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1.0 INTRODUCTION 

This "100" brochure is a summary of 
the history, fundamentals, character-
istics and application information on 
gas discharge noise sources generated 
over the past ten years by the en-
gineering group which is presently at 
Signalite and which was formerly at 
Bendix Red Bank Division. 

The Signalite gas discharge noise 
source is the element in a microwave 
or rf system which makes possible 
accurate measurements of the noise 
figure of the receiver or its compon-
ents. The requirements of a device 
used for making such noise figure 
measurements include broad band-
width inherent in the active element, 
stability, ease of operation and long 
life. When the gas discharge noise 
source is mounted and terminated nor-
mally it presents a "white signal" of 
constant intensity over a bandwidth 
limited only by the system or mount. 
In general, the range of usefulness of 
these noise sources permits measure-
ments of noise figures from about 2 
to 30 db. Existing mountings provide 
a useful frequency range of approxi-
mately 100 Mc to 100 Gc. 

DEFINITIONS 

NOISE SOURCE: 

An electron tube filled with a rare 
gas, generally argon or neon, and nor-
mally operated in a positive column 
mode at currents from 50 to 250mA. 

There are also noise sources which 
contain mixtures of argon and 
mercury. 

NOISE GENERATOR: 

A noise source mounted in an approp-
riate waveguide or coaxial mount. 

The noise source and/or the noise 
generator should meet the following 
general requirements: 

a) When not operating, it should pre-
sent a low insertion loss and 
VSWR to the system. 

b) When operating, it should provide 
an adequate signal level. 

c) Its output should be frequency in-
dependent. 

d) Its output should exhibit minimum 
spurious oscillations. 

Lists of available noise sources and 
noise generators are given in Appen-
dices I & II. 

2.0 HISTORY 

A brief history of noise source 
measurements is appropriate at this 
time. 

From Mumford's original work in 
1949(1) to about 1952(2)-( 7) the pre-
dominant effort was on the under-
standing of the basic gas discharge 
phenomena and on some preliminary 
attempts to make absolute measure-
ments based on the use of modified 
Dicke(s) radiometers. The accuracy of 
these measurements probably was of 
the order of .5 to 1 db. Since the agree-
ment with existing theory (9, 10) ap-
peared to be within the error of meas-
urement, no significant attempt was 
made to improve the accuracy. From 
about 1953 to 1962, additional meas-
urements (11)-(18) were made on vari-
ous tubes at differing frequencies and 
at varied tube currents. When all of 
these measurements were reduced to 
a common set of conditions, the net 

result and the existing theory all 
agreed within a spread of ±.5 db for 
argon S-band tubes. An average value 
of 15.2 db was used until about 1959 
for all argon tubes. 

In 1959, values appropriate to the 
variety of diameters and pressures 
were published and included in our 
specifications. It was acknowledged 
that the absolute center value was still 
in doubt. However, the accuracy of 
comparison measurements was suf-
ficient that industrial users and the 
government services accepted the 
values and tolerances quoted, since all 
tubes in the field were referenced back 
against the results, from 1955, on one 
S-band tube averaged over all abso-
lute measurements available at the 
time. 

The measurement setups presently at 
Signalite for making excess noise ratio, 
insertion loss and VSWR measure-
ments were initiated in 1954. After 
approximately 5 years of constant re-
vision and improvement the equip-
ment was sufficiently refined so that 
noise measurements could be repro-
duced to x.02 db over a short time. 
About 1959, the equipment was essen-
tially resolved in its final, present, 
form and the new values of excess 
released. 

In January of 1962 NBS Boulder(19) 
completed the first phase, X-band, of 
a program of making accurate radio-
meter hot body load noise measure-
ments. This program had been started 
in late 1955 and is continuing.(2o)-(22) 

An important feature of this program 
was that the excess noise ratio deter-
mined by NBS on a noise generator 
that we had first measured agreed 
within .03 db of the value of excess 
noise ratio which we had been using 
for the previous three years. That is, 
the numbers which had been used at 
X-band, based on historical measure-
ments, were almost unchanged after 
the NBS measurements had been fi-
nalized. These NBS measurements 
were generally one order of magnitude 
better in tolerances than any previous 
absolute measurement. A Ku-band 
service is now available at NBS also. 

3.0 BASIC DISCUSSION 

A gas discharge noise source is basi-
cally a fundamental device which 
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provides a stable source of purely ran-
dom white noise covering the entire 
rf and microwave spectrum. 

3.1 NOISE POWER: 

The available noise power from a 
gas discharge noise source is essen-
tially kTeB power coupled to the guide 
from the positive column of the dis-
charge. Te is determined as follows: 
In the positive column of an argon gas 
discharge at appropriate operating 
currents and pressures ambipolar dif-
fusion predominates. In the same cur-
rent and pressure ranges, the ratio of 
electron mean free path to tube radius, 
Ae/R, is such that the effective electron 
temperature, Te, can be approximated 
by the method of von Engel and 
Steenbeck.(9,10) In microwave power 
measurements consideration is given 
to the noise temperature, Tn, which 
when multiplied by k gives the power 
per unit bandwidth of a noise genera-
tor. As derived by Parzen and Gold-
stein(2) and measured by Easley and 
Mumford(3) and Collings(16), Tn for 
a normal gas discharge noise source is 
nearly equal to Te. 

