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During the past several years, there has been

o tremendous increase in the use of single-side-
band, supressed-carrier tronsmission in amateur-

radic radio-telephony. This type of transmission .

offers several advantages over the widely-used
amplitude modulation methods. These advantages
include reduced band-width and the elimination
of heferodyne-interference problems. More useful
power can be obfained wifh the same valves and
power supplies or, conversely, smaller valves and
power supplies can be used o deliver the same
useful power,

With  high-level amplitude modvuiation, «
carrier and two' groups of sideband frequencies
are generated. The total power in the two side-
bands at 100 per cent, modulation is equal to
one half of the carrier power. Thus, for every
100 watts of total transmitied power, 67 watfs

# is-in the carrier and 16.5 watts is in each sideband.

Yet, one sideband contains all of the necessary
intelligence for communication, provided certain
receiver requirements are met. .
HALF THE BANDWIDTH

Single-sideband, suppressed-carrier f_rcmsmissi'oni
utilises only one sideband. By the eliminafion of
the other sideband, the bandwidth is cut in half,
By suppression of the .carrier, heterodyne inter-
ference is efiminated. Only 16.5 wals of power
is required to convey the same intelligence. Con-

versely, i the original 100 watts of power s

rrcmsmltted in_a_single sideband, six fimes fhe
former useful power will be obtained.

The literature contains considerable mformahon
on various methods of generating single-sideband,
suppressed-carrier signals. However, little informa-
tion is available on the choice of valves for am-
plifying these signals and the methods of cal-
culating typical operating conditions for. these
valves. Co

LINEAR R-F AMPLIFIERS ‘
Single-sideband signals must be amplified by
linear r-f amplifiers. These amplifiers are identical
to a-f power amplifiers except that resonant tank
circuits are used in the grid and plate circuits

Radiotronics
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instead of audio-frequency transformers. Con-
sequently, the valve manufacturer's ratings for
a-f power amplifier and modulator service for
class A, AB;, ABs and class B and typical
operating conditions will apply, provided the
valve is also capable of operating at the higher
frequencies involved. The same derafing factors
for plate voliage and input versus frequency
shown by the manufacturer for class-C telegraphy
ratings should be applied to single-sideband
operation at the frequencies where they become
applicable. ‘

Because the tank circuils aci os energy-siorage
systems, it is not necessary {as in the case of
audio work) to use two valves in push-pull in
class-AB or class-B, linear. r-f amplifiers. However,
if only one valve is used, the r-f harmonics will
be higher, thereby making the TVl problems
more severe.

_ Although. the manufacturer’s ratings are based
on 100 per cent. modulation with sine-wave signals,
normal voice modulation reaches this condition
only on the peaks of modulation. The ICAS tatings
have taken this factor into account. Consequently,
no attempt should -be made o operate above
these maximum ratings. Such operation will resuli
in shorter valve life and the possibility of early
valve damage during fransmitter adjustment or
unexpected overloads such as microphone *howl.”

Since only r-f power amplifiers are being con-

sidered, Class A operation will not be dlscussed_

"further. Of the remaining classes, AB; ‘operation

with tetrodes or pentodes is the simplest since
only the plate and screen-voltage supplles require
good regulation,

Table 1 includes the maximum ratings and
typical operating conditions for several valves used
as linear r-f power amplifiers. If it is desired to
operate at condifions other than those given,
typical conditions can be calculated by means
of the following procedure:

Make sure Ey is within valve ratings.
2. Refer to the published curves. On the average
plate characteristics curves, select a point
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on the zero grid-voltage curve near the
“knee”, and record iy, and epmi; from the

average screen-grid characteristics curves,

determine i',x for this point.
{Ecz equals the valve shown for the curves

used.)
3. Calculate lyps: lpms = i'3/3.
4, Calculate PD:
Ihma
PD = {E, + 3epmin!-

L

Calculate §l: S| == E.i’ea/4
Calculate Pl: Pl == Eglpms

7. Check the values found in steps 4, 5, and 6
fo determine whether they are within valve
ratings. Normally, they will be within rafings
for AB; operation. If they are not, a lower
value of i’y (either in the negative-grid region
or at a lower screen voltage) must be selected
and steps 2 to 7 |nclu5|ve repeated.

8. Calculate PO: PO = PI-PD

9. Calculate Ipy: lyy = liyme/ 5.

10. E can now be found on the plate charac-
teristics curves as the grid voltage where
the plate voltage is E, and the plate current
is Ibo-

1. F's = (Eq) 4+ em.
This value of E; is the absaolute vqlue of Eg
{the brackets mean ignore the sign} plus the
algebraic value of e, {include the sign}.
If the original point in step 2 was selected
on the zero grid-voltage curve, then e.n is
equal to zero and

‘Ecl)'
12. Calculate lg: lg = V'2/4
E'i’en

o

13. Calculate DP: DP =

{for AB, operation,
2
i'a = 0 so DP is zero.)

