NEY SDECS POR THE NEW TUNIRe

Leonard Feldman

EARLY FIFTEEN YEARS ago, the fledgling Institute of
N High Fidelity undertook what seemed like an impos-

sible task—the formulation of measurement standards
for FM and AM tuners. Until that time, most manufacturers
published performance specifications based upon standards
that had been issued by the Institute of Radio Engineers
(now the 1EEE) in 1947, just after the birth of commercial
FM broadcasting on a national scale. High fidelity com-
ponent manurduurers realized that the tuner of 1958 could
no longer be judged by measurements devised in 1947 To
the everlasting credit of a few brave engineers affiliated with
what was lhgn a very tiny segment of the home entertain-
ment electronic industry. the “new” standards were issued in
late 1958. Before long. everyone who hoped to sell high
quality FM receiving equipment adopted the newer standards
and a relative measure of specification standardization pre-
vailed.

[f you can remember 1958 clearly. you'll recall that in that
year, FM stereo was just a dream in the mind of Murray
Crosby. Transistors had been invented a decade or so earlier.
but were to be found only in a few. expensive imported AM
“pocket”™ radios which pruupposcd your having pretty large
pockets. In short, the “new™ tuner specs of 1958 are pretty
well outdated and it's time for their retirement—or rejuvena-
tion, if you just can’t bear to see “old specs die”. As of this
writing, the 1HF has again turned to the matter of measure-
ment \ldl’ld‘lrd\ and. hopefully. it won't be long before up-
dated standards will be proposed and. ucccplcd by the in-
dustry at large. As one who has had to deal with the “old™
spees both in my daily work and in the course of reviewing
the performance of various FM products tor readers of
AUDIO. I'd like o propose a few ideas tor consideration by
the newly tormed committee and. perhaps. come up with a
set of more meaningful specitications in the light of today’s
state-ol-the-art FM product.

Down With IHF Sensitivity!

If you read FM wuner spec sheets as 1 do, you may have
wondered whether or not there is really a meaningful,
audible difference between a tuner that boasts, say 1.9 pV
IHF sensitivity and one that shamefacedly admits to only
2.0 pV. The fact is the neither product sounds particularly
good when fed with its “least usable sensitivity™ signal (a
once-popular synonym for “IHF sensitivity™). That is because
with such a minimal signal applied to the antenna terminals,
the total noise and distortion content of the resultant audio
output will be some 3%. If this percentage consists primarily
of distorton (THD). you'd hardly want to listen to the
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Fig. 1—New, more meaningful FM mono performance speci-
fications inciude usable sensitivity, THD at usable sensltivity
ultmate THD and ultmate S/N

program. If the content is primarily noise—why, even a cheap
cassctte machine (the garden variety “dictating machine”
type) can provide a better signal-to-noise ratio than rhar.
Your low-level phono-preamplifier nearly always boasts at
least 60 dB of S/N and high-level inputs of amplifiers are
capable of 75 or e¢ven more dB of dynamic range above
noise level. Why worry, then, about whether it takes 1.8 or
1.9 puV of signal input to produce a “listenable™ signal that
you wouldn’t want to listen t0?

Usable Sensitivity

Suppose that instead of “least usable sensitivity” we pro-
pose that manufacturers specify the least signal which will
provide a 50 dB signal-to-noise ratio. Such an S/N is quite
listenable. with just a bare trace of background noise. A
comparison between this proposed spec and the IHF sen-
sitivity for a given receiver is shown in Fig. 1. The new spec-
ification could be stated as: Usable Sensitivity (50 dB S/N).
4.5 pV. Since THD and noise (both unwanted signal content)
were correctly linked together by the creators of the original
IHF specs. an accompanying specification should be: THD
at Usable Sensitivity. The number will always be less than 3%
and. in our example of Fig. 1, turns out to be a very listen-
able 1.2%. We're all for continuing the practice of quoting
“ultimate™ S/N, but feel that instead of arbitrarily measuring
it at 1000 pV signal input, some statement should be made
establishing just what the signal input has to be before this
“ultimate™ or best S/N is reached. Thar kind of statement
would really separate the “men from the boys”. Thus. a
typical specification might read: Ulrimare Signal-to-Noise:
70 dB at 75 pV input and you'd know that the set has a
better. faster quieting characteristic than one which states:
Ultimare S/N: 70 dB at 150 pV. This idea is conveyed in
Fig. | as well and the same approach could be used to define
lowest harmonic distortion (THD), which, in our example
would be stated as: 0.3% with 40 pV input.
THD vs. Frequency

Although the old IHF specs rightly recognized the fact
that the de-emphasis curve built into the tuner output cir-
cuitry tends to make THD readings above | kHz or so look
“better” than they would otherwise be. we find an increasing
tendency on the part of many quality manufacturers to quote
THD for frequencies above and below the nominal 1000 Hz
and believe that this is a trend in the right direction. Thus.
in our new specs, we'd propose that THD be quoted for
100 Hz. 1 kHz and 10 kHz as a minimum, with a full plot (as
shown in Fig. 2) optional—-but desirable. You’re probably not
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Fig. 2—FM Mono THD versus frequency. Standards would
require statement of THD at 3 key frequencics.
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oo surprised to find that in our example, THD tends to be
higher at the extremes of the audio spectrum—deemphasis
notwithstanding. It wouldn’t be a bad idea if manufacturers
were asked to specify nominal THD at some high signal
level—such as a volt or more, since it is well known that
some input circuits can be overloaded with disastrous effects
as far as distortion is concerned.

