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I N P L A T R O N S  

1. We are witnessing a pronounced penetrat ion of electronics into a l l  the technical  spheres. Comple te ly  new 
types of equipment,  such as electronic ,  ionic,  and photonic devices,  are being developed for s imilar  purposes par-  
a l l e l  to the existing wel l -designed and widely-used mechanica l ,  op t icomechanica l ,  and e lec t romechanica l  de -  
vices, and in many instances gradual ly  replacing the la t ter  (at the same t ime compet ing among themselves). 

These systems are perfected and adopted with great  difficult ies,  but having at tained a working condition they 

are always advantageous with respect to precision, sensitivity,  universali ty of appl icat ion,  re l iabi l i ty ,  durabil i ty,  
etc.  In addition to these technica l  advantages,  an important  part is played by general  tendencies for a preferred 
development  of new technical  equipment  and the extension of its appl icat ion in view of a certain technical  ob- 

solescence of instal lat ions not yet  provided with this new equipment.  

The above fully applies to measurement  techniques and instrument making.  In part icular  such conditions are 
beginning to arise in movement  parameters '  measuring equipment which al ready incorporates a tomic -nuc lea r  and 
laser gyroscopes, e lectronic  accelerometers ,  etc. 

The accelerometers ,  gravi ty meters,  tachometers,  gyroscopes, and other instruments described below and based 
on the ine r t i a l -p lasma  effect  belong to the same category of measuring equipment.  They comple te ly  lack  re l a -  
t ively moving and elast ic  mechanica l  components of the type of rotors, seismic masses, springs, and dampers. These 
instruments function on the e lec t ron- ion ic  level ,  thus providing a very high sensit ivity and a possibility of setting 
and regulating parameters  by purely e lec t r ica l  means. The mass and overal l  s ize of their sensing elements  are very 
small  and their basic c i rcui t  design is very s imple,  thus fac i l i ta t ing  their  mass production by means of the usual 
e lectronic  and vacuum production methods. This equipment 's  e lec t r ica l  circuits are on the whole s imple in regard 

to economic supplies. In many instances no amplif iers  are re.quired. It is possible to minia tur ize  both separate e l e -  
ments and instruments as a whole. 

In the ear ly designs of the author and his collaborators the gas-discharge tube which contains the sensing e l e -  
ment  and the device  as a whole were ca l led  inplat  ( iner t i a l -p lasma transducer of accelerat ions)  [1] and gyroplin 
(gyroscope based on a p lasmo- iner t i a l  device)  [2]. However, since i t  is possible in both cases to use the same tube 
connected to different circuits,  it  was found advisable to provide al l  the gas-discharge tubes developed for the study 
or prac t ica l  appl icat ion of the ine r t i a l -p lasma  effect  with the name of inplatron. 

Ine r t i a l -p lasma  Effect and the Possibility of Its Ut i l iza t ion for Developing Measuring Instruments. 2. The 
iner t i a l -p lasma effect  consists of the aggregate of the subsequently-mentioned osci l latory phenomena in l o w - t e m -  
perature plasma glow-discharges in inert  gases, their mixtures,  other gases, and in part icular  air at pressures of 
10"2-10 -1 MPa and discharge currents of ic = 10-4-10 "3 A. A more or less contracted gas-discharge column is then 

formed. The discharge gap is L ~- 10 ram. The tubes with a cold or heated cathode are connected to the schematic  
shown in Figs. l a  and b. A part of the provided exper imenta l  data was obtained with buffer voltages Ubl=Ub2=Ub , 
with each of their respective negat ive  sides connected to one of the x-transverse electrodes and their positive sides to 
the c i rcui t  point A. 

The exper imenta l  graphs shown below were obtained with the tubes f i l led with a mixture of 90% neon and 
10% xenon at 67 MPa. Their typical  vo l t - ampere  character is t ic  is shown in Fig. 2. Tests were made mainly  on the 
sections AB and BC [3-5]. 
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Fig. 1. Schemat ic  of the equipment:  a) with the different ial  anodes i and 2; b) with the rod anode 11; g) 
cathode (glazed in some of tubes); 4) bulb; 5) measuring instrument; 6) contracted discharge; 7, 8) x- t rans-  
verse electrodes (in some of the tubes); cathode versions; 9) on a ground-glass seal; 10) on a membrane.  

