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I INTRODUCTION

ICECAP is an aurora]. measurements program to acquire geophys ical

data required for the formulation and testing of models and predictive

computer codes. The models and codes describe atmospheric ionization ,

excitation , and optical emissions in the (aurorally) disturbed ionosphere.

These codes are needed to assess and evaluate the operation of critical

DoD radar and optical systems in nuclear disturbed environments. Auroral

disturbances studied in ICECAP are similar to nuclear disturbances in

that both are characterized by dramatic optical effects , magnetic dis-

turbances , and enhanced p lasma densities resulting from the interaction

of energetic particles with the atmospheric constituents.

The general objectives of ICECAP are as follows :

(1) Provide measurements of chemical and emission processes
occurring in the disturbed atmosphere.

(2) Uncover unsuspec ted chemical or interactive processes
leading to important infrared radiations.

(3) Provide experimental data against which models and com-
puter codes can be compared and evaluated.

(4) Provide data that can be used to update and improve
theoretical models and predictive computer codes.

The specific objectives of ICECAP ‘75 were to execute a coordinated

field-measurement program to investigate ionization and excitation

mechanisms and dominating chemistry leading to both short- and long-

wavelength infrared (SWIR and LWIR) emissions. Measurements were to be

made under both aurorally ac t ive and quiet conditions. Eight instrumented

rockets were launched between 26 February and 12 March , two during day-

time conditions , one at twilight , and five at night.

15



A large array of ground- based instruments monitored the auroral

ionospher ic conditions as part of the ICECAP ‘75 program . The primary

ob jectives of the ground-based support measurements were to monitor

auroral ionospheric conditions to determine optimum launch times , and to

provide correlative and background data to comp lement the rocket measure-

ments. Ground- based and rocket-borne sensors made simultaneous measure-

ments of emissions , ionization , ionization sources , heating by particles

and electric fields , ion and neutral composition , and neutral , ion, and

electron temperatures.

The Chatanika incoherent-scatter radar was operated in support of

ICECAP ‘ 75 dur ing every rocket launch. The purpose of the radar opera-

tions was as f oll ows:

(1) Provide background measurements on the state of the
ionosphere before and after each launch (e.g., electron

density, conductivities , electric field , neutral wind ,
and current density) .

(2) Provide estimates of energy inputs to the atmosphere
f rom bo th jo ule hea ting and particle precipitation be-
fore , during, and after rocket launches.

(3) Provide correlated , real-time measurements of ionospheric
electron densities , electr ic fields , and energy spec tra
of auroral electrons during the rocket flights.

(4) Enable cross-calibration of parameters measured by the

radar with the same parameters measured by other rocket

and ground- based techniques.

*
The radar did not provide usable data during the rocket flight on

4 March 1975.

16
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This report presents the results of the Chatanika radar operations

during ICECAP ‘75. As an aid in comparing the radar (and rocket) measure-

ments with geophysical conditions , the report also presents magnetometer ,

riometer , all-sky-camera, and boresite TV data. The incoherent-scatter

radar results are also compared with available auroral-clutter maps

obtained with the DNA 609 phased-array radar located at Homer , Alaska ,

when the Homer data were available.
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II INSTRUMENTATION AND LOCATION

The DNA 617 incoherent-scatter radar and associated data- analys is

techniques have been described in a number of reports .
l_4 * The parameters

of the radar system are shown in Table 1.

Table 1

PARAMETERS OF THE CHATANIKA AURORAL-ZONE
INCOHERENT-SCATTER RADAR

A d j u s t m e n t
Parameter Range Normal Operation -:

Transmit frequency 1280-1300 MHz 1290 MHz

Transmit power (peak) 0-5 MW 3-4 MW

Duty cycle (maximum) 37. 2.77.

Transmit polarization Right-hand circular

Receive polarization Left-hand circular

Antenna diameter 27 m

Antenna aperture 180 m2

Antenna beamwidth
(full-width half-power) 0.6°

Antenna gain 47.1 dB

System noise temperature 190° K

Pulse length 10-500 ~s 67 and 320 ~s
(alternate interpulse
periods)

Receiver video bandwidth 4-200 kHz 50 kHz

Receiver IF bandwidth �lO MHz 50 kHz

*References  are l i s ted at the end of the r e p o r t .
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The radar uses an on-line XDS 930 computer to preprocess , format ,

and record the data. The c xnputer also drives real-time data displays

for experiment management by the radar operator . The same compu ter is

used off-line to reduce the recorded radar data and obtain the measured

parameters of electron density, electron and ion temperature , and p lasma

dr ift. Another XDS 930, ava ilabl e in Men lo Park , is also used for

analysis of the radar data.

The geographic and geomagnetic coordinates of the Chatanika

incoherent-scatter radar are given in Table 2. Figure 1 is a map of

Alaska showing the location of the Chatanika and Homer (DNA 609) radars.

Table 2

COORDINATES OF CHATANIKA INCOHERENT-SCATTER RADAR

Geograph ic Dipole Geomagne tic
Coordinates Coordinates Magnetic Field

Latitude Longitude Latitude Longitude Dip Angle Declination

65.103° N 145.451° W 64.9 18° N 103.338° W 76.92° 28.77° E

The Chatanjka radar site is abou t 3 km southeast of the Poker Flat

rocket range, from which the ICECAP rockets were launched. The map of

the Fairbanks vicinity (Figure 2) shows the location of the Chatanika

radar with respect to Poker Flat, Ester Dome (optical observations), and

other scientific instrumentation.

_ _ _  ~~~ - _
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III MEASUREMENT THEORY

A. General

Using the incoherent-scatter technique , the Chatanika radar can

obtain a great deal of information about the ionospheric plasma and the

forces and processes acting upon it. Table 3 summarizes the radar-derived

quantities obtained during the various ICECAP ‘75 experiments. Not all

of these quantities were available for each rocket experiment . For ex-

ample , on 26 February the radar antenna was operated in a sing le-position

mode, and consequently no information was obtained on vector quantities.

In other cases, electron densities were so low that minimum time resolu-

tions had to be increased to much greater than 5 s in order to obtain a

reasonable signal-to-noise ratio (SNR).

The data presented in this repor t are derived from both radar and

collateral sources. Section V describes measurements made during each

ICECAP experiment. For each experiment a subsection entitled Background

Measurements presents radar measurement data characterized by resolution

times of 5 to 10 minutes and extending over periods typicall y exceeding

an hour. Radar data included in this category are parameters 1 through 7

in Table 3. Collateral data are also presented in those subsections; i.e.,

magnetometer and riometer records and various optical measurements (all-

sky camera , satelli te photos , and bores ight television) . For each experi-

ment , a subsection entitled Correlated Measurements presents measurements

of the horizontal separation between the radar beam and the rocket , along

with finely resolved measurements of electron density and energy spectra

of auroral electrons (Parameter 8 in Table 3). 

- -.~~~~~~~- ., .~~~~~~~~~~~~~~ --- -~~~~~~~~~~~~~~~~~~~~~ -- -



,. — .
~~~~~~~~~---

a
C) 0 0
o ~—i ‘—4

c’.j
o .‘ ‘-4

C) ‘.0
‘-4 I .. .. ,—4 ~‘I >,
C) — N- N- N. N- .-~ N- —4 ~~C)

__________ ______________________________________________________________________ C)

C)B C
. ,.j 0 -n

C C C C
4.4 . 4  .,. 4 -— . —

— a a H B a B a
C) C) tr~ tf ~ ‘.Q ‘.0 ‘.0 u-~.,.4~~~~~I) N N N N ~0 0
>~~~~ a

C .
~~ (0
-J C

~~ C) -4 1.) 0
C) .

~~0 B 0 0 0 0 0 0 0 0 a .-~
.~~ —4 ‘.0 ‘.0 ‘.0 .4 ‘.0 —~ .0 -~

0 ’-~ C -0
a a C
C)

o u
-4 —— .1 .-)

-
~~ 

-
~~ 

-
~~ 

-
~ “-4

H C) C) C) C) C
C) 0 -~ ~-i ‘.-‘ - C

‘C)
01 ..~ ~.. I-. a

C, C, Cf 01 01 C)
C) 0 C. 0 C) 0 0 0 C) 0 .C
‘.-~ Lfl C) LI~ .-J tf~ ‘.-4 Lf’I ..J Lf~ ‘.-i C4

H C) F C 7’ —~ 0 ‘—4 0 —4 0 —.4 0 C) ‘0
C) -n _.~ ~~~~~~ ? .

~~~~~~ ~°H I 1 I I ~-4 C C
-~~ 0 4-i C o 0 o C 2 Q  C) C) -4
C, .

~~ c ‘.-i .0 ..J .0 C) .0 -J .0 ~-J 0 -o
0 -~ CL 0 CC CL 01, Ci ..) 0 C)
C)) —~ 0 - ‘-4 0 N. . Q “.4 0 . - ~ ---4 0 C) -4

‘0 0) CC C) C)’  CC C) CC C) ~~ C) C)
A ~~~ A ~~~~ 0 ?  0~~~ ‘0 C)

________ __________________________________________________________ C)

a a
7: 0 0 7’-,a
CCC C) C 0 —~C) C,

U C) ~~ C
‘-.4 C) ‘.J .~~ a

Li ‘ C
H C) C.) C,
7’. —4 C C)

— C) Cl) C)
C C,

- C)
U 4.. C. C)
C) 2 2 C, -0

C, C) C
C.. C N. C,B i-,
C, .0 ‘0C) C N-
C, 7’-, 0

4-i _,., C)
a 4.) 4-) 5 ‘.0 ‘.0a C) - -4 . _ 4  C)

CC “.4 Ci -C a C a
C) 0 “.1 C 5 C) .,.1 C) I-I C)

‘.4 ‘.4. 4 “.1 0) 0. 0 0) 0) . .4  C.)
‘0 C.) CC 0. ~ J ’ .J ~~~~~ J

C - -~ U C 0) a C) -’.i C)
C) - -~ —~ 4-4 .5 E a
C) C.) C) -~ C >~ 7’ C C C )

C i-~ U C) CC 1.) CC C) Q. 5.~0 0 ‘-4 1-4 C) —4 C) CC C ’ CC
0) C C) C C) C.) C C) P.I C0 O..

-.4 ~0 —~ 1.) 0 C 0 C
O~ C.) (0 Z 0 0) ‘ ) CO

:0
C.)

‘C) —I ‘ - J  C’I -Ct I~PI ‘0 N. CD ‘-I

______ ____________________________________________ 
z

~ 

--. ~~~~ .- -. 



- . - ----.-. --.---- . . -,--—--— --- .. .—-- —. --.

The basis for this format is convenience and uniformity. The

rationale of the division is that since the interesting part of a rocket

f l ight occupies much less than 5 minutes or so, only those measurements

with “cry short resolution times can provide detailed correlations with

time-vary ing rocket measurements.

It is instructive to note the t imitation on the determination of

Parameters 6 and 8 in Table 3. Each ef these parameters is deduced on

L the assumption that ionization takes place entirely as a result of

precipitation of ener~ eLic particles. During nightimc ‘.‘r at very low

(~ 9O km) altitudes , this may be a reasonable assumpti.TC., but where wi

appreciable flux of EUV is present i t  is probabl y a poor .issurnpti ) . A
precise determination of electron producti on due to solar photons is

very difficult ,14 and it has not been attempted in this rL-p rt . [n d ir

all conditions of solar illumination at altitudes above ~“-9O km, there is

sure l y some contributiun Lo e l e c t r o n  p r o d u c t i o n  due L~~~ solar p li ’ . L ’ . n s .

Accordingl y , with one exception we have deleted ca1 culat i~ ns of Paramet.Crs

6 and 8 in Table 3 for all daytime experiments. Since Parameter 7 is

considered in surmiiation with Parameter 6, it has also been deleted C:1d~ r

the same circumstances. An exception to this rule is made i~ 1 t h e  C . I S e

of the D-region experiment on 26 February, where the emphasis of  the

experiment was on altitudes below 100 km.

In i~eneral , the quantities obtained by the radar dur iii~ ICE CAP ‘75

C have been derived according to well documented methods , as ind iclLed in

Table 3. However , a few of the techni ques used have been just r e e e l C . L l v

implemenLed , and deserve some discussion at this point . In addition ,

radar data are sometimes contaminated by echoes from the rocke t . Rent&”:al

of the contaminated data is time consuming and may not always be required ,

but the presence of possible contamination should be recognized.

---. ~~~~~~~ 2 ,. -. . . .  .. .
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B. D- and E-Re’4j ’!t Electron Density

In Ret. 6 art ana l ys i s  was conduc ted  i n t o  the  spe c i a l  p rob lems  asso-

ciaLed with oa kjtt’.’, radar measurements of electron densities at low

aLtitudes. Fi gure 3, taken from Ref. 6, ill us t rar s the types of e r r o r s

‘ 1 1 ‘ I I I
120 — —

B-2 
—

B- t
too —

E

I C
U)0 8 0
I—
I-
-i

::‘~~~ 1 TTT~T 1 1T T 1
ELECTRON DENSITY . N - i’i , ’ . n,~

LA - 31 18-140

FIGURE 3 LOW-ALTITUDE ACCURACY LIMITS OF CHATAN IKA RADAR . Curve A , Ground-
c lutter si gnal for 700 

elevation , a 50-~,s transmitted pu lsewi dth , and aver aged over 360
of a?t muth .  Curves B— i and B-2: Alt itude profile of the standard deviation of
stat istical fluctuations for a 1- and 10—minute integration , respect ively. Curve C:
Altitude profile of minimum computable electron density based on Debye-Ieng’t h
considerations.

an alyzed there. For pu rposes of L i i ’ .  ICECAP ‘ 7 5  i ’~p e r i m en t , t he s i g n i t i -

cance  of  the error sources is as t ’ .’ll iws .

Ground clutter (Curve A) imposes an absolute 1 m m :  ‘- a l t i t u d e  o f

about 55 km tor any i o n o s p h e r i c  m ea s u r e m e n t s , and t i  i~~rtain antenna

p o s i t ion s , g r o u n d — c  l u t t e r  r e t u rn s  may cause  i n t e r  t i r e n e ’ .’ .il .ilt itudes as

hig h as 60 km.

25



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Statist ical noise limits (Curves B-I and B-2) vary as the square of

range and as the inverse square root of integration time . For one-minute

integrations , the riots value of statistical uncertainty in the D- and E-

regions is as large as I0
4 

el/cm
3
.

Debye-length considerations establish an absolute lower detectability

limit of about 2 to 4 x 1O
3 
el/cm

3 
in the D- and E-regions (Curve C).

It should also be noted that for large values of Debye length ,

measurement accuracy is improved by making a correction to raw data based

on electron and ion temperature. A technique for making radar measurements

of electron and ion temperature at E-region altitudes is near ly devel oped ,
1E

but the technique was not in use during the ICECAP ‘75 experiments. During

ICECAP ‘75 , D- and E—region temperatures were obtained from a model atmo-

sp here ,l t  and the model va lues  were used for  making the  appropr ia te  dens i t y

corrections.

Temperature corrections to measured density values based on model

temperatures are somewhat time-consuming and are not routinely performed ,

and under most conditions this omission is justified. Figure 4, obtained

from Ref. 6, illustrates the error s present before the appropriate cor-

rections have been made. In the figure , the error is expressed as the

ratio of true density N to uncor rec ted  dens i t y N ’, and the ratio N/N ’ is

p lo t t ed  as a function of the ratio N’/T , wher e T
e 

is electron temperature.

For expected electron temperatures of <300° K in the D region , it can be

seen that a correction becomes necessary only when raw (uncorrected)

densities dip as low as 3 to 4 X 10
4
/cm

3
.

C. Recombina t ion  C o e f f i c i e n t

The determination of some quantities , such as Parameters 6 and 8 in

Table 3, requires a model of effective recombination coefficien t as a

function of altitude. This quantity is defined by the relationship
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N’/T—eI/cm 3/°K
LA-31 18-124

FIGURE 4 RELATIONSHIP BETWEEN RAW DENSITY AND TEMPERATURE-CORRECTED
DENSITY FOR THE CHATANIKA RADAR. N’ is Raw Density . N is Temperature-
Corrected Density, and T is Plasma Temperature.

Q = ~~~~ where Q is production rate , N is electron density, and ~ is

e f f e c t i v e  recombinat ion c o e f f i c i e nt .

The effective recombination coefficient has been studied over a range

of altitudes and by a variety of methods .’~~ ~~ For purposes of simplicity

C and convenienc e, and in consideration of the limited scope of this report ,

a he ight-independent value of 3 x l0~~ cm
3
/s has been adopted for calcu-

lations of Parameter 8, while for Parameter 6 a simple , he ight-d ependent

model 12 has been used. If i t  is later determined that greater accuracy

is required in the deduced values of the a-dependent parameters , improved

models of a can be employed , at the cost of greater comp lexity and effort . 

._ __. ,~~~~~~~~~~~~~~1 . - -  “
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0. Radar Measurement of D i f f e r e n t i a l  Energy Distribution of incident
Auroral Electrons

Recentl y a technique has been devised by which the Chatanika radar

measurements of ionospheric density can be used to infer the energy

distribution of the incoming auroral electrons.13 When an auroral elec-

tron strikes the atmosphere , the altitude profile of ionization that it

produces depends on the elec tron t s i n i t i a l  energy . If the incident  elec-

trons have a d i s t r ibu t ion  of energies f (E ) , the total ionization production

r a t e  Q at any a l t i t ude  is the sum of the product ion  ra tes  for  each energy.

The a l t i t u d e  p r o f i l e  of Q can be obtained froni the radar measurements of

electr on density ii by the relation

2
Q~~~ an

where a is the effective recombination coefficient and we have assumed

t r a n s p o r t - f r e e  equ i l ib r ium.

A computer technique has been devised for obtaining f(E) from the

ionization profile , and is referred to as UNTANGLE. The starting point

of the UNTANGLE process is the conversion of the elec tron density profile

i n to  a p r o d u c t i o n - r a t e  p ro f i l e .  This p r o d u c t i o n - r a t e  p r o f i l e  is then

deconvo lved by successive f itt ing to a l ibrary of production-rate pro-

files for monoenergetic electrons. It is assumed that the incoming

angular distribution is f i e ld - a l i gned, a l though s imilar  results are ob-

tained if the incoming angular distribution is assumed to be isotropic

over the downward hemisphere. The program starts at the lowest altitude

at which there is detectable ionization , determines the flux and energy

of incident particles necessary to produce the measured ionization , sub-

tracts from the measured profile the ionization produced at all altitudes

by the monoenergetic flux , and then steps up in altitude (down in energy)

until the energy range l to 30 keV is covered. A more comp lete description

28 
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of the UNTANGLE techni que and its application is given elsewhere.l0 The

distributions presented in this ICECAP ‘75 report are based on a pre-

liminary version of UNTANGLE that has greatest accuracy between 3 and

16 keV. Refinement of the technique and a detailed evaluation of its

precision are c u r r e n t l y in progress.

E. Contaminat ion  of Radar Data by Rocket Echoes

During the f l i g h t  of a rocket , radar data are contaminated by echoes

from the vehicle and the rocket exhaust. The problem is not confined to

s i t u a t i o n s  in which the rocket is in the main lobe of the radar antenna.

Anal ysis of radar records indicates that substantial contamination can

occur even when the antenna gain in the di rect ion of the spurious echo

is over 40 dB below boresight gain .

Data con tamina t ion  can a f f e c t any of the var ious  o u t p u t s  of the

radar . The most common form in which con tamina t ion  appears , however , is

as ext raneous  enhancements  of electron density. At any instant of time ,

a rocket echo will appear as an enhancement at an equivalent altitude

g iven approx imate l y by H
eq = R sin O~ where R is the range from the radar

to t he rocket and e is the elevation angle of the radar antenna. The

e q u i v a l e n t  a l t i t u d e  of the ex t raneous  enhancement  is t h e r e f o r e , in general ,

not the same as the rocke t altitude.

Although a rocket echo is sharply confined in range , the contamina-

tion extends over a significan t interval in altitude. The range-resolution

l im i t a t i on  of the radar  causes a smearing in altitude. Further smearing

occurs because of rocket range variations during a finite integration

t ime . The altitude interval of contaminated data is given approximately

as the i n t e r v a l  H to H , defined as
a b

H = ( R
_

~~~~~R ) Sin 8 ( 1)  

~~~~~~~ - - - - -  —-~~~~~~~~~~ ‘
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= (R b + 1~R) sin 6 (2)

where R
a 

and R
b 

are the radar- to-rocket  ranges at the beg inn ing  and end ing ,

respect ively,  of the i n t e g r a t i o n  period , and 2~R is the range resolution

of the radar . I t  fo l l ows  tha t  data con tamina t ion  from rocke t echoes can

be reduced by min imiz ing  the integration periods during the flight of a

rocke t.

