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DESIGN SECTION 99

The Design of a High Fidelity Amplifier

By F. LANGFORD-SMITH, B.Sc., B.E. and
R. H. ASTON, AMIRE. (Aus.)

(3) A Design using Push-pull Triodes with
Negative Feedback.

If it is desired to reduce dis-
tortion to the absolute minimum, there appear to be
two possible approaches. The first of these has re-
ceived the greater amount of publicity during recent
years, and is the application of push-pull pentodes (or
beam power valves) with a high degree of negative
feedback. Although this is capable of providing ex-
tremely good results, the design is complicated owing
to the extremely high degree of feedback and the
precautions which require to be taken to avoid
instability.

The second approach is through the application of
push-pull triodes with negative feedback. In this

case the initial distortion is considerably less, and the
degree of feedback necessary to provide the required
fidelity is not so great as to require abnormal pre-
cautions in the feedback loop.

We were interested to read an article by D. T. N.
Williamson, “Design of a High Quality Amplifier”
in the Wireless World, April and May 1947, using
push-pull triodes with negative feedback. We there-
fore adapted it to suit our own valve types and then
carried out tests to see whether the claimed low
distortion limit of less than 0.1% total could be
reproduced.

The original amplifier used one triode valve as a
resistance coupled amplifier with its plate directly
coupled to the grid of a second triode operated as a
phase splitter with equal plate and cathode loads.
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The plate and cathode of the second valve were
capacitance coupled to the grids of the push-pull
triodes, which in turn were capacitance coupled to
the grids of the power valves. The latter were the
English type KT66 which is somewhat close in
characteristics to types 6L6 and 807. The KT66's
were operated with plate to cathode voltages of about
400 volts which were in excess of the maximum
triode ratings for either type 6L6 or 807.

In order to attempt to duplicate the results obtained
in the English amplifier, tests were carried out on
type 807 to see whether it could be used with the
higher screen voltage in triode operation. During
these tests we had no valve failures and subsequently
arranged for a number of 807 valves to be placed on
life test with triode connection and a combined plate
and screen voltage of 400 volts to cathode. The
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results of these tests will not be known for some
months, but in the meantime there does not seem
to be any reason why the valves should not be used
under these conditions for individual amplifiers at
the risk of the user, since the risk appears to be
quite small. The screen dissipation is considerably
below its maximum value and the only possible
breakdown is through the increased screen voltage
causing electrolysis or breakdown in the stem-press
between adjacent leads. It would, of course, be pos-
sible for the output valves to be used within their
maximum ratings by reducing the voltage from 400
to 300 but the power output would then be consider-
ably smaller.

The valves used in the original voltage amplifier
stages were type L63, which has characteristics re-
sembling those of type 6J5-GT or one half of type
6SN7-GT. It was therefore decided to use two
6SN7-GT valves, one in place of each pair of L63
valves. This gave a valve complement of two type

6SN7-GT,* two type 807 and one typé 5SR4-GY
rectifier. Special attention was given in the original
design to the avoidance of phase shift. The direct
coupling from the plate of the first valve to the grid
of the second valve eliminated one possible cause of
phase shift at low frequencies, while the cathode
return circuit was purely resistive. All the cathode
resistors are unbypassed so as to avoid any phase
shift at low frequencies, leaving only the coupling
condensers to the third and fourth stages, and the
output transformer. The latter was required to have
a primary inductance of at least 100 henrys,
measured at 50c/s with 5 volts rms on the primary,
a leakage inductance of not more than 30mH mea-
sured at 1000 c/s and a primary resistance of the
order of 250 ohms. In order to avoid the delay in
having a special transformer made for the job, we
substituted various transformers which were on hand.
It was found that the transformer supplied with the
Goodmans 12”7 loud speaker would give quite
satisfactory results, and this was therefore adopted for
the initial tests. An order has been placed for a
transformer specially designed for this amplifier,
which should be available at a later date. The ampli-
fier was then wired up in accordance with the circuit
diagram given herewith (A515).

The static plate currents in the final stage were
balanced, and the drive to each valve was adjusted
o give equal outputs at the plates when the valves
were supplied with d.c. through separate chokes with
individual loads of 5000 ohms each. The cathode
bias resistors on the final stage were adjusted to keep
the total plate dissipation less than 25 watts per
valve. Without feedback, the amplifier was perfectly
linear up to an output of 7.3 watts on a resistive
load. With feedback, the amplifier was perfectly
linear up to an output of 11.12 watts and it gave a
smooth overload so that an output of 15 or 16 watts
could be achieved without serious distortion.

The harmonic distortion for a power output of 11
watts was 0.019% 2nd harmonic, 0.04% 3rd
harmonic, 0.019 4th harmonic and 0.015%
5th  harmonic. Even with an output of 17
watts as for an overload condition the distortion

only reached the values of 0.46% 2nd harmonic,

0.31% 3rd harmonic, 0.53% 4th harmonic and
1.25% 5th harmonic. When tested on a speaker
load it was found that for fairly large outputs at low
frequencies a high frequency oscillation (about 60
Kc/s) would commence and be accompanied by a
pulsed output of some other frequency. Both these
incipient oscillations were cured by the addition of a
0.0005#F capacitor from earth to the screen of the
807 valve which tends to provide positive feedback to
the cathode of the input stage. It was found that the
by-pass was slightly more effective when connected
to the screen than to the plate.

*If this type is not available, each 6SN7-GT may be replaced by two type 6]5-GT, or 6S]7-GT (triode
connected), 7193, 2C22, 9072, CV6 or amy gemeral purpose triode with a plate resistance of abowr 7000 to
8000 obms and amplification factor abous 20.
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The following tests were carried out with this
addition. It was found practicable to apply sufficient
feedback from the voice coil to the cathode of the
input stage to provide 20db reduction in output with
complete stability under all conditions. The phase
shift between the input and output was quite small
over a frequency range of 20c¢/s to 13 Kc/s.

