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Current concern regarding nuclear-weapon
proiiferation has re-emphasized the interest in
detecting nuctear tests conducted anywhere in the
world. Such tests could be conducted un-
derground or in the atrmosphere. One means of
detecting atmospheric nuclesr explosiona utilizes
a "bhangmater,” an optica! sensor deveioped dur-
ing the years of US atmospherlc nuciear tests. it
detects and racords the extremsly bright and
characteristic flash of light from an atmospheric
explosion. The high intensity of the Hight flash
makes this a sensitive technique, and the dls-
tinctive signature of the light signal reduces the
fikelihood of errors In identifying the detected
signal as & nuclear event. In addition, timing infor-
mation in the light signature can be used te infer
the energy released by the nuclear explosion, i.e.,
the vield.

This review describes the light tlash that would
ke detected by a bhangmeter frorn an atmospheric
nuclear explosion and the method by which the
yleld of the explosion is obtalned. ii prasents the
physical processes that produce the light ftash and
determine it characteristics, and incorporatas an
analysis showing that naturally occurring signals
would not be mistaken for thet of a nuclear
explosion.

CHARACTERISTIC S!GNATURE

Figure 1 shows the light-fiash slgnature of a 18-
kiloton aimospheric nuclesr test conducted in
Nevada on May 1, 1952, The two distinct light
peaks, with a dimmer but still luminous mintrnum
between them, are characteristic of the optical
signature of all atmospheric nuclear explosions
below about 30 km altitude. A nonlinear
{logarithmic) time scale is used to dispiay this
curve so that datalls can be shown of the very fast
first-peak and minimum-signal regions.
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The {otal puise length exceeded one second.
The time of the firat pesak in this signature occurred
at about 390 ps (this is calied first-maximum time);
the minlmum signal oceurred at 12 ms (minlmysm
time); and the second peak cccurred at about 130
ms {second-maximum tims). Note that although
the two pesaks sppear to be very similar, this ap-
parent simiiarlty Is due to the distortion caussed by
the logarithmic time scsale. Actually, the secend
peak lasted about 100 thmes lenger than the first
peak and contained about 98% of the total radiated
energy, which was abtout one-fourth of the yield.

For vieids diffarsnt from 19 kilotons, the light
curva shape is vary similar 1o that in Fig. 1, but the
times at which firat maximum, minimurn, and
sgcond maximum ocour are diffarent, The
minimum and second-maximum times are directly
related to vield; therefors, measuremanits of thess
times can be ussd to Infer yiald. Approximate scal-
ing laws that retate yieid to time-to-minimurn and,
less accurately, tims-to-zecond-maximum, are
glven In Flg, 2.
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The independence of the light-signature pulse
shape from vyield 18 due to the fact that the
processes producing the light do not depend on
the construction of the nuclear devige. In an at-
mospheric nuclear explosion, 8 huge quantity of
energy Is roleassd Inio the atmosphere sur.
rounding the device. The energy iz reieased go
nearly Instantanecusly, and Into such a small
voiume, that extremes of tempereture and

pressure are rsached, A fireball is created that
grows very rapidly. It spon becomes so large, with
so much alfr engulfed in [t, that subseguent growth
and light emissions do not depend significantly on
any source characterlstic except yieid. Because of
this, the characteristic shape of the light signal is
very similer for all nuclear events. This similarity
has atlowed the discuasion of & gonerlc nuclear-
explosion signature without regard 1o detells of the
gource, and sailows the following source-
independent discussion of the physicai processes
that produce the characteristic doubie-paaked
light pulse.

FIREBALL PHYBICS

Within the first microsscond afier detonation,
the entire nuciear yleld is deposlied In the bomb
materials, heating them to extremely high tam-
peratures in the range of 107 K (degreas Keivin).
Some of thie energy is immediately radiated away
in the form of x rays and extreme ultravielst radis-
tlon, but this radiation is immedisately reabsorbed
in the air within the first few meaters surrounding
the device. The alr is thereby heated to a very high
temperature, In the range of 10* K, with a
corresponding increase Iin preasure to several
thousand atmospheras, This heated alr and the hot
bemb vapors {debris) in the Interior constitute the
initinl fireball. The fireball subseguently expands
through a combination of radiative and
hydrodynamlc processes. An intenzs shock wave
{thin reglon of highly compressad alr) is formad at
the surface, which expands outward at & high
velaclty. Inside the shock, the energy is rapldiy
redistributed through ernission and reabsorption
of ultraviolst radiation.

The time variation of light emission during the
first puise in Fig. 1 i3 controiled by the radlel
growth of the shock. Although the shock surtace is
intensely luminous, the shock is opaque to visible
light, thus concaaling the alr and bomb debris In its
interior. As the shock expands, It enguifs cold sir,
causing its tamperature to decreass, with @
corresponding decrease In brigtitness. The optical
anergy emission rate {power) Is preportional to the
fireball brightness times the ares of its surface. Af-
ter detonation, the optical power first Increases,
because the increass in surface area outweighs




the decrease in brightness. Later, it decreases,
bacause the decrease In brightness i dominant.

