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ABSTRACT. Au expciimcntal stiuly of over-«ll valve noise was made by an oscillo
graphic method for different thermionic valves over a range of audio fre quencies (375-1320 
cycles/sec). The experimental results are summarised as follows:

(/) For a given anode voltage, the valve noise in any triode for any frerquenev channel 
was found to increase at first with the filament current attaining a maximum at some value 
of the filament current and then to decrease with further increase of filament current tend
ing in some cases to a minimum value. Tn a particular tetrode, the noise voltage was found 
to increase with the increa-^e of filament current tending to a saturation value.

f/7j For a given anode voltage, the t n a x i m u n i  noise q^revailed at the ^ame value ol 
filament current f o r  all frequency channels but the magnitude of the maximum noise w'as 
found to increase with the increase of frequency channel tending in some cases to a 

saturation value.
(iii) F o r a given anode voltage, the magnitude of the minimum  noise was foundto 

vary with the frequency channel almost in the same manner as the maximum noise.
{ i v )  For a given filament current, the valve noise was found to decrease with the

increase of anode voltage.
(V) The absolute values of the equivalent valve noise voltage was four d to range from 

about 20 to about' 200 microvolts in the several thermionic valves under the experiinenlal 

conditions.

I. I N T R O D U C T I O N

I'he noise in thennionic valves consists mainly of the following types. 
(i) shot noise, (n) flicker noise, (tii) lliernial noise, (id) ionization noise, 
and (v) partition noise. In high vacuum Iriodes, however, the shot noise and 
the flicker noise constitute the major part of the valve noise. Much work, 
both theoretical and experimental, has been done since the discovery of shot 
effect by Schottky (1918). Besides the pioneer work of Scliottky (1918, 
1922), Hartmann (1921), Fry (1925), Johnson (1928), Llewellyn and others,
(1930) the work of Kanazouski and Williams (1930). Thacker and Williams

(1932). Moullin and Ellis (1934), Williams (1936), Bell (1938). Percival 
and Harwood (1938), Rack (1931) and others yielded useful information 
regarding valve noise. Later works by North (1940L B'-’B (i94 i) and oth^s

are also of importance. ; ' \
From the experimental point of view the me.isurenients of 

in audio frequency channels are liable to serious error Mne tq slifsbtes} 
electrical. disturbances atjd require extremely careful, shielding arrange.
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ments. It was. therefore, thought desirable to use a cathode ray oscillograph 
for delineating the noise patterns in different audio frequency channels after 
having amplified the noise voltage in the usual way. Reliable measurements 
of noise voltage by the oscillographic method was possible e\en though 
e>^traneoiis electrical disturbances were not altogether eliminated. Measure
ments of over-all valve noise were made by this method for a range of audio 
frequencies ^375 to 1320 c/s) in the case of several thermionic valves viz. 
(i) Philips A 415 (ii) Milliard iH F  (Hi) RCA  1H 4G  iiv) Mullard PM2 
and (r) Philips A44a*

With a fixed anode voltage for each of the thermionic valves, the over
all noise voltage was measured for different filament currents within the 
range of audio frequency channels (375-1320 c/s). From these measure
ments the variation of maximum noise in each valve with frequency channel 
was found. The variation of valve noise with varying plate voltages for 
maximum filament current was also studied in the same range of audio 
frequencies for one particular valve (Mullard PM 2).

2. K X P 1' R I M K N T A ly M K T II O D A N D  P R O C K D U R K

A  suitable parallel combination of a coil and a condenser was placed in the 
anode circuit of the thermionic valve under investigation and the anode and 
filament of the valve were connected to input terminals of a high gain amplifier 
through a suitable blocking condenser. The coil-condenser combination was 
arranged to cover the desired range of resonance frequencies for the parallel 
circuits. Tt was also ensured that the equivalent impedance of the combina
tion at its resonance frequency was very much higher than the impedance of 
the voltage amplifier wdiich was used to amplify the valve noise. Under 
such condition, the noise frequencies in the valve ranging from o to 00 were 
confined, within a very narrow band, to the resonance frequency of the 
parallel circuit at the input end of the amplifier.

The amplified noise voltage for any frequency channel within the desired 
range was then applied to the Y-plates of an oscillograph, the linear time 
base having been connected to the X-platcs. The pick-up from the 50 cycle 
converter lines invariably appeared on synchronization along with the super
posed valve noise corresponding to the resonance frequency of the coil- 
condenser combination. The 50 cycle [lick-up was, however, eliminated to 
a considerable extent by using a phase inverter unit constructed for the 
purpose and on further amplifying the noise voltage with the help of oscillo
graph amplifier, the average amplitude of the noise pattern was accurately 
measured on the fluorescent screen. Corresponding to the aveiage amplitude 
in cms. of the noise pattern for each frequency channel, the equivalent noise 
voltage was obtained with the help of an audio oscillator and an attenuator. 
For equivalent noise measurements, calibration curves were drawn, one for 
each frequency channel, showing different A /F  input voltages against corres
ponding amplitudes as measured in cms. on the oscillographic screen^
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3. K X r  R R 1 M E N T A L R X A I L S

The experimental set up for the measurement of valve noise is illustrated 
in figure i .  The essential parts of the arrangement arc as follows :

F i g . t

The experimental »et-np

(t) T e s t  c i r c u i t .  The thermionic valve under investigation with 
suitable coil condenser parallel combination in its anode circuit was placed 
across the input impedance of a voltage amplifier through a blocking con
denser. The coil in the combination was a 30-henry choke and the capa
citance of the condenser ranged from 0.0005 f t - V  to 0.006 /xF, so that the 
resonance freQuency of the combination could be varied from 375 
cycles/sec* and the equivalent impedance of the combination at its 
resonance frequency was very much higher than the input impedance of 
the amplifier.

