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Attachment for Measuring Smell Time Intervals

by

5. S, Vetéshkin and B. C. Rozov

Introduction
The mode of operation of the attachment is e:.cplained by the block-diagram in
figs.leThe pulses corresponding to beginning and end of measurcd interval go to input
forming blécks. and then = to the primary transformation scheme, where the measured

interval is transformed into a pulse amplitude
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FigeleBlock~diagram of attachment; le-input block 1; 2~input block 2;

3=primary transformer; j~memory device; S-comparison circuit; b-~delay; 7=sawtooth
voliage generator,

The obtained pulse after expansion goes to the camparison circuit, the ocutput signal
from vhich is delayed with respect to the straight movement of a saw for a time,pro-

porticnal to the mea“sured rulse amplitude, i.e.proportional to the measured time in-

terval. :
Transformation of Measured Time Interval.into Pulse Amplitude

~The mode of operation of the convertef which iransforms the time interwval into
Tulse amplimde(}. 21 is ordinary for the integratar {fige2). In initis. state both
keys Kl and X; are cleoad, and capacitor C is charged to the potentiall Uy. At the
moment .to,corresponding to the initial (beginning) of the measured interval is opened

key Kl and the capacitance € is being discharged by the current generator, i1.es
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the potential on the plates drops linearly with time, At the moment tl (end of measu-
red interval) key K, opens and the voltage on the capacitance remains unchanged
"(leakage is disregarded) In this way, t, is characterized by the chenge in voltage

. at the capacitance, | :

- In the rcle of keys in a real circult are used electronic tubes Iq (¥;) and I,
(E;) (£ige3)s Tube Ly- pentode with secondary emission of the 6VLP type, A character
istic Ifesture of the tubes with secondary emission is, that the current flows frcm
the dynode in the cuter circuit, in given case through anode of pentode Lpe The func-

tion of the dynode in role of current generator is possible along a certain part of

voltanpere characteristic MP (fig.hjo

14
Tube L, appears to be a current gener
ator in the interration curcuit, and r
is the circuit loaé of the dynode, -Since
the “
. f
; . o
grid of the tube is fed independently frem ‘ Fenepume
moxa

the .anode, and in the cathode exists res-

istance Ry,the anodic characteristic is

Figs2eSchematic of primary conversion
shifted along the voltage axis by a valune aw~current generator,
greater than UM, The displacement is necessary that the dynode current characteristics

Ll and plate current characteristica 1, should intersect in one point only.

Characteristics of dynode current L and anodic characteristic of tube 6ZHj (L)
are.shown in fig,5, Selection of this tube is explained by the fact that it has a greatel
internal resistance at greater working current (order of 10 ma),

The working current of the Dynode L; - anode Ip circuit is derived from the in-
tersection of their characteristics (point N in fige5)e

In the given system three points of siable equilibrium- point M(i = i,, U = Uo)

point 0(i=0), (U=0) and point P(3 = 0,U = Uz), Foint M is unctable.
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To bring the system. beyond point M; i.e.into the working zone, where the dynode
appears to be the current generator,it is necessary before operation to feed 10 the
dynode a voltage, gn.ater than Upje '1’his is realized with the aid of relay R (see fig.

3.) the contacts of which open. up after the tubes become heated.

‘ When at input I arrives a negatwe nlse with amplitude sufficient for closing I
on tl.xe control gr.lid.‘then i'-=_0 and the point of stableiequilibrium is 0, i.é. the system
tries to retura into i;hat point, w‘n.icl; corresponds +to 'the discherge of capacitor C

throu@ pentode 1‘2 o ' ' ! _

i
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Fig.3ePrincipal circuit disgram of primary transformation
At the mament ¥y aleco I, closes (I‘l remains as before, closed). Voltage on the
capacitor remains equal U'y (see fig.ly)s Upon restoration of conductivity the system
returns again into point N,
The return of the system into point N depends upon the ratio of durations of
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first and secord pulses,

Ig {7, 2 500 w0 S0 iwd 250 ' :
alig 5 v s, 100 &,'!{5”}

. 5
) Som 00 150 207 250 300 Y 133 _eD0 t3 bist
! l 1, =-18" I !
. N~ ) 2. e
¢ AN o /% 1]
A7 /o ]
\ 4
D
N
RIS \IA L
| A
‘ | S ma
. e

