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Kundu ESqey
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the papers when you come to Delhi for the interview,from the National Physical Laboratory. The paperswill be lodged with the undersigned and you ean<ollect it any time from 9 A.M to 5.P.M,

Yours truly,

(2..VeRamanurti)
Technical Secretary to

the Director,
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1.
Introduction

D
uring

recent
years,

m
uch

attention
has

been
draw

n
to

the
R-C

tuned
oscillators

18
for

generating
sinusoidaloscillations

It
1spreferred

because
of

its
num

erous
advantages

and
superiority

of
perform

ances
over

other
types,

especially
in

the
audio

range
The

conventional
L-C

type
oscillator

1s
m
convenient

du2
to

the
jarge

inductance
required,

and
w
ith

w
hich

it
15

rather
im

practicable
to

produce
good

w
aveform

,
due

to
the

loss
and

non-lineaity
introduced

by
the

coil
in

the
low

er
audio

frequencies
The

range
offrequency

variation
one

sw
eep

of
the

capacity
1s

only
3

1.
This

requires
a

large
num

ber
of

inductances
for

band
sw

itching,
to

cover
the

w
hole

audio
range

O
n

the
othet

hand,
w
hile

the
beat

frequency
oscillator

1s
quite

suitable
for

achieving
a
w
ide

frequency
coverage

on
a

single
tuning

control,
it

has
num

eious
Shortcom

ings
"Pulling-in"

of
ogcilletors

at
low

fiequencies
and

spurtous
beatnotes

resulting
from

cross-m
odulation

are
occasional

source
of

trouble, and
it
also

requnes
fisquentchecking

of
calibration

against
the

supp
y
voltage

to
ensure

arrangem
ents

aie
reqnued

to
get

m
d
of all

these
troubles

w
hich,

consequently,
add

to
the

cost
and

size.

