



































































































































































































































































































































PRESENTED FREE WITH PRACTICAL WIRELESS JANUARY 1971

FM TUNERS

FREQUENCY RESPONSE
40-12500Hz with following tolerances:

40-50Hz . . + 3dB
50-6300Hz oL . + 1-5dB
6300-12500Hz . . o 3dB.
Channel difference within 3dB from 260-6300Hz.
DISTORTION

Less than 2% at 1000Hz with 40kHz deviation (ref DIN 45 403
Section 2). For stereo, the measurement is carried out with equal
signals.

CROSSTALK
Better than 26dB from 250-6300Hz.
Better than 15dB from 6300-12500Hz.

SIGNAL-to-NOISE RATIO

Related to 1000Hz modulation at 40kHz deviation. Overall un-
weighted value from 40—15000Hz should be better than 46dB,
mono and stereo. Noise voltage level should be better than 54dB.

PILOT TONE S/N RATIO

Better than 20dB at 19kHz.

Better than 30dB at 38kHz, measured at the aerial input with
67-5kHz deviation.

AERIAL LOADING
240 ohms with an input of TmV.

OUTPUT VOLTAGE

Related to deviation of 40kHz. Qutput 0'5 to 2V with output
loading of 100pF paralleled with 470k from internal resistance of
below 47k} .

AUDIO STANDARDS CHART-2

AMPLIFIERS

The Standard applies to linear and equalised amplifiers, and to
control units. Test conditions must take into account the specifica-
tions on climatic conditions, etc., set out in the first part of this
chart. The correct signal source is assumed, and stereo channels
should operate under similar conditions. Volume controls are at
maximum, and tone controls ‘flat’ unless otherwise specified.

FREQUENCY RESPONSE

40-16000Hz overall, tolerances, relative to 1000Hz, are
+1-5dB for linear inputs and + 2dB for corrected inputs. These
measurements are made at 6dB below full power output. Tone
controls may be adjusted for correctresponse characteristics.

STEREO DIFFERENCES

Within 3dB. For equipment with balance controls having a
range greater than 8dB, differences mustiie within 6dB.

When gain control is fitted, these differences must be held
from —6dB to —40dB, within the range 250 to 6300Hz.

NON-LINEAR DISTORTION

1% maximum, for pre-amplifiers within the range 40 to 4000Hz,
at full modulation.

Less than 1% for power and integrated amplifiers from full
power down to —20d B over the power bandwidth 40 to 12500Hz.

INTERMODULATION DISTORTION
Less than 3% at full output power with measuring frequencies
of 260 and 8000Hz in an amplitude ratio of 4:1.

CROSSTALK

and relative to the actual output produced by the specified input
voltage at 1000Hz up to control position, —20dB.

At least 50dB, for power and integrated amplifiers, up to 20W
capacity, relative to 100mV tota! capacity. (With 4 ohm outputs,
2mV mono, 1-4mV stereo: with 16 ohm outputs these values
are doubled.)

Volume control must be set to a position where nominal input
produces reference level 100mW or 2 X 50mW.

Contour controls, etc., should be set to maintain the specified
response curves for the equipment within +4dB from settings of
maximum down to —20dB volume.

POWER OUTPUT
10W mono and 2 X6W stereo for power and integrated
amplifiers.

DAMPING FACTOR

At least 3 from 40-12500Hz. (Note that power bandwidth
means the frequency range within —3dB limits with the specified
distortion factor.)

OVERLOAD VALUES
Should be better than 12dB.

LINEAR INPUTS
(Radio. auxillary, etc.) Equal to or less than 500mV across an
impedanceof more than 470k{2 .

CORRECTED INPUTS
(Magnetic PU, etc.) Equal to or less than 5mV across 47kQ2.
Lower impedance inputs are permissible if the correction is
taken into account.

AMPLIFIER TESTS Al
MEASUREMENTS

HARMONIC DISTORTIO

Using distortion factor meter,
power in the harmonics and give
the output voltage. Hum is ren

Measurements are made over
which the distortion lies betweel
scale is used for output power, ar
distortion.
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the level of the rated output volta
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TUNER AMPLIFIERS
Standard is based on an aerial input of 4-16 x 10—9%W, or 1TmV
across 240 ohms._ The amplifier is operated at an output 6dB
below full volume, except for the distortion factor measurement.