The frequency response on a resistive load was
constant from 20 to 10,000c/s and rose only 0.42db
at 13,000c/s. On a speaker load the output was prac-
tically constant from 20 to 13,000c/s, using a
Goodmans 127 speaker, although the speaker was
showing signs of frequency doubling with an input
of 20c/s, as would be expected. As a matter of

interest the resonant frequency of the speaker, when
used in a vented baffle, was 45¢/s.

It was found that harmonic distortion on the
speaker load was very similar to that on a resistive
load except at low frequencies, and the detailed
values are tabulated at the end of the afticle. The
distortion is extremely low down to a frequency of
40c¢/s.

At the time when these tests were carried out it
was not possible to perform intermodulation distor-
tion tests, but these will be carried out and published
at the earliest opportunity. It is obvious that the
total intermodulation distortion will be very low, and
the tests are only intended to form a basis of com-
parison with other amplifiers.

SUMMING UP

This amplifier is by far the best which we have
ever tested and we wish to give full credit to the
original designer. It not only gives extraordinary
linearity and lack of harmonic or intermodulation
distortion but is comparatively simple and involves
no special problems except the choice of output trans-

former. Unless the latter is specially designed for
this circuit, or is one having extraordinarily low
leakage inductance and exceptionally high primary
inductance (such as the Goodmans transformer
referred to in the article), the best results cannot be
achieved.

TEST RESULTS

Static Measurements
(with Avo model 7).

No 11W. 15W.
output output output
Ground to plate of V1 82V

Ground to cathode of V1 1.78V
Ground to plate of V2 2220V
Ground to cathode of V2 90.0V
Ground to plate of V3 148.0V
Ground to cathode of V3 4.1V
Ground to plate of V4 152.0V
Ground to cathode of V4 4.1V
Ground to cathode of V5

and V6 ............ 39.0V 39.2V 28.8V
Cathode to plates of V5

and V6 ... .. ... 400.0V  401.0V 4250V
Screen dissipation of V3

and V6 ............ 2.16W 1.7W 1.8W
Plate dissipation of V5

and V6 ......... ... 47.4W 37.3W 36.4W

No 11W. 15W.
output output output
Total B+ wvoltage ..... 4400V 441.0V 4520V
Total B+ current ...... 142.0mA 140.0mA 112.0mA
Ground to filament of
SR4-GY  .......... 465.0V 565.0V 565.0V
Input voltage to V1 (rms) 1.34V 1.55V
Input voltage (rms) to
V1 with no feedback 0.125V
Input voltage (rms) to
V2 1.95v 2.83V
Input voltage (rms) to
V3 o 3.3V 4.4V
Input voltage (rms) to
V5 and V6 (grid-to-
grid) ... ...l 59.0V 85.0V
Output resistance ...... 0.3 ohms
Damping factor (R,/R,) 50.0

Hum output (across 15) 0.34mV at 50 c¢/s
0.06mV at 100 c¢/s

Performance Measurements On A515
Linearity with no feedback. Constant B+ supply. Plate-to-plate resistive load of 10,000 ohms.

input volts output volts gain ’ watts
400 c/s
0.01 30.0 3000
0.02 60.0 3000
0.03 90.0 3000
0.04 120.0 - 3000
0.05 150.0 3000

0.06 180.0 3000

input volts output volts gain watts

0.07 210.0 3000

0.08 240.0 3000

0.09 270.0 3000 7.3
0.1 295.0 2950 8.7
0.11 324.0 2945 10.5
0.12 335 2790 11.2
0.13 358 2750 12.8
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Linearity with feedback. Resistive load (15 ohms)

input volts output volts gain watts input volts output volts gain watts
400 ¢s 0.7 6.95 9.95
0.8 7.97 9.95
0.1 1.0 2.95 0.9 8.95 9.95
0.2 1.95 9.95 1.0 9.95 9.95
0.3 2.96 9.95 1.1 10.9 9.95
0.4 3.95 9.95 L2 ggg ggz 11
1.3 . . .
0.5 4.95 2:93 1.4 13.8 9.86 12.65
0.6 5.94 9.95 1.5 14.7 9.8 14.3
1.6 15.3 9.57 15.6
Frequency Response
Constant input of 0.05V without feedback and 0.5V with feedback.
Output volts: Output volts:
Output volts: 15 ohms OUtim IlchiS: 1.5{021'{:)5&({
.. O esistive .
c/s speaker load zesistive load /s no feec?b):;ll::r faeedback no feefribsats:k feedback
no feedback feedback no feedback feedback 4000 5.95 4.9 4.97 4.95
20 4.8 5.05 4.65 4.95 5000 5.95 4.92 .4.88 4.95
30 5.62 5.0 4,88 4.95 6000 5.95 4.95 4.72 4.95
40 6.3 4.95 4.95 4.95 7000  5.95 4.95 4.65 4.95
50 6.3 4.9 5.0 4.95 8000 5.95 4.95 4.5 4.95
60 5.8 4.9 5.05 4.95 - 9000 5.95 4.95 4.4 4.95
70 5.75 4.9 5.06 4.95 10,600 5.95 5.0 4.3 4.95
80 6.15 4.9 5.08 4.95 11,600  5.95 5.0 4.2 4.96
920 6.3 4.9 5.1 4.95 12,000 5.95 5.0 4.08 4.97
100  6.12 4.9 5.1 4.95 13,000 5.95 5. 4.02 4.98
1000 5.55 4.9 5.1 4.95 Bass resonant frequency of Goodmans 127
3000 5.9 4.9 4.98 4.95 speaker in vented enclosure was 45 ¢/s.
Harmonic Analysis
Resistive load of 15 ohms at frequency 400 c/s.
Output Harmonics per cent. Output Harmonics per cent.
volts  Watts H, H, H, Hy volts  Watts H, Hy H, H;
2.74 0.5 0.025 12.88 11.0 0.01 0.04 " 0.01 0.015
3.88 1.0 0.02 13.42 12.0 0.01 0.08 0.01 0.06
5.49 2.0 0.02 13.98 13.0 0.03 0.38 0.01 o®1
6.72 3.0 0.02 14.5 14.0 0.075 0.35 - 0.01 0.26
7.76 4.0 0.025 0.01 15.0 15.0 0.07 0.54 0.01 0.28
9.5 6.0 0.025 0.01 ) 15.5 16.0 0.04 0.92 0.11 0.45
10.98 8.0 0.025 0.01 16‘-0 1.7.0 - 0.046 0.31 0.53 1.2
12.28 10.0 0.01 0.015 Oscillator d}stottxon 0.06 0.035
(approximate )
Harmonic Analysis
Speaker load, with power output of 11 watts,measured across the voice coil.
Frequency Harmonics per cent. Frequency Harmonics per cent.
c/s H, H, H, H; c/s H, H, H, H;
40 0.18  0.98 0.14 0.23 1000 0.05  0.03 0.02
50 0.32 0.4 0.05 0.05 3000 0.04 0.07 0.01 0.09
60 0.22 0.14 5000 0.04 0.08
75 0.18  0.07 0.02 0.075 7500 0.07
100 0.18 0.07 Further harmonics were beyond the range of the
300 0.02 analyzer,
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k  Measurements