Fig. 2. Typical  vo l t - ampere  character is t ic .  The discharge is shown in sections: AB) diffused and contracted 
in the form of a wide column; BC) diffused and contracted with a f i l ament  appearing on the cathode side; 

DE) thin f i lamentary;  DF) f i lamentary  with a diffused edge. When the buffer voltages U b (see Fig. 4) are 
connected to the x-transverse electrodes,  the hysteresis a rea  contracts and the point C approaches B. U = UIaU ~ 
(see Fig. 1). 

In order to bring the circui t  into an operating condit ion it is balanced up to ig = 0 or Vg = 0 by adjusting the 
resistors r I and r 2. Rough adjustment is possible by means of a small  d isp lacement  of the electrodes,  i f  they are 
fixed on elast ic  membranes,  ground-glass seals, or movable  axes with an external magnet ic  drive. All  the effects 

of natural e lect r ic ,  magnet ic ,  and acoust ical  fields as well as external  airflows become unnot iceably  weak when the 
tubes are mounted in protect ive iron screens with a wall  thickness of about 0.8 ram. In order to e l imina te  mechan i -  
cal  resonances, the internal  mounting of the tubes and their  fixing must be s imple and stiff. 

3. When the gas-discharge column of the equipment shown in Figs. l a  is affected in the x-ax is  direction by 
al ternating iner t ia l  forces (for example ,  when the tube is placed on a vibration rack which produces an accelera t ion  
"s" x = w) or by al ternating e lec t r ic  or magnet ic  fields which vary according to the harmonic law. the column is pro-  
vided with transverse forced oscillations with respect  to the differential  anodes at frequency v of the external effect.  
Phase shift ~ arises in the s tab le-s ta te  condit ion between the external  effect  and current ig at the output of the 
in i t i a l ly  ba lanced bridge circuit .  For example ,  in the case of inert ial  exci ta t ion,  a frequency rise from tenths of a 
her tz  increases the phase shift from 0 to Ir passing through 1r/2 for a frequency u = v 1 of the order of units of her tz  
(Fig. 3). With a further rise in frequency, yet another transition of the phase shift through 37r/2 can be observed, 
and this occurs at a frequency v z which is in the range of hundreds of hertz. In the case of e l ec t r i ca l ly  or magne t i c -  
a l ly  exci ted forced oscillations it is also possible to obtain phase shifts of ~r/2 and 37r/2 in the same frequency ranges. 

On the whole the above system is in an overdamped condit ion and its ampl i tude-f requency characterist ics 
have no resonance peaks. However, resonance peaks are obtained, if  the system is provided with a feedback pro- 
portional to the speed of the column's  re la t ive  oscil lations and are obtained,  for example ,  by means of an e lec t r ic  
f ie ld produced between the auxi l iary x-transverse electrodes (see Figs. l a  and 4). A positive feedback then produced 
a peak near u 1 (Fig. 5a) and a negat ive feedback near v 2 (Fig. 5b). 

The d isp lacement  of the column is also observed under the effect of constant inert ial ,  e lec t r ic ,  or magnet ic  
fields. The iner t ia l  f ield is, natural ly,  equal to a gravi ta t ional  one, thus making i t  possible to obtain stat ic char -  
acteristics (Fig. 6a) by dipping the equipment  in the plane xy to and angle c~ (see Fig. 4). The column, which has 
a higher mean temperature  than the ambient  medium in the bulb behaves as a body with a smal ler  density than the 
medium and floats towards the higher anode. When the tube is rotated about its axis para l le l  to y, the resulting 
centr ifugal  forces displace the column towards this axis owing to the above difference in densities. If  the x axis is 
then directed along a radius, a current will flow through the bridge. 

A rising discharge current produced a longitudinal  split t ing of the discharge into a more contracted bright 
"core" in the form of an emerging f i l ament  and a diffused "envelope" (see Fig. 2). 
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Fig. 3. Typical  frequency character is t ics  in the low-frequency range (ic= 3.1 mA): 
a, b, and c) ampl i tude- f requency  characteris t ics  for accelera t ion ,  veloci ty,  and dis- 
p lacement  respect ively;  ?,) magnif ica t ion factor; s ) effect ive damping; d) phase- 
frequency character is t ic ;  8) phase shift. 

