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Viewed from the air (so lltheast to northwest) the Founders Building 
is located in the north sector of th e Center's cam pus. Perimeter drives 
and parking facilities begin to show the projected o utlin e of the main 
area, which will extend southward, to the left, as additional buildings 
are completed. (Conger Studio photograph) 

DEDICATION OF FOUNDERS BUILDING. The Founders 
Building, recently named in recognition of those with in the 
Dallas community who gave their energies and support to 
its funding program, will be dedicated Thursday, October 29 . 

The Honorable John Connally, Governor of T ex as, will 
give the dedicatory address at the ] ,266 acre campus site, 
speaking on the need to strengthen graduate education in 
the Southwest and the key role of the Center in this effort. 

President Lyndon B. J ohnson will address the audience by 
telephone, fonnally opening the building. 

The Center's Board of Directors and Advisory Council 
will hold its regular meeting at the first building, prior to 
the ceremonies. Other Iguests will be donors ,and volunteer 
leaders of the Dallas Founding Fund; governors of South
western states and public officials of the community; rep
resentatives of regional universities and industries; heads of 
government research agencies; representatives of scientific 
and educational societies, and national science editors. 
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is located ill the north sector of the Center's campu.\'. Perimeter drives 
nd parkillg facilities begill to show the projected outline of the main 

area, which will extelld southward, to the left , as additiolla l buildings 
are completed . (Conger Studio photograph) 

DEDICAnON OF FOUNDERS BUILDING. The Founders 
Building, recently named in recognition of those within the 
Dallas community who gave their energies and support to 
its funding program, wiil be dedicated Thursday, October 29. 

The Honorable John Connally, Governor of Texas, will 
give the dedicatory address at the 1 ,266 acre campus site, 
speaking on the need to strengthen graduate education in 
the Southwest and the key role of the Center in this effort. 

President Lyndon B. Johnson will address the audience by 
telephone, fomlally opening the building. 

The Center's Board of Directors and Advisory Council 
will hold its regular meeting at the first building, prior to 
the ceremonies. Other guests will be donors and volunteer 
leaders of the Dallas Fou nding Fund; governors of South
western states and public officials of the community ; rep
resentatives of regional universities and industries ; heads of 
government research agencies; representatives of scientific 
and educational societies, and national science editors. 
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Ceremonies will he held at the South Entrance of the 
Founders Building. Mr. Erik Jonsson, Mayor of Dallas and 
Chairman of the Board, Graduate Research Center of the 
Southwest, will be master of ceremonies. Dr. Lloyd Berkner, 
Center President, will review the purpose and mission of 
the Graduate Research Center of the Southwest, and outl ine 
its predicted effects on the intellectual and economic life of 
the Southwestern region. 

Following the ceremonies, the Founders Building will be 
open to public visits. Faculty and staff will be present within 
their laboratories for the series of guided tours. 

NEW YORK CITY LUNCHEON OCTOBER 22. Leading 
educators, scientists, and businessmen in New York City 
will hear the story of the Graduate Research Center of the 
Southwest at a luncheon the re Thursday, October 22. Speak
ers will be Mr. Jonsson, as Chai rman of the Board, GRCSW; 
Dr. Detlev Bronk, President, The Rockefeller Institute, and 
member of the Center's Board; and Dr. Lloyd Berkner, 
Center President. Mr. James F. Oates, Jr. , Chairman of the 
Board, Equitable Life Assurance Society of the United States, 
is host for the luncheon, which will be held at the Plaza Hotel. 
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CENT ER EXPERIMENT ASSIGNED T O ISIS-A. Assoc. 
Prof. Walter J . Heikki la, Space Sciences Division, Laboratory 
of Earth and Planetary Sciences, was notified ill late August 
that the Center's soft particle spectromete r expe,riment had 
been selected for fligh t aboa rd the International Satellite for 
Ionospheric Studies (ISIS-A) . Professor Heikkila was named 
Principal Investigator for the Center in the notification . 

