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'.A  POINT-CONTACT  TRANSISTER PULSE  SHAPER 

/This is a translation of an article written 
by Yu.   I.   Senatorov published in Moscow, 
1958,  pages 3-22J7 

Description of the' shaper's set-up 

The pulse shaper's set-up is given in Fig.   1.     The 
positive feed-back needed for its operation is built up on 
the internal resistance of the triode   r6    ..    This resis- 
tance is the resistance of the germanium transistor plate, 
which is the basis of the triode.    In order to develop the 
regeneration*  the resistance   rg     must not fall below a 
certain prescribed value. 

Should the resistance   r6     be too small, an exter- 
nal resistance   j?6,. much larger than   rr6 (i?g2'lf4    kilo- 
ohm)  while     Jr6 £ 200 r 600 o4 has to be added.    The 
presence of N and S shaped characteristics of the triode, 
which produces the regeneration,  depends not only on the 
resistance        B6 « r6+i?6, but also on the magnitudes 

a>  rs»  rK»  ^K» #s and on the external elements of the 
set-up."   For this reason the     R$   value of the set-up may 
vary within wide limits. 

In one batch of point contact trlodes C2G,   C1E 
(released in October 1956) the magnitude   rö      was found 
to be sufficiently high to allow for the development of the 
pulse-former's set-up without the need of an external j?6» 
Absence of that external resistance    SQ-   affected favor- 
ably the absolute figure of the spread lh the point of the 
upper bend of the W shaped    characteristic of the triodes, 
for which point the voltage given in old set-ups amounted 
to       g* 10 R6 . jK(y        »  where   j^   was the dark current; 
for that batch of trlodes this   I-       varied within 
1  — 4 ma. *0 

The diminution of the spread in the coordinates 
of the points of the bend in the N shaped characteristic 
allows to leave the external elements of the set-up 
unchanged for many triodes of the batch.     The percentage 
of triodes that were  fit to work amounted to 70. 
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Fig. 1 

At the same time, a correct selection of the ele- 
ments of the set-up raises the reliability of its work 
in cases of certain deviation in the characteristics of 
the trlode itself. .  , 

With the external resistance j?6 absent, the start, 
signal is sent into the emitter's circuit.  It is known* 
that this way of starting increases the time of tue 
coordination period of the set-up by causing a delay 
(t  ) of the exit pulse of the former in relation to the 

starting pulse.  (For the set-up of Fig. 1 t7ap.Q,i5rO,2 

microsec, which is most undesirable.  This delay can be 
avoided by sending the starting signal into the circuit of 
the base.  For this ouroose a transformer is switched into 
tvie base of the trio.de, and one of its coils receives the 
signal in the proper phase.  This results in a strong 
fpX'a-back which in many cases generates certain pulses, 
and the latter are eliminated by the shunting of tne 
transformer's windings with a small resistance,  lhls, in 
Its tu^n. leads to a weak entrance resistance of the set-up; 
and this complicates the coordination of the pulse-sharper 
with other elements.  From this viewpoint the entrance 
resistance of the set-up R^ should exceed 0.8 kilo-ohms. 

*§ee the "thesis by Ye. V. Kostyukevichi "Investigation of 
the relaxation generators on noint-contact crystalline 
triodes". 1956; Printing shop WIA imeni Prof« 
Zhukovskiy. 

i\' E. 



^Dhe shunt *s resistance amounts to 300-400 ohms for a 
transformer with a factor 1:1. 

For this reason a set-up with a transformer in 
the base of the triode should be used in the cases in 
which the entrance resistance R^^ need not exceed 
400 obits* .',,,- 

Another specific feature of  the set~up described 
consists in the raised brush voltage E » «30 volt, which 
amounts to only 20 volt in the previous set-up» based 
♦upon triodes of the.types Ö2G, 01E. This naturally leads 
to increased amplitude of the exit pulse» The direct 
feeding from the source of the current of the Ej voltage 
of the brush circuit leads frequently to.the heating up 
of the triode-due to the excessive brush current and ruins 
the triode. Therefore the voltage Ej is admitted through 
the sub-circuit R-_ftiQdft-4» which uses a supplementary vol- 
tage source £2i(|**l > !*$ * Ehe sub-oirouif E-diode-O 
puts a limit to the maximum current Iffiax which pass 

through the triode1s collector even if the resistance of 
that collector were zero* A long-time operation of 
numerous triodes at the maximum current lm&x    of 10 ma and 
maximum voltage of *-30v did not cause a single triode to 
be ruined» The period of voltage recovery upon the 
capacity 0 of that circuit has to be coordinated with une 
maximum frequency of the pulee~shaper*s action» 

The  set-up of the pulse«shaper with point contact 
triode is shown in Fig„~ 1. She tasks of its elements are 
as fellowsI 

"*1) The start of the set-up is accomplished by 
positive pulses passing through the transformer Tpt. 

