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of the carrier and tap multipliers both have
Gaussian shapes. Then the autocorrelation
function can be written.

Bandpass Carrier Autocorrelation:

Ro(7) = e=(@W)? cos wyr for G«(f)
~exp —(f — fo)*/W? + exp —(f + fo)*/ W™
Tap Multiplier Autocorrelation:
R(r) = e~ (=B)? for Q(f) ~ e— U/B)?,

Thus, using (6), we have a time offset
degradation factor

F(T,To)

B
= exp{ —7r2W2[W—,2 T+ (T, — TO){I}

COo8 wo(To - Tl).

It is easily seen that the envelope of this
function has a maximum with receiver
delay?®

= TW2/(B* 4+ W) < T
and the maximum of the envelope is

BXW?
F i (Ty) = exp _W2|:E2+—I’V2 T02:|.

Hence, for these spectra, this figure of merit
decreases exponentially with the delay
offset.

FreQUENCY OFFSET EFFECT

In order to evaluate the effect of the
frequency offset and channel time dis-
persion, we consider two example sets of
tap multiplier coefficients.

1) Uniform tap variances: ar = a if
k] > N.
2) Decaying tap variances: a, = a/

(k2 + M?).

The summation F(wa) contains the basic
information giving the attenuation of the
useful signal energy caused by the channel
time dispersion.

For uniform tap variances, we have

Fwa) =

1 1
ON + 1 Z cos kwal = (M)

[2 cos { (N + 1)/2]waT}sin (NwaT/2) ]
sin (waT/2) +1

1 sin[(2N + 1)/2N]
T 2N +1 sin (8/2N)

where we define Tp £ NT as the time dis-
persion of the channel, and 8 £ wa7p as
the phase difference for this frequency
offset and dispersion time. This variation
in performance with 6 is plotted in Fig. 1
for several values of N. Note the attenua-
tion in Fy as @ increases above unity.

Consider now a channel represented by
an infinite number of taps having decaying
variance. The summation can now be
written [12]

8 If we assume that wo >> W, B, then this 7 is
approximately optimum, and the maximum of the
envelope is i1he approximate maximum of the
function. For a true maximum we, of course, want
wo(ZT1 — Tv) = 2nr.

CORRESPONDENCE

cos koaT
Ff(wA> = kg + M2/Zk2+M2
cosh M(r — waT)

= T coshalM for0 < wal < 2.

This expression is plotted in Fig. 2 for
several values of M. For a large channel
dispersion-carrier bandwidth product M >
1, we have the approximate result

Fyloa) = exp —6

where § £ waTp, Tp £ MT.

Again, substantial degradation occurs as
6 increases above unity.

J. J. SPILKER, JR.

Western Development Labs.

Phileo Corp.

Palo Alto, Calif.
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Correction to ‘‘Experiments in
‘SSB FM’ Communication Systems”’

There is an error in the above paper.!
Figure 15 was printed over its own caption
and also over the caption for Fig. 16.
Figure 16 was not printed at all. The
correct figures and their captions are as
gshown.

Manusecript received July 2, 1965.
1JTEEE Trans. on Communication Technology
vcl. COM-13, pp. 109-116, March 1965.
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On Survivability of Networks

Narsingh Deo suggests an alternative
metric of survivability! (pairs of stations
in communications) to the one I chose to
use in a recent paper? on survivable com-
munications (number of stations in com-
munications with all). His point is well

Manuscript received May 21, 1965.
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stated and I would like to add to his
remarks.

The most appropriate metric of surviv-
ability depends chiefly on what you want
the network to do. I discussed a large
strategic communications network under-
going attack. Here, the penalty for non-
centralized, divergent action differs from
the case of a tactical network where clumps
of forces may carry on even though cut
off from a point of central authority.

Thus, I use the pessimistic measure of
considering only forces connected to the
largest single group of surviving stations—
with a tacit assumption that the command
element is mobile or distributed. Those
strategic elements not connected to the
largest surviving group might (from the
viewpoint of ease of terminating the out-
break of hostility) best await restoration
of communications before taking irrevocable
or complicating actions.

I concur that the metric Deo uses is more
appropriate to the tactical theater where
the penalty of being cut off from central
authority is of less concern.

PauL Baran
The RAND Corp.
Santa Monica, Calif.

Automatic Equalization Using
Transversal Equalizers

Some interesting articles on automatic,
transversal equalization [1], [2] have
appeared in recent months. This subject
is considered highly important.! One
purpose of this correspondence is to point
out some earlier, less widely -circulated
reports that discuss this subject in con-
giderable detail and explain some additional,
important considerations.