During the early expansion and coollng of the
flreball, the ultraviglet radistion in the interior
decreases rapidly untii it cannot effectively
redistribute the energy. Theraaiter the shock tem-
parature falls mare rapldly than the termperature In
the interior. As the sxpansion proceeds, the shock
continues to cool, and as it doas so, it becomes
feas and less opaque to visible light, whila also
becoming less luminous. A point is reached,
corresponding to the minlmum optical power
region In Fig. 1, where the shock becomas suf-
licigntly transparsnt to aliow light from the hotter
interior to beglin 1o escaps, cauaing the optice! oui-
put to begin increasing. Fusther growth of the
shock results in increasing transparency and a
further incresse of the luminosity of the inner
region,

As the expansion continues further, the lsm-
perature of the Inner fireball decresses, dus o the
combined wifects of hydrodynamic expansion and

luss of energy by radiation. This cooling eventualiy
results in the decrease [n tuminosity foliowing the
sacond maximum in Fig, 1. After the second max-
imum, the Inner fireball gradusilly becomes
trangparant, reveaiing the bomb debris inside,
whose brightness also decreases with time,

The majority of the total energy radiated Ly the
firaball comes from the second peak, which is not
very different in s instantaneous brighiness,
relative to the first peak, but it lasts about 100 times
longer. By the time this “thermal pulse” is over, the
avaliable energy has either been radiated away,
trapped in the dabriz and entrained alr of the
firsball, or it is propagating in the shock wave,
which is now well outelds the visibla firebalt.

To illustrate the physicel processes described
above, Fig. 3 shows three fireball photegraphs
from the 19.kiloton nuclear test of Fig. 1. All three
photographs are reproduced at about the eame
linear scaie, showing graphically the growth of the
fireball from first max!imurm {8) through mintmum
{b) o secund maximum {c).
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Figure 3(a) corresponds to & time of 405 ps aftar
detonation and shows the highly radiant shock
front at about its maximurn intensity. Tha firebail
giameter at this time was 50 m.

Figure 3{b) shows the dim 200-m flrebali &t
mirdrmum time. The radiation from the shock sur-
face was weak, and the shock was beginning to
transmit iight from the hot inner reglon. The bright
spots, known historically as *measles,” are
apecuiated to be small, hot vorti¢es of air or bomb
debris Just behind the shock front.

Figure 3(c) shows the flreball just prior to
sacond maximum, at which time the shock was
transparent and the Inner flreball was radisting
strongly. The diameter was 355 m, The smoke
tralls visible alongsido tha fireball were from
rockets launched to probe the fireball and the sur-
rounding alr,

UNIQUENESS

The two-peaked character of the light pulse,
together with the very large energy radiated during
the second maximum, make it unmisiakable that
this light signature originated in a nuclear explo-
sion, For a one-kiloton explosion the thermal pulse
radlates one-fourth kitoton {about 13" joules) In a
half second. The peak radiated power during that
time, about 4 x 10" watls, is more than ten times
larger than the total electrical generating capacity
of thie Unitad States. Pulsed light sources do occur
In nature, or can be built, that match elther this
power level or {he pulse duration. However, o
other source is known that matches bath.

in particular, nstural lightning has been
suggested as a source that could produce the
puise shape and Iniensity requirad to simulate a
nuclear-explosion fight flash. Lightning pulses are
not energetic enough for this, even the rare "super
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holts.” which emit 10* joules of visible-light energy
in a single short-lived intense stroke. The closest
lightning simulation to the tliming and intensily
characteristics would require an ordinary stroke
followad by a long-lived “super-boit" siroke,
producing 10° joules of visible light in ~100 ms.
This assumption is conservative because aithough
long-lived ordinary strokes heve been observed,
iong-lived super strokes havs not. The postuiated
lightning signal would have a peek radiated power
ot approximately 10" watts, which s about 400
times smailer than that of a one-kiloton expiosion.
To achieve the pulsa shape and pasgk-radiaied
power simulating a one-kiloton nuclesr expiosion,
lightning would have to bs both 404 times more
snergetic and 100 times fonger in duration than
ever observad for the super bolts,

Thus, because the nuclear signature Is orders of
maghitude more energetic than any other
terrestrial phenomenott that might simulate it, the
fight signature of an atmospheric nuclaar avgnt is
unmisiakable.

SUMMARY

This review has described: the use of the light
flash of an atmospheri¢ nuciear explosion as an
opfical detection/yleid determination methed; the
physical processes governing the light signature;
and the reasons why natural signais cannot be
contused with nuclear explosions.

All these are lyplcal resuits of the weapons-
research program at the Los Alamos Sclentific
Laboratory, which has included ressarch into the
gffects of nuslear explosions In the atmosphere.
Technigques developed In this program are being
used in continued atmospheric research snd In
research addressing the physical processes
associated with nuclear weapon development.
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