The amplitude of the starting pulses U2ap is greater than 

four volts» The minimum is. above 1 volt., but at this 
minimum the set-up will not operate with ©ach starting 
pulse. With U2ap less than 1 volt, the set-up will not 

■ react at all« ,.*,''* 
2) The diode. Dt lowers the back effect oi the set- 

up uoon the channel of the start«, . 
3) The capacity 01 is rjecessary for producing the 

current's throw into the emitter's circuit» 
4) Resistance Rt serves for the discharge of the 

capacity Cj. The time constant i a .'"t-"»iPj ••0,4- atcrosec« 

5) The +0»5 volt of the voltage source E, protects 

the aet-up from the parasitic signals as long as their 
.» voltage does not exceed 1 volt. 
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6) Both transfers », and Tr2 of the exit a« 

w»nd »»^^ÄfoJf ^negative reject in the exit 

pulse.    Depending on the f £**.**•^strAth 

.critical run of the transfer process In the transformer       . 

3" ,• ■   -* o   -n    r    and the voltage source 8) The sub-circuit J^-iy^ ana ™ , 
„  + „-p « nmiter of the current passing E3 play the part of .a limitier oi   ^ 

th,ou^9theotrlode;o^ce ^ ^& ^ pftrt of th8 noalnal 

voltage source In the ^^\ot^%^^in the 
The power used during A^^£n^ exceede 2-4 

resistance % equals       p«»<HMdu»Mdftw   .. ■ 
tl— the araount .on—Fin factual set-up when 

whe-e I,     is the dark current of the trioae. 
TO ^ould the amplitude of the eating |g-. »^ 
taken from the loading .^aracteristic of the p ^ ^ 

ffis ö/oircÄäne SÄf^j ;- 
TOlt.    Hari»™ fre,uen0y W ™£ ^oncy ^sher, 

a hreaJc up of the starting P}";Br{"    „tarting pulses can 
period het«en the exiting and ^ .SerlSs »I»**»»» 
™TV= ?-mo-ota.ffi?hl duration of the pol» = 0.5 
«iorSS«   (on the level of 0 1   fr«^«^^ & ohm 
hardly changes ifhen the load % cnange» 
an4 3 käräpiitude of the starting pulses does not 

~ &Mä^°5h£Ätl.. of the pulse 

shaper gj.^,1»^ ?^d voltages amount to 
+ 15 percent. 

A      ■—' 
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Fig. 
Diagram of the dependence of the starting 
signal from the load under which the pulse- 
snap er works at Ej= -20 volt« 

2. Operation of the Sub-circuit R-DIode-C 

FI". 7 shows the Ret-up of the circuit R-diode-C 
which insures the feeding of the collector circuit of -ehe 
trlode.  The diode beeps open if the constant coaponeuu 
of the current passing through collector's circuit aoes_ 
not exceed a certain maximum value of Iko max» while one 

voltage at the point A runs lower than B-j hy the amount of 
the voltage drop UD at the diode D.  By neglecting the 

magnitude UD<<E1, we can assume that the voltage at A 
Is equal E1.  Should the collector current Iko exceed 

the value I Vn  „.„,., the diode closes and the voltage in A 

becomes \nk\-\g2\-IKR  . This voltage is lower than ^   • 
The excess of the collector current Ifeo over Iko max may 

occur In two cases.  Firsts if the yield of the simper's 
set-up Ik ± I3. > Ik0 ma%t   Secondly? if the triode happens 

to rim hot.  In this case an auto-heating of the triode 
mav develop with a decrease In the collector a resistance 
and an increase in Its contact current0  Under tnese con- 
ditions the sub-circuit R-diode-C has to limit the 
perm! ssible current in the collector, or to sharply reexuee 
the resistance in the source feeding this cureuii of wie 
triode*s collector, which is equivalent«  Thus the 