E» D.C. plate voltage.
€min ~ Minimum plate voltage for the required
peak current (from the characteristics

curves).
E.o D.C. screen voltage.
Ea D.C. control grid volfage.
€em Maximum grid-veltage drive to obtain the

required peak plate current ot u glven
minimum plate voliage.

E. Peak value of grid-voltage swing.
lyms Maximum-signal, d.c. plate current.
lyo Zero-signal, d.¢c. plafe current.

i's Instantaneous peak plate current.

les Maximum-signal, d.c. screen current.
i'en Instantoneous peak screen current.
i@ . Instantanecus peak grid current.

PD Plate dissipation at maximum signal,
Pl Plate power input at maximum signal.
PO Power output at maximum signal.
DP Driving power at maximum signal.

Sl Screen inpuf at maximum signal,
Radiotronics

CLASS-AB, TETRODE OR
CLASS-B TRIODE OPERATION

Class-AB; tetrode and class-B triode operation
provide more power than class-AB; operation,
but have the disadvantage of placing stiffer re-
quirements on the driver and grid-bias supply
reguiafion.

Calculation of typical operuting conditions
other than those given in the valve data sheeis
is slightly more complicated for class-AB; and
class-B operation than for class ABy, but is still
relatively simple with the procedure outlined
below: * _

1. Make sure E; is within valve ratings.

2. Assume a value of Iy A good starting

point is at
3 (rated PD)-
Ime -
Ey
Check this value to see whether it is
within rafings. If it is not, use the maximum
rated value of ..
3. Caleulate iy iy, = 3lpms
4, From the plafe characteristics curves, select

a value of eyyi, near the “knee” of the

curves af which i, can be obtained. Also

record Ece, emn; ' and .z for this point.
5. Calculate PD: :

Ibm

PD = — (E, +‘3ebmin]-
4
Eczic2
4. Calculate 8lI: SI =
4
7. Calculate Pl: Pl = Eplpms

Check the values found in steps 5, 6, and 7
to defermine whether they are within the moximum
ratings for the valve type. If the calculated values
exceed the maximum ratings, choose o lower
value of Iy, and repeat steps 3 through 7.

If the plate dissipation ahd input are below

the moximum rafings but the screen input is high,”

it may he possible to choose a higher value of
@pmin in step 4 [and repeat steps 5, 6, and 7)
to get all values within ratings. The reverse case
can alse be applied.

if all the values are well below maximum
ratings, a higher voalue of b, can be chosen

in step 2, and steps 3 to 7 inclusive, repeated fo.

see whether the operation is still within ratings.
If so, this laiter set of operating conditions will
provide slightly more power output.

When values that are slightly below the maxi-
mum ratings are obtained for plate dissipation,
screen input, and plate input, the corresponding
velve of e represents the maximum value which
coh be used at the original plate voltage selected.
Lower values of hy,, which give more conservative

* Calculation for tefrodes is discussed: the triode

‘case is the same except for the omission of the

culculqhon of screen-input power,
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Ratings and Operating Conditions for Radiotron Valves used as Linear R-F Power Amplifiers
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operation but less power output, can also be used.
Once the value of |y, is selected, the remdinder

of the calculation follows steps 8 to 13 shown for
class AB; operation. The driving power (DP)
calculated does not include the r-f valve and
circuit losses, Consequently, for adequate perfor-
mance, af least ten times this value of powet
should be available from the driver.

The followmg example illustrates the calculation
of ‘‘typical operation' conditions for the class-
ABs, CCS operation of. the type 807 W|fh an
Ey, of 600 volts:

1. The maximum plate voltage rafing is 600V,

2. Determine lyp,:

3 (rated PD} 3(25)
byms = = — 125A,
Ey 400

This value is above the meuximum-signal, dc
plafe-current rating {from valve handbook
or valve bulletin): therefore, the maximum
rafed value of 120mA will be used as o
first opproximation.

3. iy = 3l pms = 3[120) = 360mA.

4. From the 300V E.; curves, Fig. 1, select eymin
= Q0V. and read e.n (: + 12V}. From
Flgures 2 and 3, read i’y = 12mA, and
i'.s = 35mA respeciively.

'bms

N 5. PD — [Eb "l" 3 (ehmln).]

4 .

120

— —[600 L 3{90)] — 26W
4
Eeoice 300(.035)
6. 8l = — == 2.6W.

4 4

7. Pl = Eploms = 600(.120} = 72W.

" PD and Pl are both above ratings, and «
lower value of eymin at the required current cannot
be found on the curves, Therefore, a lower value of
lyms must be chosen; iry a value of 100mA, and
repeat steps 3 to 7:

3. i'p = 3(100) = 300mA,

111

4, From the 300V E.» curves: epymin = 70V.
€oyy = -+«7V, |cl == amAJ i’cz == 35mA‘
.100 _
5. PD = ——[600 + 3(70)] = 20.3W.
4 .

