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Abstracti

The basis of some essential diagnostic methods is
treated in plasmaphysics. At first it is reported on
methods which are technically simple such as elec-
trical and probe measurements. The high-speed photo-
graphy with its special requirements in plasmaphysics
is described. Some diagnostic instruments for density
measuring, especially designed for plasmaphysics,
such as interferometric measurements with light and
microwaves, light scattering and Faraday rotation

are explained.




Contents

Abstract

Preface

Electrical Data
Magnetic Probes
Electrical Probes
High Speed Photography

Interferometetric
Measurements

Microwave Diagnostic
Faraday-Rotation
Light Scattering

References

Page

O U E W\

11
12
15
14
17




Preface

When Mr. Schmitter asked me to talk about plasma diagnostic
instruments, I thought at first only to have to describe
the progress made in the last two years. There are two
reasons for not doing so. It is the first time that diag-
nostic instruments are the subject of this conference and
the latest contributions are the subject of the indivi-
dual papers. Fdr these reasons I would like to bring se-
veral underlying principles of diagnostic methods and also
to describe a few typical technical arrangements. In con-
sidering diagnostic methods the first question that ari-
ses is: "What is to be measured"? The answer is in the
first approximation: "Density and temperature of electrons
and ions as a function of time for given experimental
conditions”.

I shall now discuss the measurement methods technically simple.

lectrical Data

=

-i

In many measurements it is possible to determine the
elentron temperature by measuring the electric data.
Fquation 1 on the first slide shows the dependence of
the plasma resistivity'ﬂ on the electron temperature
T. - T, is here measured in keV. /\ is nondimensional
and depends on temperature and density. A “is ‘set equal
te 20 as a first approximation. We thus see that the
resistance of a plasma falls with increasing electron

cemnerature.

The slide shows how to obtain the plasma resistance
from a simple linear discharge with electrodes. Equa-
ort 2 is a formular f{or the voltage V at the terminals
e apparatus. In stationary or slow experiments the
I %_% can be neglected. In this case we need only

o mcasure the voltage V and the current I.
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Iin faster experiments %—% must be determined. Variations
of T and L are included. It is possible to determine %—%

through magnetic probe measurement.

Magnetic Probes

The next slide shows a diagram of a typical magnetic pro-
be. It consists of a small coil of 10 to 50 turns. These
are wound on a form of about 1 mm in diameter. The coils
are of very thin copper wire. Since the measurements are
made in the plasma the leads are between 10 to 20 cm long.
These wires are twisted in order to cancel the stray in-
ductance. This of course introduces inevitable capacity.
This capacity together with the coil inductance produces
a limiting frequency of around several tens of megacyc-
les with suitable cathode followers. The probe is enclo-
sed in a quartz tube in order to protect it from elec-
tric-discharges, uncontrollable electric fields and  from
thermal destruction. Moreover to avoid displacement
current the probe is electrostatically shielded. Probes
are often made of two symmetrical parts in order to avoid
such difficulties.

Equation 1 shows that for a high input resistance the

voltage Vi is proportional to the time-differential of
2B

the magnetic field nE . N is the number of turns and A 1is

the area of the coil. If we wish to measure the magnetic
field, we can follow up with an electrical R C - integra-

tor. Equation 2 shows the appropriate relation.

With the help of Maxwell's equations 3 and 4 it is pos-

sible to obtain the current J from the magnetic field B

and the electric field E from -?rf.

inothner usefull measurement is by Hall-probes. With the

B
prrevicusly described probes one can only measure Tec

With Hall-probes one can also measure constant magnetic




fields. It is also possible to eliminate stray-signals
by measuring the stray-voltage without the Hall-current.
The Hall-probe is of course relatively more sensitive

and larger. As a result its use is limited.

Electylcal Probes

An electrical procbe consists essentially of a small
auxiliary electrode. This sticks into the plasma and
may be connected for example to one of the plasma elec-

trodes.