All of the other specs relating to mono performance are
quite acceptable, as far as were concerned. and they are
tabulated at the end of this discussion for you to examine.
Before going on to stereo-related specs (of which there are
none in the existing pre-stereo standards), one brief word
about AM suppression. The true severity of the problem of
“multipath signal reflections™ in terms of their effect on FM
and stereo FM listening has only recently been studied in
detail by the FM technical fraternity. Admittedly, AM sup-
pression has been a recognized * speg’ all along, but again,
it is only measured with reference to a signal level of 1000
pV —and that’s not always available for every FM listener. A
better approach would be o quote AM suppression refer-
enced to the new “Usable Signal™ level as well as o the
usual 1000 pV reference. Still better would be a continuous
plot of this characteristic, as shown in Fig. 3. Multipath
interference often creates AM signal components and the
ability of a tuner to reject such components is directly related
to how multipath reflections are likely to affect your FM
(and especially your FM stereo reception. The new spec
would read: AM Suppression: 50 dB at Usable Input; 65 dB
at 1000 pV input.

Specs For FM Stereo

Most high fidelity component manufacturers, having no
guidance from some central authority, have created a set of
stereco FM spees o define performance of this portion of
their circuitry. Usually included are: “Stereo Separation at
I kH/™ and. more often than not these days, “THD, Stereo
at | kHz". While we don’t think that extremely high orders
of separation are that important for a satisfactory stereo
localization effect, a more complete specification  should,
minimally, include separation capability at 100 Hz and 10
kHz. In equipment reviews published in AUDIO, we always
show a plot of separation versus frequency. as illustrated
in Fig. 4.

Stereo Usable Sensitivity

It is by this time well known that signal-to-noise ratios for
sterco FM listening are inferior to those typical in mono-
phonic performance. The reasons have to do with the nature
of the composite signal and its wider bandwidth, but anyone
who has switched a noisy stereo FM program back to mono
knows that mono produces inherently quieter background
noise. Some manufacturers “let the noise fall where it may”
when the mode switch is set o "Stereo FM™. Others only
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Fig. 3—Relative importance of AM suppression in FM equip-
ment should be stressed in new standards.

sitivity:
all out, a graph completely analogous to Fig. 1, such as that

RELATIVE QUTPUT-dB

If all of my suggestions were followed and incorporated in a
new set of IHF Tuner Standards, a future “spec sheet™ for
the tuner of 1974 might well look like this:

Monophonic Performance
Usable Sensitivity (50 dB S/N):*
THD at Usable Sensitivity:*
Ultimate S/N:*

Ulumate THD:

4.5 v
1.2%
70 dB at 75 uV input

1 kHz: 0.3% at 40 pV input*
100 Hz* 0.5% at 40 pV input*
10 kHz* 0.8% at 40 pV input*

AM Suppression:

At Usable Input:* 50dB
At L kpV input* 65 dB
Selectivity: 60dB
Capture Ratio: 1.9dB
Image Rejection: 85dB
IF Rejection: 85 dB
Spurious Response Rejection: 90 dB
Frequency Response: 30Hzto I5kHz -0.5dB
Frequency Stability: ~ | kHz
Inputimpedance, antenna: 300 ohm bal.;

75 ohm unbal.
Stereo Performance

Usable Stereo Sensitivity (50 dB S/N):* 10 v
IFHD at Usable Stereo Sensitivity: * 1.7%
Ultimate Stereo THD:

| kHz* 0.9%

100 Hz* 1.3%

5 kHz* 2.4%
Stereo Threshold* Variable;

7 uV 10 20 pv
Stereo Separation:

| kHz* 40 dB
100 Hz* 33d8B
10 kHz* 28dB
SCA Rejection:* 60dB
Sub-Carrier Product Rejection:* 55dB

* [tems which are not now in the [HF Standards for Tuner
Measurement.

permit the set to “switch to stereo™ when a reasonably strong
input signal is provided at the antenna terminals. In either
case, a specification calling out
tivity”
applied to the Usable Sensitivity described carlier—the signal
required to produce 50 dB of S/N in the presence of a stereo

“Usable Stereo FM Sensi-
is needed. and its parameters could be exactly those

FM broadcast. A THD specification referenced to this Usable

Stereo Sensitivity should accompany this primary spec as
well. Thus, the two specifications might read: Usable Stereo