300(.035)
6, 8l = —— — 2.6W.,
4
7. Pl — 600(.100) = &60W.

- These values are within ratings; therefore, the
remainder of the calculations can be completed:

8. PO = Pl — PD = 40 ~20.3 = 39.7W.

10. Ey (from Fig. 1) — 35V,

1. E’!,r :- {Ea) + eem — 35 + (+7) = 42v

- Ve 35
T2 L = - — = 8.7mA.
4 4 |
e 42(.008)
13, DP = : = = .17W.
2 2

These values compare reasonably well with
the published values. .

Table 1 shows the maximum ratings and typical
operaring conditions for several popular valves
in linear r-f qmphf‘er service for single- sndeband
suppressed-carrier transmission,

It should be remembered that the typical
operating conditions. shown by the manufaciurer
{or calculated by the preceding methods) are
approximate only. Minor adjusimenis are vsually
made in actual operation by varying the. grid
bias or screen voltage slightly. In linear r-f am-
plifier circuits for' single-sideband, suppressed-
cdrrier transmission, it is particularly important
to check the actual operating conditions when
the transmitter is first set up to. assure that linear
operation within the maximum valve rcthngs is
bemg obtained.

Radiotronics
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Most amateurs have a working knowledge of
Standing Wave Ratio {SWR) and are aware that
it is preferable to have minimum $WR ‘on feeders
50 that power lost in the antenna feeder is kept
to a minimum. However, this writer has heard
numerous remarks on the air which indicate that
many theories exist on the subject of how the
SWR can be varied, including the erroneous idea
that SWR can be varied by changing the length
of the feeder.

To help clear the air of such misinformation,
this article contains a graphical presentation of
the relationship between the SWR on a trans-
mission line and the length of the line. The
presentation, usually referred to as the "“SWR
Circle', shows how the feed-point impedance
can be found when the SWR and electrical length
of the fransmission line are known.

The SWR on the transmission line between the
transmitter and the antenna coupler, A" in Figure
1, can be varied by funing and adjusting the

length is equal to a half-wavelength or any mul-
tiple of a half-wavelength, Point Y is the feed-
point impedance when the feeder is equal to o
quarter-wavelength or odd multiples of a quarter-
wavelength, The feed-peoint impedance of Point
Z is due to the feeder length being equal to one-
eight-wavelength. L
‘It should now be clear that varying the length
of the feeder cannot vary the SWR on the “B"
line, nor can it vary the feeder losses per foot.
When the feeder length is increased, simply *'go
around the SWR circle” in a clock-wise direcfion,
Remember that one full trip around the SWR
Circle is equal to a half-wavelength of feeder.
The use of different feeder lengths to obtain
variation in feed-point impedance is known to
hams as “‘pruning the feeder to get the antenna
to load.” “Pruning the feeder’” is sometimes neces-
sary because of the limifed impedance-matching
capabilities of the coupling circuits, In this manner,
a feed-peint impedance which will more easily

VISUALIZING SWR

‘SWR Circle’ Clarifies Theories

By Morton Eisenberg, W3DYL
Defence Electronic Products Division, RCA

coupler by inserting o device such as an impedance
bridge in the "A" line. In this manner, o “flat”
or nonresonant line {SWR = 1.0} can easily be
realised.

The SWR circle applies to the “B"-line coupler
to antenna or, if no coupler is used, fransmitter
to antenna. Although optimum tuning of the
transmitter and coupler assures that the maximum
r-f power is being transferred to the feeder ter-
minals, it has no effect on the SWR,

In Figure 2, the SWR circle is plotted for a 52-
ohm coble. Similar SWR circles can be drawn for
any other cable characteristic impedance and
the procedure will be described later in this article.

Referring to Figure 2, suppose an SWR of 2:1
is measured on the ""B'-line because a 52-ohm
coaxial feeder is terminated by o 26-ohm re-
sistive antenna impedance. Depending on the
feeder length, the feed-point impedance could
be 26 ohms resistive at Point X, 104 ohms resistive

. af Point Y, or any one of the infinite number of

complex impedances, such as Point Z, Point Z re-
presents o feed-point impedance of 65 ohms re-
sistive in seties with a 39-ohm inductive reactance.
The convenient way to write this mathematically
is: 65 + J39.

Point X is the feed-point impedance which is
found when there is no feeder, or when the feeder

Radiotronics

maich the feeder to the transmitter {or coupler)
can be obtained. It is important to note that
although the feeder length has been changed,
the SWR remains constant, You are simply going
to another peoint on the SWR circle.