3.2 EXCESS NOISE RATIO: 

The important characteristic in micro-
wave measurements is the ratio of the 
difference between operating and non-
operating temperatures to the non-
operating temperature; namely the 

Te — 290 
ratio  

290 
When expressed in 

db, this number is called the Excess 
Noise Ratio: 

(Nr — 1) = 10 log t 290 —1 > 
At the usual pressures and operating 
currents, (Nr — 1) for argon is ap-
proximately 15.5 db and for neon is 
approximately 18.0 db. The exact 
value for any noise source is influ-
enced by the tube radius and pressure, 
and to some degree by current. 

4.0 DISCUSSION OF 
CALIBRATIONS 

4.1 CALIBRATION SERVICES: 

The NBS calibration service is set up 
to calibrate a complete noise genera-
tor; that is, they calibrate the tube 
rigidly held in its own properly ter-
minated mount. Under these condi-
tions and with the accuracy of their 

system, they presently report results 
of ±.1 db. 

Signalite is providing calibrations of 
noise sources and noise generators 
with measurement tolerances of as 
close as ±.07 to .09 db, despite the 
doubt in the absolute center value of 
as much as ±..1 db. Obviously the 
absolute accuracy of such calibrations, 
with a tolerance better than that which 
NBS can supply, is unrealistic until 
specific note is taken of the fact that 
the absolute center value has a margin 
of error above the comparison toler-
ance stamped on the tube or genera-
tor. With this fact accepted, Signalite 
will continue to provide a calibration 
service with the measurement toler-
ances stamped on the tube or genera-
tor; however, on the certification sheet 
which accompanies each calibrated 
unit specific mention will be made of 
the tolerances reported by NBS on the 
absolute center value of our in-house 
units measured by them. A sample 
certification sheet is included as Ap-
pendix III. 

4.2 TRANSITIONS AMONG BANDS: 

The transition measurements from one 
band to another are based on the fact 
that the noise power per unit band-
width coupled into waveguide from 
the positive column of the discharge 
is frequency independent. Then the 
actual transition from one band to 
another is made in the following man-
ner: Tubes are constructed of a proper 
length and with appropriate connec-
tors for the longer of the two mounts 
to be used and of a diameter appro-
priate for the smaller of the two 
mounts. The excess noise ratio is meas-
ured at the band in which we have 
known information, namely X-band 
or Ku-band, and the insertion loss of 
the operating tube in the mount also 
is measured in the known band. Using 

L (23), the insertion loss correction, 
L-1 

the excess noise ratio of the tube alone 
is computed. 

The tube then is inserted in the mount 
appropriate for the band at which 
information is desired, the operating 
insertion loss is measured, and the 
excess noise ratio of tube-in-mount is 
computed. At this time, tubes of the 
length and diameter appropriate for 
the band in question are calibrated 

against the transition noise generator. 

In all cases, it is established first that 
the cold and hot VSWR of tube-and-
mount are less than 1.10 and generally 
less than 1.05 so that corrections for 
mismatch are negligible. Further, all 
tubes are grommeted in position in 
the various mounts to insure centering 
and correct positioning along the axis 
of the mount shaft. 

Using the above procedure, and based 
on an S-band tube-in-mount at 250 
mAdc with an excess noise ratio de-
termined from the results compiled in 
1955, we had established the value of 
a particular X-band noise generator at 
200 mAdc as 15.64 db in 1962. The 
NBS report on an equivalent X-band 
noise generator with tube current at 
200 mAdc was 15.61 ±.1 db. 
All presently quoted numbers are based 
on NBS reports at X-band or Ku-band 
with transitions to other bands accom-
plished as described in the previous 
paragraphs. 

5.0 METHODS OF OPERATION 

5.1 Exisiting noise sources generally 
fall in one of the three following 
classes of operation: 

5.1.1 DC with filamentary cathode: 
The DC supply of Figure 1 is fed to the 
tube through an inductance, L1, and 
current limiting resistances, R1 and 
R2. Upon closing the starting switch, 
SWl, current flows through the induc-
tance, resistance R2 and the tube 
cathode all in series. When the switch 
is opened, the collapse of the magnetic 
field in L1 provides a high voltage 
spike which ionizes the gas in the tube 
and establishes the discharge from 
anode to cathode. The current is then 
limited by R1 to the rated value. SW1
must be capable of fast break opera-
tion and of withstanding the high peak 
voltage developed. 

5.1.2 Pulse operation wtih cathodes 
which exhibit long life under millions 
of starts: The circuit of Figure 2 pro-
vides an electronic method of provid-
ing the starting spike and is applicable 
where switch characteristics or switch 
life is a problem. The pentode or beam 
tube acts like the switch of Figure 1, 
interrupting the current flow in Ll
when the cut-off bias switch is closed. 
The resultant voltage spike developed 
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is impressed across the noise source. 
The current is limited by R3 to rated 
value. Capacitor C1 flattens the pulse 
peak and assists in initiating the dis-
charge. C1 must not be large enough 
to lower the voltage spike below the 
firing voltage of the tube and must be 
of a high voltage rating. Current 
through the beam tube is adjusted by 
R4 to provide rated choke current. 