by B. SANDEL, AS.T.C.

It would be thought that the measurement of the
coefficient of coupling £ in coils for use in radio
receivers would be such a well known process as not
to require further comment. Experience has shown,
however, that this is far from the truth and many
receiver and coil designers rely on such vague pro-
cesses as adjusting the primary to secondary coupling
of i-f transtormers for maximum stage gain. This
method is obviously unsatisfactory as quite large
changes in £ have only a small effect on the gain of
an i-f stage but a serious effect on the selectivity
curve. The final criterion should always be the
measurement of the overall frequency response of the
stage being investigated, but simple methods of
adjusting £ to approximately the value required when
assembling an r-f or i-f transformer offer obvious
advantages.

Bridge methods of measurement of £, where the
bridge operaies at audio frequencies, are not very
satisfactory because the effects of stray capacitive
coupling do not show up to the extent that actually
occurs at radio frequencies. Radio frequency bridges
are satisfactory where the coefficient of coupling is
large, but a high degree of accuracy is diffcult to
obtain where £ is of the order of 0.01, or less, as
for an i-f transformer. It seems much more satis-
factory to devise a method where measurements can
be made at the actual working frequency.

A large number of methods have been investigated
but the best results were obtained using a “Q” meter.
As this instrument is usually available in receiver
laboratories the methods using this instrument will

be detailed.

Aerial and R-F Transformers

The measurement of 2 in these cases is usually
fairly simple as the coefficient of coupling is of the
order of 0.2 in most cases. A number of methods
using the “Q” meter can be applied but the most
satisfactory appears to be as follows.

Connect the winding to be tuned in the receiver
to the “Q” meter and tune the coil to resonance at
the desired working frequency with some convenient
value of capacitance. The second winding is left on
open circuit. Note the capacitance reading (C;) and
then short circuit the second winding. Alter the “Q”
meter capacitance unti] resonance is again obtained
and note this new capacitance value (C;). Then

_ Cy, — (4
’e‘«/ z

The value of £ obtained obviously includes capaci-
tive as well as mutual inductive coupling and is
practically always the figure that it is required to
know.

Some care is necessary where aerial and r-f coils

have high impedance primaries as self resonance of

these windings in the open circuit condition can
cause errors. In this case it is suggested that the
same procedure be carried out firstly with the primary
and then the secondary connected to the “Q” meter,
thereby checking that the values of £ obtained are the
same in each case. Shifting the frequency slightly
will also assist if this difficulty should be serious. A
little practical experience with the method soon
resolves difficulties of this nature.

I-F Transformers

The method used for r-f and aerial coils is not
applicable to i-f transformers because of the low
values of & normally involved. Thart this is so can
be readily seen by the following example.

Suppose £ is 0.01 in a particular case and that it
is required that C; be 100 ##F to tune one winding
to 455 Kc¢/s. Then

Cy
Cy, =

1-4

100

1 - 0.0001

= 100.01 weF

The change between C; and C; is so small that it
cannot be read with any degree of accuracy on a “Q”
meter and so the method is unsatisfactory.

A suitable method is to tune one winding, as
previously, with the second winding open circuited
and note the value of “Q” (Q;). Now tune the
second winding to resonance without in any way
altering the “Q” meter setting or connections. The
“Q" meter reading alters as the second winding is
tuned and the minimum reading for “Q” (Q.) is
noted. Then .

This is satisfactory as fairly large changes in “Q”
occur and it is usually desired to know £ in terms
of critical coupling.

For the usual i-f transformer.

1

korit = ———
1
so £ can be directly determined, if desired, from
equation (A).
Clearly if % equals & critical then

(o7
0. =

2
<
i.e. the initial “Q” reading is halved.
(Continued on page 111)
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Input Circuit Noise Calculations for F-M and

Television Receivers

by WILLIAM ]. STOLZE
Engineer, Industry Service Laboragory
R.C.A. Laboratories Division, R.C.A.

This article which has previously appeared in the periodical Communscations for February, 1947, has
been made available for reprimting in Radiotromics by kind permission of the Editor and publishers of

Communications and of the author.