Elaborate

R-C
oscillators,

on
the

other
hand,

are
quite

sim
ole,

easy
to

set
up

and
sulfer

from
none

of
disadvantages

In
the

present
paper,

the
condi-

tions
for

generating
sinusoidaloscillations

have
been

studied
for

both
a
straight-counied

and
a

cathode-coupled.
niultivibrator

The
bm

itation
of

these
oscillators

for
producing

w
ide

frequency

type
of

R-C
selective

netw
ork

An
oscillator

arrangem
ent

w
ith

this
netw

ork
com

pares
favourably

w
ith

those
of

existing
types

The'
use

of
this

netW
ork,

'of
course,

can
quite

conveniently
be' ektended

for
a

continuously
tunable

audio
am

plifier
requued

for
either

selection
or

rejection
of

a
particular

frequency
in

a
frequency

spectinm
.,

A
basic

design
piinciple

has
also

been
developed

for
all

these
cases,

so
that

the
vaiious

elem
ents

can
be

proportioned
to

obtain
the

m
ost

satisfactory

2
Principle

of
Cperation

Figure
1

show
s

sym
m
etrical

m
ultivib: ator

carcuit,
w
hich

18
essentially

a
tw
o-stage

R-C
coupled

am
plifier

fed
back

m
a

regenerative
w
ay

Self-oscrllation
m

this
system

1s
only

possible
w
hen

the
loop

phase
shift

1s
zero

and

w
ith

a
purely

resistive
load

produces
a

phase
shiftof

180
deg

But
ithe

R-C
coupling

netw
ork

here
introduces

a
phase

lead
at

all
frequencies

For
oscillations

to
be

sustam
ed,

this
phase

lead
m
ust

be
counteracted

by
an

equivalent
am

ount
ofphase

lag
H
ow

ever,Fig
om

its
com

ponents
w
hich

are
alw

ays
present

as
siray,

interelectrode
and

decoupling
capacitances,

and
w
hich

play
an

im
portant

part
in

counte1acting
the

phase
lead

so
that

at
a
particular

frequency
the

teed-
back

is
purely

positive
Supposing

the
gain

of
the

system
1s

quite
high,

oscillations
then

build
up

w
ith

grow
ing

am
plitude

from
a

m
utnute

unbalance
in

any
part ofthe

circuit
This

cannot
continue

indefinitely,
due

to
the

non-linearity
of

the
characteristic,

and
also

due
to

the
grid

current
w
hich

drives
one

valve
beyond

cut-off
and

m
akes

further
am

plification
im

possible.
This

state
of

affairs
continues

w
hile

the
charge

on
the

grid
condenser

leaks
aw

ay
to

raise
the

-

grid
potential

above
the

cut-offpoint,
w
hen

the
operation

starts
once

again
and

ultim
ately

drives
+

the
other

valve
beyond

cut-off
The

frequency
of

operation
depends

on
the

tm
e-constants

of
the

circuit
'elem

ents
It

1s
quite

clear
that

high
am

plification
in

the
circuit

drives
a

valve
instantaneously

into
the

non-linear
portion

of
its

characteristic
and

pre-
vents

it
from

conducting
over

a
certain

period
of

a
com

plete
cycle,

giving
rise

to
the

relaxation
type

of
oscillations

*
M
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M
arch,

sth
1954

t
Form

etly
w
ith

EM
I
Lid,

H
ayes

Fngland,
and

©
G

de
TSF

Pars
now

w
iih

U
D
C

N
o

62159250181
621

96
618

variation
has

been
overcom

e
b

m
eans

of
a
new

results.
a

Anam
plifer



Aaa
-67532- DIRH

TUNED OSCILLATORS TWO
ie Vios and plate voliages of V, and V, are

coc. a thai the quiescom opciating points
of the valves are far beyond the giid current
region and on the linear portion of the charae-
teris.ic, and the circu elements aie so propor-
tioned that the overall amolificauon is uarty,
then the curcurt less can be just supplied by the

gain of the system ovly at a frequcncy at which
the iota! phase shiftis zero This is he co-di ton
When sinusoidal oscilasions will be gcuerated,
because the amphf caion at the barmonic
frequencies will be too low to mamtain oscilla-
trons, wnereas at all other frequencies the teed-
back 1s other than posihve
Actual adjustment of amplification is, of

couse, rather eriical If it as too low, the

system will fail to oscillate, if it 1s too much, the
amplitude of oscitla ions will start imcreasing

a result, themuta coaduciance of the valve will
be reduced below its value reducing the

lators
tortion as any other self-maintained oscil-

The oufpnt of the oscillator will, however, be
essenually sinusoidal if care is taken that the

in exc2ss of wnat is neeicd for the inainterance
voliaze feedback to ine o id is only very slightly

of the oscillations, so that the swing of the

operating point is limited only to a very small

3. Theoretical Cors'erations

characteristic

In Fig 2 1s showh one of the symmetrical
stages of a two-stage coupled back-to-front

arrang2ment Adjustments have been made for

ge canacilvices across the anode loed and the giid

operation, and ptovision for counter-

acting the phase lead dne to the coupling
capaci aace Cis made by connecing shunting

Jeak Peniodes have been used to minimize the
effect of the interelectrode cagacitances Since
the two s.ages aie 1dentizal, then {or the hmiting
condiioas of oscilation each siage must
inttoarce a phase si ift of 180 deg with a gain of
unity.
Fhe equivaleat circuit of Fig 2 1s shown in

Fig 3a, waich the vaive is shown as a cons.ant
curient generator wi'h a cu: rent ouput of
L== -gpze., whete g,, 15 the mutual conductance
of the valve.
Let
va °= anode impedance of the valve

R, plate
Ry grid leak resistance

G coupling capacitance.
C, shunting capacitance acioss the load

-- oulpvit and stray capacitances to
the teft of C

C, = shunting capacitance acfoss ibe ond
leak + input and stray capacitances
to the nght of C +

Assuming the equivalent circuit in

Fig to Fig 36. By Kit hoff's Law

j= OG + ic, where lc Ip tr Ie,

Or, + ic, + te + Ie.

But

Heiuce 4
; ;

Now,

e; de,

1

4 ey- @+ale
Since the ar-plification of each stage is unity.

e, must be equal to e

1

[ c e

€ de

the above equation'
1 de @ d*e', C, de

VWritiag at as d diffeiential equation:
1

G dt
C yk 0

couhceats, can be written in the more

convenient and standard foim

Galley Thiec follows--
¢



LATORSW TREE.
mec saad orn tr cy cobeton of this

cpr,

queacy of oscillation is given by
oa

(1)

Ard for oscilla taus to be maintained, the
mutual cond +

(2a)

Fer ihe costiaon of osedlation

So long as the coruhon given m equation (2)
IS Mainta Ned, 05326 Output of the 93 dlator will be
sinusoida!