FigelleSchematic drawing of the ol;eration FigeSeDynode characteristic of 6V1P tube
" of the systems and plate chavacteristic of 6ZH} tube IF
. _ _ £(Eg) at B = 400 v; Eg, = 250 v; Eg = = 2 v
1, The duration of the first pulse is Ug= 6,3_ v] A
shorter than the duration of the second
one, Time diagramz, explaining the form of the output voltage for this case,are shown’
ir Pig.6,2. As*result of capacitor discherge in the cathode-pentode circuit at the time .
when L, is closed, its cheracteristic is ;hift‘ed in direction of greater currents
(dotted curve on figll), and this results in the ‘appearance A (fig.6.a).ConsequehtLv' '
at small ty /\Up may appear greater than/\Uj. The section UO—U‘I - work:'ulg.‘ i.ce AUl
characterizes ¥,
2, Duration of the first pules is greater than duration of the second one (£igebyb)e
In this case the maximum amplitude characterizes not only tx,but also the excess in.
duration of the first pulse over the duration of the second.
Tt is clear from this statement,that it is necessary fo measure the amplitude
.of the pulse at the time when both mt;es are off (close-d) V
A change in voltage on capacitor Cs | _
. AU =-—‘—(‘k .a,
Wtaere C - total capacitan‘(:e (parasitic in.cluding); tx" meas-u‘;t‘éd-time; i-discharge:
curreat of capacitbr ‘ (éurrent:of .pehtode 12_).' .

The discharge current in first approximation can be consid.red as constant and
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=

- the tims interval does not exceed 1, 5..10"’9 FigebeForm of output voltage in dependence

see (in the absence of other errors).

equal to i
au_ i

Sensitivity of the systems dt, = C

The sensitivity . is lixn:ited by the magnitude i,, because the capacitance cannot

‘be lower than the parasitic. For 6VLP ube the current i, should be not more than 10 ma
fx‘:om the.ccndition of permissible power scattered by the dynodee A
In addition to sensitivity, is limited also the magnitude of maxumm output vol-
tage AU]_ (it is included between U3 and that voltage a‘t which ths plate current .
characteristic of the pentode still does not depend upon the plate voltage).The work- '

ing zone is evident fram fig.5. When using 6V1P and 6ZH4 A Uy =2 200 v,

In this way, at maxirum sensitivity the Lt LG et
o | I — -
marimem tims, the one which can be measured, _,]51 [ t »
‘ . N/ | I ' *
equalss -12 ' U: ; ;
200,30,10 7' !
by mag = 10,1073 = 601077 see. : : s
( 0.6 microsec)e | L__'
I
t
The sellest time interval,which can be o - {
msasured, is determined by the system of . : {?,[:l l;' B d
| |
measuring the pulse amplitude and by the i lf ¢ #
’ . | N
-~ ! :
magnitudes of transformation errors,If the AYEE |'| =5
i i ’ ey 4
absolute measuring error does not exceed | l lI < 1
B ] &
0s5 Vythen the absolute error of measuring ' I g

on the ratio of durations of input pulses <

Sources of Error
1, Nonuniform dischargs current of capacitar, The discherge current d.iring the use
of 6ZHL tube is conmstant with zn accuracy of ~ 5%. When i is replaced by DC current i,
is obtained an errcur in determining the times

At ~2,3-10"7 sec.
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2,Instability of i, in time, Instanbdility of pentode current of the order of 1%
depends upon the time of tube operation, power stability, Rk ete, Since i, changes are
slow in time, they c‘an be eliminated by periodic calibration.

3« Instability of capacitance C origihates as result of temperature change, change
of 'tubes etc, it is therefore desirable to have a coanantrated capacitance of possibly

greater value.

Yo Non-instantansous closing of keys L; and L. 'I’he[gjfg_rg:'—n/ of an inmut monovib-.

rator on tube with secondary emission is shown in figeT,3e This circuit assures a pulse

with amplitude ~ 70 ¥ and forward front of 5 nsec (fige.7sb)e The tube shuts off

in times gi
£, = + »
3 iy pal

When tp = 5 nsec, U3 = 5 v and Uy = 50 vy t3 = 5-10'10 sec,

Such an error can be disregarded,

5e Errar due to capacitor leakage. The error due to capacitor leakage appears in
form of change in voltage on the dynode, while both tubes are closed. Leakage is due
not only to imperfect . insulation of details, Somewhat unexpected appears to bé the .

loakage along the dynode,in spite of the faet that 6VIP is deeply shut along the con-

trol grid, Through the dynode flow current of considerable magnitude within a certain time .,

after feeding closing voltage tgwthe gride
. e . .

