
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Figure 3-70. Typical Static Plate Characteristics of JAN-3B4; Ec2 = 150.
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SECTION
TUBE TYPE JAN-3V4

DESCRIPTION.
The JAN-3V41 is a 7 pin miniature, filamentary, power, amplifier.
ELECTRICAL. The electrical characteristics are as follows:

Filament Violtage: wc:msimssosamsomsnessssnsseias Parallel 1.4 Series 2.8
Filament Current ....................... 88-112 mAde....44-56 mAdc
T o Coated filament

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

2% MAX, ———
1% MAX,———s]
+ yu

f1%

[

MINIATURE  7-PIN BUTTON

187 MIN.**
> 281 MAX "

| P~
\ | J 90*1-3#

I. E7-1%*
7 PIN MINIATURE
6-2 * REFERS TO JETEC PUBLICATIONS J5-G2-1,
B B NOVEMBER 1952
“*REFERS TO JETEC PUBLICATION JO-G3-1,
APRIL 1953

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1.

ALL DIMENSIONS IN INCHES

Figure 3-71. Outline Drawing and Base Diagram of Tube Type JAN-3V4.

RATINGS, ABSOLUTE SYSTEM
The absolute system ratings are as follows:
Filament: Voltape :.z:sessmssiesmes 565 6ese.8saasmssm 14 or 2.8 + 15%

PIALE: VIOIEATE 1vr o o s o' e s o wios & mines it o om0 o m i 8 i 3 o 8 57 vt 8¢ & ot & e 100 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Soreer, Vollage: s s niinismismene: SpiE i S mMas 0 i 0Rs HEF M s e 100 Vde

Cathode CUrrent ..........oeuuneimnenneeiieiinenannnennnn 13 mAde

AT ude RObII@ oo s o v o m s v s s 5085 w00 6 i o oo s w0555 0 0w 500 & 0758 0 stios i s 507 0 0 10,000 ft

1The values and specification comments presented in this section are related to MIL-E-1/343
dated 14 August 1953.
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Test Conditions.

Test conditions are as follows:

Eilament VOILAGEe, J0E uv o w5 e s wr sise wio s ase s ovn o swie siace sini s ain e wsm o aie o n
Plate: Voltage; D o o s s wie ¢ i 6 s1s svca o165 555 & sromsis wys s ol srors stei 4 578 & oy
Control Grid Voltage, BCL . v« v oo sm s som e oie s o = oce sioin ssin o
Screen Grid Voltage; Ee2 v s s s s omes s s os s 56 5508 9008 w8 wje s @s 50

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table isin no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/343 dated 14
August 1953 should be referenced to determine further assurance of satisfactory operation

in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center

Characteristics, unless otherwise indicated.

Limits
— M(e:“;;’:::‘t Initial Life test icka
Min Max Min Max
Filament Current If 88 112 . mA
Grid Current Icl 0 —1.0 . uAde
Plate Current Ib 6.5 12.5 . mAde
Screen Current 1c2 13 81 5 mAde
Transconductance Sm 1800 2500 s b umhos
Power Output (1) Po |Esig = 8.2 Vac 210 - 186 . mW
Rp = 0.01 Meg
Power Output (2) Po |Esig =138.2 Vac 140 mW
Rp = 0.01 Meg
Ef=—1.1 Vde
Capacitance
(Unshielded) Cgl-p |[Ef =0 §i 0.40 uuf
Cin |[Ef=0 3.8 7.3 uuf
Cout |(Ef =0 2.2 5.4 uuf

APPLICATION OF JAN-3V4

The chart below shows the permissible operating area for JAN-3V4 as defined by the rat-
ings in MIL-E-1/348 dated 14 August 1953. A discussion of the permissible operating area

for pentodes may be found in paragraphs 3.2.2 through 3.2.7.
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PLATE VOLTAGE IN VOLTS
Figure 3-72. Typical Static Plate Characteristics of Tube Type JAN-3V4; Permissible Area of Operation.

The following table lists general considerations for the application of this type type. The
numbers refer to applicable sections or paragraphs of this manual.

Voltages

Heater, 1.3.1, 1.8.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.2.9
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.2.2, 3.2.6
28 Volt, 3.2.9
AC Operation, 1.3.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.2.9
Control Grid Bias:
Low, 1.8.1, 1.8.2, 8.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.3.1, 2.1.1, 3.2.9
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9
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Resistance

Control Grid Series, 1.3.2, 1.3.8, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9
Cathode, 1.8.7, 2.1.1, 3.2.9

Temperature

Bulb and Environmental, 3.2.3

Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8



MIL-HDBK-211
31 December 1958

JAN-3V4

Dissipation Miscellaneous

Plate, 2.1, 8.2.3 Pulse Operation, 3.2.9
Screen Grid, 2.1, 3.2.3, 3.2.7 Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9

VARIABILITY OF JAN-3V4 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general present
only average or center values. Consequently the variation inherent in a typical characteris-
tic curve is frequently overlooked. The following charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were deter-
mined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-3V4
as defined by MIL-E-1/343 dated 14 August 1953,
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PLATE (Ib) OR SCREEN-GRID (lc2)  CURRENT IN MILLIAMPERES

10 o
) %’m \\\@
\/cp \ N —6.0
~SN \\\ E [ 1b MN
5 ] ﬂ-.__C]_'“O =
\4 —5 _‘l"—-u- — — —— —'7.5
NS Ly e T i e =
B/ et Y
e e e T —10.5] _
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% 25 50 75 100 125 150 175 200

PLATE VOLTAGE IN VOLTS
Figure 3-73. Limit Plate Characteristics of JAN-3V4.
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DESIGN CENTER CHARACTERISTICS OF JAN-3V4

JAN-3V4

These typical curves have ben obtained from current data being published by the original
RETMA registrant of this tube type.

The chart below represents the Static Plate Characteristics of JAN-3V4.
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— — N
o (8] o

PLATE (Ib) OR SCREEN (ic2) MILLIAMPERES
o

r
Ef = 1.4 Vdc
SCREEN VOLTS = 90
Ecl = 0
/
\o
Y.
/’-"
\
\
\ ‘ 3.0
\ —
l —
/ CONTROL GRID VOLTS | Ecl= 4.5
b
\ r——
( Y
\\
/"" -~ L fﬂ = p
i kel S =75
- TR ——
bk B o bl e — -9.0
105
25 50 75 100 125 150 - st

PLATE VOLTAGE IN VOLTS

Figure 3-74. Typical Static Plate Characteristics for JAN-3V4,
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POWER OUTPUT IN MILLIWATTS

350 ,
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Figure 3-75. Typical Operating Characteristics of Tube
Type JAN-3V4.
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SECTION
TUBE TYPE JAN-5R4WGA

DESCRIPTION.

The JAN-5R4WGA 1 is a 5 pin, octal base, full-wave, high vacuum rectifier
suitable in applications where the de load current does not exceed 275 milli-

amperes.

ELECTRICAL: The electrical characteristics are as follows:
Heater VOILAEE o 500 suts s s s 3 506 5 57 § 305 5 518 5508 5 516 Suite Bos # 8096 508 8 mom o 5.0 Vac
Cathode ..... e rE LT R T e e Coated Filament

MOUNTING. Vertical mounting or as specified.

LEAD CONNECTIONS

I ©___.‘ REF DIMENSION
I A 5% MAX.
B 2% MAX.
I
@ ¢ c | 1%+%
D 1% MAX
£ % MIN.
SEE NOTE 1
T @ F 1.337 MIN.
@ 1.377 MAX.
@ ALL PINS .093 —.003 G 4% X
|
l H %s O.R. NOM.
\ / ? 055 MAX. | I 2 OR NOM.
: ® 687 45°] 7% |45 1357 + .02
l ‘ 8
U . - ALL DIMENSIONS
@UU 1 IN INCHES
300 — 317
NOTE 1. THIS DIMENSION
=" ®_“ TERMINATES AT CURVED BOTIOM VIEW OF BASE
SECTION OF BASE OCTAL 5 PIN BASE
OMITTING PINS NO. 3, 5, AND 7
BASE: SPECIAL SKIRTED OCTAL 5-PIN,
ALKYD TYPE, ZONE 5 OR BETTER
Figure 3-76. Outline Drawing and Base Diagram for JAN-5R4WGA.
RATINGS, ABSOLUTE SYSTEM
The absolute system ratings are as follows:
Heater Voltage . s s 5 s o s sioe s (35 8 RFt B TR B0 ¥ ST WS R B R B 5 Vac 10%
*Peak Inverse Plate Voltage ......coviiviiiiiiiiiiiiennnnnnnns 3050 v
Steady State Peak Plate Current (per Plate) ............cvu... 700 mA
Output Current ........... 55 R R § o B R S B W e vev. 275 mAde
Cathode Conditioning Time .....cceveeeereernncreronnneneennns 10 Sec
Altitude Rating (See CRATL) .....eveevrnernnennnenneeeneenn. 60,000 Ft

* No test at this rating exists in the specification.
1The values and specification comments presented in this section are related to MIL-E-1/116A
dated 4 March 1954.
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TEST CONDITIONS

Test conditions are as follows:

Heater Volage, BIE .. e s e siwavmes oo b6 061 50 5.0 Vac
Plate Supply Voltage (per Plate) Epp/p «.covvvcnvinieninan, 850 Vac
Lioad ResiStanee, Rl ...viviow s o s os e mms 6 o0 visss e e s dee e s 3500 ohms
Tioad. ‘Capacitance; Chi waswas s suswmn e seemoneivioxmimsmsin o wm omosssavis 4 uf
Plate Circuit Impedance (per Plate) Max Zp/p ........coo... 200 ohms

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/116A dated 4
March 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions unless otherwise
indicated.

Limits
Measurement s . |
Propirly A —— Initial - 7} A~¥L1fe test | Units
) B Min Max ,‘ Min i Max g ) B
Heater Current If 1.8 B8 | e i _— A
Operation (1) Io |epx = 2800 v 140 - } — ! —_ | mAde
Tull-wave | [ {
Zp/p = 500 | |
‘RL = 7000 ohms | |
tk = 10 |
Operation (2) Io |Full-wave 5 245 i — : 210 — | mAde
tk = 10 ‘1 1 |
Emission Is \[Eb = 75 Vde 1 225 400 f — ! — | mAdec
(Fach plate separately) ‘ | { i

APPLICATION OF THE JAN-5R4WGA

Rating Charts I, II, and III represent areas of permissible operation within which any application of
the JAN-5R4WGA must fall. Requirements of all charts must be satisfied simultaneously in capacitor-
input filter applications.

Rating Chart I is based on maximum rated peak inverse voltage per plate (epx) of 3050 volts and
maximum rated de output current per plate (Io/p) of 137.5 milliamperes. Point C corresponds to the
simultaneous occurance of these two ratings, permissible only under choke-input filter conditions. Point E
is derived from life test conditions of rated de output current into capacitor input filter. The area CDE
is restricted to choke input service only.

Rating Chart II for capacitor input filter applications, is based on maximum rated de output current per
plate (Io/p) and maximum rated steady state peak plate current (Ib) of 700 milliamperes per plate.
Rectification efficiency must not exceed 0.54 under conditions of maximum rated dc output current.

Rating Chart III for capacitor input filter is based on maximum rated surge current (i surge) of 2.2
amperes per plate. Minimum permissible series resistance (Rs) is approximately 575 ohms per plate under
conditions of maximum permissible supply voltage.
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MINIMUM PLATE SUPPLY RESISTANCE

ALTITUDE IN FEET

PER PLATE (Rs) IN OHMS

DC OUTPUT CURRENT PER PLATE IN MILLIAMPERES

7000

6000

IV

D\

5000

**NOTE

4000

777

7

3000 [ g é\
/ ERMISSIBLE AREA or OPERATION 7/
2000 /// / / /%
1000 4 ///jzajff////
A 72227
0 200 400 600 800 1000 1200
AC PLATE SUPPLY VOLTAGE PER PLATE IN VOLTS, RMS
Figure 3-80. Rating Chart IV
700
600
500
400
300
200 A ‘,,_,,
100 7____Lf —
0 .
0 200 400 600 800 1000 1200
AC PLATE SUPPLY VOLTAGE PER PLATE IN VOLTS, RMS
Figure 3-78. Rating Chart Il
150 - ; . o~
T , oy
| 1 & © o
I ] | L L T E
UL s wore T :
125 ph=t , , INPUT
/ A, JONLY H £
CATHODE CONDITIONING 3
/ TIME OF 10 SECONDS N
1oo REQUIRED N Zz
AREA 23 ® w
PRI 3
CAPACITOR on CHOKE INPUT
" / 77771 &
AREA 1 OF PERMISSIBLE e
/ OPERATIOV z
so &
=)
/W/ S
NO CATHODE CONDITIONING 5
25 £ TIME REQUIRED g
A/ / s
i A
0 400 600 800 1000 1200

AC PLATE SUPPLY VOLTAGE PER PLATE iN VOLTS, RMS
Figure 3-77. Rating Chart |
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Note: No specification
assurance of proper cathode
operation exists if
JAN-S5R4WGA is operated in
this region.

Note: No specification
test assurance exists for
operation at altitudes
greater than 40,000 feet,

5 1 ( v i R & I e ’;
/ | PERMISSIBLE AREA
OF OPERATION

///// /

%////7

.9 1.0
RECTIFICATION EFHCIENCY_ Eo/ V3~ Epp/p

Figure 3-79. Rating Chart 1l
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Rating Chart IV sets forth limiting conditions under high altitude operation, in terms of permissible
peak-inverse plate voltage. Maximum peak inverse voltage rating of 3050 volts must be decreased at alti-
tudes greater than 30,000 feet, as shown on the chart.

Rating Chart V is reproduced from the specification which describes this tube type. Operation in Area
II requires a minimum of 10 seconds of filament pre-heating prior to the application of place voltage.

OTHER CONSIDERATIONS:
Heater Voltage: See paragraph 3.3.5.

TYPICAL CHARACTERISTICS OF JAN-5R4AWGA

The chart below presents the static Plate Characteristics of JAN-5R4WGA, reproduced
from data published by the original RETMA registrant of the type. The extent of varia-
tion which may be exhibited among individual tubes cannot be derived from the specifi-
cation which provides only a minimum limin on emission.

800 -
/7
>
Ef=50V /
,/

600 e d
8 //
- /
3 7
= //
z
Z 400 '//
z 2
2 i
" /

0 25 50 75 100 125 150
PLATE VOLTAGE IN VOLTS

Figure 3-81. Typical Plate Characteristics for JAN-5RAWGA.
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SECTION
TUBE TYPE JAN-5Y3SWGTA

DESCRIPTION

The JAN-5Y3WGTA 1 is a 5 pin, octal base, full-wave, high vacuum rectifier

suitable for operation where the average de¢ output current does not exceed
150 milliamperes.

ELECTRICAL:
Heater VOILAZE o oowiim st en oo omeasons et ossns s 50 V
CAthOde: «.v won o 2o o wn o o e o ot 0 sun Y o —.- Coated Filament
MOUNTINGS 5o s ma s w0058 505 5 5 6 555 8 0 5 50 § 550 5 06 5580 564 55 8 55 5 6505 65 o mem Any

LEAD CONNECTICONS

2p
T-9
* ;,\2 3_9*
N
™ o™~
*
® ¥ 3
g z I 3 >§<
= o= =)
§ i 39 8 & x F
g g
v ¥y | I
MAX. ; b
Ng | 075095
300-.317 ——— |
|~—1.235 MIN, —>
1.275 MAX.
45° 040 R ALL PINS .093.003

055 MAX.

* REFERS TO JETEC PUBLICATIONS J5-G2-1,
NOVEMBER 1952

BOTTOM VIEW OF BASE **REFERS TO JETEC PUBLICATION J0-G3-1,
"LOW-LOSS PHENOLIC ” APRIL 1953
INTERMEDIATE SHELL OCTAL 5-PIN BASE P
OMITTING PINS NO. 3, 5, AND 7 ON FINISHED TUBE ADD 0.030 FOR SOLDER
B5-10 **

ALL DIMENSIONS IN INCHES
Figure 3-82. Outline Drawing and Base Diagram For Tube Type JAN-5Y3WGTA.

1The values and specification comments presented in this section are related to MIL-E-1/1021
dated 28 June 1956.
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RATINGS, ABSOLUTE SYSTEM
The absolute system ratings are as follows:
Heater Voltage «vswevs swvses seemomsass s oy seeses 656 5.0 Vac £ 10%
Peak Inverse Plate Voltage (See Chart I) ...................... 1550 v
Steady State Peak Plate Current (Chart II) ................. 415 mA
*Transient Peak Plate Current (Chart III) o swessmsvssswmsssnsss 2.0 A
Bulb Temperature: s sonssswmsmssmsensesssn anssessmss oes §06s 569 225°C
Altitude Rating (See Altitude vs. Current and Voltage Charts) 65,000 ft
TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:
Heater Voltage, Bl . sisomscnmwiore cine sgesiess we s s s eesisse: o1 50 5.0 Vac
Plate [Supply Voltage; EDD/D ws s mms sms mss @ ams ors s50 5o sieis s 400 Vac
Load Resistance (Unity Power Factor) ..................... 2750 ohms
EoRd. CAPACIEAICE 1oerus sinicsimemsoe s e s e aiss sy axsis S sapsm dnsis Soe s 55955565 4 uf
* No measurement test at this rating exists in the specification.
ACCEPTANCE TESTS LIMITS W/
The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/44A dated 14
January 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.
Measurement conditions are the same as stated under Test Conditions unless otherwise
indicated. ‘
O
Limits
Measurement » "
Property Cradibons Initial Life test Units
Min Max Min Max
Filament Current If 1.6 2.0 S g - A
Operation Io | See Note 125 — 10 | — mAde
Emission Section 1 Is | E2b = 0, 120 e - — mAde
Elb = 75 Vde e
Section 2 Is | Elb = 0, 120 — — — mAde
E2b = 75 Vde
Note. In a full wave circuit, adjust Zp/p such that a tube having Etd = 60 Vdec at 125 mAdc per plate gives Io = 140 mAde.
APPLICATION OF THE JAN-5Y3WGTA
Rating Charts I, II, and III represent areas of permissible operation within which any
application of the JAN-5Y3WGTA must fall. Requirements of all charts must be satisfied
simultaneously in capacitor-input filter applications.
O

192



MIL-HDBK-211
31 December 1958
JAN-5Y3WGTA

Figure 3-83. Rating Chart I is based on maximum rated peak inverse
voltage per plate (epx) of 1550 volts and maximum rated de output current
per plate (Io/p) of 70 milliamperes. Point C corresponds to the simultaneous
occurance of these two ratings, permissible only under choke-input filter condi-
tions. Point E is derived from life test conditions of rated de output current
into capacitor input filter. The area DCE is restricted to choke-input service
only.

Figure 3-84. Rating Chart II for capacitor input filter applications, is
based on maximum rated de output current per plate of 70 milliamperes and
maximum rated steady state peak plate current of 415 milliamperes per plate.
Rectification efficiency must not exceed 0.63 under conditions of maximum rated
dec output current.

Figure 3-85. Rating Chart III for capacitor input filter is based on maxi-
mum rated surge current (i surge) of 2.0 amperes per plate. Minimum per-
missible series resistance (Rs) is approximately 350 ohms per plate under con-
ditions of maximum permissible supply veltage.

Figure 3-86. Rating Chart Altitude vs. Voltage. This chart represents
manufacturers rating information and is concerned with the plate supply volt-
age derating recommended at altitudes greater than 65,000 ft. It should be noted
that no specification assurance of performance is afforded at altitudes greater
than the MIL-E-1 absolute maximum.

Figure 3-87. Rating Chart Altitude wvs. Current. This chart represents
manufacturers rating information and is concerned with the total output cur-
rent derating recommended at altitudes greater than 65,000 ft. It should be
noted that no specification assurance of performance is afforded at altitudes
greater than the MIL-E-1 absolute maximum.

OTHER CONSIDERATIONS:

Heater Voltage. See paragraph 3.3.5.
Altitude: See following chart, also paragraph 3.3.3.

193



MIL-HDBK-211
31 December 1958

JAN-5Y3WGTA

RATING CHART
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TYPICAL CHARACTERISTICS OF JAN-5YSWGTA

The chart below presents the Static Plate Characteristics of JAN-5Y3SWGTA, reproduced
from data published by the original RETMA registrant of the type. The extent of variation
which may be exhibited among individual tubes cannot be completely derived from the spec-
ification which provides only limited information concerning emission.

500

400
2 /
5 300 y
S /,/
4
7
§ 200
= 7
g Pac BOGIE

'/
/ O Is MIN
100 /

0 20 40 60 80 100 120
PLATE VOLTAGE IN VOLTS

Figure 3-88. Typical Plate Characteristic of JAN-5Y3WGTA.
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SECTION
TUBE TYPE JAN-6AGTY
DESCRIPTION.
The JAN-6AGTY * is a small wafer octal metal type power amplifier
pentode.
ELECTRICAL. The electrical characteristics are as follows:
Heater Voltage; AC or DG s s v s w5 mw 559w wins 50 6 s s 506 s 3098 i s 63 V
Heater 'Current « e iweises e sios sieais sws 6 8 6 s B S RS 610 — 690 mA
CAENOAE & e wions svve win s e & 190 8 Wt & 960 5 575 6 10 0 0 a2 o ¥ ot s w20 & Coated Unipotential

MOUNTING. Any type of mounting is adequate.

7 1
142 = 39
T MAX.

/\“

3% ————»

MT-2 . N
+ I
56
*8-6 ¥ & g
8; oZ Fl == ‘\ Qz
' X — = TH \
135 MAX. V035 MAX.
.300-.317 .075 -.095
e 1.271 MIN. >
1.312 MAX.

**BASE: SMALL WAFER OCTAL,
8 PIN, B8-21, PHENOLIC

ALL DIMENSIONS IN INCHES

*REFERS TO JETEC PUBLICATION J5-G2-1, NOVEMBER 1952
**REFERS TO JETEC PUBLICATION J0-G3-1, APRIL 1953
***ON FINISHED TUBE, ADD 0.030 FOR SOLDER
Figure 3-89. Outline Drawing and Base Diagram of Tube Type JAN-6AG7Y.

1The values and specification comments presented in this section are related to MIL-E-1/45C
dated 14 May 1956.
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RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:
HEREET VOILHTE .o v o viossimionnmimionssmninmmmimlbh s iadind sk o s 4100w sl 5 63 = 10% V
Plate Voltage «ussasvusvesnesssewsossossyus TR 330 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
*SeTeen GEIA VOILEZS: . v oov cniiiviciiio oo sibiasiomalso oo o0 s s 6080 81818 5100 330 Vde
Suppressor Grid Voltage Maximum ...........ccceivnvennencnns 0 Vde
*Cathode Current MaXimum ........ouvenivnennsesonnnncnnanns 95 mAde
Plato DIssipation «..eeesesssmse s semses o sseses oot asmeis s saies 9.0 W
*Sereen Grid Dissipation ........cccecivisisiiiisisisssssssvins 15 W
Altitude Rating «..vevvveeieriniiiereeiencerarononsnsescans 10,000 ft
Heater Cathode: VOILARE om0 556 smwsime e ais o m oo 08 o des s s 100 V
TEST CONDITIONS AND CHARACTERISTICS
Test conditions and characteristics are as follows:
Heater Voltage: B ixswyviumsny we susisinsions som vy mwsiwiosol okt o568 st 6.3 V
Plate Voltage, Eb s e i s sms onsmm oo e o606 ses om s o s 468 o6 480 s 300 Vde
Control Grid Voltage, Bl .. ... oo inaons i s oarebis soms s s oo —3 Vde
Screen Grid Voltage, Ec2 ......ccoiviiiniiiinieniinnienennnns 150 Vde
Suppressor Grid Voltage, B8 v ssvwsoivses semss s sais s s 0 Vde

ter Characteristics, unless otherwise indicated.

ACCEPTANCE TESTS LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/45C dated 14
May 1956 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-

Limits
Measurement 7
Property P Initial Life test Units
Min Max Min Max
Heater Current If 610 690 — — mA
Transconductance (1) Sm 9200 14200 - e umhos
Plate Current(l) Ib 20 40 e —_— mAde
Plate Current(2) Ib | Eb = 150 Vde; Ecl = — 100 — — uAde
—20 Vde
Emission Is | Eb = Ecl = Ec2 = 180 - - — mAde
20 Vde
Sereen Grid Current Ic2 4.0 9.0 —_ e mAde
Power Output Po | Esig = 2.1 Vac; 24 s 1.6 s w
Rp = 10,000 Ohms
Rg series = 300 ohms

Capacitance Cglp | Ef = O — 0.060 —_ —_— uuf
(Without shield) Cin | Ef = O 115 14.5 —_ —_ uuf
Cout | Ef = O 6.5 8.5 — —_ uuf
Grid Current Ic 0 —2.0 — e uAde

Heater-Cathode
Leakage Ihk | Ehk = -+ 100 0 40 — — uAde
Thk | Ehk = — 100 0 —40 - —— uAde

* No test at this rating exists in the specification.
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APPLICATION OF JAN-6AGTY
The chart below shows the permissible operating area for JAN-6AGT7Y as defined by the
ratings in MIL-E-1/45C dated 14 May 1956. A discussion of the permissible operating
area for pentodes may be found in paragraphs 3.2.2 through 3.2.7 of this Manual.

160

Ef = &3 V
46 Ec2 =150 Vde
/

7“/
"

o

v 120
g / —
3 MAXIMUM /
= CATHODE CURRENT
= +2
z N\ o
£ 80 N
z
& GRID #1 VOLTS Ecl =|0
O
! -1
3
Q.
-2
O
O
b -3
Lo
—4
oPg g g
&‘”OA( é = =
) TR VA WS G U SO W L Uk W PO VL BB, O \qgé —6
AAMANNAAAAYAN MV VAN NNANANNY = - .
200 300 400 500
PLATE VOLTAGE IN VOLTS -
Figure 3-90. Typical Static Plate Characteristics of JAN-6AG7Y; Permissible Area of Operation.
The following table lists general considerations for the application of this type. The num-
bers refer to the applicable section or paragraphs of this Manual.
Voltages . Screen Grid:
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Supply, 3.2.7
3.2.9 Protection, 3.2.9
Heater-Cathode, 1.3.7 Control Grid Bias:
. Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8
P laéfg'h - Cathode, 2.1.1, 3.2.9
g St i 1.8:1:2.1.1,8:2: &/
Low, 3.2.2, 3.2.6 SRS e A Bt
28 Volt, 8.2.9 Positive Grid Region, 3.2.9
AC Operation, 1.3.8, 3.2.9 Contact Potential, 1.3.1, 3.2.8, 3.2.9
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Temperature

Bulb and Environmental, 3.2.3
Current

Cathode, 1.3.10, 3.2.5, 3.2.9
Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2
Interelectrode Leakage, 1.3.5
Gas, 1.3.2, 8.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8
Dissipation

Plate, 2.1, 3.2.3

Screen Grid, 2.1, 3.2.3, 3.2.7

MIL-HDBK-211
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JAN-6AG7Y
Resistance
Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9
Cathode Interface, 1.3.10, 8.2.9
Cathode, 1.8.7, 2.1.1, 3.2.9

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.8

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.8.9
Microphonies, 1.3.11, 3.2.9

VARIABILITY OF JAN-6AG7TY CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were
determined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate charactertistics for JAN-
6AGTY as defined by MIL-E-1/45C, dated 14 May, 1956.

160 = ?V
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—I

_,SOryT,y,y,s s
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W \\\\ -

o
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PLATE VOLTAGE IN VOLTS
Figure 3-91. Limit Plate Characteristics of JAN-6AG7Y.
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The next chart presents the limit behavior of transfer data for JAN-6AG7Y as defined
by the specification also.