5 
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Flg. 3 
Diagram of the dependence of the starting 
signal on the load under which the pulse- 
shaper works at E^ = «30 volt. 

attm 

im Cmft 34tOPt 

Fig, 4- 
Diagram of the power of the exiting pulse of the 
pulse shaper depending on the load for 
E1 = -30 volt. 

sub-circuit R-Diode-C ceases to be the source of voltage 
E, with Ik <.  Ik0 max and becomes the source of current 

for Ik > Ik0 max. In this case the magnitude of the 
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Fig. 5 
Dependence of the exit signal on the pulse» 
laper' s capacity's load« 
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Fig» 6 
Dependence of the exit signal on the change 
in the EMF Ej« 

constant collector current is determined as follows* 

U - JL. 
R + B0  triode 

where R0 of the triode represents the triode's.resistance 

to constant current unter a raised temperature run« 



Resistance R plays the part of a stabilizer of the 
collector current for Ik > Iko max. An excess may take 
place when the temperature of the surrounding medium goes 
v?r.  Thus the circuit R-Dlode-C acts as a stabiliser of 
temperature also.  In the first case mentioned, when 
r-  - T. >"T,    , the time, during which the temperature xk ~ x x     xko max " , 
is excessive, eauals the duration of the shaper» s exii;- 
tmlse-  In this'case the capacity C forms an auxiliary 
.Source of energy and, vith the C properly selected, ,ne 
voltage at A does not change by more than a definite v-iue 
M„ 1  mer the tsulse fed from the capacity o xs com- 

Vt*ted. the voltage at A comes to its previous vaxue, 
before another pulse arrives (for a frequency of the order 
of 500 khz). 

"D MAX 

Fig»  7 
' Iw is the dark current of the triode Iko max 

th* maximum constant current of the truoo.e au 
■        a frequency of 500 khx;   Imax the maximum con- 

stant current oenaissible through the triode; 
■1± the current of the exit-pulse of the trcoae. 

T.et us determine the values of the resistance R, 
capacity Cs  and voltage of the source E2.     The Dasic 

data are; values of currents 1^1  Im&x*  ^ko max*   ID max' 
and the values of Et  and   MCl     -    The relationship 

between these currents are Iko <  Ifco ma>: < X
D max 4 

* max ** i* 
The time-diagram of the voltage at the capacity C 

»is given in Fig. S. 

8 



The basic relationship betten the initial values 
are   (sea Figs ?»  8): -    . % 

r       ■*&( 1 \h " *i > Wc* * h ( 2 > tf, < ATM - • m > ( 3 } 

Mc:ls the change of voltage on the capacity C for the 

period 
M - *a ♦ APCj - ^ - JKO uaKc» - fffl * 

fj-p is the voltage on the diode during the passing 
through it of the current ID max. 

0Ä < < iJPg - «, I. 

®c* m 7T/ 
7 dt ( 4 ) 

0 

A#c    < a » oonst  , { g \ 

where Mc is the voltage change on the capacity during the 

action of the pulset i# 
By putting & 
in the form: 

By putting Affc -. A0C the inequality (3) can he presented 

6PC  < M'(J®   - l), ( 6 ) 

jrher©       ^' " *s * *i ** -^KOmaxÄ " ^4 

Inequality (1) limits the maximum collector cur- 
rent; the realisation of the inequality (2) insures that 
the current through the diode ID raax will not he less than 
lko  .max* 

Inequality (3) connects the law of the voltage 
change on the capacity G after the completion of the 
pulse, with the interval of timeT£ during which the 
voltage changes which cannot be less than some definite 
magnitude Mc , 

Equality (4) determines the voltage change on the 
capacity C through the duration of the pulse T^ . 
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xwt-' Pig» 8 
«"^i is the voltage change on the capacity 
0 during the timet^ (time of the passage of 
current I^j '&:    is the maximum change of 
the voltage on Ö after the completion of 1^; 

it determines the run of the exponent in 
the interval t ± ., 

Equality (5) represents the demand for the change 
of voltage on G during the pulse x% * 

Let us assume that the current I±  during the pulse 
is constant, while the actual duration X±   of the pule© is 
replaced by the equivalent durationTj of the pulse» then 
the equality (4) will take the form: 

.. (7); 

This equality is correct if the condition IM4f(C) 
is realized and in the further account such realization 
will be taken for granted, 

Solution of the basic relationships (1) to (5), 
Let us examine the possibility of simultaneous solution of 
these relationships and determine the region of this 
solution. Let us consider conditions (3) and (4), We 
begin by building the ratio 

10 — 



er <B> J^2 that equals 

.;<r - (i-eB0) * 
3™     Ar' /1 _ e -8C) M (i (.8 ) 

VH 

'The limits of <r   as it depends on C ares 

lim a 1 ■ 

,,*»' 

( 9 ) 

( 10 ) 

Fig. 9 presents the likely position of the curves 
corresponding to the inequalities (3) and (4). 