Maximum Receiver Sensitivity is not, in most
cases, determined by the gain of the particular re-
ceiver but by the magnitude of the input circuit
noise, which is generated by the antenna, the tuned
input circuit, and the first tube. This is true of a-m,
f-m, and television, except that in f-m and television
the random noise effect assumes a far greater degree
of importance than in the standard broadcast band.
The reason for this is twofold:

(1) At the frequencies where these two services
operate, 50 to 250 mc, the relative value of the
several different noise sources assume entirely new
proportions and the heretofore unimportant and little
known induced grid noise becomes one of the pre-
dominant components of the total.

(2) Most random input and tube noise is pro-
portional to the square root of the bandwidth. Both
television, with a 4-m¢ band, and f-m, with a 200-4¢
band, occupy much wider sections of the frequency
spectrum than anything previously encountered by
the commercial receiver engineer.

THERMAL AGITATION NOISE

When an alternating electric current flows through
a conductor, electrons do not actually move along the
conductor but they are displaced, an infinitesimal
amount, first in one direction and then in the other.
A voltage is built up across the conductor equal to
the magnitude of the current times its resistance.

RS-

L

R 10,000 OHMS

C= 85 MMFD

io)

Figure 1.

Sample thermal noise circuits: Frequency, 1000 kc;
Q, 100; L, 300 microhenries.

Applying heat to the conducting material agitates the
molecules of the conductor and, consequently, varies
the instantaneous position in space of the electrons.
This random electron motion is, in a sense, a minute
noise current flowing through the material and is
known as theimal agitation noise. That is, the appli-
cation of heat agitates the electron distribution of
the substance thereby creating the noise.

The magnitude of the short-circuit noise current
is given by

4KTAF
1211 = e T e e e e s e s (1)
R
where:
#» = mean squared noise current (amperes®)
K = Boltzmann’s Constant (joules per degree
Kelvin), 1.37 X 107**
T = temperature (degrees Kelvin)
AF = bandwidth (cps)
R = resistance (ohms)

All noise currents and voltages are random fluctua-
tions and occupy an infinite frequency band. Because
of the random effect, the most convenient terminology
to use in expressing their magnitude is average noise-
power output. Mean-squared noise current or mean-
squared noise voltage, either of which is proportional
to average power, is generally used.

In the expression for various noise components the
term AF refers to the effective bandwidth of the
circuit. ‘This is determined from a curve of power
output versus frequency by dividing the area under
the curve by the amplitude of the power at the noise
frequency in question.  For most calculations, how-
ever, where only approximate values are desited, the
bandwidth - between half power - points, or 0.707
voltage points, will give sufficient accuracy.

The - equation below expresses thermal agitation
noise as a voltage in series with a given resistor:

¢y = 4KTAFR .. ..icoveeenn... (2)

Both the above forms are true of all resistive circuit
elements or combination of elements including
paralle] and series-tuned circuits.

Referring to Figure 1 (a), let us suppose a
resistance-of 10,000 ohms were connected to the input
of an amplifier with a 5 k¢ bandwidth, ie., 5 k¢



RADIOTRONICS No. 128 105

between half power points or an audio band of

2.5 kc. At room temperature, 20° C or 293° K, the

terms 4KT in the expressions for noise simplifies to

1.6 X 107*°, which_may be used in most receiver

calculations. The noise in Figute 1 (a) is therefore:
¢, = 1.6 X 10~* AFR

en V1.6 X 107 X 5,000 X 10,000
ey 0.89 microvolt.

(I

The noise bandwidth is generally determined by
the narrowest element in the entire circuit under
consideration. In the example for Figure 1 (b) the
bandwidth of the amplifier is narrowet than the tuned
circuit and therefore its AF is used in the calculations.

Figure 1 (b) is a simple parallel-tuned circuit
where the noise generating resistance is equal to the
tuned circuit impedance. Again let us assume the
bandwidth to be five kc per second.

R = 0 (oL) = 100 X 1900 = 190,000 ohms
¢y = 1.6 X 107%° AFR
e, = V1.6 X 10*° X 5,000 X 190,000

en = 3.9 microvolts

Thermal -agitation noise voltage may be calculated
easily with equation (2) but by using the graph
shown in Figure 2 the room temperature values may
~ be found directly.

NOISE VOLTAGE ( microvolisy - o
8. .° . 5. .. .8 .8 .8
3. NN AT T T T T T T
JAVAVA \\\\
3 AN WAVA A
NN NN T T
ANBUAVR WARY
.3 \\\\ \\\\ \\\
A AREA AR NAN
23 AN WANE WAV
AN AR
L SO & ¥
. : N \"
{Emlisnmn
’ ]
Figure 2.

Thermal agitation noise voltage versus resistance and
bandwidth.

SHOT NOISE

Another important component of the total receiver
noise is known as shor noise. This noise is generated
inside the vacuum tube and is due to the random
fluctuations in the plate current of the tube, or, to
state it in another manner, random variations in the
rate of arrival of electrons at the plate. When
amplified, this noise sounds as if the plate were being
bombarded with pebbles or as if a shower of shot were

falling upon a metal surface, hence the name shot
noise. :

Although generated essentially in the plate circuit
of the tube, which is not a convenient reference. point
for sensitivity or signal-to-noise ratio calculations, the
shot noise is nearly always referred to as a noise
voltage in series with the grid. Since the following
equation is true,

Zp
ey = e (3)
m
where
e, = a-c grid voltage,
ip = a-c plate current, and

gn = transconductance,
by simply dividing the noise current in the plate
circuit by the transconductance of the tube the shot
noise may be referred to the grid and expressed in
terms of grid voltage.