£

| Ib- MAX.
Ef — 6.3 VOLTS
Eb = 300 Vdc h\
\ 35
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| 8
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| =
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Ic2 \), "
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AN s
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|
/ |
/ |
/
” | 0
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GRID # 1 VOLTS
Figure 3-92. Limit Transfer Characteristics of JAN-6AG7Y.
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Figure 3-93. Typical Transfer Characteristics of JAN-6AG7Y.
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JAN-6AG7Y

DESIGN CENTER CHARACTERISTICS OF JAN-6AGTY

These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

Figure 3-94 represents the typical static plate behavior of JAN-6AGT7Y.

160 = Ty

\ xf Ef = 63V
\ /
§‘T§\“ _/’-*—:
L/ 20
§12o S / +6
w ‘r S cme . w— — c— —
= 10
D e +
= e [ e e 2
§ =2 "
o pi———
3+ 80
g GRID #1 VOLTS Ecl =0
© \
o .
(o] \ —1
1—3 \\ \\i‘lg 9
: « st =
\‘ - pa—
- ———.""2 —4
S~
_______ 0 s
—6
0
0 100 200 300 400 500

PLATE VOLTAGE IN VOLTS

Figure 3-94. Typical Static Plate Characteristics of JAN-6AG7Y.

Figure 3-93 represents the typical transfer behavior of the tube type with
parametric variability of screen grid voltage.

Figure 3-96 represents typical static plate behavior at a fixed screen grid
voltage of 300 Vde.

Figure 3-97 represents the parametric behavior of the zero bias line with
varying screen voltage as static plate data.

Figure 3-95 represents the typical transfer behavior of the character-

istic Sm, parametric in screen grid voltage, Ec2.
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JAN-6AG7Y

12,000

Ef = 63V
Eb = 300 Vdc S
~
$

Il

oy
i
£
&

/

8,000

#
2
. /

/]

4,000

TRANSCONDUCTANCE IN MICROMHOS (Sm)

/
/)

=20 =15 -10 -5 0

GRID 1 VOLTAGE IN VOLTS

Figure 3-95. Typical Transfer Characteristics of JAN-6AG7Y; Variability of Sm, Parametric in Ec2.
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Figure 3-96. Typical Plate Characteristics of JAN-6AG7Y; Ec2 = 300 Vdec.
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Figure 3-97. Typical Plate Characteristics of JAN-6AG7Y; Parametric Ec2.
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SECTION
TUBE TYPE JAN-6AH6

DESCRIPTION.

The JAN-6AH61! is a 7 pin, miniature, RF sharp cutoff pentode with a
separate suppressor connection, having a transconductance in the range of
6000 and 11000 micromhos.

ELECTRICAL. The electrical characteristics are as follows:

Hedter Voltage; AQ 68 DO .5 i s emasmmsiicne oo mdrs srarinrsieissssomnis 63V
Heater Current .................. L T 425-475 mA
CAtHORS) s s e s Eas R RS S Sshias Coated Unipotential

MOUNTING. Any type of mounting is adequate.
e Y4 MAX. .040=.002 DIA.

LEAD CONNECTIUNE

2% MAX, ——+
1% MAX, ———
Bt ¥y —'{

]
=
U
I
[A]
5
187 MIN.**
— 281 MAX**

MINIATURE 7-PIN BUTTON

E7-1 **
7 PIN MINIATURE
6-2 »
5-2 * REFERS TO JETEC PUBLICATION J5.G2-1,
JANUARY 1949

«* REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB EOP-I.INE
AS DETERMINED BY RING GAGE OF 4 1.D.

ALL DIMENSIONS IN INCHES

Figure 3-98. Outline Drawing and Base Diagram of Tube Type JAN-6AH6.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

HERLEE VIOLbAZE 1ivives mus oo nsio s oist asores s ans sxbre, srmnisine .. 63V £ 10%
Plate VOILAZE! .o sioe s ures sisw simesiminsrs siasnas sisesisis seim o wves 880 Vde
Reference MIL—E—lC Section 6.5.1.1 Plate Voltage
Screen GTId VOAEE s sovsmsison sriessansasmins a5 mee 5 sws i 165 Vde
Plate DissiDation . esissres s ses amanes 5o 5ime 1 o a5 soe siisse 3.3 W
EScreen, Grid. INSSIDARION . s s s wueitsvis ssntesions sceaseksni qens 5185 2is 55y 045 W
Heater Cathode Voltage ........ccoiieiiiiiininneiinneennna,. 100 V
Altitude: RatIlg .. uws e sise s e miemnie s s5o s/ o1 wler S a6 10,000 ft

* No test at this rating exists in the specification.

1The values and specification comments presented in this section are related to MIL-E-1/46
dated 5 February 1953.
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TEST CONDITIONS AND CENTER CHARACTERISTICS.
Test conditions and design center characteristics are as follows:

Heater Voltage, Ef
Plate Voltage, Eb
Control Grid Voltage, Ecl
Sereen Grid Voltage, Ec2
Suppressor Grid Voltage, Ec3
Cathode Resistor, Rk

ACCEPTANCE TESTS LIMITS

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

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

-------------------------------------

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

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

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

MIL-HDBK-211
31 December 1958
JAN-6AHS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/46 dated 5 Feb-
ruary 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics,. unless otherwise indicated.

Limits
Measurement s :
Property Conditions Initial Life test Units
Min Max Min Max
Heater Current If 425 475 — — mA
Transconductance(1) Sm |Ck = 1000 uf 6000 11000 5300 — umhos
Plate Current(1) Ib 7.0 125 - — mAde
Plate Current(2) Ib |[Ecl = —10 Vde 0.0 30.0 — — uAde
Emission Is |[Eb = Ecl = Ec2 40 — —_— _— mAde
= Ee3 = 10
Vde; Rk = 0
Screen Grid Current Ic2 1.5 3.8 —_ — mAde
Capacitance Cgp |BEf = 0 — 0.020 — — uuf
(Shielded as Cin [Ef = 0 8.0 12.0 —_ — uuf
specified Cout (Ef = 0 2.5 4.7 — — uuf
Grid Current Icl 0 —3.0 — — uAde
Heater-Cathode
Leakage Ihk |Ehk = -+ 100 Vde 0 20 — — uAde
Ihk |Ehk = —100 Vde 0 —20 —_ — uAde
Insulation of
Electrodes Rg —all [Eg-all = —300 10 — —- — Meg
Vde
Rp —all |Ep-all = —b500 10 —_ —_ — Meg
Vde

APPLICATION OF JAN-6AH6

The chart below shows the permissible operating area for JAN-6AHG6 as defined by the
ratings in MIL-E-1/46 dated 5 Feb 1953. A discussion of the permissible operating area
for pentodes may be found in paragraphs 3.2.2 through 3.2.7.
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Figure 3-99. Typical Static Plate Characteristics of JAN-6AH6; Permissible Area of Operation.

The following table lists general considerations for the applications of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.2.9
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.2.2, 3.2.6
28 Volt, 3.2.9
AC Operation, 1.3.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.2.9
Control Grid Bias:
Low, 1.3.1, 1.82, 3.2.7, 8.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.3.1, 2.1.1, 8.2.9

208

Positive Grid Region, 3.2.9

Contact Potential, 1.3.1, 3.2.8, 3.2.9
Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9
Cathode Interface, 1.3.10, 3.2.9
Cathode, 1.3.7, 2.1.1, 3.2.9
Temperature

Bulb and Environmental, 3.2.3
Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.8.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.8
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Thermionic Instability, 1.3.8 Shielding, 3.2.3
Dissivation Intermittent Operation, 3.2.9
» Triode Connection, 3.2.9

Plate, 2.1, 3.2.3 Electron Coupling Effects, 1.3.9

Screen Grid, 2.1, 3.2.3, 3.2.7

Miscellaneous
Pulse Operation, 3.2.9

Microphonics, 1.3.11, 3.2.9

VARIABILITY OF JAN-6AH6 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were

determined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-

6AH6 as defined by MIL-E-1/46 dated 5 Feb 1953.

40 .
~ " Ef = 63V
Ec1= Ec2 =150 Vde
/”_—/ .| 160 OHM S B
22 /| L/ LOAD LINE
—o05_ |
L |
s U :
L O
|
& 7/// 47
; Ec =—2 VOLT AREA J // L MAX//)( =20
Y, " Rk =160 OHM AREA )s
81— 7 p. 0@ -avav. —=
r %7// V. b/ﬂ% ~30
\LL LN LA LSS LSS o 3F
— L ! =
% 80 160 240 320 400 480 560

PLATE VOLTAGE IN VOLTS

Figure 3-100. Limit Plate Characteristics of JAN-6AH6.
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The chart below presents the limit behavior of transfer data for JAN-6AHG6 as defined
by MIL-E-1/46 dated 5 Feb 1953.

Ef = 63V
Eb = 300 Vdc
Ec3 = 0 Vdc
Rk = 160 OHMS -
|
| @
w
[-4
l v}
E:
,/ 20 2
160 OHM =
LNE Y z
\ =
=
(1%}
&
Ik MAX. S
(8]
M
[
.(
=
b MAX.
i~ 10
/
/\‘)0
7 7,
< 2
12.5 10.0 75 5.0

GRID # 1 VOLTAGE IN VOLTS
Figure 3-101. Limit Transfer Characteristics of JAN-6AH6.
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PLATE OR GRID #2 CURRENT mAdc
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JAN-6AH6

DESIGN CENTER CHARACTERISTICS OF JAN-6AH6

These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

The chart below presents the Static Plate Characteristics of JAN-6AHSG.

40
e Ef — 6.3 VOLTS
||
I Ec2 = 150 Vdc
" y Ec3= 0V
—05 Ib
=02
T - |2
|/
24 } — 5
\
\ - 1.5
16 >
\
\
B 2.0
4 9.5
-3.0
-
— 40
0
0 80 140 240 320 400 480 560

PLATE VOLTAGE IN VOLTS

Figure 3-102. Typical Static Plate Characteristics of JAN-6AH6.
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Figure 3-103. Typical Transfer Characteristics of JAN-6AHS.
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TRANSCONDUCTANCE IN MICROMHOS (Sm)
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JAN-6AH6
15,000 !
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Figure 3-104. Typical Transfer Characteristics of JAN-6AH6; Variability of Sm.
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SECTION
TUBE TYPE JAN-6AU6WA

DESCRIPTION.
The JAN-6AU6WA 1 is a seven pin, miniature, sharp cutoff pentode hav-
ing a design center transconductance of 5200 micromhos.

ELECTRICAL. The electrical characteristics are as follows:

Heater VOILAZO s sissiosom s wis s sinsione s i sions bisis sl s oiw.s o1 oo 5 S s ee 63 V
Heater Current, Design Center .......ocovviviiieniinnnnnienn. 300 mA
FOCALROAE .+ 50c.uieie-ssiemsiom wmws wros wisxaeiarsisiers s s g Coated Unipotential

MOUNTING. Any type of mounting is adequate.

e 3% MAX.

t ¥
-
&
RS

2% MAX, —{
1% MAX, ——

L 187 MIN.**
> .281 MAX.**

Y2

~
90:;3%5 MINIATURE 7-PIN BUTTON

EZ=] **

7N x;NIATURE * REFERS TO JETEC PUBLICATION J5.G2-1,

JANUARY 1949
5.2+

** REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

¥ MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF 4 I1.D.

ALL DIMENSIONS IN INCHES
Figure 3-105. Outline Drawing and Base Diagram of Tube Type Jan-6AU6WA.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater VOWRZE o onismes sy views s mss 50 siee s wse smsamss 63 = 10% V
Plate Voltago «u.cews sios assinisaes RN i o R RO R S O S 330 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Control ‘Grid Voltage, Maxiium s sz s s s s s sisi s su s siet s e s sl s i 0 Vde
Screen Grid Voltage ....cccceierirecececesoccssosssssancnnss 165 Vde
Suppressor GPId VOITAZE! v.vomies civsinnions oo s siw o e e s s st 6 515 8 316 5816 o 0 Vde
Plate; DISSTDAVION «io-ms wions s sians sarvessis sis viare s ol 761 16000 siore OEOE1EE SE5 3.3 W
Screen IGrid DIssiDation .. sew ssrs sws v v s w0 e s viapsmie b s sies 0.7 W
Heater-Cathode VOILBEE -« u«omss s s o0 550 515 a7 2158 $58 paviate s ies = 100 V
Biilh Temperature: <ot sssirsis smi oo s soca e 55 neois e oo 166°C
Altitude ..... SRR The N LT e R Rt ot G et A 10,000 ft

* Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current.

1The values and specification comments presented in this section are related to MIL-E-1/1
dated 18 January 19583.
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JAN-6AUGWA
TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows.
Heater Violtamey BT o curee s s v o somis biors eiws m wminmn o omme oo lein W oo 63 V
Plate Voltape, B s smsmssinssrss s swrsissrs. s sinmamss aiiaaios wins 250 Vde
Screen Grid Voltage, B2 «uus v sawusssnons s sumssessissms s 150 Vde

Tied to Negative Terminal
of Cathode Resistor

Suppressor Grid

Cathode: Resistor; REK . cxwsmsemsssss s vem oo s 6o swsses e s 68 ohms
Heater' CUFrent, TH o pomwes wis e v smmse aiaces s bon s SHEFIREH S0 300 mA
Plate: Current; TB' .. onsmaraes s e e s e emmsses s o s s e 10.6 mA
Transconductance, SM ..c.oeeerecsocrenscneesnsnsssssssie 5200 umhos
Screeri Grid Carrent . .c.smessmpwssmansyensem vem sos s v ses 4.3 mADc
INPUE CAPACTEANEE! . .vovnece s won oioie mio o imie ool & @i 6578 55008 0080 88 66188070 078 6.0 uuf
QUL (CRPBCTERTICE ¢ 510 wier 01 s wwmwocarms s s awmes ok o165 0 600,008 W18 Wik 4.9 uuf

ACCEPTANCE TESTS LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/1 dated 13 Jan-
uary 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

! Limits
Measuremen T "
ProTerty Conditio:st Initial ' Life test Units
Min Max Min Max
Heater Current If 275 325 275 325 mA
Transconductance(1) Sm 4150 6250 3600 6250 umhos
Transconductance(2) Sm |Ef = 55 V 3900 — — — umhos
Plate Current(1) Ib | 8.0 13.5 — — mAde
Plate Current(2) Ib |[Ecl = —9 Vde | — 35 —_— — uAde
Rp = 0.1 Meg
Rk = 0; Ck = 0
Sereen Grid Current Ie2 2.6 6.0 - — mAde
Capacitance Cglp |[Ef = 0 — .0035 —_ — uuf
(No shield) Cin |[Ef = 0 4.8 7.2 — — uuf
Cout |Ef = 0 3.9 5.9 — — uuf
Grid Current Ic | Ecl1 = —1 Vde — —1.0 - —1.0 uAde
Rgl = 0.25 Meg
Grid Emission Iscl |Ef = 7.5 V; Ecl - —2.0 — — uAde
= —10 Vde;
Rgl = .25 Meg
Rk = 0; Ck
= 0
Heater Cathode Leakage
Ihk [Ehk = -+ 100
Vde — 10 — 10 uAde
Thk [Ehk = — 100
Vde — —10 —_ —10 uAde
Insulation of
Electrodes Ef = 63V
Rg — all ([Egl — all =
—100 Vde 100 - 50 — Meg
Rp — all |[Ep — all =
—300 Vde 100 — 50 — Meg
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APPLICATION OF JAN-6AU6WA
The chart below shows the permissible operating area for JAN-6AU6WA as defined by
the ratings in MIL-E-1/1 dated 13 January 1953. A discussion of the permissible operating
area for pentodes may be found in paragraphs 3.2.2 through 38.2.7.

. o z Ef = 6.3 VOLTS
N// '%- Ec2 = 150 Vdc
14 <& j%A o, Ec3 = 0 Vdc
/ X
¥ 12 CR“N_D\-SSlPATION 0/%
2 = NS X
Z %’\\ pé'% : _
= . sy GRID # 1 VOLTS Ecl =—1.5
A = =
3 2\\ “ Op 2
O é\}\ Opé. 8 P
B S H’o >
3 KX N
3
‘ % —-2.5
2 BRS 2
5 N LN I 8 o |, N & AR _4
’ R Y

0 100 200 300 400 500

PLATE VOLTAGE IN VOLTS
Figure 3-106. Typical Static Plate Characteristics of JAN-6AU6WA; Permissible Area of Operation.
The following table lists general considerations for the applications of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages Control Grid Bias:

Heater;, 1.3.1, 1.3.3, 1.8.4, 1.3.5, 1.8.8, 1.8.10, Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8
3.2.9 Cathode, 2.1.1, 3.2.9

Heater-Cathode, 1.3.7 Fixed, 1.3.1, 2.1.1, 3.2.9

Plate: Positive Grid Region, 3.2.9
High, 3.2.9 Contact Potential, 1.3.1, 3.2.8, 3.2.9
Low, 3.2.2, 3.2.6 Resistance
28 Volt, 8.2.9 Control Grid Series, 1.3.2, 1.3.3, 1.8.4, 3.2.9
AC Operation, 1.3.3, 3.2.9 Screen Grid Series, 3.2.2, 3.2.9

Screen Grid: Cathode Interface, 1.3.10, 3.2.9
Supply, 3.2.7 Cathode, 1.3.7, 2.1.1, 3.2.9
Protection, 3.2.9 Temperature

Bulb and Environmental, 3.2.3
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Current Dissipation
Cathode, 1.3.10, 3.2.5, 3.2.9 Plate, 2.1, 8.2.3
Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8 Screen Grid, 2.1, 3.2.3, 3.2.7
Screen Grid, 3.2.2 Miscellaneous
Interelectrode Leakage, 1.8.5 Pulse Operation, 3.2.9
Gas, 1.3.2, 3.2.8 Shielding, 3.2.3
Control Grid Emission, 1.3.3 Intermittent Operation, 3.2.9
Thermionic Instability, 1.8.8 Triode Connection, 3.2.9

Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9
VARIABILITY OF JAN-6AU6WA CHARACTERISTICS
The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individua! tubes. The boundaries of this variability were
determined from the acceptance limits given on the specification.
The chart below presents the limit behavior of static plate characteristics for JAN-
6AU6WA as defined by MIL-E-1/1 dated 13 January 1953.

) H Ef = 6.3 VOLTS

AEANNNNNN- £
p it

¥ o |

PLATE VOLTAGE IN VOLTS

Figure 3-107. Limit Plate Characteristics of JAN-6AU6WA.
Figures 3-108 and 3-109. Presents the limit behavior of transfer data for JAN-6AU6WA as defined by MIL-E-1/1 dated 13 Jan. 1953.
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JAN-6AU6WA

DESIGN CENTER CHARACTERISTICS OF JAN-6AU6WA

The typical curves portrayed as Figures 3-110 through 3-114, have been obtained from
current data being published by the original RETMA registrant of this type.

16

Ef = 6.3 VOLTS
Ec2 = 100 Vdc
Ec3 = 0 Vdc
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PLATE VOLTAGE IN VOLTS
Figure 3-110. Typical Plate Characteristics of JAN 6AU6WA. Ec2 = 100 Vdc
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Figure 3-111. Typical Plate Characteristics of JAN-6AUSWA. Ec2 = 150 Vdc
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Figure 3-112. Typical Plate Characteristics of JAN 6AU6WA; Triode Connected.
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Figure 3-113. Typical Transfer Characteristics of JAN 6AU6WA.
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Figure 3-114. Typical Transfer Characteristics of JAN 6AU6WA; Variability of Sm.
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SECTION
TUBE TYPE 6BG6G
DESCRIPTION.
The JAN-6BG6G * is an 8 pin octal base, double ended, glass envelope
beam power pentode.
ELECTRICAL. The electrical characteristics are as follows:
Heater Voltage, AC 0F DG ..oy wesonsweswvnm snms mis s g s a5 ¢ e o o 6.3 V
Heagter CUYTent ... s s i s 55 5576 5605 5505 018 § 585 6 § 5601 & sl 0 ot 0.81 to 0.99 A
CatBOAE nosm i5us 560 568 5 e s v ios: o o i e mise ov s s 5 Coated Unipotential
SMALL CAP
*C1-1 <
o
Zz
420 NOM. ©
<
360 .005- H }
P(CAP)
sMOX
ST-16
N
H
S
S £
2 el
XX
e
ALL PINS
g’ 093+.003
T S s
B3 8% 3 4
°. o i o N (-]
| IRA -
) L R
oz .135— l-, . T 055 MAX,
22 RF max 1Rk _|__,L
v ¥ 1 — F 7
| P k-.075-.095
300-.317 R MEDIUM SHELL OCTAL 6-PIN BASE,
**B6-13, PHENOLIC
1.337 MIN.
1.377 MAX.

ALL DIMENSIONS IN INCHES

*REFERS TO JETEC PUBLICATION J5-G2-1, NOVEMBER 1952
**REFERS TO JETEC PUBLICATION J0-G3-1, APRIL 1953
Figure 3-115. Outline Drawing and Base Diagram of Tube Type JAN-6BG6G.

1The values and specification comments presented in this section are related to MIL-E-1/53A
dated 5 February 1958.
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RATINGS, ABSOLUTE SYSTEM
The absolute system ratings are as follows:

Heater VOlAES, ..o s vas s s sraamasmasmasmasss s vene 6.3V = 10%
Platie] VOILAES: s vmesmiossmeiss s gisissss s Smons s o o s 550 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
*Pegk: Forward anode VOILAEE, €DF «i e v woiensioesin siorsinm o s 6600 v
Duration of pulse not to exceed 10 u sec.
Duty Cycle not to exceed 0.15
Sereen, GEId VoOlEaZD. s s vsmvmmnmmme s wiioisiosss s gumis s rasbars 385 Vde
Control Grid Voltage ............ ) 8 S g —50 Vde
*Peak Inverse Control Grid Voltage, egX ....cocvvivvenecnnsens —300 v
Duration of pulse not to exceed 10 u sec
Duty cycle not to exceed 0.15
R PIAE. CHETBIIE vivarmasisrensommiadons: simsssiosssnzommawmmgsblsssises Sl sfiia ks 110 mAde
*Screen, Grid DIssipation. o seweswemosmaseasassssmsisns sioresio e s 3.5 W
Plate DISSIPALION. .« cceanemrsione s isiorsores oo aisdl sl i s @i e me et 25 W
Hezater Cathodel Voltage wewmssrssmansromsswessmssi s s sk 135 V
*¥Control Grid 'Series: ReSiStanCe uvisem swe s 5 509 5e 6.8 snmmsers s 0.47 Meg
*Altitude Rating .....ovuuniiinniiniiiniiiieiineeeenannnnenn, 10,000 ft

TEST CONDITIONS
Test conditions and design center characteristics are as follows:

Hedter Voltage, BEf ... .oosmsims awsws s sasmysos sms ves s o oo 6.3 V
Plate: VOILATE, T0D, ucusewrens simns mnoss: mionsiiosins s wimuss 6,608 5008 5 1000 el 53505 % 600 Vdc
Control Grid Voltage; el s swn s sims eom s s ses swrs 5o 1w i —30 Vde
Screen IGrid Voltage, B2 ... ... venons ainsoisosssmssomsim s 300 Vde

* No test at this rating exists in the specification.
#% Difficulty may be encountered if this tube is operated for long periods of time with very

small values of cathode current.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurements limits are provided. Specification MIL-E-1/153A dated 14
January 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
Measurement o 3
Property it Initial Life test Units
Min Max Min Max
Heater Current I 810 990 5 mA
Plate Current (1) Ib 24 55 — mAde
Plate Current (2) Ib | Ecl = —100 Vde o 0.5 arsi : mAde
Emission Is | Eb = Ecl = Ec2 300 — 225 . mAde
= 50 Vde
Grid Current Ic2 4 s mAdc
Capacitance Cegp | Ef=0 i 0.65 . uuf
(No shield) Cin | Ef=0 10.1 13.9 . uuf
Cout | Ef =0 4.9 8.1 e o uuf
Grid Current Icl | Test duration, 0 —4 o — uAde
t = 120 Sec.
Heater-Cathode
Leakage Ihk | Ehk = - 100 Vdc 0 100 uAde
Thk | Ehk = — 100 Vdc 0 —100 . g uAde
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JAN-6BG6G
400
Ef = 63V i
E2 = 250 V
Ec1 = 110
il

PLATE CURRENT IN MILLIAMPERES

+5

GRID #1 VOLTS Ec1 =0

200 ) \
w
-5 Q
— =
g
L -10 w
ib MAX < %
100 ‘\ o
S, PERAy, —15 3
< USSIBLE oper 2
x / OF =~
; ;OPERANQN \\Ed = —20 3
{ \_25
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NONCNN NS S N S o e . S > I L P
0 100 200 300 400 500 60C

PLATE VOLTAGE VOLTS

Figure 3-116. Typical Static Plate Characteristics of JAN-6BG6G; Permissible Area of Operation.

The following table lists general considerations for the applications of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.8.10,

3.2.9

Heater-Cathode, 1.3.7
Plate:

High, 3.2.9

Low, 3.2.2, 3.2.6

28 Volt, 3.2.9

AC Operation, 1.3.3, 3.2.9

Screen Grid:

Supply, 3.2.7
Protection, 3.2.9

Control Grid Bias:

Low, 1.3.1, 1.3.2, 3.2.7, 8.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.3.1, 2.1.1, 3.2.9

Positive Grid Region, 3.2.9

226

Contact Potential, 1.3.1, 3.2.8, 3.2.9

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9

Screen Grid Series, 3.2.2, 3.2.9
Cathode Interface, 1.3.10, 3.2.9
Cathode, 1.3.7, 2.1.1, 3.2.9

Temperature
Bulb and Environmental, 3.2.3

Current
Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.3.4, 8.2.8

Screen Grid, 3.2.2
Interelectrode Leakage, 1.3.5
Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8
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Dissipation Shielding, 3.2.8
Plate, 2.1, 3.2.3 Intermittent Operation, 3.2.9
Screen Grid, 2.1, 3.2.3, 3.2.7 Triode Connection, 3.2.9
Miscellaneous Electron Coupling Effects, 1.3.9
Pulse Operation, 3.2.9 Microphonies, 1.3.11, 3.2.9
400
Ef = 63V
Ec2 =250 Vv
Ecl=-+10
300 /—
/ 15
o -
-4
a
= GRID #1 VOLTS Ec1=0
S
Z 200 ;
=
e —5
& L
&
8 —10
B —
< 100 S
Q. / —15
/"‘ Ecl = —20
—25
—— —30
o am———
100 200 300 400 500

PLATE VOLTAGE VOQLTS

Figure 3-117. Typical Plate Characteristics of JAN 6BG6G; Variability of Ib.
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400
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350
/
o 300 /
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"
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= 200
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e |
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(143
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5 / GRID #2 VOLTS | Ec2 = 150
100 /
100
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PLATE VOLTAGE IN VOLTS

Figure 3-118. Typical Screen Characteristics of JAN 6BG6G.
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Figure 3-119. Typical Plate Characteristics of JAN-6BG6G; Variability of Ic2.
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SECTION
TUBE TYPE JAN-6C4W

DESCRIPTION.

The Jan-6C4W 1 is a seven pin miniature triode with a mu in the Range
15.5 to 18.5 with a transconductance ranging from 1750 to 4400 depending
upon choice of operating point.

