“Split Channels™ for More

Results obtained from field tests conducted in Syracuse, N, Y. show how an
can be made to operate on adjacent channels when index of modulation and

By HUGH H. DAVIDS

Geenieral Electric €o,
Syracuur, Now Vork

S soon as a radio service re-
ceives public acceptance, the
inevitable problem of too many
users for too few channels arises.
In the 25-50 mc and 152-174 mc
bands the number of new users
seeking authorization und the inter-
ference already occurring due to the
shuring of channels by users in the
same Iuca]:l:\-'. such as taxi channels,
make it imperative to seck an an-
swer to the problem of how to in-
crease utilization of these bands.
The solutions that have been sug-
gosted [all into three general groups
wr combinations of them
1. Channel sharing
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graphical separation to prevent
interference.

Use of a system of modulation
requiring less bandwidth than
FM, such as single sideband
AM.

3. Channel splitting; that is, re-
ducing the index of modulation
and the channel width so that
more channels can be accom-
modated in the same band.

The first one would require re-
assignment of the frequencies on the
152-174 me band, as they have been
assigned on a block basis, Such a
step is basically a problem for the
FCC and the users and does not call
for engineering analysis in this
discussion.

The second would be far more
drastic and would require the
eventual replacement of all existing
cyuipment and careful planning for
the transition period.

The last is the solution that is
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most attractive as it would result
in the least disruption of present
frequency assignments, provided
each existing channel is split into an
integral number of channels. We
will describe this method in detail,
including the related factors of
channel spacing and deviation, test-
ing technigues, adjacent channel in-
terference and intermodulation.

Channel Splitiing

Proposals for channel splitting
have usually been for 20 ke channels
on the 25-50 mc band and 30 xc or 20
ke channels on the 152-174 Mc band.
Reguirements are different on the
two bands due to propagation differ-
ences. On the low band the sky
wave produces skip interference at
long distances. For instance, West
Coast stations caused interference in
Michigan, New York., and other
castern states, On the high band
there is practically no skip interfer-
ence.

Channel splitting on the low band
to prevent skip interference has
been advocated for several years
and has heen demonstrated to be
practical with no measurable loss of
range or intelligibility.! Under this
plan, systems in areas which were
subject to skip interference would
be placed on 40 kc channels that
were displaced 20 kc from the 40
ke channels used in the areas caus-
ing interference. However, it was
not proposed to operate systems in
the same area on 20 Kc channels
except where the adjacent channel
stations are from 5 to 7 miles apart
and operation is not required in the
immediate vicinity of the adjacent
channel antenna,

Generally, these restrictions can-
nol be applied to same area opera-
tion of high band equipment. Since
skip interference is not a problem
on the high band and because of the
large number of users within small
urban areas, channel splitting on
this band to be effective must be
applicable to systems in the same
immediate area. Here, therefore, is
where the real problems of split
channel operation are found. For
these reasons the balance of this
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not pass through the transfer switch
are provided for any special meter-
ing requirements. A switch and a
phone plug are provided so that an
alternate speaker can be plugged in
and the receiver outputs switched
to it

A series of adjacent channel per-
formance tests were made using
Station £2 as the desired signal and
Station #1 as the adjacent channel
interfering station. The equipments
under test were mounted in the test
car and the car run from Station #2
toward Station f1 until interference
was experienced. Tests were made
for normal adjacent channel separa-

tion (60 kc), for bisected channels
(30 xc), and trisected channels (20
kc). Since, in the field, it is ex-
tremely difficult to set a station ex-
actly on its nominal frequency and
the FCC allows a .005% tolerance,
s were made with the transmit-
's set exactly on the nominal
spacing and then later re-run at a
closer spacing. The FCC tolerance
would allow =775 kc departure
from nominal frequency at 135 Mc,
so that the extremes of separation
between two stations could be 445
kCc to 755 xc, 50 xc was selected as
representing the extreme condition
that could be expected in practice.

I+

Likewise, considering that tighter
tolerances would have to be held on
split channels, 25 kc and 15 k¢ spac-
ings were selected as extremes for
30 k¢ and and 20 xc channels

The tests were made for both 50
and 250 watts power output from
the adjacent channel station and 15
watts and .1 watt power output from
the desired channel station.