FREQUENCY RESPONSE
From 40-12500Hz, with the following tolerances, relative to
1000Hz.

40-50Hz +4-6dB
50-6300Hz - 3dB
6300-12500Hz 4+ 4:5dB

STEREO DIFFERENCES

Frequency response not to exceed 6dB within 260-6300Hz.
For equipment with balance controls permitting a change of
8dB, differences should not exceed 9dB.

DISTORTION FACTOR

Less than 2:5%, measured at 1000Hz with 40kHz deviation.
Stereo equipment must carry the same signal on both channels.
Measurements taken with power band-width of 40-12500Hz at
nominal output power.

CROSSTALK
At 1000Hz, better than 24dB. From 250-6300Hz, better than
18dB .From 6300-10000Hz, better than 14dB.

NOISE LEVEL

Up to 20W output, noise levels related to 100mW with volume
control at position at which reference level (100mW or 2
50mW) is produced with 1000Hz modulation and 40kHz devia-
tion. A proportionate increase is allowed for amplifiers of greater
output than 20W.

SIGNAL-to-NOISE RATIO
Better than 41dB, from 40-15000Hz, for mono or stereo
equipment.

PILOT TONE S/N RATIO
At 19kHz, better than 19dB.
At 38kHz, better than 29dB selectively measured at the aerial

input at 67°-5kHz deviation.

POWER OUTPUT
10W mono, 2 X 6W stereo.

————

AMPLIFIER TESTS AND
MEASUREMENTS

HARMONIC DISTORTION

Using distortion factor meter, which automatically sums the
power in the harmonics and gives the result in a percentage of
the output voltage. Hum is removed with a high-pass filter.

Measurements are made over the range of output power for
which the distortion lies between 0-1 and 20%. A logarithmic
scale is used for output power, and a linear scale for percentage
distortion.

FREQUENCY CHARACTERISTICS

Input level is adjusted so that amplifier output is maintained at
the level of the rated output voltage or power while frequency is
varied to upper and lower limits where the measured distortion is,
forexample, five times the value atreference frequency of 1000Hz.

RATED OUTPUT POWER

Input is applied at a level which produces the specified output
power and should be maintained for at least 30 seconds, while
the level of harmonic distortion is checked.

MAXIMUM OUTPUT POWER

Input voltage is increased until level of specified harmonic
distortion is produced in the specified output load. The power in
the load is then measured (or calculated from the voltage across
the load resistance),using r.m.s. values,

SENSITIVITY

The minimum input voltage which produces the specified
output power. This and the previous tests should also be made
with supply voltages taken to upper and lower limits (as set out
in the first part of this chart). Transistorised amplifiers should also
be tested with temperature limitations considered.

MAXIMUM OUTPUT POWER/FREQUENCY
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TONE CONTROLS

The foregoing test is made again with changes in tone control
and filter positions (at least at extremes) and with changes in gain
control position, if this is found to alter the frequency/response
characteristics.

INTERMODULATION DISTORTION

With two audio-frequency signals, f1 and f2, the percentage
intermodulation distortion is referred to the upper, f2. Measure-
ments will depend on the frequencies and amplitudes chosen.
Audio frequencies should be about 100 and 5000Hz (f2). The
amplitude ratio f1/f2 should be about 4:1. If non-linearity is
present, output signal at f2 can be considered as modulated by f1
and its harmonics.

OUTPUT POWER/DISTORTION

At the measured level of IM distortion, the corresponding
output power is determined from V, and V3 at the output for the
frequencies f1 and 2.

(Vi+V2)?
R

Output power = or (11 +12) 2R watts

HUM

Hum may be measured by a voltmeter or power meter at the
amplifier output, preceded by a low-pass filter passing up to the
fourth harmonic of the mains supply frequency. The instrument
used shall have full-wave square-law voltage rectifying character-
istics. Alternatively a wave analyser may be used, when the hum
voltage is the square root of the sum of the squares of the hum
voltages. Hum in the output of an amplifier operated from d.c.
mains shall be measured with a supply having 2% ripple at
400Hz. Hum level is expressed in dB, relative to the rated output
power. If the hum level depends on gain control settings, various
measurements shall be made and recorded at different set..ngs.