The SWR on transmission line "B" can be ad-
justed for minimum only by doing one of the
following: (1) changing the transmitier frequency,
{2} adjusting the length of the antenna element
or eflements, or {3) adding or adjusting o match-

‘ing device at the junction of the antenna and the

feeder.
ANTENNA ]
T T T T T T T T T T T reen-poine
e TRANSHISSION ANTENNA J/Trnmswss\mu
[ LINE COUPLER LINE ]
oR
|[ TransmiTTER ”;“ teansmitres [ B
IF N B
| coupLER 1§ | |
I LSED |
Fig. 1
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ADJUSTING SWR FOR RECEIVER FEEDERS

The SWR situation on the receiver feeder is
slightly different from the problems arising in
transmitter feeders. In this case, the SWR is a
result of a mismatch of the input impedance of
the receiver and the characteristic impedance of
the feeder.

Consequenfly, the SWR can be adjusted fo 1.0
by the use of a coupler at the input terminals

of the receiver. This coupler is only necessary, of

course, if the inpuf impedance of the receiver is
not equal to the characteristic impedance of the
feeder. .

OTHER SWR CIRCLES

For various cable characteristic impedances,
SWR circles can be drawn by the procedure in
the following example:

To draw a circle where the SWR = 3:1, with

a 300-ohm line, the circle would cut the 100-

‘ 300 '
chm point {(—— — 100} and the 900-ohm

point {300 x 3 == 900} on the horizontal axis.

The centre to be used for the compasses would

900 -+ 100 o
be ———— — 500, Seiting the compasses to
2
_ _ Q00 - 100 :
a distance equivalent to —— — == 400
2

units, with 500 as the centre, will complete the
job.

The SWR circle is an extremely simple method
of visualising the effect of an antenna-to-line
mismaich on the feed-point impedance. It is also
an easy, more understandable way of showing
that varying the feeder length is a futile way to
minimise losses. The SWR {or the loss} remains
unchanged, To accomplish” a change in SWR {or
to eliminate a line loss) for any specific fre-
gquency would require a climb up to your ‘‘sky-
piece.” '

NEW RCA RELEASES

RADIOTRON 6814

The Radiotron 6814 is o subminiature medium
— mu friode with a pure tungsien low-wattdge
heater requiring less than 1W of heating power.
This valve has @ number of applications in com-
pact electronic computers dnd other ‘‘on-off”’
equipmeni, and is particularly suvited for use in
pulse amplifier, inverter and cathode follower
circuits of high-speed digital-type -electronic
computers. The 6814 is suvitable for use in mobile
and  dirborne equipment, and may be operated
at full ratings at altitudes up to 80,000ft. without
pressurisation. :

RADIOTRON 7027

The Radietron 7027 has been specially develop-
ed to meet the demands of crifical AF amplifier
designs, and features exceplionally high plate
dissipation, high power sensitivity and high effi-
ciency. The 7027 is a high-perveance beam power
valve especially designed for use in push-pull
amplifier stages of high fidelity equipment. Two
7027's in class AB1 with 450V plate voliage
can handle up to 50W of AF power with only
1.5% disfortion.

RADIOTRON 7200

The Radiotron 7200 is a 9-stage mulliplier
phototube intended primarily for the detection and
measurement of ultraviolet radiation, but is also

Radiotronics

useful in applications involving low-level light
sources, The envelope has o fused-silica section
which transmits radiant energy in the vulfraviolet
region down to and below 2000 angstroms, at
which figure the speciral sensitivity is nearly 80%
of maximum. The spectral response of the 7200
covers the range of approximately 1800 to 6000

angstroms.

RADIOTRON 2CY5 AND 6CY5

These types are sharp cut off tetrodes designed
for use as RF amplifiers in YHF TV tuners. They
feature high transconductance {8000 micromhos)
to provide high stage gain with corresponding
reduction in equivalent noise resistance. A high
ratio of plate to screen currents of 7:1 provides
good signal/noise ratio. The two valves are iden-
tical except for heater voltage and current.

DEFLECTION SYSTEMS & COMPONENTS

A complete line of deflection systems and com-
ponents has just been released by RCA, including
ruggedised units for military applications, Included
are components for use with image orthicons 5820,
6474, 6974 and 7037, one-inch vidicons 6198,
G198A, 6326, 6326A, TV monitor fube 17BP4A,
TV projection tube 5AZP4, and flying spot scanner
tubes 5ZP16 and 5WPI1,
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QUTPUT LEVEL

HIGH
FIDELITY

Infroduction

When referring to a high fidelity system, every
unit which goes info the operation of the equip-
ment or instrument must be considered, This, of
course, includes players, both disc and tape,
FM and AM radio, amplifiers, and speaker systems.