ELECTRICAL. The electrical characteristics are as follows:
Heater VOHMBBE oo ovsis s mmm ssnen ames osxeions Soeese s aams 63 V
CATNOTE: v oo st 8080505 ) 5085 EURLES MRRS 4018 o ok Coated Unipotential

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

S . ] 3
# 1-5% z 3
£ w 3 E
: 90°+£3%° = &
4
l . 5 MINIATURE  7-PIN  BUTTON
E7-1°%*
7 PIN MINIATURE
6-1
5-1*

* REFERS TO JETEC PUBLICATION J5-G2-1,
JANUARY 1949

** REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1D.

ALL DIMENSIONS IN INCHES

Figure 3-120. Outline Drawing and Base Diagram of Tube Type JAN-6C4W.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

HEALRTY VOILHDIE v vvimiosiorsisics oo oo o e samaeinirmns ) o s (1516 fa i s 63 = 10% V
Plate VOlbape] s svommuse s miessmm oo viss s nms Gram o §.a s e 330 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Heater-Cathode VOICAZE oicc avsmis csimsisinsm s o 5w orose sres o1 s oie aars 5o 100 V
Plate DISSIDALION .« vcie o oo cuve s oioie vre viwne oinie oo s oin s oot s 05 s 9505 506 05w0s wie oo 3.8 W

*Altitude Rating

* No test at this rating exists in the specification.

1The values and specification comments presented in this section are related to MIL-E-1/55B
dated 14 January 1954.
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TEST CONDITIONS.
Test conditions are as follows:

Heater Voltage, BE . :coiceismssmvesisoe sas s w6 6m ¢ 56 5 00 5000 8658 98 56§ 5 6.3V
PISES VIOIEAEE, T0Bi v wovr v ans o ionmi o oin o e 0 w3 5 e ot 5 o o mssioss wwems & s 3 ioams § om0 o 250 Vde
Grid Voltage, Ec

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/556B dated 14
January 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

‘ Limits
Measurement |
T Bonililins [ Initial | Life test Units

| Min | Max Min Max
Heater Current If 138 162 545 “ o mA
Transconductance(1) Sm 1750 2650 1430 e umhos

Amplification Factor Mu 15.56 18.5 AT -
Plate Current (1) Ib 6.5 14.5 g — mAde
Plate Current (2) Ib |Ec = —30 Vde e, 50 - il uAde
Emission Is |Eb = Ec = 15 Vde 30 - —-— — mAde
Power Output Po |Eb = 800 Vdec 1.8 e AT 5 w

Rg = 8500
F = 150 Mec
Capacitance Cgp [Ef =0 1.35 2.25 Ents s uuf
(Without shield) Cin [Ef =0 1.2 2.2 e cee uuf
Cout [Ef =0 0.8 14 STl ples uuf
Grid Current Ic 0 —1.5 o —2.0 uAde
Heater-Cathode

Leakage Ihk |Ehk = -} 100 Vde 0 20 s a5 % uAde
Thk |[Ehk = — 100 Vde ’ 0 —20 _ . uAde

The following Table lists general considerations for the applications of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages Plate:
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, High, 8.1.5

3.1.5 Low, 3.1.5
Heater-Cathode, 1.3.7 AC Operation, 1.3.3, 3.1.5

28 Volt, 3.1.5
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Control Grid Bias: Plate, Low, 1.3.10, 3.1.3, 3.1.5
Low, 1.3.1, 1.8.2, 3.1.2 Interelectrode Leakage, 1.3.5
Cathode, 2.1.1, 3.1.5 Gas, 1.3.2, 3.1.2
Fixed, 1.3.1, 2.1.1, 3.1.8 Control Grid Emission, 1.3.3

Positive Grid Region, 3.1.5 Cathode, Thermionic Instability, 1.3.8

Contact Potential, 1.3.1, 3.1.8, 3.1.5

Resistance .
Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5  Bulb and Environmental, 3.1.4
Cathode Interface, 1.3.10, 3.1.5

Temperature

Cathode, 1.3.7, 2.1.1, 3.1.5 Miscellaneous

S Pulse Operation, 3.1.5
Dissipation Shielding, 3.1.4
e, i, Gl Intermittent Operation, 3.1.5
Current Electron Coupling Effects, 1.3.9
Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2 Microphonics, 1.3.11, 3.1.5

APPLICATION OF JAN-6C4W
Figure 3-121 below shows the permissible operating area for JAN-6C4W as defined by
the ratings in MIL-E-1/55B dated 14 January 1954. A discussion of the permissible op-
erating area for triodes may be found in paragraphs 3.1.2 through 3.1.6.

PLATE CURRENT IN MILLIAMPERES

38
| Ef — 6.3 VOLTS
j /
|
| O
| _\b
| 7
25 ! ‘éa/
é
20 'S
v' .
&
v
15 ‘5“’0
<\ ¢
/J S /
&\
&\
10 (?\L w’ Q
N = )
— PERMISSIBLE AREA OF OPERATION <w v
/ /9 ib MIN ; g / 5
g X
5 \ 5= i
Q o)
=5
pd z 7~ oy
N\
0 X we«( <Z_—"

Y] 100 200 300 400 500
PLATE VOLTAGE IN VOLTS

Figure 3-121. Typical Plate Characteristics of JAN 6C4W; Permissible Area of Operation.
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VARIABILITY OF JAN-6C4W CHARACTERISTICS
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JAN-6C4AW

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were
determined from the acceptance limits given on the specification.

The charts below present the limit behavior of static and transfer plate characteristics
for JAN-6C4AW as defined by MIL-E-1/556B dated 14 January 1954.
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Figure 3-122 Limit Plate Characteristics of JAN 6C4W.
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Figure 3-123. Limit Transfer Characteristics of JAN 6C4W.
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DESIGN CENTER CHARACTERISTICS OF JAN-6C4W

These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

The charts below present the average Static and transfer Plate Characteristics of JAN-
6C4W.

35
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Figure 3-124, Typical Plate Characteristics of JAN 6C4W.
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Figure 3-125. Typical Transfer Characteristics of JAN 6C4W.
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SECTION
TUBE TYPE JAN-6L6WGB

DESCRIPTION.

The JAN 6L6WGB ! is a 7 pin octal base, glass envelope, beam power-
pentode.
ELECTRICAL. The electrical characteristics are as follows:

Heater Voltage, ACor DC ......ciiiiiiiiinenrcreneencsonsasonns 63V

HEATET (CUBTONT s avismiee 65 aes s sl e s s o Gl s s xiss i 840 to 960 mA

AECAENOTE o coransrsio e syminio iommsos oo B EEH VR Braeddibva H55 B85 S8 105 Coated Unipotential

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

ALL DIMENSIONS IN INCHES

G2 G
CHP()
b/,
b 1% — @)‘
r \ @"6
NneD™©®
K:Ga
T-1
- 3 ALL PINS
3 S \ ) I MAX 2 093003 — ., 45°
N S o 7% z 3
53. ” Q § )
~.135
¥ 138
= LA 040 R
Ij —— | ——.075 =095 055 MAX.
[« .300-.317 45°
e 2385 ~
MIN. SHORT INTERMEDIATE SHELL 7 PIN,*B7-47
1275
MAX.

*REFERS TO JETEC PUBLICATION JO-G3-1, FEBRUARY 1949

ON FINISHED TUBE, ADD 0.030 FOR SOLDER
Figure 3-126. Outline Drawing and Base Diagram of Tube Type JAN-6L6WGB.
RATINGS, ABSOLUTE SYSTEM

The absolute systems ratings are as follows:
Heater Voltage ........... R Fouaneesedl iR el e ST SR 6.3 = 10% V
Plate "Violtame: swe samem v v svis v omes wros mxppmam v s vy sy i S5 v 400 Vde

** Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current.

1The values and specification comments presented in this section are related to MIL-E-1/197
dated 20 May 1953.
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Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Screenl GYId VOICARE: o me siss seie 5imie #5506 515 55570 51570 Gieie ke vere: sdayers 300 Vde
Plate DISEIDALION! wowuicsreas o 3mid dice dhes bl siostinn S9v6 S5eie w05 56 S50 318 9197618 26 W
*Screen ‘Grid, DISSIDATION o oo ewiwmmim s mmy erarsim s e s s oo oisw wae vists 356 W
ATLICUAG s w0000 thois sivte snnn 6058 6165 SEHRETEEI0EFHAE § 916 8516 » 28 B350 wvors e 10,000 ft

TEST CONDITIONS
Test conditions are as follows:

Heater "Violtaps, 0B . ... ovoemis wiors wins wis's wes s s1508 w1615 wigs shsr s 568108 doyne 63V
Plate Valtage; BB eevesswsempmasaanmaons sm smieaems sws veemwes e 250 Vde
Control Grid Voltage, Ecl .......ccocvvuvneecocesncsacnnnnns —14 Vde
Screen Grid Voltage, Ec2 ......cvvitiriinienrnsiennneneannnns 250 Vde

* No test at this rating exists in the specification.

ACCEPTANCE TESTS LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/197 dated 20
May 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
uremt N
St Mc"::dmo::“ Initial Life test —
Min Max Min Max
Heater Current g 840 960 s —_—_— mA
Transconductance Sm 5200 6800 4500 - umhos
Plate Current Ib |Eb = 400 Vdc; 50 80 nate o s mAdc
Ec2 = 300 Vdec; .
Eecl = —22 Vde.
Emission Is |Eb = Ecl = Ec2 275 o Sy s mAde
= 50 Vde
Screen Grid Current Ic2 |Eb = 400 Vdc; 0 5.0 - — mAdec
Ec2 = 300 Vdec;
Ecl = —22 Vde
Power Output Po |Esig = 9.8 Vac; 5.4 - 4.0 s w
Rp = 2500 ohms
Grid Current Icl |Eb = 400 Vdec; 0 —3.0 eTa e uAde
Ec2 = 300 Vde;
Ecl = —19 Vde.
Heater-Cathode
Leakage Ihk |[Ehk — =+ 100 Vdc 0 75 .o o o uAdc
Ihk |[Ehk = — 100 Vde

APPLICATION OF JAN-6L6WGB

Figure 3-127 below shows the permissible operating area for JAN-6L6WGB as defined
by the ratings in MIL-E-1/197 dated 20 May 1953. A discussion of the permissible op-
erating area for pentodes may be found in paragraphs 3.2.2 through 3.2.7.
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Figure 3-127. Typical Plate Characteristics of JAN 6L6WGR; Permissible Area of Operation
Ec2 = 250.
The following table lists general considerations for the applications of this type. The
-~ numbers refer to the applicable section or paragraph of this Manual.
Voltages Positive Grid Region, 3.2.9
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,  Contact Potential, 1.3.1, 3.2.8, 3.2.9
3.2.9 Resistance
Hegter-Cathods, 187 gontrol G1.*1d Sel"les, 1.3:2; 1.3.3, 1.3.4, 3.2.9
Plate: Screen Grid Series, 3.2.2, 3.2.9
?—I? .h 3.9.9 Cathode Interface, 1.3.10, 3.2.9
WE, S Cathode, 1.3.7, 2.1.1, 3.2.9
Low, 3.2.2, 3.2.6 .
28 Volt, 3.2.9 ERE
e Bulb and Environmental, 3.2.3
AC Operation, 1.3.3, 3.2.9 o e—.
Screen Grid: Cathode, 1.3.10, 3.2.5, 3.2.9
Supply, 3.2.7 Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
M Protection, 3.2.9 Screen Grid, 3.2.2
Control Grid Bias: Interelectrode Leakage, 1.3.5
Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8 Gas, 1.3.2, 3.2.8
Cathode, 2.1.1, 3.2.9 Control Grid Emission, 1.3.3
P Kixed, 1.3.1, 2.1.1, 8.2.9 Thermionic Instability, 1.3.8

239



MIL-HDBK-211
31 December 1958

JAN-6L6WGB

Dissipation Shielding, 8.2.3

Plate, 2.1, 3.2.3 Intermittent Operation, 3.2.9
Screen Grid, 2.1, 3.2.3, 3.2.7 Triode Connection, 3.2.9
Miscellaneous Electron Coupling Effects, 1.8.9
Pulse Operation, 3.2.9 Microphonics, 1.3.11, 3.2.9

VARIABILITY OF JAN-6L6WGB CHARACTERISTICS

The published data that describe and define JAN-6L6WGB are predicated on a design
center screen voltage of 250 Vde.

The specification, MIL-E-1/197, dated 20 May 1953 defines the operation of this type at
a screen grid voltage of 300 Vde.

The manufacturer of this type made available a quantity of design center tubes, and
from these, certain inferences concerning the behavior of JAN-6L6WGB at a screen grid
voltage of 300 Vdc were made.

The limit curves, Figures 3-128 and 3-129 were therefore drawn on the averaged static
plate and transfer curves prepared from these design center tubes. The limits and boundaries
were determined from the acceptance limits given on the specification.

=5 e Ec2 = 300 Vdc

120 //—‘2
g 100 / ______________”_‘_(3:
g /——“‘"——' - Ib MAX
= e T
: . NN W\\\\\\\\\\\\\\\-\Q i
3 \\\\\\\\\\ NN ¢
2 - - 30

— -j:O

PLATE VOLTAGE IN VOLTS
Figure 3-128. Limit Plate Characteristics of JAN 6L6WGB; Ec2 = 300.
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Figure 3-129. Limit Transfer Characteristics of JAN 6L6WGB; Ec2 = 300.
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DESIGN CENTER CHARACTERISTICS OF JAN-6L6WGB

Figures 3-130, 3-131, and 3-132 are typical curves that have been obtained from current
data being published by the original RETMA registrant of this type.

Analysis of a quantity of near design center tubes has resulted in a set of averaged
static plate characteristics for JAN-6L6WGB at the MIL-E-1 test voltages. From this data,
an average static plate plot has been prepared for Figure 3-127 and the permissible operating

region has been portrayed thereon in Figure 3-129.

500
Ef = 6.3 VOLTS
Ec2 = 250 VOLTS
b

—— |2
2 400
o
:
2 {415
= g =
& 300 7
= 410
N /
H#
ol
O 200 o 0
o e em———
& T
iy -5
‘u —
E . /‘ 10
a. e =

N / 15
—T ———. —20
—25
5 g, P 7
0 100 200 300 400 500

Figure 3-130, Typical Plate Characteristics of JAN 6L6WGB; Ec2

PLATE VOLTAGE IN VOLTS
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Figure 3-131. Typical Plate Characteristics of JAN 6L6WGB; Ec2 = 300.
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Figure 3-132. Permissible Operating Region of Jan 6L6WGB; Ec2 — 300.
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Figure 3-133. Typical Plate Characteristics of JAN 6L6WGB; Variability of Ec2.
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Figure 3-134, Typical Plate Charucteristics of JAN 6L6WGB; Triode Connected.
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SECTION
TUBE TYPE JAN-6X4W

DESCRIPTION.

The JAN-6X4W ! is a miniature, heater-cathode type twin diode suitable
for full wave rectifier operation where the average DC current is not in
excess of 75 milliamperes.

ELECTRICAL. The electrical characteristics are as follows:
Heater VOIBATE! voiervonnmmnonspimms s mmmpnsess o aIns me e s s G s 63 V
Cathode

MOUNTING. Any type of mounting is adequate.

% % MAX¥ .040:£.002 DIA.

8 T-5%

H ! x« @

o~ . *

3
= By o
, g0c+an° 2 B MINIATURE 7-PIN BUTTON
\ / 5 : I EZ-]1 **
7 PIN MINIATURE * REFERS TO JETEC PUBLICATION J5.G2-1,

65 NOVEMBER 1952
5‘3 *

** REFERS TO JETEC PUBLICATION JO-G3-1,
APRIL 1953

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1.

ALL DIMENSIONS IN INCHES

Figure 3-135. Outline Drawing and Base Diagram of Tube Type JAN-6X4W.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage .........cciiiiiiiiiiiiiiiiiiiiiiiinnn, 63V = 10%
Peak Inverse Plate Voltage .............c.ciiiiiiiininnnnnnn. 1375 v
Steady State Peak Plate Current (each plate) ................. 230 ma
DC output current, both plates .......coviiniiniiiiiinnennn.. 75 mAde
*Transient Peak Plate Current, each plate ...................... 750 ma
Heater-Cathode Voltage ...........ouniriiniiiiiiiiinnnann. 450 v

*Albitude RabING: oo e s w58 505 605 & ol wines 5 51 6 6iois 60 8 56 dwor o8 580§ 09§ s 10,000 ft

* No test at this rating exists in the specification.

1The values and specification comments presented in this section are related to MIL-E-1/64A
dated 20 May 1953.
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g
TEST CONDITIONS AND CHARACTERISTICS
Test conditions and characteristics are as follows:
Heater Voltape, ER s «cwsomusn sy s srsisios e issvisms owidsiare s s 63V
Secondary Voltage to Plate, Epp .......ccvivvievninnnn. ... 400 Vac W/
Load Resistance (RL) (unity power factor) ............... 5700 ohms
Lioad Capacitor KOOI s s e oinn 5iwis 5585 18 Hip) SR 218 ¢ 918 Siska o 6rs 0 §ooid 8 uf
ACCEPTANCE TEST LIMITS
The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/64A dated 20
May 1953 should be referenced to determine further assurance of satisfactory operation
in any specific application.
Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.
O
} Limits
Proparty i M;::::tei!:::t Initial . Life test Units
| Min | Max i Min | Max
| | | * T
Heater Current 1f } 540 660 e | mA
Operation To | (Fullwave) | 70 . 1 60 ! srigs mA
Emission Is |[Eb = 50 Vdc 4 140 ‘ ... . w e mA
| (opposite plate : | 3 ‘
grounded) [ ‘ 1 | O
Heater-Cathode Leakage | ‘ ‘ 3 : |
Ihk |Ehk = Eo ‘ o 150 { ; uAde
- Ihk Ehk — 220 VRMS | ... | =150 | | uAde
v 100 Vde | ; ,
APPLICATION OF THE JAN-6X4W
Rating Chart I, II, and III represent areas of permissible operation within which any "/

application of the JAN-6X4W must fall. Requirements of all charts must be satisfied
simultaneously in capacitor-input filter applications.

RATING CHART I is based on maximum rated peak inverse voltage per
plate (epx) of 1375 volts and maximum rated de output current per plate
(Io/p) of 37.5 milliamperes. Point C corresponds to the simultaneous occurance
of these two ratings, permissible only under choke-input filter conditions. Point
E is derived from life test conditions of rated dc output current into capacitor
input filter. The area CDE is restricted to choke input service only.

RATING CHART II for capacitor input filter applications, is based on
maximum rated de output current per plate (Io/p) and maximum rated steady
state peak plate current of 230 milliamperes per plate. Rectification efficiency
must not exceed 0.69 under conditions of maximum rated de output current.

RATING CHART III for capacitor input filter is based on maximum A 4
rated surge current (i surge) of 750 milliamperes per plate. Minimum per-
missible series resistance (Rs) is approximately 750 ohms per plate under
conditions of maximum permissible supply voltage.

248 4



MIL-HDBK-211

31 December 1958
JAN-6X4W
?Y\¥§¥
3 m&\§s§ TG
é N §§, m
g °§w 200 300 400 500 600
- MAXIM% RATED D\C ourmr\\cumpws :ér)” mA 40 ga:;m:ﬁp:f:& TDEC OUTPUT
i \\\\\\\‘\\\\\\%\“ &§\§ :
% § \c}cnovz\orz CHOKE INPUT © %g - \
& - N
o(& oo\\ §§40$\ 500 600 OOVAN\ 06\\\8\\.0
AC PLATE SUPPLY VOLTAGE PER PLATE IN VOLTS RMS RECTIFICATION EFFICIENCY
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OTHER CONSIDERATIONS.
HEATER VOLTAGE: See paragraph 3.3.5
ALTITUDE: See paragraph 3.3.3

TYPICAL CHARACTERISTICS OF JAN-6X4W

The chart below presents the Static Plate Characteristics of JAN-6X4W reproduced
from data published by the original RETMA registrant of the type. The extent of varia-
tion which may be exhibited among individual tubes cannot be derived from the specifi-
cation which provides only a minimum limit on emission.

250

200 /

150 ? 4

PLATE CURRENT IN MILLIAMPERES

pa
100 7

b/

0 10 20 30 40 50
PLATE VOLTAGE IN VOLTS

Figure 3-139. Typical Plate Characteristic of JAN-6X4W.
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SECTION
TUBE TYPE JAN-12ATTWA

DESCRIPTION.

The JAN-12AT7TWA 1 is a 9 pin miniature high transconductance (5500
micromhos) twin triode. This tube was originally designed for use as a
grounded-grid RF amplifier or as a mixer in commercial T.V. circuitry. Its
center tapped lLeater permits operation from either 6.3 or 12.6 V.

ELECTRICAL. The electrical characteristics are as follows:
Series Parallel

Heater Voltage (A=C o1 DEC) s s mis s o s svsgs s om s e 126 63 V
Heater Current, Design Center ..................... 150
Cathodes Coated Unipotential

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

- 7/ MAX. -»

le——— 2% MA, ———>

T-6%

154 MAX, ———=
fl%si%z"‘

1,281 MAX. *»

e 187 MIN. **

" 040,002 DIA
90° +3%° 9 PINS
\Un-[m]/ x MINIATURE 9-PIN BUTTON
E9-1%*

9-PIN MINIATURE
6-7
6-2*

ALL DIMENSIONS IN INCHES

* REFERS TO JETEC PUBLICATIONS J5-G2-1, NOVEMBER 1952
**REFERS TO JETEC PUBLICATION JO-G3-1, APRIL 1953

Figure 3-140. Outline Drawing and Base Diagram of Tube Type JAN-12AT7WA.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage ..........cviviivunan.. 6.3 = 10% or 12.6 = 10% V
Plate: Voltage: s sme s o om s siss 56 8 505 8 96 5 918 5 68 605 5 4% 5 605 § 5758 58 330 Vdc
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
*Control Grid Voltage, Minimum ........c.veeiveuneneneneeenns —55 Vde
Plate Dissipation (per Plate) owsswsmes o soessiesesamsses e s v s 2.8 W
Heater-Cathode Voltage ........coiiiiiiiiiiininnnennennnn += 100 V
*Bulb Temperature ........c.c.veviiiiiiiernninnnrenenns Ay 200°C
ALBETAE BAEIRE . omi o v o o oo o o = micm o cmiim s 2 o 5 s o v » e iwiis o i o 10,000 ft

1 The values and specification comments presented in this section are related to MIL-E-1/3A
dated 23 August 1955.

* No test at this rating exists in the specification.
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TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.

Test

conditions and design center characteristics are as follows:

Heater Voltage; Ef .uosswsmssmssmaniossnsswsnns o sws vog s s smws o 126 V
Plate, Noltage, B :mesms s i s o s s a5 8 0 ¢ 516 608 § @198 1955 055 £ wio7a s 250 Vde
Cathode Resistance, Rk (per cathode) ........................ 200 ohms
Heater COXFent, I . .o« wn e oo o onn o mioomim v 0§ mish 4008 & 575 8 %80 5 6000 & 5590 6 968 538 150 mA

Plate Current, ID ..ccveevrerecesioecnancereesoananensecsooas 10 mA
Transconductance, Sm 5500 umbhos

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for which
acceptance test limits exist. This table is in no wise intended to include all the properties for
which measurement limits are provided. Specification MIL-E-1/3A dated 23 August 1955
would be referenced to determine further assurance of satisfactory operation in any specific

application.

Measurement conditions are the same as statedunder Test Conditions and Design Center

Characteristics, unless otherwise indicated.
Limits
Measurement == .
Property Conditions Tetlisl Litte, Dot Units
Min Max Min Max
Heater Current If 138 162 138 162 mA
Transconductance(1) Sm 4500 6500 3800 6500 umhos
Change in A Sm — — — 20 %
average t
Amplification Factor Mu 50 70 — —
Plate Current(1) Ib 7.0 14.0 — — mAdec
Difference between Ib — 3.2 —— - mAde
sections
Plate Current(2) Ib | Ecl = —20 Vde — 100 — — uAdc
Rp = 0.1 Meg
Rk = 0; Ck =0
Capacitance Cgp | Ef =0 1.30 1.90 — — uuf
(Unshielded) Cin | Ef = 0 2.00 3.00 - — uuf
Cout-1 | Ef = 0 0.20 0.70 — — uuf
Cout-2 | Ef = 0 0.16 0.60 — — uuf
Cpp | Ef =0 0.15 0.33 | — — uuf
Chk | Ef = 0 2.10 350 | == = uuf
Grid Current Ic | Rg = 0.5 Meg — —0.7 | — —0.7 uAde
Heater-Cathode Thk | Ehk = 100 Vdec — 10 — ‘ 10 uAde
Leakage Ihk | Ehk = —100 Vde em —10 | — ‘ —10 uAde
Units ties | i
together ‘r ’
Insulation of Rg-all | Eg-all = —100 100 — ; 50 | — Meg
Electrodes Rp-all Vde 1 |
Ep-all = —300 100 —_— } 50 == Meg
Vde
Ef — 126 V 1 |
Interface R | 500 hours life at = — — ;’ 50 | ohms
Resistance Ef — 6.9 and ‘ ;
test at Ef = | |
| 57, Eb = 135 | ! ;
f Vde, Ec/Ib = ; |
‘J 2.0 mAde [ ‘
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APPLICATION OF JAN-12ATTWA

The chart below shows the permissible operating area for JAN-12AT74A as defined by
the ratings in MIL-E-1/3A dated 23 August 1955. A discussion of the permissible operating
area for triodes may be found in paragraphs 3.1.2 through 3.1.6.

35
Ef = 6.3 VOLTS / /
30 /
25
\2
20 1’%, v
ﬁ"?s / D
15 |

(A
\\\Wo T
A <
10 A \\\ DESIGN CENTER) 5
\,é"’é\ (IFE TEST POINL T 7/\ >
M | A3
5 A \ PERMISSIBLE AREA OF OPERATION —~<—%
|
: AWE
¥ 100 200 300 400

PLATE VOLTAGE IM VOLTS

Figure 3-141. Typical Plate Characteristics of JAN-12AT7WA; Permissible Area of Operation.

The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Voltages Control Grid Bias:
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Low, 1.3.1, 1.3.2, 3.1.2
3.1.5 Cathode, 2.1.1, 3.1.5

Fixed, 1.3.1, 2.1.1, 3.1.3

Heater-Cathode, 1.3.7 Positive Grid Region, 3.1.5

Plate: Contact Potential, 1.3.1, 3.1.3, 8.1.5
High, 8.1.5 Resistance
Low, 3.1.5 Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5
AC Operation, 1.3.3, 3.1.5 Cathode Interface, 1.3.10, 3.1.5
28 Volt, 3.1.5 Cathode, 1.3.7, 2.1.1, 3.1.5
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Dissipation Cathode, Thermionic Instability, 1.3.8
Plate; 2.1, 8.1.4 Temperature

Current Bulb and Environmental, 3.1.4
Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2 Miscellaneous

Plate, Low, 1.3.10, 3.1.3, 3.1.5 Pulse Operation, 3.1.5

Interelectrode Leakage, 1.3.5 Shielding, 3.1.4

Gas, 1.3.2, 3.1.2 Intermittent Operation, 3.1.5

Control Grid Emission, 1.3.3 Electron Coupling Effects, 1.3.9

Cross Currents in Multistructure Tubes, 1.3.6 Microphonics, 1.3.11, 3.1.5

VARIABILITY OF JAN-12AT7TWA CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values, Consequently the variation inherent in a typical characteristic
curve is frequently overlooked. The followingcharts define the extent of variation which may
be exhibited between individual tubes. The boundaries of this variability were determined
from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-
12ATTWA as defined by MIL-E-1/3A dated 23 August 1955.