Another step is taken, however, to simplify the
noise nomenclature. Suppose a given tube has a shot
noise equal to e, microvolts in series with its grid.
It is perfectly valid to imagine that this voltage could
be replaced by a resistance whose thermal agitation
noise is equal to e, (the shot noise) and considers
the tube to be free of noise. This imaginary resist-
ance, which when placed in the grid of the tube
generates a- voltage equal to the shot noise of the
tube, is known as the shot noise equivalent resistance
or just as the equivalent noise resistance of the tube.
The advantage of this terminology is that when the
equivalent noise resistance of the particular tube is
known, the noise volts may be calculated directly for
any given bandwidth by substituting values in the
following formula:

ey = 4KTAFRqq ... ooiviiinn.. (4)
where R,, = equivalent noise resistance, or at room
temperature '

&, = 1.6 X 102 AFRyy ..o (5)

If the noise were expressed as a voltage or current its
value would be correct only for one particular
bandwidth,

By knowing the R, of any two given tubes their
relative shot noise merit is also known regardless of
what bandwidth they are to operate at, while if the
noise voltages were given alone the operating band-
width at which the calculation was made would also
have to be noted if the relative merits of the two
tubes were to be defined.

Noise-equivalent resistance values for a number of
different tube types (triodes, pentodes, and con-
verters) and for various circuit applications
(amplifiers and mixers) can be calculated by apply-
ing the expressions presented in the chart, Figure 3.1

When the term converter is used it refers to a tube
that is used for frequency conversion where the single
tube acts as the local oscillator and the mixer
(6SA7); the term mixer where two tubes are used,
one as the mixer (6SG7), and one as the local
oscillator (6C4).

1%. A. Harris, Fluctuations in Vacuum Tube Amplifiers
and Input Systems, RCA Review; April 1941,
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After the equivalent noise resistance is known the
value of rms noise voltage at the grid of this tube
can be calculated by applying the same expression
that is used for thermal agitation noise,

¢, = 1.6 X 1072° AFR
or by using the graph of Figure 2.

Figure 4 presents calculated equivalent noise
resistance values for a number of commonly used
tubes acting as various types of circuit elements.
These are, of course, approximate figures.

It can be seen from Figures 3 and 4 that the
noise resistance or voltage is at a minimum for a
triode, increasing for the pentode and the multigrid
tube, followmg in that order.

Shot noise is unique among the noise sources in
the sense that the shot-noise voltage should be con-
sidered to exist in series with the grid inside the
tube. The reason for this is that nothing can be
done to the external grid circuit that will alter the

magnitude of this component. Even though the shot
noise must be tolerated, its effect can be minimized
by designing the input circuit for maximum signal at
the grid. This does not reduce the magnitude of the
noise but does improve the signal-to-noise ratio of
the receiver.

INDUCED GRID NOISE

Also present in the receiving tube is a third source
of noise which is generated internally in the tube but
whose magnitude and effect are determined partially
by the external input circuit. Known as induced grid
noise, this minute current is induced in the grid wires
of the tube by random fluctuations in the plate
current. It is known that a varying electron beam
will induce a current in any nearby conductor. There-
fore, the fluctuating plate current which is in a sense
a varying electron beam, will induce a noise current
in the nearby grid conductors.

R o 25
TRIODE AMPLIFIER £Q o
I 2
PENTODE AMPLIFIER Reo = e = Ol
IB+IGZ Gm G2
4 G
TRIODE MIXER Req= T Gc=3+
I
PENTODE MIXER Rea = 7 IB 2 + Plsp
Bt G2 C Ge?
MULTIGRID Rea = 20 Ip (Ix-1Is)
CONVERTER OR MIXER tQ In Gc2

Reg= EQUIVALENT SHOT NOISE
RESISTANCE

Gm=GRID PLATE TRANSCON-
DUCTANCE

Is= AVERAGE PLATE CURRENT

IGZ=AVE RAGE SCREEN CURRENT

Gc=CONVERSION TRANSCON -
DUCTANCE

Ik=AVERAGE CATHODE CURRENT

Figure 3.

Equivalent shot-noise resistance formulas.*
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The input impedance of a vacuum tube has a re-
active and a resistive component. At relatively low
frequencies the resistive component is very high
(below about 30 7c); as the frequency is increased
the resistive component decreases and its magnitude

component is composed of two parts, the portion due
to transit time effect, and the portion due to the
inductance of the cathode lead.

An expression for induced-grid noise® for tubes
with control grid adjacent to the cathode follows:

eventually becomes comparable to or even lower than
The resistive

the external grid circuit impedance.