EQUIVALENT HUM INPUT VOLTAGE

For pre-amplifier or integrated amplifiers apply test signal at
100Hz and adjust e.m.f. to produce a measured output voltage
less than the maximum, and record output. (For d.c. supply

AF ampiifier

| | Channel 1 | R33

(’ <

|  R13 | ]

:‘P

Generator g —— ——ty

* ;E 7 %A ! %A
R2 < ] |
() <
Channel 2 | R33

R4R2 = Balancing resistors
R3 s Dummy locad resistors

are made with input signals (a) in phase and (b) in opposition.
The ratio of these two measurements is expressed, in dB, as a
function of frequency.

Where alteration of volume, tone or balance controls is necessary
to equalise the outputs, the difference in dB shall be stated.

Crosstalk: (Signals applied to one channel giving measurable
output at the other). Connect both channels to the dummy loads
and adjust for balance. Apply signal to one channel while the
other is terminated with the correct source impedance. Set
volume control to maximum and tone controls for uniform
response. Measure output at 1000Hz for reference. Choose output
level to avoid overloading. State chosen level in results. Maintain
signal amplitude constant and vary frequency over the desired
range. Ratio of output power level of unused channel to that of the
used channel is determined as a function of frequency. Ensure
that hum does not affect readings. Interchange channels and
state results.

Noise Factor: Measured with the aid of a noise generator,
having a saturated diode, connected as shown. R shall be within




NON-LINEAR DISTORTION

1% maximum, for pre-amplifiers within the range 40 to 4000Hz,
at full modulation.

Less than 1% for power and integrated amplifiers from full
power down to —20dB over the power bandwidth 40 to 12500Hz.

INTERMODULATION DISTORTION

Less than 3% at full output power with measuring frequencies
of 250 and 8000Hzin an amplitude ratio of 4:1.

CROSSTALK

Between stereo channels, at least 40dB at 1000Hz. At least
30dB over therange 250 to 10000Hz.

Between various inputs, at least 50dB at 1000Hz. At least
40dB overthe range 250 to 10000Hz.

Tests are carried out with the input voltage which gives full
output power with the volume control at maximum.

SIGNAL-to-NOISE RATIO
At least 50dB, for pre-amplifiers, relative to nominal input
level, (see previous specification), if a volume control is fitted,

disiuniivin ravwor .y

OVERLOAD VALUES
Should be betterthan 12dB.

LINEAR INPUTS
(Radio. auxillary, etc.) Equal to or less than 500mV across an
imped«nce of more than 470k} .

CORRECTED INPUTS

(Majnetic PU, etc.) Equal to or less than S5mV across 47k$.

Low er impedance inputs are permissible if the correction is
taken into account.

OUTPUTS

Pre implifiers: greater than 1V across a terminal resistance of
lessth n47kS}.

Tap recorders: 0-1 to 2mV per 1k} of resistance for load
resistaiice values between 1 and 50k 2.

LOAD IMPEDANCES
2,4 8,16,32, 50, 100, 400, and 800 ohms, with 4 and 16 ohms
preferred.

LOUDSPEAKERS
FREQUENCY RESPONSE

Tolerance should not be greater than the limits shown. Overall
response at teast 50to 12500Hz.

101 T —T —

8—'v' { | ] l | 1

500 1k 2k 4k Bk 125k 16k
Frequency (Mz)

SOUND PRESSURE

The speaker should be capable of developing a sound pressure
of at least 12 microbars, (relative to a level corresponding to
96dB) at a distance of one metre; 4 microbars at 3 metres (86dB).

STEREO MATCHING
Similar units used for stereo must match within 3dB over the
range 250 to 8000Hz.

SOUND DISTRIBUTION

Frequency response curves must be measured at four points
with angles of 15°, right, left, above and below, with reference to
the main axis. Tolerances must be within 4dB for all four curves,
with ordinates referred, relevant to the frequency response at the
main axis. This condition should hold up to 8000Hz.

IMPEDANCE
Within 20% of specified nominal at all frequencies within the
response curve, (limits 8dB).