Stuce the ec.ode caracitances of a

penvods are vy stro, and siice the gain
requ 2d fron he ain ya ts ayy ugh, the offec
of these ances can be neglected over a
certain frequency .ange

When
C=C, C, and Ry + Ry~

the coudt Oa OF ie Gaky= 2 (Ba),

and ihe frequency s f= (3h)

The berveea the cirent, anc

aic ag show 9 the um of 4
the t raf pence

by 90 dea rid sal ve ip pas wah e,

hia CNet

{>

te) and ae, The vector

diagram is diawa nese, showit g the condition
when the omput vollage e is 130 deg out of
phase with the irpu. voli ige eg

frequency sale_irve re work, so that the elements
of both stazes are to be varied sunularneously
for any of The cireutt
beco iach moe if a cathode-
coupied sys 248 asce! with its input
beHig "om the Outpost thraugh a

coupling impedance as shown in Fig 5a

Thus sysion can be reearded as a cithnde

through the catnode 1esisauce R, The
mou. impedance resullicg fiom the catkode
follower action a itd the 5! vel, 58 ard U-peaanre

due .o the cud stage

amplifier © The hineardty of th- at Pp Tet is aso
much ieptoved by tre hugh Cege iu, the
cathode cneuit Moreover, chi, an acd »

advant .ge taat und the > oria lope ting
condiion, grid cvner canre. flow dve wot! 5

acon pl plite evs at in che nesiuve

In this circuit each 15 with a

There is a pl ase ieversal of *40 deg betwacn
the input and the output, <a t-at a "nusoiael
oscillato.y can be mcintainca if 536

adiitional phase shift ts introduced by he
coupling impedance at a freqvency ac which tie
gain 1S umly.
The maintenance coadimon and ike "equency

of oscillauons have been dutved Appancix {,

Equauon (12) suggests that the f equency cin
be varied over aiange ] 19 dy G aaa
C., by means of a ti but
as 13 the previous case, + 'op of Ry varies
the gan of the systere ard upsctsS ona
Op? ating COId1 167, 533 vrauer o RK, must pe

accompa nod Gy aa nese of the
mutual corcuctanze of the Generals
a voilavl-mu valve incorpors ed wiih soc
amdhtud. device savo the pirpus3
quic well so long as ihe vaitauon oo Saad ls very
small
Wnere an osedlinor carab e of a small ra »96

of frequency variation 1s 1equued, ine syoten
of Fig Sais very a. va fa cou. Cre to mS sim

Prope, It ce st up 'oO any Tre-

que-cy from a few cycies to a fow Megreycls
The of Crs 603, 162371 can be c3., tolled

tude stabilization can be aclueved by ieplacing
Rx by a tarp

and an R-Cryre co, ile ur msnt be interc weg
here in both ~ne cases, an amplifier 1s

through a tung netnok. In LC tung,
oscillation c91 be kept easily to a sinale fre-

phase are altere¢ shar on both sides of
ance of a cared circuit, whereas this shan press
of selecuviiy os fe. less wih RC tuning Mote.

shapes the sinusoidut nature of an oscillanon
even when the ere.gy is fed m the circuit by
pulses

TSC of the

icgion 8

Lb»

d the

4

and exchanging of

This 1s why a slight variation of gun in an

R-C circuit upseis the opti num operaunue con-
dition and gives use to distoztion It 1s always
advisable to use some sort of antomatic amph-

tude-limiting device Ihe a o: 85 vhesmisior

the overall gain as a ip sted to tho recuircd value

by the rms velue of we ouput eottasc, atke
the self-maintamned o.ciliaicrs, cn
the non-linearity of tre sia- crerisic to init
the ainputuce ©: s.eble on

1

é
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4. Considerations for the Second Type of
Oscillator (Fig. §)
It 1s clear from the above discussion that

stable and uniform performence can be achieved
over a wide frequency range if use 1s made of a
feedback network which, besides having no
Joading effect on the amplifier, has an attenua-
tion coefficrent which 1s cons*ant with frequency
and a phase coefficient whith passes thiough
zero or 180 deg at che frequency of operation
In general, the airangement can be considered

as an amplifier coupled back to 11s input thiough
a frequency selective network as shown in
Fig 6.
Let A gain of the amplifier

fraction of the output voltage fed-
back to the input.