If we plot the current through the probe against the
applied variable voltage, we obtain the probe character-
istic shown on the next slide. The left branch of the
curve corresponds to the random ion current ii and the
above right branch to the electron saturation current ie'
For 1 equal 0 as many electrons as ions reach the probe.
We refer to this point as the [loating potential. The
upper exterpolated edge A corresponds to the thermal
electron current. That is the probe potential is the
same as the plasma potential.

In the case of a Maxwell-distribution the increase would
be exponential, that is with half logarithmic proportion
the curve has a slope ol e x v/k x Te‘ All values are
known except for the electron temperature. So it is
possible to determine the electron temperature from the
curve. One may also ascertain for examplé the distribu-
tion of electron velocity as well as the electron and
ion current density, the plasma potential and the elec-

tron temperaturc.

If the curve is not linear then we do not have a Maxwell-
distribution. But according to Drugvestein one can ob-
tain the velocity distribution from the second differen-
tial of the probe curve. It will be carried out through




electronic differentiation. One superposes the probe di-
rect-voltage and a sinus voltage. The change in direct-
current that will be measured is proportional to the
second differential. In a second method the first harmo-
nic is filtered.

Tn the case of the single electrical probe, the socalled
Langmuir probe, a stroig current must be extracted from
the plasma. Usually one carries out the voltage-sweep
with a generator since the probe sometimes gives up
energye.

In the case of fast experiments it is hardly possible to
find an appropriate potential because of the rapidly
changing fields both in time and in space. Due to this
the Langmuir probe is practical only for use in statio-
nary experiments. In the case of fast experiments it is
normal to use a double-probe since it is not bound to a
fixed potential and moreover only absorbs a small probe
current. With such probes it was at all possible to carry
out mearsurements for fast experiments with high current
densities.

In the case of reproducible experiments the double-probe
characteristic can be determined point by point. If the
measurement is not reproducible an electronic apparatus
makes 1t possible to examine in a relatively short time
during the course of the experiment at least parts of

the characteristics.
A 1ot more could be said about the varicus sorts and

uses of probes, but this should be enough about the at

least teehnically simple diagnostic possibilities.

High 3peed Photography

Hizh speed photography gives a good general view in many




experiments. Technically we may distinguish between 3
different types. Mechanical cameras, kerrcells and image
converters.

There are several principles for mechanical cameras
Firstly the film can be moved rapidly, secondly it

can be placed in a rotating drum and thirdly the film
can be static and the time dependency will be produced
by a rotating mirror. Foreover a film can be made of se-
veral single pictures or a streak picture can be produ-
ced. In fast experiments the events are so rapid, that
usually only the fastest cameras, namely the rotating
mirror cameras, can be used.

The next slide shows the diagram of a rotating mirror
camera with streak operation. The slit is reproduced on
the film over the rotating mirror. The highest speed
obtainable is limited by the breakage possibility of the
mirror material. A typical value for a small aperture
is 1 ns resolution for a slit width of 10 micirons. For
small light intensities, the aperture must be larger
and the time resolution is of course not so good. A
Praming camera has no slit but instead cof it a chain of
lenses between the mirror and the film. With =ach lens
i picture can be produced on the film. The fastest fra-
ming cameras can produce up to several million pictures
per second, although each picture is 8 mm wide.

Kerrcells are optical shutters without any mechanical
novable parts. They use the wellknown eifect of rota-
tion of the polarization plane by the electric field.
The emitted light is plane polarized. Only about 5 to
10% of the incident light actually traverses the kerr-
cell. They can therefore only be used when the process
itself produces enough light. .




The next slide is a diagram of an image converter. An
evacuated glass-tube contains a semi-transparent photo-
cathode. Opposite the cathode is the anode which is a
fluorescence layer. An accelerating voltage is applied
to both electrodes. If light falls on the photocathode,
electrons are emitted and accelerated by the applied
voltage. On the flourescence layer the energy is con-
verted back into light. If the electrons are focused
elther magnetically or electrostatically a sensitive
picture appears on the screen.

One can discuss the particularities and possibilities

of image Qonﬁerters even from this simple principle. Thus
the wavelength of the light emitted by the screen is
different from that of the incident light. It is inde-

- pendent of that of the incident light as well as cf the
type of the cathode-layer. By pulsing the acceleration
voltage the image convérter tube can be used as a high
speed shutter.