The reality of this effect is demonstrated by radar measurements

made during the rocket flight of 26 February 1975. Figure 5 illustrates

five successive density profiles obtained during the ascent of the rocket .

During each of the profiles obtained from 20-s integrations , the rocke t

was well  outs ide  the main beam of the radar antenna. The quantities Ha
and 11

b 
corresponding to each of the profiles have also been listed . It

can be seen that the observed enhancements agree closely with the pre-

dicted altitudes. In Profile 1, contamination is absent above 83 km

altitude, and the portion of the profile above 90 km is real. For the

other profiles, it is not possible to separate the rocket  c o n t r i b u t i o n

from the ionospheric contribution.
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FIGURE 5 SUCCESSIVE MEASUREMENTS OF ELECTRON-DENSITY PROFILES MADE WITH
THE CHATANIKA RADAR DURING THE UPLEG OF THE ROCKET FLIGHT ON
26 FEBRUARY 1975, ILLUSTRATING THE CONTAMINATING EFFECT OF
ROCKET ECHOES
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IV OPERATIONAL SUMMARY

A to ta l  of eight ins t rumented rocke t s  were launched dur ing the

period 26 February through 12 March 1975 as par t of the ICECAP ‘75 pro-

gram .” Table 4 summarizes the ICECAP ‘75 rockets , pay load , auroral and

solar condi t ions , and Chatanika  radar opera t ing  modes.

The Chatanika radar operated successfull y during seven of the eight

launches.  On 4 March the radar t r ansmi t t e r  fa i l ed  and was inopera t ive

from 0645 UT to 0823 UT. Thus , no coordinated radar data are available

[or the launch at 0739 UT.

During the various ICECAP missions the radar was operated in a

variety of antenna modes. During the 26 February mission the radar

antenna direction was fixed ; therefore no vector information was obtained.

During the missions on 1 March , 4 March , and 6 March , the radar antenna

was operated either in a three-position azimuth or in an azimuth-scan

mode , and yielded unambiguous measurements of vector quantities such as

electric fields , currents , and neutral winds.

On 10 March the radar antenna was operated in a two-position azimuth

mode. Under the assumption that plasma velocity parallel to the geo-

magnetic field was small , these measurements yielded the same vector

quantities obtainable with a three-position operating mode. For a 6-

minute period during the rocket fli ght , the antenna was pointed manually

so the radar beam would intersect the rocket trajectory .

*
Rocke t timing and trajectory data were provided by Space Data Corpora-
tion , Phoenix , Arizona.
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On 11 March , during the launch window, the radar was being operated

in a six-position azimuth mode in connection with an independent experi-

ment. For a 40-minute period that included the rocket flight , the on-

going experiment was interrupted and the radar antenna was operated in a

two-position azimuth mode to provide closely coordinated vector measure-

men ts.

On 12 March , for  several hours before the launch , the radar was

operated in an azimuth-scan mode in order to measure ionospheric transport ,

elec tron density , and neutral winds. Approximatel y two minutes before

launch , the operational mode of the radar antenna was changed to an ele-

vation scan in the magnetic meridian, thus yielding information on lati-

tudinal variation of auroral ionozation .

In the following sections we will present the Chatanika radar

measurements made in support of the ICECAP ‘75 experiments. Data from

collateral sources are also included to the extent available.

jA . .
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V MEASUREMENT RESULTS

A. 26 February 1975--Astrobee D

1. General

An Astrobee D rocket (IC 503.22-1) carrying a Gerdian condenser

was launched from Poker Flat at 2250:00 UT on 26 February. The rocket

reached an apogee of 103.3 km at about 160 s after launch and was above

60 kin a l t i t u de  fo r  about  190 s. The experiment  took place under daytime

L ’ . ’ , U l t l O f l S, w i t h  a so la r  z e n i t h  angle  of 74.3°  at launch.

ring the period 2225 UT to 2350 UT, the Chatanika radar was

vp er a t e d  in s u p p o r t  of the rocke t experiment . The antenna remained f ixed

at 209.5° azimuth and 76.5° el evation--that is, directed up the geomag-

netic field line . The transmitter used a 67-ps density-data pulse ,

y i e l d i n g  10 km range r e s o l u t i o n , and a 20-s i n t eg ra t i on  in te rva l  was used.

2. Background Measurements

Ionospheric and geomagnetic back ground condi t ions  were quie t

for th is  experiment.  Althoug h optical  measurements  are not avai lable

because of solar illumination , other observations indicate no significant

auroral or geomagnetic activity.

Geomagnetic conditions during this experiment are illustrated

by Figure 6, which presents H-component magnetogram s from four stations

distributed in latitude but in the same local time sector. It can be

seen that geomagnetic conditions were very quiet during this experiment.

Absorption conditions in the D-region were also quiet dur ing

the experiment , as ind icated by Figure 7, which illustrates riometer

~
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I I . 1
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TIM E, UT
LA-31 18-142

FIGURE 6 H-COMPONENT MAGNETOGRAMS ON 26 FEBRUARY 1975 FROM FOUR
STATIONS DISTRIBUTED IN LATITUDE BUT IN THE SAME LOCAL TIME
SECTOR AS THE ROCKET TRAJECTO RY

records from the College site for both the period of the experiment on

26 February and a similar period on 9 March , a quiet reference day . The

spikes on the record for 26 February are associated with radio inter-

ference.

Back ground electron densities in the ion phere are presented

in Figure 8, which illustrates density contours obtained from radar

measurements integrated over 5-minute intervals for a 90-minute period

36

- . - --——--. ---- -



~~~~~~~ T~~i1~1 1111

F / / 7 /
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 26 F E B R U A R Y  1975

ABSORPTION /
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2100 2200 2300 2400

TIME . UT LA-3118-143

FIGURE 7 COLLEGE RIOMETER RECORD FOR 26 FEBRUARY 1975. The record for

9 March 1975 is representative of a quiet day.

encompassing the rocket experiment. Measurable electron densities ~~ist

down to about 85 km altitude and were temporally smooth throughout the

period of interest .

Since the radar antenna was operated in a sing le position

throughout this experiment , no vector quantities were measured. We thus

have , for this experiment , no information on electric fields , current

densities , neutral winds or joule heating.

3. C o r r e l a t e d  Measurements

a. Separation Between Rocket and Radar Beam

The rocket launch occurred at 2250:00 UT , 50 minutes ,lf t i r

local noon. At the time of this writing, the trajectory information

ivailable to us from Space Data Corporation (SDC TM-B65A) .ip~”~ars t o  he

u n r e l i o b l e  fo r  t imes e~i rl i er  than about  89 t o  90 s aft it launch. For

~~~~~~~~~~~~~~~~~~~~~ .
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times later than 80 s after launch , we have calculated the total horizon-

tal separation and the latitudinal component f the horizontal separation

between the rocke t and Lhe radar beam . l i ~~u r e  9 illustrates the results

of these calculations. Figure 9 shows that some obvious uncertainties

exist in the computations at flight Limes less than 90 s. Nevertheless ,

it can be seen that horizontal separations of 40 to 60 km exist be tween

the radar and rocket measurements during the time of D- and E-region

measurements. It is obvious that the rocket was well outside the main

beam of the radar at all times.

Although the rocket was ne~ or in the main beam of the

radar , its presence in the sidelobes caused a significant e ffec t on radar

measurements  of e l e c t r o n  d e n s i t y .

b. E l e c t r o n  D e n s i t y

F i g u r e  10 illustra tes , in solid lines , contour pl ot s of

temperature-correct ed electron density during the immediate r fed sur-

rounding the rocket fli ght. Superimposed on the contours is the oql iv a-

lent altitude of the rocket during the flight , as interpreLcd by the

Chatanika radar .

I t ca n be seen that echoes  f r o m  the vj e j n i l v  ~~ the rocket

have in t r o d u c e d  a r t i f a c t s  in the data that appear  as d e n s i t y  en h a n c e m e n t s .

The e f f e c t  is very  p r o n o u n ce d  on t he  u pl eg  of the fli plit and t h e r e  is

little or no e f f e c t  d u r i n g  the d own ieg .  As our best  e st im a t  of actual

densities we have drawn fine dashed lines throug h the arti t ‘c.~ ~ enhanc e-

m e n t s  connecting the undisturbed porti os of the contours.

Wi Lii the most obvious errors thus removed , We m ay  c ~ s i  der

the meaning of the ci ic L r o n —  densi ty contours. In p ar  L i  en  lo , i t is i ~~
—

sirtic tiv e L i  c o n s i der  the reality ot the apparent ose t  lint . i~ ns i i ’  t h e

c o n t o u r s , especi all y tel l owing  Lhe rocke t  flig ht. Wi I i S L l o t e  that
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calculated density is proportional to the quantity R
2 (S - N )/ N , where R

is range, S is measured sign al power at range R. and N is measured i ise

power . At small values of SNR , such as were obtained here , any systematic

fluctuations in apparent density could be due to correlated fluctuations

in noise power. We have checked this possibility and have found no

correlation during this period between noise power  fluctuations and t h e

apparent density fluctuations.

The sec ond point considered is the statistical uncertainty

of the density measurements. The measurement data on which these contour

plots are based were obtained with 20-s integrations and averaged over

13.5 km in range . It can be shown that under these conditions the sta-

tistical uncertainty in altitude associated with any contour is of the

order of ±3 km. Thus , the fluctuations are real.

c. Energy Deposited by Auroral Electrons

With the use of the corrected contours shown in Figure 10

it is possible to reconstitute an altitude profile of electron densit y

appropriate to the time period 2249 UT to 2257 UT. Such an altitude

profile is illustrated in Figure 11.

In Ref. 6 a study was performed of effective recombination

coefficient in the D-region and lower E-region under PCA conditions.

Seasonal dependence , if any, was not determined , but a definite dependence

on solar zenith ang le was found. Using the results of that stud y, we

have obtained an altitude profile of effective recombination for a solar

zenith angle of 74•30 , and that profile has also been p lotted in Figure 11.

The data presented in Ref. 6 were obtained under ionizing

and seasonal conditions quite different than those existing on 26 February.

Nevertheless , if we ignore the possible significance of such differences

and assume that the plotted profile is appropriate for the present

42
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F I G U R E  11 A L T I T U D E  P R O F I L E S  OF ELECTRON DENSITY , N, EFFECTIVE RECOIVBINATION
COEFFICIENT , a, AND ELECTRON PRODUCTION RATE, Q, A P P R O P R I A T E  TO
THE ROCKET F L I G H T AT 2250 UT , 26 FEBRUARY 1975. Details are g iven in
the text.

conditions , we can obtain an estimated altitude profile of electron

production rate.

If we use the definition of effective recombination co-

efficient ~ = Q/N~ , where Q is electron production rate and N is electron

density, it is a simple matter to derive a profile of electr on production

rate . Figure Il illustrates a profile of Q obtained in this manner .

The profile of Q thus obtained necessaril y refers to th~

t o t a l  p r o d u c t i o n  r a t e - - i n c l u d i n g  the  e f f e c t s  of both solar l-T \’ and

e n e r g e t i c  particles. If We assume that these are the.- only S ig n il iLa nt

sources of e l e c t r o n  p roduc t ion  p resen t , the p r o d u c t i o n  due to e n e r g e t i c
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particles can be obtained by subtracting the estimated production due to

solar EUV . We have not performed such a calculation , but fhrane~~ has

studied the problem and outlined the solution .

Using the typical results obtained by Thrane , it appears ,

w i t h o u t  p e r f o r m i n g  any de t a i l ed  c a l c u l a t i o n, tha t  so la r  EUV p r o d u c t i o n

represents a very small (~~l07) contribution to the total production

shown in F i g u r e  11. As a first-order approximation , then , it anpoars

t h a t  t h e  p r o f i l e  of p r o d u c t i o n  shown in Fi gure 11 is due a ir i e s t  e n t i r e l y

to energetic particles.

If we further assume that auroral electrons arc the only

significan t source of corpuscular ionization , we can e s t i m a t e  the  energy

deposited by the incoming auroral electrons. Assuming 35 eV per i n

pair of production , a ~rap hica1 integration of the curve labeled Q in

F i ~~u re  11 y ields an estimate of 0.103 ergs/cm 2-s deposited be tween  85 and

110 km altitude . Since observed production is neg lig ible below 85 km

during this period , and since 110 km corresponds approximately to L I O

penetration altitude of 5-keV electrons , we may conclude that the t o t a l

energy f l u x  of  el e c t r o n s  w i t h  energ ies  >5 keV is about 0.103 er~ /cm~—s.

4. Sunni a ry

An Astrobe e D rocket with a Gi-rdian condenser was l a u n c h e d  f r o m

Poker Flat at 2250 UT f I L e  a quiet , s u nl i t  ionosp h e r e .  fhc r o ck e t  r eached

an apogee oh 103 km. D u r i n g  t h i s  e x p e r i m e n t  the radar was operated in a

s i n gl e -p o s it i o n  mode; t h u s , no v ect o r  m e a s u r e m e n t s  were  o b t a i n e d .

During the flig ht of the rocket , temporall y smooth e le c t ron

d e n s it i e s  w e r e  o b s e r ved  It  altitudes as low is 80 km. In addition , radar

d a t a  w~ re  coil L a m i n a t e d  h y r o c k e t  e C t l O L ’S d u r i n g  the LI ~~ l eg  o f  t he  [l i g h t ,

and c o r rec ted d e n s i t ie s  w er e  o b ta i n e d  by s ub t r a c t i n g  t he  I f e e L s  of the

r ocket  e c h o es  I r on  the  t o t a l  r a d a r  s i g n a l s .  H o r i z o nt a l  s e p a r a t i on  be tween
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the radar bear and the r o c k e t  v a r i e d  f rom 30 to 60 km duriro~ the D- and

L-rLg ion portions of the flight.

B. 1 March 1975--Astrobee 0

1. General

An A s t r o b e e  D rocke t  (IC 503.14-3) carrying an OH pay load was

launched from Poker Flat at 0100:00 CI on 1 March (1500 LI  on 28 February).

The rocke t reached an apogee of 106 . 9 km at  157 s a f te r  l a u n c h .  ft c c’-

periment took place under late afternoon sunlight , with a solar zenith

ang le of 80° at launch.

During the period 0041 UT to 0158 [1, the Chatanika radar was

operated ‘in suppor t of the rocke t experiment . During the entire period

the antenna was operated in a continuous azimuth scan mode at a fixed

e leva tion of 65° . The azimuth scan consisted of slewing the antenna

alternately clockwise and counterclockwise through 360° at a rate of

approximately 1°/s. The transmitter used a 67-p,s data pulse for density

measurements , yielding 10 km range resolution , and a 15- s integration

interval was used. Because of the use of azimuth scan mode , the minimum

resolution time for vector measurements was about 6 minutes.

2. Background Measurements

a. Geomagnetic Conditions

Geomagnetic conditions were onl y slig htly disturbed during

the experiment. Figure 12 illustrates geomagnetic H-component records from

four observatories , distributed in latitude but in about t h e  same local

time sector , for a six-hour period centered at the launch time, It can

be seen that during ti le flig ht of the rocket , variations in the local

(College) li-component were less than 40 ~ , hut generally increasing.
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FIGURE 12 H-COMPONENT MAGNETOGRAMS ON 1 MARCH 1975 FROM FOUR STATIONS
DISTRIBUTED IN LATITUDE BUT IN THE SAME LOCAL TIME SECTOR AS
THE ROCKET TRAJECTORY

b. Auroral Conditions

Since the experiment took p lace under day light conditions ,

op t i ca l  m e a s u r e m e n t s  of any pos s ib l e  au r o r a l  a c t i v i t y  were prec luded .

c. Absorp t ion

Riotneter measurements from College also indicate moderate

conditions. It can be seen in Figure 13 that there is a modest level of 
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FIGURE 13 COLLEGE RIOMETER RECORD FOR 1 MARCH 1975. The record for 9 March
1975 is representative of a quiet day.

relatively constant absorption during the flight of the rocket . It can

also be seen that at about 0125 UT the absorption level diminishes

rapidly.

d. Electron Density

Ionospheric densities were moderately quiet during the

experiment. Figure 14 is a radar-derived contour plot of ionospheric

electron density during the period 0041 UT to 0158 UT. The contours are

obtained from nominal 6-minute integrations , each representing an average

over a 360° az i m u t h  sweep of t u e  an tenna .  I t  can be seen that a small

E-lay er begins to form a t  least as early as 0041 UT, achieves its maximum

density of about 1 x 10
5
/cm

3 
at about 0110 UT, and disappears by 0120 UT.

The decrease in density is consistent with the decrease in absorption

shown to occur at about 0121) UT in Figure 13. 

---- ~__ i~_ . _~
_ _
~_ ___ . _ , _ ___ __ . 

-



~~~~~~~~~~~
—

~~~~~~~~~~~~~~~~~~ —~~~——~~~~

2 ~I I I
I—

< z
-J w

C., 0
(I

0

2 x
2

CC W I
V I

0

I

w~ — ~aniu.iv 



e.  H e i g h t - I n t e g r a t e d  C o n d u c t i v i t i e s

The Hal l  and Pe dersen  c o n d u c t i vl t i e s  d i s c u s s e d  in t h i s

r e p o r t  are a l l  heigh t - i n t e g r a t e d, as desc r ibed  in earlier ICECAP reports.

Figure 15 contains plots of these conductivities based on 1-minute

averages , f o r  the p e r i o d  of the  radar  e x p e r i m e nt . The y r  t ica l  dashed