L R R R R L RO ]

1 ‘ - LA
AN e

- 2608

2
FigeTeDiagram of input monovibrgtor (a) and forward front of ocutput
pulse (b).Time duration markers 10™° sec.

The time constant,with whick the dynode current tends-toward zero,constituies a mag.
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nitude of the order of 2 sec. The initial dynode leakage current (immediately after
tube shut off) has a value of 100-500 ma, although in same tubes it reaches up to
2 ma, |

Ieakage on account of the dynode leads. to the point, after both tubes are qlosed,
but the voltage on the integrating capucitor begins shifting toward the potential:.- 1
deterpinable by the divider,in which are included the equivalent resistance of the dynodé
and insulation resistances. The mentioned phencmenon can proé,uce a rise in potential .
on the capacitor as well as reduction of same, 1

The most radical method of cmlbattir‘lg 'b.he error due to dynode cqnducﬁivity is the seles
tion of tube, Conductivity can be reduced by considerably reducing the plate voltage of
tube 6V1P simltanecusly with the arrival of the negative pulse on the controlling
tube,For this purpose in the circuit is inecluded a special tube Lg (6S15F),

It is also desirable to mcasure the pulse amplituae possibly fastere

Measuring Pulse Amplitude

Measuring the amplitude of a [mlse,obtained as result of primary transi‘ormtion,'
is realized with the aild .of & camparison circuit,.

Camparison circuits are quite well deseribed in literature [3] and that is why l
no error analysis is given here, We want t‘a menticn, that the error of the camparison ’
circuit can be brought up to 0,2 v, which :gives an error of the magnitude of 10"9 sec 1
for primary (measured) time interval, With the aid of comparisaon circui{; the unknown
voltage is transfor:'n‘ed into a time interval, greater than ¥,. Since the described cire
cuit was ‘developed for application to the indﬁstrial time measuring device type IV=l3 9
the maximun t, value was selected at 100 msece

To‘convert the pulse amplitude'into such a greater secondary time interval it
is necessarys - »

1)to have a duration of input signals greater than tx,wh:;;.ch is assured by inpat
monovibratorsg

2) "remgmber® for a taae geeater than ty the amplisude of the obtained pulse,

FTD-TT-63«19/142 7
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80 that during secondary conversion the remembered voltage would not change noticeably,
To realize the memorizing the voltage pulse through cathode repeater I:3,Ll+ goes

to cascede with negative feedback Is,serving for changing _tilé polarity of the _xv:re'asured

signal,
&
2 A L
%A A . ERiO
A= 2 D ’
wi | [
X =
sfl<§ (= 3
= <002
t 7
e
o0 1= 5‘24 8-
{1 ) -2
B8x23 1

%

e

dx ©

’—4
Y

FigeBePrincipal circuit diagram of comparison block
.

Dmediately after the cascade on 15 menorizing cannot be made,because this cas-
cade has a groeater output resistance for the vositive front of the signal (juét as
the cathode repeater = for the negative).‘ Consequently the signal then goes to the
cathode repeater (L7) sat the output of which aftare the diode 18,19 stards the memory
| capacitor C = 1000 mior omicrofarads, The time constant of the discharg;e of this
capacitor is Jetermined by ihe leekage of the output cathode repeater and equals ~u
50 msee, i.e.at the time t, = 100 msec the wveclitage will chaage by not more than

042%, which is fully permissibhls,
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The measured voliage from outrut cathode

repeater (output U,) goes to ke input of
‘[W,mm

I 1  the comparison circuit (fig.8).

150

1" eenen At the mament of activating the gencrator
|
i

of linearly falling voltage from output I
00+ —--
canes out indtial mulse tx, znd at the nmoment

Both these pulces go tc the oscillographic

0 972l 0F 08 taggomer ‘ .
) . time measuring device with spirel scanner,

In addition to the mentioned errors are
FigeJeGraduation curve of attachment added errors dus “o the memory circuit etc.
The graduation curve of the attachment is shown in fig,9e Stebility of =ny point is no.
less than 10.-9 sec, Total tramsformaticn accuracy ~o 1%Z in spit.e of the Tact that the
sensitivity is much higher and éonsti‘autes a value of about 2-10-9 seCe
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