Sensitivity (50 dB S/N): 10 pV. THD at Usable Stereo Sen-
1.7%. For the manufacturer who really wants o go

shown in Fig. 5, could be presented. This graph would also
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specifications for at least three frequencies.
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Fig. 5—FM stereo performance characteristics should be
plotted or stated separately in new standards.

define “Stereo Threshold” level for such tuners or receivers
that switch from mono to stereo at a pre-determined signal
level. Since there are some sets which provide a variable
adjustment for this switching, the range of adjustment could
be easily shown in the same graph. Often, residual 19 kHz,
38 kHz and harmonically related products appear in the
outputs of a stereo tuner or receiver. Their level should be
quoted separately (and is already, by a goodly number of
manufacturers), but if it is less than 50 dB down from pro-
gram level at 100% modulation, the manufacturer should be
permitted to insert a low-pass (15 kHz cut-off) filter when
making his Usable Stereo Sensitivity and THD measure-
ments, since these components, while objectionable. are not
truly “noise” or “distortion” in the traditional sense and do
not contribute directly to our audible displeasure.

Ordinary THD at various frequencies, with the set operat-
ing in the stereo mode, poses certain problems which are
not present when THD is measured in the mono mode.
Because of the presence of super-audible frequencies in the
multiplex decoder section of an FM tuner or receiver (19
kHz, 38 kHz, etc.), any non-linearities in the circuits will
result in the generation of “beat” frequencies between Lhe
desired audio program tone and one or more of these sub-
carrier high frequencies. For example, a desired 12 kHz tone
beating with the locally generated 19 kHz pilot carrier signal
may result in a 7 kHz difference signal. A variety of other
mathematical combinations are possible and do, in fact.
occur in varying degrees when static THD measurements are
attempted. The ordinary distortion analyzer cannot discrim-
inate between these extraneous signals and true harmonic
distortion and, as a result, some very high “THD readings”
may be obtained when specific frequencies are used to
modulate the FM test generator in stereo THD measure-
ments. Audibly, these “beats” never seem to sound quite as
bad as they appear in static tests—probably because their
duration is so short under true musical program conditions.
Nevertheless, we do feel that a graphic plot, or at least a
statement of THD versus frequency for 100 Hz, 1 kHz and
S kHz should be included in the new stereo test specifica-
tions. 5 kHz is chosen in this instance simply because the
measurable “beats” discussed tend to occur when higher
frequencies are applied and should not affect true THD
readings if they are limited to the frequencies just selected.
A full graphic plot is shown in Fig, 6.

A statement regarding the presence of residual sub-
carrier products at the output is sometimes given by manu-
facturers and. in our opinion, this specification should be-
come mandatory, since the presence of significant amounts of
19 kHz. 38 kHz or harmonics can seriously affect tape re-
cordings made “off the air”. Bias oscillators used in tape

recording products also operate at super-audible frequencies
and may “beat” with, say. any residual 76 kHz present in
the output of the tuner or receiver. While the individual
high frequencies may not be audible in the recording. the
“beats” themselves may well fall within the audible range
and can destroy a well-planned and otherwise flawlessly
executed recording,

Tuning Accuracy and Drift

Drift of an FM set after warm-up was included in the old
[HF tuner standards and, for many years, most manufacturers
included this specification in their brochures. More recently.
however, solid state designs (and the attendant reduction in
component heating) has reduced overall drift in most of the
better tuners to very low values. As a result, most manu-
facturers have eliminated this specification entirely. In all
fairness to those FM products which have lately appeared
and which employ phase-lock-loop circuitry referenced to a
highly accurate crystal controlled oscillator, we feel that a
statement regarding drift should be required once more—if
only to point up and justify the extra design cost inherent
in the more sophisticated phase-lock-loop approach to tuning
accuracy. In the case of these new tuners the drift figure
might well be measured in Hz, rather than kHz. but that
would provide an opportunity for the prospective purchaser
to see just how stable the new products really are.

It is, of course, impossible to predict the course of future
FM developments today any more than the writers of the
1958 Standards could have foreseen the need for the changes
and additions recommended in this article. Undoubtedly. a
means for multi-channel broadcasting (quadraphonic or. per-
haps. even more channels) will eventually be sanctioned
by the FCC. Considerations of this problem are only just
beginning, and it is likely to be some time before we are
presented with a new composite signal that may require
still newer specifications and measuring techniques. Never-
theless. to wait until those deliberations are concluded would.
in my opinion. be a serious error, since technological ad-
vancement is a never ending thing and the standards we
approve this year, or next, are likely to need revision at
some time in the future regardless of how intelligently we
write them now.

The modifications for the FM Standards just discussed are
by no means all-inclusive. As the new committees are formed,
other suggestions are likely to emerge and, for that matter.
any readers who have ideas relative to new FM Measure-
ment Standards are invited to send them along to the
Institute of High Fidelity, at 516 5th Avenue. New York.
N.Y. 10036, attention: Chairman, Standards Committee.