12 I I I I I I
L A U N C H  0100 1 MARCH 1975

2 M E A S U R E M E N T S  MADE I I

8 — IN DIRECTION OF l\
~ 

~~~~~~~~~~~~~~ —

ROCKET TRAJECTORY I~ ‘~ , 1 ht l
I— J i  ~kJ I ~i I

H A L L~J ~ I
0 4  ‘.‘, I ‘ I~ —

0 

P E D E R S E N

~~
I.11’

~
”1
~

0000 0 100 0200
T I M E , UT 

LA - 3 1 18 - 15 1

FIGURE 15 HEIGHT-INTEGRATED CONDUCTIVITIES FOR THE EXPERIMENT ON 1 MARCH
1975. Vert ical  dashed l ines  represent times near launch when the radar beam was
pointed in the azimuthal direction of the rocke t trajectory.

l i nes  on the  f i g u r e  i n d i c a t e  t h e  t imes  d u r i n g  Lie  r o c k e t  f l i g h t  when t i l e

r ada r  a n t e n n a  was p o i n t i n g  in the  a z i m u t h  d i r e c t i o n  of  t h e  r o c k e t  t r a i t -c-

t o r y .  Tempora l  v a r i a t i o n s  in t i le  c o n d u c  t i v i  t i e s  i l d i e l L e  c h a n ge s  ( b o t h

t e m p o r a l  and s p a t i a l )  in t h e  p r i m a ry  e l e c t r o n  e n e r gy  spec i - i m , as  oh—

se r .  ed by the  r a d a r . F u r t h e r m o r e , t h e  Ha l  1 c o n d u c t  i ~ i t v L e n d s  t o  be mr re

sens i  tive to d e ns i t \  - . an al i o n s  l it - l ow i h e t i t  125 km a l t i  t i i d t  , w l l j  Ic t h e

P e der s e n  c o n d u c t i v i t y  t e n d s  L o  l i e  more S e n s i t i v e  to  h - i i s i  L v  ‘~~t r  i a t  ions

ih  -y e 125 km. Spec i I 1 i 1 ly , a c h i a I l ~~e in t h e  pe ik en i -r  :rv 0!  t -n e r ge t  i c

e i e c  irons won ld mani  I osi  i t se  I f  is a h i ;ii t e i n  t he  Ha I t —  I i —  P eder sen  con-

d u c t i v i t y  r a t i o .
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I t  can be seen tha t , beg i n n i n g  abou t  0115 U I , bo th  H a l l

and Pedersen c o n d u c t i v it i e s  decrease  sy st e m a t i ca l l y.  The changes  i n d i c a t e

diminishment in the flux of energetic electrons after about 0115 [‘1’. The

reduction in total flux of energetic elec trons is, of course , consistent

with the decrease in electron density shown in Figure 14 to occur after

about  0120 U i ’
. H e i g h t - i n t e g r a t e d  c o n d u c t i v i t i e s  were  measured  once in

the direction of the rocke t during i t s  f l i gh t .  The m e a s u r e m e n t s , occur-

ring near apogee of the rocket (0103 to 0104 UT), yielded values of 1.9

- m d  5.0 mhos for the Pedersen and Hall components , respectieel\ .

f. Electric Field

The Chatanika radar-derived electric field is calculated

from the estimates of average ion \-elocity between 182 km and 236 km

altitude. Since the vector estimates are obtained from component measure-

ments made at different times and at differen t locations in space , the

resulting electric field represents averages over a time of ab’ ut 6 min-

utes , and over a volume having about 88 km horizontal radius and a

vertical extent of 54 km.

The electric field morphology for t h e  period of tile xp e ni -

ment is shown in Figure 16. D u r i n g  the flig ht of the rocket , a small

electric field was present over Chataniika , having a northward c om p o n en t

of abou t 5 m V/m e t e r  and an ea s twa rd  component  of about 3 m V/meter. h u e
magnitude of the field increased beginning about 0115 CI’, well after

the experiment was comp leted.

g. N e u t r a l  Wind

Height-averaged neutral-wind estimates are presented in

Figure 17 as geomagnetic north—south and east-west components , each b ased

on 6-minute integrations. During the entire [light of the r o c k et  there
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FIGURE 16 ELECTRIC FIELD FOR T H E  E X P E R I M E N T  ON 1 MARCH 1975
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FIGURE 17 HEIGHT-AVERAGED E-REGION NEUTRAL WIND FOR THE EXPERIMENT
ON 1 MARCH 1975

was a small , steady neutral wind , havin g components of a b o u t  50 r n / s  no rLh -

ward and 80 rn/s eastward. At  about 0115 UT, well af ter tile rocket flight

had terminated , both components of wind velocit y changed and exhibited

large variations throug h the end of the radar e x p e r i m e nt .
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h. height-Integrated Current Density

Six-minute averages of height-integrated current density

d u r i n g  t h e  per iod of the  r ada r  e x p e r i m e n t  are  p re sen ted  in F i g u r e  18.

_ _  

I
I I I I I

1 MARCH 1975

0100 0200
T I M E , UT

LA- 31 1 8 - 15 4

FIGURE 18 HEIGHT-INTEGRATED CURRENT DENSITY FOR THE EXPERIMENT
ON 1 M A R C H  1975

D u r i n g  the  f l igh t  of the rocke t , t o t a l  c u r r e n t  d e n s i ty  was low and

apparently stable , having an eastward component of about ~( ) mA /m and a

northward component of about 20 mA/rn. Throughout the  p er i -~i of t h e  r a d a r

experiment , the northward component remained small , a r v i i g -  be tween  :ero

and abou t S n iA/m. Beginning at about 0106 I I , t h e  ea s t w a r d  ci mp - i l i r i t

increased to abou t 200 mA/rn and thereafter maintained i i i  ,1’,e ra ,’ i aloe

of perhaps 60 rnA/m .  The polarities 0! b o t h  ciini pont -nt s r e i m i i u t - d  e s se n t i a l l y

unchanged during til e radar e x p o r  i m e i l t .
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3. Cor re l a t ed  Measurements

a. Separation Between Rocke t and Radar Beam

Dur ing  the rocke t expe r imen t  the radar an tenna  was scanned

con t inuous ly  in az imuth .  ih Is  mode of ope ra t i on  p rov ided  h i g h -q u a l i t y

vec tor information.

Figure 19 illustrates a plan view of the  s i t ua t i o n  during

the ionospheric passage of the rocket. The ground track of the rocke t is

shown wi th  var ious  times a f t e r  the launch given as a p a r a m e t e r .  Corre-

sponding to each of the des ignated t imes the f i g u r e  shows the geograp h ic

loca t ion  at which  the radar beam i n t e r s e c t s  the  a l t i t u d e  p lane  c o n t a i n i n g

the rocket . The instantaneous positions of tile rocke t and the radar beam

intersection point arc connected by l ines , the l ong th  of which  arc indica-

tive of the horizontal separation distance and direction between the end

p o i n t s .  I t  can be seen t ha t , because of the scanning of the radar antenna ,

horizontal separation distance varies widely during the flig ht of the

r o c k e t . Figure  20 i l l u s t r a t e s  h o r i z o n t a l  separation distance as a func-

tion of t ime a f t e r  launch.  I t  can be seen tha t , fo r  the  rocke t  in the

altitude range 80 to 102 km, horizontal separation distance varies from

10 to 60 km.

b. Electron Density

Figure 21 illustrates contour plots of radar-derived

electron density obtained during the experiment along with a p lot of the

equivalent altitude of the rocket. ‘fite c o n t o u r s  w er e  prepared by drawing

smooth curves through the  d a t a  p o i n t s , whi ch were obtained at 15-s intcr-

vats. As noted alread y, t h e  antenna scanned 1 inti nuous l y in azimuth at

about 1°/s througllout t h e  tx p i- r iment , and t h e  azimuth direction as a

function of t ime is ~ o L o d along the Lop of t h e  I i gu r e .  ihe rocket azimuth

(21.5°) is ai si ’ noted.
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F I G U R E  19 GEOGRAPHICAL RELATIONSHIPS BETWEEN THE ROCKET TRAJECTORY
AND THE RADAR BEAM DURING THE FLIGHT OF 0100 UT , 1 MARCH 1975

Considerable structure can he seen in t i l t ’ density contours.

Alth ough temporal and spatial variations in ionization cannot he tinambig-

tiousl y separated from these data , there is little doubt that significan t

s p a t i a l  v a r i a t i o n s  are present .

It does not appear that any significan t rocket-induced

contamina t ion  is present  in the data.
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4. Sumary

An A s t r o h eu  D rocke t w i t h  an OH pay load  was l aunched  f r o m  Poker

Flat at 0100 CI on 1 March into a quiet , s u n l i t  ionosp he re .  The r o c k e t

reached an apogee of 106.9 km a t  0102 :37 UT and the fli ght term inaLed aL

0105:11 UT. D u r i n g  t i le  f l i g h t  of t h e  rocket  an a u r o r a l  E - l a yc r  was

presen t , c h a r a c t e r i z e d  by a peak d e n s i t y  of about  l0~ e l/ cm
3 

at 108 km

a l t i t u d e  and m e a s u r a b l e  d e n s i t i e s  (> l0~ e l/ cm
3

) as low as 80 km altitude.

In s p i t e  of the presence of auroral ionization , conditions were moderat~ 1)’

q u i et  during the fli ght , as indicated by measurement of electron density ,

D—region absorption , and g e om a g i l e t  ic v a r i a t i o n s .

Radar  u c - o cu r e m e n t s  in s u p p o r t  of t h e  r o c k e t  e:- .p e n i i : i en t  w e r e

made f rom 004 1 UT th rough  0158 CT.  D u r i n g  the  e n t i r e  ~ clod , th e radar

antenna  was operated in an a z i m u t h - s c a n  mode , yielding bo th d e n s i ty  d a t a

and -.- a r i ous  vec tor q u a n t i t i e s .  D u r i n g  t i l e  t l i , ’Ii L of ti l e rocket , densi-

ties exhibited a gr e a t  deal of struct iin ~ , and from radar ,isii r cmc n t s

alone it is impossible to separate in a m b i g i o t i s l y  L e p r a l  and s p a t i a l

variations. All radar measurements that were JyL -raged over all antenna

pos i t ions  i n d i c a t e  quiet , s t eady  c o n d it i o n s  d u r i n g  t u e  rocket flight.

Most measuremen ts exhibited increasing structure zginn l lg

around 0115 to 0120 U I ’ . Between t h i s  t im e  and the end of the measure-

m e n t s  at 0158 UT , D— and E — r e g i o n  e l e c t r o n  d e n s i t i e s  d e c r e a s e d , e l t c  t i ic

f i e l d s  inc re . i sed in m a g n i t u d e  and ex h i b i t e d  t emp r a l  j i t  ions , h e i g h t —

integrated conductivities decreased , hc i -ohit -int egn ated current dt-ns it ies

increased , and neutral winds exhibited increasing \Inia bi l it y. Svs ttnl,I ti c

variations in direction of t i le y,Iri i ii5 vector qu a n t i t i e s  wi -r e  n ot  o b ser v e d

dtir ing the per i d  of Liii- radar experiment . In S u m , i i i  Lions during the

rocket [lig ht were quiet , with a o m i 1 l~I 1  amount  j par t i d e  precipitation

present.
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C. 4 March 1975--Nike’ J a v e l i n

1. General

A Nike—Javelin r - eket (IC c d ,  h-4-2 ) c a r r y i n g  an 011 pay load was

l aunched from Poker Flat at 0739:30 Cf n 4 M a r c h .  Ide rocket reached an

a p o ’, ee of 100 km at 1 s after launc . ide c - p e r i r c n t  took p l iec under

nig httime conditi on s , with - i solar zenith o gle of 116.4° at l a u n c h .

From a b o u t  0530 C l  t h i n  .h  1100 Cl the C h a t a n i ka  r a d a r  was

d e d i c a t e d  to s u p p o r t i n g  t h e  r~~c k i - t  ex p e r  i f l e  I t . D i r  j i g  t h i s  p e r i o d  the

rada r  a n t e n n a  was op e r a te d  s e q u e nt i a l l y  in t h r e e  a z i m u t h  p o s ic i o n s -- 6 . 5 ° ,

5 1 .5° , and 209° . The t r a n sm i t t e r  used a d7 - ._s d a t a  pulse for dens i t y

rneas I r . - e n t s , and a 15—s  in t g r a t i on  p e r i o d  s- i s  u s e d .

U n f o r t u n a t e  l y ,  the  r a d a r  t r a n s m i t  t e r  m a l f u n c t i o n e d  Some -t i m e  be-

t - l ee!)  0620 Ii i’ and P d- C O 11 and i t  was not r e s t o re d  to n o r m a l  o p e r at i o n

u n t i l  P 823 C i .  As a result f this circ m stand. , no m e a n i n g f u l  c o r r e l a -

t i o n s  can be r ide between r a d a r  and r o c k e t - b o r n e  n c a s r e men t s .

2 .  B a c k g r o u n d  M e a s u r e m e n t s

a. Geomagnetic , Aurora l , and Absorption (gi -idi tions

Geomagne tic and a m o r a l  condit i n s  w e r i  q u i e t  d u r i n g  t h e

rock et experiment . The C h a t a n i k a  a l l — s k y f i l m s  i n d i c a t e  no v i s i b l e

aurora during the f l i g h t .  Fi gu re  22 , Sil oW ing t h e  H — c o m p o n e n t  of n agile-

t o r n et t -r  r e c o r d s  at  f o u r  l o c a t i o n s , and Fi gu r e  2 3 , showing the C o l i c -ge

r io m et er  r e . ords , b o t h  i n d i c a te ’ t h a t  q u ie t  c o n d i t i o n s  ex i s t e d  d u r i n g

t u e  rocke t experiment.

b. Electron Density

F i g u r e  24 presents tou r y in L i e u  prof i i i’ s  of e l i-c t ron

de n s i t y  o b t a i n e d  f r o m  radar measurements. Each pro! i i t  rupr esi -nt s about

0
’
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FIGURE 22 H-COMPONENT MAGNETOGRAM S ON 4 MARCH 1975 FROM FOUR STATIONS
DISTRIBUTED IN LATITUDE BUT IN THE SAME LOCAL TIME SECTOR AS
THE ROCKET TRAJECTORY

12 minutes of integration centered at the t ime indicated , and is an

a v e r a g e  o v e r  t h e  three azimuth posi tions I t  the antenna. The p r o t  i i i ’s

c e n t e r e d  ,~~t 0556 UT and 0614 CL depict conditions just prior to the r ada r

m a l l u n c t i l m ’ I , and the pro l iles centered at 0832 UT and 0851 II  depict coil-

dit ions just after the radar was restored to op i r i t ~~~~i i .

It is apparent that .u definit e E— l ive r was present around

0600 U~I , having -‘ density peak Ot 7 to 8 ~ IO 4 e l / e m
3 occur r i n g  it ,mh tlt

________________________________ 
~~~~~~ — -— -—
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FIGURE 24 TWO PAIRS OF ALTITUDE PROFILES OF ELECTRON DENSITY OBTAINED
JUST BEFORE AND JUST AFTER THE PERIOD OF RADAR MALFUNCTION
0620-TO-0823 UT, 4 MARCH 1975

c. Radar Vector Measurements

Sinc e- the  r a d a r  was i n o p e r a t i v e  for two hours during the

center of t ue launch window , no measurements were obtained during th is

time period.

D. 6 March 1975--Nike ily dac

I. General

On 6 March , two roe kc ts were launched Iron Poker Cl - i t as a part

of the  I CECAP program . The first launch occurred at 0 Ic (:00 C I and
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consisted of a Nike-Hydac rocket (IC 507.11-IA) carrying a l~~ uid-helium-

cooled radiometer experiment. The main purpose of the experiment was the

measurement of LWIR emission profiles of CO2. NO , and 0
3 

at t w i l i gh t .

Solar zenith ang le was 93.5° at the time of launch. The roc ket reached

an apogee of 132 km at 193 s after launch , and was above 70 km altitude

f rom 0344:13 to 0348:02 U f .

The second launch occur red  at 06 16:30 CI and a lso  c o n s i s t e d  u f

a Nike-Hydac  rocke t (IC 507.11-3) carrying a liquid-helium-cooled radi-

ometer exper imen t . The main pu rpose  of the  second exper iment was th e

measurement of LWIR emission profiles of GO
2 , NO , and 0

3 
under  q u i e t  n ig ht

conditions . Solar zenith angle was 109° at the time of the  second l a u n c h .

The rocke t reached an apogee of 154 km at 195 s a f t e r  l aunch  and was

above 70 km a l t i t u d e  from 0617:35 to 0 6 2 2 : 0 2  Cf .

During tile period 0331 to 0711 U I , the  C h a t a n i k a  radar  was

operated in support of the ICECAP program . During this entire period ,

tile radar antenna was scanned continuously in azimuth , at a rate of one

full scan every 6 minu tes , while the elevation angle was held fixed at

65° . The transmitter operated with a 67- .~s track pulse (10 km range

resolution) for density data , and a 320-~~s data pulse (48-km range resolu-

tion) for spectrum measurements. A 15-s integration period was used.

It is convenient to consolidate the descriptions of both back-

ground conditions and vector-based measurements for the two rocket

launches on 6 March. Correlated measurements involving time periods

shor t compared with tile durations of the rocke t flig hts will be described

separatel y for each of the two fli ghts .
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2.  b a c k g r o u n d  Measurements

a. b e o f l a g:le tic -0 1)0 i L i  I l l S

t h e  two l ,l n~ lies on this e v e n i ng  took plac e during geomag-

n e t i c  c o n d i l  ions  t h a t  v a r i e d  f rom q u i e t  L 1 - : dera tcl y disturbed (see Figure

2 5 ) .  ili e !irst l a u n c h , at 0 3 4 3  Uh , occurred after a small enhancement

6 M A R C H  1975 H-COMPONENT

BAR ROW 
J500 

7 pA. . 

I
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J200 
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FIGURE 25 H-COMPONENT MAGNETOGRAMS ON 6 MARCH 1975 FROM FOU R STATIONS
DISTRIBUTED IN LATITUDE BUT IN THE SAME LOCAL T M E  SECTOR AS
THE ROCKET T R A J E C T O R Y
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of the College H-component had subsided. The ring current was Close to

quie t levels , as seen in the Honolulu magnetogram.

However , by the Lime of the second launch (0616 :30 C l )

t h e  eastward ionosp heric curren t intensity had grown to a modera te ic e1 ,

resul ting in t i le’ positive bays seen in the Barrow and College Il-c1n’pon nts.

ike effects of the ring current on t h e Honolulu and Sitka magnetogram can

be seen until about 0705 Ut , when a sharp enhancement of an eastward

curren t system ex~ ended down to Sitka .

b . Aur oral Conditions

U n f o r t u n a t e ly at  tile t i m e  of launch the s~~v jh e-. e t i e

Chatanika all-sk y camera was hazy  and auroral obser --a t ions s or e  p r e c l  u d e d .

However , the Fort Yukon all-sk y film (not shown) doeS show some faint

auroral forms well poleward of For t Yukon but none in L h e  d i r e c t i o n  of

Chatanika.

c. Absorp tion

Absorption measurements dv the Col ic -ge riometer also

indicate quiet to moderate disturbances. Figure - 2 b  ii i,u i s t r , i t 1  s absorp-

tion measurements for tile period 0230 t n  0700 CI on 6 N mr eh. A simil ar

m e a s u r e m e n t  d u r i n g  the same time peri od on Mi r el l is s u p e r i m p o s e d  as

illustrative of very quieL conditions.

d. Electron Deusi~~

Back g r o u n d  eond i  t ions  may be de sc r ibed  as m o d e r o t ,  1 v q u it - t

during the period of the ICECAP e x p e r i m e n t .  E l e c t ro n  d e n s it i e s  wi -r e -

f a ir l y low during most of t h e period oh r ad a r  o p e r a t i o n , u v i - m a g in g  l e s s

5 3 . - -than 10 /cm at B— reg ion il ti,tudes until at ter the second r e  ~et e x p u - r i —

ment had ter uum in ated. Figure 27 i I Itustrates con tour plots ol t i t  1 ‘cu r i thin 
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FIGURE 27 BACKGROUND CONTOURS (12-Minute Averages) OF ELECTRON DENSITY
FOR THE EXPERIMENTS ON 6 MARCH 1975

of 12-min ute ’  ave raged  e l e c t r o n  d e n s i t y  in u n i ts  of d i m
3
. It can be seen

t h a t  d e c  tron densities are i n d e e d  low ok- or thc period of interest. In

,‘iddjt i r i  , t he  a m p l i t u d e s  of densit y f ltuC L Iu ati I ’ns relative- t~~ the averag e-

b a c k g r o u n d  v~~1u cs t end  t o  he ’ fairl~’ l a r g e , a condition that is tvp i c i i  ol

l ow-SNR conditions.

i’w e lv e - m i n u  te- in t lgratie)ns (ra L l t o ~ t h a n  t i l e  C ustomary 6-

m i n u t e  inlegrItio ns ) were used in preparing t h e  c o n t o u r s  in l i g u r e  27 in

order  to smon LI-i out  51 ‘f l i t ’  o f  the re -I at i vol \‘ 1 urue - II tic ttt~-i t ions .  Even w i t h  ‘I
the  s m o o t h  i h g  t h u s emp I oyc d , I k e - r e -  can  he seen ,u rapid hut i 1 d i p and dec av

of e le ’ c t r o n  d e n s i t y  c e n t e r e d  h e a r  t h e  t ime ’  el tile I i r s t  r o c k e t  flight
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(0343 to 0350 U’f), and with an apparent duration of about 12 minutes.

Peak densities of aboeit 10
5
/cm

3 
occurred during the first rocke t flight ,

b u t  b y 0430 Ut electron densities below 150 km a l t i t u d e  were  no greater

than 2 ~ 10 /cm

One can see at about 0550 LI’ the beginning buildup of

d e n s i t i e s  in the E -r e g ion , a s s o c i a t e d  w i t h  the auroral oval. By tile

t ime of the second r o c k e t  l aunch  at 0616 :30 CI , a te nu ous b u t  m e a s u r e a b l e

‘E- layer was present , with a peak density of >10
5
/cm

3 
occurring ne-ar 130 km

a l t i t u d e- . Fo l l o w i n g  the second r o c k e t  f l i g h t , some i n c r e a s e  in both  f l u x

and spectrum hardness can be inferred from the increase in peak elec tron

density and tile decrease in the altitude of peak density. ElecLron

densities in the altitude range 80 to 100 km were low to moderate

(1 to 4 , l0
4
/cm

3
) prior to about 0600 CI’, and deere- used rapidly Lo

levels below l0
4
/cm

3 
thereafter.

e. Height-Integrated Conductivities

As a result of the low electron densities present durin g

t h i s  e x p e r i m e n t  t h e  h e i g h t - i n t e g r a t e d  c o n d u c t i v i t i c s  are also quite ’ low.

F i g u r e  28 illustr ates t i l e-  Hall and Pedersen conductivities observed

during the per iod 0331 to 0711 11 ’ . ‘Ihe conduct ivi Lv m e a s u r e me n t s  in-

v o l v e d  a v e r a ge s over one-minute time periods and 60° of azimuth scan ; each

data point can thus be assooiated with a Iairly small region of space

characterized by a c e r t a i n  eh i r o c  Lion from the radar. In p a r t  i c u l a r ,

th u-se ’ spatiall y— re ’so lvl- el i I c aS ur e ’lilentS permit us to describe conductivit y

v a l u e s  in ti le- dire’ctiall of t h e  r o c k e t  t r aj e c t o r y  (marked  , ‘Cl F iolI re ’ 28 ’), as

we’ll as tel invest i~~ate’ ii ori ztu nt u l inhnmoLe’nei ties in thcse parameters.