Resea r ch Foundat ion Elect r onics Labora tor y of Oklahoma 
S~te University, Stillwater, has provided a clamshell-form, 
separable nose cone to house two experiments during rocket 
fl ights scheduled in Decembe r. T he nose cone will protect 
Neutral Mass Spectrometer and Light Ion Mass Spectrometer 
units devised by Principal Investigators P rof. William B. 
H anson and Research Scientist Thomas W. Flowerday. The 
instruments will be carr ied to al titudes of 140 miles by 
NIKE-Apache launch from Wallops Island, Virginia. The 
clamshell nose cone wi ll be blown off to expose the instru
ments for data-gathering. Contract with the Oklahoma State 
laboratory, including electronics circuit ry and the nose cone 
structure, was for $8,784. The sub-contract was let under 
a principal grant of the National Aeronautics and Space 
Administration. 

Pioneer Design Verification Unit was approved for magnetic 
"cleanliness" du ring August after stringent tests at the NASA
Ames Magnetic Facility, Moffett Field, Cal ifornia. The Cos
mic Ray Anisotropy Detecto r had previously passed other 
tests, qualifying to 150 per cent of expected night environ
ment, and was the first design verification unit to be completed 
for the NASA-Ames agency within the Pioneer Satellite pro
gram. Next step prior to fl igh t exped ments, scheduled for 
early 1965, will be integration of the Center's instrument into 
Pioneer spacecraft electronics systems. Prof. Kenneth G. 
McCracke n, Research Associate U. Ramachand ra Rao, and 
E lect ronics Scientist Will iam C. Bartley are Principal In
vestigators for the Center's portion of the project, with 
Electronics Engineer Clyde L. Mel ton providing technical 
administration. 

OCEANOGR APHIC STUDIES ON FALL SCHEDULE. 
New records obtained from seismic ex plosions in Lake 
Superior are being processed, following a July-August fi eld 
program by two Geosciences Division grou ps. T he field work 
al so included tests of hydrophone flotation equipment, to be 
used during the late fall in the Caribbean Sea. Both refraction 
and reflection data were sought in the seismic experiments, 
extending studies begun in the summer of 1963. 
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fll stallation 0/ tl1e C('nter' .~ IBM 140 1 System \Vas completed in 
A ugllst. Bob Capers has joined the Data Processil/g Divisiol/ as Opera
tions Manager. 

Caribbean Sea experiments a re planned from 
the Texas A & M University oceanographic ve: 
from the ocean basin will be compared to land ot 
in several disciplines. T he floating hydrophones wi 
instead of a second vessel as explosives are fired 
research ship. Prof. Anton L. Hales, Head, G 
Division; Assoc. Prof. Charles E. Helsley, and Res 
sociate Kenneth W . T. G raham will conduct the eXI 
which will center on obtaining refraction data. 

H eat -flow experiments will be made a t the ocea 
by Asst. Prof. John S. Reitzel, who completed inil 
ment tests and obtained data in deep sediments of 
stable waters during J uly and August. The summ 
mental site was Lake Powell, British Columbia. 

P roton-precession magnetometer measurements of 
magnetic field will be made at sea by Assoc. Pro 
Gough, who will also make gravity acceleration mea:; 
Professor Gough retu rned in early September fro: 
horse, Yukon Territory, where he recorded pendulu 
data on the American Cal ibration L ine. 

DATA P ROCESSING CENTER ACTIVATED. II 
of the Center's IBM 140 1 Computer System was , 
in August, at the Crow-Hunt Building, 1500 Dar 
Parkway. The Data Processing Division, Laboratory 
puter Sciences, now has a staff of nine. Charles , 
Executive Officer of the Laboratory, is acting he~ 
Division. T he 140 1 System is used primarily for da 
tion and as a remote input-output station for larger c 
at nearby university and industri al locations. Interirr 
continue until the Center acquires a large-scale, h 
computer. 

Establishment of a region al documentation and inf 
retrieval system, to make library resources of the a 
able to universities and industries, is reported feas 
Task Force Study headed by Prof. Carl F. Kossack 
of the L aboratory. Technological aids within th 
would include computer and television sub-systems 
with the task force were Mr. Prentiss Selby of Tex. 
ments Incorporated and Mr. George Zimmerman, 
ment: consultant. 

A sebond research program w i thin the Mathenu 
Stochastic Systems Division, which is headed by Pro
B . Owen, envisages a Southwest regional sampling ru 
center. Assoc. Prof. J. N . K. Rao, who joined the 
September, will direct the program's development. 
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from the ocean basin will be compared to land observations 
in several disciplines. The floating hydrophones will be used 
instead of a second vessel as explosives are fired from the 
research ship. Prof. Anton L. Hales, Head, Geosciences 
Division; Assoc. Prof. Charles E. Helsley, and Research As
sociate Kenneth W. T. Graham will conduct the experiments, 
which will center on obtaining refraction data. 

