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1. Energetic particle causes ionization at lower
heights of the atmosphere.

2.The more energetic the particle the lower it
reaches down in the atmosphere.

3. HF horizontal propagation paths are sensitive
to plasma density in the atmosphere.

4.Phase sensitive detection allows lower limit of
detection of charge densities. Phase-loop
method is sensitive to 0.1 degree.

5. Calibration by laser produced plasmas. Laser
on dust target.




Three concepts:

1. All Alaska monitoring using cell phone base
stations.

2. Laser focused by large ( 2.7 M ) rotating
mercury mirror.

Laser-dust interactions produce plasmas in the
lower ionosphere for calibration and to act
Artificial Ionospheric Mirror.

3. Platforms in the Troposphere and Stratosphere
made possible by new types of ion engines.
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Case 1: A9 =0.02 rad (~ 1°)

A. for frequency = 4.95 MHz (o~ 3.1x107 rad/sec)

L (km) |ope (rad/sec) |Ne (cm™)
1 6.11 x 10° 117.3 28
10 1.93x 10° 11.73
100 0.61 x 10°

1.173




Case 1: A¢ = 0.02 rad (~ 1°)

B. for frequency = 2.85 MHz (0w~ 1.79 x107 rad/sec)

L (km) |, (rad/sec) |Ne (cm™)
1 464 x 10° 67.5
10 1.47 x 10° 6.75
100 0.46 x 10° 0.676
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FIGURE 3.8. (a) UCLA-HIPAS facility station site plan. showing on-site diagnostics and the
high-power heater. (b) Schematic of the present HIPAS ionospneric radio-frequency heater
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Why HF paths ? Easy to see phase shift and detectors are readily
available.

Phase shift is proportional to Line Density and inversely

proportional to (probing frequency)’

Phase loop stability technique allows us to see

NxL = 10° to 10° e¢m™

Estimate by Wick etal. dE/dx = 10° Tev/atm

Yields NxL = 3x10° to 3x10°® ecm™

The effects should be observable 1f

the attachment time 1s > 0.2 us

Alaska has clean dry air and the clectron attachment time in the
presence of ionization radiation can be > 1 us.
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‘ D ] Note: Plasma production from solid targets starts at 10°W/om®
: ‘ ‘ (Reference 1) and tTVsound sotie= (105)(5kmi/s) = 5 p particle diameter.

Figure 1 Proposed Gregorian arrangement for focusing laser radiation to
high altitudes through an ideal homogenous atmosphere. Fluxes for 10
Jipulse - 1 nanosecond duration lasers focused to 80 km are included.
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Fig 8¢ Em%ons driven by NIPE ion gmﬁmm mﬁ
NASA Plum Brook test Facility.
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114 Plasma Kinetics in an Alternating Electric Field

the appearance of negative ions, play an essential role. The ionization
balance equations for the concentrations N of the electrons and N~ of
the negative 1ons then take the form

(‘T. = f]i + vian _.vaM;+ .de_ - QI‘V(N + .IV_-)’ .
I 3 '

(2.251)

Here, as usual, g; is the total intensity of the ionization produced by the
external source and vy, is the frequency of the molecule jonization by
the fast electrons [Egs. (2.177, (2.178)]. We note that the exponential in
Equation (2.177) contains a large quantity, so that the dependence of
Vien 01 L, , and N, is determined in the main by the exponential term.

Next, v, 1s the frequency-of electton attachment to the molecules. Under
the conditions of the lower ionesphere, an important role is played by
the attachment of electrons to oxygen melecules in triple collisions, and
also by dissociative attachment to the ozone and oxygen molecules

v, = (kyNo, + kyNy,WNo, + k3No, + k,No, (2.251a)

Here k) and &, are the attachment coefficients fogf'/triple collisions. Ac-
cording to Phelps (1969),

600
ky = 1.4-19732° exp(— T.)cm"/s, kp=10-1072" em®/s. (2.251b)

e

The electron temperature is expressed here in K. The coefficient to ozone
is ky >~ (F-10)- 107 "2 em®/s. The coefficient of dissociative attachment
to oxygen k, is given by Equation (2.177a) and (2.178a).