35 “‘
Ef = 6.3 VYOLTS

30
Rk = 200 OHMS |
TEST CIRCUIT |
LOAG LINE
25 '

3
N
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°
!
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i RO o

PLATE VOLTAGE IN YOLTS

Figure 3-142. Limit Piate Characterictics of JAN-12AT7WA.
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The chart below presents the limit behavior of transfer data for JAN-12ATTWA as de-
fined by MIL-E-1/3A dated 23 August 1955.

Ef = 6.3 VOLTS
b
iy
S
Eb = 250 Vdc 3
AREA  —| 5
S
\ y 4
-
K "
45 £
=
()
b
[
3
/ j
I B / / / '/ / \ 9
- i Rk =/200 OHMS\ |
/,/ / TEST CIRCUIT \
LOAD LINE
-10 —8 -6 ==id -2 2

GRID YOLTAGE N YOLTS

Figure 3-143. Limit Transfer Characteristics of Tube Type JAN-12AT7WA.

DESIGN CENTER CHARACTERISTICS OF JAN-12ATTWA
These typical curves have been obtained from current data being published by the original
RETMA registrant of this type.

Figure 3-144 below presents the typical Static Plate Characteristics of JAN-
12ATTWA.

Figure 3-145 represents typical transfer characteristics of this type.

Figure 3-146 afords a typical picture of the hehavior of this tube in the
positive grid region, although no MIL-E-1 testing is performed there.

Figure 3-147 is a plot of the typical behavior of the characteristics Mu, Sm,
and rp as functions of plate current Ib.
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Figure 3-145. Typical Transfer Characteristics of JAN-12AT7WA.
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Figure 3-146. Typical Plate and Grid Characteristics of JAN-12AT7WA.
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Figure 3-147. Typical Sm, Mu, rp behavior of JAN-12AT7WA.
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SECTION TUBE TYPE JAN-5636
DESCRIPTION.
The JAN-56361 is an 8-lead, button base, subminiature, dual control
pentode having a design center transconductance of 3200 micromhos. The
JAN-5636 is similar in plate characteristics to JAN-5784WA and JAN-5725/
6AS6W.
ELECTRICAL. The electrical characteristics are as follows:
HOALEY VOMBEE - i o0 55005508 2508 550050058100 3 508 5 mise® oo o1oue a1 e 63 V
Heater Current, Design Center ..........coviiiniiiiiiinnnennn, 150 mA
Qath0de. o s 5005 oo s 0w sisre savayosess w1 4 506, % 56 8 BU81E 081 47808 1% Coated Unipotential
MOUNTING. Any type of mounting is adequate.
r» DIA. =
————
L LEAD CONNECTIONS
13
TINNED WITHIN 4

.050 OR LESS OF
THE GLASS PRESS

z

S

£ DIMENSIONS

2 B DIAMETER

A MAX. IS TTOL £]  MAX
C MAX | D MAX

L 1.500 | 1.300 | .100 | .385 .285
Ul

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

*“* ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
Figure 3-148. Outline Drawing and Base Diagram of Tube Type JAN-5636.
RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage) «comis ams om0 #5506 5 o wre b imie: ssane: s vsormmane s5008 e 63 = 3V
Plate VOLbAEE ® ueio v s viwroasio vvies yoase s wiors sivaisim,s we wrsissis $e. 315 aste 165 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
First Control Grid Voltage, Maximum :.:sessssessessos 5o ssss 0 Vde
First Control Grid Voltage, Minimum ...................... —>55 Vde
*Screen Grid VOILage: i« imwsms 556 sios s s 50 bio o685 80808 wiel s 06 3706 ool 0 0 155 Vde
Suppressor Grid Voltage ..........ccviiiiiunrnnennenennnann.. 30 Vde
Heather-Cathode Voltage ......c.coiviiiiieecninnneerenensennns 200 v
Control. Grid Setics RESISEATICE! o o s i s we vieis siers wius 5 & o6 8 525 0o S 1.1 Meg

1 The values and specification comments presented in this section are related to MIL-E-1/168C
dated 23 June 1955. :
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**Cathode Current, MaXimum . .. «es sessesesssssses e arss e 16.0 mAde
*Sereen Grid CUrTent .......cceeeeeieeeeoereneennecsseanenn 7.0 mAde
Plate; Dissipation. :ceswesessmsesssess R vy (05055 W
¥Screen, Grid DIssipation. s sesses vesess e sioF sasms e ves oe e is 045 W
Builb "TempPetatule .. .. .wose sis s mmeseces s osessm s vs s s -+220°C
AEHHGS: BATHIE .o teranionmnmiarocnsisibnsiontiones sta st b siomi s s s e 60,000 ft

* No test at this rating exists in the specification.

*#% Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current. No specification assurance of life exists under conditions of
cathode current approaching the maximum.

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows.

Heater Voltage, Ef ..........c..coiviieianen T U OO T 63 V
Plate: Voltage: Eb) wswscsiins ssasem ssmess sws s smavs R 100 Vde
Secreens 'GIId Voltage, Be . in.. couciosimimeinshs siieas siom s@rs sm 5 oo 100 Vde
Suppressor Grid Voltage, eE3 . ... .wewesme s s ovie o sioieisioes 0 Vde
Cathode Resistance, Rk ................. e sepoe e SR R 150 ohms
Heater Current; TE mese e sms smm s simmeme sie 580 s o ey e 150 mA
Plate: Curtent; ID wos e e smmeemsums smwsiey swi oo AL TSR S § 5.3 mAdec
Transconductance, SM ......c..ccceeveeerensccnssensnonas 3200 umhos

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This tableis in no wise intended to include all the proper-
ties for which measurement limits are provided. Specification MIL-E-1/168C dated 23 June
1955 should be referenced to determine further assurance of satisfactory operation in any
specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement — .
Property Conditions e S fest Units
Min Max Min Max
Heater Current If 140 160 138 164 mA
Transconductance (1) Sm 2700 4000 — — umhos
Change in Sm
individual t — - — 20 %
Plate Current(1) Ib 3.7 6.9 — —_ mAde
Plate Current(3) Ib | Ee3 = —8.0 Vde - 100 — —_ uAde
Screen Grid Current Ic2 2.8 54 — — mAde
Capacitance Cgl-p | Ef =0 — 0.020 — — uuf
Cg3p | Ef =0 — 1.10 —_ — uuf
(Shielded as specified)
Cgl—g3 Ef =0 i 0.15 g _— uuf
Cgl-all | Ef = 0 3.6 4.5 — —_ uuf
Cg3-all | Ef = 0 3.5 4.5 —_ — uuf
Cp-all Ef =0 2.9 3.9 —_ —_— uuf
Control Grid Current Icl | Rgl = 1.0 Meg 0 —0.3 0 —0.9 uAde
Heater-Cathode
Leakage Ihk | Ehk = 4100 Vde “ 5.0 - 10.0 uAdce
Ihk | Ehk = —100 Vdc — —5.0 — —10.0 uAde
Insulation of Electrodes
R(gl-all) | Egl-all = —100
Vde 100 — 50 — Meg
R (p-all) Ep-all = -—300
Vde 100 - 50 — Meg
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area for pentodes may be found in paragraph 3.2.2,

PLATE CURRENT IN MILLIAMPERES

12

10

APPLICATION

The chart below shows the permissible op erating area for JAN-5636 as defined in the
ratings of MIL-E-1/168C, dated 23 June 1955. A discussion of the permissible operating

Ef =63V
Ec2 =100Vdc
Ec3 = 0 Vde

Rk = 0

D’&S‘/q no,
4 N\\
S QUESTIONABLE AREA = O'l:"“WON - g
2 %\ [—— ‘\\ § s
AETnninimnini i

PLATE VOLTAGE IN YOLTS

Figure 3-149. Typical Plate Characteristics of Tube Type JAN-5636; Permissible Area of Operation.

The following table lists general considera tions for the applications of this type. The num-
bers refer to the applicable section or paragr aph of this Manual.
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Voltages

Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.5.8

Heater-Cathode, 1.3.7

Plate:
High, 3.2.9
Low, 3.5.2, 3.5.6
28 Volt, 3.5.8
AC Operation, 1.3.3, 3.2.9

Screen Grid:
Supply, 3.2.7
Protection, 3.5.8

Control Grid Bias:
Low, 1.8.1, 1.3.2; 8.2.7, 83.5.7
Cathode, 2.1.1, 3.5.8
Fixed, 1.3:1, 2.1.1, 8.2.9

Positive Grid Region, 3.5.8
Contact Potential, 1.3.1, 3.5.7, 3.5.8

Temperature
Bulb and Environmental, 3.5.3

Current
Cathode, 1.3.10, 3.5.5, 3.5.8

MIL-HDBK-211
31 Decembe: 1958

JAN-5636

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.5.7
Screen Grid, 3.5.2

Interelectrode Leakage, 1.3.5

Gas, 1.8.2, 3:6.7

Control Grid Emission, 1.3.3

Cathode, Thermionic Instability, 1.3.8

Dissipation

Plate, 2.1, 8.5.3
Screen Grid, 2.1, 3.5.2, 3.5.6

Resistance

Control Grid Series,1.3.2, 1.3.3, 1.3.4, 3.5.8
Screen Grid Series, 3.5.2, 3.2.9

Cathode Interface, 1.3.10, 3.5.8

Cathode, 1.3.7, 2.1.1, 3.5.8

Miscellaneous

Pulse Operation, 3.5.8
Shielding, 3.5.3

Intermittent Operation, 3.5.8
Triode Connection, 3.5.8
Electron Coupling Effects, 1.3.9
Microphonics, 1.3.11, 3.2.9

VARIABILITY OF JAN-5636 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical characteris-
tic curve is frequently overlooked. The following charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were deter-
mined from the acceptance limits given on the specification,

The chart below presents the limit behavior of static plate characteristics for JAN-5636
as defined by MIL-E-1/168C dated 23 June 1955.
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Figure 3-150. Limit Behavior of Jan-5636 Static Plate Data; Variability of Ib.
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The chart below presents the limit behavior of transfer data for JAN-5636 as defined by
MIL-E-1/168C dated 23 June 1955.

GRID VOLTAGE IN VOLTS

263

Figure 3-151. Limit Behavior of JAN-5636; Grid # 1 Transfer Data.
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DESIGN CENTER CHARACTERISTICS OF JAN-5636

These typical curves have been obtainedfrom data published by the original RETMA
registrant of this type.

The chart below presents the typical conversion characteristics of JAN-5636.

1400 700 7

ge DIRECT INPUT

1200 600 6 o
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W

PLATE RESISTANCE (rp) IN KILOHMS
PLATE OR SCREEN CURRENT IN MILLIAMPERES
w E -

8
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300

\

S CApy
C
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CONVERSION TRANSCONDUCTANCE (gc) IN MICROMHOS

Py
400 & 200 O 2 .
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Rk = 150 Q
200 100 1 rp, !c2 ,1b DIRECT INPUT
0 0 0
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OSCILLATOR INJECTION VOLTS RMS

Figure 3-152, Typical Conversion Characteristics vs. Oscillator Injection Voltage of JAN-5636.
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PLATE CURRENT IN MILLIAMPERES
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Figure 3-154. Typical Plate Characteristics of JAN-5636.
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Figure 3-155. Typical Transfer Characteristics of JAN-5636.
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Figure 3-156. Typical Transconductance Characteristics of JAN-5636; Grid #1 to Plate.
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Figure 3-157. Typical Transconductance Characteristics of JAN-5636; Grid # 3 to Plate.
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Figure 3-158. Typical Conversion Characteristics of JAN-5636.
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SECTION

TUBE TYPE JAN-5639
DESCRIPTION.

The JAN-56391 is an 8-lead, button base subminiature pentode having
a transconductance in the range of 7500 to 10,500 micromhos. This type has
been used successfully in video circuits.
ELECTRICAL. The electrical characteristics are as follows:

Heater Voltage

.............................................. 63 V
Heater Current; Design Center v somssesmeswaswsnmsseswwsamia 0.450 A
CALROAE! 1o % 6051 o 515 5 i s mass 020 5w w 37805 817 i & 555 o & B oo o Coated Unipotential
MOUNTING. Any type of mounting is adequate.
DIA. ~
I
13 <
@
$
TINNED WITHIN {
.050 OR LESS OF —» \.\ [}
THE GLASS PRESS ‘-~ *BASE, SUBMINIATURE
8 PIN WITH
| LONG LEADS
; +.002 DIMENSIONS
Z .017_
£ .001 DIA. pr 3 DIAMETER
-« MAX. DIM | TOL * MAX.
oy 1.750 | 1.450 .060 .400
. ALL DIMENSIONS IN INCHES
Uy bl g

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

Figure 3-159. Outline Drawing and Base Diagram of JAN-5639.
RATINGS ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Volbage s« me s s s s e s wims s s e sms s55 855 50 s 5o 63 V = 03 V
Plate Voltage

............................................. 165 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
¥Seroen VOILAZE ... s s oms sies 55 8 ¢ o0 o 6 5 505 ¥ 578 § 556 § 58 § 509 & 59 155 Vdc
Control Grid Voltage, Maximum ........c.cevvvvuenernnneennon. 0 Vde
Control Grid Voltage, Minimum ............c..oviuiueniunn. —55 Vde
Heater-Cathode Voltage .........co.cuiiiiiiimniriiieranneenens 200 v
Grid Series Resistance ...........coveiiiiiiiiiiiiineiaan.. 0.5 Meg
Plate Dissipation uesswesssessmssmssesoms ey e s smsed sy bwsswss 35 W

¥Sereen Dissipation «ve e swm s mes o s se s s sms 05§ B % B B SN S RS 1.0 W

1The values and specification comments presented in this Section are related to MIL-E-1/163C
dated 28 June 1955.

® No test at this rating exists in the specification.
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2*Cathode CUTTENE . ounciewnevmsosssmesesves sy sasesssassns 40 mAde
Bulb' Temperature musmwwssmms smiewsisnms s amesms oo shaqme s 220°C
AHIEUAE) RATINGT ..cocomis.n bt cionbosbsbuimsnimssmsin it s b oo SR 590 G s 60,000 ft

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.
Test conditions and design center characteristics are as follows:

Heater VOIAEE umsmom s mss o5 mmmss s s e o s e sssmeemes 63 V
PIEES VOIUHPD) =oriverpiassistommneiimss it aumlostsgs (o inasiaiimy S aas i s maatevs 150 Vde
Sereen. Grid VoRage: :msewsmmsmn mmwsse s sesams 956 8se s sy 100 Vde
Cathode ResiStor ...covviiriiineieiinenenneenonnennsanennnns 100 ohms
Heater CUYTeNt - e s wrus orad a5 6 05506 0100 656 oo va7e 0w a8 s e 450 mA

#* Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current. No specification assurance of life exists under conditions of
cathode current approaching the maximum.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/169C dated 23
June 1955 should be referenced to determine further assurance of satisfactory operation in
any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement — -
Property Conditions s L i o Units
Min Max Min Max
Heater Current If 420 480 414 492 mA
Transconductance(1) Sm 7500 10,500 — —_ umhos
Change in Asm
individual t — — — 20 %
Transconductance (2) , Sm —— 10 — 15 %
Plate Resistance rp .040 — — — Meg
Plate Current(1) Ib 14.0 28.0 — — mAdec
Screen Grid Current Ic2 2.0 6.0 — — mAde
Power Output Po | Esig = 2 Vac 0.75 — — — W
Rp = 9000
Capacitance Cglp | 0.405 in dia,
shield — 0.13 — —_ uuf
Cin | 0.405 in dia,
shield 8.0 10.0 — — uuf
Cout | 0.405 in dia,
shield 7.0 9.0 — —_ uuf
Ef = 0
Grid Current Ic | Rgl = 1.0 Meg 0 —1.0 0 —2.0 uAde
Heater-Cathode Thk | Ehk = 4100 Vde —_ 15 — 60 uAde
Leakage Thk | Ehk = —100 Vdec — —15 — —60 uAde
Insulation of
Electrodes R(g-all) | Eg-all = —100
Vde 100 — 50 —_ Meg
R(p-all) | Ep-all = —300
Vde 100 - 50 - Meg
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Voltages Temperature
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Bulb and Environmental, 3.2.3
3.2.9

Heater-Cathode, 1.8.7

Current
Plate: Cathode, 1.3.10, 3.2.5, 3.2.9
High, 3.2.9 Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Low, 3.2.2, 3.2.6 Screen Grid, 3.2.2
28 Volt, 3.2.9 Interelectrode Leakage, 1.3.5
AC Operation, 1.3.3, 3.2.9 Gas, 1.3.2, 3.2.8
Screen Grid: Control Grid Emission, 1.3.3
Supply, 3.2.7 Thermionic Instability, 1.3.8
Protection, 3.2.9
Control Grid Bias: Disulpution
Low, 1.8.1, 1.3.2, 3.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9 Plate, 2.1, 3.2.3
Fixed, 1.3.1’ 211’ 3.2.9 Screen Grld, 21, 323, 3.2.9
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9 Miscellaneous
Pulse Operation, 3.2.9
Resistance Shielding, 3.2.3
Control Grid Series, 1.8.2, 1.3.3, 1.3.4, 3.2.9 Intermittent Operation, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9 Triode Connection, 3.2.9
Cathode Interface, 1.3.10, 3.2.9 Electron Coupling Effects, 1.3.9
Cathode, 1.3.7, 2.1.1, 3.2.9 Microphonics, 1.3.11, 3.2.9

SPECIAL OPERATING CONSIDERATIONS

The specification for this type imposes an initial power output requirement of 0.75 watt
under test conditions with a 2 volt signal and Rp = 9000 ohms. Life Test assurance is not
afforded, however.

VARIABILITY OF JAN-5639 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical characteris-
tic curve is frequently overlooked. The equipment designer has the responsibility for deter-
mining circuit design values compatible with the variation of tube characteristics. The fol-
lowing charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits given
on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-5639 as
defined by MIL-E-1/169C dated 23 June 1955.
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APPLICATION OF JAN-5639

The chart below shows the permissible operating area for JAN-5639 as defined by the rat-
ings in MIL-E-1/169C dated 23 June 1955. A discussion of the permissible operating area V
for pentodes may be found in paragraph 3.2.2.

70 ]
Ef =63V
Ec2 =100 Vdc
60
Ecl = 0 Vdc
"
A 4

50

o
o

/ MAXIMUM SCREEN 4 e
/ A&Q\ DISSIPATION

PLATE CURRENT IN MILLIAMPERES

g
P
o7
7 A
op +—
of
g¢
5
>
13
/
~N

20 PN On = 8
& \\\§ — el ” L
s \\ -4 [~ JS |
10 SN — 5
_ o
N - : 1
AN -6 = —
bd
\\ NS o D N ;
" R Ry
0 25 50 75 100 125 150 175
PLATE VOLTAGE IN VOLTS
Figure 3-160. Typical Static Plate Characteristics of JAN-5639; Permissible Area of Operation. \/
The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.
W/
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The chart below presents the limit behavior of plate transfer data for JAN-5639 as defined
by MIL-E-1/169C dated 23 June 1955.
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8 é 4 2 0

GRID VOLTAGE IN VOLTS
Figure 3-162. Limit Behavior of JAN-5639 Transfer Data; Variability of Ib.
DESIGN CENTER CHARACTERISTICS OF JAN-5639
The following typical curves have been obtained from data published by the original
RETMA registrant of this type.

N,
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The chart below presents the Static Plate Characteristic of JAN-5639.
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3-163. Typical Static Plate Characteristics of JAN-5639.
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The chart below presents the Average Plate Transfer Data for JAN-5639,

Ef = 6.3V
Eb = 100 Vd¢
Ec2 =100 Vdc

=———'/

-12 -10 —8

CONTROL GRID VOLTAGE IN VOLTS

Figure 3-164. Typical Transfer Characteristics of JAN-5539.
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SECTION
TUBE TYPE JAN-5641
DESCRIPTION.
The JAN-56411 is an eight pin, button base, subminiature, half wave
high vacuum rectifier suitable for operation where the average dc current per

plate does not exceed 50 milliamperes.
ELECTRICAL. The electrical characteristics are as follows:

Heater: VOILREE : e wiois o 50 s aisi s won o wio s ws o o 4 b wins 8 o 8w 8 w0 i 30 63 V
Heater (CUEEEIE. . oo v wve s oo s wve s s vg 5 mve s w68 7 5 5 5 @50 § 976 & 948 § 9060 8 020 450 mA
Cathode .....s0.s (8 BI9LE 6T § G € R S S O R AR A WA Coated Unipotential

MOUNTING. Any type of mounting is adequate.

- DIA. =

LEAD CONNECTIONS

3 < ¥,
‘;’ 8 LEADS
i +.002
P 017 _ 001 DIA.
TINNED WITHIN {
050 OR Less oF —][[[[l ]l P L
THE GLASS PRESS i ! - *BASE, SUBMINIATURE
L 8 PN wiTH
|| LONG LEADS
\ z 017 +.002
} z — 001 DIA.
. = DIMENSIONS
i B DIAMETER
¢ A MAX S TTOL £]  MAX.
| 1 1.750 | 1.450 | 060 400
ll i } ALL DIMENSIONS IN INCHES
Wi U e

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL BE .200 = .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL

BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
Figure 3-165. Outline Drawing and Base Diagram of JAN-5641.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage ......ccoviiiiiiiiniiiiiiii i, 63V £ 03V
Peak Inverse Plate Voltage ......couviierineninnennnanennnan, 5 v
*Steady State Peak Plate Current per Plate .................. 300 mA
Output Current;, per Plabe .osmsmssmsssoscssme sm s s o s a6 5 5 50 mAde
Transient Peak Plate Current ..........ccoiiiiiiiiiiininnnnnns 1.1 A
Heater-Cathode Voltage ..........ccoiiiiiiiiiiiininnennnnenn +465 v
Bulb! Temperatline: s« m s s s s 6@ & 506 § 6060 5 55608 5% § 595 5 G 5 506 4 38 § 56 o +220°C

60,000 ft

AIEHAE RALIAD .« oo o nsn s oo wmase oo s focns 0w s 050 o 1wt s it v o ot soos w4 70
1 The values and specification comments presented in this section are related to MIL-E-1/170A

dated 26 October 1954.
* A test of this property at 250 mA exists.

279



MIL-HDBK-211
31 December 1958

JAN-5641

TEST CONDITIONS AND DESIGN CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heater Voltage, Ef .......couuiiiiiiiiiiiiiiiiiiiiiiennnnnn 63 V
Secondary: Voltage to Plate, BDD «ensan oo e s soieaasm s 275 Vac
Load Resistance (RL) .......vuuiriiiiniiennennenn, 5000 ohms
Load Capscitor (CL) .....viiiiiiiiiitiiienteenttineeneeeenneennnnss
Heater CUTTONE oot omns s o 566 55 ms S s b 565 5w smeanorsreiais 450 mA

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/170A dated 26
October 1954 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
Measurement
Property Conditions initial Life fost Units
Min Max Min Max

Heater Current If 420 480 414 492 mA
Operation Io 47 — 43 — mAdec
Emission Is | Eb = 30 Vde 100 —_ — — mAde
Heater-Cathode Leakage
‘ Thk | Ehk = 4465 Vde — 50 — 100 uAdec
i Thk | Ehk = —465 Vdc — —50 — —100 uAde

APPLICATION OF THE JAN-5641
Rating Chart I, II, and IIT represent areas of permissible operation within which any
application of the JAN-5641 must fall. Requirements of all charts must be satisfied simul-
taneously in capacitor-input filter applications.

Rating Chart I is based on maximum rated peak inverse voltage (epx) of 775 volts and maximum rated
de output current (o) of 50 milliamperes. Point C corresponds to the simultaneous occurance of these two
ratings and also corresponds to the life test conditions using capacitor input filter.

Rating Chart II for capacitor input filter applications, is based on maximum rated dc output current
(Io) and maximum rated steady state peak plate current (Ib) of 300 milliamperes. Rectification efficiency
must not exceed 0.65 under conditions of maximum rated dc output current.

Rating Chart III for capacitor input filter is based on maximum rated surge current (i surge) of 1.1
amperes per plate. Minimum permissible series resistance (Rs) is approximately 240 ohms per plate under

conditions of maximum permissible supply voltage.

OTHER CONSIDERATIONS:
HEATER VOLTAGE: See paragraph 3.3.5.
ALTITUDE: See paragraph 3.3.3.
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Figure 3-168. Rating Chart 11l for JAN-5641.
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Figure 3-166. Rating Chart | for JAN-5641. Figure 3-167. Rating Chart 1l for JAN-5641.
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TYPICAL CHARACTERISTICS OF JAN-5641
The chart below presents the Static Plate Characteristic of JAN-5641, reproduced from
data published by the original RETMA registrant of the type. The extent of variation which
may be exhibited among individual tubes cannot be derived from the specification which pro-
vides only a minimum limit on emission.

300

250 . /

200 y.

150 v )

PLATE CURRENT IN MILLIAMPERES
N

100 7

50

N

v

0] 10 20 30 40 50 ]
PLATE VOLTAGE IN VOLTS
Figure 3-169. Typical Plate Characteristics of JAN-5641,
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SECTION
TUBE TYPE JAN-5647
DESCRIPTION.
The JAN-5647 1 is a four lead, button base, subminiature, diode.
ELECTRICAL. The electrical characteristics are as follows:
Heater Volbage: . s swmeswssmsions smes s e sie smi s s €8x i ssssss oo ahie s 6.3 V
Heater Current, Design Center s iswisvsssasmsasamsesnsss e 150 mA
ROALHO0E & susivims o o s o e e s ey Saa a8 Bie o545 Coated Unipotential
MOUNTING. Any type of mounting is adequate.
_,.215‘___
MAX
/\- PIN NUMBER ELEMENT
1 PLATE (BLUE LEAD
1.250 ( )
e MAX. 2 HEATER
%950 3 HEATER
+.060
4 CATHODE (YELLOW LEAD)
1.500

MIN.

1] ——

ALL LEADS — ke
.016 =.002 DIA.

BUTTON BASE

*MEASURE FROM BASE SEAT TO BULB-TOP LINE AS DETERMINED BY RING GAGE OF .160 I.D.
ALL DIMENSIONS IN INCHES

Figure 3-170. Outiine Drawing and Base Diagram of Tube Type JAN-5647.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater VORBEE ..o sssblenmas g ol demn s nams s Do snsss e 68 £ 0.3V
Peak: Inverse Plate VOITHTE . ... .siees o ims oas s smmess s s seees 460 v
Heater-0athode VOIEaZE .. owomvinwmmmmme visis o oo 6168805 85 s smai e 360 v
Steady Stute Peak Plate Cullent: oo .vi s caiewmme s o s svesiaibibris 60 ma
Output Current . .:.ssesdosmesormmsshassdnssvess sevases s 10 mAde
Transient Peak Plate Current ...........ccveiiviiiaiineanin, 350 ma
Bulb Temperaturel .o ess s e osss s §Gmees sesse e Siosees oo 220°C
ATGtude. REUIDD: .+ 5505 om0 s 0508 8558006 08 558 0 B 9= 557 60,000 ft

* Difficulty may be encountered if this tube is operated for long periods, of .time with very ..
small values of cathode current.

1 The values and specification comments presented in this section are related to MIL-E-1/204B
dated 23 June 1955.
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TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.
Test conditions and design center characteristics are as follows.