Frequency Response

Figure 15 shows what is normally called a flat
response curve, It doesn't look flat, but look at
the db scale. The greatest deviation is approxi-
mately 3 db, which is just discernible to the
average person. Therefore, the response is re-
latively flat. In order to be called really “high
fidelity™, the frequency response of the equipment
must be wide enough to give excellent bass re-
sponse, and at the same time give response to
all of the overfones that go into. the creation
of sounds which determine the quality of an in-
strument, voice, or combination of the two. An
acceptable high fidelify equipment therefore,
should have reasonably flot response from at
least 40 c/s through at least 10,000 c/s. When
the frequency range is given in these ferms, the
terms refer to the sound pressure curve. The
sound pressure curve is obtained from a caiibrated
microphone .and amplifier system which is ex-
tremely flat in characteristics, so that the actual
output of the specker (of the equipment being
measured) is plotted, and not just the input to the
speaker system. '
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Fig. 15. Satisfactory High Fidelity Characteristics.
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PART 3
HIGH FIDELITY
CIRCUITS

This curve must-be faken in a “‘dead” room.
Most service technicians do not have a “dead”
room so it is usually not possible to. do more
than listen to the sound output from the loud-
speaker, To give satisfactory reproduction to the
average person, the equipment should have a
response range flat from approximaiely 20 or
30 c/s to 15,000 c/s.

it is not intended to go inte great detail here
on the power output of the equipment in order
to give satisfactory coverage. However, power
output should always be considered from the
viewpoint of undistorted power outpuf, since,
when distortion is-introduced into o reproducing
system, the system ceases fo be high fidelity.

AUDIO
OSCILLATOR

METER

3 |9

Fig. 16, Measurement of Component Effects.

Effect of Circuit Components

In order to investigate the effect of circuit com-

ponents, a circuit similar to the one shown in
figure 16 is required. The audio. oscillator can be
just the plain old -hand adjusted variety or one
with a sweep. The measuring device may be either
a meter as shown, or in the case where a sweep
is used, an oscilloscope. The two blocks marked
Xs and Xp are the points at which will be con-
nected certain circuit components to be investi-
gated.
In figure 17 are shown the types of curves
that would be seen on the scope, or plotied from
the meter readings, for each component or com-
bination iliustrated, when connecied in each posi-
tion for X of figure 16.

{a) shows a capacitor connected across the
line. Of course, this assumes a poor vol-
tage regulation of the sweep oscillator
so that the voltage drops off rapidly with
‘load. The copacitor across the circuit,
as would be the case here, would offer
very little load at low frequency. As the
frequency is increased, the load will in-
crease and consequently the voltage will
decrease, giving the decreasing voltage
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pattern shown for this connection,

(b} shows the effect of an inductor placed
in the same position. The inductor offers
practically no load. at high frequencies,
but does offer a considerable load ai
low frequencies. Therefore, a high vol-
tage will be shown at the high-frequency
end of the curve, with low voltage at
the low-frequency end.

(c) shows a series-resonant circuit connected
across the line, If this series-resonant
circuit is composed of constants which
tune it to the cenire of the range of fre-
quenties being plotted, it will offer prac-
tically no loading at the low end of the
band, due to the capacity. It will also
offer practically ne loading af the high
end of the band, due to the inductance,
However, somewhere hetween these two
points,. the combination will become re-
sonani and' cause considerable loading
of the oscnllqtor, reducmg the voltage at
that point.

{d} shows the effect of a parallel resonant
circuit decross the line. Here the circuit
loads the oscillator at all frequencies ex-
cept the one to which it is funed. At low
frequencies the inductor loads the cir-
cuit, and at high frequencies the capaci-
tor louds the circuit. However, at the
resonant frequency of the inductor and
capacitor, there is no loading, and con-
sequently ai this frequency a high vol-
tage is applied to our scope or meter.

(e} shows the effect of a condenser connected
in the series position for the block Xs
in figure 16. A capaéifor in series with
the circvit offers a high impedance to the
low-frequency end of the band, and «
much lesser impedance af the high-fre-
quency end of the band. Consequently,
the voltage opplied to the measuring in-
strumeni will be low ot low frequencies
and high ot the high frequencies, just
opposite fo the parallel darrangement
shown in (a). :

{(f} shows the inductor connected in series.
The inductor will pass the low frequencies
much more readily than it will the high
frequencies. Consequently, a high voliage
will be obtained at the low-frequency
end of ihe band, and low voltage at
the high-frequency end of the band.

{g} shows that the series-parallel circuif also
does the opposite when connected in
series as it. did in parallel, This series-
resonant circuit offers a high impedance
to all frequencies except the one to
which it is tuned,

{h}) also shows, for a parallel-resonant cir-
cuit when connected in series, opposite
results to those -when connected in
parallel..
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PARALLEL SERIES
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Fig. 17. Circuit Componhenis in Para]le[ and in
Senes.