Next, vy is the electron detachment frequency. Important processes
in the ionosphere are photodetachment, detachment in collisions with
molecules, and associative detachment : :

Va = Von + (KalNo, + ksNy, + koNp ) + (k4N + kgNy) [2.251¢)

Here v, is the photodetachment frequency; under conditions of the
daytime ionosphere, v, ~ 0445”1 (Whitten and Poppoff, 1965). The
coeficients &, and k5 for detachment in collisions with oxygen and nitro-
gen molecules, respectively, at lower-ionosphere temperatures T ~ 200—
300K, are small: kg ~ 10722-107"% cm¥/s and ks ~ 1072310720 /s,



Action of Radio Waves on the lonosphere . 15

More significant here is apparently the detachment in collisions with
excited cxygen, with kg = 2 - 107'° cm?/s (N, is the concentration of the
excited O,('A,) moTIE I CoC o, = 2.5- 107 cm®/s and
kg =3-1071° cm3{s describe associative detachment in collisions with
oxygen and mtrogen atoms (07 + 0 —=03+¢ N4+ 0, - NQ, + ¢).
We note that we consider : or thhe U5 10ns. The

ions vanish mainly through processes of associative detachment (Phelps,

1969).
Finally, o is the dissociative recombination coefficients:

o=t Mg + Ayligy + oi3M,. (2.251d)

In contrast to Equation (2.223}, we took into account here also dissocia-

tive recombmatlon of heavy ion clusters a3n,, with a coefficient «; ~
10~ cm3/s and a relative cluster ¢oncentration n.= N7 ANT 4 Ny i
riscs abruptly in the region of the D layer, at z < 80 km, where the ion
clusters frequently predominate (Goldberg and Aikin, 1971; Bauer, 1973;
Danilov and Simonov, 1975). The recombination coefficient of the positive
and negative ions is o; ~H1077 em®/s (Biondi, 1970; Bauer, 1973).

We emphasize that the complete system of balance equations must
include the equations of ion kinetics, of the type considered in Section
2.5.1. We are forced here to confine ourselves to the approximate system
of Equations (2.251), since the exact composition of the negative an’
positive fons in the D region is still not sufficiently well known, nor are
the coeflicients of the corresponding iomic reactions.

We proceed to the analysis of the stationary solution of Equations
(2.251). From the second equation of Equation (2.251) it follows that

"= Nvo/lvg + N + N7}

Using the quasineutrality condition N + N~ = N*, we express the con-
cenirations of the electrons and of the negative ions in terms of the
concentration of the positive ions N*

Vgt N7

N~ =N+ . Va

At R (3D5le
Vot v+ N Lot vy NT {2.251e)

Substituting these expressions in the first equation of Equation (2.251),
we have for N* the cubicequation

Gi(va + vy + Ny + v (N (v, + aiN;') — N ¥ ogv, + avg + 2N ') = 0
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Spun Liquid Mercury

Mercury rivals the
best glass mirrors in
accuracy of images,

By MALCOLM W. BROWNE

Since Sir Isaac Newton iyvented
the reflecting telescope three centy-
ries ago, astronomical observtories
have been largely dependent on huge
and increasingly costly Hght-collect-
ing mirrors made of atuminum-coat-
ed glass. But a new generation of
mirrors based on silvery liqui¢ mer-
cuty promises to drastically reduce
the cost of cutting-edge astronomy.

The new mirrors are littls more
than rotating dishes containing smatl
quantities of liquld mercury metal.
As the mirror dish nt the base of a
telescope rotates, centrifuga! force
counters the force of gravity on the
heavy fluld, pushing some of the
mercury omward and vpward to-
ward the edge, curving its shiny sur-
face Into a perfect paraboloid. By
adjusting the speed of rotation, and
hence the curvature of the mercury’s
surtace, the focal length of the mir-
ror can be adjusted,

New telescopes based on lquid-
mercury mirrors must look almost
straight up, a limitation for an astro-
nomical observatory. But for many
purposes, including astronomical
scanning, searching for space debris
and probing the chemistry of the
Earth’s atmosphere, a vertical view
is adequate.