Heat-flow experiments will be made at the ocean stations 
by Asst. Prof. John S. Reitzel, who completed initial equip
ment tests and obtained data in deep sediments of thermally
stable waters during July and August. The summer experi
mental site was Lake Powell, British Columbia. 

Proton-precession magnetometer measurements of the total 
magnetic field will be made at sea by Assoc. Prof. D. Ian 
Gough, who will also make gravity acceleration measurements. 
Professor Gough returned in early September from White
horse, Yukon Territory, where he recorded pendulum gravity 
data on the American Calibration Line. 

DA T A PROCESSING CENTER ACTIVATED. Installation 
of the Center's IBM 1401 Computer System was completed 
in August, at the Crow-Hunt Building, 1500 Dallas North 
Parkway. The Data Processing Division, Laboratory of Com
puter Sciences, now has a staff of nine. Charles W. Craig, 
Executive Officer of the Laboratory, is acting head of the 
Division. The 1401 System is used primarily for data reduc
tion and as a remote input-output station for larger computers 
at nearby university and industrial locations. Interim use will 
continue until the Center acquires a large-scale, high-speed 
computer. 

Establishment of a regional documentation and information 
retrieval system, to make library resources of the area avail
able to universities and industries, is reported feasible in a 
Task Force Study headed by Prof. Carl F. Kossack, Director 
of the Laboratory. Technological aids within the system 
would include computer and television sub-systems. Serving 
with the task force were Mr. Prentiss Selby of Texas Instru
ments Incorporated and Mr. George Zimmerman, manage
ment consultant. 

A second research program within the Mathematics and 
Stochastic Systems Division, which is headed by Prof. Donald 
B. Owen, envisages a Southwest regional sampling and survey 
center. Assoc. Prof. J. N. K. Rao, who joined the faculty in 
September, will direct the program's development. 
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FACULTY, STAFF ADDITIONS. On-board count of faculty 
and staff at the Center reached 184 persons as of June 30, 
1964. Arrivals and acceptances during the Summer quarter 
increased that total to more than 200. The following tabula
tion is in addition to the listing for the Laboratory of Mo
lecular Sciences, published on page 2. Others who recently 
began their work or accepted appointments. with their origins, 
are as follows: 

Visiting Prof. Yuval Ne'eman, Mathematics and Mathematical 
Physics Division (University of Tel-Aviv; Scientific Director, Israeli 
Atomic Energy Commission, Rehovoth). 

Visiting Scientist Sidney R. Penstone, Space Sciences Division 
(Department of Electrical Engineering, Queen's University, Kingston, 
Ontario). 

James Braham, Campus Facilities (Thomas E. Stanley, Architects
Engineers. Dallas and Phoenix. Arizona). 

Electronics Technician Herbert Haas, Geosciences Division (Rem
ington-Rand Univac. Bie!. Switzerland). 

Davi~ C. Pfeiffer, Director, Campus Facilities (Professor Emeritus, 
Mechanical Engineering, Southern Methodist University). 

Richard T. Lipscomb. Associate Director. Development (Texas 
I nstruments Incorporated). 

Ass!. Prof. Carl B. Collins, Jr., Space Sciences Division (Depart
ment of Physics. The University of Texas). 

Senior Electronics Technician Joseph A. Holdreith, Space Sciences 
Division (General Dynamics, Abilene, Texas). 

Assoc. Instrumentation Engineer Charles Lippincott, Space Sciences 
Division (The University of Texas). 

Research Engineer Karl R. Tipple, Space Sciences Division (South
ern Methodist University). 

Research Associate Worth Barnett Hurt, Space Sciences Division 
(The University of Texas). 

Electronics Engineer Jack Younse, Space Sciences Division (Central 
Physics Research Laboratory, Texas Instruments Incorporated). 

Research Associate John J. Dowling, Geosciences Division (St. 
Louis University). 

Assoc. Prof. J. N. K. Rao, Mathematics and Stochastic Systems 
Division (Iowa State University). 

Bob Capers, Operations Manager, Data Processing Division (Lone 
Star Gas Company, Dallas). 