* It is obvious that the conditions are realizaole 
j_ f   a >    1 

Now we shall examine the inequalities (1) and (2), 
Their graohie solution is given in Fig. 10. 

Let us bring the inequality (3) to a shape 

explicit in reference to E2 for the case of the equality 

Aff„ - Aff„  and we will obtains A» 
x i9  > £x ■♦ iROliaKC«    3^ (11) 

Affc;A0 e - 3 



Pig. 10 
Boundary values of Rm«„ and R,.. i 
within which the simultaneous solt 

for R 
ution 

of the inequalities is possible 
(1), (2), (3), (4). 

We shall neglect the values UD« 32*  and 
UD<<xko max1*» Let us change the cur-rent Ifco fflax for a 
larger one ID max. . With the inequality (11) forming the 
condition for the selection of Ea> we intensify that 
inequality bringing it to the shape? 

h > h + WcR+ M 
jfi- (12) Si 

We put   £»     .Jta- into the Inequality   (12) and 
obtain: ci       <? 

+zi~— (is) *a * h. * -^MaKc* 

12 



Thus Inequality (13) includes the conditions of 
(3) and (4)0  It is evident that a simultaneous solution 
of inequalities (1), (2) and (13) becomes feasible If we 
satisfy the inequality* 

l^iiMo- Wc1 - fi [ > ~~IT (14> 

e*^~ 1 

The simultaneous solution of  (4) and  (5) yields 
the value.of C.    For this value of C,  depending on the 
resistance R,  the right side of  (14)  is evaluated.     Should 
the inequality be realized»  the problem can be considered 
solved. 

Thus the feasibility of a simultaneous solution of 
relationships (1) to (5) is demonstrated. 

Examination of expression (14). Further conside- 
ration of the simultaneous solution of basic relationships 
leads to the examination of the right side of (14). 

We shall denote 

c 

e"1, - l 
(15) 

Examining the magnitude f as a function of C, we 
find that it represents the relation of a hyperbolic 
function to one approaching an exponent.  It can be 
shown that y    will change much slower with the change in 
C than with the change in R, 

We transform the expression for y Into the shape 

at  «G 
"V-fi (16) 

—- - ÄT„ % ___________ 

^Pre^e^ted graphically, the inequality (14) expresses the 
fact that its right part added to the inequality (2) must 
not lie above the inequality for (1) In Fig. 10.  In- 
equality (14) was formed from those of (1) and (12). 

13 - 



The aagMtude |^ r j%   was computed for the range * 

of ;W" Q,Q25 f a,5|is shown by a graph In Pig. 110 In Pig. 
11 we find the curve of error (its ordln&te multiplied by 
100 yields the error in percent} in the computation of the 
magnitude... \jgff 1   that results from Uniting the serialisa- 
tion ofi'*sfcN in powers of JjL ' by the first two terms. 

The graph shows that the greater the value of RC» 
the smaller becomes the magnitude of 

For instance, if :
äC>S~ «• 5*i. the value \Vjj£    "^|\ 

equals 0e1. 
Neglecting 0.fin comparison to one unit» we find 

that practically the magnitude v* does not depend on the 
value of 0, provided that the inequality 0'> %%is realised« 

If we neglect the magnitude . | I$W ■•if! in comparison 

with one unit in the expression (16)$  we can obtain the 
first approximation to the value of R from the expressionj 

(17) 

where • 

■" ^m Atfusc ~ *$uapa* - , 

The resulting error in the value of Y   cannot be 
computed without using the concrete values for 0 and R„ 
even if it were only because the numerator In the expres- 
sion for Y   contains the value of 0. For this reason we 
shall conduct our reasoning on general lines, and we shall 
show that the value öf R computed from (1?) shall always 
exceed the true value_of R (as computed by taking into 
consideration 1*%-''""' 

Let us suppose that the neglected terms of the series 
mentioned equal I, i.e», i  |S,»V'< • £& such a case the 

;J " WEN  ""ggV 
denominator can be written ast^aE'^"-'- "*£±~i$ or if we use 

—    14 — 



the ratio   <t,~   " a* 
SS- 

ve obtain      pST- t m~^L{i * a)     • 
■ - sc 

J«T V."K T I? 