Fig. 4. Circuit  incorporating feedback with differentiat ing RC networks. Electr ical  
exci ta t ion is provided by connecting a d c  or ac vol tage U e to the x-transverse e l ec -  
trodes, and magnet ic  exci ta t ion  by a field with an induction of the order of 10 -2 T 
directed along the z axis and formed by addit ional  coils with the current I m (not 
shown on the drawing). 

In a d c  e lec t r ic  field produced between the x-transverse electrodes the core and envelope are displaced in 
opposite directions,  as if they carried resp~'etively a positive and negative space charges. At the same t ime the transi-  
tion from a "l ight" to a "heavy" discharge current changes the sign of the output current ig, which passes through 
zero for a cer tain mean value of the discharge current ( i c= l .1  mA in Fig. 6b). Thus, the core and envelope,  which 
are displaced in the transverse e lec t r ic  field in opposite directions, produce in the current ig independent  armlets 
of opposite signs, which can compensate  each :other. 

Figure 6b shows the static character is t ic  of the tube under the effect  of a constant magnet ic  field produced 
by external  coils with the current Im. 

If the e lec t r ic  f ield between the x-transverse e lect rode is al ternat ing,  the core and the envelope osci l late ,  
and are displaced at low frequencies in opposite directions to each other. For "light" currents the phase shift of ig 
is then It, and for "heavy" currents i t  is zero. 
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Fig. 5. Amplitude-frequency and phase-frequency characteristics: a) positive velocity 

feedback and inertial  excitation; i c = 1.6 mA; amplif icat ion factor of 10a; Csh = C = 0.1 pF; 
R= 100 kf~; b) negative velocity feedback and electr ical  excitation; ic= 0.3 mA; am-  

plification factor of 103; Csh = 0; C = 0.1 gF; R= 13.8 kfa; Ub= 200 V. 
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Fig. 6. Static displacement characteristics of the charge in the following fields: a) gravi- 

tational; b) electric; c) magnetic.  Discharge current i c denoted as 1= 0.3, as 2 = 1.7, and 

3=1.1 mA. 

By comparing the type of contraction with the frequency characteristics obtained for "heavy" and "light" cur- 
rents it is possible to show that v z is probably related to the oscillations of the core, and v 2 to those of the envelope. 

It is important to note that the resonance rise in the column oscillations at the frequency v z and the simul- 

taneous independent oscillations of the core and envelope are observable visually even with a naked eye. 

Phenomena similar to the above are observable also when the tube is fed with a 50 Hz voltage. 

4. By providing nonzero ini t ia l  conditions in the form of mechanical ,  electric, or magnetic pulses, the par- 

ticles forming the gas-discharge column can oscillate col lect ively across the longitudinal axis of the column, which 
then begins to vibrate between the anodes as a single body. For low pressures of the medium the column returns 
to the balanced position aperiodically. However, with a rising pressure the attenuation is reduced and the move- 
ment  of the column becomes oscillatory with a frequency of ~aat.1 ~ v 1. 

With a positive velocity feedback the aperiodic movement  becomes oscillatory with an attenuation depending 

on the feedback factor. If it is sufficiently large, there appear virtually harmonic self-oscillations at a frequency of 
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S c h e m a t i c  of the equipment  
for observing the gyroscopic effect:  
1, 2) differential  anodes; 3) cathodes; 

4, 5) z-transverse electrodes;  6) gas- 
discharge column; 7) bulb; 8) double-  
beam electronic oscil lograph. 

Uso.1- ~ Uat.t in the range of units of hertz.  A negat ive  feedback pro- 

duces free oscillations at the frequency Vat.2 or self-osci l la t ions at the 

frequency Uso.2. Moreover, Vso.z~ Uat. 2~ us, i .e . ,  they l ie  in therange 
of hundreds of hertz. With a rise in pressure of the medium the position 
of the column between the electrodes becomes unstable, and its trans- 
verse oscil lat ions at the frequency Uso A may  arise spontaneously or be 
produced by an external  shock, even without a feedback.  

With a further rise in pressure, the position of the column between 
the electrodes becomes even more unstable - t h e  slightest shock or 
asymmetry displaces it to the side of one or the other anode. 