On each test two locations were
determined for each of the two re-
ceivers under test. One, the point
where the interference from the ad-
jacent channel was just perceptible,
and the other where the desired
signal could barely be read due to
the interference. These represented
the extremes of receplion with in-
terference present. In the first case,
any increase in distance from the
adjacent channel station resulted in
reception without any trace of in-
terference. In the second case, any
approach nearer to the adjacent
channel station would result in the
desired signal becoming unintelligi-
ble. The actual point at which the
interference would be considered
objectionable would be between
these, the exact point depending on
the personal judgement of the user.

The split channel field tests veri-
fied the two signal selectivity meas-
urements in that the adjacent
channel performance in 20 Kc or 30
xc channels of receiver A was better
than that of receiver B. In presenting
the data graphically, the point of just
perceptible interference was plotted
for receiver B, and the point of
barely audible signal for receiver A,
giving the extremes for the two
conditions.

Field Test Results

Fig. 6 gives the results using 250
watts output for the interfering sta-
tions and approximately .1 watt and
15 watts for the desired signal
Voice modulation was used on both
stations, text being read on the de-
sired signal, and a tape recorded re-
petitive phrase used on the interfer-
ing station so that the two modula-
tions could be readily identified. For
50 xc and 60 k¢ channel spacings the
modulation controls were set for 15
k¢ peak deviation; for 25 k¢ and 30
K¢ channels they were set for 7%
kc peak deviation; for 15 xc and 20
k¢ channels they were set for 5 k¢
peak deviation.

With the output of desired signal
Station #2 set for approximately .1
watt, the signal level in the vicinity
of the interfering signal Station #1
is of the order of 1 microvolt at the
receiver terminals.

(Continued on page 152)
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(Continued from pa 66)
If the midway point between just mi. to 4.15 m
le interference and barely

signal is taken arbitrarily
it of maximum tolerable pr
) then it is apparent that
point moved from .35 mi. for
adjacent channel receivers
s C and D, in 60 kc channels,
for narrow band receivers
s A and B, on 30 xc channels,
f 20 x¢ channels with the
receivers it moves out to 3.0

It should be remembered that as be a
the distance from the interfering of
station s increased, the desired sig-
es while the interfering
signal decreases so that at the 3.0
mi. point the desired signal at the
input 1s about 3 uv and the

signal about 20 db

acent

nal incre

effect of departure from nom-

spacing is very greatly in- up th i test
creased as the channel spacing is re- were t
duced. There is no appreciable dif- 25, and 30 xc
ference between operation on 60 xc quality commer
and 50 kc spacing, but for 25 xc ters and FM me
spacing the point of maximum toler- the Id tests the

interference moves from .5 mi incon
mi. as compared to 30 kc, while Lions was
for 15 ke spacing it moves from 3.0 lion receiver
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Millivac Instrument
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Millivac Instrument Company, pre-
cision measuring equipment manufac-
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times larger than their old quarters
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By HUGH H. DAVIDS
General Electric Co., Syracuse, New York

rI‘HE data for a desired signal pow-
er output increased to 15 walts
(Fig. 7), which gave a signal of
about 10 uv in the vicinity of the
interfering Station £1, show similar
results. The distances for the two in-
terference criteria are reduced as
would be expected, but the relative
severity of interference is about the
same.

Fig. 8 gives the results of the same
tests for split channels 15, 20, and 25
KC spacing, except that the power
of the interfering station was re-
duced to 50 watts. It will be seen
again that there is a great impair-
ment in adjacent channel perform-
ance in going from 30 Kc to 20 xc
channels (using 25 kc and 15 xc as
minimum spacings).

There is a significant change in
the character of the adjacent chan-
nel interference as the channels are
split. For channel spacings down to
30 ®c, the interference was due to
increased noise from desensitization
and the interfering transmitter
noise.

For the closer channel spacing
the modulation of the interfering

58

signal began to be evident. With 15
Kc spacing and 50 watts interfer-
ing signal output, the interference
was predominantly due to break-
through of the unwanted modula-
tion.