Len Feldman is now Chairman of the above committee—a most appropriate
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How to evaluate FM\ stereo tuner performance

VERY YEAR buyers’ guides are published which pre-
E sent a summary of the performance characteristics

of tuners and receivers. Every month magazines pub-
lish reviews of this equipment in which they present the find-
ings of their tests. Seemingly every week advertisements,
in newspapers or magazines, in catalogs or through the mail,
vie for the prospective buyer’s attention. Once the prospect
is ready to buy a tuner or receiver, he may receive advice
from his friendly salesman in addition to the advice he has
gotten from his friends, neighbors, and relatives. How can he
assimilate all this and then make a rational decision?

There should be several factors influencing a decision.
Broadly, they may be classified as convenience factors (or
“features™), cost, and performance capabilities.

The most important convenience factor which may influence
a decision to select a tuner or receiver is the desire to have all
operating controls on one piece of equipment. In this case a
receiver (or tuner-amplifier combination) is the obvious choice.
If little space is available to install the electronics, the same
choice should be made.

Tuners, without the added audio controls of an amplifier,
generally permit greater flexibility in connecting a high fidelity
music system and permit equipment of various manufacturers
to be used. This simplifies the up-grading or modification of
such a system at a later time.

Tuners often duplicate some controls of an amplifier,
such as noise filters or level controls. They also require their
own chassis and enclosure with panel and knobs, as well as
power supply components to operate the receiving circuits.
Since many of these parts are also required in an amplifier,
this duplication makes the combination of a separate tuner
and a separate amplifier more costly than a receiver. In the
early days of high fidelity equipment, when only tube cir-
cuits existed, there was the feeling that the tuner portion might
be of a lower quality in receivers than in tuners. Principally.
the heat generated by the vacuum tubes was thought to cause
the tuner circuits to drift. Even back in the “tube” days, the
designers were able to lick this problem, which now, in the
“solid state” days, is no longer of any consequence. Tuner
performance in receivers can be and is fully as good as found
in separate tuners.

The last, hardest and the most important step remains:
The evaluation of the performance capabilities of a tuner.
Only one question really need be answered: How many
stations’ programs will the tuner reproduce and how well?
It is often impossible to compare all tuners under consideration
side-by-side in one’s home, comparing the quality of each
station’s signal, because for a complete listening test, signal
quality and interference susceptibility must be compared for
each tuning position—a truly imposing task.

The majority of high fidelity equipment users live either
in the city or its suburbs. The majority of the 4350 AM sta-
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tions in the United States, the majority of the 2750 FM sta-
tions, and the majority of the 900 TV stations are located in
metropolitan areas. The local AM and FM stations will most
likely carry different programs since the Federal Communica-
tions Commission (FCC) ruled that AM and FM stations under
the same ownership may not duplicate more the 50% of their
programs if they are assigned to the same city of more than
100,000 population. Unless all the AM programs are of no
interest to the listener, or he has enough AM radios, it is wise
to consider the purchase of an AM/FM receiver or tuner
rather than the FM-only variety.

Even though AM broadcasting stations have to provide at
least 5000 Hz frequency response, and many of them provide
as much as 15,000 Hz response, interference from other sta-
tions and many electrical appliances will make wide frequency
range listening difficult in most locations. For this reason the
FM reception capabilities of a receiver are considered more
important.

Again, keeping the metropolitan FM listener in mind, the
FM tuner will have on the average three or four strong local
signals (and perhaps as many as 24) picked up by its antenna.
These signals will tend to intermodulate with each other in the
RF amplifier and converter stages of the tuner, causing spu-
rious signals and crossmodulation products to be generated.
These stray signals will usually appear on frequencies other
than those occupied by the local signals. They may mas-
querade as “other” stations but really are nothing but a
repetition of the local signals. If these signals were to appear
only on unoccupied channels they would cause no harm ex-
cept that of repetition. More than likely, these stray signals
will interfere with weaker, more distant signals and may
even obliterate them. Consequently, the number of listenable
FM stations is reduced from what it could be.

In choosing a tuner it is wise to select one which resists
overload due to strong signals, i.e., a tuner which has good
crossmodulation rejection. Crossmodulation rejection (or
spurious response rejection) is measured in dB in accordance
with the standard of tuner measurement published by the
Institute of" High Fidelity. The number may be thought of
as representing the “dynamic range” of r.f. signals the tuner
is capable of accepting without problems.

At least 70 dB crossmodulation rejection should be available
for metropolitan FM reception if other than local stations only
are considered as program sources. Higher numbers are, of
course better, with each additional 6 dB permitting signals
of twice the field strength (corresponding to approximately
one-half the distance to a transmitting antenna) to be available
to the tuner without trouble.

Since the IHF crossmodulation measurement is performed
with only one interfering signal, and since interference may be
caused by several signals of varying strengths, a high cross-
‘Technical Director, H. H. Scott, Inc.




modulation figure is not an absolute guarantee against all
forms of tuner overload due to strong signals but it is still
the best available performance indicator. A set of inter-
ference measurements on one tuner under all possible signal
conditions would take a very long time. A full report might be
the size of one volume of an encyclopedia and would be
harder to interpret.