The next slide shows the typical absolute spectral re-
sponse characteristics of such photoemissive devices.
These curves are naturally also valued for multiplier
cathodes. With the S5 cathode one descends to 2,000 R
and with the S1 cathode up to 11,000 K. 8 1, S 11 and

S 20 are frequently used cathodes. The diagram‘also
shows curves for the quantum efficiency. For the S 20
cathode the quantum efficiency is over 10% in the wave-
length region 3,200 up to 5,400 B, that is 10 gquanta

can deliver 1 electron.

The next slide shows diagrams of several typical image
convarter tubes.The first tube on the left is electrical-
ly facused. It is a universal tube for high speed photo-
graphy. with_a wire gitter G1 in the vacuum in front of
the cathode the tube can be opened and closed with only
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300 V down to esposures of 5 ns.

As for an QSCillosébpe tube it is possible to deflect

the electrons with built-in deflection plates. We can
e.g. use this tube to take 3 pictures with time distances
between each picture of less than 50 ns or a streak pic-
ture. In the latter case a slit image is projected on

the cathode. The light gain for this tube is about

60 with an acceleration voltage of 15 kV.

The next converter is also electrically focused . Ori-
ginally it was designed as an X-ray imége intensifier.
The electron optical magnification of 1/7 together with
a light gain of about 100 and an accelerating voltage
of 24 kV gives a brightness-gain of about 5,000.This
relatively high amplification for a single step tube
can e.g. be applied to increase the {ield depth. In
this case we need only to place a simple aperture lens
in front of the cathode.

If a higher light gain is necessary it is generally
ugseless to place several one-stage image convertersrin
series with optical focusing in between, because the
amplification usually is completely lost by the inter-
mediate focusing lenses. The third image converter has
several stages. The 5 dynodes work on the electronic
muitiplication principle. This ﬁultistage tube is fo-
cused with a longitudinal solenoid. The magnification
between cathode and screen is therefore 1. If only on
electron is emitted from the cathode, a point appears
on the anode screen which can be photographed. This
tube therefore has given us the greatest possible and
reasonable photon gain. For a total accelerating volta-
ge of %6 KV this is about 2 x 10°. More could only be
ovtained with more sensitive cathodes. By electronical-
ly pulsing the first stage with 2 kV we obtain eXxposure




times of less than 20 ns.

The last diagram shows a superorthicon. Actually it is
not an image converter. The first stage consists of a
1-stage image converter. The image produced is contai-
ned for a small time and probed by an electron beam,
then intensified with a multiplier and finally written
on a television screen in the conventional way. Natural-
1y one cannot obtain the highest sensitivity with this
sort of an intensifier since for the primary storage

of the image sufficient electrons must be produced.

The superorthicon is the transition from the image conver-
ter tube to the multipliers. If several multipliers are
used at the same time, the voltages can of course be
applied to the Wehnelt cylinder of an oscilloscope tube.
It is possible in this manner to produce a streak pic-
ture, the resolution of which is equal to the number

of multipliers.

On the instruments of high speed photography we may con-
clude with the following. The resolution and the free-
dom from distortion are generally better for rotating
mirror cameras and kerrcells than for electronic came-
ras. If the light provides by the experiments is not
sufficient to illuminate the film then electronic came-
ras must be used. This type of apparatus is of course
sensitive to exterior fields. Only mechanical cameras
can be completely shut.The transmission ratio is defi-
ned as the ratio of the output from the tube when it

is electrically cut off to the output in operation.

The transmission ratio for kerrcells and for electro-
nic cameras is arcund 1 : '10j Lozt 106. On the
account of the brightness this can be increased by
placing several kerrcells in series. In the case of
image converters the total acceleration voltage can be

additionally pulsed. With image converters the shortest
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exposure times are obtainable and by streak operation

the greatest time resolution is possible.

Interferometric Measurements

High speed photography is not only used in order to
picture the discharge directly but for instance also in
optical interferometers for density measurements. The
relationship between electron density and refractive
index is given by the dispersion equation for elec-
tromagnetic waves in the plasma. In plasmaphysics this
method was introduced in particular by Alpha, White,
Ascoli-Bartoli, Rasetti as well als Finfer.