Heater Voltage, Ef ...........cc.ciiiinnn.. P L L. 63 V
Plate Supply Voltage, EPDP ...cviiiriiniinieriirnneneennnnnns 165 Vac
Load Resistance (Unity Power Factor), RL .............. 15,000 ohms
Lioad ‘Capacitance; CLi . wwswms s s s 5 es 5 o0 6 s 158 9108 w0 6 w0816 55 5 350 & o 8 uf
Henter UL, TE 5 5 o0 o0 o s tum o s o i o i 35ims 5 105 0w o 6 oms 8 658 i it 0 0 150 mA

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/204B dated 23
June 1955 should be referenced to determine further assurance of satisfactory operation in
any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits [
Measurement
Property Conditions fotiis] Life test Units
Min Max Min Max
Heater Current If 140 160 138 164 mA
Plate Current Ib | Ebb = 0; Rp = 5 25 Her gt uAde
40,000
Operation Io | See note below 9.3 s 8.5 i mAde
Change in Operation
Current from Initial Atlo —_ — - 15 %
Emission Is | Eb = 6.0 Vde 25 o i ¥ ois Wi w mAde
Capacitance
(0.220 in Cpk | Ef = 0 1.70 3.30 o ST uuf
diameter shield) Ckh | Ef = 0 4.3 5.7 Je S uuf
Cph | Ef =0 1.0 2.6 - S uuf
Heater-Cathode
Leakage Ihk | Ehk = 360 Vdc S 20 i 60 uAde
Thk | Ehk = —360 Vdc p— —20 ST —60 uAde
Insulation of
Electrodes R(p-all) | Ep-all = —300
Vde 20 - 10 o 4 Meg

Note: In a half wave circuit, adjust Zp so that a bogie tube gives Io = 10 mAdc. A bogie tube has a
drop of Etd = 6.0 Vde at Is = 45 mAdec.

APPLICATION

SIGNAL RECTIFIER SERVICE: In the application of JAN-5647 in signal rectifier
service, Chart “A” relates boundaries of permissible operation and the questionable area of
operation, to the plate characteristics.

Permissible steady state peak plate current is limited to 60 milliamperes to define bound-
ary (1), and dc output current is limited to 10 milliamperes to define boundary (2). Area
(8) is defined as questionable from the stand point of uniformity and stability of plate cur-
rent in low-level signal rectifier applications. Reference should be made to Section 1.3.4 for
a review of the behavior of initial electron velocity and contact potential in tubes in general,
where control grid currents discussed are equivalent to plate currents in signal diode applica-
tion,
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P4
/
/
7/
@ 50 / -
= /
% /s
< /
= 40 — /7 -
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=) / -
O 7/ CID
§ B 7 O Is MIN
o .
20 — # -
7
/
s/
/
10 MAXIMUM RATED Io / !
g % l | | |

4 5 6 7 8

PLATE VOLTAGE IN VOLTS
Pigure 3-171. Typical Plate Characteristics of JAN-5647; Permissible Area of Operation.

Supply voltage rectifier service: Rating Charts I, I, and III represent areas of permissible
operation within which any application of the JAN-5647 must fall. Requirements of all
charts must be satisfied simultaneously in capacitor-input filter applications.

Rating Chart I is based on maximum rated peak inverse voltage (epx) of 460 volts and maximum
rated de output current (Io) of 10 milliamperes. Point C corresponds to the simultaneous occurrence of
these two ratings permissible under capacitor- or choke-input filter conditions.

Rating Chart II for capacitor input filter applications is based on maximum rated dec output current
(Io) and maximum rated steady state peak plate current (ib) of 60 milliamperes. Rectification efficiency
must not exceed 0.68 under conditions of maximum rated dc output current.

Rating Chart III for capacitor input filter is based on maximum rated surge current (I surge) of 350
milliamperes. Minimum permissible series resistance (Rs is approximately 545 ohms under conditions of
maximum permissible supply voltage.

OTHER CONSIDERATIONS:
HEATER VOLTAGE: See paragraph 3.4.3.
LOW )LECTRODE CURRENT: See paragraph 3.4.3.
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Figure 3-173. Rating Chart Il for JAN-5647.

»n
o

|

|
MHEMIMN

PERMISSIBLE AREA OF OPERATION

.y

C

=

7

\\P}M\é\l?\;;\ﬁ
AN

.

»n

DC OUTPUT CURRENT IN MILLIAMPERES

DC OUTPUT CURRENT PER PLATE IN MILLIAMPERES

N
e NN
N ‘ , N
AR £ AN
° AC PLA:: SUPPLY V]C()):.)TAGE IN ]VSS)LTI:SRMS - 0'4 . R:.(?T:ﬂCAnoo,: EFFIC!E::Y g .
Figure 3-172. Rating Chart | for JAN-5647. Figure 3-174. Rating Chart 11l for JAN-5647.
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TYPICAL CHARACTERISTICS OF JAN-5647

The chart below presents the Static Plate Characteristic of JAN-5647, reproduced from
data published by the original RETMA registrant of the type. The extent of variation which
may be exhibited among individual tubes cannot be derived from the specification which pro-
vides only a minimum limit on emission.
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Figure 3-175. Typical Plate Characteristics of JAN-5647.
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SECTION
TUBE TYPE JAN-5654/6AK5W

DESCRIPTION.
The JAN-5654/6AK5W 1! is a 7 pin miniature, sharp-cutoff pentode having
a design center transconductance of 5000 micromhos.

ELECTRICAL. The electrical characteristics are as follows:

HeBtEr VOMATE! . 4ic wanism o oto s i s oo wiesssns s sers 4 D908 55 § W00 ba aines 63 V
Heater Current, Design Center ...........ooveiuininneennnnnn, 175 mA
CBINOUAG) 15050008 55 i nm s msmnenezmssiors i gheaaneiies 3/g 180 3 8V 3 Coated Unipotential

r-—.75 MAx——l

187 MIN
.281 MAX

MINIATURE 7-PIN BUTTON *#*¥gp_;

{ l P,
90'!3%'
\ . froen

* MEASURED FROM BASE SEAT TO BULB TOP LINE AS DETERMINED BY RING GUAGE OF '—:- 1D

*% REFERS TO JETEC PUBLICATION J5-G2-1, JANUARY 1949
7 -PIN MINIATURE

6-1 ¥¥¥ REFERS TO JETEC PUBLICATION JO-G3-1, FEBRUARY 1949
** 5-) ALL DIMENSIONS IN INCHES

Figure 3-176. Outline Drawing and Base Diagram of Tube Type JAN-5654 6AK5W.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater VOBED: o osvowunovncaismnrnsis-s o s g anmriie s G Ere st 63 £ 03 V
Plate) VOIEaDmD: e cmrmeise srsiadsrs s em sl 5 655 sion oo sbimrass iomsmnis i 200 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Control Grid Voltage, maximum : oo eesss esss s eeossovaesssssns 0 Vde
Control Grid Voltage, minimum ..........oovvuiininennnnnn.. —50 Vde
Screen Grid VOltage: e swivws s mm osw vaes s sums s e s 55500005556 155 Vde
Heater-Cathode VOILRZE e smewsoemsmnymmes s nsie ssdaie suis s s @650 sle 135 v
*Cathode Current, MaXimuin, i« s s s s sassis 4 s a0 s s s 20 mAdc
Plate DISSIDAtion . oes s s ai s biie ome s wis sios ool s winns w5 6 55 2 9% o 1656 W
*¥Screen Grid Dissipation .......cciiiiiiiiiiiiiiiiiiiieiieeans 0.556 W
Bulb, TEMPETALUTS! o.os viois sinte siars wiassmare ¢ ye s e » Wi s jaxs sisvs, »isie o5 616 % 9 165° C
*Altitnde: RALING ¢ 5100w aimes mm o a0 ¢ e 50000 sm 0 5 545, 5 558 § 916 8 548 §0ka 4 o 60,000 ft
Control Grid Series Resistor ...........covviiiiiiiiiiiinn... 0.1 meg
*Control 'Grid COXrent . . :sw ¢ s s o sorssmanis obm ssm s 53 s 06§96 1.0 mAde

1The values and specification comments presented in this section are related to MIL-E-1/4A
dated 5 December 1955.

* No test at this rating exists in the specification.

288



MIL-HDBK-211
31 December 1958

JAN-5654/6AK5W

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.
Test conditions and design center characteristics are as follows:

Hegter Voltage, Bf .. .scsmesemine smeen sues amsio oo s oo i 63 V
Plate "Voltage; D wuspm < srowers sivemssonvioe o mie « wies s 508 758 5 800 18§50 wes 120 Vde
Control ‘Grid Voltage, Bl :cu cew oo somsms s v s s o v sasm s ouns w6 —2 Vdce
Heater Cathode Voltage, Ehk .............ccoiiiiiiiiiiiinenennn. 0 Vde
Sereen Grid Voltage, Fe2 . cws s mim s 5 ¢ o o wis oo o008 528 5506 p8 120 Vde
Heater Current, If . ..cvcswssmaewssms v s s om & oo s wvs s 5 o wie 3 w0é s 175 mA
Plate: CUPTEHE. ID .o viw o 5o s um s 5isi 1505 § 5kl 30500 576 5 595 #5520 534§ i st o 7.5 mAde
Screch Grid CUrTEnt, TE2! oo wnie wioamorasmnie bt sibist & os: 6 s 4658 § o snops o 2.5 mAde
Transconductance, SM ........cviriirrmeneenennenenneenns 5000 umhos
Interelectrode Capacitance (Shield No. 316):

O I v simioononanessiiolinssd B0o4 (TS Broyaeasrs tyeTamsre. Weh 4.0 uuf

C UL 5505005 mme @S ae s aers e sserakes §i6 2.85 uuf

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/4A dated 5 De-
cember 1955 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement = 2
Property Conditions k.. - S Units
Min | Max | Min 1 Max
|
Heater Current If 160 190 ‘ 160 | 190 mA
Transcondictance (1) Sm 3800 | 6200 ! s T umhos
Change in A Sm ‘
individual t ‘ ! 20 %
Transconductance (1) {
Average change A Sm 1 ‘ 15 %o
Avg t ! |
Transconductonce (2 A Sm \ i 15 \ e 15 %
t ]
Plate Current(1) Ib 5.0 11.0 ‘ mAdc
Plate Current(2) Ib | Ec1 = —10 Vde Sl 200 uAde
Plate Current(3) Ib | Ec = —5.5 Vde 5.0 ; ; uAde
Screen Grid Current Ic2 0.8 .40 | = mAde
Capacitance Cglp | Ef = 0 R .020 | s sieis uuf
(Shield #316) Cin | Ef = 0 3.40 4.6 1 ooe uuf
Cout | Ef = 0 2.45 325 | o SieTs uuf
Grid Current Icl | Rgl = 0.5 Meg 0 —0.1 0 —0.1 uAdc
Grid Emission Isc | Ef = 7.5 V; Ecl 0 —0.5 \ uAdc
= —45 V; Rgl 1
= 0.1 Meg ‘
Heater-Cathode Leakage
Thk | Ehk = +100 Vde 10 | 10 uAdec
Ihk | Ehk = ..100 Vde —10 ‘ —10 uAde
Insulation ;
of electrodes Rg-all | E = 100 Vdc; gl \
Neg 100 o -‘ 50 Meg
Rp-all | E = 300 Vdc; p |
Neg 100 ‘ 50 Meg
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APPLICATION OF JAN-5654/6 AK5W
Figures 3-177 and 178 below show the permissible operating areas for JAN-5654/6AK5W
as defined by the ratings in MIL-E-1/4A dated 5 December 1955. A discussion of the per-
missible operating area for pentodes may be found in paragraphs 3.2.2 through 3.2.7.
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Figure 3-177. Typical Plate Characteristics of JAN-5654 6AK5W; Permissible Area of Operation.
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Figure 3-178. Plate Dissipation and Bulb Temperature in the Operating Area for Electron Tube
Type JAN-5654 6AK5W.
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The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.2.9
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.2.2, 3.2.6
28 Volt, 3.2.9
AC Operation, 1.8.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.2.9
Control Grid Bias:
Low, 1.3.1, 1.3.2, 8.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.3.1, 2.1.1, 3.2.9
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9

Cathode Interface, 1.3.10, 3.2.9

Cathode, 1.3.7, 2.1.1, 3.2.9

Temperature
Bulb and Environmental, 3.2.3

Current

Cathode, 1.3.10, 3.2.5, 3.2.9
Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 8.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

Dissipation
Plate, 2.1, 3.2.3
Screen Grid, 2.1, 3.2.3, 3.2.7

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.8.9
Microphonics, 1.3.11, 3.2.9

VARIABILITY OF JAN-5654/6AK5W CHARACTERISTICS

The published technical data which describe data and define electron tubes, in general,
present only average or center values. Conse quently the variation inherent in a typical char-
acteristic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were
determined from the acceptance limits given on the specification.
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Figure 3-179 below presents the limit behavior of static plate characteristics
for JAN-5654 /6AK5W as defined by MIL-E-1/5A dated 5 December 1955.

Figure 3-180 presents the limit behavior of transfer data for JAN-5654/
6AK5W as defined by the specification.

Ef = 6.3V
SCREEN VOLTS = 120
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i

PLATE VOLTAGE IN VOLTS,
Figure 3-179. Typical Plate Voltage Limit Characteristics of Tube Type JAN-5654 6AK5W.
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Figure 3-180. Typical Control Grid Voltage Limit Characteristics of Tube Type JAN-5654 6AK5W.
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DESIGN CENTER CHARACTERISTICS OF JAN-5654/6AK5W
The following typical curves portrayed as Figures 3-181 through 3-182 have been ob-
tained from current data being published by the original RETMA registrant of this type.
16

Ef = 6.3 VOLTS
E2 =120V

I e——— Eel=—1v

\
\
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PLATE OR GRID #2 CURRENT IN MILLAMPERES
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PLATE VOLTAGF IN VOLTS
Figure 3-181. Typical Plate Characteristics of JAN-5654 6AK5W.
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Figure 3-182. Typical Plate Characteristics of JAN-5654/6AK5W; Triode Connected.
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Figure 3-183. Typical Transfer Characteristics of JAN-5654/6AK6W.
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SECTION
TUBE TYPE JAN-5670

DESCRIPTION.
The JAN-56701 is a 9 pin miniature, medium-mu (35), twin triode having
separate cathode connections.

ELECTRICAL. The electrical characteristics are as follows:

HEBtET VIOILARE 5105155 i 656usuonsiiasions et osaim o mis wieel isteroiie s Siisf s sars BT830 63 V
Heater Current, Design Center ..........ccviiiiiirinenrnrnnnn 350 mA
CALHOAE: .« iomm 050000 31078 wiobiamwrsmms sa 3srs @i SIRe A6 Ro R 88 5 Coated Unipotential

MOUNTING. Any type of mounting is adequate.

l—7/8 MAX. —] l—-ms MAX. ~l
oL

.281 MAX.
187 MIN

c

X 3 N
g arn SECTION
& * 2 MINIATURE 9-PIN BUTTON **Eg-
iy o T-6-172
g 6-6
* 2. .\
1 l o 90°;: 3-1/2

&
JIUU

9-PIN MINIATURE
*MEASURED FROM BASE SEAT TO
BULB TOP-LINE AS DETERMINED N
BY RING GAUGE OF 7/16 1.D. ‘%4(‘.3‘;‘.5002 DIA.
*»REFERS TO JETEC PUBLICATION
J5-G2-1, JANUARY 1949 ALL **REFERS TO JETEC PUBLICATION
DIMENSIONS IN INCHES JO-G3-1, FEBRUARY 1949

468t 005

Figure 3-184. Outline Drawing and Base Diagram of Tube Type JAN-5670.

RATINGS ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Henter VOMAEE: s meisssisiaiomms Sieis sotis nams i e aioussondtorocs reis s 63V = 6V
Platn VioIERRB & o stsiiesnstussssammmridovaiivamimeiala sid st s G CIE 6508 SIYIER 330 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Heater-Cathode VOILAEe e rwssmms s s ms5m o5 ams oo sismains-sias s =100 V
Control Grid Voltage, Maximum ..........c.couvuirereninenenenenann ov
Control Grid Voltage, Minimum ............coiiiuenenenen.n. —55 Vde
Control Grid Series Resistance/Grid .............cccvivninn... 0.5 meg
¥Oontrol Grid CUYTONG . uis i v s wi s 555 5 55 s 5k s 5 o0 o508 6560 £ 588wt s 3.0 mAde
**Cathode Current, Maximum (per cathode) ................... 18 mAde
Plate Dissipation (per plate) ..........covviiiirieiinennennnnn. 135 W
Bulb TeMDErAEUTE . s v v s s & 5365 6% 5105 x 5150 § 508 8 55 8 508 5 10 55 0 ¢ Wi 500 165° C
ANt ude) REEINE & 5io s 50551500 555 5055 5o 7 wrese e » i o osdt & ol 5 o § i v 60,000 ft

* No test at this rating exists in the specification.

** Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current. No specification assurance of life exists under conditions of
cathode current approaching the maximum.

1The values and specification comments presented in this section are related to MIL-E-1/5A
dated 5 December 1955.
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TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heater' Voltage; Ef .o ws sms s s s s o own s mn siore sin s sie Saies w0 s a0 o mis ¢ 63V
Heater Cathode Voltage, Ehk .........ccoiiuiiiiiiiniinennnnen oV
Plate Voltape, ED s s wm s mrv o wes o vooe win o v s wmis o6 5 3 8 5460 8 56 5 9481 8 pirws s 150 Vde
Cathode Resistance, Rk (per cathode) ...............cc.vontn 240 ohms
Control Grid Voltage ........c.cuiiiiniiiiiiieeenenrnonensnenes 0 Vde
Heater Current; If .. owsmsowsmnssmsmessesms soms ass s s mws oo s se 350 mA
Plate 'Current; Ib: s s s ov 6 e 556 956 6 508 5 s e & 8 98 3 608 5 005 8 555 5 8.2 mAde
TranscondUEtaCe; ST .« .o« vo o cus o susi 6 o0s 56505 Goni § i 5 0000 5 05 508§ 4500 & 5500 umhos
Amplification Factor, U ........coitiiiinitirenenrencnnenennennnnns 35

ACCEPTANCE TEST LIMITS

The following table summarizes salient re quirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurment limits are provided. Specification MIL-E-1/5A dated 5 De-
cember 1955 should be referenced to determine further assurance of satisfactory opera-
tion in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

| i Limits
! Measm"e'm - Initial Life test B
Property | Conditions | Units
i | Min Max Min Max
Heater Current If 330 370 330 370 mA
Transconductance(1) Sm 4500 6500 g s umhos
Transconductance(2) A Sm _— ‘ 15 - 1 15 %
Ef \‘
Change in | I
Transconductance (1) | ‘ i ‘
of individuals % tSm i - - } - " 20 %
Transconductance (1) " ‘ ;
average change Avg 1:Sm von T IR i 15 %
Amplification Factor Mu 26 4 a : wns
Plate Current(1) Ib 5.9 10.5 1 si% Siw mAde
Plate Current(1) b ! oy 1.8 ? . - mAde
difference between |
sections \
Plate Current(2) Ib | Ec = —10 Vdc; 3% 45 1= v uAde
Rp = 0.25 Meg
Plate Current(3) Ib | Ec = —4 Vde 1‘ 5 s 5o e uAde
Capacitance Cgp | Ef =0 \ 0.8 14 svi 25 uuf
(witkout shield) Cin | Ef = 0 I 2.7 . I wuf
Cout | Ef = 0 \ 0.7 1.3 =T e uuf
Cpp | Ef =0 \ 0.10 - e uuf
Grid Current Ic | Rg = 0.5 Meg.
Max. i 0 —0.3 0 —0.3 uAde
Grid Emission Isc | Ef = 75 Ec =
—10 Vde ‘ 0 —0.5 oy 3 o uAde
Heater-Cathode 1
Leakage Thk | Ehk = 4100 Vde | su T g 7 uAdc
Ihk | Ehk = —100 Vde | ... i —1 uAde
Insulation |
of Electrodes R(g-all) | Eg-all = —100 |
Vde ? 100 S 50 = Meg
R(p-all) | Ep-all = —300 |
Vde ‘ 100 T 50 - Meg
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APPLICATION OF JAN-5670

The chart below shows the permissible operating area for JAN-5670 as defined by the
ratings in MIL-E-1/5A dated 5 December 1955. A discussion of the permissible operating
area for pentodes may be found in paragraphs 3.1.2 through 3.1.6.

35
= 6.3 YOLTS
o 30 | Rk= 240 OHMS
LIFE TEST
g =" cireult
I LOAD LINE
S 25 |
=
- |
s N
5 20 — MAXIMUM Q =
&  |CATHODE CURRENT 7| /
> N4
(%] 7 )
< ‘ 2 / ¥4
= 15 »
2 | £ / 2
(U] DESIGN CENTER / A 9
e g 4y UFE TEST POINT Ll rr
! MUM <
.“.' PLATE | / b
DI o
g SSIPATION é <0
3<
=5
=0
§>
0
0 200 300 400
PLATE VOLTAGE IN YOLTS
Figure 3-185. Typical Plate Characteristics of JAN-5670; Permissible Area of Operation.
Voltages Positive Grid Region, 3.1.5
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Contact Potential, 1.3.1, 3.1.3, 3.1.5
3.15 Dissipation
Heater-Cathode, 1.8.7 Plate, 2.1, 3.1.4
Plate:
High, 3.1.5 Current
Low, 3.1.5 Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2

Ac Operation, 1.3.3, 3.1.5
28 Volt, 3.1.5

Control Grid Bias:
Low, 1.3.1, 1.3.2, 3.1.2
Cathode, 2.1.1, 8.1.5
Fixed, 1.3.1, 2.1.1, 3.1.3
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Plate, Low, 1.3.10, 3.1.3, 3.1.5

Interelectrode Leakage, 1.3.5

(as; 1.82; 3.1.2

Control Grid Emission, 1.3.3

Cross Currents in Multistructure Tubes, 1.3.6
Cathode, Thermionic Instability, 1.3.8



Resistance
Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5 Pulse Operation, 8.1.5

Cathode Interface, 1.3.10, 3.1.5

Cathode, 1.3.7, 2.1.1, 3.1.5

Temperature
Bulb and Environmental, 3.1.4 Microphonics, 1.3.11, 3.1.5

MIL-HDBK-211
31 December 1958

JAN-5670
Miscellaneous
Shielding, 3.1.4

Intermittent Operation, 3.1.5
Electron Coupling Effects, 1.3.9

VARIABILITY OF JAN-5670 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values, Consequently the variation inherent in a typical characteris-
tic curve is frequently overlooked. The follow ing charts define the extent of variation which
may be exhibited between individual tubes. The boundaries of this variability were deter-
mined from the acceptance limits given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-5670 as
defined by MIL-E-1/5A dated 5 December 1955.

1 /(\\ !/'*" (OAD INE

gm oa '\n ) l

; &\\\\\;&\ \»,
I

100 500 300 400

PLATE VOLTAGE. IN VOLTS

Figure 3-186. Limit Plate Characteristics of JAN-5670.
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The chart below presents the limit behavior of transfer data for JAN-5670 as defined by
MIL-E-1/5A dated 5 December 1955.

& —= 6.3 VOILTS
Eb = 150 Vdc

\
\

\

Rk =240 OHMS

\ 7 TEST CIRCUIT
LOAD LINE

\
\
\ &
b MAX}S&\\
WA
BOGIE
N
Eb =A;!20A Ydc i -
/&\ Ib MIN
A \

e L SN\

Q

\ N

NN

-10 -8 -6 =4

GRID VOLTAGE IN VOLTS
Figure 3-187. Limit Transfer Characteristics of JAN-5670.

-2

DESIGN CENTER CHARACTERISTICS OF JAN-5670

These typical curves have been obtained from current data being published by the orig-
inal RETMA registrant of this type.
Figures 3-188, 3-189, and 3-190 below present the Characteristics of JAN-5670 in the
negative and positive grid region as well as the behavior of Sm, Mu, and rp as functions
of Plate Current, Typical Transfer Characteristics.
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Figure 3-188. Typical Plate Characteristics of JAN-5670.
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Figure 3-189. Typical Transfer Characteristics of JAN-5670.
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Figure 3-190. Typical Transfer Characteristics of JAN-5670; Variability of Sm.
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SECTION
TUBE TYPE JAN-5672
DESCRIPTION.
The JAN-56721 is a 5-lead, pinch press, filamentary, subminiature, power
amplifier pentode, having a transconductance in range, 475 to 825 micromhos.
MlNonT- D -+ le— C MAJOR ' LEAD CONNECTIONS
—f_/_ﬂT _— FIH] T
g2
25 RED DOT
§8 T2X3 ol
:1 -2 #*
3§ L3 GROUND
g."'-”. | 3 ] WIRE —— |~ SEE NOTE ¥ ¥
L A ! / . |
“—'—l—'——T * Eé %l 1 ' /
1 2 3 45
: REFERENCE MARK i
TINNED WITHIN (RED DOT) :‘H“H T A;YADZU:,?EJN? P G2 +F G —F; Gs
.050 OR LESS OF Ang/ﬁ:N:’ ‘ %; it
THE GLASS PRESS \ ,‘
i : :
s seace> I i z BASE PINCH PRESS
C
* LEADS | | ; DIMENSIONS
016 5% DIA. | B DIAMETER
| “ A MAX-[BIMTTOL F|  MAX.
i C MAX[D MAX
I “ R 1.500 | 1.300 | .100 | .385] .285

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 == .001.
LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

*** WHEN SPECIFIED ON THE TSS
* *** APPLIES TO PINCH PRESS TYPES ONLY (.02 MIN.)

7" GROUND LEAD OVERLAPPED BY SHIELD BY A MINIMUM OF .04

SHIELD TO GROUND WIRE MAY BE FROM EITHER SIDE OF THE MAJOR DIMENSION. ALTERNATIVE
CONSTRUCTION: UNUSED OR EXTRA RANDOM LEAD IN PRESS OR BUTTON MAY BE FOLDED BACK AND
WRAPPED AROUND BULB TO MAKE CONTACT WITH SHIELD.

Figure 3-191. Outline Drawing and Base Diagram of JAN-5672.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:
# Heater Voltage ....:s.:ccevsosssnsessmsassosnnesne 1.26 Vde = 20%
Plate VIOIEREE: .« a o iore sue s i 6 5151 w00 & 81608 il 09l /60 § 0, 91000804 ol o 910,80 e 100 Vde
Reference MIL-E-1C Section 6.5.1.1. Plate Voltage

# Concerning this rating, MIL-E-1/280 for JAN-5672 states, “Do not use series filament
cireuits.”
1The values and specification comments presented in this Section are related to MIL-E-1/280

dated 9 July 1953.
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*Screen GTId Volbape i : we s s s ume s ss s 6500 8 5555 015 § 5 & 5151 8 60w § 614 8 03 100 Vde
Cathode ‘Current; MaxituuIn .« : s sos sas 6w 5 o w58 @08 5005 5 @ 500 8 65 5 5 5.5 mAdc
*AIItUAE: RATIAE . vio s wie crmn e o omm s moms o o o isvarasme wner s wiar o wiw, v et s i oo 10,000 ft.

TEST CONDITIONS AND CHARACTERISTICS
Test conditions and characteristics are as follows:

Heater Voltage, Ef .......cuiiiiiiin ittt 1.25 Vde
Plate Voltage, Eb ....iitiiniii it ittt eie i 67.5 Vde
Control Grid Voltage; Bel s s s s we s m a5 s o s o 6 59 65 9008 51005 —6.5 Vde
Screen Grid Voltage, Ec2 ...vovininniiiiiininiineieannnnnnns 67.5 Vdc

* No test at this rating exists in the specification.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exists. This table is in no wise intended to include all the
properties for which measurement limits are provided. Specification MIL-E-1/280 dated
9 July 1953 should be referenced to determine further assurance of satisfactory opera-
tion in any specific application.

Measurement conditions are the same as stated under Test Conditions unless otherwise
indicated.