An abundance of strong and weak FM signals are the typical
conditions in a metropolitan area. In the writer’s home (in a
suburb of Boston) 41 different listenable FM signals were re-
cently counted using a high-quality tuner operating from a
folded dipole antenna located indoors on the ground floor
of a frame building.

To receive this many FM stations (when available) requires
a tuner of high selectivity. FM stations are assigned by the
FCC to 100 channels 200 kHz apart, ranging from 88.1 to
107.9 MHz. In any one locality, stations are assigned to chan-
nels 800 kHz or more apart. Stations in nearby areas are as-
signed to frequencies in between. These may be assigned to
the adjacent channel (200 kHz away), the alternate channel
(400 kHz away) or perhaps the third channel (600 kHz away).

Selectivity for an FM tuner is measured for the interference
experienced when tuned to the desired channel, with a stronger
interfering signal fully modulating the alternate channel. It
is measured in dB, with a higher number indicating better
performance.

Selectivity and bandwidth of a tuner are linked together.
While selectivity may be thought of a measure of rejection of
signals away (in frequency) from the desired signal, band-
width may be thought of as denoting the width of the signal
spectrum of the desired station accepted by the tuner.

The width of the signal spectrum depends not only on the
maximum deviation of the instaneous station frequency from
its average (and assigned) carrier frequency, but also on the
modulation frequency. The FCC defines 75 kHz deviation as
100% modulation for an FM broadcasting station. Since audio
signals have both plus and minus values the station frequency
varies both above and below its average value, resulting in
instantaneous frequencies spread over a range of 150 kHz.
The actual spectrum occupancy of the transmitted signal is
larger because the actual transmitted frequencies are not in-
stantaneous but involve an infinite number of “sidebands”
(of the carrier) when the carrier is deviated at a modulation
frequency rate. These sidebands decrease in strength at fre-
quencies further away than the “deviation” from the carrier, yet
the tuner must process all of them for truly distortion-free
reception. This could not permit any selectivity because of the
requirements for “infinitc” bandwidth. The elimination or at-
tenuation of sidebands away from the carrier causes distortion.
Calculations for a special ideal (and therefore mathematically
treatable) filter indicate bandwidths of 265 kHz and 225 kHz
if harmonic distortion of 1% and 3% respectively may be toler-
ated at certain modulation frequencies. Practical, well-
designed filters produce less distortion than these figures for
the same bandwidths. Since such a bandwidth includes some of
the channel space assigned to adjacent-channel stations, and
since selectivity is measured with a 100% modulated signal,
it is evident that very little selectivity is obtained for adja-
cent channel signals. The figure may even be negative, in-
dicating the need for a stronger desired signal compared to
the interfering signal. For this reason, selectivity is measured
for alternate channel signals.

The full story of selectivity is not found in a single selec-
tivity number, but in a selectivity curve as seen in Fig. L
Here, the desired signal is indicated by a cross, denoting its
strength and relative frequency. The interfering signal is
represented by a curve. This curve shows the frequency of
the interfering signal and its strength adjusted so that the
desired signal predominates in the audio output and therefore

“captures” the interference. This selectivity curve (made
according to the procedure outlined in the IHF tuner standard)
is a dynamic selectivity curve and does not show the response
of a selective filter measured in the conventional manner.

At a frequency difference of 0 kHz a special selectivity point
is measured—it is the capture ratio. This ratio indicates the
ratio of signals required for the tuner to reproduce the stronger
of the pair while rejecting the weaker.

In the example shown, the selectivity curves are shown for a
desired signal equal to that giving IHF usable sensitivity and
for a desired signal 20 dB stronger. For weak signals, the re-
sidual noise provides a second interfering signal, resuiting
in the slightly wiggly curve shape between +100 kHz. At
stronger signals, the noise influence is eliminated and the true
two-signal selectivity curve emerges. The measured “capture
ratio” is also improved.

From these curves, it can also be seen that weak adjacent
channel signals may be received if the receiver is tuned
off to the side so as to discriminate against the interfering
signal. Of course, detuning causes distortion, but detuning
is usually made so as to minimize the total of audible dis-
tortion and interference products.

Selectivity, when reported as a single number, denotes the
point on the selectivity curve which is 400 kHz from the
desired (center) frequency. For asymmetrical selectivity
curves, the center frequency is assumed to be located half-
way between the two (low and high frequency) intersections
of identical selectivity spaced by a total of 800 kHz.

Selectivity curves of practical tuners are always slightly
asymmetrical because coupling of the selective elements is
generally by some reactive rather than a resonant elements.
Selectivity curves of tuners which use mechanical elements,
such as quartz crystal or ceramic resonators, as selective
elements usually show substantially reduced selectivity at thé
higher frequency portion of the selectivity curve and also
show a substantial reduction of the slope at selectivities in
excess of, say, 45 dB. This is usually caused by a combina-
tion of electrical and mechanical coupling and by other than
desired resonant modes of the ceramic or crystal elements.