Users of the new mercury tele-
scopes describe the quality of thelr
reflected images as better than
those of most solid glass mirrors,

“We are getting image quality
from mercury mirfors comparable
to that of the gisss mirror in the
Hubble Space Telescope,” sald Dr.
Ermantio F. Borra of {he Université
Laval in Quebee, a heading innovator
in the developinent of spinning Hguid
mitrors, Beet of alk, & telescupe with
a liguid-mereury mirror ¢osts less
than ore-hundtedth ag much as a

telescope with a conventional glass
mirror, he said.

In September, the Unlversity of
California at Los Angeles began op-
erating a 2.6-meter (104-inch) mer-

‘cury mirror 100 miles belaw the Arc-

tic Circle 30 mites east of Fairbanks,
Alaska. The telescope, the 20th larg-
est in the world, Is dedicated to
studying the aurora borealis and the
ionosphere, the region of the upper
atmosphere where the aurora oc-
curs. The telescope, say its builders,

Metal Is

Rotation
p—————————

cost only $50,000, a small fraction of
the cost of a telescope with a glass
mirror of the same size.

The telescope is partly financed by
the military because experiments
with it may
for signalting submarines and prob-
ing battlefields for secret tunnels
and bunkers. Users of the telescope
will study the tnteraction of intense
pulses of radio beams with the fono-
sphere, which then broedeasts a sig-
nal that can be recelved In the deep

Eyeota

Tead to new techniques’

Titnes

i

Liquid
Mnerciuy

Air
bearing

ocean. [Page B8} i
Dr. Ralph Wuerker, a U.C.L.A. de-
velopment englneer, said that the
instrument will spend the forthcom-
ing winter studying fonized nitrogen
- in the atmosphere about 60 miles
, high, where solar radiation rips
away some clectrons from the atoms
making up gases, teaving them In an
" electrically charged state, A laser
mounted near the telescope fires
brief pulses of light upward, tuned to
: pxcite the lenized gas to emit a prlse

: B?
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‘The New Yotk Tites; 1THosLr by Frank (Connet]

of light of its own. This return pulse
is then collected by the mercury-
mirror telescope, and its light is ana-
Iyzed in terms of spectral compos
tion.

Several other mercury-niirior
telescopes are in eperation.

At Sunspot, NM,, the N
Aeronputics and Space Admi
tion has completed a three-mele

New Generation of Telescopes

manned  spacecralt  with  cata-
stropltic results. The felescope can
detect orbiting objects as small as
one-hall inch across as they pass
overhesd. NASA plans to build a sim-
llar tetescope at the Equator tn has-
ten the agency's tally of dangerous
space debris.

For three years, the University of
Western Ontario at London, Ontario,
has operated a 2.7-meter (106.-inch)
¥ nrrar in conjunction with
an upward-pointing laser for atmnos-
pheric studies, which include the de-
tection of changes in the proteciive
ozone layer.

Al Dr..Borra's laboraiory, & 3.6
meter (142-inch) liquid m
der devefopment, and Dr. Bo s
collaborating with Dr. Paul Hickson
of the University of British Calumbia
at Vancouver in the building of a
gigantic Tive-meter mercury-mireor
tnstrument. This telescope will have
the same light-collecting power as
the great 200-inch telescope at Mount
Palomar, Calif., which is the third
fargest in the world. (Russia has a
six-meter, or 236-inch, telescope; the
Keck Telescope In Hawait, 10 metars,
or 381 inches, in diamete
world's largest.)

Mercury mirrors are so accurate,
Dr. Borra said, that one of them, a
59-inch reflector built in Belgium, is
used as a reference standard for

an astronomical telescope i
Isnac Newton himself is b
have thought of it.

In 1908, Dr. Rohert W. Wood of
Johns Hopkins Univer i
summer vacation on Long
building a primitive observitor
with a spinning liquid mercury
he nirver, a dish 20 inche:
diameter, was mounted on a b
attached 1o a slurdy ¢
he battont of
¢ owns Turned