The circuit diagram of the test circuit with all the necessary connections 
is shown in figure 2 .  The coil condenser combination was kcjit in a double- 
walled metal enclosure. Other parts and connecting wires were all properly 
shielded.

(it) A I F  voltage amplifier. A  Philips Modulation Amplifier (type 2845) 
with a maximum gain of 2300 was employed for amplifying the over-all noise

* The resonance frequencies were calculate<l with, at considering the self-capacitance 
of the choke. The self-capacitance would cause a lowering of the frequency value to the 
extent of about 8% for the smalle-st value of the condenser used in these experiments. The 
observed noise patterns on the oscillographic screen showed also' the same order of 
frequencies.
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voltage across the thermionic valve under investigation. Suitable input and 
output channels were used. The high*tone filter in the amplifier unit was 
set for the straight line portion of the frequency characteristic and the low- 
tone filter was adjusted to cut off low frequencies as far as possible. The 
amplifier was worked with 220 volts of 50 cycles/sec.

(Hi) C a t h o d e  ray t ub e ,  A Cossor’s oscillograph was employed to deli
neate the noise patterns for different audio frequency channels. The noise 
pattern for any particular frequency channel was found superposed on the 
trace of the 50 cycle pick-u[) from the A/C power lines from the converter.

(iv) P h a s e  i n v e r t er  uni t .  The phase inverter unit, constructed for 
eliminating the 50 cycle pick-up, was essentially a unit of continuously vary
ing phase and amplitude of the 50 cycle e. 111. f. In this unit one arm of 
the circuit consisted of two similar capacitances and a potentiometer resistance 
in series, while the other arm had two similar inductances in series with 
another potentiometer resistance. Requisite conditions were satisfied regard
ing the magnitude of the elements. The output connections were taken 
from the variable points on the potentiometer resistances so that the phase of 
the output e.m.f. could be varied by changing the variable points on the 
two potentiometer resistances. The amplitude of the output e.m.f. was 
varied with a potentiometer across the supply voltage. The circuit for the 
phase inverter unit is shown in figure 3.

F ig . 3
Phase inverter

The phase inverter output terminals were connected across the output of 
the A/P' voltage amplifier. There was no shunting effect of the phase 
inverter, the output impedance of the phase inverter being very much higher 
than the output impedance of the amplifier.

4. K X P K R I M K N T A I ,  R R S U b T S

The variation of over-all valve noise with filament current and with 
frequency were studied in the case of all the valves under investigation with 
a fixed anode voltage. The grid of each valve was kept‘floating’. This 
evidently did not correspond to the usual operating conditions. In the case 
of the tetrode valve, the screen-grid voltage was about 70 volts. I



The experimental results showing the variation of noise voltage with 
filament current are graphically shown in figures 4-6. It is to be noted
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F ig . 4

F ig , 5

Mullard iHF RCA iH 4~G



364 G. V. Suhhadramma

■  ̂ Filament current in milliamps.
F io . 6

Mullard PM 2 Philips A 442

that for all the frequency channels the equivalent noise voltage in all the 
triodes increased with the filament current and after attaining a maximum 
at a certain value of filament current decreased again to some minimum 
value- In the case of Philips A442 tetrode, the valve noise for the different 
frequency channels increased with filament current attaining a saturation 
value.

The maximum and the minimum values of the over-all valve noise in 
different triode valves, as determined for different frequency channels, are 
shown in figures 7 and 8. For all frequency channels the maximum noise

was found to be at the same value of filament current but the maximum 
noise value in case of all the valves was found to increase with increase of 
frequency channel and in some cases it attained or tended to attain a satura
tion value. The minimum noise for all the valves showed a similar variation 
with frequency channel.

The variation of valve noise for a fixed filament current with varying 
anode voltages for three frequency channels was studied for only one valve 
(Mullard PMa). The valve noise was found to decrease with the increase of 
anode voltage. The experimental results are graphiclally shown in figure 9.
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Fi<;. 7
r h i l ip s  ,^J5 Milliard n i l '

5. C 0  N C L  II S I 0  N S
The observed variation of valve noise with varying lilament current for 

a fixed anode voltage showed the effect of space charge on the valve noise, 
as in the work of previous investigators. The observed increase in niaxiinuin 
and minimum valve noise with the increase of frequency channel in the 
experimental range (375-1320 cycles/secj is indeed significant. It is doubt
ful whether this signifies the validity of Hartmanu-Schottky hypothesis. 
According to this hypothesis, a cooling is produced in the emitter after the 
emission of an electron and the emission of next electron become less 
t>robable for a short time compared to the frequency of the shot noise* It is 
accordingly expected that at very low frequencies which correspond to large 
time periods* the magnitude of the shot noise must be small, The observed 
decrease of valve noise with the increase of anode voltage for a given filament 
current in the case of one triode valve in three frequency channels within 
the experimental range is, however, contrary to expectation, as with higher 
anode voltage the space charge decreases and the shot noise is expected to 
increase with the increase of anode voltage. This requires further investiga
tion. It was also found that the observed magnitude of the over-all valve

4— 7
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noise w as appreciably higher than the value of the shot noise obtained 
according to L le w e lly n ’s method of calculation. 1 his is likely to be due to 
the preponderance of the flicker effect in the particular lacg c  of audio 
frequen cy channels.
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