This circuit can also be modified to 
drive the grid of the switch tube with 
pulses, thus pulsing the noise output. 
For high repetition rates or for control 
of pulse shape, modifications to the 
circuit, such as shown in Figure 3, are 
necessary to insure extinguishing of 
the noise tube current. 

5.1.3 AC with filamentary cathodes: 
When operation directly from an AC 
source is desired and AC modulation 
of the noise is not objectionable, the 
circuit of Figure 4 is suitable. Trans-
former T1 must provide a voltage high 
enough to strike the discharge. L1 may 
be included in the transformer as 
leakage reactance but should be of a 
size to limit the average tube current 
to the specified value. SWl can be 
eliminated if the secondary voltage of 
T1 is made high enough to provide a 
cold start without filament preheat. 

Operation of a single ended tube in 
this circuit will result in excessive 
anode heating with probable failure of 
the anode seal. 

5.2 Characteristics of the above meth-
ods of operation are as follows: 

5.2.1 Tubes utilizing DC power with 
filamentary cathodes generally require 
from 700 to 2500 V starting spikes, 
operate at currents from 100 to 250 
mAdc and exhibit operating tube 
drops of the order of 40 to 150 Vdc. 
Their life under conditions of essen-
tially continuous operation, with only 
occasional starts, is generally in ex-
cess of 10,000 hours and may be as 
high as 50,000 hours. Their life under 
pulse conditions, without careful cir-
cuit design to prevent large negative 
spikes following the starting spike, 
generally is short. 

5.2.2 Tubes designed principally for 
pulse operation usually require start-
ing spikes in the order of 700 to 3000 
V. operate at peak currents from 75 

L, R, 

+ (750D) 
20W 

D.C. (1000---) 
SUPPLY R, 20 w SOURC •

L, — INDUCTANCE 

R, — ANODE CURRENT 
NOISE LIMITING RESISTOR 

E 
R, - FILAMENT CURRENT 

LIMITING RESISTOR 

- 
SW, 

SW, - STARTING SWITCH 
(TYPICAL VALUES IN PARENTHESIS) 

Figure 1 Typical starting circuit for DC-operated tubes 
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Figure 2 Alternate starting circuit capable of being pulsed 
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to 175 ma, and have tube drops from 
100 to 250 V. Under pulse conditions 
with duty cycles up to 50%, their life 
is typically 2000-5000 hours. 

In general, under intermittent DC con-
ditions, they have adequate life of at 
least 1000 hours. 

5.2.3 AC tubes operated under nom-
inal 60 to 400 cps sine wave condi-
tions generally require starting volt-
ages of the order of 1000 to 2500 
Vac, operate at currents from 100 to 
250 mAac and exhibit tube drops of 
the order of 40 to 150 Vac. Typical 
life under 60 cps conditions is at 
least 1000 hours, again depending on 
circuit parameters. 

5.3 IONIZATION TIME: 

Because of the presence of the rare 
gas, there is a finite time required for 
the discharge to become stable in any 
gas discharge noise source. In argon 
filled tubes, the discharge will nor-
mally become stable in from 20 to 
80 µs after the completion of the 
starting spike. These times may be 
modified drastically by the circuit 
however. If there is appreciable ring-
ing in the circuit, or if the supply 
voltage is relatively close to the tube 
operating voltage at the rated cur-
rent, the time for a tube to establish 
a stable discharge may be much 
longer. For neon these times are of 
the order of 40 to 150 µs, and for 
argon-mercury, about 70 to 300 µs. 
In general, by proper circuit design, 
these indicated times can be attained 
for any of the types of operation men-
tioned above. 

5.4 DEIONIZATION TIME: 

Again because of the presence of the 
rare gases, these tubes have finite 
deionization times. In argon at 200 
mA plate current and at 20 mm pres-
sure, the deionization times are of the 
order of 70 to 300 µs, depending on 
tube diameter. In neon at the same 
current and pressure, deionization 
times are normally from 150 to 500 
µs, and in argon-mercury, from 300 
to 800 µs. These deionization times 
can be improved by the application 
of a slight negative voltage when the 
tube is being turned off, in a pulse 
application for example. The deioni-
zation times generally increase with 
current. 

6.0 MICROWAVE 
CHARACTERISTICS 

6.1 GENERAL CONSIDERATIONS: 

The level of the excess noise ratio 
which can be attained from any noise 
generator is determined by the coup-
ling of the noise source in the mount 
and by the available excess noise ratio 
from the noise source itself. The avail-
able excess noise ratio from the noise 
source is determined principally by 
the type of gas and the pressure and, 
to some small extent, by the tube 
current. The coupling in the mount 
is determined mainly by the insertion 
angle of the tube-in-mount and by the 
type of gas fill. The coupling also is 
affected by the gas pressure and the 
tube current. The user has control in 
general only over the tube current. 
The mounting is so important that 
the success with which any combina-
tion of noise source, mount and ter-
mination meet the requirements at 
the end of Section 1.0 depends as 
much on the mounting method as on 
any other single feature. 