Duir j ng t h e ’ I ii’st r,’ek~’ I. 1 i , h i  L (0343—0349 UI) t h e Hall and

Pede’r Sen terms , n l - , u S i l  red in the ~i i  re’e ii on ot  t i l e  I I iL k I path , were 2. 15

and 0. ~ I miios , r e s p e -c  t i v e ’ l y .  For t h e ’ rest i t i l e  pe r iod  p r io r  to 0600 Ut

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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_ _ __ 
~~~~~~~~~~~~~ -- ---~~~~~~~~~
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FIGURE 28 HEIGHT-INTEGRATED CONDUCTIVITIES FOR THE E X P E R I M E N T S  ON
6 M A R C H  1975. Vertical dashed lines represent t imes near each launch
when the radar beam was pointed ri the azimutha l direction of th e rocket

trajectory .

the Pedersen conductivity was less than 1.5 mhos , wh ile the Hall ce ’nipe ’ne - n L

was less than 10 mh o s .  B o t h  component s  began to i nc r ea se  at a b o u t  0600

UT as electron densities began to increase . During the second r o c k et

fl ight the Hall and Pedersen components had increased It’ 6.6 and 4.2 mhos ,

r e s p e c L i v e- ly .

‘ti-ic conductivities show frequent oscillations with-i periods

of about 6 minute’s. These oscillati ons re-suit from the modula ting e f f e c t

of large—scale ’ hio r i-ze~nt u 1  gradients in electron densit y on measeurenients

obtained with an azimuthall y scanning antenna. I- ’r much of the p e r i o d

before 0600 II , hori zontal g r a d i e n t s  were s m a l l  and i r r e g u l a r .  Beg i n n i n g

a bou t 0600 U’f, however , a ear ked inhomogeiie ’ i t y  becam e’ evi d ent as e 1 e’C Ir on

precipi tat ion grew more il l  tense’ in the north. Duir i ng the second roe ket

f ight ti-ic azimutha l usy iii e -try in the Hall conduct ivi Iv was n t  t i l e ’ orde ’r

ot 6: 1 due to this inhomogenei ty.
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It should be noted that large horizontal gradients in

electron density are common occurrences near Chatanika , al though such

gradients are suppressed when the radar data have been avc-raged over a

full azimuth scan or when observations are made using a fixed antenna

position .

ii. Electric Field

Ionospheric electric I ield estimates were obtained through

radar  i ne’ as u r e mcn t s  of ion ~e h o c - i t y  d ur i n g  the period 0331 to 0711 CT.

Each  e l e c t r i c  field neashiremen t involved an average of ion- ’. e l o ci t v

m ea s u r e m e n t s  o’, er a complete a z i m u t h  scan of the antenna (about 6 minutes

of time), ui -id ch eer the altitude range 171 te 272 km. fl-ic spa tial reg ion

to which ti le - se’ i1ol5 (i r e ’ments appl y is thus a section of a cone witil a

major diu’i e ’ter 01 130 km at 272 km altitude .

Fi gu re- 29 i l l u s t r a t e-s n o r t h — s o u t h  and east—west e~’~~p o n e n t s

of t h e innosp iler to electric f i e l d  as measure-el by tile radar. A t the t i n e ’

of t u e I i r s t  r I e k e  t launch , 0343 UT , t h e electric field strength was less

than S mV /rn  ,iuid -:,ts directed entirely northward. Shortly a fter 0400 Ci ,

t h e north— s, i :t h i coup li e n I i ic i c -used to aboii t 20 mV/rn, and from tills t i n e ’

60 I
6 M A R C H  1975 /

A / NORTH
- 
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FIGURE 29 ELECTRIC FIELD FOR THE EXPERIMENTS ON 6 MARCH 1975
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t h r o u g h  the end of the e x p e r i m e n t  at  0711 UT , this component remained

positive (northward-pointing) , with values rang ing as high as 42 mV/rn.

During the same time period , 0400 to 0711 , the east-west component

oscillated from positive (eastward) to negative (westward) with amp litudes

as large as 16 mV/rn and no obvious pattern to the variations . The e n-

hancemen ts of the  nor t hward component  of the  e l e c t r i c  f i e l d , on the  o t h e r

hand , seem to be associated with the enhancement of the eastward ceirrent

s y s t e m  whose e f f e c t s  can be seen in the Barrow and College H-component

magne tog rarn s , as shown in Fi gu re  25.  At the time of the second l aunch

at 0616:30 UT, tite components of the electric field were 26 mV/rn north-

ward and less than 6 mV/rn eastward.

g. Neutral Wind

heig ht-averaged (64 to 108 krn) neutral-wind estimates are

presented in Figure 30 as geomagnetic north-south and east-west components ,

each based on 6-minute integrations d u r i n g  the  p e r i o d  0331 to 0711 Ut .

500 I I
300 — —

E
1 100 — —

0 ~~~V—O~~ - Li ~~~~~~‘\tWEST
~ -100 — ‘ \.-.~~ ~~SOUTH —z ~~~~4

.4

-300 — —

-500~~~~ 
I I

0300 0400 0500 0600 0700
T I ME . UT

LA 3 1 1 8 - 16 6

FIGURE 30 HEIGHT-AVERAGED E-REGION NEUTRAL WIND FOR THE EXPERIMENTS
ON 6 MARCH 1975
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hi ei l L -a \- eraee’d neutral winds were generall y small before -

abou t 0600 CT.  During t h e  f i r s t  r oc k e t  I light the neuL i’al S’i ild was

primarily westward-directed , with -i a magnitude of about 100 rn/s. liv

0355 1 I , wind velocity had g rea t  l v  d i m i n i s h e d , and rernaine’eh small

(<25 m/s) until about 0545 CI.

N ej i ’ 0600 Cl ’, t he  n e u t ra l - w i n d  velocit y v e c t r esp er i e ’ uic c’d

a sharp enhancemen t and rotation. From a moderate northwesterl y wind of

abou t 7 rn/s calculated at about 0545 11 ’ , the neutral wind becam e strongl y

southwesterl y (244 m/s) at 0607 UI. During the n e x t  6 - m i n u t e  p e r i o d  it

decreased in intensity (112 mI s )  and rotated toward the  s o u t h .  D u r i n g

the second launch the wind dropped t n  a speed of about 60 rn/s and rotated

toward the sou theast .

h. Height-In tegrated Current Densit’c

‘fhe lie ighit-integrated current was g e n e - r a l ly  eastward

dur ing  bo th launch periods (see’ F i g i re ’ 31) . D u r i n g  L h - ic  first laeinch

interval (0343 to 0349 UI) t i l e  c u r r e n t  was very weak , l iving i i )  intensity

of 0.004 A/rn. However , d u r i n g  ti ’~e second l a u n c h  p e r iod  i n c r e a s i n g  e l e ’c t r i c

fields and electron pr ecipit ation resei l ted in in e’as twjrd dire ’e t e c h current

e f 0 . 1 2  A / r n .

i. E n e r g y  I) ’p~ i s i t i o r .

D u r i n g  t i l e ’  ii rs t l a u n c h  p e r  it ’d ( 0343  L I ’ O4dL  C 1’) t h e  sum

of the en t r y eleposi ted b y  p r - c ipi L i t  ing part i e It’s i nch by joule dissipa—

lion was less than I ) .  1 ‘ ‘i’gs/em
2
- s; t h i s , th i 1 1c r  j 11.i can h i , ’ - it r , i c te’ri zed

as an al most undisturbed per m d  (I- ’ i g i l l ’ ’ 3 2 )

In t u e  i n t e r v a l  hle ’ t W e ” ’ i u t h e  I i i i , -, l ie s  l i e  ,‘,isIw ,iro 1 -1 oct in-

let inten sil i - t I s n m u ’ w l i , t L  and  p a r t i e  Ic ’ pi ~ ‘ l p i t . u t  i~~i u in  i~ - i se ’d . l u i r l i l g

t h e  ue’couid launch in ! c i v i l  t h e’ sum I I i t  t w o  e ’ ’ I t  S u U i e ’ e’S ic , te h ie’ t h
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FIGURE 31 HEIGHT-INTEGRATED CURRENT DENSITY FOR THE E X P E R I M E N T S  ON
6 MARCH 1975

2.2 ± 0. 1 e’rgs/cnI
2
—s with ti -i c’ e n e r g y  deposition r a t e’ due’ to ele ’c trons

l ie  t i e ’  about 357~ less ti-ian that due to joule heating.

3. C o r r e l at e d  M e a s i i r e ’t i e n t s — — 0 3 4 3  C l ’

a. Separation l’,etweei i  R o c k e t  and Radar Beani

D u r i n g the first rocket fli ght (0343 to 0350 Cl) t u e radar

eperated continuousl y in at-i azimuth scan rneide; thus , hor i, -, 1~n I al st -par.i I ion

distance between the rocket and tile radar h~c ,ini depenc i e- d on b oth  the roc ket

Ira e’ctory and the s - i t l i n g  p a t t e r n  of  the radii ’ a n t e n n a .  F i i g i r e ’s 33 and
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FIGURE 32 JOULE HEATING AND ENERGETIC PARTICLE CONTRIBUTIONS TO TOTAL
ENERGY DEPOSITION FOR THE EXPERIMENTS ON 6 MARCH 1975
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FIGURE 33 LONGITUDINAL SEPARATION BETWEEN THE RADAR BEAM AND THE ROCKET
FOR THE FLIGHT OF 0343 UT , 6 MARCH 1 975
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34 illustrate the longitudinal and latitudinal positions , respectively ,

of the rocke t and the in t e r s c c t i c- in of t h e  r ada r  beam w i t h  t i l e  rocke t

altitude. The longitudinal and latitudinal separations can be’ c’.in’nined ,

as in Figeire 35 , to y ie ld  t o t a l  h o r i z o n t a l  s e p a r a t i o n  d i s t a n c e .  S e v e r a l

altitudes of the rocket , at various times during the fli gh - it , are als o

indicated in Figure 35. It can be seen that a ‘1’ery small horizontal

separation , about 10 kin , occurs at about 245 s a f t e r  launch (0347:05 tI ),

at  an a l t i t u d e  of a b o u t  116 km. C o r r e l a t i o n  b e t w e e n  r ada r  and r o c k e t

m e a s u r e m e n t s  of d e n s i t y  s h o u l d  thus  be b e t t e r  at  t h i s  t in e  t i - ian at any

o ther  t in -ic  d u r i n g  the  f l i g h t .

b. Electron Density

Figure 36 illustrates contour plots cii e l e c t r o n  d e n s i ty

o b t a i n e d  by the  radar  d u r i n g  the  f l i g h t  of the  r o c k e t . ‘fhe da ta  We’re

obtained w i t h  15-s integration periods , and reveal a generall y low leve l

of electron density (<l0
5
/crn

3
) in t he ’  D- and E-rcgions during most of

the fl ight . ‘fhe contours exhibit rap id and apparentl y unsystematic

variations dur ing the experiment .

Superirnposed on the density contours is the equivale’nt-

a l t i t u d e  t r a j e c  t o ry  of the  r o c k e t .  ‘l’he s i g n i f i ca n c e ’ 0 1’ the superposi I i e i~

is tha t i t  h e l p s  in r e c o g n i z i n g  and a c c o u n t i n g  f or  I ’x t r an e ’ I L i s c’ c ’h l i ) e ’s f r o m

the skin of the  r o c k e t  or the  exhaust trail , especiall y when received

on sidelobes of the radar antenna. In this case , Figure 36 re veals onl y

one density enhancement c o i i l c i c h i i l g  with the equivalent-altitude trajec-

tory (0346 UT) th is we may conclude that , o ’e ep t for this sing le ’ possi-

bility , there is no significant contamination in the  d e n s i ty  m e a s u r e m e n t s

due to rocket echoes.
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FIGURE 34 LATITUDINAL SEPARATION BETW EEN THE RADAR BEAM AND THE ROCKET
FOR THE FLIGHT OF 0343 UT. 6 MARCH 1975
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FIGURE 35 HORIZONTAL SEPARATION DISTANCE BETWEEN THE RADAR BEAM
AND THE ROCKET FOR THE FLIGHT OF 0343 UT , 6 M A R C H  1975

4. Correlated Measurements--06l6:30 U’f

a. S e p a r a t i o n  B e t w e e n  R o c k e t  and Rada r  Bean-i

During the second rocket flight on 6 March (0616:30 tel

0623 UT) the radar operated continuousl y in an azimuth scan mode . F i g u r e-s

37 and 38 illustrate the’ longitudinal and latitudinal positions , respec-

tivel y, of the rocket and ti-ic ’ intersection of the radar beam with the

rocket altitude , and Figure 39 illustrates the total hori,~cinta1 separation

distance. Several representative altitudes of ti-ic rocke t are also indi-

cated at various points along the pLot . It can be seen that , in contrast

to the first fligil t discussed above , horizontal se’paration distanc e ’ he-

tweeri the rocke t and the radar beam is large ’ (i.e., > II ) ~~) eve ’i’ vwh e -r e ’

in the D- and E-regions .
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F I G U R E  36 CONTOURS OF ELECTRON DENSITY AND THE EQUIVALENT ALTITUDE
OF THE ROCKET DURING THE FLIGHT OF 0343 UT , 6 M A R C H  1975

b. Elec tron Density

Figure 40 illustrate ’s contour p lots of electron dens ity

obtained by the  r ada r  d u r i n g  the f l i g h t  e’f the rocket. The contours

were prepared by drawing smooth-i curves through data points spaced at

15-s intervals , corresponding to  the inte gration intervals of the radar .

As in the’ case’ of the earli er launch on this date’, densities are - generall y

low (~~l. 6 i 10
5
/cm

3
) thr oughout the altitude range of i n ter e s t  and d u r i n g

the entire- fli ght of LI - i c r o c k e t . ‘fhc  c e ln t e - iu r s  i l l u s t r a t e’ de’n s it v  flei ctua—

Lions w i t h  no discernible systematic patte ’rn.
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FIGURE 37 LONGITUDINAL SEPARATION BETWEEN THE RADAR BEAM AND THE
ROCKET FOR THE FLIGHT OF 0616:30 UT , 6 MARCH 1975

The equivalent altitude of the rocke t is superimposed on

the density contours. ‘I’he superposition ci i  the equivalent-altitude-

trajectory plot and the electron-density contours indicates no e’~’ i c h e ’n e c ’

of density enhancements along the trajectory. We thus conclude tha t no

significan t contamination , due to skin echoes from the rocket , is present

in the electron-density measurements.
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FIGURE 39 HORIZONTAL SEPARATION DISTANCE BETWEEN THE RADAR BEAM
AND THE ROCKET FOR THE FLIGHT OF 0616:30 UT, 6 MARCH 1975

c .  E n e r g y  S p e c t r u m  of A u r o r a l  E l e c t r o n s

An ana l y s i s  o f t i - ic  e n e r g y  d i s t r  i but  ion of t h e  au r o r a l  e le e  -

trons responsible for the E-laye r ionization near the r o c k e t  t r i j t ’ t o r y

is shown in F i g u r e  41 . The ionization 1 rofi Ic shown r e p r e - s ’n t s  i i  average

over a 700 sector of t h e  a z i mu t h  scan c e n t e re d  near the ,I:imuth i ho

rocke t trajectory. The diamonds indicate the density p r t i l e  that ~ea u1d

be produced by the de’r ived e’ l e’c tron energy distri but i oil , it can he see’n

_ _ _ _ _ _ _  _  - -  - -~~~~~~~~~~~~~~~~~~~ - ‘
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F I G U R E  40 CONTOURS OF ELECTRON DENSITY A N D  THE E Q U I V A L E N T  ALT I T U D E
OF THE ROCKET DURING THE FLIGHT OF 0616:30 UT , 6 M A R C H  1975

t h a t  the incoming a u r o ra l  d e c  t r o n s  had a lj i r l v  s o f t  e n e r g y  d i s t r i b u -

t i o n  with a mean energy of about 3 ke’V and 11 d i f fe r e n t i a l  f l u x  of  lO-kcV

electrons less than l0~ cm ~—s 
l_ k eV 

1 
A s i~:i lar anal ysis was made Of

the ionization profiles on portions of ti l e ’ scan south of the  rocke t

t r a j e c t o r y .  ‘t i le  shape of t i - ic  e n e r g y  distributic in t h e r e ’ was s in i  I ar to

t i l a t  shown i i i  F i , g i r c  41 , al though the flux intensity was l ower , as w o u l d

be c:-:pec ted from the smal icr e’ lee tron densi tic’ s I o the son th .

5. Summary

A Njko— h i v e h ie r o c k e t  ( IC  507.  I l — l A )  , t i - i c’ lii ’ s t c)f Iwo missie’ns

was l a u n c h e d  at 0 14 1 Ui on 6 M a r c h  t o  i :l e ’ , i s i i re  LW IR t ’i : i i sS ie in  p r o f  i i es  oi

( 0
2

, N I ) , and 0
3 

d u r  j i g twilight. ‘l’here- was ii t t Ic’  ~ ‘ ‘:‘: i ’, g i e ’ tic di s turba iice

during this launch int e rval. Low h—r e g i o n  pc - :i k e l e c t r o n  de’nsiti~ S l e s S

_ _ _ _ _ _ _  -
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FIGURE 41 ENERGY SPECTRUM OF AURORAL ELECTRONS AND ASSOCIATED
ELECTRON-DENSITY PROFILE FOR THE PERIOD 0616 :15-TO-0617 :30 UT ,
6 MARCH 1975, Details are g iven iii t he text ,

than lO
5
fcm

3
) and a weak (5 m V /n )  n o r t h w a r d  e : l e ct r i c  f i e l d  r e s u l t e d  in a

very small total e n e rgy  ch ep o s i  L ion  rate- of less than 0. 1 ergs/ci :’T—s.

The second launch of a Nike— hi v el ac rocke t (IC 307. 11—3 ) te lc i k

p h - i ce- during the  e v e n i n g  , I l  0616:30 UT to i :ie-lsu re LWIR emiSs lo ll pro fi I. e’s

of GO 2 , Ni ), and 0
3 

und er qu iet n i g h t  c ej n d i t ion s .  Dt i r i i i g  t h i s  launch - i  Li - i c

eastward electro jet increased to a :itlcIt ’ra to le ~-el of ) . 12 A I m .  F — l a t e r

electron densities increased s l i g h t  l y l e t  just g r e -al o e than lO~ /cm
3 

at

130 km alti tude . U- r -g i ‘n d e n s i t ie s  ranged fr m- 1 t o  4 X iU~ /e ni
3
. ‘The

n or  thiw ,jrd—di re’c ted d e c  tric I je-ld inc re - I se ’eh i n  i n t e n s i ty  to a b o u t  40 nV / ni

during this second l a u n c h  i n t e r v a l .  i i i  s increased ci ‘‘ e t i  ic  l i e - i d  and

e I cc I r u )  pr c-c ip i t at  i ii  resul t cii u i  a i i i  a u l  - i’ a I c ’ tc tat ‘ n e ’ V gy de’pos i i i  on

82
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rate of 2.2 ergs/cm
2
-s witii t h e joule dissipation rate being about 50~/~

greater than the  energy deposited by precipitating electrons.

E. 10 March  1975--Nike H y dac

1. General

A Nike-Hy dac r o c k e t  (IC 507.ll-2A) was launched from Poker

Flat at 0912:20 UT on 10 March. The rocke t carried a liquid-N
2
-cooled

r a d i o m e t e r, and the purpose of the experiment was to measure IR emission

profiles under bright auroral-breakup conditions. The rocket reached an

apogee of 152 km at 206 s after launch , and was above 70 km altitude

during the time interval 68 to 332 s after launch.

The Chatanika radar was operated in support of the  r e u c k e t  exp e ’ri

ment from 0548 UT to 1150 UT.  D u r i n g  t h i s  p e r i o d  the r adar  a n t e n n a  was

operated almost entirel y in a two-position mode. The elevation angle was

held fixed at 600 . Two azimuth angles , symme trically p lac -d about

magnetic north (29.0°) were used. Between 0548 t and 0828 L I , azimuth

angles ±22.5° away from geomagnetic north were used. Between 0828 U’f

and 0913 UT , and between 0922 UT and 1150 UT, azimuth angles ±45° away

f rom g e o m a g n e t i c  n o r t h  were  u s e d .  D u r i n g  the  t w o - p o s i t i o n  o p e r a t i o n ,

the antenna dwelled for about five minu te ’s in each position . Electric

fields , currents , joule heating, and neutral winds were derived from the

m e a s u r e m e n t s  u n d e r  the  a s s u m p t i o n  t h a t  the  p l a s m a  ve l ocity parallel to

ti-re earth’s magnetic tield was zero.

Between 0914 U’!’ and 0921 [‘1’ , t i le radar antenna was pointed at

the predic led k—re gion penetration point eif t h e  rocket ( 3e ° ,ivi n i uu th j , 76°

e’l c’Vatie -ill ) . F

-~ 
,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , ~~~~~



2. Bac kground Measurenien Is

a. Geomagnetic Conditions

Geomagne tic conditions during die launch-i period can be

c h a r a c t e r i z e d  as active. An enhancement of the ionospheric overhead

eastward current system resulted in the positive e n h a n c e men t  seen in the

- ‘ College inagnetogram ( F i g u r e  42)  from about 0715 CI’ un til about 0855 tI ’ .

At this time th e’ transition region between t h e  eastward and westward

current regi ons passed overhead . At launch time the’ College rnagne’togram

indicated a large negative bay of more’ ti-ian 500 y, which resulted from

an intensification of the westward electrojet . file ’ H component h ogan  to

recover while the Z component (not shown) decreased to -350 v , indica ting

that the locus of the electrojet had moved poleward . At Fort Yukon

(Figure 43) at the Lime of rocke t apogee , the H-component was depressed

to -250 ‘~ although ti-re sudden large negative excursion of the il-component

did not occur until about 0920 UT. The large positive bay recorded at

Honolulu at about 0900 UT is another indication of substorm activi ty .

b. Auroral Conditions

Brilliant and dynamic auroral disp lays characterizc ’d the

evening of 10 March. So intense was the aurora during the launch -i interval

t h a t even t h e  tW t ) - se ’c e i f l d  e x p o s u r e ’ s of ti e Chatanika all-sk y data we r e’

o v e - r e - :’:pi ’se :d. Al  1 — s k y p h o t o s  f r o m  For t  Y u k o n  have -  be en inc  l uded  t e l aeigment

t i l L ’  C h a t a n i k a  d a t a  (1-’ig ur e  4 4 ) .  Ch i a t an i k a  r a d a r  h o r e s i g h t  t e l e ’v i s i o n

ph tograp ils have also been i n c l u de d .

*See Sect ion V — E — 3 —  h , F i g u r e ’  i i i .
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FIGURE 42 H-COMPONENT MAGNETOGRAMS ON 10 MARCH 1975 FROM FOUR STATIONS
DISTRIBUTED IN LATITUDE BUT IN THE SAME LOCAL TIME SECTOR AS THE
ROCKET TRAJECTORY
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FIGURE 43 H-COMPONENT MAGNETOGRAM ON 10 MARCH 1975 FROM FORT YUKON
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c. A b s o r p t i o n

Figure 45 illustrates absorption measured by the College

riometer for the period 0700 to 1000 Ui on 10 March. Also illustrated

is the same time period for 9 March , used as a quiet-day reference. It

can be seen that a period of strong absorption begins at about 0900 Cl

and reaches a peak at about 0920 UT.

d. Elec tron Density

Figure 46 illustrates density contours for the period

0827 UT to 0935 UT. Each data point was obtained by averaging over a

pair of antenna azimuth angles symmetricall y located about geomagnetic

north-i . [he contours are parametric in the logarithm , to the base 10, of

density in c’l/m
3

; that is , the contour labeled 11 indicates a density

of lo
ll 

el/rn
3
.

/ / / 4 MARCH 1975/
A BSORPT ION

( ‘ L __
19 M A R C H  fl

LAUNCH 0912,20

0700 0800 0900 1000

T I M E , UT
LA- 3 1 18 -181

FIGURE 45 COLLEGE R I O M E T ER  RECORD FOR 10 MARCH 1975. The record for
9 March 1975 is repr e sentat ive of a quiet day ,
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FIGURE 46 BACKGROUND CONTOURS (10-Minute Averages i OF ELECTRON DENSITY
FOR THE EXPERIMENT ON 10 MARCH 1975

It can be seen that an auroral-E layer began to form at

a b o u t  0840 UT , and t h a t  below 100 km a rapid buildup in density b eg a n  a t

about 0900 Cl’, consistent with-i the onset of increasing absorption silowT’I

in F i g u r e  45.

Figure 47(a) i l l u s t r a t e s  a p l o t  of  the’ n ia x imun i  obse rved

electron density in ti-re E — r e g i o n  f o r  l i - i c’ pc-n od O60~ to 1145 UT , and

F i g u re 4 7 ( b )  i l l u s t r a t e s  the’  i l u - i ~~l l t  a t  w h i c h  t he  m a x i m u m  d e n s i ty  o c c u r s ,

for the same t ime period. hhi e values are based on 5-minute intc -grations.

these’ plots contain less information than contour plots , but a re  useful

t o i n d i c a t e’  v a r i a t i o ns in Il - ic ’ a m pl it e i d e  c- if f l u x  and  t h e  ha rdnes s  c - i f  the

89 
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FIGURE 47 DENSITY AND ALTITUDE OF THE E- LAYER PEAK FOR 10 MARCH 1975.
The five selected times are explained in the text ,

spectrum of precipitating particle’s. Au increase in the ’ m a x i m u m  density

indicates an increase’ in flux , and , i  de ’cre,ise in the hei ght 01 l i l e ’  l i i , l : - i -

mum density indicates a hardening of the spectrum.

In F i g u r e  47 , l iv e  p o i n t s  in t LIi u e h a v e ’ been m el t c at e ’eh by

t i le ’  l e t t e r s  A t h r o u g h F. These ’ p o in t s  were  Sc ’ h e e L ed I , r  a n a l y s i s  of

e n e r g y  spec)  r i , to he di sccissed later. Fe’ n ot e  f u r  now that Point Ii

c urresponds to the l ime of tIle r o c k e t I l i g h t .
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e. H e i g h t - I n t e g r a t e d  C o n d u c t i v i t i e s

In accordance with the high level  of electron precipitation

the height-integrated Hall and Pedersen conductivitics (Figure 48) were

quite large during this experiment . The Pederson conductivity varied

from about 3 to 12 mhos during the hour preceeding launch , but at launch

time it had a value of about 13 mhos. The Hall conductivity ranged from

3.7 to almost 28 mhos in ti-re hour before launch . During the launch

period the Hall conductivity increased further from about 47 to 85 mhos.

f. Electric Field

The ionospheric electric field , as determined from data

taken in the 208-km altitude range gate , is shown in Figure 49. ‘fhe

80 I I I I I I —

C
N

N
10 MARCH 1975

6 0 —  
~~~ 