5. For a uniform rotation of the tube about the z axis (see Fig. 

la )  with an angular veloci ty  of a z ,  the particles which move between 
the electrodes along the y axis respond to the Coriolis accelera t ion  along 
the x axis, and the bridge is provided with current ig, which is propor- 
t ional to and has the same sign as f~z over a wide range [6]. Owing to 
the edge distortions of the discharge shape, the part icles comprising the 
gas-discharge column can also be provided with a constant transverse 
veloci ty ,  for instance, along the z axis. In this case the column is dis- 
p laced along the x axis when the tube is rotated about the y axis [7, 8]. 
The d isp lacement  along x can be al ternating [9], if the column is driven 

along z by means of a l ternat ing fields (Fig. 7). In this case the amp l i -  
tude of ig is proportional to a and the phase with respect to the refer-  y, 
ence voltage is reversed with a changed direction of rotation. 

It is obvious that the installat ions assembled according to Figs. ! and 4 and used for scientif ic  research are at 
the same t ime r eady -made  accelerometers  suitable for measuring acce le ra t ion  s x and provided with sensing e l e -  
ments in the form of their gas-discharge tubes, namely  inplatrons. 

In the same manner the equipment  shown in Fig. 7 is a high-speed gyroscope whose inplatron serves as an e l e -  
ment  sensitive to the angular ve loc i ty  ay .  

Electromechanical  Models for Designing Instrument Schematics .  6. The designing of schematics for instru- 
ments based on the ine r t i a l -p lasma  effect  must, obviously, be made on the basis of its general theory. Unfortunately, 
there arise important  difficult ies.  As a mat ter  of fact, for a ma themat i ca l  representation of the observed phenamena 

on the level  of microscopic quantities it  is necessary to solve simultaneously many equations. In a general  case such 
a system comprises Maxwell,  hydrodynamic , thermal -conduc t ion ,  and dynamic equations with al l  types of effective 
mechanica l ,  magnet ic ,  and e lec t r ic  forces taken into consideration. If i t  is born in mind that the equations have to 
be repeated for positive, negat ive,  and neutral part icles ,  with each one being repeated for three degrees of freedom, 
it becomes c lear  that the total  number of equations, despite cer tain s implif icat ions,  amounts to several dozen. More- 
over. boundary conditions and external  system equations have to be taken into consideration. 

Further s impl i f ica t ion and idea l iza t ion  are obviously possible, but nevertheless the problem remairis compl i -  
cated.  Let us note that  the very physical nature of the discharge contract ion,  which is basic for all  the phenomena 
under consideration, has not been as yet  sufficiently c lar i f ied and i t  has been studied only in part icular cases at the 
leve l  of nonrigid ideal iza t ions .  

Below we point out another method for developing the theory and designing of schematics.  

The exper imenta l  investigations carried out by us provide the possibili ty of compil ing phenomenological  macro-  
scopic equations on the basis of the general  theory of transducers the physical  essence of whose factors is not related 
to microscopic quantities,  or is related to them part ia l ly .  This approach is fully justif iable for establishing the mutual 
relationships and purposefulness of exper imenta l  investigations and can be used for computing schematics of pract ical  
designs. Thus, on the basis of the above exper imental  investigations i t  is possible to assert that the " d i s c h a r g e s - e l e c -  
trodes - e x t e r n a l  circuit"  form a single osci l latory system which has at least  two natural frequencies related to the 
part ia l  systems of the core and the envelope.  

Figure 8 shows as an example  mechanica l  models which represent the osci l latory systems under consideration 
and have frequency characterist ics  s imilar  to the exper imenta l  ones. Different idea l iza t ion  levels adopted in de -  
veloping the theory of the ine r t i a l -p la sma  effect  must lead  to such models. 
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oscillatory system: x e and x i are co-  

ordinates; k e, ki, and kei are quasi- 
elasticity factors; he, hi, and hei are 
resistance factors; Me, Mi, and Mn 
are the effective masses related to 
the partial systems of the envelope e, 

the core i, and the medium n, 

If it is taken into consideration that the natural frequencies are 

wide apart (at four to six octaves), it becomes possible in solving many 

problems, especialIy for technical applications in the range of the or- 

der of 0-102 Hz, to remain content with the system's approximation 

entail ing a single oscillatory degree of freedom. Then, within the 

tube operating range which provides system Iinearity, the movement 
equation of the column's positive end can be written in the form 

�9 " 2 "" 
x§ x = ( n - - 1 ) s . ,  (1) 

where s" x is the tube's acceleration of following in the direction of the 

x relative coordinate which is rigidly referred to the bulb, ~ is the 
attenuation constant, 

_ hrrld > 1 (2) 
~I-- Acre  

is the ratio of the mean densities of the medium &rod and the column 

Acm, 

(3) 
- ~-- 2 aVi foot ~ A/[ 

is the natural frequency with K and M being the effective factors of 

quasielasticity and the mass referred to the active segment of the 
column's positive end. 