There are several interesting facts to point out
in connection with figure 17. 1t is noted thai a
parallel-resonant circuit in series with the signal
gives practically the same effect as a “series-
resonant circuit in parallel with the signal. Also
o parallel-resonant cireuit in parallel with the cir-
cuit gives the same effect as a series-resonant
circuit in series with the circuit.” An inductor in
parallel with the circuit has practically the same
effect as a capacitor in series with the circuit, and
an inductor in series with the circuit has practically
the same effect as a capacitor in parallel with
the circuit, From this it can be seen that loss of
high frequencies or loss of low frequencies can
be brought aboui by a change in component
values, and can 'be restored by resforing the
values of the circuit components to those used
originally. '

It will also be interesting *fo investigate some
simple circuits in which the capacitor and induc-
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Fig. 18. The Effect of Circuit Components.
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tance are connected into series-parallel circuits
with o resistor. These are actually tone control
circuits. These are simple circuits but they will
cover the fundamentals of operation. These cir-
cuits are also applicable to amplifier compensa-
tion. networks ond volume and loudness control
circvits,

Figure 18 {a) shows what happens when two
resistors are inserted in an aqudio line. Resistors
are nof frequency discriminating, so if a voltage
is inserted at the input to the network (Ein) re-
presented by the dotted line at the top of the
cuive, the network ouiput voltage will also be
represented by o straight line {solid) measured
across the resistor Rp. This line, of course, will
be lower on the curve by an amount equal to the
loss of the circuit. This is a volume control circuit.

In figure 18 (b) are two simple circuifs. Re-
member, in figure 17 we found that a capacitor
in series had the same effect as an inductor in
parallel. Here again the voltage inserted into
the network is represented by the dotted line,
but this time the network is a frequency-discrimin-
ating network, and af the low-frequency end of
the spectrum, considerablse aftenuation, or loss
occurs. ‘

The impedance of the capacitor is exfremely
high ot the low-frequency end of the spectrum.
Also, the inductance offers practically no impe-
dance, and shorts the low frequencies to ground.
As the frequency increases, the impedance, in the
case of the capacitor, becomes less, and in the
case of the inductor, greaier. When the high-
frequency end of the spectrum is reached it is
found that the circuit loss is ot a minimum, and
that the high frequencies are readily passed by
both circuits.

In figure 18(c) two other circuits are shown.
One, with o series inductance, and the other with
a parallel capacifor. Again it is found, in the dis-
cussion of figure .17, that the effect of these two
components in these ways will be the same. Here

dgain, the inductor will have very low impedance -

to the low frequencies, and the capacitor will
have very high impedance. So the low frequencies
will have only a minimum of loss, and the line
on the curve will almost equal the voltage re-
presented for the input by the dotted line. Again,
as the frequency is increased, the impedance of
the inductor becomes higher, and the impedance
of the capacitor lower. Therefore, by the time the
high-frequency end of the spectrum is reached,
@ maximum loss or attenuation occurs and the
voltage across the output of the network af the
high frequencies is very low.

The circuit shown in each section of figure 18
is found to be a voliage-dividing circuit, with a
resistor supplying either a loss or a load to other
components, thus controlling the effectiveness of
the network.

Radiotronics
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In no case is there a bass boost, or a high-
frequency boost. In all cases there is a loss. More
voltage must be supplied than is needed and then
a loss musi be inserted to attenvate the fre-
quencies thai are to be controlled. It is passible
to design a circuit that will actually “hoost”,
by the use of resonant circuits, but these are
generally not smooth, and cover only narrow
frequency ranges.
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Fig. 19. A typical Tone Control Circuif.
Tone Control . Circvit

" The low-frequency and high-frequency tone
control circuits used in the better type high fidelity
insfruments are shown here in figure 19. In figure
18 the fundamental circuits used in tone confrols
were discussed. Here is a much more refined cir-
cuit which gives very smooth control of both highs
and lows with a minimum of interaction. The high-
frequency control is composed of resistor, R-57
and three capacitors, C-45, C-46, and C-48, with
the capacitive section of the circuit serving as
the load portion of the voliage divider. As the
control is turned towards the minimum high posi-
tion, the resistance of the series portion becomes
higher and the impedance of the capacitive por-
tion becomes lower, and the high-frequency vol-
toge to the following valve grid becomes lower.
The series portion of the low frequency control
is capacitor C-47, and the load section is com-
posed of two resistors, R-54, and R-56.

At minimum low-frequency position the im-
pedance of the capacitive section of the divider
is high as compared to the resistive load section,
and the low-frequency voltage to the following
valve grid will be minimum.

Loudness Sensation of the Human Ear.

Compensated volume confrols have been men-
tioned several tfimes. Since tone control circuits
have now been discussed, compensated volume
centrol can be investigated. This is also a modified
tone control, and that is why it's discussion was
put off until now.