V ON ANTEHNA INPUT

1

20 4B ABOVE IHF |

Fig. 1—Selectivity curves and level of desired signal.
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Fig. 2—FM performance.

Overload of the input circuits of a tuner will also cause this
widening of the selectivity curve.

The next set of curves which should be examined when
selecting a tuner are those often published under the general
title of FM characteristics. An example of these is shown in
Fig. 2. The first curve of interest is the “audio output” curve,
showing total tuner output voltage due to 400 Hz, 75 kHz
deviation monophonic modulation with respect to the (300
ohm) antenna input signal. This output contains the audio sig-
nal, its distortion, and whatever noise there may be: it is
labelled “S+D+N.”

The ideal tuner shows this output to be constant for input
signals in excess of approximately 5 uV. At the signal level
corresponding to IHF usable sensitivity, the audio output
will have decreased by approximately | dB and in the absence
of any input signal will be approximately 15 dB lower than
its “normal” output value. These figures assume that the
limiter is fully limiting with the random noise generated in
the first amplifying stage of the tuner. Only by this action can
one be assured that the tuner is sensitive to frequency
modulation only and does not respond to amplitude modu-
lation.

At this point it should be noted that the term “full limiting”
has been misused—often denoting some arbitrary relative audio
output or signal-to-noise ratio rather than its proper meaning—
the removal of amplitude modulation.

Practical FM tuners approach the ideal S+D+N curve
very closely. Tuners which show markedly lower (by more than
6 dB) audio output at 0 input signal probably have inadequate
gain for weak signal processing and may not be fully adequate
for critical listening. Tuners which show a variation in audio
output of more than 2 dB for signals stronger than their usable
sensitivity signal, may be inadequate for many high-fidelity
installations because the normal audio output may vary audibly
during moderate signal fading experienced when aircraft cause
the received signal to vary (a phenomenon known as “airplane
flutter”) by adding a varying multipath reflection to the direct
station signal.

The second set of curves, labelled “mono N and “stereo N”
show the residual noise output of the tuner when subjected
to an unmodulated (*mono N”’) carrier signal or one modu-
lated with a 19 kHz stereophonic pilot signal (“stereo N”),

At moderate to high input signals, these curves will be hori-
zontal, showing the total residual noise of the tuner and
generator circuits. The “stereo N” curve may also contain
residual amounts of the 19 kHz and 38 kHz signals passing
through the audio filters of the tuner and some stereo modu-
lator and demodulator noise.

The distance in dB of the “mono N” curve to the S+D+N
curve shows the monophonic signal-to-noise ratio ot the tuner,
and the distance of the “stereo N curve to the S+D +N curve
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shows the stereo signal-to-noise ratio. The rated values are
usually found at the 1000uV level.

It should be noted that the “N” curves merge with the
“S+D+N” curve for a 0 input signal.

In the range of the IHF sensitivity input, the “mono N
curve for the ideal tuner shows its steepest decent, with the
noise output decreasing in the steepest portion as much as
6 dB for a | dB increase in signal level. Non-ideal tuners will
show a lesser figure.

Once the mono signal-to-noise ratio has reached about 48 dB,
the noise level will decrease proportionally to the signal in-
crease (a | dB signal increase causes a 1 dB noise decrease)
until the ultimate signal-to-noise ratio has been reached. The
48 dB point shows the “‘knee” for mono performance, while the
25 dB point of the stereo signal-to-noise ratio is the “knee” of
the stereo performance.

The third set of curves show the total relative undesired
output of the tuner, i.e., the total of noise and distortion with
respect to the total output. They are labelled “mono
N+D/S+D+N” and *“stereo N+D/S+D+N”. In the
absence of any signal, these curves approach 0 dB, and at
moderate to high inputs they show the total distortion of the
tuner. At all levels, these curves have a higher value than the
corresponding “mono N/S+D +N” and “stereo N/S+D+N”
curves (which are not shown). In the steep transition region,
the- corresponding mono or stereo curves should be no more
than a few dB apart. Otherwise, the tuner may be suspected to
be of narrow bandwidth—which should also be reflected by
relatively high stereo distortion.

The signal level at which the “mono N+D/S+D+N” curve
crosses the -30 dB line is the point of IHF usable sensitivity—
and the rated value for this is the highest number of microvolts
found at the carrier frequencies of 90, 98, and 106 MHz.

As may be imagined. listening to programs at the usable
sensitivity input is not a hi-fi listening experience, but measure-
ment at this level can be repeatedly performed and is valuable
as a basis for comparison. For example, enjoyable mono listen-
ing requires signal-to-noise ratios in excess of 50 dB. Some
tuners may reach this at the IHF input level. and others may
require as much as 6 dB higher signal level. Here, the shape of
the curves will help decide this fact.

Enjoyable stereo listening also requires at least 50 dB signal-
to-noise ratio. As can be seen, substantially higher signal levels
are required—from 10 dB to over 20 dB above the IHF test
input.