% The system's quasielastic forces are of a thermal origin and 
are related to the formation of a stable column, but they also clearly 

depend on the electric fields between the anodes and, it would appear, 

that they arise to a substantial separation of charges, with the positive 
ones being predominant in the core and the negative in the envelope. 

Moreover, in the electromechanical  model it is not essential to dis- 

tinguish whether the charges are actually separated or produce that 
effect. 

An example of effective separation consists of the operating condition with ambipolar diffusion of positive and 

negative particles which move from the column's  axis, where they are in excess, to the bulb wails. Since the mo- 
bil i ty b_ of electrons considerably exceeds the mobil i ty b+ of ions, there arises in a stable-state condition the field 
strength 

1 D+  - -  D _  
E1 -- grad n,  (4) 

n b+ + b _  

which retards electrons and accelerates ions. In the latter expression D+ and D_ are the diffusion factors of positive 

and negative carriers and n is the concentration which, according to the condition of quasineutrality, is the same for 
particles of either sign [10, Vol. 1, w 60]. 

It now becomes possible in principle to find from the Poisson equation 

div Et --  4~p, (5) 

the corresponding distribution of charges p(x, y, z) which produces the field E t. 

It is possible that there also exist in the inplatron other charge-dividing physical mechanisms due to the weak 
ionization of the gas which is at a relatively high pressure (~ 10 -I MPa) and to the specific boundary conditions of the 
closely located electrodes. 

In particular, at the rate that the discharge current drops and the pressure rises, the ambipolar diffusion condi-  
tion in the core is transferred to the envelope as a free diffusion of electrons to the periphery, thus infringing the 
quasineutral condition of the plasma [11, Ch. VI, w 35, paragraph 11]. 

The displacement of the column end with respect to the anodes (see Fig. la)  unbalances the bridge and, there- 
fore, there appears a potential difference between the anodes and the resulting additional field E 2 with the voltage 
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considered as a transducer. 

component E2x in the direct ion of the x axis. On the other hand, owing to the non- 

uniform charges structure along the cross section of the column, the charged par-  

t icles of its cer ta in  act ive area V at the positive end are beginning to be affected 
by the force 

F (x)  ..= f E 2 x p d V  .~ - - k x ,  (6) 
v 

where k is the quasielast ic i ty  factor which forms part of the factor K in Eq. (3). If 
this force remains negat ive with a rise in x it tends to restore the displaced column. 
Then, within the l imi ts  of the accepted approximation,  K > 0 and the above l inear  
equation will  also hold. However, if  F(x) becomes positive with a rise in x, i t  can 

lead to a loss of s tabi l i ty  and the appearance of self-osci l la t ions or thrusting of the 
column to a new stable position of equil ibrium. It is obvious that in these cases 
l inear  approximations can be used only for establishing the boundaries of the insta-  

b i l i ty  area. For the conditions under consideration of  re la t ive ly  weak currents, high 
pressure, and new neutral part icles '  concentrat ion of the order of 1019 ore '3,  there 

occurs an intensive exchange of momenta  owing to the coll ision between the neutral and charged particles which are 
control led by the e lec t r ic  fields. Therefore, the column behaves as a single body consisting of an aggregate of heavy 
particles in its act ive area V with a total  mass of 

m = lgm, (7) 

where m is the mass of a single par t ic le  and ~ is the entrainment  factor. 

The term ~s" x in (1) represents the quasiarchimedean force acting on a unit mass. Its appearance is due to 
convect ion fluxes arising in the inert ial  f ield (equal to the gravi ta t ional  field) which, however, by themselves, d i -  
vorced from other processes occurring in the system, could not explain the appearance of the observed effects. 

Equation (1) represents the mechanica l  osci l la tory system shown in Fig. 9a. This system can have at low fre-  
quencies the same frequency characterist ics  as an actual  system (see Figs. 3 and 5a). Since the displacement  x of 
the column's positive end is proportional to the bridge output curren~ ig (or the voltage Vg) we find [3] that 

ig = ~ x, (8) 

and the solution of (1) with respect to x can be regarded as the response of the transducer to an external  signal, such 
as the acce le ra t ion  w(t) imparted to the inplatron's  casing (Fig. 9b). 