—

B 3~~ I
-
~ ~, f I

~ ~ I A
~~40 — ../ \  —

S I / HALL

20 — 

~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 E RSEN

0600 0700 0800 0900 1000 1100 1200 1 300
TIME , UT

L A - 3 118 -184

FIGURE 48 HEIGHT-INTEGRATED CONDUCTIVITIES FOR THE EXPERIMENT ON
10 MARCH 1975 
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FIGURE 49 ELECTRIC FIELD FOR THE EXPERIMENT ON 10 MARCH 1975

geomagnetic north-south component is shown by the dashed line , and L i i i ’

east-west component by the seulid line’ . From 0600 to 0900 Cf a substantial

northward electric field (generally in excess of 40 mV / m )  was present.

A t abe-id-it 0900 UI’, the elec tric field reversed and remained southward

(20 to 30 mV/rn) fei r t h e  res t of the evening. During most c’i the’ e v e n i n g ,

the c a s t - W e s t  componenL of e l e c t r i c  f i e l d  was s m a L l  compared tci th e

north—sout h compe -ine ’uit , and primaril y westward—dirc ’etcu ei .

Ihe ’  e l e c t r i c  f i e l d  r e v e r s a l  i t  Ih odll 0900 Cf jndjc ales a

t r a n s i ti o n  f r o m  e a s t w a r d  e l e - c t r o  j e t  c e n d i t  i ons  to  w e s t w a r d  e’l e ’ct ro j e t

c ond i  t ions. li-i Llie r word 0 , the’ i ia r a i ’i g eli Se o n t  in ch  lv pasSe d throug h t he’

r’ - u  i o n  above’ Cilatan ika i t  a h i u i u t  0900. [isis e ’ u u n c l t i s i e u n  i s  v i i i  h e e l  l i v

t h e  l oc a l  m a g n e t o m e t e r  l I — c o m p o n e n t  r e ’c e - ir e l s , whi  i c h i  c i t -v a posh ti~’ e ‘ i - .

prior t i - i  1)91)11 ,in ch a large- ue’~git 1 V t ’  li , h \ ’  , 1 I  le ’i ’ 0~ (II) .
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g. Neutral Wind

The E-region horizontal neutral wind was computed using

the method described by Baron and Chang.7 The neutral wind computed

by this method represents a weighted average over 40 to 50 km of alti-

tude. Since it is known from vapor- trail releases that the E-region

neutral-wind vector substantially changes in magnitude and direction as

a function of altitude , the height-averaged radar estimates of this

quantity may not give an accurate picture of the wind behavior . For ex-

ample , the radar measurements are heavily weighted toward the altitude

of peak electron density. As the altitude of the peak density changes

by 10 to 20 km , apparen t temporal changes in neutral wind may simply

represent changes in the altitude at which the neutral wind is being

sampled.

Figure 50 shows the E-region neutral-wind estimates as a

function of time. The rapid var iat ions shown pr ior to 0900 UT shou ld be

400
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FIGUR E 50 HEIGHT-AVERAGED E-REGION NEUTRAL WIND FOR THE EXPERIMENT ON
10 MARCH 1975
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viewed with caution because the altitude of maximum ionization was chang-

ing (see Figure 47) and because the SNR was weakest during this time.

The neutral-wind estimates between 0900 and 1100 UT are probably the most

reliable because the SNR was high and the altitude of maximum ionization

was constant. During this time period there was a relatively steady

westward component of about 50 m/s. The north-south componen t varied

smoothly from about 150 rn/s at 0915 UT to about 20 rn/s at 1000 UT, to

about 100 rn/s at 1030 UT. During this period (0900 to 1100) the neutral-

wind direction was between about 60° west of geographic north and 30°

east of geographic north. The neutral-wind magnitude was between about

50 rn/s and 150 rn/s.

h. Height-Integrated Current Density

From 0630 UT until launch the ionospheric current (Figure

51) was generally northeastward, having a moderate Pedersen component .

3.0 I I I
10 MARCH 1975

~~~~~~~~~~
0600 0700 0800 0900 1000 1100 1200 1300

TIME , UT
LA-3~ 18-187

FI GURE 51 HEIGHT-INTEGRATED CURRENT DENSITY FOR THE EXPERIMENT ON
10 MARCH 1975
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During the launch period , in conjunction with the reversal of the elec-

tric field the current direction rotated to a westward direction and in-

creased to more than 1.8 A/rn.

i. Energy Deposition

The calculated energy deposited from joule heating is

shown in Figure 52. Although the joule heating rate as a function of

time is quite variable throughout the evening , it is generally larger

prior to 0900 (in the eastward electrojet) than after 0900 UT. The joule

heating is quite large , averaging in excess of 10 ergs/cm
2
-s.

Figure 52 also shows the rate of energy deposition by the

precip itating electrons as a function of time . Early in the evening,

0600 to 0700 UT , there was an enhancement as arcs passed through the radar

80 1 I I I
0

10 MARCH 1975

— 0 1  —
I

1) 0
2

LNERGETIC PARTICLES
E 40 — JOULE HEATING I —

~w
20

i
I~~~
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~~~~~

j

~~~~~~~~

0600 0700 0800 0900 1000 1100 1200

TIME, UT
LA-31 18-188

FIGURE 52 JOULE HEATING AND ENERG ET IC PARTICL E CONTRIBUTIONS TO TOTAL
ENERGY DEPOSITION FOR THE EXPERIMENT ON 10 MARCH 1975
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beam. Between 0700 and 0900 UT the energy deposi t ion was relatively low

(<5 ergs/ crn2-s). This was followed by a two-hour period (0900 to 1100 UT)

2of enhanced energy deposition (>15 ergs/cm -s). The period of increased

deposition corresponds to the westward-electrojet period when the electric

field was southward-directed and the electron precipitation was harder ,

as indicated by the relatively low altitude of the E-layer maximum (Figure

46) . The peak following launch occurred when the radar was pointed at an

azimuth and elevation of 36° and 76° . This period of enhanced energy

deposition corresponds to the period of enhanced 391-A and 1.27-pm emis-

sions measured by Utah State Lriiversity.

3. Correlated Measurements

a. Separation Between Rocket and Radar Beam

During the period 0914:22 to 0920:59 UT the radar antenna

was held fixed at 36° azimuth and 76° elevation . It was intended that

this antenna position would place the antenna beam at the E-laycr penetra-

tion point of the rocket. By the time the antenna was placed in this

position , however , the rocket had reached 130 km altitude. It is instruc-

tive , nevertheless , to consider the horizontal separation between the

rocket and the radar beam for that portion of the rocket flight occurring

after 0914:22 UT.

Figures 53 and 54 illustrate as functions of time after

launch, plan views of the geomagnetic longitude and latitude , respectively,

for both the rocket and the point on the radar beam at the same altitude

as the rocket. In both cases the reversal in the p lot of the radar beam -
corresponds to the time of apogee of the rocket trajectory. Figure 55

illustrates the horizontal separation distance between the rocket and

the rad ir beam, as a function of time after launch. It can be seen that

the initial separation distance (at 130 km altitude) is less than 10 km ,

_
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F I G U R E  55 HORIZONTAL SEPARATI ON DIS TANCE BETWE EN THE RADAR BEAM
AND THE ROCKET FOR THE FLIGHT OF 0912:20 UT, 10 MARCH 197 5

* which is close enough to suggest that reasonable correlations between

rocket and radar measurements could be made.

b. Boresite Television Observations

To augment the pu lsed radar data, observa tions were also

made using a low-light-level television camera mounted and boresited oo

the radar dish. Images collected during the launch interval (Figure 56)

display in a narrow-field format (35.5° x 46.7°) the activity recorded

by the all-sky photographs. Notice that the rocket was launched into a

region of brillian t aurora.
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c. Elec tron Density

Figure 57 illus trates con tour plots of the logarithm of

radar-derived electron density for the period 0914:22 to 0920:08 UT,

when the radar antenna was fixed at 36° azimuth and 76° elevation. The

contoui s were prepared by drawing smooth curves through the data points ,

which were obtained at 10-s intervals. Also illustrated is the equivalent

altitude of the rocket, plotted as a function of time and calculated as

described in Section III-E.

By comparison of these contour values with the background

density contours in Figure 46, it can be seen that D- and E-region

densities were greatly enhanced during the rocket flight, over the pre-

exis ting background levels. E-layer peak densities, occurring at about

170 
I j  T I !  1 1 1 1 1 1 1

140 — / 11.6 
—

130 — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

\

\._~~~~._ _

.____. ..
__ _.

~~~ _ ..
\ 11 .6-

~ 120 —

ioo
_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2~~~~~~~~~~~

i2.j3_

0914 0915 09 16 0917 09 18 09 19 0920

TIME , UT 
LA- 31 18-193

FIGURE 57 CONTOURS OF ELECTRON DENSITY AND THE EQUIVALENT ALTITUDE
OF THE ROCKET DURING THE FLIGHT OF 0912:20 UT, 10 MARCH 1975
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100 km altitude , exceeded 106/cm3 during practically all of the rocket

flight. These enhanced densities suggest a corresponding enhancement in

energetic-par ticle precipitation. We can also observe from Figure 47

that just prior to the rocket flight, rapid increases in flux amplitude

and spectrum hardness occurred.

d. Energy Spectra of Precipitating Electrons

Energy spectra have been computed for five different times

during the evening. The times chosen are indicated by the letters A

through E on Figure 47 , and correspond to the computed energy spectra

shown in Figures 58(a) through (e), respectively. Also shown are the

measured electron density profile (solid line) and the electron density

profile (diamonds) that would be produced by the derived electron energy

distribution.

All the spectra show a small “bump ” at about 15 to 16 keV

energy. This bump is an artifac t induced by the transition from 1 keV

to 2 keV energy resolution at 16 key in the UNTANGLE code.

The energy spectrum corresponding to a time before the

0900 UT enhancement [Figure 58(a)] shows a relatively soft spectrum with

a peak flux at 2 to 3 keV and a mean energy of about 4 keV. The spectrum

exhibits a relatively steep power-law decay with altitude.

The spectrum [Figure 58(b)] corresponding to the initial

enhancement peak shows a substantial hard (‘~40 keV) component of flux

superimposed on the soft spectrum of Figure 58(a). The number flux is

almost independent of energy and the mean energy is about 10 keV.

The spectra [Figures 58(c) and 58(d)] for times later

during the enhancement event also show a hard component superimposed on

the soft spectrum of Figure 58(a). However the hard component is not as

intense as at the initial peak enhancement.
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FIGURE 58 (Concluded)

The energy spectrum [Figure 58(e)] corresponding to the

recovery phase after the enhancement is almost identical to the pre-

enhancement spectrum.

Table 5 summarizes the behavior of the electron flux during

the period of interest. All quantities represent 5-minute averaged data.

4. Summary

The period 0700 to 0900 UT was characterized by high northward-

directed electric fields (40 mV/rn), moderate electron density produced by

soft precipitation , eastward c’lectrojet flow , large amounts of joule

heating (15 to 20 crgs/cm 2-s on the average), and modest energy deposi-

tion by precipi tating electrons (‘~-5 ergs/cm
2-s).
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Table 5

SU1~ll’1ARY OF UNTANGLE RESULTS FROM FIGURE 58

• Time Mean Energy Energy Flux Par allel Current
(UT) (keV) (ergs/cm2-s) (.~A/m

2)

0752-0756 4.1 7.5 1.8

0914-0921 11.3 65.0 5.7

0942-0946 6.8 32.0 4.8

• 1028-1033 7.8 14.0 1.8

1105-1109 4.6 6.8 1.5

The period 0900 to 1200 UT was charac teri zed by a southward

elec tric field (—‘20 mV/rn), somewhat higher electron densities produced

by harder precipitation , wes tward elec trojet flow , moderate joule heating

(~ l0 ergs/cm
2
-s), and large energy depos ition by precipitating electrons

(>20 ergs/cm
2
-s).

F. 11 March 1975--Nike Javelin

1. General

An Honest-John-Javelin (lC 511.21) vehicle , carrying instru-

mentation to measure ionospheric electric fields , was launched fr om Poker

Flat at 0633:09 UT on 11 March 1975. A second rocket , launched two min-

utes later , was to deposit a trail of aluminum vapor to make visible the

neutral winds. However , the second stage failed to ignite , rendering

this experiment a failure. Figure 59 contains a composite picture of the

rocket trajectory and an auroral arc , seen in the fields of view of the

boresighted television camera and the all-sk y camera.

During this evening, the radar was operated in two different

modes. From 0049 to 0626 UT an independen t six-position experiment was
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conducted to investigate latitudinal gradients of the electric field .

• Then, in support of this ICECAP launch and to obtain better time resolu-

tion of electric fields in the vicinity of the rocket , the radar observing

mode was changed to a two-position exper iment. Here the beam elevation

was held at 60° while the azimuth was alternated every three minutes be-

tween 344° and 74°. This put the radar line of sight 45° on either side

of geomagnetic north. At these azimuths the radar was not aligned with

the path of the rocke t , and interfere nce by rocket echoes was minimized.

This two-position mode was used from 0627 to 0707 UT. After the flight ,

the six-position mode was resumed , from 0717 to 1950 UT.

I
2. Background Measurements

a. Geomagnetic Conditions

This launch occurred during disturbed geomagnetic condi-

tions. A geomagnetic storm had begun at about 0200 UT on 10 March and had

reached a maximum provisional Dst of -79 y at about 2300 UT. By launch

time the storm was recovering and the provisional Dst was -42 y. The

geomagnetic records for Barrow, College , and Sitka are presented in

Figure 60(a). The records of Poker Flat and Fort Yukon in an expanded

time scale are displayed in Figure 60(b).

Prior to launch, the College magnetometer recorded the

field of a well developed eastward current system located to the south.

However , at about 0635 UT the College H-component turned strongly negative

while the Z-component remained negative , indicating that an intense west-

ward current , located north of College , had begun to dominate. Changes

in the Z-component then became rapid and poorly recorded. As a result of

these conditions it was difficult to determine the subsequent location of

the electrojet . A t Fort Yukon , althoug h the H-component had turned nega-

tive at about 0635 VT , the sudden enhancement (-750 ~y in the H-component)
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of westward current was not observed until almost 15 minutes later , at

about 0650 (iT. At Barrow, the sudden enhancement was observed at about

0655 UT. The Barrow Z-component indicated that the center of the westward-

current system was located even more poleward than Barrow. However , for

a few minutes af ter 0655 UT , as the surge passed by ,  the center of the

current system expanded equatorward and was located between College and

Barrow.

b. Auroral Conditions

The evening of 11 March 1975 was characterized by increasing

auroral activity, f rom a br ight quiet arc to the passage of a westward-

traveling surge . A Defense Meteorological Satellite Program (DMSP) photo-

graph labeled 0647 UT (equatorial crossing time of the southward-bound

satellite), taken over the midnight sector of the auroral oval , shows a

comp ]..icated pattern of active auroral forms (Figure 61). If that surge-

like structure , located near 100° longitude and 65° latitude , was the

same westward-traveling surge that passed over Chatanika at 0651 UT, it

propagated westward at about 1.2 km/s (a reasonable speed).

Chatanika all-sky photographs (Figure 62) indicate that a

br ight auroral arc was located just poleward of Chatanika and that it

slowly drifted equatorward of Chatanika until 0638 UT. A typical westward-

traveling surge is clearly visible in the sequence of photographs that

begin at 0646 UT. The surge passed overhead at about 0651 UT, about the

same time that a deep negative hay was recorded on the College and Poker

H-component magnetograms. Note that since the all-sk y photographs are

disp layed in the sky projection , the westward-traveling surge moves from

left to right across the figure.
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c. Absorption

The cosmic-radio-noise absorption levels for the quiet day

(9 March) and for 11 March are presented In Figure 63. A small amount of

D-layer ionization before launch is indicated by the absorption during

this time. At about launch time, however , radio inter ference degraded

the record. A large absorption event did begin at about 0649 UT, and

corresponds to the arrival at College of an auroral westward traveling

surge and its associated enhanced electron precipitation.

MARCH 1975

/ ABSORPTION
LAUNCH 0633:09

( f  I - _
9 MARCH

0600 0700 0800

TIME , UT
LA-31 18-202

FIGUR E 63 COLLEGE RIOMETER RECORD FOR 11 MARCH 1975. The record for 9 March
1975 is representative of a quiet day.

d. Electron Density

Figure 64 illustrates contours of the logarithm of electron

density obtained by the radar during this experimen t. In viewing these

con tours , it is imporlant to bear in mind that two distinct antenna modes

are represented by the data. Be fore 0627 UT and after 0717 UT, the radar
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FIGURE 64 BACKGROU ND CONTOURS (6-Minute Averages) OF ELECTRON DENSITY
FOR THE EXPERIMENT ON 11 MARCH 1975

antenna was operating in a six-position azimuth-scan mode , and the con-

tours are based on measurements averaged over the entire scan and over

6 minutes in time. Between 0627 UT and 0707 UT the antenna direction was

alternately placed 45° either side of geomagnetic north at a frequency of

about 3 minutes per position . The contours within this time period are

based on measurements taken separately at each antenna position . The en-

hancements occurring during the times 0633 to 0636, 0640 to 0643, and

0646 to 0649 UT correspond to an antenna azimuth position of 3 4 40 , during

which times the antenna boresight passed through an auroral arc. It is

apparent, then , that these enhancements arc primarily spatial rather than

temporal.
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e. Height-Integrated Conductivities

The height-integrated Pedersen and Hall conductivities are

presented in Figure 65. The Pedersen conductivity ranged between 3 and

9 mhos during the interval 0400 to 0600 UT (not shown). Before launch,

the Hall conductivity fell to less than 2 mhos. However , as auroral

ac tivi ty increased, espec ially during the overhead passage of the westward-

traveling surge, both the Hall and Pedersen conductivities increased. The

Hall conductivity variations closely parallel the enhancements in density

observed by the radar, and in auroral activity seen in the all-sky

photographs (Figure 62). The westward- traveling surge, which marks the

leading edge of the westward electrojet , a region of intense electron

precipitation, was intercepted by the radar beam at about 0651 UT. From

this time until the end of the run , the Hall conductivity averaged more

than 20 mhos.
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FIGUR E 65 HEIGHT-INTEGRATED CONDUCTIVITIES FOR THE EXPERIMENT ON
11 MA RCH 1975
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f. Elec tric Field

Electric field components are illustrated in Figure 66.

As mentioned earlier , the radar was operated in a two-position mode during

the launch period. Assuming stationarity, horitogeneity, and that the ion

• veloc ity parallel to the earth’s magnetic field is negligible , an electric

field vector can be resolved for each 3-minute change of the radar

azimuth. The angular spread between the radar positions was 90°.

In the calculation of current density, joule heating, etc. ,

the electric field used is the average of that from the second and third

range ga tes wh ich , at this elevation , gives an average centered at 178 km

altitude.

During the interval 0633 to 0707 UT , the calculated elec-

tric field was predominantly northward-directed , with magnitudes up to

69 mV/m in the north-south component . Up to 0646 UT the field was in-

tense and slightly east of north. However , subsequent measurements

120 I I 1 1
11 MARCH 1975
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FIGURE 66 ELECTRIC FIELD FOR THE EXPERIMENT ON 11 MARCH 1975
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indicated that the field had decreased in magnitude and rotated to a

slight west-of-north orientation . This reduction and rotation of the

field direction was coincident with the overhead passage of a westward-

traveling surge as seen in the all-sky p hotograp hs (Figure 62).

Note that although the College H-component changed from a

positive to a negative bay, a feature that some ascribe to the Harang dis-

continuity, the electric field in the region probed did not reverse its

northward orientation.

g. Neutral Wind

The height-averaged E-region neutral wind , estimated for

the altitude region between 73 and 126 1cm, was generally southwestward

(Figure 67) during the launch interval. However , as the westward-traveling

auroral surge passed overhead, the neutral winds rotated to a northwesterly

direction.
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FIGURE 67 HEIGHT-AV ERAGED E-REGION NEUTRAL W IND FOR THE EXPERIMENT
ON 11 MARCH 1975
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h. Height-Integrated Current Density

The ionospheric height-integrated current density is

illustrated in Figure 68. The current direction during the interval

0633 to 0707 UT, in the 73-to-126-km region , was genera l ly eastward.

Current density ranged from about 0.1 to 1.2 A/rn. During the passage

of the westward-traveling surge, however (after 0651 UT), the current

direction rotated about 45° to a more northerly direction , then back

to the east after 0700 UT.

the eastward ionospheric current direction derived from

radar measurements is puzzling, because the magnetometer data indicated

that the equivalent current system changed from a strong eastward to a

stronger westward current . However , it must be recognized that complex

auroral activity--i .c ., a westward-traveling surge--occurred during this

time. us e radar was probing a reg ion about 65 km northeast of Chatanika ,

between the Poker Flat and For t Yukon magnetometer , both of which indicated

a westward ionospheric current.

1.0 — 

I I 
1 1  MAR CH 1 975 —

_ _ _ _ _ _ _ _  I 

,NORTH

(1620 0630 0640 0650 0700 0710

T I M E , UT LA-3 1 18-207

FIGURE 68 HEIGHT-INTEGRATED CU RRENT DENSITY FOR THE EXPERIMENT ON
11 MARCH 1975
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FIGURE 69 PLAN VIEW OF ION VEL OCITIES OBTAINED AT EACH RADAR RANGE
GATE FOR SEVERAL TIMES JUST FOLLOWING THE LAUNCH ON
11 MARCH 1975

In Figure 69 the ion velocities determined at each range

gate are presented. The ion drift does correspond to a convection

electric field directed northward in Range Gates 1 throug h 5. But in

Gates 6 and 7 the drift is reversed. Althoug h the SNR is low her e, the

trend is consistent and is most likely real. The horizontal distance

to the subionospheric radar penetration point is about 300 kin, thus put-

ting the flow-reversal region north of the geomagnetic latitude of Fort

Yukon and thus near the arc boundary. The electric field , which is con-

sistent with this flow, would also be associated with a westward current .

i. Energy Deposition

The energy-deposition rate due to preci pitating auroral

electrons for the interva l 0626 to 0707 UT is presented in Figure 70. In

the early part of the evening it appears that particle preci p itation was

120 

5-.. -, — --- -- • • -



40 I F I
E 11 MARCH 1975 ENERGETIC

• ~~~, PARTICLES

• 