The proper design of a radio receiver should
take into account the characteristics of the human
ear. If one were to feed into a loudspeaker, o
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signal which varied in frequency from an extremely
low value to an extremely high value, and main-
tain the amount of energy fed into the speaker
constant as the frequency was varied [assuming
the speaker to be perfect and therefore-to re-
produce an equivalent constant amouni of energy
output] all of these sounds would not seem
equally loud under all conditions.
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Fig. 20. Sound Levels in Terms of Loudness.

If the energy level was high, all.frequencies
would seem to be of the same loudness, up
to about 1,000 c/s, when there would be a
slight rise, reaching o maximum at aboui 4,000
cycles, and from then on the higher frequencies
would appear to be less loud. Now if the amount
of input energy were to be reduced to a more
moderate level, the low-frequency notes would
be less loud, and as the frequency was increased
the loudness would appear to increase to a maxi-
mum at 4,000 cycles and then gradually fall off.
tf the amount of energy fed inte the loudspeaker

was reduced to a very low value, practically none

of the low-frequency sounds would be heard, The
fact that the ear is constructed to respond in this
fashion is a very decided asset from the hearing
standpoint, because at extremely low sound levels
the ear covers just thati frequency range required
for maximum intelligibility, so that we can under-
stand what is said in a low tone .of voice. How-
ever, this is not good from a musical standpoint,
for most of us find the low-frequency notes of an
orchestra definitely pleasing, <nd these are not
heard ot extremely low energy levels. Figure 20
shows sound levels in terms of relative loudness
rather than intensity, as were the earlier curves
showing the ear characteristics, so it'is the recipro-
cal of those earlier curves, but shows better what
is being discussed here.

Volume Control Characteristics.,

In modern instrumenis the audio system is com-
pensated ot various loudness levels to take into
account the characteristics of the ear in such a

Radiotronics
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LOUDNESS CONTROL ATTENUATION

way as to reproduce music which sounds pleasing

to the ear, regardless of the volume level at
which the instrument is adjusted.

In order to do this, several loudness levels-dre
chosen where the change in quality of the music
becomes noticeable {usually two points are suffi-
cient) and the volume control is tapped af these
points. Tone control circuits are then installed to
compensate for the characteristics of the human
ear. Figure 21 shows whal must be done to the
audio frequency response of the instrument in
order fo accomplish this.

A volume control is considered o conh‘ol which
is not frequency-discriminating. A loudness con-
frol is o« control {compensated} which is fre-
quency-discriminating, From here on, this .nomen-
clature will be used, :

Loudness Control.

Figure 22 shows the loudness conirol circuit
of a modern high: fidelity instrument, This confrol
is compensated at two points. At {or near) full
volume, the response of the ear is approximately
flai, so all frequencies when played through o
reasoncbly flat equipment, will be heard in true
proportion tfo all other frequencies,
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Fig. 21. Loudness Control Characteristics.

As the louvdness is lowered, however, the ear
sensitivity drops off at the low-frequency end of
the spectrum, so the bass is no longer heard as
loudly as actually played by the orchestra. There-
fore, it is necessary to make some compensafion
when the control position reaches the point of
fhe top tap. A capacitor of such a size as to be
effective at the very highest frequencies covered
by the instrument is used. A series resistance is
also connected info the circuit in .order to control
the effectiveness of this capacitor through that
range. The effect of this circuit is feli over a
reasonably large area of the volume control.

As the loudness conirol is reduced to o very
low volume, it again becomes necessary to com-
pensate the circuit in order to hear the muysic in
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a way that sounds normal over the entire fre-
guency range. Exactly the same thing is done
from a fap placed at this lower point. This then,
gives o satisfactory loudness control circuit.

Types of Distorfion ‘

At one time, not toco many years back, the
criterion of good sound was the width of the
frequency range. Many pecple judged the quality
of a system by the amount of record scratch heard
during the playing of «a record.

500K
TOTAL

3

Fig. 22, Typical Loudness Control.

This' type of thinking is now becoming obso-
lete. Of course, frequency response is important,
but bofh the highs and the lows as well as the
middle range must be heard, and the overall
response of the system must be reasonably flat.
Sufficient power handling capacity to fill the lis-
tening room at maximum desired average volume
plus the peaks must also be available, The re-
sponse of the system must be linear, or many
types of distortion will result,

Figure 23 lists the types of distortion that are
most important and shows the amount that can
be tolerated for each, where a limit has been
sef.
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tortion” will very seriously affect the quality of
tone. For instance, should a particular instrument
that was very rich in o cerigin harmonic be lis-
tened to, and should that harmonic be amplified
af an entirely different ratio to the fundamental
in the reproducing equipment, the quality of the
instrument could be changed so much that it
would not be possible to recognise it for the
same instrument.

INTERMODULATION DISTORTION. When con-

sidering a signal in which more than one fre-
quency is represented, the modulation of one or
more of these frequencies by either of those fre-
quencies may occur. This fype of distortion causes
most of the disagreeable quality in a system.