Ul t ima te ly  we reduced the representation of the actual  system to an e lec t romechanica l  model,  an analog 
character ized by the parameters  COOl , I~, 77, and X. These parameters can be determined empi r ica l ly  for a f inite 
number of standard equations and used in computing the instruments' designs. 

When gyroscopic effects are used (section 5), the r ight-hand side of (1) must be replaced by terms proportional 
to the Coriolis inert ia  force components appl ied to various part icles in the direction of the x axis. This problem can 
be solved in different ways depending on the design of the tube and the u t i l ized  veloci ty  components of the part icles.  

Of course, theory on the leve l  of macroquanti t ies,  from which ( l )  is deduced cannot replace  general  physical 
investigations. It has a l ready been pointed out that  this is a very compl ica ted  problem. Nevertheless, in this con-  
nection important  results have recent ly  been obtained and will  be published. 

oInert ial-plasma Instrument}._ 8. The first installat ions of the type of Fig. 1 were developed by the author in 
1953-54. The idea  on which their functioning was based consisted of the following. Let the charged part icles of the 
same sign fil l  the space between the plane electrodes 7 and 8 (see Fig. lb)  loca ted  at a distance d between them. 
If the tube receives an acce le ra t ion  "~x' these electrodes will  move with respect to the charged part icles and will  be 
e lec t r i f ied  to a potential  difference of 

md .. (9) 
q 

where m and q are the mass and charge of a single par t ic le .  

However, i t  can be easi ly ca lcu la ted  that, even if ions of the heavies t  e lements  are used, the sensit ivity of 
the device  will  not exceed 10 .9 V/g [12], An exper imenta l  checking in de l ibera te ly  unfavorable conditions of a 
diffused-discharge quasineutral plasma has confirmed the very low sensit ivity which, however, was several orders 
higher than the ca lcu la ted  one, and this seemed to be incomprehensible.  
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Fig. 10. Hughes' acce le rometer :  
1, 2) anodes; 3) cathode imbedded 

in the insulator; 4, 5) gas-discharge 
column. 
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Fig. 11. Stocker and Weston acce l -  

erometer:  1) anode; 2) cathode;  3, 
4) probe electrodes;  5) gas-discharge 
column. 

l 

Fig. 12. Inplatron with the toridal 
bulb 1 and the f i lm resistance 2 which 
forms the anode; 3) cathode and 4) 
gas-discharge column. 

The author of this ar t ic le  together with V. Ya. Dotsenko [1], 

S. Hughes in the USA [la] and B. Stocker and G. Weston in Britain [14] 

used in the sixties independent ly  of each other a contracted discharge 

formed at higher pressures of the medium in the bulb. This raised sharply 

the sensi t ivi ty of accelerometers .  

I t  should be noted that the resonance properties of the system "dis-  
charge - electrodes - external  circuit"  and the effect ive separation of 

charges was noted only in our work. On the one hand i t  led to the dis- 
covery of the aggregate of the above-ment ioned  mutua l ly - re la ted  phe-  
nomena which consti tute the ine r t i a l -p lasma  effect,  and on the other 

hand to a meaningful  u t i l iza t ion  in actual  instruments of the e l e c -  
t r ica l ly  produced quasielastic force, the feedback for correcting the char-  
acterist ics and s tabi l iz ing the equipment  by means of external  magnet ic  
and e lec t r ic  fields, and the Coriolis iner t ia l  force which arises in rotating 
the tube. The greater  sensit ivity of instruments as compared with the 
ca lcu la ted  one also obtained a natural explanation.  According to (7) 
and (9) instead of m it is necessary to consider the mass of al l  the neu- 
tral part icles drawn in by a single charged par t ic le  into a co l lec t ive  
movement .  

9. Hughes' patents [la] describe an acce le romete r  in wich, main ly  
under the effect of convection fluxes, the gas-discharge column is dis-  
p laced between semici rcular  different ial  anodes (Fig. 10) connected to 
the c i rcui t  in a manner similar  to the one shown in Fig. l a .  The bulb 
was f i l led with a mixture of 95~ argon and 50]0 nitrogen at 100-250 mm 
Hg. The instrument had a supply voltage of 1,000 V, a discharge cur-  
rent of 2 mA, a sensit ivity of 20 V/g, a sensit ivity threshold of the order 
of 10 -8 g, and an upper measurement  l imi t  of about 0.1 g. I t  is noted. 
without specif ic  data,  that the bulb can be f i l led with a l iquid and the 
system can be fed with al ternating current. No frequency characterist ics 
are provided. I t  would appear, that, owing to large damping and a 
negl ig ible  restoring force, the system was great ly  overdamped.  