For the expression Y 
w~-"~^-"~~T^7r;T)   nnd "eturininS 

si: -     B«(I * *' 
to the expression (14) we obtain! R >t£Ti+*) "-sq-  » 

The magnitude» a    can be expressed In percent and 
represents the permissible error in the evaluation of the 

eorialination of  eM/J{?     .    We  shall denote by ?U the 
value of resistance R coatauted from the last expression» 
If v8 i7.se the sip;n of equality in it» We shall form the 
ratio of P/PO,T ,  i.e.,  the ratio of R obtained from   (17; LV  .UJf    s 

Ti 
with the further terms of the series J$    neglected* to R 

with all terms considered. 

B     '    1 +- Kc 

who r® 
.% ■ i + « 

K « 
A7 -3LT 4-AJL  ""* *""w*'li 

a > 0 . 

¥o shall" note that K .cannot be löse than 1, for the 
opposite would disagree with the physical nature of the 
trebles» 

It is evident from the ratio R/% that R is always 
greater than %„     Consequently» by using the sxpresaion 

{17}  in evaluating Hf  we sshe ths error of oro di^It only» 
ncT-'-upi rjV; rK'WX'^%;K? lh® **orh of ths  circuit 

R-Diode-cr"""*Iroqus.litie^   (V)  and  (2)  characterise^ the con- 
,5* f* ,.,,,. „ i,-, ■»■'i-.o.  r.pt,««::^ * Ti P.  ntfi tloror'-1  run ord In Ho 

r \ .c "i"'"-. -^ ^ 

T'-i   th©   r>.^y)f.'pZX'"/      Oppressions    (3)   ??.rd   {4}   ChOrOO"» 
teri.2.0 the conditions" of the set-up in'the pannage of the 
siüsea, I.e., in the dynamic ran, * Tho constant of tide 
in the circuit of EC can be so chosen as to exceed the 
tine Interval T » between the pulses» than run with the 
m?.'iiim<m.  frequency {frtpr),  and thus there will occur no • 

aocuBsulatlofc of charge© on the capacity 0 during the series 
of rulees.  Ibis accumulation of charges on  the capacity 
is affected above all by the value of R, and the least by 
the value.of 0« However, the degree of the effect of C 
claries with the change in the magnitude of the ratio 2l 

EC ' 
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Fig.   11 
Graph of the relationship between the value 

s   ( 2i   ;n"*1 l    aa<i tiie ratio 
3   «0     "JjjF . HO 

The smaller the value of OR» the greater the effect 
of C9 The permissible limits of the oscillation of vol- 
tage on the capacity C during the passage of pulses 
£see  (5J7 should not be enlarged when a simultaneous solu- 
tion of the five initial expressions cannot be obtained. 
This would not bring a solution under reasonably permis- 
sible voltage oscillations on  the capacity G. 

On the contrary, a certain variation in the value 
of the maximum permissible current Imax in the positive 
direction, can rapidly widen the region of feasible solu- 
tion. The region of simultaneous solution can also be 
enlarged by lowering the value of I^nax" 

For the stationary run the -percentage' of energy 
coming from the sources and lost as heat in the resis- 
tance R is  (h - -*i) •■In order to reduce these 

losses it is advisable to useminimum values of Eg and 

and maximum values of R» 

3. Numerical computation of the circuit R»D-iode-C 

1. For currents Iko and Ifeo max. Starting from the 

actual measurements of these currents for a group of 
triodes (C2Ö-) in a pulse shaper set-up during a stationary 
run on the frequency of 500 kilohz, we ean assume that for 
the majority of the triodes these values do not exceeds 

16 



for E« = -20 volt 
for I 3« 5 ma ko ~ ~"~  ""*" ~&o 

^   - = 5.5 ma        T. 

for E1 = »30 volt 
A ma 

J-ko max ~ -'-,*:•, ma iko max ~ 7 ma 

2* Maximum current through the diode D in a. 
stationary run Ir,    iss 

JL/      ill LM J\ 

for S j  - - 

"D max 

20 volt 
>, 5*5 ma 

u Maximum current I max" 

for Ej = - 30 volt 

Hm**»  7 ma* 
In determining this 

value one should proceed from the experiments in which the 
point-contact trlod.es v;ere working under heavier currents 
than those guaranteed by the vendor. 