6.2 MOUNTING METHODS: 

The most common mounting methods 
and their relative advantages and dis-
advantages include: 

a) 10° to 30° E-plane Insertion; Ad-
vantages: extremely broadband 
(within the tolerances of the excess 
noise ratio specified for tube-and-
mount this style of mounting yields 
a frequency independent noise 
generator), very low VSWR, very 
low non-operating insertion loss, 
high operating insertion loss 
(therefore, very little reduction in 
the available excess noise ratio 
from the noise source itself); Dis-
advantages: relatively large size, 
high voltage starting spike, and re-
latively high tube drop. 

b) 90° E-plane Insertion, Transmis-
sion Type; Advantages: fair 
VSWR, very small size, low vol-
tage starting spike, low tube drop, 
and low nonoperating insertion 
loss; Disadvantages: low operat-
ing insertion loss (therefore, ap-
preciable reduction in the available 
excess noise ratio), relatively nar-
row bandwidth (approximately 10 
to 20%). 

c) 90° E-plane Insertion, Shorted 
Type; Advantages: small size, low 
voltage starting spike, low tube 
drop and low non-operating inser-
tion loss; Disadvantages: poor 
VSWR, very narrow bandwidth 
(the order of 5 to 10%). 

d) 90° H-plane Insertion, Transmis-
sion Type; Advantages: low non-
operating insertion loss, fairly 
small size, good non-operating 
VSWR, moderate voltage starting 
spike and tube drop; Disadvan-
tages: poor operating VSWR, low 
operating insertion loss (with re-
sultant reduction in available ex-
cess noise ratio), and very narrow 
bandwidth. 

e) Coaxial, Helix Coupled; Advan-
tages: permits use of the noise 
sources originally designed for 
waveguide bands down into the 
UHF region, relatively broadband, 
good operating insertion loss, rela-
tively good operating VSWR, good 
non-operating insertion loss and 
VSWR in the prescribed bands; 
Disadvantages: relatively large, 
size, high voltage starting spike 
and relatively high tube drop. 

6.3 COMPARATIVE NOISE 
MEASUREMENTS: 

Comparative measurements are made 
in systems such as that in Figure 5. 
Since they depend only on the stability 
of the gain set, and this stability can 
be checked by visual observation of 
the output meter over a period of 
time long compared with the measure-
ment time, the tolerances to which 
Signalite excess noise ratio specifica-
tions are written are at least ten times 
wider than the system accuracy. 

6.4 VARIATIONS WITH 
TUBE CURRENT: 

As has been mentioned earlier, the 
existing theory does not show any 
current dependence of excess noise 
ratio. Since a change in current causes 
a slight change in tube drop, and 
thereby a slight change in the field 
in the positive column, there is a 
small correction to the excess noise 
ratio of a tube as a result of actual 
change in effective electron tempera-
ture. Further, there is an additional 
small change to the available excess 
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noise ratio from tube-in-mount as a 
result of a changing insertion loss 
caused by the change in current. 
Finally the hot insertion loss varies 
significantly with current. 

6.4.1 NOISE VS. CURRENT: 
In the past the general statement had 
been an approximate change in (Nr-1) 
of —.003 to —.005 db/mA. To pro-
vide the user with more accurate in-

LOW NOISE 
I.F. PRE-AMP. 

TERM. 

UNKNOWN 
TUBE 

CALIBRATED 
I.F. ATTEN. 

I.F PRE-
AMP. 

BALANCED 
MIXER 

STANDARD 
TUBE WAVEGUIDE SWITCH 

I.F."AMP. & 
DETECTOR 

OUTPUT 
METER 

LOCAL 
OSCILLATOR 

Figure 5 Schematic diagram of set-up for measuring noise ratio. 

TERM. 

formation, the curves of Figures 6 to 
10 present actual data of the change 
in excess noise ratio as a function of 
tube current for representative types, 
both argon and neon. The data are 
presented for current values both 
higher and lower than the respective 
rated tube currents for the purpose of 
showing the user the detailed variation 
around the rated currents. The presen-
tation of the data at higher than rated 
currents does not imply recommended 
operation at these currents. Since these 
noise sources are extremely reprodu-
cible(17) the user may consider these 
curves as true indications of the per-
formance of any particular tube. 

6.4.2 TUBE DROP VS. CURRENT: 

The variation in tube drop with cur-
rent for representative types is pro-
vided in Figures 11 to 15. 

6.4.3 INSERTION LOSS VS. CURRENT: 

Nominal values of operating and non-
operating insertion loss for argon noise 
sources in specific waveguides are 
given in Table I below. The tube to 
tube variation for hot loss values less 
than 20 db is ±.2 -.5 db, for hot loss 
values from 20-30 db is ±.4 -1.0 db, 
and for hot loss values greater than 
30 db is ±1 -3 db. 