Figure 11 shows the schemat ic  of the Stocker and Weston acce l -  

erometer  [14] f i l led with a mixture of neon and xenon in different propor- 
tions and at different pressures. Its hea ted-ca thode  discharge current of 
50 mA formed the higher so-ca l led  "f i lament"  contract ion (see Fig. 2). 
The column's  d isp lacement  with respect to the probe electrodes,  which 
correspond to the electrodes 7 and 8 of Fig. ib ,  produces their  e l e c -  
t r i f icat ion.  Tests were made only with a constant acce ie ra t ion  up to 50 
g. Frequency characterist ics  were not provided. 

The author and V. Ya. Dotsenko [1, 3] mainly  used the c i rcui t  
of Fig. l a ,  and in the in i t ia l  stages that of Fig. 12 with its f i lm resistance 
2, which forms, when the column is displaced,  two unequal resistance 
arms of the measuring instrument 's bridge circuit .  Instruments made 

to this c i rcui t  have an extended l inear  range, but they are a l i t t l e  less sensitive, since in order to prevent the f i lm 
resistance from burning out the discharge current must be reduced.  The toroidal shape of the bulb, on the contrary, 

tends to raise sensitivity,  owing to stronger convect ion fluxes, but i t  leads to a considerable rise in the t ime constant. 

In order to e l imina te  stray sensi t ivi ty to angular acce le ra t ion  components,  i t  is advisable to use accelerometers  
with cyl indr ica l  anodes and several cathodes (Fig. is). 

It is also possible to use shunted ring electrodes (Fig. 14) which rotate in an external constant or al ternating 
magnet ic  field with the induction B. These arrangements provide a par t icular ly  large number of possible ut i l izat ions 
of inplatrons in general  control  circuits with analog,  frequency, or pulse-frequency outputs [18]. 

The sensi t ivi ty threshold of the tested accelerometers  l ies according to [la] below 10 -6 g (probably consider-  
ably lower), but different types of interference can have a large effect  on the precision of measurements.  Even in-  

557 



IIw A-A 

5 

Fig. 13. Inplatron with the cylindrical anodes 2 and I, four 

gas-discharge columns 3, and the cathodes 4. 
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Fig. 14 Fig. 15 

Fig. 14. Inplatrons with annular electrodes in bulb 1 and column 5, which rotates in the external 

magnetic field B: a) with the differential cylindrical anodes 2 and 8 connected to the cathode 4 as 

shown in Fig. la; b) with the ring anode 8, the cathode 4, and the transverse electrodes 6 and ? con- 

nected as shown in Fig. lb. 

Fig. 15. Inplatron with the semiannular anodes I', I", 2', and 2". The four gas-discharge columns 

3 are formed by means of the cathodes 4 connected in parallel to a common circuit. 
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signif icant ly small  admixtures of stronger atoms change the nature and s tabi l i ty  of the discharge contraction.  There-  
fore, the cleaning of gases and electrodes,  and the fi l l ing and ageing of tubes must be provided for with stringent re-  
quirements,  s imilar  to those specified for semiconductors.  The electrodes should be careful ly  machined.  Sections 

with irregulari t ies,  chips, and burrs produce deformations in the shape of the discharge, displace i t  from the tube 

axis, and make the gas-discharge column "stick" persistently to these sections, thus leading to the burning of e l ec -  

trodes. Moreover, for a general  s tabi l iza t ion of measurements,  espec ia l ly  with respect to drifting, an important  part 
is played by the s tabi l i ty  of the external  c i rcui t  elements and the re l i ab i l i ty  of contacts. The life of tubes and their  
re l i ab i l i ty  with t ime are sharply reduced with a rising discharge current and the resulting pulverizat ion of electrodes 
and meta l i za t ion  of components inside the bulb. If the current is below 1 mA, the l ife is vir tual ly  unl imited,  how- 

ever, the system's sensit ivity 

Aig (10) 

Am 

then decreases, although it sti l l  remains sufficiently high to be able to measure in many instances without amplifiers.  