izi.g. = 14 X 4 KT AFG 1ot

or when expressed in the form of a voltage generator,

TUBE PLATE SCREEN TRANSCONDUCTANCE EQUIVALENT
TYPE APPLICATION voLTs* [ vours MICROMHOS NOISE RESISTANCE

: OHMS
6AC7 PENTODE AMPLIFIER 300 150 9,000 720
6AC7 PENTODE MIXER 300 150 2,200 2,800
6AGS PENTODE AMPLIFIER 250 150 5,000 1,650
6AGS PENTODE MIXER' 250 150 1,250 6,600
8AG7 PENTODE AMPLIFIER 300 150 11,000 1,540
6AKS5 PENTODE AMPLIFIER 180 120 5,100 1,880
6AKS PENTODE MIXER 180 120 1,280 7,520
6AKSG PENTODE AMPLIFIER 180 180 2,300 8,800
6ATSE TRIODE AMPLIFIER 250 — 1,200 2,100
6AUG PENTODE AMPLIFIER 250 150 5,200 2,660
6BA G PENTODE AMPLIFIER 250 100 4,400 3,520
6BA6 PENTODE MIXER 250 100 1,100 14,080
6BE6 CONVERTER 250 100 475° 190,000
6Ca TRIODE AMPLIFIER 100 o 3,100 810
6C4a TRIODE MIXER 100 —_— 770 3,240
6C5 TRIODE AMPLIFIER 250 _ 2,000 1,250
6C5 TRIODE MIXER 250 — 500 5,000
6J5 TRIODE AMPLIFIER 250 —_ 2,600 960
6J5 TRIODE MIXER 250 — 650 3,840
+6J6 TRIODE AMPLIFIER 100 —_ 5,300 470
+6J6 TRIODE MIXER 100 —_— 1,320 1,880
6K8 CONVERTER 250 100 350° 290,000
6SAT7 CONVERTER 250 100 450° 240,000
65B87-Y CONVERTER 250 100 950 © 62,000
6SC7 TRIODE AMPLIFIER 250 —_ 1,325 1,890
6SG7 PENTODE AMPLIFIER 250 125 4,700 3,100
6SG7 PENTODE MIXER 250 125 1,180 12,400
6SJ7 PENTODE AMPLIFIER 250 100 1,650 6,100
6SK7 PENTODE AMPLIFIER 250 100 2,000 11 000
6SL7 TRIODE AMPLIFIER 250 — 1,600 1,560
6sSQ7 TRIODE AMPLIFIER 250 — 1,100 2,300

(#) VALUES OF PLATE VOLTAGE AND CURRENT AND SCREEN
VOLTAGE AND CURRENT ARE FOR TYPICAL OPERATING
CONDITIONS.
(=) CONVERSION TRANSCONDUCTANGE - MICROMHOS

Figure 4.
Approximate calculated equivalent noise resistance of
various receiving-type tubes.
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225.9. = 14 X 4 KTk AFRezeot ...... (6)
where: T;, = cathode temperature (degrees Kelvin)
Gereee = electronic (transit time) component

of input conductance
Roteet electronic  component of  input

resistance.

From equation (6) it can be seen that the induced
grid noise is proportional to the electronic or transit
ume component of the input resistance. Measure-
ment of the total input resistance is a comparatively
simple matter with the use of a high frequency Q
meter, but the separation of the electronic and the
cathode inductance components, which are essentially
two resistances in parallel between the grid and
ground, is a very difficult matter. Since most high-
frequency tubes are constructed with either two
cathode leads or one very short lead, assuming the
total measured input resistance to be electronic would
not introduce too great.an error. Another factor in
favour of this approximation is that it would be the
case for maximum induced grid noise and any error
introduced would more than likely be on the safe
side.

Cathode temperature in most receiving tubes, which
almost exclusively use oxide-coated cathodes, is ap-
proximately five times the normal room temperature
in degrees K. Equation (6) can be rewritten
therefore as

iy = 5 X 4KTAFR 100t oo .. (7)
where: T = room temperature (degrees Kelvin), or
when T = 300 degrees Kelvin

e, = 8 X 107%° AFRc1eet -« vvonn.. (8)

In circuit calculations this noise is essentiaily in
series with a resistance equal to Reje.¢ located between
the grid and ground; Figure 5.

The approximate input resistance for a number of
common receiving tubes in the frequency range of
f-m and television is given in Figure 6. This chart
can be used to find approximate input resistance
values for induced grid-noise calculations.

TOTAL NOISE CALCULATIONS

Calcularions of total input noise are made by using
the grid of the input tube as a reference point. There
are many sources of noise and each must be calculated
and referred to the grid reference point before a
summation is made. Since noise is a random effect
and calculated on a power basis, the separate com-
ponents cannot be added directly but as the square
root of the sum of the squares.

Total Noise = Ve*; + €°p + €5 + etc. . (9)
The various noise voltages that must be referred
to the first grid are:

(1) Thermal agitation noise of the antenna
radiation resistance.

(2) Thermal agitation noise of the tuned grid
circuit. “

(3) Shot noise of the input tube.

(4) Induced grid noise of the input tube.

(5) Grid circuit noise of the following stages
referred back to the first grid.

In Figure 7 (a) appears a diagram of a practical
input circuit and the location of all the circuit para-
meters and noise voltages. Figure 7 (b) is essenti-
ally the same except that the antenna circuit is re-
flected through the transformer and considered to
exist at the grid. This is the diagram that is most
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useful in calculating the total input circuit noise.
The steps necessary to find specific values for each
of these factors are shown in Figure 8. Antenna
radiation resistance varies widely with the type of
antenna chosen, but for f-m and television work it is
generally in the order of 75 to 300 ohms. When the
noise is known in terms of an equivalent resistance,
as is the case here for the antenna, tuned circuit,
and shot noise, the equivalent voltage can be either
calculated or obtained directly from Figure 2.

In order to add the antenna, tuned circuit, and
induced grid noise to the shot noise the effective
voltage of these three components at the grid, or
beween the points A and B, must be known. Each
must go through what is essentially a resistive divider
and may be calculated as shown in Figure 9.

After knowing the magnitude of the separate
sources that exist between A-B, the total noise voltage
is

) ot T (egnt, at A — B)?
total = + (eiq at A — B)*?
+ (et at A — B)? (10)

One other factor may effect this total, however.
If the total noise of the following stages, which is
calculated similarly, ignoring the antenna of course,
is appreciable, 1t must be added to the constants of
Figure 9. In reflecting it to the first grid the second
stage noise should be divided by the gain of the first
tube. When the gain is about ten or more this factor
may usually be neglected.

Effective signal voltage across A-B is calculated in
the same way as the antenna noise in Figure 9. The
signal-to-noise ratio is now also known.