TABLE 1: COLD AND HOT INSERTION LOSS FOR ARGON NOISE SOURCES 

Band Type Mount and 
Meas't. Freq. (Gc) 

Typical Insertion Loss (db) 
lb — 0 125 150 175 200 250 300mAdc 

S TD-12 
-38 

WR-284, 10°E; 3.3 .12 13.0 13.5 14.2 15.4 16.0 17.1 

C TD-10 
-39 

WR-187, 10°E; 5.5 .11 16.0 18.0 19.5 

J TD-10 
-39 

WR-137, 10°E; 7.0 .16 19.0 23.0 25.5 

X TD-40 WR-90, 10°E; 9.0 .18 20.8 22.8 24.4 

X TD-11 
-72 

WR-90, 10°E; 9.0 .06 23.5 25.5 27.6 29.7 34 

Ku TD-18 
-41 

WR-62, 10°E; 16.0 .07 26.5 31 35 40 51 

K TD-13 
-42 

WR-42, 10°E; 24.0 .10 26.0 32 37 44 57 

6. 
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Figure 6 Noise vs. tube current for S-band noise sources 
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Figure 7 Noise vs. tube current for C- and 1-band noise sources 
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Figure 8 Noise vs. tube current for X-band noise sources 
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Figure 9 Noise vs. tube current for Ku-band noise sources 
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Figure 10 Noise vs. tube current for K-band noise sources 

NOTES: 

1. Center values are appropriate for both the CW and pulse 
types. Tolerances are shown for CW types only. For tolerances 
on pulse types, see individual tube data sheets. 

2. Presentation of data at currents higher than the rated cur-
rents does not imply recommended use at these currents but 
is provided only for customer information. 
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7.0 GENERAL OPERATING 
NOTES 

7.1 Since all noise sources are po-
larized devices, except those specifi-
cally designated for ac operation, they 
should never be operated in reverse. 
Under conditions of reverse operation 
the life will be extremely short with 
failure due to anode seal breakage as 
the result of excess heating. 

7.2 All rare gas filled noise sources 
can be operated over a temperature 
range of —55° to +125°C. Some noise 
generators cannot be operated over 
this range because built-in shorting 
plates or terminations may present 
temperature dependent characteristics. 

There is a definite temperature correc-
tion necessary for fluorescent tubes 
which contain mercury; this correc-
tion is on the average —.055 db/°C.(24) 

Because of this last mentioned varia-
tion with tempertaure, because of the 
comparative wide spread of excess 
noise ratio within a group(3),(5).(24) 

and because of the relative instability 
with time('),(3),(5) Signalite manufac-
turers no mercury noise sources. By 
contrast the argon noise sources are 
temperature independent, extremely 
reproducible( ' 7), and time independent. 

7.3 In general noise sources are satis-
factory under vibration and shock, 
with the smaller tubes being the best. 
Since there exists such a large variety 
of sizes and shapes, the user should 
determine the vibration and shock rat-
ings of the individual unit he is plan-
ning to use. 

8.0 LIST OF APPENDICES 
I List of production noise sources 

with electrical and microwave 
characteristics, Page 10. 

IA — Outline drawings, Pages 12 

and 13. 

IB — Typical waveguide and 
coaxial mounts, Page 14. 

II List of production miniature noise 
generators with electrical and 
microwave characteristics and 
outlines, Page 11. 

III Facsimile of certificate of cali-
bration, Page 15. 
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° Presentation of data at currents higher than the rated currents 
does not imply recommended use at these currents but is pro-
vided only for customer information. 



Antenna

9.0 APPLICATIONS 
9.1 The basic use of noise sources is 
the DETERMINATION OF THE NOISE FIG-
URE of a component or system. This 
determination stems from the rela-
tion: (F) = (Nr — 1) — (Y— 1)(23) 
Where (F) is the system noise figure, 
(Nr— 1) is the excess noise ratio of 
the noise generator, (Y) is the output 

meter reading, Y = antilog ( lo)  , and 

the parenthical terms in the relation 
are in db. 

9.2 Noise sources are the basic com-
ponent of NOISE FIGURE TEST SETS. 
Commercial models exist which are 
complete with the noise source and 
mount, the driver supply (either mod-
ulated or DC), IF, video and output, 
so that all this is necessary to obtain 
noise figure is to connect the device 
in question to the test set and read the 
answer. 

9.3 Noise generators frequently are 
used aS BUILT-IN RECEIVER MONITORS 
directly in a radar system. 

9.3.1 Directly in the RECEIVER ARM be-
tween the receiver and duplexer in 
which case a transmission mount is 
used. 

Transmitter Noise Gen. 

9.3.2 The generator can be mounted 
in the ANTENNA ARM Via a switch or 
directional component, in which case 
the generator is a terminated or 
shorted one; or, 

Transmitter 
I 

Receiver 

9.3.3 In general, because the discharge 
can be initiated by sufficiently high 
levels of RF power, the method of 
9.3.1 is used for high power systems, 
and the method of 9.3.2. is used for 
low or medium power systems. 
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SIGNALITE-GAS 
APPENDIX 

NOISE SOURCE 
I 

TUBES 

Range, 
Gc 

Band Wave- 
guide 

Signalite/ 
EIA Type Outline 

(Note 1) 

Mount 
Type 

Numbers Spike, KV

Recm'd. 
Mode of 

Operation 

(Note 2) 

Maximum 
Starting 
Voltage 

Anode 
Current, 

mAdc 

(Note 3) 

Tube 
Drop, 
Vdc 

(Note 3) 

Tube-in-
MountFreq. cess Noise
Ratio, db 

(Note 3, 4) 

1.12 to L WR-650 TD-21/6881 1 90°H D.C. 4.0 250 65 15.2** 
1.70 -- TD-62/7992 1 90°H D.C. 4.5 250 (145) 18.0** 

- TD-33/7147 la 90°H A.C., D.C. 4.0 250 75 15.2** 
- TD-29/7101 la 90°H A.C., D.C. 4.5 250 130 18.0** 