Graphical Analysis

As a verification of the results of
the field test, graphical analysis of
adjacent channel performance was
made of these receivers. Receiver
interference characteristics were
prepared (Fig. 9) and transmitter
sideband distribution curves made
for voice modulation with 5, 714, and
15 kc peaks (Fig. 10).%

If templates are made of the
transmitter sideband distribution
curves, occurrence and cause of ad-
jacent channel interference can be
determined. The template is placed
on the graph of receiver interfer-
ence characteristics with the ordi-
nate corresponding to the carrier
frequency superimposed on the or-
dinate corresponding to the channel
spacing in question and raised ver=
tically until the sideband character-

www. amencanradiohiston.com

Results obtained from field
can be made to operate on

istic intersects the receiver inter-
ference characteristic at some point.

If the section of the sideband
marked O-P intersects first, the in-
terference is an increase in noise
due to the noise output of the
transmitter,

If N-O intersects first, it is noise
but it is pulsed with the cadence of
the interfering modulation.

If in the region of N, then it is
break through of the interfering
modulation. Finally, if M touches
first then desensitization is the first
to occur,

The exact level of interfering sig-
nal to produce a given amount of
interference cannot be determined
by this graphical method until a
means of correlating the amount of
area intersected with the amount of
interference is determined. How-
ever, the relative performance of
different receivers can be estab-
lished and the nature of the inter-
ference that a given receiver will
first experience can also be deter-
mined.

Using receivers A and C, the bet-
ter, respectively, of the split channel
and 60 x¢ adjacent channel receivers
under test, we find the following
results:

1. With receiver C for both 50 ke
and 60 kc spacing, adjacent channel
interference first occurs due to
transmitter noise,

2. Using peak swings of 7% Kc
and channel spacings of 30 ke, re-
ceiver A suffers interference first
from the same cause and at approxi-
mately the same level of interfering
signal. However, for 25 kc spacing
the area of interference changes to
area N-O and is evidenced as pulsed
noise and occurs at a level of inter-
fering signal about 20 db lower for
equivalent interference.

3. Using peak swings of 5 k¢ and
channel spacings of 20 kc, receiver
A experiences interference first from
the intersection of region N-O well
up towards N, characterized by
pulsed noise with perhaps some mod-
ulation break-through. This occurs
at a level of interfering signal about
30 db lower than the equivalent in-
terference level for receiver C on 50
k¢ channels. With the channel spac-
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tests conducted in Syracuse, N. Y. show how an increased number of stations

PART TWO
OF TWO PARTS

adjacent channels when index of modulation and channel width are reduced

ing of 15 c the intercept is in the
region of N, and character of in-
terference is modulation break-
through. The level of the interfer-
ing signal is about 55 db lower for
equivalent interference than for the
receiver C on 50 Kc channels.

The field test data taken agree
substantially with these predicted
results.

Now, if 5 KC peak swing is used
with receiver A on 30 k¢ channels,
the source of noise is still trans-
mitter noise and the interfering sig-
nal level approximately the same as
receiver C on 50 xc spacing. If the
channel spacing is reduced to 25
KcC, the same pulsed noise begins to
appear but the interfering signal
level is reduced only about 3 db.
This indicates that split channel
operation with 30 kc channel spac-
ing and 5 kc peak swing is practical
with little degradation of perform-
ance over that now obtained on 60
k¢ channels with the best equip-
ment.

Receiver Interlerence Curve

To investigate what would be re-
quired to produce a receiver to give
equivalent performance on 20 xc
channels, a receiver interference
curve can be drawn on Fig. 9 which
will be the profile of the 5 kc peak
sideband template with the carrier
set on 20 ke. This curve is marked
“hypothetical 20 xc channel re-
ceiver E." It is shifted over 3 Kc to
3 xc from the curve for receiver A.
Since the i-f selectivity of A as
measured by 20 db quieting has a
bandwidth of 10 k¢ at 6 db, it can
be seen that this hypothetical re-
ceiver would have an i-f band-
width of 2 ke to 4 ke at 6 db. Of
course, this would be much too nar-
row to pass intelligence up to 3000
eps with peak swing of 5 xc. Further-
more, in this determination no allow-
ance has been made for drift or for
accuracy of setting of stations, so
even if the peak swing were reduced
to 3 k¢, the minimum practical for a
top audio frequency of 3000 cps, the
nose width would still have to be too
narrow to give normal reception,