Annette W. Flowers, Program Librarian, Data Processing Division 
(San Antonio Junior College). 
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NOTABLE VISITORS. Visiting lecturers and 
directors came to the Graduate Research Cent, 
west frequently during the Summer for discussi 
and administrative staff. The following visits 
from July through mid-September: 

Dr. Pamela Abel, Institute for Genetics, Cologn 

Dr. Christopher Jungwirth, Albert Einstein Coli 
New York, N. Y. 

Dr. William Calvert and Mr. Jan Hugill, Centra: 
tion Laboratory, National Bureau of Standards, Boul 

Dr. David Finkelstein, Yeshiva University, New 

Prof. Sergio Casseggieri, University of Rome, It 

Prof. Stanley Shannon, Wadley Research Center, 

Prof. Christian Fronsdal, Department of Physic 
California, Los Angeles. 

Prof. David W. Joseph, Argonne National Labora 

Prof. Adriano M. Garsia, Sloan Laboratory, Ca 
of Technology, Pasadena, California. 

Prof. Avner Friedman, Department of Mathemat 
sity of Texas, Austin. 

Prof. Alfred E. Schild, Department of Mathemati 
sity of Texas, Austin. 

Prof. Engelbert Schucking, Department of Mathen 
versity of Texas, Austin. 

Prof. Roger Penrose, The University of Texas, A 
Bonnie, Ontario, Canada. 

Mr. Joseph Rosen, University of Tel-Aviv, Israel 
Prof. E. L. Lorentz, Department of Meteorology 

Institute of Technology, Cambridge, Massachusetts. 

Mr. Marshall Field, Central Radio Propagation I 
tional Bureau of Standards, Boulder, Colorado. 

Dr. Wilhelm Becker, Max Planck Institute, Munich, 
Capt. Royal D. Berg, Office of Naval Research, W. 

Prof. Yuan S. Chow, Purdue University, Lafayette 
Dr. H. J. A. Chivers, National Bureau of Stan 

Colorado. 

Mr. Herbert Cross, NASA, Ames Research Center 
California. 

Prof. K. R. Ramanathan, Director, Physical Resea 
Ahmedabad, India. 

Prof. David B. Beard, Chairman. Physics Departn 
4f Kansas. Lawrence, Kansas. 

I Mr. Warren J. Winstead. Director. University Di 
Florida Education Center, Inc., Fort Lauderdale, FIe 

Mr. James Farquhar, President. Board of Trustee 
versity of Advanced Technology. Fort Lauderdale, ] 

Mr. Jame~ Hartley. Architect, Fort Lauderdale, I 
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west frequently during the Summer for discussions with faculty 
and administrative staff. The following visits were recorded 
from July through mid-September: 

Dr. Pamela Abel, Institute for Genetics, Cologne, Germany. 
Dr. Christopher Jungwirth, Albert Einstein College of Medicine, 

New York, N. Y. 

Dr. William Calvert and Mr. Jan Hugill, Central Radio Propaga
tion Laboratory, National Bureau of Standards, Boulder, Colorado. 

Dr. David Finkelstein, Yeshiva University, New York, N. Y. 
Prof. Sergio Casseggieri, University of Rome, Italy. 
Prof. Stanley Shannon, Wadley Research Center, Dallas. 
Prof. Christian Fronsdal, Department of Physics, University of 

California, Los Angeles. 

Prof. David W. Joseph, Argonne National Laboratories, Chicago. 
Prof. Adriano M. Garsia, Sloan Laboratory, California Institute 

of Technology, Pasadena, California. 

Prof. Avner Friedman, Department of Mathematics, The Univer
sity of Texas, Austin. 

Prof. Alfred E. Schild, Department of Mathematics, The Univer
sity of Texas, Austin. 

Prof. Engelbert Schucking, Department of Mathematics, The Uni
versity of Texas, Austin. 

Prof. Roger Penrose, The University of Texas, Austin, and Blink 
Bonnie, Ontario, Canada. 

Mr. Joseph Rosen, University of Tel-Aviv, Israel. 

Prof. E. L. Lorentz, Department of Meteorology, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 

Mr. Marshall Field, Central Radio Propagation Laboratory, Na
tional Bureau of Standards, Boulder, Colorado. 

Dr. Wilhelm Becker, Max Planck Institute, Munich, West Germany. 
Capt. Royal D. Berg, Office of Naval Research, Washington, D. C. 
Prof. Yuan S. Chow, Purdue University, Lafayette, Indiana. 
Dr. H. J. A. Chivers, National Bureau of Standards, Boulder, 

Colorado. 