TD-49 1 90°H PULSE* 4.0 200 125 15.2** 
TD-75 1 90°H PULSE* 4.5 200 235 18.0** 
TD-91 S 10°E D.C. 7.0 250 230 15.2** 

2.60 to S WR-284 TD-12/6358 2 10°E D.C. 2.7 250 80 15.30 
3.95 TD-34/7148 2 10°E D.C. 2.7 250 165 17.80 

TD-31 2a 10°E A.C., D.C. 2.7 250 85 15.30 
TD-32 2a 10°E A.C., D.C. 2.7 250 170 17.80 
TD-22/6782 S 90°H A.C., D.C. 2.5 250 45 8.85 
TD-38/8151 2 10°E PULSE* 3.3 200 145 15.35 
TD-56/8286 2 10°E PULSE* 3.5 200 265 17.90 
TD-82 S 90°E D.C. 0.9 75 55 18.50 

3.30 to S WR-229 TD-24 S 10°E A.C., D.C. 2.5 250 65 15.30 

4.90 TD-30 S 10°E A.C., D.C. 2.5 250 110 17.80 

3.95 to C(G) WR-187 TD-10/6356 3 10°E D.C. 3.1 250 75 15.60 

5.85 TD-48/7989 3 10°E D.C. 2.7 250 135 17.70 
TD-39/7999 3 10°E PULSE* 3.5 175 140 15.50 
TD-43/8287 3 10°E PULSE* 3.5 175 210 17.85 
TD-83 S 90°E D.C. 0.9 100 55 18.90 

5.85 to X(J) WR-137 TD-10/6356 3 10°E D.C. 3.1 250 75 15.65 
8.20 TD-48/7989 3 10°E D.C. 3.5 250 135 17.75 

TD-39/7999 3 10°E PULSE* 3.5 175 140 15.55 
TD-43/8287 3 10°E PULSE* 3.5 175 210 17.90 
TD-67/8288 3 15°E PULSE* 3.5 150 225 18.00 

8.20 to X WR-90 TD-11/6357 4 10°E D.C. 2.7 200 75 15.60 
12.40 TD-23/6882 4 10°E D.C. 2.7 200 115 18.00 

TD-40/8152 4 10°E PULSE* 3.3 175 125 15.60 
-TD-72/8059 4 10°E PULSE* 3.3 175 128 15.65 
TD-44/7988 4 10°E PULSE* 3.5 175 205 17.90 
TD-58/8293 4 10°E PULSE* 3.5 175 208 18.00 
TD-73 S 90°E D.C. 0.9 100 54 14.50 
TD-66/8289 S 15°E PULSE* 3.0 150 185 17.60 
TD-53 S 20°E PULSE* (3.0) 175 (164) (15.5) 

12.40 to KU WR-62 TD-18/6684 5 10°E D.C. 2.7 200 67 15.80 
18.00 TD-54/7991 5 10°E D.C. 2.7 200 130 18.00 

TD-46 S 20°E A.C., D.C. (1.2) 100 35 15.2** 
TD-41/8030 5 10°E PULSE* 3.3 175 125 15.85 
TD-55/8290 5 10°E PULSE* 3.5 175 230 17.85 
TD-92 5 10°E PULSE* 3.3 175 125 15.75 

18.00 to K WR-42 TD-13/6359 6 10°E D.C. 2.7 200 68 15.90 
26.50 TD-50/7990 6 10°E D.C. 2.7 200 157 18.05 

TD-42/8031 6 10°E PULSE* 3.3 175 125 16.00 
TD-51/8291 6 10°E PULSE* 3.5 175 260 17.90 
TD-81 S 10°E PULSE* 3.3 150 130 16.15 

26.50 to KA WR-28 TD-76/7993 7 10°E D.C. 2.7 125 130 (16.0) 
40.00 TD-77/8292 7a 10°E PULSE* 3.0 100 175 (16.0) 

33.00 to Q WR-22 XD-972 8 10°E D.C. 3.0 (30) (200) (16.0) 
50.00 

50.00 to V WR-15 XD-972 8 10°E D.C. 3.0 (30) (200) (16.0) 
75.00 

60.00 to E WR-12 XD-972 8 10°E • D.C. 3.0 (30) (200) (16.0) 
90.00 

` Note 1: Outlines are shown on pp. 12 and 13. "S" means special; Note 4 The Excess Noise Ratio in db is 10 tog — ( 290 11/ . For these types are shown individually. "a" and "b" indicate 
variations, tolerances, see individual t 

Note 2: D.C. operation — Cathode at one end only. 
type specifications. 

A.C. and D.C. operation — Cathodes at both ends *If the anode current during the "on time" of a square pulse (of 
Pulse operation — Cathode at one end specially designed greater than 100 microsec. duration) is nominally the same as the 
for pulse operation. rated D.C. anode current, the tube drop during this period will be 

approximately the same as the rated D.C. tube drop. 
Note 3: Anode current and tube drop are D.C. values. Values in **Excess noise ratio of tube only.parenthesis are tentative. y• 



APPENDIX II 
MINIATURE NOISE GENERATORS 

Signalite 
Type No. 