- 

~~~~~~~~~~~~~~~~~~~~~~~

0620 0630 0640 0650 0700 0710
TIME UT

LA-3118-209

FIGURE 70 JOULE HEATING AND ENERGETIC PARTICLE CONTRIBUTIONS TO TOTAL
ENERGY DEPOSITION FOR THE EXPERIMENT ON 11 MARCH 1975

modera te  and f a i r l y  u n i f o r m  across  the sky . Then , as a u r o r a l  arcs d r i f t e d

equato rwa r d , d e n s i t y  enhancements  were observed  when the  beam i nt e r s e c t e d

regions  of a u r o r a l  precipitation .

Joule heating estimates are also presented in Fi gure 70 .

In the time between 0626 and 0636 UT the joule dissi pation rose from 4.4

ergs/cm2-s to a high of 23.7 ergs/cm 2-s . By 0650 UT the heating rate had

dropped to about 6 ergs/cm 2-s , and continued to fall slightly until 0707 UT.

When the radar resumed two-position-mode operation , auro-

ra]. arcs were present near the radar beam , as seen in the television

photograp hs .” At times when the radar was probing an auroral arc , the

energy-deposition rate exceeded the joule heating; at 0649 UT the rates

were 14 and 5.9 ergs/cm 2-s , resp ectivel y. When the total energy-

deposition rate and the joule dissipation rate are summed and averaged

over the 35-minute period immediately following the launch , 0633 to 0707

UT , the average energy input to the ionosphere is about 16.5 ergs /cm2-s ,

more than 10 time s the quiet-time Leve l .

*
See Section V-F-3 -b , Figure 74.
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Al though the Hall and Pedersen conductivities had dropped

to about 8 and 3 mhos, respect ively, during the period of high joule

dissipation , the electric field was quite intense , reaching a total

magn i tude of more than 54 mV/rn.

3. Correlated Measurements

a. Separation Between Rocket and Radar Beam

The radar was operated in a two-position mode during the

rocket launch. At 0636 UT the radar azimuth was changed from 344° to

74°; the elevation being held at 60° . In Figures  71 and 72 the longi-

tude and latitude of the rocket and the spot illuminated by the radar

— 

I 

~~~~~~~~~~~~~~~~~~~~~~ 
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0 —

147.5 — I —
11 MARCH 1975
0633:09 UT

OC

i
147.0 — —

146.5 — I
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146.0 — I —

145.5 —

CHATANIKA ANTENNA AZ = 74
0

I 1 I
0 50 100 150 200 250 300 350

TIM E AFT ER LAUNCH —
LA-31 18-210

FI GURE 71 LONGITUDINAL SEPARATION BETWEEN THE RADAR BEAM AND THE
ROCK ET FOR THE FL IGHT OF 0633:09 UT, 11 MARCH 1975
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FIGURE 72 LATITUDINAL SEPARATION BETWEEN THE RADAR BEAM AND THE ROCKET
FOR THE FLIGHT OF 0633:09 UT. 11 MARCH 1975

beam at rocket altitude are presented as a function of time . The hori-

zontal separation distance between the radar beam and rocket at the

rocket altitude is disp layed in Figure 73. From these figures it is seen

that in the up leg above 110 km the radar beam probed a volume that was

northwest of the rocket by between 60 to 80 km , whereas near apogee and on

the downieg, the beam was southeast of the rocke t by between 50 and 70 km.
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FIGUR E 73 HORIZONTA L SEPARATION DISTANCE BETWEEN THE RADAR BEAM
A ND THE ROCKET FO R THE FLIGHT OF 0633:09 UT, 11 MARCH 1975

b. Boresigh t Television Observations

The Chatanika radar boresight television p icture s , which

were selected from recordings made throughout the launch period , are

disp layed in Figure 74. Up to 0635 UT, the television camera zoom lens

was adjusted for a narrow field of view (13.5° by 17.6°), permitting

the arc structure to be seen. Then it was opened up to a 35.5° by 46.2°

fie ld of view.

The flare of the rocket ’s firs t stage and its subsequent

burnout are clearly seen in the sequence of images between 0633:32 and

0634 :10 UT. The spen t first stage is seen near the center of the image

at 0633:34 UT , while the ascending second stage is visible near the

bottom. 
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c . E l ec t ron  D e n s i t y

Typ ica l  peak e l e c t r o n  d e n s i t y  of about 2 x l0 5 /cm 3 was ob-

served p r io r  to 0625 UT at an a l t i t u d e  of 120 km in the geomagnetic couth-

west direction. Between this time and 0633 UT the radar o p e r a t i n g  mode

was being changed and no data were taken . However , when measurements were

• resumed , densities up to 8 x 105/cm3 at 120 km were observed in the  w e s t e r n

sky . F igure  75 d i sp lays the d e n s i t y  p r o f i l e s  observed at the two an tenna

azimuth positions used during the launch period (344° and 74°). The pro-

files on the left were taken at an azimuth of 344° and the ones on the

right at an azimuth of 74°. When these results are compared with the

boresight TV photograp hs , it is obvious that t he  enhancements  in dens i t y

closely correspond to the enhancements in auroral luminosity.

In Figure 76 the 30-s averaged peak density and peak

dens i ty  a l t i t u d e s  are g iven . Some of the apparent  large variations in

peak density are due to spatial inhomogeneities between the two regions

pr obed by the radar . However , the large variations in the data taken at

one azimuth may be due to temporal variations or drifting of structures

into the beam. It is evident from the variation in peak altitudes that

the spectrum of the precipitating particles softened considerabl y at

about 0634 UT and hardened again at 0650 UT during the passage of the

westward-traveling surge.

d. C o r r e l a t e d  E l e c t r i c  Field Measurements

Electric field measurements were made by the radar throug h-

out the experiment , as discussed in Section V-F-2-f above. During the

launch period , measurements of electric field were available from each

pair of individual vector measurements. The radar began operating in

the two-position azimuth mode at 0627:48 liT in supp~ rt of the rocke t

exper imen t, launch of the rocke t occ urred a t 0633:09 UT , and the first

pair of vec tor measuremen ts af ter launch was complete at 0636:09 UT.
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AZ IMUTH 344 74 344 74 344 74
10 1 1 I I

C’) 8 — 
WESTWARD SURGE —

~ : — 

F 

\ . .~t’ ~ 
—

0630 0635 0640 0645 0650 0655

TIME , UT

(a) PEAK ELECTRON DENSITY

AZIMUTH 344 74 344 74 344 74

I I I I ‘
~N
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120 — —

1 \ ‘ I~~~~ I100
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TIME , UT

(b I ALTITUDE OF ELECTRON DENSITY PEAK
LA-31 18-218

FIGURE 76 DENSITY AND ALTITUDE OF THE E-LAYER PEAK DURING THE PERIOD
OF THE ROCKET F LIGHT ON 11 MARCH 1975
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The data available at this time represent time averages over the period

0627 to 0636 UT and a spatial average over about 150 km at a geomagnetic

latitude of 65.78°. They also represent the closest correlation of

electric field measurements available from the radar . Electric field

measurements obtained at this time were characterized by an eastward

• component of 3.7 mV/rn and a northward component of 54.3 mV/rn.

e. Energy Spectrum of Auroral Electrons

• The ionizat ion profiles measured at two different time

periods during the rocket flight have been used to obtain an estimate of

the  incoming aurora l e l ec t ron  energy d i st r i l  L i o n . F igures  7 7 ( a )  and

77(b) correspond to times w~~ n the radar was measuring ionization pro-

files within the arc and poleward of the arc, respectively. The differ-

ential energy distribution within the arc is characterized by very hi~ 1i

fluxes, although the distribution is fairly soft with a mean energy of

only 3.5 keV. Although the incoming electron flux is greatly reduced

poleward of the arc [Figure 7 7 ( b ) ] ,  the energy d i s t r i b u t i o n  is ac tua l l y

harder , with a mean energy near 4.4 keV. The r e l a t i v e  hardness  of the

two d i s t r ibu t ions  can be seen d i rec t ly by comparing the re la t ive  shapes

of the associated ion iza t ion  p r o f i l e s , particularl y above 115 km.

4. Summary

This Honest-John Nike-Jave l in  rocket vehicle was launched into

active auroral and geomagnetic conditions. During this period the ring

curren t was recovering from a moderate geomagnetic storm . A large sub-

s torm, which began a few minutes after launch , was marked by the passage

of a westward- traveling auroral surge.

Just before launch, geomagnetic activity observed by the College

magnetometer was under the influence of an eastward equivalent current
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FIGURE 77 ENERGY SPECTRA OF AURORAL EL ECTRONS AND ASSOCIATED ELECTRON
DENSITY PROFILES FOR TWO TIME PERIODS DURING THE ROCKET FLIGHT
OF 0633:09 UT, 11 MARCH 1975. Details are given in the text.
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system. But by the time of rocket apogee a strong westward auroral

elec trojet had developed. However , the radar-derived current densities

at 110 km north of Chatanika were highest in the eastward direction.

Electric-field measurements obtained during the launch period

by the radar showed a generally northward field that averaged above 50 mVrn.

The eastward component was smaller and ranged between -6 and 17 mVm.

From inspection of the resolved velocities at each range gate , a latitudi-

nal profile of convection electric field could be inferred. The electric

field was northward-directed from near Chatanika out to 200 km poleward

of the radar , where the electric field reversed direction. Although

this field reversal was observed in the higher range gates, which tend

to have lower SNRs ; the trend is consistent in time and indicates that

there may be local regions of eastward current even in situations when

magnetometer readings are dominated by westward current . It is in-

teresting that auroral arcs are observed within the region of a northward

electric field. It was believed by some that discrete auroral arcs are

observed only in regions of southward electric field which lie poleward

• of the northward field region .

Note that the reversal of the east-west electric field component

occurs at about the same time the Poker Flat magnetometer indicated a

• 
- 
development of the westward electrojet .

C. 12 March 1975-- Sergeant Hydac

1. General

A Sergean t Hydac rocket (IC 519-07-1B) was launched on 12 March

at 07:48:10 UT over a bright auroral form. The rocket reached an apogee

of 184 kin at 225 s after launch, and was above 70 kin altitude during the

time interval 68 to 381 s after launch (0749:18 to 0754:31 UT). The

rocket carried a MULTI payload designed to measure a variety of auroral
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and ionospheric phenomena. Instrumentation included infrared radiometers

and spec trometers, photometers, an auroral elec tron analyzer (1 to 30 keV),

probes to measure electron density and temperature , and an ion-neutral

mass spectrometer.

For several hours bef ore the MULTI launch the Chatanika radar

was operated in a continuous azimuthal scan mode (65° elevation) in order

to measure ionospheric transport, elec tron density, and neutral winds.

Approximately two minutes before  launch the radar mode of operation was

changed to a continuous scan in elevation, with the radar azimuth fixed

in the geomagnetic meridian. The objective of operating in this manner

was to measure the la t i tud ina l  variat ion of auroral  ionizat ion and related

parameters.

2. Background Measurements

a. Geomagnetic Conditions

Geomagnetic records for the evening of 12 March are shown

in Figure 78. At College , starting at 0500 UT a positive enhancement of

less than 80 y developed , indicating an eastward electrojet. A t approxi-

mately 0730 UT the geomagnetic H-component turned negative , culminating

as a nearly 200-y negative bay at 0745 UT. The onset of this bay occurred

simultaneously with the equatorward motion of the bright auroral arc as

seen in the Chatanika a11-~ ky photographs. This negative bay is presumably

due to a westward electrojet associated with the visible arc.

b. Auroral Conditions

The evening of 12 March was charac terized by very ac tive

aurora. Auroral conditions as monitored by the Chatanika all-sk y camera

i re shown in Figure 79. During the hour before launch the only aurora

isible was near the northern horizon. At about 0740 UT the aurora

- - --- - 5-  -- -5---~~~~~~~~--5-~~~~~~~~ ---—~~~~~~-- - - --—- -- - - . 5 -  5- - -
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moved southward, followed by a subs tantial brightening at approxima tely

0745 UT. At 0750 UT a westward- traveling surge could be seen at the

• eastern horizon; it passed over Chatanika sometime after 0755 UT.

The aurora was also photographed from Fort Yukon as shown

in Figure 80. A bright arc near zenith was visible there as early as

0700 UT. The rapid southward motion at 0740 is quite apparent.

c. Absorption

The College riometer record is shown in Figure 81. In

the early evening (0600 to 0730 UT) there was a modest level of relatively

constant absorption. At 0740 UT there was a sharp rise in absorption ,

coinciding with the southward motion and brightening of the visual aurora.

The riometer trace from 0800 to 0810 UT was degraded by radio interference.

d. Electron Density and Conductivities

Contours of electron density for the time period 0630 to

0736 UT are shown in Figure 82. Data were obtained while the radar was

scanning in azimuth at an elevation of 65°, with 6 minutes required for

each scan. As a result , the variations in density on time scales less

than 6 minutes probably represent spatial rather than temporal changes.

No data were obtained in the time interval between 0640 UT and 0646 UT.

The azimuth of the radar is indicated in the upper part

of Figure 82. Also noted (vertical shaded bars) is the azimuth along

which the MULTI rocket was later launched. A general increase in elec-

tron density is evident during this one-hour period prior to launch. J
This is consistent with the increasing magnetic and auroral activity.

The spatial and temporal variation of the electron density

at the time of the MULTI flight is discussed in Section V-G-3 .
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FIGURE 81 COLLEGE RIOMETER RECORD FOR 12 MARCH 1975. The record for
9 March 1975 is representative of a quiet day.

The variation of the height- integrated Hall and Pedersen

conductivities is shown in Figure 83. The conductivities were computed

from electron density data sampled during the  6 minutes required for each

full scan in azimuth. The increase in conductivity before launch is

another indication of the increased auroral precipitation.

e. Electric Field and Current

The ionospheric electric field during the two hours before

the MULTI launch is indicated in Figure 84. Both the geomagnetic nor th

and the geomagnetic east components are shown . It can be seen that the

electric field was always northward with a magnitude of about 20 mV/rn

in the hour before launch. The east-west component was smaller , and

primarily directed eastward.

The he ight-integrated electric current Ilowing heri ;~ontall y

in the ionosphere be f ore launch is plotted in Figure 85. The components
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FIGURE 82 BACK GROUND CONTOURS (6-Minute Averages) OF ELECTRON DENSITY FOR
THE EXPERIMENT ON 12 MA RCH 1975

are computed from the  radar measurements of electric fields and conduc-

t i v i t i e s  from each az imutha l  scan . As a r e s u l t  they are r e p r e s e n t a t i v e

of cu r r en t  f low in the ionosphere overhead at Cha tan ika .

I t  can be seen that  the e l e c t r o j e t  cur ren t  was predomi-

nantly eastward , with a magnitude between 10 and 20 A/rn, in the period

before the MULTI launch. This is consistent with the College H-component

magnetic records (Figure 78), which indicated a positive bay at that t ime .

f. Neutral Wind

The n e u t r a l  wind de t e rmined  f rom the radar  measurements

in the period be fore  l aunch  is shown in Figure  86. The Large  v a r i a b l e

14).
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wind indicated in the time period before 0730 UT may be due to measurement

uncertainty because of the low ionospheric densities at that time. In

the half-hour before the MULTI launch the wind had a consistently west-

ward component of approximately 50 mIs and a smaller , more variable

northward component.

g. Energy Deposition

The energy dissipated in the ionosphere and upper atmosphere

by the two sources of joule heating and auroral particle precipitation is

shown in Figure 87. Early in the evening, joule heating was the major

energy source. Later , as auroral activity increased , the energy input by

aurora l  pa r t i c l e s  became more impor t an t .

5 —

c’1
E

4 — 12 MARCH 1975 —

E N E R GETI C j 2I PARTI CLE S t ~ —

E 
_____________________

0500 0600 0700 0800
T I M E , UT

LA- 31 18-227

FIGURE 87 JOULE HEATING A ND ENERGETIC PARTICLE CONTRIBUTIONS TO TOTAL
ENERGY DEPOSITION FOR THE EXPERIMENT ON 12 MARCH 1975

h. h o m er Auroral Radar Observations

th e DNA-609 auroral radar at Homer , Al aska was operated

during the MULTI launch period (0741 to 0803 U I ). SeLected auroral

cl utter maps are presented in Figure 88 in an all-sk y format as if ob-

served from Chatanika.
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The region of auroral clutter echoes is typically associated

with a high e l e c t r i c  f i e l d  s t r e n g t h  (>30 mV / rn)  and an eastward e l e c t r o j e t .

A comparison of the Homer radar data  w i t h  the Cha t an ika  a l l - s ky photo-

graphs ( F i g u r e  79)  shows t ha t  the  radar  echoes lie  j u s t  sou th  of the

equatorward edge of the discrete visual aurora. Equatorward movement of

the visual i rora is accompanied by a similar movemen t of the radar

aurora .  These data conf i rm the i n ter p r e t a ti o a  of the p. launch ionosphere

as a region of eastward current equatorward of the discrete aurora.

3. Corre la ted  Measurements

When the decision was made to commit the MULTI rocket for a

launch , the operation of the radar was changed to an automatic elevation

scan mode . This was the first time such an operating mode was used at

Chatanika . Improvements made to the radar system during the winter of

1974-75 inc luded  a computer  control  that  enables  au toma t i c  rap id  scans

in elevation at a fixed azimu th . When the radar azimuth lies along

the geomagnetic meridian , a mechanical scan in elevation produces a

two-dimensional (altitude , latitude) cross-sectiona l map of the auroral

ionosphere (see Figure 89).

- 

1
200 1cm ~~~~~~~~ \‘ \

\ \ \
100 km

GEOMAGNETIC LATITUDE — deg
LA -31 18-231

FIGURE 89 SCHEMATIC REPRESENT ATION OF MERIDIAN-PLANE MAP OF THE
IONOSPHERE OBTAINED BY THE CHATANIKA RADAR ON 12 MA RCH
1975. Shaded area indicates region probed by the radar.
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Starting at 0746:19 liT, the radar scanned between elevations

of 300 and 103.5° in order to survey the rc~~iLn to be traversed by the

rocket . Each scan was made at a rate of 0.33°/s and required approxi-

nmat el y 3 m 40 s. The scan began before the MI LIf launch , as shown in

Figure 90. The radar beam moved southward duriu~ this scan . Elec tron

density measurements are resented in a geographic format with isodensitv

contours in units of l0
5
/cm

3 
at in tei.al s ot 1, 2, 3, 4, 5, 6, and 8.

Data wore averaged over 5-s intervals , corresponding to about 4 km of

h o r i z o n t a l  d i s t ance . D e n s i ty  m e a s u r e m e n t s  wero available for every 4.5 km

of range along the radar line Li si-Th t.; comp letely independent measure-

ments were made every 10 km. The trajectory of the MULTI rocket is also

indicated. It can be seen that the maximum ionization occurred over a

reg ion extending to about 100 km north of Chatanika and including the

trajectory upleg. This is consistent with t h e  m o r p h o l o g y  visible in the

simultaneous all-sky camera photograp hs .

In Figures 90 to 93 are shown the scan d a ta o b t a i n e d  du r in g an d

immediately after the MULTI flig ht . The regions of each scan that are

potentially contaminated by rocke t echoes are indicated by shading in

Figures 90 to 92. The rocke t echoes significantly distort the density

con tours  on ly  when detected by the main beam of the radar . This apparently

occurred in the southernmost part of Figure 90, near the rocket apogee

in 1i~ u re 91, and near the r o c k e t  r e e n t r y  poin t  in F igure  92.

It is evident from the ionization plots that the rocke t pene-

trated the brig htest part of the auroral form on its upleg and that the

rocket descended through a region of less ionization. However , by com-

paring Figures 90 and 91 we see that the downleg region had been “pre-

dosed” by particle precipitations before launch. We also note that the

i o n i z a t i o n  (and auroral preci pitation) was relatively uniform before

launch , and that ~reatcr spaLial variation and structure are apparent

iii the I llowing scans.  Data taken immediate  lv  l o l l o w i n g  the MULT I IpoUc e
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260

12 MAR CH 1975
0746:19-0749:55

220 — —

ff 180

-40 0 40 80 120 160 200 240

DISTANCE NORTH FROM CHATANIKA — km
LA-3 m 18-232

FIGURE 90 CONTOURS OF LECTRON DENSITY IN A MERIDIAN-PLANE MAP BASED ON
RADAR OBSERVATIONS FROM 0746:19 TO 0749:55 UT, 12 MARCH 1975.
Isodensity contours are in units of 105/cm 3 at i ntervals of 1 , 2, 3, 4 , 5, 6, and 8.
Also indicated are a meridian—plane projection of the MULTI—rocket trajectory (solid
line ) , and area of potential contamination from rocket echoes (shaded area).

time are a prime data set for “input-output ” evaluations. In Figure 94

the rocket location at 30- s intervals is indicated by the letters B

through K. The radar look direction at corresponding times lay along

the line connecting the lettered bars . From 0752 Lo 0753:30 UT the radar

and rocket were measuring ionospheric parameters along the same geomag-

netic field lines. A comparison of the simultaneous rocke t and radar

• data is expec ted to be very fruitful as tests of the INlANU LE techni que

and optical emissions codes , and possibly as a determination of the

effective recombination coefficient in the E-reg ion.
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240

12 MARCH 1975
0749:57—0753:37

220 — —

j 180

_ _ _

-40 0 40 80 120 160 200 240

D ISTANCE N ORTH FR OM C H A T A N I K A  — km
LA-3 m 18-233

FIGURE 91 CONTOURS OF ELECTRON DENSITY IN A MERIDIAN-PLANE MAP BASED ON
RADAR OBSERVATIONS FROM 0749:57 TO 0753:37 UT, 12 MARCH 1975.
Isodensity contours are in units of 105/cm3 at Intervals of 1, 2, 3, 4, 5, 6, and 8.
Also indicated are a meridian—plane projection of the MULTI—rocket trajectory (solid
line), and area of potential contamination from rocket echoes (shaded area).

The above discussion shows the use of electron density measure-

ments made during an elevation scan to indicate ionization and precip ita-

tion morphology . In addition , these data can be used to define the

spatial variation of energy deposition and conductivity , as well as the

latitudinal variation of the energy distribution of incident electrons.

For example, in Figure 90 the broad , uniform region of ionization with

maximum density near 120-km altitude is due to a “soft” incoming electron

distribution with mean energy near 4 keV and l i t t l e  l a t i t u d i n a l  v a r i at i on .

In order to quantitatively compute these parameters it is necessary to

transform the density profiles to field-aligned profiles , since the

incident electrons penetrate the atmosphere in a direction parallel to

149 

