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Introduction: The interstellar medium (ISM) can 

modify signals of technological origin traveling from 
distant star systems. The ISM contains ionized regions 
where fluctuations in the electron density have a sig-
nificant effect on signals propagating through the me-
dium.  The effects that have been demonstrated are 
dispersion and scattering that can lead to time delays, 
angular broadening, temporal broadening, and short- 
and long-term intensity scintillations of the propagat-
ing signal [1]. We take advantage of techniques devel-
oped by pulsar researchers over the last 2-3 decades [2] 
to characterize the impact of these effects on engi-
neered as opposed to natural signals like pulsars, and 
in particular, seek insights into the types of signals to 
expect based on their susceptibility to ISM propagation 
impairments. 

Choice of signal: Most radio SETI searches have 
attempted to detect persistent narrowband signals 
based on the prescription of the Cyclops report in 1971 
[3]. Since 1971 our understanding of the ISM has im-
proved dramatically, and also both the level of radio-
frequency interference (RFI) and our understanding of 
how to counter RFI developed in terrestrial wireless 
systems have increased considerably. An engineered 
signal chosen by the transmitter may take both the ISM 
and RFI into account in a conscious attempt to improve 
the probability of receiver acquisition. Therefore, it is 
of interest to characterize the ISM in terms most rele-
vant to both transmitted signal and receiver design, as 
would be routine in the engineering of terrestrial com-
munication systems. 

From a detection sensitivity perspective, our level 
of assumed knowedge about the signal is the critical 
parameter. One measure of this knowledge is its de-
grees of freedom (DOF), or the number of complex-
valued numbers required to completely specify the 
signal. For example, if we assume a signal with a cer-
tain bandwidth W and certain time-duration T (in prac-
tice we have to search over one or both of these pa-
rameters), there are WT DOF’s. Even when WT is 
large, a receiver with detailed knowledge of the signal 
(that is, it knows or assumes the numerical values of all 
the DOF’s) is able to reduce the DOF’s in a processing 
stage to a single complex number by correlating with 
the known signal (often called “matched filtering”). 
After all knowledge of the signal is taken into account 
in this manner, the final detection stage estimates the 

signal energy and applies this to a threshold. The SNR 
at the threshold decreases directly with increasing 
DOF’s (because each DOF contains a noise contribu-
tion), so good sensitivity requires a small DOF. If 
matched filtering can be applied, this sensitivity does 
not depend on the pre-processing signal DOF; that is, 
on the signal W or T. On the other hand, if nothing is 
assumed about the signal other than W and T, as in 
Cyclops [3], the DOF’s cannot be reduced before en-
ergy estimation and good sensitivity requires small 
WT. This is characteristic of narrowband signals (small 
W) or pulse signals (small T). 

These considerations change dramatically when 
RFI is taken into account. Military (which suffer overt 
jamming) and terrestrial spead-spectrum systems [4] 
(which are dominated by self- and external- interfer-
ence) have consistently utilized signal designs with a 
large WT to counter RFI. The idea is simple. If WT is 
large (which suffers no noise sensitivity penalty with a 
matched filter detector) and the signal energy is spread 
uniformly over all the DOF’s, then a filter matched to 
the signal attenuates in-band (that which overlaps W 
and T) RFI energy by about a factor of WT, and does 
so without regard to the characteristics of the in-band 
RFI. Such signals, which ideally have the statistics of 
white Gaussian noise (any other choice makes immu-
nity sensitive to the specifics of the RFI), are easily 
generated by simple pseudorandom algorithms. Thus 
RFI immunity (but not noise sensitivity) provides very 
specific guidance as to the most advantageous signal 
design. 

The choice of W and T are important. RFI consid-
erations favor large WT, but other effects eventually 
come into play as either parameter is increased. First, 
the amount of RFI that falls in-band is affected by both 
these parameters; that is, relatively narrowband RFI 
favors large W and relatively bursty or non-stationary 
interference favors large T. In addition, the frequency-
dispersive effects in the ISM eventually undermine 
detector sensitivity as we increase W, as do time-
varying effects (such as scintillation) as we increase T. 