Frequency, 
Gc Waveguide Mount 

Outline 
No. 

Dimensions, In. 
Weight 

Oz. 
Starting 

Volts 

Tube 
Operating 

Current, mA 

(Note 1) 

Tube 
Drop 
Volts 

(Note 1) 

Excess 
Noise 
Ratio, 

db 

(Notes 1,2) 

Replace-
ment 
Tube 
Type 

Number A B 

TN-3 2.7 - 2.9 WR-284/Alum. 90°E Shorted 1 3.5 5.5 10 900 75 53 18.5±0.3 TD-82 

XN-727 2.6 - 3.95 WR-284/Brass 20'E Trans. 3 19.5 6.0 32 900 (100) (53) (14.5) XD-730 

XN-725 3.95- 5.85 WR-187/Brass 20°E Trans. 3 15.0 3.0 28 900 (100) (53) (14.5) XD-728 

TN-17 4.6 - 5.4 WR-187/Alum. 90°E Trans. 1 2.5 6.5 12 900 125 55 (18.5) XD-853 

TN-10 5.0 - 5.85 WR-187/Alum. 90°E Shorted 1 2.5 6.5 12 900 100 55 18.5±0.3 TD-83 

XN-895 5.1 - 5.8 WR-187/Alum. 90°E Shorted 2 2.5 7.0 12 900 150 70 14.3±.5 XD-896 

XN-726 5.85- 8.2 WR-137/Brass 20°E Trans. 3 10.0 3.0 25 900 (100) (55) (14.5) XD-729 

TN-13 7.05-10.0 WR-112/Brass 20°E Trans. 3 10.0 3.0 20 900 (100) (55) (14.5) XD-655 

TN-1 8.5 - 9.6 WR-90/Alum. 90°E Trans. 2 2.0 4.5 41/2 900 (100) 54 14.5±0.5 TD-73 

TN-2 8.5 - 9.6 WR-90/Alum. 90°E Shorted 1 2.0 4.5 12 900 100 54 (14.5) XD-820 

XN-867 8.5 - 9.6 WR-90/Alum. 90°E Term. 1 2.0 4.5 12 900 100 54 (18.5) XD-879 

TN-6 8.2 -12.4 WR-90/Brass 20°E Trans. 3 7.5 3.0 16 1500 (100) (55) (15) XD-655 

TN-7 12.4-18.0 WR-62/ Brass 20°E Trans. 3 6.5 3.0 15 1500 (100) (55) (15) XD-656 

TN-8 18.0-26.5 WR-42/Brass 20°E Trans. 3 5.5 2.5 13 2000 (100) (55) (15) XD-657 

Note 1. Operating current 
Values in parenthesis 

and tube drop are D.C. values. Nate 2. The Excess Noise Ratio in db is 10 log / Te — 1). 
are tentative. 290 
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OUTLINE DRAWINGS 

D _`♦ ~~_ 
I S 

- 
E 

A  B  C 

F G 

-
1 O 1 

f / 1 

n - , fi r ,^^ ^ 

1 * ALT. A 

f ~ 
f _ J

----

3 
Outline 
Number: 1 2 3 

Outline 
Number: 1 2 

Frequency 
(Gc): 1.12- 1.70 2.60- 3.95 

3.95 - 5.85 
5.85-8.20 

Frequency 
(Gc): 1.12 - 1.70 2.60 - 3.95 

3.95 - 5.85 
5.85 -8.20 

Dimen- 
sions Min. Max. Min. Max. Min. Max. Dimen-

sions 
Min. Max. Min. Max. Min. Max. 

A .260 .325 .260 .325 .260 .325 E .090 .105 .090 .105 .090 .105 

B - - 16.937 17.437 13.875 14.375 F 1.350 1.435 - .990 - .555 

C - 1/2 .310 .360 .270 .320 G 1.475 1.550 .975 1.050 .547 .579 

D 145/8 15 17.625 18.000 14.375 15.000 H - 3/i6 .305 .325 .245 .265 

F - 

E -.. 

G 

A _ B 

H I 

♦ . C - 

' H f f 
Outline 
Number: 4 5 6 

Outline 
Number: 4 5 6 

Frequency 
(Ge): 8.2-12.4 12.4-18.0 18.0-26.5 

Frequency 
(Gc): 8.2-12.4 12.4-18.0 18.0-26.5 

Dimen- 
Min. Max. Min. 

sions sions 
Max. Min. Max. 

Dimen- Min. Max. Min. Max. Min. Max. 

A .260 .325 .260 .325 .260 .325 G .090 .105 .090 .105 .090 .105 

B - 2.750 - 2.750 - 2.750 H - .555 - .555 - .555 

C 8.625 - 7.375 6.187 - I - .550 - .500 .500 

D - 1.500* - 1.25** - 1.25*** J .370 .380 .235 .265 .160 .194 

E - .500 - .500 - .500 K - .187 - .187 - .187 

F 11.937 12.250 10.875 11.250 9.687 10.000 

.380 max., no min., dimensions on diameter for this length of tube ** - .194 max., no min., dimensions on diameter for this length of tube. 
** = .265 max., no min., dimensions on diameter for this length of tube. 
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103/e MIN. 

Outline 7 

Outline 7A 

21/ 9±'/6 

107/9 MAX. 