Pl‘hese figures illustrate that substantially more useful in-
formation can be obtained from a few sets of curves than from
a list of numbers.

How can a metropolitan listener evaluate the various sensi-
tivity curves? If he lives in the middle of the city in a tall
steel-and-concrete building without access to an outdoor
antenna he faces most difficult signal reception conditions.
Not only will he not be likely to be able to receive the direct
unreflected signal, but he will be subject to a conglomerate of
signal reflections, varying considerably in signal strength from
fairly weak to very strong. His signals will be often pure
“multipath” and laced with pulse noise interference from auto-
motive traffic and other sources. Such a listener should choose
his tuner to have good spurious signal (crossmodulation) rejec-
tion and to have good performance for signals of weak to high
intensity. Extreme sensitivity is not required because signals
below 5¢V may be riddled with man-made noise. The selec-
tivity requirements in the city are usually moderate (30 dB or
more), because distant signals will be severly attenuated and
often buried in noise.

The suburban listener usually has better signals available;
generally all of them, local and distant, are stronger than those
“downtown.” His tuner still must have excellent spurious
response rejection. Since listenable distant signals are available,
a prime requirement should be good selectivity (40 dB or
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more). Sensitivity of a tuner need not be extreme, but must
not be sacrificed at the expense of spurious responses. Since
the man-made noise is lower than in the city, good signal-to-
noise ratio with moderate to strong signals should be sought.

The minority of rural listeners should place sensitivity of
a tuner high on the list, followed by good signal-to-noise ra-
tio. Most important is a good installation of a high-gain di-
rectional antenna to capture as much as possible of the little
signal available. An antenna rotator is a ‘‘must.”

Two very important FM tuner characteristics are usually
not reported in curve form and one of them is even difficult
to express as a number. The first of these is the AM suppres-
sion.

The signals broadcast by the FM station are modulated by
varying the transmitter’s frequency while keeping its power
output constant. All the tuner circuits in the transmitter and
its antenna system are usually adjusted to minimize any out-
put variation. The tuner circuits in the receiver usually are of
narrower bandwidth than those of the transmitter since they
have to select the desired signal and reject signals on other
frequencies.

For this reason, the received signal at the input to the
limiter stages will be attenuated by 0.5 to 3 dB (in typical
tuners) as the signal varies from its center frequency to the
maximum deviation. This 1n effect is incidental amplitude
modulation of the FM signal, occurring at twice the audio
modulation frequency. If the tuner were fully sensitive to this
amplitude modulation, its detected signal would experience
3% to 17% distortion. Fortunately, the limiter circuits (along
with the detector circuit) remove most of the amplitude mod-
ulation, and low distortion reception is possible. The effect-
iveness with which these circuits remove this amplitude mod-
ulation is known (and rated) as amplitude modulation re-
jection and is measured in dB. Any high fidelity tuner worthy
of the name should have at least 40 dB AM rejection when
measured with 30% AM. Claims of AM rejection in excess of
60 dB are within the realm of the possible, but are difficult
to verify since normal laboratory test equipment is generally
not capable of generating AM signals sufficiently free of in-
cidental frequency modulation.

Good AM rejection in a tuner is required not only for re-
moval of incidental amplitude modulation generated within
the selective circuits but also for removing as much audible
distortion as possible when receiving signals under multipath
signal conditions.

As the name indicates, multipath means that the signal
reaches the receiver’s antenna by a multitude of paths, each
having a different loss, and because of their length, a dif-
ferent delay. The effect may be demonstrated as shown in
Fig. 3a. Here, just two signal paths are considered, a direct
path and a path involving a reflecting obstacle (a hill or a
group of tall buildings) located about one mile away. This
would cause the reflected signal to have a delay of approx-
imately 10 microseconds. The direct and reflected signals add
vectorially in amputude and phase as shown in Fig. 3b. The
resultant now has neither the amplitude nor the phase of the
original signal. As the frequency of the signal changes, the
relative phase of reflection to direct signal changes 360° for
every 100 kHz of signal change. Thus, there may be as many
as two instantaneous signal maxima or minima within the
normal +75 kHz modulation range in this example. The re-
sultant amplitude modulation may now include strong com-
ponents of fourth harmonic distortion of a strength determin-
ed by the ratio of direct-to-reflected signal.

REFLECTOR
(BUILDING)

SIGNAL FROM
4—— TRANSMITTER
100.] MHz * 7§ kHz

& -
ROUND TRIP DELAY * 104SEC

Fig. 3a—Simple multipath caused by one reflected signal

and one direct signal.
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Fig. 3b—Vectorial addition of direct and reflected signals
vs. frequency.
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Fig. 3c—Amplitude and phase response of total transmission
path containing one reflection.

The limiter circuits will probably remove most of the inci-
dental amplitude modulation, but they will not affect the
phase of the resultant. This phase now varies with deviation
of the carrier. Since the carrier is deviated by the modul-
ation signals, the resultant also phase modulates the signal.