PHASE DISTORTION is the type of distorfion
that occurs when the phase of some of the fre-
quencies are different ot the output of a com-
ponent, than at the input.

FREQUENCY DISTORTION is when a system has
a different amplification at different frequencies.
In other words, the system is not flaf.

TRANSIENT DISTORTION is where distortion
oceurs as o result of short bursts of signal more
than for steady signals.

N o
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Fig. 24. Hi-Fi Block Diagram.

NOISE, There are three major types of noise
which must be considered. Atmospherics, ar static,

SATISFACTORY | ACCEPTABLE o . T .
TYPE OF DISTORTION LIMIT LIMIT is important when radio reception is being used.
2% 3-5% Valve noise is important when amplifiers of any
HARMONIC DISTORTION . . .
TOTAL HARMONICS|TOTAL ';‘:W"' L fype are in use. Record surface noise, of course,
4 1 . . . .
INTERMODULATION DISTORTION * is important only when disc records are being

PHASE DISTORTION NO SET STANDARDS used. There is also noise in the playback of

FREQUENCY RESPONSE

20-15,000 CP§S

40-10,000 CPS

TRANSIENT DISTORTION

NC SET STANDARDS

wow )

-60D8 BELOW -5008 BELOW
NOISE FULL OUTPUT FULL oUTPUT
FREQUENCY MODULATION DISTORTION a1 ‘o

POWER QUTPUT
DEPENDS UPON SIZE AND
L_ TREATMENT OF LISTENING ROOM

Eig. 23. Types of Distortion.
HARMONIC DISTORTION is the type of distor-

tion created by o non-linear system- where har-
monics are amplified in different proportions than
the fundamental frequencies, This type of dis-
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tape. ‘But this is so much less than the disc noise
that it was not felt necessary to list it as o major
problem. :

FREQUENCY MODULATION DISTORTION. Wow
and flutter resulting from mechanical and motor
speed  variation.

High Fidelity System Black Dicgrom

Most of the general circuitry that applies to
systems of all types has now been covered,
Figure 24 shows a block diagram of « high fidelity
system. Of course, there should be a radio {both
AM and FM) in the system; Likewise, it would be
unthinkablie to have a pick up excluded as record-
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playing is an important fecture in any home these
days. A complete high fidelity system, uvsvally in-
cludes a good tape recorder, This recorder, must
be capable of playing tapes through the system,
as well as making recordings.

In order to operate qll of these individual items,
a switching system should be included. There must
also be an amplifier system. The amplifiers will
consist of pre-amplifiers, voltage amplifiers, and
power amplifiers. They can be built separately or
all together in one ynit, depending on the size
and completeness of the system.

See

The life of a 6146 beam pewer valve can be
increased if these 12 simple procedures are
followed: :

1. Hold the heater volfuge af 6.3 volts — at

valve terminals.

2. Provide for adequate ventilation daround the

valve to prevent valve and circuit damage -

caused by overheating.

3. Keep shiny shielding surfaces away from
the valve to prevent heai reflection back into
the valve.

4, Design circvits around the valve to .use the’

lowest possible value of resistance in grid
circuit and screen circuif.

5. In high-frequency service, operate the valve
under load conditions such that the maximum
rated plate current flows at the plate voltage
which will give maximum rated input.

Radiotronics

In order to obtain the fidelity required from a
high fidelity system more than one speaker should
be wused if a very wide range speaker is not
available. For efficient design, when average units
are used, at least one speaker should be used
for the low frequencies, and one for the highs.

in order to filter the high freguencies from the -

low-frequency speaker, and the Jow frequencies
from the high-frequency speaker, a cross-over net-
work must be used. An importani part of any
speaker system is the baffle, or enclosure. These

.units complete the high fidelity system, and this

block diagrem shows how the individual - units
can be used to obtain good quality reproduction.

RADIOTRON
6146

Notes on'lncrénsing the Life-expectancy of this

Popular Vqlve.

6. Have overload protection .in plate and screen
~ circuits to protect the valve in the event of
driver failure. 7

7. See that the plate shows no colour when
operated at full ratings (CCS or ICAS con-
ditions).

-8. Reduce B4 or insert additional screen re-
sistance when tuning under no-load conditions
to prevent exceeding grid No. 2 input rating.

9. Maintain funing and loading adjustment pre-
cisely so that the valve will not be sub-
jected to excessive overload. The 6146 is a
high-gain, high-perveance valve and can be
more easily .overloaded through circuit mis-
adjustments than older fypes not having such
features,

"10. Use adequate grid drive, keeping within maxi-

mum  grid-current and  screen-dissipation
ratings of the valve. Too little grid drive can
cause high plate dissipation.

11. Make connections to the plate with flexible
leads to prevent strain on the cap sedl.

12. Operate 6146 within the published ratings.
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