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LABORATORY OPERATIONS

The Laboratory Operations of The Aexospace Corporation is conducting
experimentzl and theoretical investigations neccssary for the evaluation and
application of scientific advances to new military concepts and systeras. Ver-
satility and flexibility have bzen developed to = high degree by the laboratory
personnel in dealing with the many problems encountered in the nation's rapidly
developing space and missile systems, Expertise in the latest scientific devel~
opments is vital to the accomplishinant of tasks related to these probleins. The
laboratories that contribute to this research arve:

Aerodynamics and Propulsion Research Laboratory: Launch and reentry
aerodynamics, heat transfer, reentry physics, propulaion, high-temperature
chemistry and chemical kinetics, structural mechanics, flight dynamics, atmo-
spheric pollution, and high-power gar lasers.

Electronics Researca Laboratory: Generation, transmission, detection,
and processing of electromagnetic radiation in the terrestrial and space envi-
ronments, with emphasis on the millimeter-wave, infrared, and visible portiots
of the spectrum; design and fabrication of antennas, complex optical systems,
and photolithographic solid-state devices; test and devclopment of practical
superconducting detectors and laser devices and technology, including kigh-
power lasers, atmospheric pollution, and biomedical problems.

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of zarbon; test a: * evaluution of graphite
and ceramics in reentry; spacecraft materials and co.~.ponerts in radiation
and high-vacuum environments; application of fracture nmechanica to stress
corrosion and fatigue-induced fractures in structura! metals; effect of nature
of material surfaces on lubrication, photoscnsiti»ation, and catalytic reactions;
and development of prothesis davices,

Plasina Research Laboratory: Reentry physics and nuclear weapons
effects; the interaction of antennas with reentry plasma sheaths; experimenta-
tion with thermonucicar glasmas; the generation and propagation of plasma
waves in the magnetosphere; chemicsl reactions of vibrationally excited
species in rocket plumes; and high-precision laser r nging.

Spaze Physics Laboratory: Acronomy; density and composition of the
atniosphere at all altitudes; atmoaphzric reactions and Itmospheric optics;
poilution of the environment; the sun, carth's resources: meteorological mea-
surements; radiation belts and cosmic rays; and the effects of nuclear explo-
siops, magnetic storms, and solar radiatioa on the atmosphere.
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T The development of plasma pincl. and other ‘lash x-ray devices has

L 4 created the need for a system capable of measuring the spectra of 50-nnec
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FOREWORD

This report is published by The Aerospace Corporation, El Segundo,
Californiz, under Air Force Contract No, F04701-7{-C-0172,

This report, which documents research carried out from uly 1967
through January 1970, was submitted for review and approval on 23 June 1974

to Lt Edward M. Williams, Jr., SYAE,

L, oy

R. X. Meyer, Diréctor
Plasma Research Laboratory

Publication of this report does not constitute Air Force approvai of

the report’s findings or conclusions, It is published only for the exchange

and stimulation of ideas,

Edward M. Williams, Jr/, lst Lt, USAF
Project Officer
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I. INTRODUCTION

Several problems are present in the measurement of x-ray spectra
from flash x-ray machines and plasma pinches. The short pulse lergth,
34
3; typically 50 nsec, precludes the use of any system that requires pulse

height analysis of individual photons. Furthermore, some plasma pinch

devices exhibit large random variations in intensity, spatial distributions,

and spectral shape from shot to shot.i An effective system should be capable

of measuring the entire spectrum from one shot while sarnpling the radiation

from | sq deg with a source strength of the order of 1J over 4w sr.
The Ross filter or balanced filter method of analyzing an x~-ray

spectrum is well suited for measuring the radiation from these plasma

pinch devices. Experience has shown that the x-ray intensity from these

plasma pinch devices is sufficient to produce useful readings on commercial

x-ray film or silicon diode detectors at distances ranging from 0.5 to 5 m

fron: the x-ray soucce. When film is used as the detector, each Roses

filter pair yields the information for the time integral of the radiation in

- A TR B
e s TR S P TREE BE YA PR ST
ety e T N !

a discrete energy interval. At this laboratory, a group of seven Ross

filter pairs was mounted on a film cassette to obtain spectra of x-rays

emitted by a plasma focus discharge.

. g3 ;scnmvﬂ"";-‘{”“".",-‘

The use of silicon diode detectors in conjunction with Ross filtexrs

ey

to provide the information for a time-resolved spectrum has now been

. demonstrated.