Both A and B aie complex functions of frequency
where 24 - 0
and R IB] y
According to the Nvquist criterion of oseillation,
self-osc .a this system can only be possible
if the Nyquist diagiam of loop gain the
complex plane, with frequency as the varying
parameter encloses the poimt (1,, 0) of the
complex plane.
ie, fG= A (4a)
oscillations occur v hen

[A;{Bl 0571. . yet ee. (4b)
and ¢

. (4c)
Now, if A, = gain of the amplifier when the
feedback 1s takea into account,
Then

A

Conditions:
(1) When B 1s positive

and AB 1

Ay Q t

This is the condition fot sinusoidal oseidlations
as the circuit loss 1s supplied by the gain of the
sysicm at a frequency at the overall phase
shift 85 zeio

(u) When Bis positive
and AB <1

AysA iw

ie vhen the amount of regeneration is such that
the gain round the loop is jast below a porrt
requiied for oscillation, the system can be used
as a tuaable frequency selective amplilici.

When Bis negative,1e when the feedback
is degeneiative and when 46 I,

. With proper arrangemert, a fr* puency can be
tuned out from the output of ihe sys.em by
adjusting the elements of the netwo.k end the

system can be used as a rejection filler.

*

5. The Feedback Network
When a resistance R,, R, and a capacitance

C,, C, are connected m series acioss the
secondary A€ of a centre tapped transformer 7,
as shown in the Fig 7a, the pnase of the voltage
across OP and OP' can be vartec between zero
and 180 deg (not melucing) py va-ytrs the CR
values 1%11 The ainpirade of th>. voliage
remains constant at one-hilf of the mput voliage

fact that the locus of E or P', must be on the
circumference of the semicircle CPA or CP'A,
respeciiyély, drawn on CA as diameter, bezause
of the quadrature relation of the two vol.izes
Vr, and Vc, for Vp, and Vc), the inout vol age
CA (£' + £) being always the resul.ant of the
two as shown in the vector diasram of Fig 76
When C,R, C,R, the voltage acioss P'P

supplies a balanced outnut with respect to tne

for all degiees of phase sufi Th.s is due to the

centre 'tapped pomt O The phase lead of P'P

being 9, vith respect .9 tle rerercrce vector CA

then tan a But 8, 2a
1"

.. 8, 2 tan i y of {6a)

If another resistance R; and capacitance C,
are connected in series across P'P, then the

output voltage OB remains constant at one-half
of the voltage P'P (P'P CA = 2CB) over all
degrees of phase shift.
Case (1) When P'P is connected to point 1,1,

asin Fig 7a, the output voliave OB ieads E P by

an angle 8, given by 8, = 2 tan 1 ae. (6b)
3

Here the phase advance 8, due to C.R; is
additive to the phase advance 8, due to C,R,
and C,R, with respect to the 1eference vector

CA.

Galley Five follows-
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For y = 8, + 8, to be 180 deg.,

2 tan! must be equal to

180 deg.

c R

VE RGR

Then the angular frequency'
1

Cay

Case (2) When P'P is connected to point

2, 2,1n Fig 7a, the output OB undergoes a phase
retard of §, with respect to P'P wheie

8, 2 tan?
a

3

For OB to be in phase with CA, i¢, y to be

ze1o, 8, must be equal to 0,
Or

tan
Ry

tan R,
When the angular froquency

Xo

« (7b)

The transformer can be replaced by a triode

phase-sphtting valve having equal anode and
cathode loads. Since the same current passes

thiovgh the resisiances, an mpat voliage Js

converted to iwo outprt voltages of cqual
magnitude and opposite phase across the anode

and cathode of the valve The tube charac-
teristic has neghegible effect on the output
voltage due to the degeneration at the cathode

circuit, while equality and phase opposition of
the voltage are maintained for frequencies from
zero up to a point where the effect of the dis-
tributed and stray capacitances can be neglected.

1

The gain of the system ist1 ,)

ie, when pS I and > 1, the gain is

appioximately unity per phase and the condition
of balance 1s only the equality of anode and.
eathode resistances.
The network can be connected as shown in

Figs. 8a and 8b.