Limits
Measurement
P— Goniitions Initial Life test o
Min Max Min Max
Heater Current If 44 56 . S mA
Transconductance (1) Sm 475 825 —_ —_— umhos
Plate Current (1) Ib 21 4.1 * w5 s o mAde
Sereen Grid Current Ic2 0.5 14 gt e mAdec
Power Output Po |Esig — 4,55 Vac 50 = 35 =, mW
Rp = 20,000

Control Grid Current Icl 0 —0.8 ol -1.5 uAde

Insulation of Electrodes
R(gl-all) | Egl-all — -100 Vde 100 e | sas P Meg
R (p-all) |Ep-all—= -100 Vde 100 - oo i Meg

The following table lists general considerations for the applications of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages Protection, 3.2.9
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Control Grid Bias:
3.2.9 Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8
Heater-Cathode, 1.3.7 Cathode, 2.1.1, 3.2.9
Plat'e: Fixed, 1.3.1, 2.1.1, 3.2.9
High, 3.2.9 . . .
Low, 3.2.2, 3.2.6 Positive Grid Region, 3.2.9
28 Volt, 3.2.9 Contact Potential, 1.3.1, 3.2.8, 3.2.9
AC Operation, 1.3.3, 3.2.9
Screen Grid: Temperature
Supply, 3.2.7 Bulb and Environmental, 8.2.3
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Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.8.2, 1.3.4, 38.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.8.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

Dissipation
Plate, 2.1, 3.2.3
Screen Grid, 2.1, 3.2.3, 3.2.7

MIL-HDBK-211
31 December 1958

JAN-5672

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9

Cathode, 1.3.7, 2.1.1, 3.2.9

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9

APPLICATION OF JAN-5672

The chart below shows the permissible operating area for JAN-5672 as defined by the
ratings in MIL-E-1/280 dated 9 July 1953. A discussion of the permissible operating
area for pentodes may be found in paragraph 3.2.2.

6 /| |
MAXIMUM CATHODE CURRENT = 5.5 mAdc
3 —4
by
% 4 & )\/ MAXINUM PLATE .“‘\\\
: / 3
3 N -6 8
z N N - e i
. | -
Z N 5 @r\é— i §.
95‘ ~\ (e} N o}
3 \ '5, . 3
I RE -
SIS :
0 T,
. AAARRTARRANNNRRRRTNRNNNNNANSN \7;\\\\\\\\\\“’o
' 25 50

PLATE VOLTAGE IN VOLTS.

Figure 3-192. Typical Static Plate Characteristics of JAN-5672; Permissible Area of Operation.
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VARIABILITY OF JAN-5672 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The equipment designer has the responsibility for de-
termining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits given
on the specification.

as defined by MIL-E-1/280 dated 9 July 1953.

PLATE CURRENT IN MILLIAMPERES

The chart below presents the limit behavior of static plate characteristics for JAN-5672

g
6 ,/ —— //
e .
\ \ .
/// twmt\s-\kg\.b\‘&\\\\\k\\’ =
o/é—- ”

PLATE VOLTAGE IN VOLTS

Figure 3-193. Limit Behavior of JAN-5672 Static Plate Data; Variability of Ib.
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The chart below presents the limit behavior of plate transfer data for JAN-5672 as defined
by MIL-E-1/280 dated 9 July 1953.

8
Bf =125V
Ec2 = 7.5 Vdc
7 7
/
/
/
/
7 6
Sy
AN P
\ g / %
/ E
Ib MAX. /\\ =
\\4 4 Z
Eb = 67.5 Vdc %& Z
AREA - &
o]
‘\\\ :
<
A\ 3 =
\x\\ b MIN.
A\ 2
Eb =&7.5 Vde -
TER 1
CURVE /
‘ 0
—15 -12.5 —10 =75 il ~=i2/5 0

CONTROL GRID VOLTAGE IN VOLTS
Figure 3-194. Limit Behavior of JAN-5672 Transfer Data.
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12

104

PLATE OR SCREEN CURRENT N MILLIAMPERES

DESIGN CENTER CHARACTERISTICS OF JAN-5672

These typical curves have been obtained from data published by the original RETMA
registrant of this type.

The chart below presents the Static Plate Characteristics of JAN-5672.

PLATE VOLTAGE IN VOLTS

Figure 3-195. Typical Static Plate Characteristics of JAN-5672.
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TRANSCONDUCTANCE (Smi IN MICROMHOS
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The chart below presents the typical plate transfer data for JAN-5672.
Ef = 1.25V |
800 Eb= 67.5 Vdc 8
Ec2= 67.5 Vde
\ fo
700 7
p
b
500 5
400 / 4
300 \ 3
1c2
200 2
/ i
100 1
0 = 0
~150 -12.5 -10.0 -7.5 —5.0 -25 [b]

CONTROL GRID VOLTAGE IN VOLTS

Figure 3-196. Typical Transfer Characteristics of JAN-5672.
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SECTION
TUBE TYPE JAN-5686

DESCRIPTION.
The JAN-56861 is a 9 pin miniature, RF beam power pentode having a
transconductance in the range, 2600 to 4000 micromhos.

ELECTRICAL. The electrical characteristics are as follows:
HEBEEE "VOITBEY & oievmisomvsimrmivmensieronsinssry aiate nrsionsieiamsiaraies e ions e aEald e SisiaTine 63 V
Cathode i -oouis sswmmmmssnmswsiewie nme SHE FEw LA s e Coated Unipotential

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

- % MAX. -

T-6%

.040+.002 DIA

90°-3%° 9 PINS
W x —% MINIATURE 9-PIN BUTTON
E9-1**

la— 115 MAX, ———]
f l%t%-—“
%
281 MAX.*»
187 MIN, **

le———— 235 MAX, ————>

X

9-PIN. MINIATURE
6-7
6-2*

ALL DIMENSIONS IN INCHES

* REFERS TO JETEC PUBLICATIONS J5-G2-1, NOVEMBER 1952
**REFERS TO JETEC PUBLICATION JO-G3-1, APRIL 1953

Figure 3-197. Outline Drawing and Base Diagram of JAN-5686.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

HERLET VIOIUBIB] sueressns winvs vinns wins wueng shivy wishvie o g siavy 4ie s siss e o sikssie 6.3V 10%
*Dlotie VOIRZO! o sisssmns s wsrssio, 6 $16/mess 60 63 650 RIS 104 S 3/505 914618 166 275 Vde
Reference MIL-E—1C Section 6.5.1.1. Plate Voltage
*Control Grid Voltage, MaZitaliin .« ; vssw s ven sonaws s vamsms s —165 Vde
EScreen ‘Gritl. Volbara smm sm e msamiam oo o st i smas s measisge 275 Vde
Heater-Cathode Voltage ...........iiiiiniii .. 100 V
**Plate Current, MaXIIOUNM e siem 56 s 606 6.6 065 558 510 5508 5656 #ushs 560 44 mAde
Control Grid Current, Maximum ..............ouuuuuuueenen.. 3.3 mAde
*Plate DISSIDALION. « s v owirsse s s v5msmia e s s 5§ 565 sEe s &a s s 8256 W
*Screcn: Grid DINFIDatIon: wweuress i sonss ik 6w 5 s 5 e S 26 o 6 3.3 W
*Power Input (Plate) s.owsisomasmemess s ss s ems s seisfm o s s 11.0 W

* No test at this rating exists in the specification.

** Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current.

1The values and specification comments presented in this section are related to MIL-E-1/171
dated 20 May 1953.
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TEST CONDITIONS AND CHARACTERISTICS
Test conditions and characteristics are as follows:

Heater Voltage; B «usewnssssasmesmssms e manssss e @esss 6.3 V
Plate "Voltape, TB: ..ca.siomcessioin cmmsiossns aanisimiisions sisisoresesi i s s 250 Vde
Contiol GTid Voltage, TeL .o ewmus s wur s wa s wiss wss s s swits s —15.2 Vde
Screen 'Grid Voltage; IC2 s v aib.aisiais s i sam i s s enivinais o s 250 Vde

ACCEPTANCE TEST LIMITS

JAN-5686

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/171 dated 20
May 1953 should be referenced to determine further assurance of satisfactory operation in

any specific application.

Measurement conditions are the same as stated under Test Conditions unless otherwise

indicated.
Limits |
Measurement |
em— | Cnitions Initial Life test 1 Units
Min | Max Min Max |
Heater Current If i 320 380 ‘ mA
Transconductance (1) Sm 2600 4000 | umbhos
Plate Current (1) Ib 21 35 | mAde
Sereen Grid Current Ie2 1.0 6.0 ‘ mAde
Power Output Po |Esig = 8.8 Vac; 2.2 ; w
IRp = 9000 ohms ‘
Power Oscillation Po |Esig adjusted for 5.25 Fr 4.25 w
|Iel = 2 mAde
| Rel=25,000 ohms
|Ib = 40 mAde
'F = 5 Mc
Capacitance Cgp ‘Ef =0 s 0.08 uuf
(Shielded as Cin Ef =0 5.0 8.0 uuf
Specified) Cout Ex =0 7.0 10.0 . - uuf
Control Grid Current Iel | 0 —2.0 —2.0 | uAde
Heater-Cathode i
Leakage Thk ' Ehk = 4100 Vde 0 40 ; uAde
Ihk Ehk =—100 Vde 0 —40 l uAde
Insulation of Electrodes | i
R(gl-all) Egl-all =—100 Vde 100 \' Meg
R(p -all) Ep -all = —300 Vde 100 j Meg

The following table lists general considerations for the applications of this type. The

numbers refer to the applicable section or paragraph of this Manual.

Voltages Plate:
High, 3.2.9
H%age;, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Low, 3.2 3.2.6
. 28 Volt, 3.2.9
Heater-Cathode, 1.3.7 AC Operation, 1.3.3, 3.2.9
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Screen Grid: Control Grid Emission, 1.3.3
Supply, 3.2.7 Thermionic Instability, 1.3.8
Protection, 3.2.9

Control Grid Bias: Dissipation
Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8 Plate, 2.1, 3.2.3
Cathode, 2.1.1, 3.2.9 Screen Grid, 2.1, 3.2.3, 3.2.7

Fixed, 1.3.1, 2.1.1, 3.2.9

Positive Grid Region, 3.2.9 Miscellaneous

Pulse Operation, 3.2.9

Contact Potential, 1.3.1, 3.2.8, 3.2.9 Shielding, 3.2.3
Intermittent Operation, 3.2.9

Temperature Triode Connection, 3.2.9

Bulb and Environmental, 3.2.3 Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9

Current

Cathode, 1.3.10, 3.2.5, 3.2.9 Resistance

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8 Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.2

Screen Grid, 3.2.2 Screen Grid Series, 3.2.2, 3.2.9

Interelectrode Leakage, 1.3.5 Cathode Interface, 1.3.10, 3.2.9

Gas, 1.3.2, 3.2.8 Cathode, 1.3.7, 2.1.1, 3.2.9

SPECIAL CONSIDERATIONS

Current specification for this tube type provides a Class C power oscillation test at 2
frequency of 125 megacycles with initial limit on power output of 4.3 watts minimum
under test conditions of Eecl =— —50 volts dc; and signal voltage such as to cause plate
current of 40 mAdc Life test end point, measured under these test conditions is 4.25 watts

minimum.
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APPLICATION
The chart below shows the permissible operating area for JAN-5686 as defined by the

ratings in MIL-E-1/171 dated 20 May 1953. A discussion of the permissible operating area
for pentodes may be found in paragraph 3.2.2.
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Figure 3-198. Typical Static Plate Characteristics of JAN-5686; Permissible Area of Operation.
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VARIABILITY OF JAN-5686 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The equipment designer has the responsibility for de-
termining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits
given on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-5686
as defined by MIL-E-1/171 dated 20 May 1953.

70 / 95

-

—]
:04* / S :;-6}35\; Vde
& o
“ 7 - ' e
/ " — | — |
e
LA |
[ / 3 =T
§ A / I/Ecliklédec
340 / / // )Vu:mx. | — 0
. e
£ T\ \\\\§
Zaps 1N
7 A
LT o N %@\\\\S i
o i\\\\_&\\\‘ S
N Sg// 175
]
e [ P
10 N\ /, —20.0
il = —-25.0
% ¥4o 80 120 160 200 240 280 320 360 400
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Figure 3-199. Limit Behavior of JAN-5686 Static Plate Data; Variability of Ib.
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The chart below presents the limit behavior of plate transfer data for JAN-5686 as de-
fined by MIL-E-1/171 dated 20 May 1953.

: 70
B =63V
Ec2 = 250 Vdc ,
—  Eb = 250 Vdc T, 60
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/
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A\\ v 4 0 3
Ib MAX. 4 \ \. E:
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" 30 oz
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e
e
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Figure 3-200. Limit Behavior of JAN-5686 Transfer Data; Variability of Ib.
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DESIGN CENTER CHARACTERISTICS OF JAN-5686
These typical curves have been obtained from data published by the original RETMA

registrant of this type.

The chart below presents the Static Plate Characteristics of JAN-5686.
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Figure 3-201. Typical Static Plate Characterist|
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SECTION
TUBE TYPE JAN-5687
DESCRIPTION.
The JAN-5687 ! is a 9 pin, miniature, general purpose twin triode having
a Mu in the range of 15.0 to 20.5 and transconductance in the range 8000
to 14000 umhos. Each triode is electrically independent, although the two
heaters have a common connection

ELECTRICAL. The electrical characteristics are as follows:
Series Parallel

Heater Volbage .« ioxmssn s ssssws s fows s ensews dasmess 63 V 126 V
Heater Current ...........eoeeevennenenenenennnn. .84-96 A .42-48 A
GO0 ovsrsiien v o masie s sm e s Ese e s e e e s Coated Unipotential

MOUNTING. Any type of mounting is adequate.

LEAD CONNECTIONS

- 7 MAX. -»

SR 7YY | J—

S 9
g T-6% £l
$ = g z
-— - N i
- N
90°+3%k" o© ®
.040==.002 DIA
9-PIN MINIATURE 9 PINS
6.7 MINIATURE 9-PIN BUTTON
6-2* E9-1**

ALL DIMENSIONS IN INCHES

* REFERS TO JETEC PUBLICATIONS J5-G2-1,
NOVEMBER 1952

**REFERS TO JETEC PUBLICATION J0-G3-1,
APRIL 1953

f MEASURE FROM BASE SEAT TO BULB-TOP LINE
AS DETERMINED BY RING GAGE OF % 1.D.

Figure 3-202. Outline Drawing and Base Diagram of Tube Type JAN-5687.

1The values and specification comments presented in this section are related to MIL-E-1/80C
dated 14 May 1956.
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RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage .......covviiviininineinnnnnnnnenns Series 12.6 = 10%
Parallel 6.3 = 10%
Plate VOILAZE oo o sivemns sremmomir 5 5 st ede ot isons i 515l 5658 330 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Heater-Cathode Voltage ......covcenvvnnne. 558 S O RS ARS8 100 v
**Cathode Current (each cathode) ............ccvviriiiiinenn.. 65 mAde
*Plate Dissipation (each plate) ........coviiiiiiiiniiiiiernnnnnnn 42 W
*BUID TOMPETALUTE! «xcos swmmim e eimsras i BEHIE S0 608! s b5 oes 50 8105 $2018,8 +220° C
BATEItde REGINE 5000 snmammaanan mate s i e e oo 3o amemee 10,000 ft
Peak Plate Inverse Voltage ..........ooitiieniiiiinenenenennns 1000 v
TEST CONDITIONS
Test Conditions are as follows:
Heater Voltage, Ef .......c.ciitiiiiiiiniiiiiiiiiieinennnenns 126 V
Plate VOIALE; Fh: o iooos s s oinsores s o s aio § 5058 515 878 5 5 5inn 8 w1608 32m s 05 010 120 Vde
IGLid. VIOIER0®; T, 5unsins siins 515 5 50505 A5k 8o beuensioa. Siiod (5t o586 s PR —2.0 Vde

* No test at this rating exists in the specification.

** No specification assurance of life exists under conditions of cathode current approaching
the maximum. Difficulty may be encountered if this tube is operated for long periods of time
with very small values of cathode current.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/80C dated 14 May
1956 should be referenced to determine further assurance of satisfactory operation in any

specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center

Characteristics, unless otherwise indicated.

Limits
Measurement — .
Property Conditions s = | Lifeyitess Units
Min Max Min | Max
Heater Current If | Ef =6.3Vde 0.84 0.96 ( W% s A
Transconductance(l) Sm ‘ 8000 I 14000 i 6000 umhos
Amplification Factor Mu ‘ 15.0 ‘ 20.5 ' .
Plate Current (1) Ib ‘ 27 | 45 | 22 mAde
Plate Current (3) Ec¢ = —25 Vde s ] 1.0 | mAde
Eb = 300 Vde |
Emission Is |Eb = Ec = 15 Vdc | 125 | - ‘ mAde
Grid Current Ic | Units in Parallel 6 | —50 | uAdc
Heater-Cathode Ihk | Ehk = +100 Vdc 0o | 30 | uAde
Leakage Thk | Ehk = —100 Vdc | o , —30 | ; : uAde
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Figure 3-203 below shows the permissible operating area for JAN-5687 as defined by

the ratings in MIL-E-1/80C dated 14 May 1956. A discussion of the permissible oper-
ating area for triodes may be found in paragraphs 3.1.2 through 3.1.6.

IN MILLIAMPERES

PLATE CURRENT

MAXIMUM CATHODE
CURRENT

MAXIMUM RATED
.~ PLATE DISSIPATION

FOR EACH UNIT
Ef = 6.3 VOLTS

50
/
N =
y S
N > :
\ 0 s
N R 20
| <>
[/ -
25 7 % :
g .7 :
| D
/ “ or VY
,ON /W
;L:
0 |
0 100 200 300 400

PLATE VOLTAGE IN VOLTS

Figure 3-203. Typical Plate Characteristics of JAN-5687; Permissible Area of Operation.
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The following lists general considerations for the applications of this type. The numbers
refer to the applicable section or paragraph of this Manual.

Voltages Dissipation
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, [ 1ate 2.1, 3.14

e Current
Heater-Cathode, 1.3.7 Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2
Plate: Plate, Low, 1.3.10, 3.1.3, 3.1.5

High, 3.1.5 Interelectrode Leakage, 1.3.5

Low, 3.1.5 Gas, 1.3.2, 3.1.2

AC Operation, 1.3.3, 3.1.5 Control Grid Emission, 1.3.3

28 Volt, 3.1.5 Cross Currents in Multistructure Tubes,
Control Grid Bias: 1.3.6

Low, 1.3.1, 1.3.2, 3.1.2 Cathode, Thermionic Instability, 1.3.8

Cathode, 2.1.1, 3.1.5

Fixed, 1.3.1, 2.1.1, 3.1.3 Temperature
Positive Grid Region, 3.1.5 Bulb and Environmental, 3.1.4
Contact Potential, 1.3.1, 3.1.3, 3.1.5

Miscellameous

Resistance Pulse Operation, 3.1.5

) Shielding, 3.1.4
Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5 Intermittent Operation, 3.1.5
Cathode Interface, 1.3.10, 3.1.5 Electron Coupling Effects, 1.3.9
Cathode, 1.3.7, 2.1.1, 3.1.5 Microphonies, 1.3.11, 3.1.5

SPECIAL OPERATING CONSIDERATIONS

A special test for plate emission with AC anode voltage applied offers initial assurance
of operation in this manner. AC plate voltage is often encountered in servo amplifiers,
power phase detection circuitry or other industrial applications.

VARIABILITY OF JAN-5687 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The following charts define that the extent of varia-
tion which may be exhibited between individual tubes. The boundaries of this variability
were determined from the acceptance limits given on the specification.
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The chart below presents the limit behavior of transfer plate characteristics for JAN-
5687 as defined by MIL-E-1/80C dated 14 May 1956.

20

FOR EACH UNIT
Ef = 6.3 YOLTS
(=]
~
I
Q
w
/ 10
= 0
15 10 5 0

GRID VOLTAGE IN VOLTS

Figure 3-204. Limit Transfer Characteristics of JAN-5687.
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The chart below presents the limit behavior of static plate data for JAN-5687 as defined
by MIL-E-1/80C dated 14 May 1956.

50'"FoR EACH UNIT /Ec=—2Vdc ; [Ec=—6Vdc Ec =-10 Vdc
Ef = 6.3 VOLTS { ¢ AREA / |AREA AREA
o T |b MAX . / /
/ / /
b / l\ / /
o (9 b
L & \ 7 /
% / % /
E Q N /%/{/ :
z — 5y, Ec=-20 Vdc
/ N AREA
z A
g /\‘0 5 Ec=-25 Vdc
=]
O
=
-
" A
0

0 100 200
PLATE VOLTAGE IN VOLTS

Figure 3-205. Limit Plate Characteristics of JAN-5687.

DESIGN CENTER CHARACTERISTICS OF JAN-5687

These typical curves have been obtained from current data being published by the
original RETMA registrant of this type.
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The chart below presents the Static Plate and Grid Characteristics of JAN-5687 for the
positive grid region.

CAUTION: Operation defined by this chart is not supported by any specification tests or rating.
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% \ / /
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= .50 Y e
a \ /
3 \ N
(U] 10
-4 N \\ /
g (N NS ~
— (N — Be=
3 \\ \~~“ /
E 25 - ~ . /{

N_————- — e —— — - — 20

\N‘ ————— [ e G G- — a— — — .--—:—_——__.————]-0_—
00 50 100 150 200 250 300
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Figure 3-206. Typical Piate and Grid Characteristics of JAN-5687.
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B — 6.3 VOLTS
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GRID VOLTAGE IN VOLTS

Figure 3-207. Typical Transfer Characteristics of JAN-5687.
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PLATE RESISTANCE (rp) IN KILOHMS AND Mu

JAN-5687
50
i FOR EACH UNIT
Ef = 6.3 YOLTS
o
/
<&
/ 7’
25
/.\b
/\‘b
N
o
7,
A
—2
0 —
100 300 400
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Figure 3-208. Typical Plate Characteristics of JAN-5687.
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MIL-HDBK-211
31 December 1958

PLATE CURRENT IN MILLIAMPERES
Figure 3-209. Typical Sm, Mu, and rp Characteristics of JAN-5687.
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SECTION
TUBE TYPE JAN-5702WA

DESCRIPTION.

The JAN-5T02WA* is a 7 lead, pinch press, subminiature, sharp cutoff
pentode having a design center transconductance of 5000 micrombos. The
JAN-5702WA is similar in plate characteristics to JAN-5840 and the miniature
type JAN-5654/6AK5W.

ELECTRICAL. The electrical characteristics are as follows:

Hoater VIOMATE! .. omcimsmisions imonsio 608 ihsi015 bl SR o S35 4508 5o B BaaIE S ehoite 6.3V
Heater CUTTENE o ois v oo 5w wew a9 wisey o w v g easeesss s s see s 183-217 mA
Cathode! omsemws immamsaiomis o5 S DR 0 SERE a0 Coated Unipotential
MOUNTING. Any type of mounting is adequate.
e ﬂ % LEAD CONMECTIONS
e .._..,‘N,,f,_/__, e
!
l T3 13 RED DOT
<
L=}
I M- DIA. > #
REFERENCE
MARK
et N
ADJACENT | | ] | ANY NUMBER OF
TOFNY ¢ ! Lo\ dar LEADS IN LINE
ke 400 MAX.
ke TINNED WITHIN
|| - 050 OR LESS OF L R
; MULTIPLES OF THE GLASS PRES P GoH HGqa K G
z 2 3 1
z 048
b
3 BASE PINCH PRESS
-~ = *LEADS
+ .002
016 T 001 pia DIMENSIONS
I J A MAX. DIAMETER
B A 11411111 DIM | TOL * MAX
1.500 | 1.250 | 100 400

ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 = .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .CO3 INCREASE OVER THE ACTUAL LEAD DIAMETER.

Figure 3-210. Outline Drawing and Basz Diagram of JAN-5702WA.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

HEATET "VIOITRTE! uos wrrimamivais shors fons: st srsia muas 1 sieey shomsuss 5 5 dis 63 = 06V

Plate) VOlRPE: 1w ams s susiss 56 FoisBras sis ans 6 5 s mmovmone. s2ie coaio oneess 200 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

SCPEEN VOINABE: ¢ cuers v oo sreiasimrs wm s win arms 556 756808 650 BEsLS 5.8 s 400 5.6 4 155 Vde

1The values and specification comments presented in this section are related to MIL-E-1/82B
dated 25 July 1956.
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*Oontiol Grid Voltage; Minimum ; «sses os smmsms sreem vem s issasses —55 Vde
Suppressor Grid Voltage, Maximum ........cccoiviiiitneennrenes 0 Vde
¥Plate DISSIDATION. waetes cissmssme sk i s mpssnieiis sy siossvsmiols 1.10 W
™ QTN DISBIDATION /o cuse o s s 7605 & B80S 01610085055 00 0 66 63 878708 5 918 0 0.40 W
Heater—Cathode Voltage . c.ceeeeevntvomessrossatosensssscsosssss 200 v
#*Cathode Current; Maximum «vw e s semssssmows s e s sesmes 20 mAdec
¥ Cathode Current, WHNIMTI, 6 com emme o aem s em s s s 0y 6 e em e sasse e 0.5 mAde
*Bitlh: TEMPELATIIE: .o..uvccvceeniiiirmnios 33 BRSNS AR R SRS S RO 265° C
AT A RALIAE . cv vovioisiooimimineioene wmeimwsbinfns/s 50008 &6 8 wi61s s sioass 60,000 ft

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

HEAter Voltage, BE ..o omn s coswos ssiein o5 e s o5 s @ dnmes 5o 6 63V
Plate Voltage, b % s susum s sre sms v eiwimis sm assms s somssiossicss s v 120 Vde
Screen, Grid Voltage, HeR ........ . ssuimenssmssis s s eremsss e 120 Vde
Suppressor Grid Voltage, Ee3 ... ..oviriiiiieininiinninns 0 Vde
Cathode ReSIStANEs, RE . v s oo i o biwiosiol 6 66w e 366 516 5 200 ohms
Plate Current, Ib ...ttt ittt eneeeeeaaenns 7.5 mAde
Screen Grid Current, Te2 ... ..ciiiitiiiiitinnnneneenenens 2.6 mAdce
~ Transconductance; 'SM. . w s aw s s veis o 816 505 5708 s s aims $@-sme s e 5000 umhos

* No test at this rating exists in the specification.

** Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current. No specification assurance of life exists under conditions of
cathode current approaching the maximum.