The spectrum of the x radiation under investigation was
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strongly peaked at about 10 keV, and Ross filter data were obtained in the

interval from 5.46 to 29,2 keV. The energy interval can be extended to

115 keV through the use of Ross filters fabricated from readily available
materials.
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II. ROSS FILTER

The Ross filter3’4’ 5 or balanced filter consists of two foils made

from elements that are adjacent or nearly adjacent in the periodic system.
Adjustment of the thicknesses of these tww "dils controls the amount of

radiation transmitted through each one., This amount of transmitted radiation

can he made nearly the same for all x-ray energies except in the energy

range between the absorption K-edges of the two elements, The difference

in transmitted x-ray energy is then a measure of the radiation in the energy

interval between the two K-edges. The highest K-edge available is that of

uranium at 116 keV, which places an upper limit on the energy range for

Ross filters. The lower limits are dctermined by the difficulty in making

uniform foils6 of filter elements that will transmit measurable amounts of

x-rays. This limnit occurs at approximately 1 keV. In addition to K-edges,

L-edges of various elements can also be used but with some loss of

resoclution.

As the producticn of Ross filters is already well de=cribed in the
literature, it is not necessary to go into detail here. A Ross filter pair

consists of two elements whose thickness ratio meets the aforementioned

criteria., The absolute thicknesses of the foils can be varied considerably

for various applications, but their ratio must remain constant. Because

the sensitivity of 2 Ross filter pair within the energy range between the

two K-edges is a function of the absolute thicknesses of the elements, a




Ross filter system may be tailored to match the sensitivity of the detector

used with them in order that the response of the filter-detector system is

flat in the K-edge interval.
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ill. X-RAY DETECTORS

The x-ray detectors used in this experiment were 125-um thnick,

: fully depleted, double-diffused silicon diodes. * Spect*ral sensitivity curves

- for these detectors, which were obtained from the manufacturer, were
basically the energy absorption curve for a 125-pm thick slab of silicon,
With the diodes operated at 210 V and terminated in 50 ohms, the peak
signals of several tens of volts were obtained., This is well above the
V.01 V noise associated with the operation of a plasma focus device.

. For each Ross filter interval, two filter foils were used with two
silicon diodes. The detectors were placed near each other so that both

were ircadiated by substantially the same radiation. This is important,

S

because in this experiment there were large spatial variations in the x-ray

Lot
Ty

fluence. Any radiation in the interval measured by the Ross filter pair

Azt L
T P Rk

produces a difference in the output signal from each of the two detectors.
Both signals can be displayed and photographed on a fast oscilloscope, and

the difference between the two signals can be obtained by subtraction of the

ordinates of the two trices to obtain the time history of the x-ray signal
in that particular Ross fiiter interval, This method has the advantage of

y preserving the total x-ray signal information so that it can be compared with

*Solid State Radiations, Inc., Model No. 025-NPS-300

-S-



S -

gy b . Sl TR

”

SPOCEE i

N ok I
s LA L LAR A

$ 2

<

gt S F Do

ko

il ARhiis

7Y

the x-ray signal in the Koss filter interval, The limiting factors here are

the rise times of the silicon dicde and the oscilloscope, both of which were

of the order of 2 nsec,

An alternate method is shown in Fig, 1. The signals from the two

diodes are "subtracted" electronically by means of a differential amplifier
whose output is displayed on the oscilloscope. While this method is far

simpler to use, some information was lost because of the amplifier's long

rise time of 15 nsec, Wirh a fast amplifier, this problem can be eliminated.
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Fig. 1. Ross Filter - Silicon Diode Radiation Measuring System
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IV. EXPERIMENTAL RESULTS

The output signals from a pair of diodes, one with an iron filter and
the other with a copper filter, are shown in Fig. 2. This Ross fiiter pair
covers the energy interval from 7. 11 to 8. 89 keV in which is found the
K.’ K2+ K B’ and sz characteristic line radiation from copper. These
diodes were exposed to the radiation from a plasma focus device that had
a copper anode, with the radiation being substantially that of an x-ray tube
operated at approxima;:ely 20 kV. As seen in Fig, 2, there is a strong burst
of fluorescence radiation in the 7.11 to 8.98 keV interval that varies differ-
ently in time than the continuum radiation. This fluorescence radiation is

believed to be associated with a cloud of copper vapor that is ejected from

the anode tip shortly after the plasma focus occurs.
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V. CONCLUSIONS

The use of silicon detectors in conjuction with Ross filters is a

simple and vractical solution to the problem of measuring the tirne-resolved

spectrum from some fast x-ray pulses., This system employs readily

available materials to measure an x-ray spectrurn whose time duration is

too short for pulse height analysis of individual photons and whose intensity

i3 too low for fluorescence detection techniques.
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