~~~~~~~~~~ --—- -- -~~~~ -- - --5- —. -~~~-~~~~~



_ -,

220 1 I I I
12 MARCH 1975
0753:39-0757:18
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DISTAN CE N ORTH F R O M  C H A T A N I K A — km
LA-3 1 18-235

FIGURE 92 CONTOURS OF ELECTRON DENS(TY IN A MERID1AN-PLANE MAP BASED ON
RADAR OBSERVATIONS FROM 0753:39 TO 0757:18 UT, 12 MARCH 1975.
Isodensity contours are in units of 105/cm 3 at intervals of 1 . 2 , 3, 4 , 5, and 6.
Also indicated are a meridian—plane projection of the MULTI—rocket trajectory (solid
line), and area of potential contamination from rocket echoes (shaded area ).

220 1 I I

V 12 MAR CH 1975
0757 20-0800:59

180 —

E 2

~~~140 —  

2

100 — 1 —

-40 0 40 80 120 160 200 240

DISTANCE NORTH FROM CHATANIKA — km
LA-31 18-236

FIGURE 93 CONTOURS OF ELECTRON DENSITY IN A MERIDIAN-PLANE MAP BASED ON
RADAR OBSERVATIONS FROM 0757:20 TO 0800:59 UT, 12 MARCH 1975
lsod ens ity contours are in units of 10 5/cm 3 at intervals of 1, 2, 3, 4, 5, 6, and 8.
Also indicated is a meridian—plane projection of the MULTI—rocket trajectory (solid
line).
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240~~~~~~ I I 1 I I
12 MARCH 1975
0749 57-0753 37

220 0 E F c

I / i l / 1 , I I
-40 0 40 80 120 160 200 240

DISTAN CE NORTH FROM CHATAN IKA — km
LA-31 18-234

F I G U R E  94 CONTOURS OF ELECTRON DENSITY IN A MERIDIAN-PLANE MAP AND A
MERIDIAN-PLANE PROJECTION OF THE MULTI-ROCKET TRAJECTORY FOR
THE TIME PERIOD 0749:57 TO 0753:37 UT 12 MARCH 1975. Isodens ity
contours are in units of 10 5/cm 3 at Intervals of 1 , 2 , 3. 4 . 5, 6, and 8 A lso

indicated (by the letters B to K) are the rocket locations and radar look ang les

at 30—s intervals. The shaded area indicates region of potential contamination

from rocket echoes.

the geomagnetic field lines. The software to accomplish this transforma-

• tion is being devel oped , and it is expected that a comp lete analysis and

i n t e r p r e t a t i o n  of these meridian scans wi l l  be made ava i lab le  in a

separate HAE S report .

4. Summary

I)uring t h e  hour prior to the MULTI launch the auroral activity

was 1 the n o rt h  of Chatanika . Ihie ionosphere above Chatanika was

r ( l r a t e ly  d i s t u rb e d  w i t h  peak E-rvg ion e l e c t r o n  d e n s i t i e s  near  2 x l05/ cm
3
,

a i m ’ t h w a r d  e l e c t r i c  f i e l d  of about 20 mV/m , and an eastward e l e c t r o j e t  of

_ _ _  ~~~~~~~~~~~ 5-5-~ _ _  .-~~~~~- - .  --.



10 to 20 A/rn. Within 20 minutes before the MULTI launch the aurora

rap idl y moved southward and brightened . The Auroral structure was accorn-

panied by a westward elec t ro j e t  that produced a 20O-~’ nega t ive  bay . A

westward- traveling surge appeared on the eastern horizon at about the

time of the rocket launch. On the up leg of its trajectory the rocket

penetrated a br ight auroral form with peak electron densities of about

8 x 105/cm
3 near 120 km. The downieg of the trajectory appears to have

been poleward of the most intense precipitation . It  is expected that  a

detailed comparison of the s imultaneous rocket  and radar  data  w i l l  be very

fruitful.
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VI CONCLUSIONS

Background observations and Chatanika DNA 617 incoherent-scatter

radar data obta4aed during the ICECAP ‘75 operation are collected and

i n t e rp re t ed  for  rocket launches occ urr ing during 26 February and 1, 4,

6, 10, 11, and 12 March 1975.

Observations made during the daytime launches (26 February, 1 March ,

and 6 March) are summarized in Table 6. Typically,  littl e or no E- layer

was presen t and electron densities at these a l t i t u d e s  were less than
4 3 . . 4 38 x 10 /cm . However , in the D-r egion , dens i t i es  were less than 10 /cm

Associated with these low densities were low height-integrated conduc-

tivities--about 3 and 7 mhos for the Pedersen and Hall components. Since

the radar made single-position observations during the launch period on

26 Febr uary, no vector quantities were obtained. However , for the launch

on 1 March and at 0343 UT on 6 March , vector  measurements  were made.

Joule dissipation during these launch periods was very low , typ ically less
2

than 0.1 ergs/cm -s. Energy deposited by precipating electrons was esti-

mated to be less than 1 erg/cm
2
-s. It is estimated that the contribution

due to photoionization is only of the order of 107,, of the measured elec-

tron density profile .

Observations made during the evening launch periods on 6, 10, 11,

and 12 March 1975 are summarized in Table 7. Because the radar malfunc-

tioned , data were not obtained during the 4 March launch. The even ing

launches general ly occur red  d u r i n g  per iods  of enhanced geomagne t ic

activity.

By the time of the evening launch on 6 March 1975 the eastward iono-

spheric current system had become moderatel y intense and extended at
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Table 6

COMPARISON OF PARANETERS OBSERVED
DURING THE DAYTIME ICECAP ‘75 LAUNCHES

26 February 1 March 6 March
2250 UT 0100 U f  0343 [i

Condi t ions  IC 503 .22 -I  IC 503. 14-3 IC 507.11-1

Solar zenith angle (deg) 74.3 80.0 93.5

College ~H ±5 ~ ‘ ±10 ~y ~ lO v
4 3 4 3 4 3

Peak elec tron density 8 x 10 1cm 8.7 x 10 tern 2.5 ~ 10 /cm

Integrated Pedersen 2.7 2.3 0.63
conduc t iv i ty  (mhos)

Integrated Hall 7.3 6.6 2.2
conduc tivity (mhos)

Electric field strength Not measured 3.5 east  1.6
(mV/rn) 1.4 north 0.4

Current density (A/rn) Not measured 0.025 east  -0 .002
-0.003 north -0.003

Joule heating Not measured 0.08 >0.01
(ergs/c m2-s)

* * *Particle energy deposition 1.5 1.2 0.16
(ergs/c m2-s)

Neu tral wind speed (m is)  Not  measured 30 east - 2 5 . 8
41 north 11.8

Time of measurement , UT 2251 to 2252 0100 to 0107 0344 to 0349

*
Contaminated by UV photoionization.

least between Col lege and Barrow . Elec t ron  dens i ty  measurements , obtained

as a funct ion  of azimuth, showed that electron precipitation had increased

sharp ly to the n o r t h  of Cha tan ika , giving r i se  to  l ir c~. d e n s i t y  g r a d i e n ts

across geomagnetic L - shc ll s .  Radar e l e c t r i c  field measurements indicated

t h a t  a n o r t h w a r d  f i e l d  of 26 mV / rn  p redom ina ted  d u r i ng  the  launch i n t e m \ ’ a ’~.,

with an eastward component of 6 mV/rn. This , coup lcd ~~1 t i i  a small eastward
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current, resulted in a low joule dissipation rate of 1.4 ergs/cm
2
-s.

Energy deposited by prec ipitating electrons reached 0.8 ergs/cm2-s.

During the launch on 10 March, geomagnetic activity was high. A

large westward current system had developed and was associated with

brillian t and dynamic auroral displays. Electron densities at about
6 3  .100-km altitude exceeded 10 /cm duri.ng most of the roc ket flight.

Associated wi th  these high densi t ies  was an energy depos i t ion  ra te  of

more than 15 ergs/cm
2-s. Although a very s t rong nor thward  e l e c t r i c  f i e l d

was observed prior to launch , it  rotated sharply to the south and decreased

in intensity to 20 to 30 mV/rn during the launch interval.

The joule heating rate associated with this electrie fic id and

calculated westward current density of 1.8 A/m reached to more than

10 ergs/cm
2
-s. Thus the total energy input rate during the launch period

was more than 25 ergs/c m2-s. The mean energy of the precipita ting d cc-

trons was calculated to be 11.3 key during the interval 0914 to 0921 tI . 
I

The launch on 11 March occurred just prior to an intense auroral and

geomagnetic substorm. Altho ugh a strong northward electric field of

about 50 mV/ rn was observed by the radar , the magnetometer indicated that

an intense westward elec trojet developed. Joule dissipation , calculated

using the radar-derived eastward current density of 1.2 A/rn, was grea ter

than 20 ergs/cm
2
-s. Associated with this activity was enhanced electron

prec ip i ta t ion  (8 x 10
5

/cm
3

) ,  observed when the radar  beam probed an

auroral  form . The energy deposition rate , due to these e lectrons  was

about 10 ergs/ cm
2
-s.  The d i f f e r e n t i a l  energy d i s t r i b u t i o n  of these

electrons is character ized by high f luxes  w i t h  a f a i r l y sof t  mean energy

(3.5 keW) .

The disagreement hI tween the  radar-der ived c u r r e n t  d i rec t ion  and

tha t  deduced f rom magne tomete r  data is associated w i t h  the a r r iva l  of a

wes twa rd - t r ave l i ng  auroral  su rge  in the n o r t h e r n  sk y and thus  is most
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likely due to large spatial inhornogeneities in parameters observed by

the radar.

The launch on 12 March was supported by a new mode of radar opera-

ti on--observations made while scanning in elevation along the geomagnetic

meridian . This facilitated measurement of the latitudinal variation of

auroral  ionization and re la ted  parameters.  Condi t ions  during this  evening

launch were characterized by very active aurora and a large r’egative bay

that  reached maximum extent  about 3 minutes  before  launch. Horner DNA-609

auroral  radar observat ions indicated that  a region of intense northward

electric field (>30 mV/rn) existed equatorward of Chatanika, with discrete

auroral arc s lying poleward of this region. Elect ron prec ipitation was

intense within the auroral forms and resulted in a peak density of

8 x l0
5
/cm

3 
at 120 km. A complete analysis of these elevation scans is

being made and will be available in a separate HAES report .

• 157

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~