Since the signal-to-noise ratio is determined by the
signal strength and the total noise at the grid of the
input tube, for a receiver that has a mixer, such as

Regtect

@(

1IN
Rant xAntenna Rodiation Resistance Relect =Electronic Input Resistonce
€qnm =Antenno Resistance Thermol Noise € g = Induced Grid Noise
€gjg = Slgnal volitage Rgq = Equivalent Shot Noise
. Resistance
Reky=Tuned Circuit impedance €shot = Tube Shot Noise

@ckt = Tuned Circuit Thermal Nolse N = Turng Raotio of Coupling
Tronsformer

ta)

Req

N1Rgn @ Rext Relect
N x egne
€ckt eig
Nz €3ig
O
8
(b)
Figure 7.

Position of various noise sources in input circuit.

(1) Rpont—DEPENDS UPON SPECIFIC ANTENNA

Q

(3 Repr= QuL =5e

(@) Eant= VI-6X1072° Ryyr AF - OR DIRECTLY FROM FIG.2

(4) Ecnr= V1-6X1072°R,; AF -OR DIRECTLY FROM FIG.2

(5 RgLgct -FROM ACCOMPANYING CHART, FIG. 6

(6 E, o = V8XI0729Rg ¢cr AF

(7) Rgq ~FROM ACCOMPANYING CHART, FIG.4

(8) Esior=V1'6X10720 AF Rgq - OR DIRECTLY FROM FIG. 2

Figure 8. Procedure for calculating various noise voltages.
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6SK7, for the input tube, the signal-to-noise ratio
may be considerably improved by the addition of an
t-f tube, such as a 68G7, which has considerably less
total noise. By adding additional r-f tubes (6SG7s),
however, since the total noise and signal at the grid
will be the same, the signal-to-noise ratio will not be
improved.

R
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P
~
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&ia-8
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@ Q

Figure 9.
Circuit for reflecting various voltages to the grid.

To find the effective voltage of the antenna, the
tuned circuit, and the induced grid noise at the grid
of the tube let R; equal one of the above noise re-
sistances and e, its generated volrage. If R, and R,
equal the other two noise resistances the effective
voltage at the grid is

(7 R2R3

€1 A-B T

R; + -
R, + R;
This calculation must be performed for the three
components in turn. '
SAMPLE CIRCUIT CALCULATIONS
For a sample problem let us calculate the total
noise at the grid of an f-m receiver r-f amplifier
stage, assuming the circuit in Figure 10 (a) to be
under consideration. .
As a simplification of procedure the steps in the
calculation will be numbered.
(1) N? Rgny = 1200 ohms (calculated)
(2) Rereer 1200 obms (Figure 6)
(3) Rewe = QoL = 8000 ohms (calculated)
(4) Rey = 3100 ohms (Figure 4)
At this point it will be convenient to redraw the
circuit as shown in Figure 10 (b).
(5) N emm: = 2 microvolts (Figure 2).

X
R2R3 . R2'+‘R3

]|

(6) eiy = V83X 10720 200X 103 1200
= 5 microvolts (equation (8))

(7) eont = 6 microvolts (Figure 2)

(8) esnot = 3.5 microvolts (Figure 2)

The next step is to find the effective voltage of
each source between the grid and ground (or A — B)

as shown in Figure 9.
2
(9) een A-B= ———— X 1040
1200 + 1040

= 0.93 microvolt

5
(10) ¢49g A~ B = ———— X 1040
1200 -+ 1040
= 2.8 microvolts
. 6
(11) ey A-B= ——— X 600
8000 -+ 600

= 2.5 microvolts
And the rtotal noise is therefore

(12) etotar V3.5240.932+ 2.32+2.52?
4.9 microvolts
(equation (10))

elionul‘:z
F=100 MC

aF:200 KC
Q=100

(e}

6S67

Sshot 3100 OHMS

Figure 10.
Typical f-m receiver input circuit.

CONCLUSIONS

Selection of an input tube for a television or f-m
receiver is dependent upon many varying circuit
conditions and individual requirements. The choice
of using balanced or unbalanced input, permeability
or capacitor tuning, noisy pentodes or quiet triodes
that possibly require neutralization, among others,
lies entirely with the design engineer. Considering
these reasons and various engineering and economic
compromises, no particular tube can be chosen and
defined as the input tube. Complete noise informa-
tion about the circuits involved is necessary, however,
as this is one of the determining factors for good
sensitivity and signal-to-noise- ratio.



VALVE DATA SECTION

R.C.A. Tube Types Not Recommended for
New Equipment Design

The following recommendation has been issued by R.C.A. and is reprinted for the information of our
readers, although conditions in Australia differ considerably from those m U.S.A.
An asterisk has been added opposite receiving ty pes which are recommended for new equipment design

in Australia at the present time.

Certain tube types should be avoided in the design of new equipment because they are approaching
obsolescence or have limited or dwindling demand. Such types are listed below for the benefit of equipment

designers.

RECEIVING TUBE TYPES
0Z4-G 2A6 6P5-GT 37
1A4-P 2A7 6Q7-G 38
1A6 2B7 687-G 39/44
1B4-P 2ES 6T7-G 49
1B5/258 6A3 6U7-G* 50
1C6 6A4/LA 6W7-G 53
1C7-G* GAG 627-G 55
1D5-GP 6ACS5-GT 12A7 56
1D7-G 6B5 15 57
1E5-GP 6B6-G* 19 58
1E7-G 6B7 24-A 59
1F4 6B8-G 26 75
1F5-G 6C6 27 76
1F6 6D6 30 77
1F7-G 6D8-G 31 78
1G5-G 6]7-G* 32 79
1H4-G 6J8-G* 32L7-GT 81
1H6-G 6K7-G 33 84,674
1J5-G 6K8-G 34 85
2A5 6L5-G 35 89

6L7-G 36

TRANSMITTING TUBE TYPES

10-Y 804 850 893A-R
203-A 830-B 851 898
204-A 835 852 1608
207 §38 858 1610
211 841 860 1619
217-C 842 861 ' 1623
800 843 862-A 1624
801-A 846 865 1626
803 849 893-A 8012-A
CATHODE-RAY TUBE TYPES
2AP1-A 5BP1-A 12AP4 913
3AP1-A SHP1-A 902-A 1840
9AP4 "~ 908-A
PHOTOTUBES
923 924
THYRATRONS
629 885 2051
MISCELLANEOUS
2V3-G 874 878

(Concluded from page 103)

Some care is necessary, such as taking all readings
with the transformer in the can, and the can should
be connected to the earth terminal of the “Q’’ meter.