Mr. Herbert Cross, NASA, Ames Research Center, Moffett Field, 
California. 

Prof. K. R. Ramanathan, Director, Physical Research Laboratory, 
Ahmedabad, India. 

Prof. David B. Beard, Chairman, Physics Department, University 
of Kansas, Lawrence, Kansas. 

Mr. Warren J. Winstead, Director, University Division of Sputh 
Florida Education Center, Inc., Fort Lauderdale, Florida. 

Mr. James Farqu har, President, Board of Trustees, NOVA Uni
versity of Advanced Technology, Fort Lauderdale, Florida. 

Mr. Jame~ Hartley, Architect, Fort Lauderdale, Florida. 
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NOTABLE VISITS. Prof. William B. Hanson, Space Sciences 
Division, was a Visiting Lecturer at three summer institutes 
held by Indian universities during July and August. Professor 
Hanson presented a six-week series of lectures on physics of 
the ionosphere and exosphere at the University of Calcutta's 
Institute of Radiophysics and Electronics; he also gave one
week series of lectures at the University of Poona, Ganesh
kind, Poona, and at the University of Delhi. His lecturing 
appointment was requested by Dr. Alexander Severino of 
Ohio State University, acting for the State Department Agency 
for International Development and the University Grants 
Commission of India. 

Prof. Gilbert N. Plass presented his paper, ((A New Look 
at the Absorption Problem along Atmospheric Slant Paths," 
at the August meetings of the Radiation Commission, Inter
national Union of Geodsey and Geophysics, in Leningrad, 
USSR. Professor Plass also attended the International Sym
posium on Combustion at Cambridge University during late· 
August. 

Vice President James S. Triolo served as development 
consultant to the University of the Andes at Bogota, Colom
bia, August 3-16. The invitation to assist the university was 
from the Ford Foundation, following a request made by Pres
ident Ramon de Zubiria of the University of the Andes. 
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REPORTPlasma Oscillations in The Ionosphere 
By Dr. Jules A. Fejer 
Professor, Atmospheric and Space Sciences 

The first observation of periodic fluctuations in an ionized 
gas (a plasma) was made in 1923 by Appleton and Webb. 
They found that the current through a d-c glow discharge 
had, superimposed on it, a small a-c component. The same 
fluctuations could also be picked up ·by metal foil sheets 
stuck externally on the walls of the discharge tube, acting 
as the condenser in a resonant circuit. 0 The first simple 
explanation of these plasma oscillations was given by Tonks 
and Langmuir in 1929. If the electrons in a localized region 
of a uniform plasma are temporarily displaced from their 
normal position by external forces, then after the removal 
of the external forces the Coulomb attractions due to the 
displaced charges themselves will try to move the electrons 
back. In moving back the kinetic energy of the electrons 
increases, and as a result, they overshoot their normal posi
tions. Electron oscillations then result in much the same 
manner as when a pendulum is displaced from its equilibrium 
position. 0 Tonks and Langmuir have shown that the fre
quency of these oscillations depends only on the electron 
concentration and is proportional to its square root. This 
frequency of self-oscillation of the electrons in a uniform 
plasma is called the plasma frequency. 

The simple theory of Tonks and Langmuir marked the begin
ning of modem plasma physics. The theory is over-simplified, 
however, since it assumes that the electrons. were stationary 
before the perturbation. A more refined mathematical analysis 
is due to Landau, who in 1945 took thermal motion into 
account and showed that the oscillations are really wave 
motions. The motion (or spreading) of a wave packet is, 
however, extremely slow and can be neglected in the first 
approximation provided that the wave length is much greater 
than a certain critical length; this length has been named 
after Debye who originally introduced it into the theory of 
electrolytes. This so-called Debye length is in fact the distance 
traveled by an electron during one single plasma oscillation 
cycle, moving with the mean thermal velocity. The original 
picture of plasma oscillations due to Tonks and Langmuir 
thus remains essentially correct provided that the distance 
traveled during a single cycle, by an electron moving with 
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A sweep-frequency ionogram taken by the Alouette top-side sounder 

satellite is shown in the top recording (below). The downward, vertical 
co-ordinate is the time taken by an electromagnetic wave to travel twice 
the virtual depth indicated. A solid black trace indicates the presence of 
a signal. The frequencies of the resonance-spikes are labelled on the 
tracing below the ionogram. (Courtesy of CRPL Boulder Laboratories, 
National Bureau of Standards.) 
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the mean thermal velocity, is small compared to the Sl 
scale of the oscillations. 