The next slide shows the schematic arrangement of a
Mach-Zehnder interferometer. It was used by Medford

et al. In this arrangement the ratio of density distri-
bution can be examined for example in a theta-pinch.

The light from a spark flash traverses the measure-

ment comparison path. The interference lines appear
perpendicular to the slit. They are registrated as

2 function of time. The magnetic field must be perpen-
diecular to the light, Instead of a rotating mirror
camera one may of course use a streall image converter.
If instead of a rotating mirror camera ocne uses e.g.

a 3 picture image converver, one obtains, as Klipper
did, for 3 different tlmes interference pictures of the

total cross-section of the discharge.

One of the error socurces comesi from the fast that the
Lipnt rays traverse diiferent regions of the plasma.

This is because the rays are not parallel. Since the

C.A

s
production of suificiently strong light intensities
produces difficulties, measurements with a laser will
certainly be of interest. If. in particular a ruby laser
is connected in series with a kerrcell as a so-called

Q-switch, it is possible to obtain powers of more than
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10 meagwatts. Although other applications of the laser
in the plasma diagnostic will be described, I do not
wish to go into details about their operation since in
the last two years hardly a conference has been held
without a description of such lasers.

Microwave Diagnostic

Interferometer measurements are also made with micro-
waves. The next slide shows a simplified schematic of a mi-
crowave interferometer system as used by Wharton and
others. The microwaves which are generated in the os-
cillator are split into two paths, the transmitting
path with the horns and the nulling cr reference path
with an attentuator and a phase shifter. The latter is
adjusted so that in the absence of a plasma the oubtputb
is zero. If a plasma of sufficient density is in the
transmission path a phase shift ceccurs. The resulting
signal is recorded on an oscilloscope. This signal
appears as a series of waves or interference Tringes.

The next slide shows an interpretation of a microwave
interferometer response. The lower curve indicates tne
interferometer response and the uppsar one represents
the variation with time of the electron density of the
plasma.

In the interferometer response there are five iringes
while the plasma density increases. The density tnen
exceeds a value, the so-called cut-off point. £ total
reflection appears from that pcint. This value can be
derived from the dielectric constant of the plasma &s
shown in equation 1. That means one needs lower wave
lengths to measure higher density. A{ the time to the
density is just decayed to the cut-off valuse.

The crowding of the fringes belcore cut-off, as compared
tc thos after cut-off, show that the plasma was building
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up faster than it decayed. Equation 2 shows in a first
approximation a relation between the phase angle /. G

and the electron density 1. . Thereby D is an equiva-
lent plasma diameter for a uniform distribution of a

plasma density. The electron density is proportional to
the phase shift. In our case that means that the total
phase shift is 5 . 27 and therefore each fringe repre-
sents a change of 0,2 in density. So it is possible to

plot the upper curve.

When making measurements with the microwave interfero-
meter as described the microwaves should be polarized so
that the electric vector is exactly parallel to the
field. If this is not the case the measurement becomes

more complicated.

The microwave circuits have been modified in various
ways. Equation 2 e.g. has two unknowns, the density and
the diameter of the plasma. Both change in time. A dual
interferometer has been designed by Lisitano.

Two microwaves with wave lengths of 8 and 4 mm are sent
across one pair of horns. Thus one gets two equations
with two unknowns.

There is a second microwave technique of an entirely
different type for the determination of electron tempe-
rature. One takes advantage from the fact that a heated
plasma is behaving as a block-body radiator in the fre-
quency range of the microwave receiver. The microwave
"noise" in a suitable arrangement is directly proportio-
nal to the electron temperature. Thereby one assumes
that there is a Maxwell distribution of electron ener-
gies.

