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Y. FIELDS FOR FURTHER RESEARCH

It is evident that there is uncertainty in some of the estimates which
have been made in the preceding chapters. This uncertainty may, of course,
be due to the fact that we camot guess exactly what the characteristics of
the Russian ICEM will be, and in such a case we must base cur judgment on
the whole range of possibilities. In other cases, however, our limitations
are simply cdue to a lack of basic knowledge ;f factors over which the Soviet
designer has little or no contral. fh?sé areas, which-require further

research, will be summarized briefly.

A. RE-ENTRY

1. Skin Temperatures

The problem of the heating of the skin of a hypersonic re-entry bedy
is a basic consideration in the design of an ICBM system. For this reason,
a considerable amount of effort is already being devoted to it. It is,
perhaps, worth mentioning that, whereas the missile deslgners are most
concerned with the maximum temperature to which the re-emtry body will be
exposed, which usually oceurs at altitudes below 100,000 ft, infrared
detection systems are most concerned with the heating which occurs higher
' up, as the re-entry body first encounters the denser atmosphere, together
with knowledge of its emissivity.

2. Radiation from Alr Excited by the Shock Wave .

In some sense the problem of emlssion by air in hypersonic flow is
clesely related to that of skin heating, since under certain conditions
at relatively low altltudes the skin may receive considerable heat from

thls radiation. However, the detection problem may be greatly influenced
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by the shock wave emission while the re-entry bedy is gtill high in the
atmosphere, at altitudes of several hundreds of thousands of feet. If
there were strong emission from the excited air in the shock wave ( or in
the trail) of an ICBM, this would certainly increase the ease of early
optical detection. '

3, Optimization of the Infrared Search-Track Detection Process

As discussed in Chapter II, the use of an infrared or optical detection
syétem for terminal guidénce in an ICBM defense missile requires considera-
tion of a large number of system design factors. There is much to be done
in the optiﬁization of guch a seeker system, and the theory for the most
efficient method for combining the informaticn is inadequate. Scanning
gystem techniques, bandwidth_consideratiéns, infrared detector properties,

secker angular accuracy, etc., are all areas requiring further attention.

B, TAKE-OFF

1. Rocket Emission

The chlef scurce of radiation during the powered phase of an ICBM is
certainly the rockets., However, the most crucial part of the take-off from
the point of view of detection is the latter part of the powered flight,
uhilé the missile is above the horizon for a distant observing station. It
is here that a great deal of uncertainty exists about the characteristics of
a rocket flame. (See the discussion in Section IIF.A,) The description of
the emission of a rocket in an almest perfect vacuum can be achleved by:

(a) Theoretical calcu;atiops of the thermal emission from the exhaust
gases, a mixture of CO, 002, OH, H20, CH, and sane metallic impurities, plus
nitrogen campounds for certain fuels such as acid-aniline. This is a
difficult calculation, and is complicated by uncertainties as to¢ the
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relative amcunts of the various canstituents, which depend on the fuel-
oxypen mixture.
(b) Observations of rocket flames in a vacuum or in an inert atmosphere.
This kind of observation cculd presumably be done in a laboratory, and would
yleld valuable information. No opportunity should be missed, of course, to
make observations on an actual rocket at comparable altitudes.

2. Interaction of a Missile with the Upper Atmosphere

This is an area which is difficult to define, since so little is known
about it. There are a few phenomena which might conceivably be capitalized
upon in order to achieve a better ICBM detection capabmlity, but they can

only be suggested in the most general terms,

(a) Excitation and icnization of the gasecus envelope. As the rocket
paasea through the icnosphere it will have encugh speed to excité and _
icnize the air. Though the densiﬁy is exceedingly low, it 1s possible that
such a large body will create a glowing trail of lumincus gas, like an !
auroral streamer (such streamers being observed at altitudes of up to
about 500 mi).

(b) Creation of magneto~hydrodynamic waves in thebionoaphere. A
perturbation in a plasma imbedded in a magnetic fleld is propagated as a
quasi-electramagmetic wave at velocities which are considerahly greater f
than the "speed of sound” (theugh sound has no physical meaning in the |
ionosphere in the conventional sense). The magneto-hydrodynamic waves
traveling cut from an ascending ICBM might be detected at considerahble
ranges. This question is currently being explored by Zwicky at C.I.T.,
under the spénsnrship of the Alr Force Office of Scientific Research.
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