Thus Ims:}r must not be greater than 20 ma, 
4. Current during the pulse 1^» It follows from 

the load characteristic of the pulse shaper that the range 
of current 1^ variations is 60-6 ma depending on the 
shaper's load» 

5« The value of E1# This is determined on  the one 
hand by the required .amplitude, of the exit pulse and on the 
other, by the permissible voltage on the triode«  This 
magnitude shall have two values? 

g„  • - 30 0. * - 80 e and 
6»  The magnitude ö&r M c±   represents the loss of 

the useful voltage in the exit pulse of the shaper» We 
shall assume tjj    ü e. 

7« The valuex i»  For this computation, we shall 
determine the equivalent duration T * given by the rela« 
tlonship     i. / i dt  «-"^H^tnat is, assuming that the 
pulse current Ij £s constant for the duration T ^» which 

amounts to 0,2 microsec» 
Computation; 1} This computation is carried out 

for the following variants: 

/. for A 60 MO, 

n*  tor h - 30 m 

i-  for h "6*a 

i» s i 

j. 

Bi  & 

-2Ö0 

-30« 

~20s 

, J! ^ - ~30e 

i■: % - -2os 

#: A -30e 

17 



Variant II reflects the conditions of the maximum 
efficacy of energy in the simper's load for RN = 400 ohm, 

2)  Prom the simultaneous solution of the expressions 
14}  and' (5) we  shall find the values of the capacity G 

(in microfarads) 

I.    I„ - 60 m Ct > 12 000 r# 

■ H.    JH * 30 m C2 >   6000 nag 

•I.    7H - 6 m „s 

3)  We compute the value ofY * 

C* >   1200 nsß 

I. 1H • 60 ua 12 000 n# 

8(KOM) 

Y 7,7    15,6      23       31        40        48       56 
10 

"• la - 30 m C*5 - 6000 n§ 

R(KOU) 1 2 3    4    5 6 7            8 9 10 

Y 4 12   16   20 23 27    32 36 40 

R(KOM)\   1 2 

I.    IK 
K 6 ia C3 » 1200 n$ 

6 7 8 9 10 

Y 0,4    1,15      1,9     2,8     3,6     4,3        5 7,8 

4} Using identical nets of coordinates» we shall 
build simultaneously the relationships of the expressions 
(1)  and  (13)   (in Fig*   12)« 

The construction amounts to two variants:  one for 
E.  = - 20 volt,  another for E1  = -30 volt»  while the 
current I.,   amounts to 60,  30 and 6 ma» 

18 
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Pig. 12 ' ' 
Graphic presentation of the solution of 
baaic relationships (1) to (5) in their 
application to the work conditions of a 
pulse shaper on a point contact triode 
for various runs of that work. 

#&M? 

Fig.  12 shows that the minima value of &2 and R 

. for ^ - - 30 e 

I. Ig * 60 m 

B. JM - 30 m 

i. JH * 6 *o 

I'    ?» 116 e 
h 
R > 5,8 KOM 

\Ss> 66 e 

\R > 3,3 KOM 

\S2 > 48 e 

\B > 2,4 xcm 

-  19 



for st * 20 e 

I, IVt * 60 ua 

II, Ih * SO m 

^    In    *       8   MM 

f2   >S 80 e 

~ 5)  Let us evaluate approximately the power losses 
rR In the resistance H and öom^ai^e thes with" the e^>^y 
otfaeiimption by the set-up itself.    P0  s&h in the  stationa; 
po  skli and P dJn Sfch 

3-^ the dynamic runs.* 
J. i * - 30 e B3  * - SO e 

I*      /j, * 60 j«j /># -   1,27 e» fy * 0,63 m 

■r<>      /„ - 30 *a P# -   0,39 m PR - 0,17 &h- 

i.    1, 
H "' 6 *a     •    ^ -0,135 ea 

For the stationary run wo haves 

D/? *  0,053 «A 

*0 CX *° °'12 es? 

20 e P0 cx  «   0,07   0« 

And for the dynamic ran at the frequency of 500 

Si  - ~ 20 © D A ., 

Kiiohzj 

202: 
IJD- 
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