Faraday-Rotation

The rotation of the polarization plane of plane polari-
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zed electromagnetic waves in traversing the material in
the direction of the magnetic field is the wellknown
Faraday effect. Density measurements with the Faraday
Effect with microwaves are limited to higher densities
by the cut-off point. With e.g. 8 mm one can measure

up to 1,5 . 1013 cmj. -

Among others Grassmann and Wulff examined the Faraday
rotation for dense plasmas with the light of a pqlséd
ruﬁy-laser. The experimental plan -is shown in the next
figure. On the left-hand side a plane polarized ruby-
laser is depicted. A Glan-Thompson-prisma improves the
polarization. After traversing the discharge tube, the
light strikes the analyzer;~whose polarization plane
is perpendicular to that of the polarizer. The multi-
plier 1 yields a signal I. In front of the analyzer a
half transparént mirror diverts a second signal which
is measured with multiplier 2. The second signal gives
& measurement of the primary intensity I

The equation 1 applies to the light that traverses to
polarizers inclined to one another with an angle E% + he
This is only valid for a small angle. IR is the inevi-
table remaining intensity. If this is compensated for,
so that without any discharge ' =1 = IR’ then the
right-hand side of the equation is valid. The measure-
ment on the oscilloscope is indicated in the picture.

I - II is obtained electronically. An absolute measure-
ment uses the ratio % by rotating the prisma through

a definite angle. The®electron density can be obtained

directliy from the angle measurement.

Light Scattering

The development'of the laser has alsc made possible the
measurement of local plasma parameters by the scatte-
ring of light in spite of the smallness of the electron
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scattering cross section. At first this method was tried
by Finfer, Kegel, Kronast and Kunze as well as by Thompson
and Fiocco.

The next slide shows an experimental arrangement from
Finfer et al. A highly transient plasma- is produced

in a theta-pinch. The light of a high-power ruby laser
delivering polarized light of about 100 kW during

100 usec is focused into the center of the coil. The
scattered light is observed through the slit in the
coll at right angles to the incident beam.

The scattered laser-light and the plasma-light go through
a monochromator to separate all other light which does
not have the wavelength of the ruby-laser of 6943 R.

In this experiment the radiation of the plasma at the
laser frequency, mainly bremsstrahlung, is about 20
times larger than the scattered light. Since the pola-
rization of the internal plasma radiation is small it

is possible to distinguish this internal radiation from
the totally polarized scattered light by means of a
differential method. With the double refracting plate
the emitted light is split into two beams, one polari-
zed parallel to the polarization of the scattered light
and the other perpendicular. The desired signal is
therefore in only one of these beams. After passing the
monochromator the two components are measured with mul-
tipliers. With a differential amplifier the plasma

light is compensated and the scattered light can be mea-
sured with an oscilloscope.

In this experiment it is difficult to avoid completely
the laser stray light. Here one uses the fact that the
scattered light from the plasma but not from the stray
light is broadened. Therefore the exit slit of the mo-
nochromator is located at one wing of the broadened
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line. At plasma densities of 10'/ cm 2 and with the
available solid angle of 2. 1072 steradians the ratio,
of scattered light to the incident light is of the

order of 1 : 1011

One can deduce the electron'density'and yemperafure {rom
the position of the peak and the ratio.of the total
energy contained in it to that of the central peak.

To complete the general view of diagnostic methods in
blasmaphysies I actually would have to 8o 1nto deteils
&t least in the field: of spectroacopy and the radiatlon '
measurements. However, I did not pressrthgm_;nto this =
half hour in order to avoid that ffom the many diagnos-
tic methods I report so little that in the end I report
nothing of all dlagnostlc methods.




References

Reviews

G.N. Harding,
A.N. Dellis,
A. Gibson,
B. Jones,
D.J. Lees,

R.W.P. Mc Whirter,
S.A. Ramsden and

S. Ward
C.B. Wharton,

I.C. Hdoward and

0. Heinz
M.A. Heald

R.M. Payne and
S. Kaufmann

W.L. Granowski

E. Fiinfer,
G. Lehner

S. Glasstone,
R.H. Lovberg

Electrical Data
S.M. Goldman

T. Coor,
I.W. Brault

B.S. Liley

Magnetic Probes
R.H. Lovberg

K.H. Dippel,
W. Teckenburg

w 1T =

Proc. Second U.N. Conf. on Peaceful
Uses of Atomic Energy, 32, 365 (1958)