ACCEPTANCE TEST LIMITS
The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/82B dated 25

~ July 1956 should be referenced to determine further assurance of satisfactory operation
in any specific application.
Measurement conditions are the same as under Test Conditions and Design Center Char-
acteristics, unless otherwise indicated.
| \ Limits
| Measurement | e "
Property | Conditions '\ Teittsl I 0N Units
‘ | Min | Max | Min | Max
N Heater Current It 183 217 | 183 217 | mA
Transconductance (1) Sm 4200 5800 v . 8 | umbhos
Change in Sm sssi ) e 273 25 “ %
individual Ag ’ - ,
Plate Resistance Tp 15 — Sy .. Meg
Plate Current Ib | 5.5 9.5 ... . mAde
Screen Grid Current Ic2 1.7 3.b ; | mAde
Capacitance Cgl-p | Ef =0 Sits 0.03 | cee cee 3 uuf
(Shielded as Cin | Ef=0 3.6 5.1 ‘ — —_ i uuf
Specified) !
Cout, Ef =0 2.6 3 .. - uuf
Control Grid Current Icl | 0 —0.1 0 —0.3 | uAdec
Heater-Cathode
Leakage Thk | Ehk = +100 Vde . 7 P 10 ; uAde
Ihk | Ehk = —100 Vde R —7 pres —10 3 uAde
P Insulation of Electrodes ‘
R(gl—all) | Egl-all =
—100 Vde 100 - 50 o Meg
R(p —all) | Ep-all = ‘
—300 Vde . 100 wwy 50 wos ] Meg
M i | |
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The following table lists general considerations for the applications of this type.

numbers refer to the applicable section or paragraph of this Manual.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.2.9
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.2.2, 3.2.6
28 Volt, 3.2.9
AC Operation, 1.3.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.2.9
Control Grid Bias:
Low, 1.3.1, 1.3.2, 3.2.7, 3.2.8
Cathode, 2.1.1, 3.2.9
Fixed, 1.8.1, 2.1.1, 3.2.9
Positive Grid Region, 3.2.9
Contact Potential, 1.3.1, 3.2.8, 3.2.9

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.2.9
Screen Grid Series, 3.2.2, 3.2.9

Cathode Interface, 1.3.10, 3.2.9

Cathode, 1.3.7, 2.1.1, 3.2.9

Temperature
Bulb and Environmental, 3.2.3

Current

Cathode, 1.3.10, 3.2.5, 3.2.9

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.2.8
Screen Grid, 3.2.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.2.8

Control Grid Emission, 1.3.3
Thermionic Instability, 1.3.8

Dissipation
Plate, 2.1, 3.2.3
Screen Grid, 2.1, 3.2.3, 3.2.7

Miscellaneous

Pulse Operation, 3.2.9
Shielding, 3.2.3

Intermittent Operation, 3.2.9
Triode Connection, 3.2.9
Electron Coupling Effects, 1.3.9
Microphonies, 1.3.11, 3.2.9

VARTABILITY OF JAN-5702WA CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-

The

istics curve is frequently overlooked. The equipment designer has the responsibility for de-
termining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits

given on the specification.
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N APPLICATION OF JAN-5702WA

The chart below shows the permissible operating area for JAN-5702WA as defined by
the ratings in MIL-E-1/82B dated 25 July 1956. A discussion of the permissible operating
area for pentodes may be found in paragraph 3.1.3.
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Figure 3-211. Typical Static Plate Characteristics of JAN-5702WA; Permissible Area of Operation.
A
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The chart below presents the limit behavior of static plate characteristics for JAN-
5T02WA as defined by MIL-E-1/82B dated 25 July 1956.

25

Ef = 6.3V
Ec2 = 120 Vdc
Ecl — 0 Vdc
20 /
» — 0.5
% Eb TEST =120 Vdc
= / A il =
z | .
%lo ,4 o o a /// e //// Ll // mé
2 Z Ib MAX. 3 < 5
x / 52| 33
S BOGIE 2.0 I>§f F:'é
: 127
o -3 w
5 / L M’N/IJII///// A ;2} U

7 4 7

] o s A,

P R : —35

N | —40

— ;

° 0 50 ' 100 150 200 250

GRID VOLTAGE IN VOLTS

Figure 3-212. Limit Behavior of JAN-5702WA Static-Plate Data; Variability of Ib.
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The chart below presents the limit behavior of static Screen Grid characteristics for
JAN-5T02WA.

24
Ef =63V
Ec2 =120V
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& \
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@] ]
w N
2 \
= \
8
: -8 2
8%
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w [~}
o
0 200 250 300

PLATE VOLTAGE IN VOLTS

Figure 3-213. Limit Behavior of JAN-5702WA Static -PlateData; Variability of Ic2.
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The chart below presents the limit behavior of plate transfer data for JAN-5T02WA
as defined by MIL-E-1/82B dated 25 July 1956.
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Rk = 200 OHM '
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) ‘:& 12 v
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X ANY o\ 4 =

N\
\ \ \
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>

—-10 -8 -6 4 -2 0
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Figure 3-214. Limit Behavior of JAN-5702WA Transfer Data; Variability of Ib.
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DESIGN CENTER CHARACTERISTICS OF JAN 5702WA

These typical curves have been obtained from data published by the original RETMA
registrant of this type.

The chart below presents the Static Plate Characteristics of JAN-5702WA. =

25
B — 63V
Ec2 = 120 Vdc
Ib
2 === Ecl = 0 Vde
= /
— 0.5
. /’
15
/ 1.0
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—1.5
10 \‘ e —
/ N il
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N 2.0
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== ~—~— Ec1="0 VOLTS
= 2.5
5
/ ~30
~ I
= _ —20 —35
e S P o N e T AT o N A BT M B e BER.
—— — 4.0
—
0
200 250

0 50 100 150
: PLATE VOLTAGE IN VOLTS

Figure 3-215. Typical Static-Plate Characteristics of JAN-5702WA.

333



MIL-HDBK-211

31 December 1958

JAN-5702WA

The chart below presents the Typical Plate Transfer Data for JAN-5T02WA.

PLATE OR GRID #2 CURRENT IN MILLIAMPERES

16

12

Ef = 6.3 VOLTS
Eb= 120 VOLTS
Ec2 = 120 VOLTS

Ll

Gm
/
b
2000
lc2
-6 —4 -2 0

GRID # 1 VOLTAGE IN VOLTS

Figure 3-216. Typical Transfer Data for JAN-5702WA; Ec2 = 120.
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Figure 3-217. Typical Transfer Data for JAN-5702WA; Ec2 — 75 Vdc.
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Figure 3-218. Typical Static Plate Characteristics of JAN-5702WA; Triode Connected.
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SECTION
TUBE TYPE JAN-5T03WA

P DESCRIPTION.
! The JAN-5703WA 1 is a 5 lead, pinch-press subminiature triode having a
Mu in the range of 21 to 30 and transconductance of 5100 micromhos. The
JAN-5T08WA is similar in plate characteristics to the JAN-5718 and the
JAN-6111. This tube type has given satisfactory service in a variety of applica-
tions including oscillator circuits at 500 Mec.
ELECTRICAL. The electrical characteristics are as follows:

Heater VOILARe s vwrnswe i wrasmesios v o e o s e S e s s s s 63V
Heater Current, Design Center . .ceevsoissvossssssossssessossas 200 mA
CAINOAO 575551505 (5100 515 s oriesmenieiinmnsarionbsessin: dowsiar waane: bise fonets Coated Unipotential

MOUNTING. Any type of mounting is adequate.

gy I B

LEAD CONNECTIONS

o
T3 T3 RED DOT
<
1 .
i e DIA. > #*
REFERENCE [
MARK L .
(RED DOT) | ‘\g
ADJAGENT | | ANY NUMBER OF
TO PIN 1 Iv : {0 L "leaps IN uNE
le—————— TINNED WITHIN 1 3 4 5 6
050 OR LESS OF
. = e THE GLASS PRESS P H HG K
048
: | BASE PINCH PRESS
| S—— DIMENSIONS
It , DIAMETER
N f ma TR . AN TTOL E| | MAx
J'j’ d; 1.500 1.250 .100 .400
S . ALL DIMENSIONS IN INCHES
= MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 == .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
Figure 3-219. Outline Drawing and Base Diagram for JAN-5703WA.
RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:
~ HEALET VOIEARE + v v eveeeennnnnennnnnneesnnnnsesesnnneeens 63 = 0.6V
Plate VOlbBZe: 5 umumes vaves s s 0o e s @ws o wie 60506855 500 3 s s5e e 200 V
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage
Plate DISSIPREION: +xvecomrernis visrmaninos wimiers aussers abase) sdare oness i osniosensisasaior 1.35 W
Heator=Cathode: .. s sissmis e ass wiesme s s s sis s sl s iweiss wios 200 v
N 1 The values and specification comments presented in this section are related to MIL-E-1/293C,

dated 17 September 1956.
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$XPlate CUTTent ow oo wsm s s o s o8 5o 565 § 67655 6,800.6 G105078 8 06 wial & g s 15 mAde
REPIA (CUBTOE] oo v oromeill e s ones o msemi i 5 5081 58080 § 5151 5 558 04005 & 1 8 919 & 8080 & 0 5.5 mAde
Bilb: TemDETALHTE fis ane s azs: s s siarszenss s wie s wris wraca wio: u wa s wiol » ionn, sHHSATAES -+220° C
Altitude. Rating: i o i s - wdisis s suis wis s shssenrs s ste s siey o pioe 60,000 ft

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heater VOItage; FE ... co v viiioin oons win s oim winlS 5088 566 5 650 8 5% 5914 8% § wiel § 558 63V
Plate Voltage, D i v sirs s sumsmmenkinsne s e o winis seieotoransiia sidia: s ens nioks 120 Vde
Grid Voltage; Be s e s o s o s siosid s e s s s ol sers siels sros s danere 0 Vde
Heater—Cathode Voltage, EhK ........cooniiurererconrencsannass 0 Vde
Cathode Resistance, Rk ...ccoceievevesvorcenrscssocasaansns 220 ohms
Hester CUrrent; I . .. s s oo s m s o s 55 55 6 500 8 506 5 956 § Wi w16 o iore 200 mA
PIate CUEFBIE) TB( i s wim s s 5o 8 06 g16re s e gt « s & mysas wot » oo o wiie s 9.4 mAde
Transconductance; ST « s ce s s e s o0 5 w5 516 5 50 8 655 § 516 558 5 o5 § 09 5100 umhos

* No test at this rating exists in the specification.

*# Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current. No specification assurance of life exists under conditions of
cathode current approaching the maximum.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the
properties for which measument limits are provided. Specification MIL-E-1/293C dated
17 September 1956 should be referenced to determine further assurance of satisfactory
operation in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
Measurement
Property Conditions uttial Life, test Units
Min Max Min [ Max -
Heater Current If 183 217 177 ! 223 mA
Transconductance (1) Sm 4200 6000 ees .. umhos
Change in ASm | 80% |
individual t 1
Transconductance (2) Sm | Ef =55V e 10% o 15% |
' (500 hrs) |
Change with Sm | ‘ i
Ef AEf | !
Amplification Factor Mu 21 30 - . . ‘f i
Plate Current (1) Ib 6.8 120 | ... o | mAde
Plate Current (2) Ib | Ec = —8.56 Vde 55w 50 - T 3 uAde
Plate Current (3) Ib | Ec = —5 Vde 20 s . . 1 uAde
Power Oscillation Po | F =500 Mc; 600 o . e | mW
Eb = 150 Vde |
Rg/Ib = 20 mAde ‘3
Capacitance Cgp | Ef =0 9 1.6 _— a5 uuf
(Without Shield) Cin| Ef=0 2.0 3.2 — s uuf
Cout | Ef =0 .5 9 — viw & uuf
Grid Current (1) Ie 0 —0.3 0 —1.0 | uAde
Heater-Cathode Leakage |
Thk | Ehk = +100 s b 5is & 15 ‘ uAde
Thk | Ehk = —100 —5 | ... —15 |  uAde
Insulation of Electrodes
R(g-all) | Eg-all =
—100 Vde 100 - Sor e | Meg
R(p-all) | Ep-all = j i
—300 Vde 100 : | Meg
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The following table lists general considerations for the application of this type. The
numbers refer to the applicable section or paragraph of this Manual.

Voltages Dissipation
Heater, 1.3.1, 1.3.3, 1.8.4, 1.3.5, 1.3.8, 1.3.10,  Plate, 2.1, 3.1.4
3.1.5
Heater-Cathode, 1.3.7 Current
Plate: Control Grid, 1.3.1, 1.3.2,.1.84, 3.1.2
High, 8.1.5 Plate, Low, 1.3.10, 3.1.3, 3.1.5
Low, 3.1.5 Interelectrode Leakage, 1.3.5
AC Operation, 1.3.3, 3.1.5 Gas, 1.3.2, 3.1.2
28 Volt, 3.1.5 Control Grid Emission, 1.3.3
Control Grid Bias: Cathode, Thermionic Instability, 1.3.8
Low, 1.3.1, 1.3.2, 3.1.2
Cathode, 2.1.1, 38.1.5 Temperature

Fixed, 1.3.1, 2.1.1, 3.1.3
Positive Grid Region, 3.1.5
Contact Potential, 1.3.1, 3.1.3, 3.1.5 Miscellaneous

Pulse Operation, 3.1.5
Shielding, 3.1.4

Control Grid Series, 1.3.2, 1.8.3, 1.3.4, 3.1.5  Intermittent Operation, 3.1.5
Cathode Interface, 1.3.10, 3.1.5 Electron Coupling Effects, 1.3.9
Cathode, 1.3.7, 2.1.1, 3.1.5 Microphonies, 1.3.11, 3.1.5

Bulb and Environmental, 3.1.4

Reststance

SPECIAL CONSIDERATIONS

In addition to the general considerations referenced in the preceding table, the JAN-
5T03WA as specified by MIL-E-1/293C has additional assurance, initially at least, of radio
frequency operation by an acceptance test of oscillation at 500 MC.
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APPLICATION OF JAN-5703WA

The chart below shows the permissible operating area for JAN-5T08WA as defined by
the ratings in MIL-E-1/293C dated 17 September 1956. A discussion of the permissible
operating area for triodes may be found in paragraph 3.1.2.
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Figure 3-220, Typical StaticPlate Characteristics of JAN-5703WA; Permissible Area of Operation.
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VARIABILITY OF JAN-5703WA CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istics curve is frequently overlooked. The equipment designer has the responsibility for
determining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits given
on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-
5703WA ag defined by MIL-E-1/293C dated 17 September 1956.

Ef = 6.3V

20
Ec = — 2 Vdc AREA

%)
NJ |
[+ ]
A
P o
15 ; o~ ZI
Ec =0 Vde - /
AREA S Py Ec = — 4 Vdc AREA
o
10 : 7 y

PLATE CURRENT IN MILLIAMPERES

\\ N &\\\\\\\\ \

.\7/
4;_44

100 150 200 300
PLATE VOLTAGE IN VOLTS

o
]

Figure 3-221. Limit Behavior of JAN-5703WA Static-Plate Data; Variability of Ib.
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The chart below presents the limit behavior of plate transfer data for JAN-5703WA as
defined by MIL-E-1/293C dated 17 September 1956.

25

Ef = 6.3V

Rk = 220 0HMS
TEST CIRCUIT
LOAD LINE

- PLATE CURRENT IN MILLIAMPERES

Eb = 120 Vdc! /%/%lb MIN.
AREA /
= %
4

AN
\
A

8 —6 ] D 0
GRID # 1 VOLTAGE IN VOLTS

Figure 3-222. Limit Behavior of JAN-5703WA; Transfer Data.
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These typical curves have been obtained from data published by the original RETMA
registrant of this type.

The chart below presents the Static Plate Characteristicsof JAN-57T03WA.

20

15

Efo= 6.3V
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>
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A
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200

250

Figure 3-223. Typical Static-Plate Characteristics of JAN-5703WA.
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B = 63V
Ib =

le — wwww e
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150
PLATE VOLTAGE IN VOLTS

/\°

Figure 3-224. Typical Static-Plate Characteristics for JAN-5703WA; Positive Grid Region.
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Figure 3-225. Typical Characteristics of JAN-5703WA; Functions of Ib.
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Figure 3-226. Typical Transfer Data for JAN-5703WA.
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SECTION
TUBE TYPE JAN-5718

DESCRIPTION

The JAN-57181 is an 8 lead, button-base subminiature triode having a
Mu in the range of 23 to 31 and design center transconductance of 5800. The
JAN-5718 is similar in plate characteristics to the JAN-5897. Each of these
types has found satisfactory service in amplifier, 500 mec oscillator, and other
general purpose triode applications.

ELECTRICAL. The electrical characteristics are as follows:

HEHEEE VIOIEEEE oioie eiois commisioo sios o mins 60080 Ribndl 315 Faedisl 555 50804 S0 50508 3480 4 iaia s 6.3V
Heater Current, Design Center .......coevviiierieenennennennn 150 mA
CatROde: o siesosmnssmionats v wm Sam SR eRnH 3 e o 5 Coated Unipotential

MOUNTING. Any type of mounting is adequate.

r—-DiA.-
G |
LEAD CONNECTIONS
T3 < ?(
o i 40° __ 8 LEADS
i +.002
017 _ 001 DiA.
TINNED WITHIN

.050 OR LESS OF—

THE GLASS PRESS *BASE, SUBMINIATURE

8 PIN WITH

LONG LEADS
+.002

017 _ ‘001 DIA

DIMENSIONS
B

MAX DIAMETER
AMAX. BIMTTOL F]  MAX,
1375 | 1.075 | .060 400

ALL DIMENSIONS IN INCHES

L—~ **1% MIN.

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

Figure 3-227. Outline Drawing and Base Diagram of JAN-5718.

1The values and specification comments presented in this Section are related to MIL-E-1/172B
dated 5 August 1955.
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RATINGS, ABSOLUTE SYSTEM

The absolute system ratings are as follows:

Heater Voltage
Plate Voltage

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

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

63 =03V
1656 Vde

Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Grid Voltage, Maximum
Grid Voltage, Minimum
Heater—Cathode Voltage
Grid Series Resistance
**Plate Current
*Grid Current
Plate Dissipation
Bulb Temperature
Altitude Rating

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

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

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

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

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

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

1.2 Meg

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heater Voltage, Ef
Plate Voltage, Eb
Grid Voltage, Ec
Heater—-Cathode Voltage, Ehk
Cathode Resistance, Rk
Heater Current, If
Plate Current, Ib

Transconductance, Sm

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

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

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

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

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

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

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

* No test at this rating exists in the specification.
** Difficulty may be encountered if this tube is operated for long periods of time with very

small values of cathode current.

The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
38.1.5
Heater-Cathode, 1.3.7
Plate:
High, 3.1.5
Low, 8.1.5
AC Operation, 1.3.3, 3.1.5
28 Volt, 3.1.5
Control Grid Bias:
Low,; 1.8.1, 1.8.2, 3.1.2
Cathode, 2.1.1, 3.1.5
Fixed, 1.3.1, 2.1.1, 3.1.3
Positive Grid Region, 3.1.5
Contact Potential, 1.3.1, 3.1.3, 3.1.5

Dissipation
Plate, 2.1, 3.1.4

Current
Control Grid, 1.8.1, 1.3.2, 1.3.4, 3.1.2
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Plate, Low, 1.3.10, 3.1.3, 3.1.5
Interelectrode Leakage, 1.3.5

Gas, 1.8.2, 3.1.2

Control Grid Emission, 1.3.3
Cathode, Thermionic Instability, 1.3.8

Temperature
Bulb and Environmental, 3.1.4

Resistance

Control Grid Series, 1.8.2, 1.3.3, 1.3.4, 3.1.5
Cathode Interface, 1.3.10, 3.1.5

Cathode, 1.3.7, 2.1.1, 3.1.5

Miscellaneous

Pulse Operation, 3.1.5
Shielding, 3.1.4

Intermittent Operation, 3.1.5
Electron Coupling Effects, 1.3.9
Microphonics, 1.3.11, 3.1.5
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JAN-5718

SPECIAL CONSIDERATIONS

In addition to the general considerations referenced in the preceeding table, the JAN-
5718, as specified by MIL-E-1/172B, has initial assurance of radio frequency operation by
an acceptance test of oscillation at 500-Mec.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the prop-
erties for which measurement limits are provided. Specification MIL-E-1/172B dated 5
August 1955 should be referenced to determine further assurance of satisfactory opera-
tion in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Cen-
ter Characteristics, unless otherwise indicated.

Limits
Measurement
Property Conditions ——— o s Units
Min Max Min l Max
Heater Current If 140 160 | 138 ‘ 164 . mA
Transconductance (1) Sm ‘ 4800 | 6300 \ s ‘ i umbhos
Change in Sm 1 ! |
individual &4 ' s o |20 | %
Transconductance (2) f } j [
. Sm e 0| ... 15 | %
Ef g | |
Amplification Factor Mu 23 ‘ 31 3 ; .
Plate Current (1) Ib 6.0 1.0 | ... | ... | mAde
Plate Current (2) Ib | Ec = —T7,0 Vde; | T 100 - ‘ .. uAde
Rk =0 ' ‘ % . 1
Plate Current (3) Ib | Ec = —4.0 Vdc; 200 | swe | sms | ess | ukde
Rk =0 l ‘ 1
Power Oscillation Po | F = 500 Mc; | 600 } ; : mW
Eb = 150 Vde | | }
Rg/Ib = 20 mAdc ‘ | ‘
Capacitance Cgp | Ef=0 11 ‘ 1.8 \ uuf
(Without shield) Cin | Ef =0 LB BB | e . aes uuf
Cout | Ef = O 05 0.9 | e uuf
Grid Current Ic | Eb = 150 Vde, 0 1 —0.4 | 0 ; —0.6 uAde
Rk = 380 ohms | ‘I |
Rg = 1.0 Meg . 1
Grid Emission Ie | Ef =75V; o | —04 | uAde
Ec = —7.0 Vdc; ‘ ;
Rg = 1.0 Meg |
Heater-Cathode Ihk | Ehk = 4 100 Vde e ‘ 5 | 10 uAde
Leakage Thk | Ehk = — 100 Vde | ofiny | —5 —10 uAde
Insulation of  R(g-all) | Eg-all = } ; |
—100 Vdc ‘ 100 ; - : 50 ke Meg
Electrodes R(p-all) | Ep-all = \ i 1
—300 Vde | 100 | ... | 5 | Meg
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APPLICATION OF JAN-5718
The chart below shows the permissible operating area for JAN-5718 as defined by the

ratings in MIL-E-1/172B dated 5 August 1955. A discussion of the permissible operating
area for triodes pentodes may be found in paragraphs 3.1.2.

30

Ef =63V

25

MAXIMUM PLATE CUI!RENTl

\
\ 7

15 4(14;4’
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o)
/ss/’b4)~ .
10 /o~ p r 3 '/_‘
<
i
. g
R %
X MAXIMUM GRID CURRENT X
5 L__J o Gemn  wrse — — — — g
oy \ / 3 %
\‘,,\5"‘ N PERMISSIBLE 2 3
‘ﬂd- Qy AREA OF OPERATION % x
r ~ 3 1
b 1
0 N NN\ ——
0 25 50 75 100 125 150 175

PLATE VOLTAGE IN VOLTS

Figure 3-228. Typical Static Plate Characteristics of JAN-5718; Permissible Area of Operation.
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JAN-5718

VARIABILITY OF JAN-5718 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, present
only average or center values. Consequently the variation inherent in a typical character-
istic curve is frequently overlooked. The equipment designer has the responsibility for de-
termining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual
tubes. The boundaries of this variability were determined from the acceptance limits given
on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-5718
as defined by MIL-E-1/172B dated 5 August 1955.

30 r

Ef = 6.3V

Rk = 150 OHM TEST
CIRCUIT LOAD LINE

N \ A
Ec =0V \//o ///
AREA &&:\‘0" \

&@
/t

N

N // ?/ // // \\

. NS N\ ) //%/&\\
N A

’ SIS TN

_— =]

0 25 50 75 100 125 150 175
PLATE VOLTAGE IN VOLTS

25

/

\r/

////V//,
///?/
S Z

\§

PLATE CURRENT IN MILLIAMPERES
&

7220

Figure 3-229. Limit Behavior of JAN-5718; Static Plate Data; Variability of Ib.
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The chart below presents the limit behavior of plate transfer data for JAN-5718 as de-
fined by MIL-E-1/172B dated 5 August 1955.

\
\
\
L TAN
\ \
b MAX

Rk =150 OHM

12

10

> LOAD LINE \..\
\\'\\7 \
s Ade T b =20 p Ade
7 6 5 4 3 2 1 0

GRID VOLTAGE IN VOLTS

Figure 3-230. Limit Behavior of JAN-5718 Transfer Data.
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/ E=63V

5

BN

/
/

100 125 150 175
PLATE VOLTAGE IN VOLTS

Figure 3-231. Typical Static Plate Characteristics of JAN-5718.
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T 50
Ef =63V
Eb =150 Vdc
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CONTROL GRID VOLTS

Figure 3-232. Typical Transfer Characteristics for JAN-5718; Eb — 150V and 100V.
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Figure 3-233. Typical Transfer Characteristics Sm, Mu, and rp for JAN-5718.
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PLATE CURRENT IN MILLIAMPERES
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JAN-5719
SECTION
TUBE TYPE JAN-5719
DESCRIPTION.
The JAN-57191! is an 8 lead, button-base subminiature triode having a
design center Mu of 70. The JAN-5719 is similar in plate characteristics to
JAN-5751 and JAN-6112. The JAN-5719 has given satisfactory service in
voltage-amplifier and other low-current triode applications.
ELECTRICAL. The electrical characteristics are as follows:
Heater VOIbAZE: w o sre s v s wis 508 om0 5 506 & susiusionss 35 ¥ o1 & o 3 1&/a 5.8 1o 5 810 63 V
Heater Current, Design Center ............oevieieinneeenenn. 150 mA
Cathode: i s seis v s w5 wim s s 5 s 56 & 578 558 € 99 & w50 3 @ Coated Unipotential
MOUNTING. Any type of mounting is adequate.
_lp-DIA.-
W —————
LEAD CONNECTIONS
- g s . .
- O
HH - ‘ o l
TINNED WITHIN {\
.050 OR LESS OF—» \
THE GLASS PRESS *BASE, SUBMINIATURE
8 PIN WITH
LONG LEADS
. +.002
017
£ 77 —.001 DA DIMENSIONS
) 8 DIAMETER
- AMAX. B TTOL | MAX.
i 1.375 1.075 .060 .400

ALL DIMENSIONS IN INCHES

Ll i

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING'._GAGE OF .210 == .O_'O‘I;
* LEAD DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.

** ALTERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN C}UT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL.
BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.

Figure 3-234. Outline Drawing and Base Diagram of JAN-5719.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Henter: VOltage: ; we s s sus smrs 5o s wrs « e sase e o wransis e s sace svate e 63V =03V

PIAte VOIEAED .« oe crere saie wim o min o b suoc o o0 8 ind 57005 1505 i s 501 & 1 & Wiaoomist & 165 Vdec
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Control Grid Voltage, MaXimum ... : e seeseessscmessssoseesasaa 0 Vde

Corntrol ‘Grid Voltage; MIDIIIUIN . . v s a1 s i o lois 30000 57914 80 o joia v —55 Vde

Grid Series Resistance ......ccceececesecrmensccccscesescseon 1.2 Meg

Heater-Cathode Voltage «.:sesssinessnssesans R T 200 v

1The values and specification comments presented in this Section are related to MIL-E-1/173C
dated 6 August 1955.
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¥Plate Current
Plate Dissipation
Bulb Temperature
Altitude Rating . swswssmsams ve s me 5ms 516 § 00 4 5% 56rs 515 § 556 § 535 95505
TEST CONDITIONS AND CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:
Heater Voltage, Ef
Plate Voltage, BB w5 s e« won s wvs s wis eon vmis ¢ s s geewns s s s s
Heater-Cathode Voltage
Cathode Resistance, Rk
Heater Current, If
Transconductance, SmM .........civeeenenreneeneeneannsnennn
Amplification Factor, Mu
* No test at this rating exists in the specification.

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

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

ACCEPTANCE TEST LIMITS

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

MIL-HDBK-211
31 December 1958

JAN-5719

.

63V
0v

150 mA

70

The following table summarizes salient requirements set forth by the specification for

which acceptance test limits exist. This table is in no wise intended

to include all the prop-

erties for which measurement limits are provided. Specification MIL-E-1/173C dated Au-

gust 1955 should be referenced to determine further assurance
tion in any specific application.

of satisfactory opera-

Measurement conditions are the same as stated under Test Conditions and Design Center

Characteristics, unless otherwise indicated.