-

~~~~

---——-..-

~~~~

.

REFERENC1~S

1. M. J. Baron, 0. De la Beaujardiere, and B. Craig, “Project 617 Radar
Readiness Achievement Program, Data Processing and Analys is ,” Final
Report , Part  A , Contrac t DASAO1-67-C-00l9 , SRI Project 6291, Stanford
Research Institute , Menlo Park , Cal if ornia (May 1970).

2. M. J. Baron, 1. Watt, C. Rino, and J. Petriceks, “DNA Project 617
Radar : First Auroral-Zone Results,” Final Repor t, Contract DASAO1-

70-C-0l24, SRI Projec t 8661, Stanfo rd  Research I n s t i t u t e, Menlo
Park, California (December 1971).

3. M. J. Baron, W. Chesnut , 0. De Ia Beaujardiere, J. Petriceks,
C. Rino, C. Smith , R. Tsunoda, and T. Watt , “DNA Projec t 617 Radar :

Auroral Ionospheric Measurements , ” F inal  Repor t , Cont rac t  DNA O0I -72 -C-
0076 , SRI Pro jec t  1703 , S t a n f o r d  Research In s t i t u t e , Menlo Park ,
Cal i fornia  (December 1972).

4. M. J. Baron, “DNA Project 617 Radar : Auroral Ionospheric Measure-
ments,” Final Repor t, Contrac t DNAOO1-72-C-0076, SRI Project 1703 ,
Stanford Research Institute , Menlo Park , California (January 1974).

5. J. V. Evans, “Theory and Practice of Ionosphere Study by Thomson
Scatter Radar,” Proc. IEEE, Vol. j 7 , pp. 496-530 (1969).

6. T. M. Watt , “Effective Recornbination Coefficient of the Polar D-Reg ion
Under Conditions of Intense Ionizing Radiation ,” Rep ort DNA 36631,
Defense Nuclear Agency, Washington, D.C. (15 July 1975).

7. M. J. Baron and N. Chang, “ICECAP 73A , Chatanika Radar Results,”
Technical Repor t 4, Contrac t DNAOO1-74-C-0167 , SRI Project 3118,
Stanford Research Institute , Men lo Park , Californ ia (September 1974).

8. A. Brekke, J. R. Doupn ik, and P. M. Banks, “A Preliminary Study of
the Neutral Wind in the Auroral E-Region ,” J. Geophys. Res., Vol . 78,
pp. 8235-8250 (1973).

9. C. L. Rino , L. A . Brekkc , and ~1 . J. Baron , “High Resolution ~\uroral-
Zone Neu tral Wind Measurements by Incoherent Scatter Radar ,” sub-
mitted to J. Geophys. Res. (1976).

158

_ _  

—— -~~_—— ----— 5- 



10. A. Brekke , J. R. Doupnik, and P. M. Banks, “Incoherent Scatter
Measurements of E-Region Conductivities and Currents in the Auroral
Zone,” J. Geophys. Res., Vol. 79, p. 3773 (1974).

11. P. D. Perrault and M. J. Baron, “ICECAP ‘74--Ch atanika Radar Results,”
Technical Report 6, Contract DNA 001-74-C-0l67 , SRI Project 3118,
Stanford Research Institute , Menlo Park , California (October 1975).

12. V. B. Wickwar , M. J. Baron, and R. D. Sears, “Auroral Energy Input
from Energetic Elec trons and Joule Heating at Chatanika,” J. Geophys.
Res ., Vol. 80, p . 4364 (1975).

13. R. R. Vondrak, private communication (1976).

14. E. V. Thrane , “On the Diurnal and Seasonal Variations of the D- and
E-Regions above Kjeller ,” in Magnetosphere-Ionosphere Interactions
(Scandinavian University Books , Oslo , Norway, 1972) .

15. V. B. Wickwar, private communication (1976).

16. U . S .  Standard Atmosphere Supp lements , 1966 , U . S .  Government P r i n t i n g
Office , Washing ton, D.C. (1966).

17. T. M. Watt, L. L. Newkirk, and E. C. Skelley, “Joint Radar/Satellite
Determinat ion of E f f e c t i v e  Recombination Coe f f i c i en t  in the Auroral
E-Region,” J. Geophys. Res., Vol . 79, p. 4725 (1974).

18. J. B. Reagan and T. M. Watt , “Simultaneous Satellite and Radar Studies
of the D-Region Ionosphere During the Intense Solar Particle Events
of August 1972,” J. Geophys. Res. (in press, 1976).

19. R. R. Vondrak and M. J. Baron, “A Method of Obtaining the Energy
Distribution of Auroral Electrons from Incoherent Scatter Radar
Measurements ,” Proceedings EISCAT Summer School, A. Brekke, Ed.,
[Tr omso (Norway) University Press (in press), 1976] .

159 

— .  --~~~~~~~~-.— .~~~~~— .--. --~~~~~~~~~ - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TT 1I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DISTRIBUTION LIST

F DEF~~ISE LhPAFsTMEN’l - -F . i:i. AFJ.3 Y cnt i : .~~~d

• UI r ’ - e t c r  U ir e c t c r
C~ mrn ani C r . t r ~~ Tec hnical C’— n t c r  Rl”.U ~~~~~~~ I - c .  ‘ i , ,

Mason A: ~-:, ~~~
:-,Ir T . ~‘a:

A T TN.  . 3 ; - ; — • . W . L a . ’i c c

Defense A -l anced N j - h .  I cc , . A s . -nc y  Nc crar.
ATTN: Ha , l cr  ~ Canavaz i FIN) F r ,~ cra ’ f i ’ i~
ATTN : T i .  ant i c -r : -Ci .1. A. Ah i t a k er  Th UAC E—Bl’I~i, errn 13:.- a
ATTN N C-ar I.U c i t~ :-~.ng Research AUTh : UA -i13N )- , .3Uiiar: D a .i d s e n
A TN : . 3 1 -  . a~ ain . . Just ice
ATT N :  S~ cc ’ - - g te  :.• - - - c .  - cf f i e a

lac y D i a s c r a  La  c r c ’ i - c
N- - : : . - ‘~~~ c: - a c N ) n  r Cc-nt ~~r : : : : : : i lnr -i h.  N - I c-~

1 - F .  McLean 13Th I i :  ciF -UF , Francis N.  Wimen it :
2 cy A T h I :

Ni  re-. ’ - .-
S Def’em: ‘~ -a ’. i_ n s  ~~~~~~~ 13~~~~a r I - r

A T I N :  Cc-dc ‘
FlAB

: -  :.- I~. - U .. ‘.‘a t i  r C’~ 1 3 ’  F
P cy A.  .1: T13 ‘

~ m ccxi m~-
- Army r ,: - .:

S . Fer .met
NeC ’ :s - ~ N u m i e - a r  ,, . • . y

ATT N : STRI , F M v r s  
.

A:TN : F AAN , a m . 3.  Fit . . . Jr .  U . S .  Army F - - l e n  Sc ience  a Te~~h .  ~‘t r .
; 3 I N :  N ) , .  ~“~ i :  P .  A .  r c - w l e y
A: :i i :  c.Ak~.. Ha • . m - ,~~- Is. - . a x - c .  ATTN . m’ . Jones

3 y A ,.. : i’l L . T m - C. ca r - ,
3 cy A’HfN : RAAW -.3 cc cx - - c
3 my A TN :  ..AAN . ‘l ar l ’rj  A.  L ’iax . e  U . S .  Ar . :  a’ .r i e l  Dcv .  Readiness ‘md,

1 3 1 . 1 1 : DF:CLDC , .3. A.  f ier : Jer
D i r .  ~ f L - l ”.n c ’  13 ‘s in - r i n g  1 3 l ’ l l l :  - U m . -T . Lawrence Flynn

A ’lT ’l :  LTh ’s -1313 .  N i - h a r d  S. i~~ m ’m i c -
A I T N :  DL) .3 . 3.  Daniel I r e  sway . 13 . A m y  LU . : c i i - - 7cmm an d
A TT N: UN 13’NN) . John I’. Fa j t ,  13131311: Chic ) ’ . L)e~~. Se c tic n

A T h :  D 13-i i l - :s . Chief S c ien t i s t
Commander
Fle i,l  Cemun and

ATTN : FCPR U . S .  Ar :-.;. lic:’13 ’ ar 13Cc - n
‘ .

~~~~~~~~L)13~ .:, Berberet
Di rec to r
I nt cr s e  rd -c N j - T m - a r  Fi. -mn i n. School DEFARL’l.tiiU ~ F 1131 ii-)

ATTN:  Dc c:im€-n t  I c n t r c - l
Chief of Naca . .  I- cc- a r c h

Chie f  ATTN : Code - - - . a c  ccb L. W arn -  r
Livermore Di - ,- l s i r  n .  Fid. Command , DNA A T TN :  Code . . • . CDR i - c  ni aj i 3. C-berTh

ATTN: FCPRL ATT II : (‘ed e . - - . Thomas P. cccinn

OJCS/J-3 Cc - niman -i ’ r
ATTN : FCWM ’ G . Eval.  O f e . ,  Mr. Tuna Naval A i r  Systems Cc ’mman-3

ATTN: A l F ~ 53bl
D i n - e tc . r
Telecommunications & r m d .  t. Con. Sys.  Cc n ’ .~ r 3. r

A TTN: A s s t .  D i r . .  I Cy :)  Naval  i L - 1 3  r e -f l i e s  Laboratory - ‘c- nt r
ATTN: S c i e n t i f i c  A l - e l cc r ATTN:  (‘ c i ’ -  .Th 1 3, nan lie 1-hr i i  c r

A T ’ N :  Cede - .3200 . Verne F~. H i ldebran i
DF;I-ARThE N ’r -3F TIlE ARM Y 3 m y  A T ’ N :  c- do 2200

( lc mnrn ar i ’-r  i i  r e  r Direc tor
A c m c ~ 1 - - i  I - -  Sciences I abe- r at .c ry Ic ’ . a: . , c c  - - o -  m c .  - . . C. . 1 c r

/ A I N :  D 1m 3 133 — B L — D . K . i c _ it A A N :  (‘ c - cl ’ .. - . T ’ h .  Lib .
AT’I N :  DR SEL -B L—SY— S , F. Fl .  Ri les  A l  N ) :  ‘c _ d c  4.13 1 . N - N - c c .  Pr~~ns .  f t .
A l l  N :  DHS~~~— B L — SY—R , E. F c m c t t m - r f  I •

161

L _ _ _ _ _ _ _ _  _ _ _ _ _



-‘ --“- ~~ -—.,—5’ -.- ---5-- - - - ...-5-, 
— -—.‘

--- --.~~ - - -—--—.. - ..‘ ----

13 l-Ai- 13-LF.1i13 (IF 31)1.3 NAVI • C o n c j n - .x-- I EN7NG m W S E A r c 1 3  (,UD lii . :.L, -Ft’3E,NT A I J T L N U D c c A T 1  • 1,

LI ! . : ‘ t e - m ’  D i v i s l .- , ci’ 1 - l i l i t am  A p c l i c at i c  n - -

Naval Research Laberatory U . S .  o-y a U - -  . - . A-r d .
131111: Code 77 1-: , Wdgar A .  ‘ c-c an A T h :  Doe. C c _ n .  :‘c W a :e r  I - , A.  L iaycceF
13131(1: - ‘d m 1 ’  7750 , Dar re l l  F - Strc ’ 

(‘c c -  7750 , 1-all ,I-ll-•, - nx:- - - .. ,-~. ,  I n c .
A::;;: Code 77-U n . Timothy F- . -U m : ’ m ’-~y Los l l’c,’: . . ,  Dj - .-j cj c n
1313 .1: Code T h i , laTh S. Brown AUDI : - a -. _ R . Bre-lllc- c- e-
A l ’ LN :  C,:d’ - 11Th , Char T -c c . .U hn. :c n A l lN :  dare - s L .  W ceI ,cer

Code - ‘ , I ’d: . L i e ,  A T h T ’  ~L Fu
AUDI : 1)c-u ~~~a.c 1- . U- -Nn ’, l. 

c~~ I - •;: .~ m: ‘aj i A c r n i a U

D i re ct or  accc- - r e -  l l-.- - c-nc r ’- I a cat:  ry
Th:-a : - ’,’ ic  Systems i—~’c ; c -ct C - C l U e  A l l N :  ; - - r r3/ 1’ . Doni ’h ,

131111: 11SF— AL -cl
ATT I-i : NSP~ d7ll , -tarcus F - c - r e T -  Los A T a m e c  d i -  c c t i i ’i :  Ta) - rICe 5

13. . ; ; . :  A - . (‘e n .  ‘c r  i-i- . rmm. cmxc ,mlc erl l rc
DEPAE TMiNT c c  iF AN) F Oi- II E A L N  , A - I c r  F -r i  - ,T~~nes

A ; ; ; . :  Doe ( c r  1- . F. Thc -’n-’ ,m
Commander AI’,N :  Dc • - . ‘- n .  IA r 1- . A .  J - ’x fr i e s
ABc/Dc 1313111’ . ‘ - : .  f er  ALice: S.

A TIN:  AL . Mr. Long
Sa n d i a  Lahc  r a l c r i - - s

C ommander A TI1 : ; c . - ‘ on .  I’ r - U -ar • i 1-~ h

ADCC-lI ;’.PD AT TN : Be - . ‘en .  I c r  -~ 
: . . j i 5 

•
• (  . - . 

- -

AT IN:  XPQDQ AAII. :  U, - : .  ‘ 1,. 1’- mm .3 ca ’ x ’ . m- , - l2~~
‘,13a5 . L a - - . C cF. . fcr  CALz’ - - n- ’ I ,  C ~~~, r :, 523.3

Al c I . : c - m m h y c i c c  I jI :  c c ’ - c ’ ,- . AFSC A . . . :  D c c ,  C -:,. C r  ‘m c m l ’ s  ~ il1iar.s
A l A N :  LKB , Kenneth S. W. -(‘h ar c i c : r .  A ,  3 D :  Dcc ,  c c .  C- mm ~~. D. Brecwr.
AT::;: - ,PF , d cxr .m- - Ulwick
A i c N :  OP , J c h n S . - , a r i n c ll ciFc- F .2 .’l~~~l~.
A T , N :  OPR , Alva T . Stair
ATTN: SUOL . ARCRL Research LOs . D arc ’- m c  : 1’ A-n ice r - ’

0 : 1 1  - , .3 Acle: ’crmem - xr : i cm rcns  A

Al W m r a ; c : ns I.a: c r a ’ 
~~

, AFS i’ .- , . .:  N_ - ru. F m, c’ -n
13 l lN:  DYT . ‘. ‘ , Don M i t c h ’ - : N :  a:j..,i ’e . F .  c . a.:
AN . 1: CA , A r t hu r  H. :1cc - rd n- r
AUDI : BIT , Car ’. Dav i d  4. . A - ‘ d c x : , , , : ,  - U m m ~- c , i  - a . .r ( - ‘ r I m ’ A b’.!c,
A ’111’ ~~~ Erc- .- l  rcru - .-c ntct . F- .-s’ arch a) - ra ’ ri
A L I N :  SAS , John ~.. F-arc: c-A l, :  I-i - . D e n s : :  ~ *:1 :cxc:
A U D I :  BIT , Ca( -t  L .  .111.1w- v

l Am - . A. I F  F r  ‘CF
AFTAC

ATTN: TN A’ r cx. - R- • ) , arr h.  I :  -
‘

A T I N :  IF , I-Ia .I W I L - • y cd 1.: ‘-1 , :‘ana,-
- . 0 :  1. ‘ i - c :

Commander
A- ca ::. 111 U : ’; raI L ::

133111: ASD-Y~ -i- ,S . Lt Col Robert - . -.‘- - r At ’  Al 0 :  5.  / .  9 c w I : : . c

;.~ HEAP/ RD .4’ mm cx  a -  (‘ c r 1 -  - c ’ (On
ATLI : hil lS 131 0 :  0 . c , A n : . - : ’:

A U D I :  Har r i s  ‘-“~y ’
Um mut an i -  r / AAI: .~ - c in , ’ F ,  - : ‘ , r -A .’. -. -

Rome A i r  0 : - v . - l cp m -  ot c - n t .  - . Ai~D - ,~N 1 :  --
A L D :  V.  “~~ cc - : C N :  I .  ay c- .r
A H I l :  i - l U L l ) , Doe. L ibrary  13 . 0 :  N .  Grove

- 
. - - I i :  V , .AIe1)~~,

- - I ’ l l  c e L l . :  c a d s  :1 ccx- - w -nny
ATTN : MIFF

A r i a ly - C I a .  S yc C ’  nc ; :,, n i rcg :‘c r I ,
Al - - :  f O c i : -  S c - i . - f l r . s

ATTN; -Tl. , F - - - I - cn, i- cm - - B nec
lb .,  Bc oing

- - - • in Chief  A~~~N: i F - n  N - 1 , ’ ”r
- : - - - Air  ‘ l c - n ~~-nn

- -  - - /~cm ,N , a c ,, , ~c, Br ian :.. St .  ( Lam l~r - w: c c c c , ’ : :,-  - r :r e  ( o r . fl .



DEPABTMF;ICL c - F  I1i’FENSFI CONTRACTORS (Con t inued  - L)i:iAF-:FtE1~i LF DFYENSE CONTRACTORS - ‘or ,t inu .

Calspan :l :-rm cra t i e-n i  1.1 .1 3 . 1  . l incoln Laboratory
ATTN : Romeo A. Deliberis AlT O : •;. V. Evans

ATTN : Lib. A-;, 2 for  Davi d hi. Tcwle
University of Denver
Colorado Seminary Martin Mariet ta  Aerc -s  ace
Denver Research Institute Orlando Division

ATTN: Sec. - Iff icer  for M r .  Van Zyi. AL ;.:  Roy 4. . Heffner
ATTN: Sec. Officer for David (‘(us-cray

McDonnell Douglas Corporation
F~~L , Inc .  A TTN :  Robert F . i;alpri :c

A T ’ N :  James Marshall
Mission Research Cm r: - r a t i :  r .

G- re ra1 E l”ct r i c -  Company AT TO : “.. Scheib--
d :-ac- •- Division ATTN: Cc nr ad L. Lcrc F 1-Ar -

ATTN : M. H. Bortner , Space Sci. Lab . AT T Ic : cc , Archer
AT TN :  Fob- ct H. Edsall AI’IN: F .  Fischer

ATUD: Dave Scwie
General  Electric’ Company ATTN: Ralph F l u b
i EI’~t-C entrr for Advanced Studies

A T T N :  Warren S. Knapp Ncrth Carolina Stat - Univ. at Raleigh
A TIN:  DASIAC A3’IN: Sec. O f f i c e - v  for Falter A .  Flc-ecd

5 cy ATTN : DASIAC , Art Feryok
Photometri m’s , Inc.

G ,neral Electric Company /cT’LN: Irving 13. Ko:’sey
•ATTN : George H. Mills-can

Physical Dynamics , Inc.
General Research Corporation AlTO : Josei h B. Fm ver ne

ATTN : John Ise , Jr. AT ; N : A. Thompson
ATTN : John Boys
ATTN: Peter Redmond Physical Sciences. Inc.

AlTO : Fl irt Wray
G’cc-phyllcal Inst i tute

ATTN: I. N. Davis The Tr - i e t ’ - -m s of Prince-ten Univ.
ATTN: Neal Brown ATTN: F. 3 . Persins , Plasma Physics Ta)- ,

ATTN: Technical Library
R •lc- D Associates

Honeywell Incorporated AI TN:  F-i. A. Ory
ATTN: W. Williamson A lT O :  Fcrrest ci:.:.:

ATTN: R. F.
HSS , Inc. AlTO: Robert N. Lelevier

ATTN: Donald Hansen ATTN: Richard Lattei

Information Science , Inc. R Ic- D Associates
ATTN: Walter F. Dudziak AlTO : Herbert J. Mitchell

I n st i t c c t c c  for Defense Analyses The’ Rand Corporation
ATTN: Ernest Bauer ATTN : James Oakley
ATTN : Hans Wolfhar d ATTN Cuflen Cram
ATTN : Joel Bercgstccn

• Raytheon Ar-.pany
IRT Corpora t ion  ATTN: 0 . B. Thome

ATTN : Fl .  de Plomb
Rivers ide  in .’search In s t i L - ct ,

J:-hn s Hopk ins Univers i ty  ATTN : B. Popolow
ATTN: Document L ibra r ian

Sci”rc- - ’- Applic ’ations . Inc.
Kaman Sciences Corporation ATTN : l, ” W i c .  M . Linson

ATTN : B. J. Bittner ATTN : I: . Sachs
ATTN: F. 0. Foxwell ATTN: Daniel A. Haan.lin

Lockheed Missiles and Sp a - . c ompany Scim’nc-” Applications , Inc.
ATTN: Bill y M. I’ m a - ’, Dept. 52-51c ATTN Dale H. Divis
A c  0 : Tom James
ATTN: John Kuism~r ll c c ’ ,’ Data c ’~arpc — r a t i c  n
A ’ l T N :  John I’ . Ciadi:; , D m 1 1 , 52-12 ATTN : Edward F. A l i en
ATTN : Rnb ’ r t  H.  Au
ATTN: Mar ’lrc Walt,  Bert  5 1 3 _ i c c
ATTN: R ichard H .  . ) , - hncc-n , IF’1.t , 52-12
ATTN : Rc- t c ’- r t  B. Se-~~r: c , l c . - 1 t - 5, 1_ l i ,
ATTN: J. B. Reag an , 1)/F - i ?  

163



_ _- TT’T -‘-‘

~~~~~

,-,,. - —,--

DEPART(’~~NT OF D~~ ENSE CONTRACTORS (Con t inued )  DEPARTMENT (CF DEF ENSE CGNTRACTC-F.S ~ C e :ct incc’ i~

Stanford Research In st i tu te  Thiokol Chemical Corp. Ast ro .  M e t .  S i t e

ATTN: Walter G. d~:a-dr:ct ATTN : G .  C .  Alford
AlT O : Robert S. Leonard
ATTN: J. G. Depp Utah State University
ATTN : E. J .  Fremouw ATTN: Doran Baker

.4110: Ray L Leadabrand ATTN: C. Wyatt

AIlS: M . Baron ATTN: Kay Baker

ATTN: L .  L. Cobb ATIFN : D . Burt
I
’ 100 cy ATTN : Library

ATTN : Paul 0. Perreault Visidyne , Inc.
ATTN : Richard B. Vondrak ATTN : Wil l iam Reidy

AlT O :  Theodore M. Watt ATTN: T. C. Degges
ATTN : J. W. Carpenter

Stanford Research Institute
ATTN: Warren W. Berning

Technology International  Corporation
ATTN: W . P. Boquist

I

164 

~~~~~~~~~~~~~~~ . ---_ - ---- ~~ 