Proc. Second U.N.Conf., on Peaceful
Uses of Atomic Energy, 32, 388 (1958)

Trans. Inst. Radio Eng. NS 6, No. 3,
33 (1959)

Proc. Inst. Elec. Eng. (London), 106 A
Suppl. No. 2, 36 (1959)

Der Elektrische Strom im Gas,
Akademie~-Verlag Berlin 1955

Ergebnisse der exakten Naturwissen-
schaften, Bd. XXXIV (1962)

Controlled Thermonuclear Reactions,

D. Van Nostrand Comp., Inc. Princeton,
New Jersey, London (1960)

USAEC Rep. WASH - 289 (1955)

USAEC p. 380 Rep. TID - 7503 p. 380
(1956)

quoted by T.E. Allibone et al.

Proc. Second U,N. Conf. on Peaceful
Uses of Atomic Energy, 32, 169 (1958)

Ann, Physics, 8, 311 (1959)

Proc, of the Fourth Int. Conf. on Ion,
Phen.in Gases p. 533 (1960) Upsala




|

5,
Electrical Probes
I. Langmuir, Gen.Elec.Rev., 27, 449, 538, 616,
H. Mctt-Omith 762, 810 (1924)
E.0. Johnson, Phys. Rev., 80, 58 (1950)
L. Malter
G. Hofmann Zeitschr.f.Naturforschung 18a

Heft 3 (1963)

High Speed Photography

H. Schardin Proc. 6rd Int. Cong. on High-Speed
Photography The Hagne/Scheveningen
(Netherlands) (1963)

R.G. Stoudenheimer, RCA Review Sept. 1957, Vol. XVIII

J.C. Moor No. 3

A. Steinhausen Film - Kino - Technik Sept. 1961.
Heft 9

R.C. Ruggles, Proc, 6rd Int.Cong. on High-Speed

N.A. Slark, Photography The Hagne/Scheveningen

A.H. Woolgar (Netherlands) 1963

A. Steinhausen Proc. VI Conf. Ion.Phen.Gas. Paris
(1963)

W. Hopmann 3rd Symposium on Eng. Probl. on

Thermon.Res. Miinchen (1964)

Interferometric Measurements

R.A. Alpher, The Physiecs of Fluids, 1 (5) (1958)
D.R. White

G. Ascoli-Bartoli, Nuovo Cim., 13 N 6 (1959)

F. Rasetti

R.D., Medford, Proc. of the Fifth Int. Conf. in
A.L.T. Powell, Ion. Phen.in Gases p. 2000 (1961)
A.G. Hunt, Munich

I.K. Wright

C. Andelfinger, 6th Int. Cong. on High-Speed Photo-
P. Igenbergs, graphy The Hagne/Scheveningen p. 233
W. v. Jaskowski (1952)

E. Fiinfer, Zeitschr,f.Naturforschung 17a, 11
K. Hain, (1962)

H. Herold,

P. Igenbergs,
F.P. Kilipper




.

Microwave Diagnostic

C.B. Wharton
C.B. Wharton,
D.M. Slager

R.F. Whitmer
C.B. Wharton

A.N. Dellis

G. Lisitano

Faraday Rotation

T. Consoli,
M. Dagai

G. Lisitano,
M. Tutter

P.H. Grassmann,
H. Wulff

Light Scattering

E. Fiinfer,

W.H. Kegel,
B. Kronast,
H.-J. Kunze

F. Fiocco,
E. Thompson

E. Flinfer,
B. Kronast,
H.-J. Kunze

E. Thompson,
G. Fiocco

Ho"Ja Kunze,
E. Fiinfer,
B. Kronast,
H.W. Kegel

W.E. Davis
S.A. Ramsden

- 19 -

USA-EC Report UCRL - 4836 (1957)
Trans.-Inst. Radio Eng. NS 6, No 3,
20 (1959)

Phys. Rev., 104, 572 (1956)

USAEC Report UCRL - 5129 (1958)

3rd Int. Cong. on Ion.Phen. in Gases
p. 228 (1957)

Comptes Rend. de la VIe Conf. Int.
s.d. Phen. d'Ionis. de le Gaz,
Paris 63, 4, 199

Journ. Nucl. En. Part C - Vol 3 (1960)
Zeitschr.f.Naturforschung 16 a, 7,
(1961)

Proc. VI Conf. Ion. Phen. Gas.,
Paris (1963)

Proc. VI Conf. Ion.Phen.Gas.,
Paris (1963)

Phys.Rev.Lett. 10, 89 (1963)

Phys.Lett. 5, 125 (1963)
Proc. VI Conf. Ion.Phen.Gas.