10. The above accelerometers  have a zero frequency character is t ic ,  i .e . ,  they can also measure constant ac -  

celerat ion.  Therefore,  they can be used as gravimeters,  incl inometers ,  and tachometers.  

If  the cyl indr ical  anodes of the Fig. 18 inplatron are cut along their generating l ine and the resulting parts 
connected crosswise as shown in Fig. 15, an acce le romete r  is produced which is sensitive to angular acce lera t ion  
about the z axis. The coupling of ad jacent  half rings produces an acce le rometer  sensitive to l inear  accelera t ion  along 

the x axis in a manner s imi lar  to the one shown in Fig. 13. 

The provision of feedback (see Fig. 4) with differentiat ing and integrating elements serves to change consider-  
ably the instrument 's  frequency characteris t ics ,  its natural frequencies, and its effect ive damping (see Fig. 5). There-  
fore, the instrument can be provided with the operat ing conditions not only of an acce lerometer ,  but also of a v i -  
brometer  and a veloci ty  meter .  

On the basis of the gyroscopic phenomena described in section 5, it  is possible to develop instruments for m e a -  
suring angular veloci t ies .  For instance, the equipment  shown in Fig. 7 is a kind of vibration gyroscope sensitive to 
angular veloci t ies  about the y axis. I t  is possible to use the gyroscopic effect  present in the systems shown in Fig. 14. 

whose columns rotate in an e lec t r ic  or magnet ic  field [2]. 

Operating conditions leading to the appearance of self-osci l la t ions serve to use the above equipment  as low- 

frequency generators of harmonic oscil lations.  

Even more unstable operating conditions leading to the throwing over of the column to one or the other of the 
anodes (section 4) serve to use the inplatrons as high-speed triggers operated by inert ial ,  e lect r ic ,  or magnet ic  forces. 

CONCLUSIONS 

The above-mentioned considerations are of a preliminary nature. The application of inertial-plasma instru- 

ments is extremely varied, with the same tube, an inplatron, being used, depending on its circuit and the method 

of setting, as a linear or angular accelerometer, gravimeter, inclinometer, tachometer, vibrometer, velocity meter, 

high-speed gyroscope, vibrations' generator, trigger, etc. 

The basic advantages of instruments which use inplatrons have already been indicated. They consist of the 

absence of relatively moving or deforming components, the possibility of setting and regulating parameters elec- 

trically, miniature size, simple design and connecting circuits, economic supplies, and high stability. 

Their frequency ranges have not yet been investigated. The few instruments which have been so far developed 

are in the low-frequency range from 0 to 1-12 Hz, but there was no conscious selectivity in this problem. At the 

same time it should be noted that by varying supply conditions and the external-circuit elements' parameters it is 

possible to change the equipment's natural frequencies by a factor of two to three and the effective damping within 

any limits. 

The sensitivity threshold of these instruments is very low. For instance, for accelerometers and gravimeters 

it would appear to be considerably lower than 10 -s g. However, drift in the reading device and the stability of the 

equipment as a whole, including the dispersion of parameters in externally similar tubes, as well as changes with 

time have reduced the measurement precision in the developed devices to the order of 10"4-10 -2 g. It can be as- 

sumed that all these indexes referring to a small number of experimental models can be substantially changed and 
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improved. The results so far obtained and the tendencies which will now be developed will determine the possible 
fields of the inertial-plasma instruments' application. They may consist of the following: 

precision high-sensitivity systems; 

particularly robust systems for measuring large accelerations or high rotating speeds, as well as instruments 
with an unlimited life; 

simple, miniature, inexpensive systems with medium or low precision, including those with trigger action; 

instruments with a wide range of measured values, including systems whose parameters can be changed pur- 

posefully over wide ranges. 

Computations related with the designing of these instruments require a further development of the inertial- 
plasma effect theory. The macroscopic equation (1) with its empirical coefficients and the electromechanical model 
of Fig. 9 reflect to a certain extent the physical substance of this effect and can serve initially as a basis for com- 
puting design schematics. 

Various stages of this work entailed the participation of: V. S. Dvoskin, V. Ya. Dotsenko, I. D.Mikhailov, 
V. D. Podkolzin, A. I. Rutman, G. P. Chepikova, Yu. A. Cherenkov, and A. I. Shmigel'. 
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