Landau has further shown that the waves are severely dar 
unless their wave length is substantially greater than 
Debye length. The onset of damping is very sudden 
severe as the wave length is decreased. Before the ( 
of this severe damping the waves are practically loss 
although a wave packet may spread as a result of dispen 
after the onset of damping oscillations or waves can not 0 

in practice because the ordered energy is converted 
rapidly into thermal motion. 

Interest in plasma physics has increased considerabl~ 

recent years because of the hopes of containing and he, 
a fully ionized plasma of a hydrogen isotope (of which t 
are practically unlimited supplies in sea water) to a 
perature where a controlled thermonuclear fusion reae 
could pi:oride man with useful ~ergy. Although effort 
this direction have not yet achieved their aim. our theore 
understanding of plasmas has increased a great deal. 
fortunately the experimental testing of these theories in 
laboratory is often difficult. Paradoxically the observ~ 

of plasmas in space is often much easier because a relati 

~ "'_",o"c,".W"<> ______..00. ___'~ 



PORT o 
sweep-frequency ionogram taken by the Alouette top-side sounder 

is shown in the top recording (below). The downward, vertical 
'nate is the time taken by an electromagnetic wave to travel twice 
tual depth indicated. A solid black trace indicates the presence 01 
t. The frequencies 0/ the resonance-spikes are labelled on the 
below the ionogram. (Courtesy of CRPL Boulder Laboratories, 

al Bureau of Standards.) 

PLASMA RESONANCES 

2&.I.4IL 

0.5 1.5 1.5 8.5 9.5 

0.5 1.5 2.0 2.5 15 4.5 5.5 8.5 1.0 1.5 8.5 9.5 

FREQuENCY (MC/S) 

E 
-'" ....... 
:r 
l 
ll.. 
LLI 
0 

..J 
~ 
::> 
& 
:;: 

o :fflN'"i' i ,.! .f ',i I 1 •• ; iL£",'n."-' E 

500 

to 100 200 300 
I I I I 

KILOMETERS 

I 
106"' 

the mean thermal velocity. is small compared to the spatial 
scale of the oscillations. 

Landau has furtl)er shown that the waves are severely damped 
unless their wave length is substantially greater than the 
Debye length. The onset of damping is very sudden and 
severe as the wave length is decreased. Before the onset 
of this severe damping the waves are practically loss-free 
although a wave packet may spread as a result of dispersion; 
after the onset of damping oscillations or waves can not occur 
in practice because the ordered energy is converted very 
rapidly into thermal motion. 

Interest in plasma physics has increased considerably in 
recent years because of the hopes of containing and heating 
a fully ionized plasma of a hydrogen isotope (of which there 
are practically unlimited supplies in sea water) to a tem
perature where a controlled thermonuclear fusion reaction 
could provide man with useful energy. Although efforts in 
this direction have not yet achieved their aim. our theoretical 
understanding of plasmas has increased a great deal. Un
fortunately the experimental testing of these theories in the 
laboratory is often difficult. Paradoxically the observation 
of plasmas in space is often much easier because a relatively 
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Record taken by the S-48 fixed-frequency top-side sounder satellite. 
The broad dark region along the top is the 2"'H resonance. The modulation 
by the satellite spin or roll at the rate of three revolutions (six modulation 
cycles) per minute is clearly visible. (Courtesy of CRPL, Boulder Labora
tories, National Bureau 0/ Standards.) 

uniform highly ionized plasma, extending over enormous 
distances, is present there at all times. It is even difficult to 
produce a highly ionized uniform plasma in the laboratory. 
For this reason experiments in space, quite apart from the 
information they supply about the ionospheric or interplane
tary plasma. can be useful ,to test the theories of plasma 
physics. 0 A good example is the ionosonde, which probes 
the ionized regions of the upper atmosphere by receiving 
echoes of short bursts of radio wave transmissions from the 
ground. Ionosondes measure the ionospheric electron concen
tration and thus make possible predictions of optimum oper
ating frequencies for long distance communications; they also 
provide a useful and convincing check on the theories of 
radio wave propagation in a plasma. 0 Another example is 
the observation of very weak ionospheric scatter echoes with 
a very powerful ionosonde operating on frequencies well above 
the highest values of the plasma frequency occurring in the 
ionosphere. The ionosphere is thus transparent to these waves 
apart from a weak scatter signal which is similar to the blue 
scattered sunlight from the sky. From observations of the 
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frequency spectrum of these weak scattered radio waves in
formation is obtained not only about the electron concentra
tion but also about the temperature of the ions and of the 
electrons in the ionosphere; in principle information about the 
ionic composition can also be obtained. In addition observa
tions of this weak scatter, by the Lincoln Laboratory in Massa
chusetts and by the National Bureau of Standards in Peru in 
particular, have also confirmed the latest fluctuation theories 
of plasma physics in remarkable quantitative detail. The ob
servations, in their turn, had a very stimulating effect on the 
development of the theory of random fluctuations in plasmas. 