Paris (1963)

Phys. Lett. July 1964

Phys. Lett. 8, 179 (1964)




e et o

Conductor

|| — Plasma

| Insulator
[
-7 -6
- 1) n=285X107 1o ) 33X10°2 1) ]
% /q Te 7”2 re%" -
s |

with A=20
I/ zl. 2) v=1-R+(ZE)

Conductor 4

Simple Linear Discharge System

10 to 50 Turns

{ N ~ 1mm Diameter
] \
: : Electrostatic
! I Shield
i N
N | dB
: ~/ QuartzTube 1) Vi=nAgy.
N ‘ =i x Ye5C
\ H 2) B=iG"X oy
\ N
IZZZZ'A 3) VxB=ug

4 E=%§

Magnetic Probe Techniques




Slit J

$
& i
s |
-
O |
3 |
L
Slope: In %—}%’; \‘" II ie
|
: ,
1 /\ =0
I RN
| / e

b \‘Floating Poten

" ldealised Probe Characteristic

+

Probe
Potential Vp

tial

i

Rotating | 1
o Mirror/}L { ‘,\

Il

i
cdad iy

i |

‘r j_/ﬂ')//

Schematic Arrangement of a Rotating Mirror Camera




aqn| Jajisauo) abpw] up jo woabbiqg s)diduild

A § 3

A

apouy Spoyjn) Su9



0.02

0.004

NN N

SENSITIVITY—AMPERES PER WATT

o
3

NN

\
=

§
-

i g

N
.\
\

4 UNE

i
[

BB
4

0.0004

0.0002

NI

.,-___.u.*._,_\m,.,_

2000 3000

Entronce Photocothocde

Window Supyrting

Mostmiol Subabiotal
Visible bght ronimiting glowt Erdronce windaw

o opores materiol’

Viwible bobt tasssting ol b Opayve morcrin®
Visibla bght irgasmittiog glont Opoque matesiol’
U V. reasmitting glaw® Opoque moteriol’
Vigible b beanyritting glanst Opoqee material’
Vivible kit fromimttng glau® Ertenece wndaw
Viible light womeitag ghnt R

rsble EgAl tromy-#ting glaist
Fued yea
Visdble Byl tantvitnea glan!

Entronce wndow

Fured when
Viniblo bt tranimting glait
WY, kommithng glos
Sopphie

§

lewminoe
Seadiviny’
lro lomenl ¢

~

6000 7000

WAVELENGTH—ANGSTROMS

NOTES
The § mummbes iy the designotion of rhe speetol sosponse
characteriie of the devies and inghder e bunsssion
of the devicn window matesiod
Frinegpol comprncas of the photecatheds wre Fted wathy

16000

Ultrarviolel photodiodes
eond melipliers

Infrored and st e

" Wirsdies-

v rrged 1o oeder of o o relative g
Wher e supporting whitrafe it the entonie = sdow, ca
At wporent slectritally conduitee foyes

oy b oed
Conerponding o e ipechic abiclre inipanse wires
hoen in the fpwe wing @ M0 K color temperotes
Waguen lamp il seurte

Speeibc dol tureni trcluder UC lenloge

lime glows and Kavar woling barvbcate glan ore tom
menty wd for vinble Boh Wommeg giow

The rpngue matesiol wind 61 the wpporbng white-te for
Photorothod-y m wbieh, the mpol rndedon n mcident o
the same side o3 the tmitted photoelertrors i oty
et i e

An § member drsigraton kot st yed Leen ouiuaed o
My experimentol “wpbor bled  photes e salare