In both cases, the'magnitude of the put eo

is independent of frequeacy and approximately
equal to the input eg But in Fig 8a, the phase
of eo 15 zero with respect to the input voliage eg,

while mn Fig 8, the output voltage éo ts 180 deg.
out of phase with 1espect to eg, at a frequency

given by the equations (7) aad ( 1b) respectivety.
It must be pointed out thaf the abovevector

diagiam 1s drawn on the ass. mp.ton chat

The loading effect 'of the network is -

7

» negligible,re thereis aezligible feed-back
trom the anode +o, the canode of the
valve.

(u) Effects of stray

1

and distitbuted capaci-
tances are negligible.

(ui) The respective CR valucs are So propor-

if very large compared to the mmpedance
between AC.

The use of Fig 8b is preferred to $4, because

in the latter case the output is 1¢eq ated to be

taken thiough a blocking capac to: m order to

block the dc anode
output Since this exa component, together
with its associated leak resisior, becomes part of

po.ciual present at the

the phase shift network, it 1s impoitant to ensure

a negligible phase shift in the combination. The
dc potential present im ihe output of Fig 8b

can be arranged to have no effect by adjusting
the cathode bias of the next stage.

6. The Complete Oscillator

phase shift rownd the loop 1s adjusced 66 ze10

by means of an appropilite amiader ofamplifiers,
and the loop gain 1s adjusted to unity, taen this

system wall be a source of sinusoidal oscillations.

The amplifier should be linear and should

have a constant time delay wide band charac-

teristic. Generally, the oviput of an amplifier
suffers a phase lead at low hequencies, due id

the reactance of the coupling capacity, and a

'care should be,taken to make the phaseéharace
84

selective network 18 almost unatiy, the gam

required from the amplifier for the limtiing con-

dijion of oscillation 1s just over unity The low
the amplifier will allow

Under these conditions, the equality of the

absolute values of the gain and phase shift of

the amplrfier ensures a constancy of amplitude

and stability of the oscillator, since the R-C
network determines 0nly the frequency

It should be noted that at the generated

frequency this type ©f oscillator behaves gs a ¢

selective tuned cucuit, the decrement of which

can be varied continuously by controlling the

amount of reaction m the regenerative loop

from slight positrve through zero to negative

and gain the same system can be used as a

rejection filter also.,

Calley Six follows-

z

4*

1

bw

t

4

A

damping
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SIX
In Fig 9, an oscillator arrangement is shown

amplifier stage V, should have a constant phase *

shift of 180 deg over the whole of frequencies
to be considered. The network produces a
phase shift of another 180 deg, and thus fulfils
the condition for oscillation The anode and the
cathode resistances of V, should be relatively
smalt™ value so that ithe output impedance of
the phase inverter 1s low The amount of
regeneration can be controlled by the potenion-
meter P, which can be set for a stable oscillation
with a very low distortion Both the valves can
be the sections of a twin triode or the valve V,
can preferably be a variable-mu pentode and
V, a high-gm and bigh-mu triode.

1 in which only two valves are required The

7. Discassion ;

In the conventional "Wien bridge" or a

parallel-T circuit, two or three ganged elements
are required for the continuous frequency
coverage Ifthe elements are not in perfect track,
the amount of feedback varies, and as a result
the optimum operating condition 1s upset, some
form of automatic limiting device must be used

purity of wave form When a lamp or a
thermistor 1s used, the performance deteriorates
when the overall temperature varies the normal
resistance of the element

to maintain the constancy of output and the

Whereas the Wien bridge andparallel-T
circuits are null networks at the frequency of ©

operation, the feedback circuits of Figs 8a and 9

have a constant attenuation coefficient at all

frequencies and a phase shift of 180 deg or 0 deg
at the frequency of operation

In the oscillator described in this paper, the

frequency can be varied by vaiying a single
element (either C, or Rs) at a time, and since the
feedback voltage 1s independent of the operating
frequency, no automatic amplitude limiting
device 1s necessary The whole audio range
can be covered in decimal steps by changing
C,, Cy and C; in steps of 10, and using a variable
resistance R,; (100 1) to cover each band
continuously
The frequency stability 1s dependent on the