It should be remembered that as the coefficient of
coupling is low, stray coupling when the i-f trans-
former is wired into a receiver will modify the
measured degree of coupling. A figure of about 0.8
of critical has been found fairly satisfactory with most
ordinary broadcast receivers [although this figure may
be modified in particular cases] since stray coupling
increases this value to approximately critical. A
figure of 0.95 has been used with 10.7 Mc/s i-f’s in
an f-m receiver where the stray coupling had been
reduced to negligible proportions by careful lay-out.

It is necessary to emphasise that the bandwidths
must be checked, in the receiver, to ensure that the
desired degree of coupling has been obtained. Over-
coupling can be readily determined by the unsym-
metrical shape of the response curve, but in any case
a calculated curve is always of assistance as it serves
as a direct comparison for the desired curve. Methods
of calculating i-f response curves have been given in
Radiotronics 125, and if charts are used, as suggested,

the process is a simple one and well worth the labour
involved.

The special case of an i-f transformer having
identical primary and secondary windings but unequal
Q’s because of circuit loading may be of interest.
Measurement of the required coefficient of coupling
is still possible, using the method described above,
by loading the primary and secondary windings to
give equal Q’s and then determining £ from the
relationship

’ — . QI - Q2
B orit & crit A/ 0
In this case £ is made to have the value required
to give critical coupling in the circuit where the Q's
are unequal. .
This required value of & is given by

Eloris = /a(‘@% T ”QL )

This procedure is quite valid as the actual value of
£ is a physical property of the circuit. Whether this
value of £ gives over, under, or critical coupling
merely depends on the tuned circuit operating
conditions.
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New R.C.A. Releases

74’ -

Radiotron type 6S8-GT is a multi-unit valve com-
bining three diodes and a high-mu triode in one bulb.

One of these diodes has a separate cathode while the

other two diodes have a single cathode which is also
common to the triode unit. This arrangement of
units provides for the detection and amplification of
either AM or FM signals without switching detector
circuits.

Radiotron type 1945 is a highly evacuated, ioniza-
tion gauge tube sensitive to hydrogen but not to
other gases or vapors. It is particularly useful in
detecting and locating leaks in vacuum enclosures.

Unlike conventional ionization gauge tubes, the
1945 is constructed with a palladium plate which
serves when cold as a vacuum-tight barrier to the
vacuum system. As a result, the 1945 is exhausted
to a much better vacuum than normally exists in a
vacuum system. However, when heated, the pul-
ladium plate serves as a permeable membrane which
permits hydrogen deliberately introduced in the
vacuum system to flow into the 1843,

Because of its high vacuum, the 1945 can detect
far smaller leaks than feasible with conventional ioni-
zation gauges operating at the same pressure as the
vacuum system. Actually, an increase in hydrogen
pressure of less than 0.0000001 mm of mercury
(0.0001 micron) can be detected with the 1945 on
systems using rotary vacuum pumps.

Radiotron type 1946 is a thermocouple type of
hard-glass, vacuum-gauge tube useful in measuring
gas pressures in the range from 1 mm to 0.0001 mm
of mercury (1,000 microns to 0.1 micron), but hav-
ing greatest sensitivity in the range from 1 mm to
about 0.001 mm. Since the 1946 is not damaged
under operating conditions involving loss of vacuum,
it can conveniently be used as a protective device
in vacuum systems to prevent application of voltages
to electronic components operating within a vacuum
enclosure until the pressure in the enclosure has been
reduced to the desired value,

Radiotron type 1947 is a Pirani type of soft-glass,
vacuum-gauge tube for measuring gas pressures in
the range from approximately 0.5 mm to 0.01 mm
of mercury (500 to 10 microns), but it can be used
with reduced sensitivity to measure pressures above
and below this range. The 1947, like the 1946,
may be used as a protective device in vacuum systens.

Radiotron type 1949 is an ionization type of
hard-glass, vacuum-gauge tube for measuring gas
pressures in the range below 0.0001 mm of mercury
(0.1 micron). When operated with a grid voltage
of +110 volts and a piate voltage of —22.5 volts,

it has a sensitivity of 110 microamperes per micron.
It is, therefore, very sensitive for detecting minute
leaks in a vacuum system.

Radiotron type 1950 is like the 1949 in applica-
tion, but is constructed with soft glass and has some-
whar different dimensions.

Radiotron type 5655 is a television camera tube
recommended for studio use. It is similar to type
2P23 bur differs in that its photocathode has practic-
ally no infrared response, its resolution is somewhat
better, its signal to noise ratic has been improved
about twice, and its response to half-tones is more
natural. Ir does not, however, cover as wide a light
range as the 2P23.

Radiotron type 1P42 is a small head-on type of
high-vacuum phototube. The cathode surface is blue-
sensitive but has negligible sensitivity to infra-red
radiation. The maximum overall length is 1 13/32”
and the maximum diameter 1”; the window area is
0.030 square inch.

This phototube is particularly useful where space
considerations are a prime factor, and it can be
operated in any desired mounting position,

QUICK REFERENCE CHART

A quick reference chart of miniature valve types
is now available and may be obtained on application
to Amalgamate: Wireless Valve Co. Pty. Lid., Sales
Promotion, 47 York St. (Box 2516, G.P.O.),
Sydney, N.S.W.