Implications for SETI: An advanced civilization 
seeking to attract our attention, unless it has at its dis-
posal unlimited transmit power, is likely to engineer a 
signal for which the detection sensitivity is maximized, 
particularly when directing that signal at more distant 
receptors. If its scientific and technological develop-
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ment is similar to our own, it presumably has compa-
rable or more advanced knowledge of the ISM, and is 
also sensitive to the increasing RFI in the receiver lo-
cality but lacks knowledge of the specifics. If so, this 
may influence the signal design to assist with RFI im-
munity, and to do this in the most robust manner pos-
sible, which is accomplished as described above. The 
choice of W and T is likely to be influenced by both 
knowledge of the ISM and (in the case of T) the strat-
egy for scanning different solar systems. 

All these considerations suggest that we need to 
understand, for engineered as opposed to natural sig-
nals, the propagation impairments of the ISM and how 
they interact with other factors (such as transmitter and 
receiver motion). Even the impact of the ISM on nar-
rowband signals (such as those prescribed by Cyclops) 
has not been fully characterized in light of current 
knowledge. In considering a wider class of possible 
signals, of particular interest is the frequency coher-
ence (largest W for which frequency dispersive effects 
will be insignificant) and time coherence (largest T for 
which time-varying effects will be insignificant). This 
understanding will shed further light on the character-
istics of engineered signals that we should be searching 
for. 

ISM Impairments:  The impairments presented by 
the ISM to propagating signals cause several effects.  
Dispersion by the intervening plasma results in a fre-
quency dependent delay of the signal, with lower fre-
quenicies delayed significantly.   

Scattering involves two phenomena, diffraction and 
refraction, which are different manifestations of strong 
scattering.  The effects of diffractive scintillation are 
seen on shorter length and times scales, and are re-
sponsible for short-term variations in intensity.  Re-
fraction occurs over longer time periods and longer 
length scales, and is responsible for pulse broadening, 
both temporally and spatially, and for long-term inten-
sity variations.   

Weak scattering occurs when diffraction and re-
fraction become difficult to distinguish from one an-
other and the length scales upon which each of these 
regimes is valid approaches that of the Fresnel scale 
[2].  

The Model: Much of the ISM modeling in the lit-
erature is monochromatic, but here polychromatic ef-
fects become important.  Following the method of Na-
rayan and Goodman (1989), we employed a 1D scat-
tering screen to simulate the effect of a plane wave 
interacting with an ionized region with electron density 
fluctuations [5]. The phase changing screen was then 
convolved with the Fresnel kernel to  generate the 
wave amplitude at the receiver. We have extended this 
modeling to make it polychromatic. 

The phase changing screen was created using the 
method of Foster and Cordes (1990) [6].  A realization 
of white pseudo-noise was convolved with a power-
law type Kolmogorov spectrum and then inverse Fou-
rier transformed to get a phase screen.  This phase 
screen was used as a phase factor in the calculation of 
the wave amplitude  after the signal has interacted with 
the screen. 

Dynamic spectra of intensity as a function of posi-
tion and time exhibit the spatial, temporal, and fre-
quency coherence of the signals at the receiver.  This is 
the first step in understanding the inherent limitations 
attributable to the ISM that interact with an engineered 
signal and exhibit the coherence at a distant receiver 
required for good detection sensitivity.  

Discussion:  This paper studies the effects of ISM 
impairments on broadband engineered signals.  The 
implications of the model for signal characteristics are 
discussed.  Of particular interest are the implications to 
the types of signals we should be searching for, the 
detailed characteristics and parameters of these signals, 
and the detection algorithms we should be using for 
maximum sensitivity in detecting and acquiring these 
signals. The closely related issues surrounding RFI and 
receiver design will be treated in a companion paper. 
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