+.560 MAX. DIA. 

C 
C 

53±342 

083 MIN 
.093 MAX. 

4 
9 MIN. 
91/2 MAX. 

hti   

21/ 8± 1/ 6

 b 
1/a MAX. 

~) 8/e MIN.  

c4 

113/ 6 1/ 6 5 3/a ±%2 113/ 6±'/16 

  ev \ 

083 MIN. DIA. 
x.093 MAX. 

.560 MAX. DIA. 

6/ 3± 1/z 

1/4 NOM. 

5/e MIN. 

  61/a+ 1/a 
-~-I  1 1/ 2± i/16 

~. 0.55 MAX. 
0.45 MN. 

Outline 8 
I

4 ? .350 MAX. DIA. 

If -11 --'/ 6 ~~ 

/ 

31/4+1/8
1/4±'/6 

.190 DIA. 

i 51+3/a

TD-91 

21/ 8+ 1/ 6

ct

.325 MAX. 

.260 MIN. 

7½ MAX. 

348 MAX. 
.268 MIN. 

p.260 MIN. 
.325 MAX. 

A 
B 

TD-22, 24, 30 

  3%16±'/16 

C 
.555 MIN. 

i .555_ MAX. 

—~ 
f %e MAX. .495±.002 DIA. 

— TD-82 — 

C 
C 

23/a MAX. 
560 MAX. DIA. 

1/2 MAX. 

3/ 6 DIA. 

.325 MAX. 

.260 MIN. 

A B C 

MAX. MIN. MAX. MIN. 

TD-22 8 9/ 3 83A6 9/6 813/ 6 6 NOM. 

TD-24 
TD-30 1 13/e NOM. 1113/ 6+ 1/a 83/8 NOM. 

 3.875±.125-
1.500±.050 

.525±.002 DIA. 
1 

 ll 111 # 

7'3/6 MAX., 

TD 53 

4 

31/2 MIN. 
.370 MIN 

} .380 MAX. 

TD 66 

3/ 6 DIA. 

10 MAX. 
911/ 6 MIN. 

375 MAX. 

.313±.002 DIA 
j .125 MAX DIA. 

3± 1/ 32
213/6±%6 

210 
FMAX DIA. 

EZ  TD-46 

~+ 2 3/a MAX. I 63/ 6 MIN. — 1/z 
.500 MAX. DIA. 

.14, ± DIA. 

TD 81 

9/ 6 MAX. 

MAX. 

1/8 DIA. 

S
P

E
C

IA
LS
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APPENDIX 111 

-FACSIMILE -

IN CO RPORA T ED 

NEPTUNE N.J. 

CERTIFICATE OF CALIBRATION 

Teat Date 

~ise aouice :yfe Serial No. 

aaveguide Band 

fc Ib

GHz mAtic 

Calibration No 

Calibration Data (Note 1) 

(Tube-in-mount) 
L 

tlb db db 

Br-1 (Note 2) 
(Tube only) 

db 

Tested By: Certified By: 

The Calibration Standards are traceable to the National Buraao of 
Standards. 

Note 1: For explanation of symbols and insertion loss correction. 
see p, 2, 

Note 2: In addition to the calibration m ent tolerances indicate::, 
the absolute center values of No-i of ethe standards a 
ported by cR5 to '.1 db. This uncertainty in absolute uslue 
Ic not included in the measurement tolerance on Nr-1 given 
above. 

*This certificate is valid for one (1) year from test date. 

Page 1 of 2 

SYMBOLS: 

1. fc: calibration frewency 

2. 1b: tube torrent 

1. Sr-l: a ratio, defined as 30 log( Te _1), where 
Te is the effective electron temperature of the discharge. 

a. L: insertion loss of the operating tube-in-mount. (Note 3) 

5, Lo: the correction to be added to the excess noise ratio 
L-1 obtained from tube-in-mount to obtain the excess noise 

ratio of the tobe only. 

II INSERTION 1055 CORRECTION:* 

The noine stamped on the calibrated tube is the cones, ra-
tio of sthe u:m00eted tube at i rated current. To calculate the 

enoise-in-mount. it in n ary to make an ictertioo loss c - 
ection. Thi scorrectiOc should be subtracted from the none 
stamped on the tube. 

Loss Correction: 0eteelnlne the hot insertion loss in db of the 
tube-in-mount at the rated tube current. This number, 1 di, is 
used as follows: 

Let L db = 10 log L', share L' is the actual poser-

ratio reprncented by L di. The value of the correc-

tion,.i, is  expressed in db or may be calculate_ 

from L db - (L-1) ' db .1db. 

Note 3: To insure a acy in making loss m ents. and i 
using the tuberin-mount for noise measureoents, a tube-

to u unt should be operated for at least 30 minutes prior 
se to the mount ca _ ach a stabie temperature. 

'If a eaoeguiae m unt hoc lossy material added Inside the wxvegui:ia-
beyond-cutoff region of the tube holder, or in s with the tube, 
n the c of a coaxial mount, this correction ymcaaure is net. 

appropriate. 

Also if the cola insertion loss in db of the tuba-Ln-nouns i 
greater than iB of the hot insertion lnssin dtu the above carrcc-
tion procedure becomes inaccurate. 

yoJa 2 of 2 

1 
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