The type of equalizer under discussion
consists basically of a delay line with
adjustable taps. The general method of
automating this equalizer described in
recent references [1], [2] as well as by the
writer [3]-[5] is based upon time-domain
equations derived from the system pulse
response by using simple superposition
[3], [4]. This general method is interesting
in theory, but has the following important
disadvantages:

Manuscript received April 2, 1965,

1 Automatic equalization has sometimes appeared
on the military’s list of most wanted inventions,
and the volume of data transmission over facilities
requiring accurate, versatile equalization is rapidly
increasing.

1) It depends upon utilizing samples of
the system pulse response, including rather
small parts of this response, in the presence
of noise.

2) In order to measure or utilize these
sample amplitudes, it is necessary to inter-
rupt the flow of regular data long enough
to transmit isolated pulses.

For automating the equalizer, a scheme
that offers some important practical ad-
vantages has been described [5]. Briefly,
a conventional “eye pattern’” [2]-[4]
(formed from the regular baseband signal
on the face of an oscilloscope) is elec-
tronically scanned. Each potentiometer of
the equalizer is automatically adjusted for
the best “eye’’ opening, the signal from the
scanner being used as an error signal in a
servo-type arrangement used to drive the
potentiometer. The potentiometers are
adjusted sequentially in the order of
decreasing expected effect upon the eye
pattern. The advantages of this approach
include the following:

1) The equalizer can be automatically
adjusted in the presence of relatively poor
signal-to-noise and high pre-equalization
distortion.

2) The measurement errors can be largely
averaged out, thus increasing the accuracy
of equalization.

3) Equalization is from the regular base-
band signal alone. There is no need to
transmit special pulses for equalization.
The equalization process can proceed
continually while data is being trans-
mitted. The latter advantage could possibly
make it feasible to correct time-varying,
frequency-selective fading, such as that
caused by multipath in some types of radio
systems. The oscilloscope can be replaced
by basically similar methods of scanning
the baseband signal.

The same reference [5] also describes
some variations of this method of imple-
menting the automation of the equalizers,
including a method for use when the trans-
mitted signal is unknown and there is no
opening of the ‘“eye pattern’”” prior to
equalization.

This type of equalizer with manual
adjustments has been used since early 1961
in the first multiple-level, vestigial side-
band, suppressed carrier, data modem? and
has proved highly versatile and accurate
(41, [5].

Some examples of other important con-
siderations previously discussed in detail
[3]-[5] are:

1) Time-domain analyses which show a
number of important relationships, includ-

2 Four ACF Industries patents by E. D. Gibson
pending on the modem and equalizer. This was
the first known data modem capable of achieving
4800 bits per second over a wide variety of ordinary
telephone lines, and this is the same type of ap-
plication discussed in the recent references [1], [2].
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ing matrices inherently well suited for
digital implementation of the automatic
equalization.

2) Frequency-domain analyses which
show, for example, that when the phase-
frequency curve nonlinearity can be ap-
proximated by a sine wave, B sin ¢ w, the
proper settings of the potentiometers are:

Gy = 2J(B)
G. = G-, = Ju(B), neven
Gn = G—n = —Jn(B), nodd,

where J,(B) is the Bessel function of the
first kind of order n and G, is the gain
setting for the nth tap numbered from the
middle of the delay line. These analyses
also show the high versatility obtainable
from this type of equalizer, as well as
estimates of the range and accuracy obtain-
able from limited numbers of stages (3], [4].

3) The use of the same type of equipment
for combating impulse noise [4].

4) Determination of critical combina-
tions of bits or other signaling elements,
i.e., those resulting in the maximum dis-
tortion, or maximum positive and negative
error in signal amplitude [3].

5) Schemes for ganging the potentiom-
eters to reduce the number of adjustments
under certain conditions [3].

6) Use of a shift register to replace the
delay line, especially for shaping the signal
prior to transmission [3].

7) Considerations involved in letting the
sampling interval equal the signal element
during (““inter-bit adjustment’’ equaliza-
tion) [3].

8) The number of equalizer stages re-
quired for some typical applications. For
example, in agreement with results now
reported by Rappeport [1], six stages were
reported as adequate for most telephone
line applications [3].

The writer can offer interested readers
copies of {3]-[5] to a limited extent

E. D. GiBso~n

Radar and Communications Dept.
Aerospace Corp.

San Bernardino, Calif.
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