Limits
Measurement -
Property Conditions Laltisl Lifes test Units
Min | Max Min Max
Heater Current If 140 160 138 164 mA
Transconductance (1) Sm 1400 2000 e s o umhos
Change in Sm 20 %
individual A |
Transconductance (2) 10 : 15 ‘ %o
A Sm
Ef
Amplification Factor Mu | ? 60 80
Plate Current (1) Ib i ‘ 0.50 0.90 mAde
Plate Current (2) Ib | Ec = —2.5 Vde ‘ ¢ s 50 ‘ uAdec
Plate Current (3) Ib Ec——18Vde 5 uAde
Capacitance Cgp | BEf =0 } 0.6 | 1.0 ‘ uuf
Cin | Ef =0 12 i 2.2 : uuf
(Without shield) Cout | Ef =0 0.4 | 0.8 S - uuf
Grid Current Ie | Eb = 150 Vdc; 0 —0.3 0 —=6 uAde
Rk = 2700
Rg = 1.0 Meg
Heater-Cathode Leakage ‘ 1 3
Ihk | Ehk = 100 Vdec I E | 5.0 t 10.0 uAde
Ihk | Ehk = —100 Vdec ol | —b5.0 i | —10.0 uAde
Insulation of Electrodes | ‘
R(g-all) | Eg—all = | |
—100 Vde 100 25 Meg
R(p-all) | Ep —all = | } >
—300 Vde 100 . l 25 Meg
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JAN-5719
APPLICATION OF JAN-5T719
The chart below shows the permissible operating area for JAN-5719 as defined by the
ratings in MIL-E-1/173C dated 5 August 1955. A discussion of the permissible operating
area for triodes may be found in paragraph 3.1.2.
4

Ef = 6.3V

M‘AXlMUM CATHODE CURRENT

: \

(7]
w
&
a.
=
!
=3 w
o
Z
: 2 / A / éé
= DESIGN CENTER Q| Q
& 41 LIFE TEST D
= */4,041 OPERATING POINT | ~ E
&) < i |
e &’\"’0 478 ;
- Ko \ \ Playg . / 5
© N . ISS =
| SO s o) =
‘,\\3\*‘ \ \ M AREL & ~ s
> QUESTIONABLE AREA \ F opgp,
W
0
0 25 50 75 100 125 150 175

PLATE VOLTAGE IN VOLTS
Figure 3-235. Typical Static Plate Characteristics for JAN-5719; Permissible Area of Operation.
The following table lists general considerations for the applications of this type. The num-
bers refer to the applicable section or paragraph of the Manual.

Voltages Cathode, 1.3.7, 2.1.1, 3.1.5
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Dissipation
3.1.5 Plate, 2.1, 3.1.4
Heater-Cathode, 1.3.7 Currend
Plate: Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.1.2
High, 3.1.5 Plate, Low, 1.3.10, 3.1.3, 3.1.5
Low, 3.1.5 Interelectrode Leakage, 1.3.5
AC Operation, 1.3.3, 3.1.5 Gas, 1.3.2, 3.1.2
28 Volt, 3.1.5 Control Grid Emission, 1.8.3
Control Grid Bias: Cathode, Thermionic Instability, 1.3.8
Low, 1.3.1, 1.3.2, 3.1.2 Temperature
Cathode, 2.1.1, 3.1.5 Bulb and Environmental, 3.1.4

Hixed, 1.3.1;, 2.1.1, 3.1.3

Positive Grid Region, 3.1.5
Contact Potential, 1.3.1, 3.1.3, 3.1.5

Miscellaneous
Pulse Operation, 3.1.5
Shielding, 3.1.4

Resistance Intermittent Operation, 3.1.5
Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.1.5 Electron Coupling Effects, 1.3.9
Cathode Interface, 1.3.10, 3.1.5 Microphonies, 1.3.11, 3.1.5

358



MIL-HDBK-211
31 December 1958

JAN-5719

SPECIAL CONSIDERATIONS

In addition to the general considerations referenced in the preceding table, the JAN-5719
as specified by MIL-E-1/173C has initial assurance of AC amplification and plate
current cut-off as follows:

Plate Current Cut-Off is defined by two tests, one imposing a maximum Ib of 50 uAdc
with 2.5 volt bias and a minimum Ib of 5 uAde with 1.8 volt bias;

AC Amplification using grid leak bias, 100 volt plate supply, and 0.5 megohm plate load
resistance. Any operation in this region other than that described must be questioned,

however, considering the variable effects that are manifested in the low-current and zero-
bias regions.

VARIABILITY OF JAN-5719 CHARACTERISTICS

The published technical data which describe and define electron tubes, in general, pre-
sent only average or center values. Consequently the variation inherent in a typical charac-
teristic curve is frequently overlooked, The equipment designer has the responsibility for de-
termining circuit design values compatible with the variation of tube characteristics. The
following charts define the extent of variation which may be exhibited between individual

tubes. The boundaries of this variability were determined from the acceptance limits given
on the specification.

The chart below presents the limit behavior of static plate characteristics for JAN-5719 as
defined by MIL-E-1/173C dated 5 August 1955.

4 . )
B =63V Rk = 15000HM || o
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%/.‘/ZZ fm o e e wn omm -x

v /\\ Tb_MAX /Z
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\\\ b MIN e B
==
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PLATE VOLTAGE IN VOLTS

Figure 3-236, Limit Behavior of Static Plate Characteristics for JAN-5719.
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The chart below presents the limit behavior of plate transfer data for JAN-5719 as de-
fined by MIL-E-1/173C dated 5 August 1955.

DESIGN CENTER
TRANSFER CURVE
Eb =100

/

Eb= 100
AREA

N

Ib MAX =
501 Adc

28

2.4 2.0 1.6

12

0.8

GRID VOLTAGE IN VOLTS

0.4

Figure 3-237. Limit Behavior Transfer Data for JAN-5719; Variability of Ib.
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DESIGN CENTER CHARACTERISTICS OF JAN-5719

JAN-5719

These typical curves have been obtained from data published by the original RETMA
registrant of this type.

The chart below presents the Static Plate Characteristics of JAN-5719.
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Figure 3-238. Typical Static Plate Characteristics for Jan-5719.
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The chart below presents the Typical Sm, Mu and rp characteristics for JAN-5719.

7 3,500 350 140
BH= 63Y
Eb =150 Vdc
é 3,000 300 120
/ 5 2,500 250 100
7
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Figure 3-239. Typical Sm, Mu, rp Static Characteristics of JAN-5719.
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Figure 3-240. Typical Transfer Data for JAN-5719; Eb = 100 Vdc.
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SECTION
TUBE TYPE JAN-5725/6AS6W

DESCRIPTION.
The JAN-5725/6AS6W 1 is a 7 pin miniature, sharp cuteff, dual control
having a transconductance in the range, 2500 to 4500 micromhos.

ELECTRICAL. The electrical characteristics are as follows:

Heater Voltage; AC or DO cscovsonensnssompeasasosssysasomsse 63V
Heater Current, Design Center .......ccovvveveeicticionincens 200 Vde
Cath0de T T o ST Rl e e T e e eete Coated Unipotential

MOUNTING. Any type of mounting is adequate.

i 3 | ¥
T-5% 7 4 g
S =
- — I = N -
' 9°°:t3”° : g
i l a4
l I A MINIATURE  7-PIN BUTTON
| E7-1%+
7 PIN MINIATURE
6-1
5.1+

* REFERS TO JETEC PUBLICATION J5-G2-1,
JANUARY 1949

** REFERS TO JETEC PUBLICATION JO-G3-1,
FEBRUARY 1949

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1.D.

ALL DIMENSIONS IN INCHES
Figure 3-241, Outline Drawing and Base Diagram of Tube Type Jan-5725/6AS6W.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:

Heater Voltage :comsesvssesenesares sssss e sionise aeessess 6.3V = .6V
Plate VOBEe: « mms oo a5 e S BIse 5o ilo 51me 81 6 55 s aridasissases sreim 200 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Control Grid Voltage Maximum, Ecl .........ciiiiiininennnnnnn 0 Vde
Minimum, Ecl .........cciiiiiiininnn.. —55Vde

Suppressor Grid Voltage Maximum, Ec8 .......c.covveevvnenens 30 Vde
Minimum, Ee3 ........cc0viiiiennnn —55 Vde

Screen Grid Voltage, T2 . .o sisis s wmsissis s mis sws 5wy sims s s s o 155 Vde
Heater Cathode Voltage; ERK ::ciasiviieaesmeins s s s assesnas 100 v
Control Grid Series Resistance, Rg1 .......covivieiunnennennnn 0.1 meg

1The values and specification comments presented in this section are related to MIL-E-1/6C
dated 25 July 1956.
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** *Cathode, Current, Ik
Plate Dissipation, Pp
Control Grid Current, Icl
Screen Grid Dissipation, Pg2
Suppressor Grid Current, Ic3
Bulb Temperature, T envelope

*Altitude

ceen

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

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

...........................
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JAN-5725/6AS6W

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

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

TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS.
Test conditions and design center characteristics are as follows:

Heater Voltage, Ef
Plate Voltage; Eb o esnsessnssnss
Control Grid Voltage, Ecl
Screen Grid Voltage, Ec2
Suppressor Voltage
Heater Cathode Voltage
Heater Current, If
Plate Current, Ib

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

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

Transconductance, Sm (control grid to Plate)

63V

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

—2.0 Vde

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

* No test at this rating exists in the specification.

** Difficulty may be encountered if this tube is operated for long periods of time with very

small values of cathode current.

Voltages
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10,
3.5.8
Heater-Cathode, 1.3.7
Plate:
High, 3.2.9
Low, 3.5.2, 3.5.6
28 Volt, 3.5.8
Ac Operation, 1.3.3, 3.2.9
Screen Grid:
Supply, 3.2.7
Protection, 3.5.8
Control Grid Bias:
Low, 1.8.1, 1.8.2, 8.27,'8.5.7
Cathode, 2.1.1, 3.5.8
Fixed, 1.8:1, 2.1.1, 8.29
Positive Grid Region, 3.5.8
Contact Potential, 1.3.1, 3.5.7, 3.5.8

Resistance

Control Grid Series, 1.3.2, 1.3.3, 1.3.4, 3.5.8
Screen Grid Series, 3.5.2, 3.2.9

Cathode Interface, 1.3.10, 3.5.8

Cathode, 1.3.7, 2.1.1, 3.5.8

365

Temperature

Bulb and Environmental, 3.5.3

Current

Cathode, 1.3.10, 3.5.5, 3.5.8

Control Grid, 1.3.1, 1.3.2, 1.3.4, 3.5.7
Screen Grid, 3.5.2

Interelectrode Leakage, 1.3.5

Gas, 1.3.2, 3.5.7

Control Grid Emission, 1.3.3
Cathode, Thermionic Instability, 1.3.8

Dissipation

Plate, 2.1, 3.5.8
Sereen Grid, 2.1, 3.5.2, 3.5.6

Miscellaneous

Pulse Operation, 3.5.8
Shielding, 3.5.3

Intermittent Operation, 3.5.8
Triode Connection, 3.5.8
Electron Coupling Effects, 1.3.9
Microphonics, 1.3.11, 3.2.9
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Figure 3-242. Typical Plate Characteristics of JAN-5725/6AS6W; Permissible Area of Operation.

VARIABILITY OF JAN-5725/6AS6W CHARACTERISTICS

250

The published technical data which describe and define electron tubes, in general, pre-
sent only average or center values. Consequently the variation inherent in a typical charac-
teristic curve is frequently overlooked. The following charts define the extent of variation
which may be exhibited between individual tubes. The boundaries of this variability were de-

termined from the acceptance limits given on the specification.

Figure 3-243, 3-244, 3-245, and 3-246 present the limit behavior of static plate and trans-

fer characteristics for JAN 5725/6AS6W as defined by MIL-E-1/6C dated 25 July 1956.
DESIGN CENTER CHARACTERISTICS OF JAN-5725/6 AS6W

These typical curves have been obtained from current data being published by the original

RETMA registrant of this type.
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Figures 3-247, 3-248, 3-249, and 38-250 present the Static Plate Characteristics of JAN-
5725/6 AS6W.
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Figure 3-243. Limit Plate Characteristics of JAN 5725/6AS6W; Variability of Ib.
15
Bf = 63V
E3 =0V
Eb = 120 Vv
E2 =120 Vv 8
&
S
<
=
=
z
2
&
=]
(9]
i
3
&
=5 —4 -3 -2 -1 0

CONTROL GRID VOLTAGE IN VOLTS
Figure 3-244. Limit Transfer Characteristics of JAN 5725/6AS6W.
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Figure 3-245. Limit Plate Characteristics of JAN 5725/6AS6W; Variability of lc2.
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Figure 3-246. Limit Transfer Characteristics of JAN 5725/6AS6W; Variability of Ic2.
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Figure 3-247. Typical Characteristics of JAN 5725/6AS6W.
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Figure 3-248. Typical Transfer Characteristics of JAN 5725/6AS6W.
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Figure 3-249. Typical Suppressor Transconductance Characteristics of JAN 5725/6AS6W;
Variability of Ib, lc2.
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SECTION
TUBE TYPE JAN-5726/6AL5W
DESCRIPTION.
The JAN-5726/6AL5W 1 is a seven pin, button base, miniature, double
diode.

ELECTRICAL. The electrical characteristics are as follows:
Heater Voltage

............................................... 63 V
Heater: CUITENt w i s » s o5 0 s.s s miss ar e « o sises oo s 300 mA
HOALROAG: 10 01000000 0i0m0 v0smmaionesosens oo orimins s soass o681 Bibr s B9 58080 @50 Coated Unipotential
MOUNTING. Any type of mounting is adequate.
.040+.002 DIA.
/7 PINS LEAD CONNECTIONS
¢ % MAXS
i JL
A N | e ®
B E
+ T-5% Z 3
® e X =
@ @
- &

; 90"3:3%" T
P | —
7 PIN MINIATURE

6-1
51*

MINIATURE 7-PIN BUTTON
E7-1**

* REFERS TO JETEC PUBLICATION J5-G2-1,
NOVEMBER 1952

¢ * REFERS TO JETEC PUBLICATION JO-G3-1,
APRIL 1953

f MEASURE FROM BASE SEAT TO BULB TOP-LINE
AS DETERMINED BY RING GAGE OF % 1D.

ALL DIMENSIOMS N INCHES

Figure 3-251. Outline Drawing and Base Diagram of Tube Type Jan-5726/6AL5W.

RATINGS, ABSOLUTE SYSTEM.
The absolute system ratings are as follows:
Heater Voltage

....................................... 63V =06V
Peak Inverse Plate Voltage ............ ... iiiiiiiin tiunenn 360 v
Steady State Peak Plate Current (per Plate) .................. 60 mA
Output Current (per plate) .............ccviiriiniirenninnnn. 10 mAde
Transient Peak Plate Current ...............c.iiiiiiiiinnnnnn 350 mA
Heater Cathode Voltage visswumsmssmeasmmmesusmes sss s s owes + 860 V

¥¥Bully TDETRTBEREUIES! 1o . 5 16ss00sisiome s coosinsonscinns 5518515 e 5851 561 i SATHE AETIA 18 140° C

**Altitude Rating .......cvevveueeervereneronsensesanennaannes 10,000 ft

* Difficulty may be encountered if this tube is operated for long periods of time with very
small values of cathode current.

** No test at this rating exists in the specification.

1The values and specification comments presented in this section are related te MIL-E-1/7A
dated 3 May 1954.
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TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:

Heatey VOILAPE, BB . o= wareince wepse mwwie mvas s e s G o @ b s S s GLae 56 63V
Plate Supply Voltage (per plate), Epp .........cooiiiiiiintn 165 Vac
Tioad IRESISEANCE (RIL) s 55 555 wuor 6 wvucn o 5 2o oobh 66000 i & 06 A8 5 11,000 ohms
Lioad. CADACILOT: (L) ws s wramiors w3 wis 5505 65 & Bt & 07 s Wikiesis 1 5.6 50 348 & o wiwim o 8 uf
HEater CUPTENb i s5u 5 bass 565 2505 biis 50 nmnss o s e §0080 e § 56 5 B s 4 WS 300 mA
Output Current (both plates), Io ...ovvvrriniiniienennnenn. 18 mA

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the proper-
ties for which measurement limits are provided, Specification MIL-E-1/7A dated 3 May
1954 should be referenced to determine further assurance of satisfactory operation in any
specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

! Measurement e
Property ’ Conditions i il tat Units
Min Max Min Max
Heater Current If 275 325 275 325 ‘ mA
Operation Io | See Note Below 16 | R 14 5 e mAdec
Plate Current Ib | Ebb = O; 2.0 ! 20 | uAde
Rp = 40,000 ohms ‘, ‘
Difference Alb s 5 - i e uAde
between sections | !
Emission Is | Eb =10 Vdc ‘ 40 W . mAde
Capacitance ‘
(Shielded as Clpto2p | EF =0 aiea 0.026 S s uuf
Specified | |
Ciptoh+lk+4sd | Ef = O | 24 4.0 PO (. uuf
C2ptoh+2k+sd | Ef = O ? 2.4 4.0 - uuf
Clktoh+1p+sd | Ef = O i 3.1 4.7 — ‘ - uuf
C2ktoh+2p+sd | Ef = O 31 | 4.7 o ‘ e uuf
Heater-Cathode ] |
Leakage Thk ' Ehk = +100 Vde | _ 10 i ‘ 20 uAde
Ihk | Ehk = —100 Vde | .. —10 - | —20 uAde
Insulation of | ‘
Electrodes R(p-all) | Ep-all = ‘
i —300 Vde ] 100 _— 50 | e e | Meg
Note. In a full wave cireuit, adjust Zp (per plate) so that a bogie tube gives Io = 18 mAdec, and ib = 50 mAdc per plate.
A bogie tube has a tube drop Etd = 10 Vde at Is = 60 mAdc per plate.
APPLICATION

SIGNAL RECTIFIER SERVICE: In the application of JAN-5726/6AL5W in signal
rectifier service, Chart “A” relates boundaries of permissible operation and the questionable
area of operation, to the plate characteristic.

Permissible steady state peak plate current is limited to 60 milliamperes per plate, to de-
fine boundary (1), and dc output current is limited to 10 milliamperes per plate to define
boundary (2). Area (3) is defined as questionable from the standpoint of uniformity and
stability of plate current in low-level signal rectifier applications. Although the specification
enforces a control on plate current balance between the two sections to within 5 mi-
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Figure 3-252. Chart A — JAN-5726/6AL5W; Permissible Limits of Operation.

croamperes under MIL-E-1 test conditions, there is little assurance of such balance under
conditions of heater operation differing from test conditions. Reference should be made
to Section 1.3.1 for a review of the behavior of initial electron velocity and contact potential
in tubes in general, where the control grid currents discussed are equivalent to plate
currents in signal diode application.

SUPPLY VOLTAGE RECTIFIER SERVICE. Rating Charts, I, II, and III represent
areas of permissible operation within which any aplication of the JAN-5726/6AL5W must
fall, Requirements of all charts must be satisfied simultaneously in capacitor-input filter ap-
plications.
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Figure 3-253. Rating Chart I is based on maximum rated peak inverse
voltage per plate (epx) of 360 volts and maximum rated de output current
per plate (lo) of 10 milliamperes. Point C corresponds to the occurrence of
these two ratings, permissible under choke or capacitor-input filter conditions.
Point. E is based on life test conditions, with capacitor input filter.

Figure 3-254. Rating Chart II for capacitor input filter applications is
based on maximum rated dc output current per plate (Io) and maximum
rated steady state peak plate current (Ib) of 60 milliamperes per plate. Recti-
fication efficiency must not exceed 0.67 under conditions of maximum rated
dc output current.

Figure 3-255. Rating Chart III for capacitor input filter is based on
maximum rated surge current (i surge) of 350 milliamperes per plate. Mini-
mum permissible series resistance (Rs) is approximately 580 ohms per plate
under conditions of maximum permissible supply voltage per plate.
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OTHER CONSIDERATIONS:

Heater Voltage: See paragraph 3.4.8.
Low Electrode Current: See paragraph 3.4.3.

{

AVERAGE CHARACTERISTICS OF JAN-5726/6AL5W

The charts below present the Static Plate Characteristic of JAN-5726/6AL5W repro-
duced from data published by the original RETMA registrant of the type. The extent of
variation which may be exhibited among individual tubes cannot be derived from the speci-
fication which provides only a minimum limit on emission.

80 [ !

Ef = 6.3 VOLTS

l

70 ;

50

i 2P
30 0‘/\

PLATE CURRENT IN MILLIAMPERES
&
\

0 1 2 3 4 5 6 7 8 9 10 1
DC PLATE VOLTAGE IN VOLTS

Figure 3-256. Typical Plate Characteristics of JAN-5726/6AL5W.
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Figure 3-257. Typical Rectifier Characteristics of JAN-5726/6AL5W.
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SECTION
TUBE TYPE JAN-57T44WA

DESCRIPTION.

The JAN-5744WA 1 is a b lead, flat press subminiature triode having a
design center transconductance of 4000 micromhos and a Mu of 70. The JAN—
5744WA has given satisfactory service in voltage amplifier and other low
current applications.

ELECTRICAL. The electrical characteristics are as follows:

Heater Voltage «ouveenennreineine i eiiieineeneeneennseneennss 63V
Heater Current ..........eeeeineinneenennnenneeneennennss 183-217 mA
Cathode: .o oiiin s vininimie omawon s winrs wrg e sisse siwress ..... Coated Unipotential
MOUNTING. Any type of mounting is adequate.
T l _n /—{’L_
‘ LEAD CONNECTIONS
T3 1 T3
‘ \
< ‘ | RED DOT
- DA = *
REFERENCE |
MARK
RED DOT) _| ‘ \_ :
ADJAGENT [~ | 5 l f ___ ANY NUMBER OF
TOPN1 y 3 ) t (L de LEADS IN LINE
T ]
| 400 MAX. 1 2 3 45
i P H H G K
le- —— —— TINNED WITHIN
050 OR LESS OF
) !  — %%ﬁpfgs“co? THE GLASS PRESS
; 048
H fff BASE - PINCH PRESS
: i
1 DIMENSIONS
! ->{a- *LEADS DIAMETER
o1 +-002 A MAXBIM TTOL |  MAX
‘. =008 D 1.500 | 1250 | .100 -400
Lgtiiduu U ALL DIMENSIONS IN INCHES

# MEASURE FROM BASE SEAT TO BULB TOP-LINE AS DETERMINED BY RING GAGE OF .210 = .001.
* LEAC DIAMETER TOLERANCE SHALL GOVERN BETWEEN .050 FROM THE GLASS TO .250 FROM THE GLASS.
** AITERNATIVE LEAD LENGTH SHALL BE .200 == .015 WHEN CUT LEADS ARE REQUIRED BY PROCUREMENT
CONTRACT OR TSS. CUT LEADS SHALL BE ESSENTIALLY SQUARE CUT AND THE MAXIMUM BURR SHALL

BE .003 INCREASE OVER THE ACTUAL LEAD DIAMETER.
Figure 3-258. Outline Drawing and Base Diagram of JAN-5744WA.

RATINGS, ABSOLUTE SYSTEM|
The absolute system ratings are as follows:

Heater NVOLbBEE s e e sses oo sioami sios sree weis.es 63V = 06V

Plate: VOILAZE . visies oioio sioie simiais o aleens st e s oo ose s sians 2756 Vde
Reference MIL-E-1C Section 6.5.1.1 Plate Voltage

Grid Voltage Minimimm, s me s s s es ees e mss smssseTos s5s 55s s —55 Vde

Heater-Cathode VOILAZE ..o oresessenessssessensssnsmes s 200 v

1The values and specification comments presented in this section are related to MIL-E-1/84C
dated 25 July 1956.
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¥¥Plate Current; Maxitmum ee s s s ow s i s 56 sisis 5606 § w0 8 6455018 s 515 366 6.5 mAde
* Plate Current, Minimum ..............iiiiiiiiiiirninnenns 0.5 mAde
*Plate DiSsipation «...eeevcireeirerieiirniiimeriieiesteeetennon 13 W
Bulb: TempPeratule: i sws s s s so s e 16 6 eme s wme s o s wne wow s s w8 omg's wom +265° C
¥Aitude Rating: « s sw s v ¢ ois s oe » o 8 508 8 @ 559 gpesn § 5 5 518 3 6 95559 § 5 60,000 ft
TEST CONDITIONS AND DESIGN CENTER CHARACTERISTICS
Test conditions and design center characteristics are as follows:
Heater Voltage, BE v vwssm e sws sws s wmswsmes wws oo s o085 5w s oo s sy s 63V
Plate: VOILBEE;, BB i i e« monson o 6550 6 s § Bobinndd 15 5 545 5 50 § s § 918 5 955 6 918 .. 250 Vde
Cathode Resistance, RK ........ccvit  tiiniiiniiniannennn 500 ohms
Heater-Cathode Voltage s:sssssscromsniimensesmsansossansnesom 0 Vde
HeateT Current, I ..o oot i tums ams sommmemss oo os 200 mA
Plate Current; T .o s smwsm o s s m g s s o o w6 0 o wirs y v s o o sasgotsso 4.2 mAde
Trangeonductance; S, s« s s o s o 55 55 5 5 w3 5es © o ys g 8o 4000 umhos
Awiplification Factor; MU . e ame om s s s e s 506 808 ¢ 505 § 315 § 516 55560 5 /& 8 559 § 99 70

* No test of operation at this rating exists in the specification.

** No specification assurance of life exists under conditions of cathode current approaching

the maximum.

ACCEPTANCE TEST LIMITS

The following table summarizes salient requirements set forth by the specification for
which acceptance test limits exist. This table is in no wise intended to include all the proper-
ties for which measurement limits are provided. Specification MIL-E-1/84C dated 25
July 1956 should be referenced to determine further assurance of satisfactory operation
in any specific application.

Measurement conditions are the same as stated under Test Conditions and Design Center
Characteristics, unless otherwise indicated.

Limits
Measurement
Property Conditions Toltisl Life fent Units
Min Max Min Max
Heater Current If 183 217 | 188 217 mA
Transconductance (1) Sm 3200 4800 o umhos
Change in Sm 25 5 %
individual = 8 |
Transconductance (2) ; ‘
ASm Ef =55V ? 10 | f 1 )
Ef ‘
Amplification Factor Mu 60 80 | ‘ -
Plate Current (1) Ib 2.8 57 | mAde
Plate Current (2) Ib |Ec = 6.5 i ; 50 ' mAde
Capacitance Cgp | Ef=0 0.65 | 095 uuf
(Shielded as specified) Cin | Ef =0 2.0 34 j uuf
Cout | Ef =0 1.7 3.1 5 5 i - uuf
Grid Current (1) Ie 0 -0.3 i tizd | -0.6 uAde
Grid Current (2) Ic | Ef =70V 0 -0.3 i } -1.0 uAde
Heater-Cathode Leakage | 3
Ihk | Ehk = 4100 Vde cmn 10 | ‘ 30 uAde
Ihk | Ehk = —100 Vdec s | =D | 80 uAde
Insulation of Electrodes \ ‘
R(g-all) | Eg-all = \
—100 Vdc 100 I s | 50 | Meg
R(P-all) | Ep-all = | y 3
300 Vde 100 ‘ ey ‘ 50 ‘ — ‘ Meg
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The following table lists general considerations for the application of this type. The num-
bers refer to the applicable section or paragraph of this Manual.

Voltages Dissipation
Heater, 1.3.1, 1.3.3, 1.3.4, 1.3.5, 1.3.8, 1.3.10, Plate, 2.1, 3.1.4
8.1.5
Heater-Cathode, 1.3.7 Current
Plate: Control Grid, 1.8.1, 1.3.2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>