Direct view dor - tobes

Ehectrical seent ot sornge
fubas

Polied image fubes ond
shurler tuber

Mottiaikati ©

Tearsparert shasnhers

Phototulas for
debuction

11000

Infrgied deiechors ond
i pgeMLs

Infrored to-wlsilile wroge
wnaverber frbes

Sror tracking phatcmubplivn
bmge dissectos ube: §i
pecromeliy

po ieteaubiers ovd lagh

e hudas

redow irsoge iubes

os
Ao >

Torage moge Subet




Saqn] J9jusAu0) abow!] jo juswabubiiy JCWeydS

U93.2G JusIsalon]4

\

N N N e R R N A RSN N NN SNS

7

%

sendmniy é

/ PIOUS10G —¢/

1] . \

SPIOUDI0S [ N-44 2

N M

M S gapoulAg — “

- HA %

f ] #opouhg—7]

m A Y “

1 1] eapouka—y,
LT 9 |

1 U 4 1/ N@UOC).D .\\.\

U 1 1 W \

4 1 ¥ R

11 s [epoulg \\“

jah. L 4

g [l apoyipo_{]

f 1 -olouyd |/

1|1 1 g

[ f
/

wwm%%hm uonpiadQ sind Joy
Pl jouleg

3POYID0I0yd

U99.10G jJUSdSaIoN|
\

EPHO-

PO~

L PO

T~

3pOoYID2030Yd

U93.2G JUs252.40N] 4

spouy-— \

S9}D)d ; _\
L0133 j3(Q % ,_N\

L

‘ Zp1O—
| pli9
i/
/
SPOYIDI030Ud



e . 7—'%

Half Silvered Mirror

Film. =
Electrodeless Supplementary
Discharge Tube Lens
/ Objective /
y / | |
. 7 G | | No o
EllD a': ) === ! \ \ \ Rotating
- / 1 Iris Camera Camera  Mirror
Lens Slit
ey \ s Compensating
Filter \Half Silvered Mirror Flaites
fgggu Collimator
| 4 (] )
Interferometer Camera

Schematic of the Optical Components of an Interferometric Instrument

Hybrid

Microwave Horns —-
Nkl
Plusmu) l>—
Hybrid

Junction—\ Juriction
: \ / 7

Oszillator Armplifier
Crystal
Detector

i

Phase 3
Attenuator Shifter Oscdloscﬂ

Schematic Representation of Microwave Interferometer



Electron

Interferometer

Response —=

Density —»

o

o

._\ 3H|Nrmbnoﬁ

ne ) A9 = (ZZ(8)’) ADne=konst.\Dn,

O.b ne

e i I S—— E———

E.______.._.._..._._____.___._

rrory TR a— AT ST S " S— — — ] ——— C— — —— — —

Time —»

Interpretation of Microwave Interferometer Response




”~

1yb17-o30L

9doos0])19s0 3 n.g
-wDag-ong ppipy pil m
L Sduasyig | = 3 L }0943-ADpDUD4 84} jo SUDIN AQ
Z =ndiniy S31}ISUS(] UO.1109]3 JO JUSWBINSDIN J10)
\ juswebuby pjuswiIadx3
¥=1=,1 yum S9sUST ﬁ
i S ;
T-T 91 “z® W/
x Jua.LNY) bWwsbld
\ + 110D d13subopy

/
LendiynN ~ sasua]

_/ |
/ 101N

JazKjpuy SiJ]

abIoypsiq wnieH

N
N S B
\ ..mmc._/.E:m

J9211D)0d



| ¢ooub
=07/ 250)

S0y 441G

4911013 Ny

. ..wx.-n
0 s
¥ o
-Joooo-. 2 H-‘ov.t“aoo“s-cn-
A e
— ML L TN
J0JDUS0IYI0UOH

DWSD)y D wouy buisaywas - by

QoIS
Juabripng

wbosyagoiQ

bi71-s3sD7 pasajoIS
+ Jybi7 - owso)y

#UDG - JASUIPUO)
N
103 - YIg- 8

F 4

~ Jo saipn)S Joj juawabubiiy



	IPP_4_11 Deckblatt
	IPP_4_11 Text