LOADING

Maximum loading must be at least 10W.

OPERATING IMPEDANCE
4,8 and 16 ohms. (The first and last are preferred.).

TEST CONDITIONS

Loading. Sinusoidal signals are fed to the speaker at different
levels of input power for up to two seconds from 260Hz down to
the lowest specified limit. The maximum loading is that which
the unit can handle without the voice coil jarring or other dis-
tortions becoming audible.

Sound Pressure: A free hemi-spherical sound field is required.
For open units, a method of mounting in a flat floor and projecting
the sound upwards has been recommended for these tests. The
power to determine sound pressure, operating power, is produced
by changing the amplifier power so that the centre line (centre
line on graph) corresponds to 12 (or 4) microbars, and is de-
termined on an equivalentresistance.

Frequency Response Tests: The curve is plotted unweighted.
The treble response at the equivalent resistance must be 1W
measured with an ‘effective value’ meter. A weighting four-pole
network with a frequency characteristic 1 (W) is interposed
between noise generator and treble filter, for correct assessment
of treble performance. The source resistance of the amplifier used
for testing must be only one third of the nominal impedance of
the speaker. To eliminate the effects of distortion, the amplifier
output within the entire frequency range must be 16W with a
maximum 3% distortion factor. Measuring distance is one metre
for open units and three metres for labyrinths, with total radiation
area of all unitsin a cabinetrelatively large.
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the load is then measured (or calculated from the voltage across
the load resistance),using r.m.s. values.

SENSITIVITY

The minimum input voltage which produces the specified
output power. This and the previous tests should also be made
with supply voltages taken to upper and lower limits (as set out
in the first part of this chart). Transistorised amplifiers should also
be tested with temperature limitations considered.

MAXIMUM OUTPUT POWER/FREQUENCY

The maximum output power for the specified distortion percent-
age for frequencies throughout the range, up to 5000Hz. A
log-log scale is used to plot these values. Similar procedure for
maximum voltage/frequency tests.

OVERLOAD

The maximum permissible input voltage is determined by first
setting up as for maximum output power, then measuring dis-
tortion with an output 10dB below rated output. The amplifier
gain is reduced in steps and input level increased until the dis-
tortion percentage used as the criterion of rated output power is
reached. Input level is then measured and is the overload figure.
(This is a necessary test for amplifiers whose gain control comes
after the input stage).

AMPLIFIER GAIN
Adjust source e.m.f. unti! output power is 10dB below rated
specification. Available power from source is then:—

Es? where Egissourcee.m.f.

=t \ .
® 4R, Rs is source resistance

POWER GAIN
According to BS 204:1960, comparing output power with
source power available and not with actual input power:—

G(dB) =10log10 ? where Pg is output power in watts.
8

PRE-AMPLIFIER GAIN

Source e.m.f. fed through the specified source resistance, is
adjusted to Eg so that output e.m.f. Eg is 10dB below rated output
voltage. Voitage amplification factor is then:—

Eo Eo
s or20logio E dB

GAIN CONTROL CHARACTERISTIC
Qutput power is measured with gain control at various settings
and graph plotted relative to control angle or scale markings.

CONTROL SETTINGS

With maximum gain and with tone controls and filters set for
most uniform response, e.m.f. of input signal at 1000Hz shall be
adjusted to given output power that must not exceed the smallest
value of output power as previously measured. Frequency is then
varied and change of input to maintain output power is measured
in dB. This figure, reversed in sign to give related gain in dB, is
plotted on alinear scale against frequency on a logarithmic scale.

AT WAfeRaY TV TAEF TTHTY WV ¥ THTy TWAILEGY TR LRMNITINIG WwiITHTRWVS

istics. Alternatively a wave analyser may be used, when the hum
voltage is the square root of the sum of the squares of the hum
voltages. Hum in the output of an amplifier operated from d.c.
mains shall be measured with a supply having 2% ripple at
400Hz. Hum level is expressed in dB, relative to the rated output
power. If the hum level depends on gain control settings, various
measurements shall be made and recorded at differentseti.ngs.