Split channel operation makes the
rejection of intermodulation inter-

TELE-TECH * April 1952

ference more difficult as signals pro-
ducing the interference are closer
to the desired signal and can pene-
trate deeper into the receiver before
the high i-f selectivity can attenu-
ate them sufficiently. This can be
overcome by improvements in front
end design, but with split channels
the number of stations which can
combine to give intermodulation will
be increased. Even with the im-
provement mentioned above, much
more frequent occurrence of inter-
modulation  interference can be
expected,

Conclusions

1. Adjacent channel operation in
fully overlapping service areas on
30 KC channels in the 152-174 MC
band using 5 KC peak deviation ap-
pears practical. The shift to 30 KC
channels could be made readily and
quite rapidly. However, once made
it would be very difficult to make a
further increase in the number of
channels in the band, for instance,
by going to 20 KC channels.

2. Adjacent channel operation in
fully overlapping service areas on
20 xc or narrower channels does not
seem to be practical at the present
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Fig. %: Interference charaderistics of
narrow band receivers ot 152-174 MC

state of the art with angular
modulated signals (FM or PM).

3. A limited system of adjacent
channel operation on 20 KC chan-
nels is practical, In this system, sta-
tions in service areas that do not
overlap or where the overlap is
only for regions of low signal level
would operate on 20 KC spacing.

In fully overlapping service areas,
stations would operate on alternate
channels of 40 KC, Such a system
would leave the door open for an
ultimate change to unlimited use of
20 KC channels, without disrup-
tion of frequency assignments, if

(Continued on page 115)
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optional. They provide phase ratio
detection which may be more im-
mune to noise than the simple detec-
tion of the other cireyits.

The twin series version is an
adaptation of the monocyclic square
which was described in detail by the
late Charles Proteus Steinmetz.

Split Channel Operation
(Continued from page 59)

the design problems can be over-
come. Requirements for frequency
stability and frequency setting would
not be as severe as for 30 KC chan-
nels and many of the 60 KC adiacent
channel equipments now in use
could be used on 40 KC channels
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Fig. 10: Voice modulated pronsmiter side-
bond distribution for three deviations

without too much increase in inter-
ference, if the deviation were re-
duced. This system would require
shifting of the frequency assignment
of some of the present channels,
which is not required if 30 KC chan-
nels were used.

4. Intermodulation interference is
increased with split channel opera-
tion whether 20 xc or 30 xc.

5. With either 20 xc and 30 xc
channel splitting plans, a great deal
of thought on the part of the FCC
and the industry must be given to
how a change-over can be made,
especially in the more crowded parts
of the band, without too rapid obso-
lescence of equipment already in
use,

The author wishes to express his indebted-
nesk lo a number of his associstes in making
this study. Particularly to Mr. G Lious
for his assistance in making the fleld tests,
Mr. R. P. Gifford for much of the work on
Eraphic analysis, and Mr. C. M. Helden for
overall guidance In the project.

In Part 1 of this article appearing In the
March issue of TELE-TECH, tor elarity the
first ragraph on page 65 should be
amended to read as follows: A recelver, B,
with a seleclivity of about 100 db at -+ 20
EC a8 measured by the 20 b quleting
method, was obitained. It has been a coam -
mon belief that such a receiver would give
lft%\.lble adjacent channe] operation sven
on KC mﬂni} As an additional check. a
second recelver, B, was modified to have ap-
proximately the same I-f gelectivity using
multiple tuned I.f transformers
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Genaral Indusiries’ 3-Spaed
Turrel-type Phonomotyr for
record-changer applications.

an important teason why leading manufacturers
prefer General Industries’ 3-Speed Phonomotors

Because they are extremely low in hum, wow, rumble and
speed variation, General Industries’ Phonomotors meet
every performance requirement of radio and television set

manufacturers and record-changer producers alike.

Write today for detailed information, including specifica-
tions, design features and dimensions of General Industries’

complete line of phonomotors.

THE GENERAL INDUSTRIES CO.

Department MB « Elyria, Ohio
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