This in turn is an incidental frequency modulation of the
signal—-but one increasing with modulation frequency and
containing practically pure distortion. Consequently, under
multipath reception conditions, distortion increases with mod-
ulation frequency and is most serious at the highest mod-
ulation frequencies—those which contain the stereo sub-chan-
nel. This is the main reason for stereo reception in cities
being often unacceptable when monophonic signals sound
much better.

No high fidelity tuner can remove multipath signals. (Ex-
tremely complex circuits may be able ot minimize multipath
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problems, but they require laborious adjustment, and so far
only the military services have been able to experiment with
them). The best cure for multipath problems is the use of
a directional antenna along with careful orientation and ad-
justment. Even indoor antennas of the “rabbit ear” kind can
be used with good effect and may be most practical when
readjustment is required for each signal.

To minimize multipath problems requires one additional
tool, the multipath indicator. As shown above, the increased
high-frequency distortion or stereo distortion may be used
with the ear acting as an indicator. Unfortunately, the ear is
not a reliable tool, particularly when the broadcast station
does not *“cooperate” by playing music containing a lot of
high frequencies or by playing stereo material.

The best results can be obtained when a multipath indi-
cator is connected to the tuner. An oscilloscope may be con-
nected to many tuners to display multipath. Essentially, these
connections involve vertical trace deflection with an output
containing a signal proportional to signal strength, and hor-
izontal deflection with the FM detector output. Detailed in-
formation for connections will have to be obtained from the
manufacturers of these tuners, or their representatives or
dealers.

Other tuners may have these connections already provided
and some of them contain built-in multipath indicators such
as oscilloscopes or meters. By just being able to adjust the
antenna for the best signal, these tuners will be able to give
results superior to other installations when difficult multipath
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Fig. 5—FM stereo separation.
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reception conditions exist. These difficult conditions can be
predicted with good accuracy in most any city having tall
buildings, and in any hilly or mountainous area. Flat country
or over-water signal paths are rarely subject to serious multi-
path problems.

The next important tuner characteristic not reported as a
curve (or even a number) is the tuner’s pulse noise rejection.
As shown above in the section on selectivity, the capture ra-
tio indicates the tuner’s ability to have the stronger of two
signals predominate in its output while suppressing the
weaker one,

When a tuner is subjected to a noise pulse, the pulse should
“capture” the signal from the station for the length of time
in which the pulse is stronger than the signal. The strength
of the pulse in the FM band caused by a passenger auto-
mobile ignition system may be 1000 microvolts per meter at
a distance of 500 feet. This is 20 times stronger than the
old “grade B™ service contour of 50 microvolts per meter of
an FM broadcast station.

It is important that the pulse cause no worse problems than
capture of the signal. As soon as the pulse becomes weaker
than the signal, the signal should predominate and no trans-
ient due to previous pulse overload should remain. A single
pulse should sound as a “tick™ pretty much regardless of its
strength and not as a “pop™. In particular, a pulse or a series
of pulses, should not be audible with the receiver tuned off-
station. If pulse noise were audible under this condition,
listening quality for other than local stations may be impair-
ed.

All the previous tests and curves have documented the im-
portant aspects of tuner performance from antenna to the
final FM detection. The group of curves in Figs. 4 and 5 de-
scribe the performance of the circuits which handle the de-
tector output.

Figure 4 shows the audio frequency response of the tuner
circuits. It is shown as a normal frequency response, includ-
ing the response above 15,000 Hz, the maximum audio fre-
quency broadcast by a stereo FM station. The region above
15 kHz shows how well the 19 kHz pilot signal and the 38
kHz re-insert carrier signal are removed from the tuner out-
put. These frequencies may cause intermodulation with the
bias oscillator in tape recorders and the recording of whistle
frequencies.

The frequency response is also shown with respect to the
standard 75 microsecond de-emphasis curve. It shows how
accurately the signals are reproduced. This error should be
less than +2 dB between 50 Hz and 15 kHz, the limit fre-
quencies for FM broadcast stations.

Figure 5 shows the stereo separation of a tuner. As may
be appreciated, more information can be gleaned from a
curve than from a single figure, say, 30 dB separation and
without specification of frequency.

For good listening, the tests performed by the Bell Lab-
oratories and by General Electric show that at least 20 dB
separation be available over the range of 100 to 8000 Hz.
Most tuners are capable of exceeding this figure-but only a
curve will prove it.

There are many more tests which can be and are perform-
ed on tuners. They may deal with more refined aspects of the
characteristics discussed above, or they may deal with squelch
performance, tuning indication, drift, or many other factors.
In all cases, the basic characteristics analyzed here should
be considered most when choosing a tuner or receiver. Only
after these have been evaluated with respect to the expected
signal conditions for city, suburb, or country should other
convenience features not discussed here be analyzed.

Last, but not least, reliability and reputation, leadership in
technology. and soundness of design should be evaluated. The
tuner bought today should give years of good service. .3