EQUIVALENT HUM INPUT VOLTAGE
For pre-amplifier or integrated amplifiers apply test signal at
100Hz and adjust e.m.f. to produce a measured output voltage
less than the maximum, and record output. (For d.c. supply
amplifiers, use 400Hz). Next, remove test signal and terminate
input with a screened resistor and measure hum output voltage.
Equivalenthuminputis:—
Signale.m.f.
Eeq =Humou X Signal output voltage
If the hum level depends on gain control settings, measurements
must be made as before.

STABILITY

Amplifier shall be tested with a capacitative load. If the
amplifier is claimed to be unconditionally stable, test shall be
made with capacitor values in steps of 0-01uF from 0-01uF to
0:1uF and in steps of O-1uF from O-1uF to 1uF for a 15 ohms
nominal load.

For other output impedances, adjust limits and steps approxi-
mately inversely as impedance.

If no special claims are made for stability, choose a capacitor
whose reactance at 200kHz is equal to the nominal load im-
pedance (e.g. 0-05uF for 15 ohms). Using a wide-band oscillo-
scope, examine trace for spurious oscillation with (a) no input,
and (b) a continuous sine wave input of constant amplitude
swept over the frequency range of 10 to 70Hz. Amplitude of
signal shall be equal to sensitivity at 1000Hz.

STEREO

Preceding tests shall be made for separate channels. Following
tests for both channels:—

Equality. Phase and amplitude are both important up to
3000Hz. Where two channels are provided by identical amplifiers,
phase differences will probably be similar and comparison of
separate channels may suffice. Where a balance control is fitted,
adjust to give equal sensitivity at 1000Hz before measurements
are made. Terminate inputs and outputs of unused channel.
Repeat measurements at various settings of volume control.

Phase Difference. The stereophonic identicality factor is the
ratio of the mean output voltage of the combined channels, both
being supplied with equal input signals in phase, to the mean
output voltage of the combined channels both being supplied
with equal signals in anti-phase. To measure, the generator or
source must be capable of providing two output signals of equal
amplitude and in phase or in opposition, applied as in the diagram.

Adjust tone controls to ‘normal’ and volume to maximum.
Balance channels to maker’'s instructions. Output power to be
measured is approximately the reference output power. Apply
inputs in phase opposition at 1000Hz and balance control for
minimum. Vary audio frequency within the range up to 3000Hz
at constant input level. At each frequency, voltage measurements

vaiame contror 1o Ifmaximuin  and wne conuoils 105 unhtorm
response. Measure output at 1000Hz for reference. Choose output
level to avoid overloading. State chosen level in results. Maintain
signal amplitude constant and vary frequency over the desired
range. Ratio of output power level of unused channel to that of the
used channel is determined as a function of frequency. Ensure
that hum does not affect readings. Interchange channels and
state results.

Noise Factor: Measured with the aid of a noise generator,
having a saturated diode, connected as shown. R shall be within
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O ——
| !
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5% of specified source resistance and C must have an impedance
at 1000Hz of less than 5% of the specified source resistance.
Weighting network is inserted when the amplifier is intended to
feed a sound reproducer. Resuits shall then be the ‘weighted
noise factor’. Weighting network reduces the effect of hum and
any tendency to low-frequency cut-off due to the blocking
capacitor.

TABLE OF WEIGHTING VALUES

f W f W f W
10 -70'6 160 -13-2 2500 +1-2
12:5 -63-4 200 -10-8 3160 +1-2
16 -56:7 250 - 86 4000 +10
20 -50-4 315 - 65 5000 +06
25 -44-6 400 - 48 6000 -01
315 -39-2 500 - 32 8000 -11
40 -34'5 630 - 19 10000 -2:4
50 -30-2 800 - 08 12500 —4-2
63 -261 1000 0 16000 —6'5
80 -22'3 1250 + 06 20000 -9-2

100 -191 1600 + 10
125 -16:1 2000 + 12

f =Frequency (Hz) W =Weighting Value (dB)

Anode current of the diode in the noise generator is
metered, and the first test is with the diode cold. Filament current
is increased until noise output power is increased by a convenient
factor, P, and the current | is measured. Then, noise factor N is:

iftemperature of Ris 290 °K.
If P =2(3dB) then N =20IR: If P =3(4-8dB) then N =10IR.