Plasma experiments performed in rockets and satellites are 
another very active and fruitful area of investigation in which 
plasma and space physicists are equally interested. One such 
experiment is a sweep frequency ionosonde aboard the 
A louette which can investigate the "top-side" ionosphere above 
the height of maximum electron concentration; the standard 
ionosondes on the ground can investigate only the bottom-side. 
(The powerful high frequency scatter sounders mentioned 
previously are in a special category since they can investigate 
both the top- and the bottom-side; they can not, however, be 
used widely on account of the costly transmitters and anten
nas required.) 

In addition to the expected echo traces, topside sweep
frequency ionograms (ionosonde records) show the reception 
by the receiver of slowly decaying oscillations; these follow 
the transmitter pulse on certain frequencies only and appear 
on the record as resonance-spikes. Calvert and Goe suggest 
that these oscillations are essentially similar to the electro
static plasma oscillations observed in the laboratory and 
theoretically explained by Tonks and Langmuir and by 
Landau. 

The magnetic field of the earth modifies the nature of these 
electrostatic oscillations. In the absence of a magnetic field 
the motion of a wave packet remains very slow (the condition 
for resonance) provided that the wave length is much greater 
than the Debye length; this happens if the frequency of the 
oscillations is very near the plasma frequency. In the presence 
of the earth's magnetic field a second theoretical condition 
must be satisfied: the oscillations of the electric field in the 
wave packet must take place in a direction that is either 
nearly parallel or nearly perpendicular to the field. For nearly 
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frequency spectrum of these weak scattered radio waves in
formation is obtained not only about the electron concentra
tion but also about the temperature of the ions and of the 
electrons in the ionosphere; in principle information about the 
ionic composition can also be obtained. In addition observa
tions of th is weak scatter, by the Lincoln Laboratory in Massa
chusetts and by the National Bureau of Standards in Pem in 
particular, have also confirmed the latest fluctuation theories 
of plasma physics in remarkable quantitative detail. The ob
servations, in their tum, had a ve ry stimulating effect on the 
development of the theory of random fluctuations in plasmas. 

Plasma experiments performed in rockets and satellites are 
another very active and fruitful area of investigation in which 
plasma and space physicists are equally interested. One such 
experiment is a sweep frequency ionosonde aboard the 
A [ouetfe which can investigate the "top-side" ionosphere above 
the height of maximum electron concentration; the standard 
ionosondes on tile ground can investigate only the bottom-side. 
(The powerful high frequency scatter sounders mentioned 
previously are in a special category since they can investigate 
both the top- and the bottom-side ; they can not, however, be 
used widely on account of the costly transmitters and anten
nas required.) 

~n addition to the expected echo traces, topside sweep
freq uency ionograms (ionosonde records) show the reception 
by the receiver of slowly decaying oscillations; these follow 
the transmitter pulse on certain freq uencies only and appear 
on the record as resonance-spikes. Calvert and Goe suggest 
that these oscillations are essentially similar to the electro
static plasma oscillations observed in the laboratory and 
theoretically explained by Tonks and Langmuir and by 
Landau. 

The magnetic field of the earth modifies the nature of these 
electrostatic oscillations. In the absence of a magnetic field 
the motion of a wave packet remains very slow (the condition 
for resonance) provided that the wave length is much greater 
than the Debye length; this happens if the frequency of the 
osciJliacions is very near the plasma frequency. In the presence 
of the earth's magnetic field a second theoretical condition 
must be satisfied : the osciIlations of the electric field in the 
wave packet ml!lst take pl'ace in a direction that is either 
nearly parallel or nearly perpendicular to the field. For nearly 
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