(1) Mechanical rigidity
(u) Temperature coefficient of the frequency

determining elements

(u1) Valve parameters and the input. and

oufput capacitances ;

The effect of valve parameters can be

minimized. by using an amplifier valve of high-ra,
preferably a pentode Since the gain required 15

just over unity, the anode load is very small,
and as a result small variation of ra will have

negligible effects
The lower gain dlso reduces the effect due to

Miller capacitance at the input, while the

shunting effect due to the output capacitance Is

_ . _ Beghg ple when the anode resistance of the
€ Bea amplifier V, is low.

y

The network described herein can also be

used as a constant output R-C filter of all-pass-

type, its phase-coefficient being a function of

frequency
Regarding the types shown in Fig 2 and

A convenient way of achieving the frequency
modulation is to shunt one anode toad by a

triode valve and to vary tts static resistance by

varying the control grid voltage.

8. Conclusions a

*

Fig 5, it an be pointed out that these systems
can be a source of frequency modulated. signal
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tion of the paper, and to Dr O Doehler, of the

Centre de Recherches de la Compagnie Generale
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reading the manuscript
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Appendix
Anstysis of Oscillator of Fig. Ba

dinatip> R,(V2beinga pentode)-HE

fy Qt Czar

Let
Cg ~= (ty ty) 1s €ger

Then
Reenter - Zm2lw 2d

Zr Can Ri
OT

1 + Sn2 Ry

Voltage 95s

the: efore voltage »

The conditions for will be satisfied

when

2mi Ra}

Smt Fm2 Rx

(L © @n2 Ra) + Sint Ra)

¥CR+ [1
- w2R,Ry> CC]

t

Rs

where

SCR= CR, + CRy + CaRa

Scc CC, + CC, 5

From which the frequency of oscillation

and the lymuing condition for the maintenance

of oscillation 4

Fm? R,Ry
gmt Ra) C1 + 212 Ri)

(11)

0

iwhen ;

*

a @

Emi §m2 Pek
and

(L + gm R,)(+
when

3

Sm2 Fm and 2, Re
{v1)

4
:

CAPTIONS

4
1

Fig 2--One stage' of a 55 mmetrical back-to-back

Jnultivibrator cheat
+

t }

Fig 3,-Egqun alent cucuits of Fig 2.

Fig 4-Vector diagi am for cucut of Fig 3b

i

Fig 6 --Representat on of oscillator as an amplifier

coupled back to mput through f equency selective network

Fig' 7 -Basic feedback networR and vector diagrams

Fig 8,.- Cunaectron of network to phase-spliteng trade

Fra. arrangement at complete oscillator
using only

&

¢
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Dear Sir,
I am much obliged to you for the interview you so kindly

granted to me on the 7th ultimo in Delhi, after I was introduced
to you by Dr. Sarwate. As desired by you, 1 was anxiously waiting
to see you in Calcutta when you come here, but unfortunately for
me, I learnt on enguiry that you had left for U.K. I would be gladif my services be of use to the Hlectronics Section of the National
Physical Laboratory and I would be grateful, if considering my
qualification and experience, a suitable opportunity be given to me.

I will have to appear for an interview before the
Public Service Commission by the 13th July. I am therefore, very
much in need of the Papers I left with you. I would be much obligedif you will Kindly advise the office to send those Papers to me as
soon as possible.

I hope, you Will excuse me for the trouble.

rusting this finds you in best of health,

I remain,

Sir,
2OA, Pashupati Bose Lane, Yours sincerely,
Calcutta-s.
4th July, I95I.

(Panchanan Kundu)
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La présente. invention , systéue P. KUNDU, se

Yapporte aux génératours do tonsion on donts. do scio

omployés comma bases do tomps dens los oscillographos

éloctrostatiquos ou éloctroungnétiquos utilisés dons

los appnroils do mesure ou do télévision, ou dons tou-

tos les applications nécossitent uns tonsion a veria-
tion linésire ot a ro tour repide, Blile vise a réelisor
un génératcur dont lo montage no ecmports guio doux

tres satisfaisante avec la simplicité, la stabilité,

5

TO

ln frible valeur de tansion et In possi-
pilité de réglage dans uns lerga gramme do fréquences da

donts do seia, a

é
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Parmi lcs besos do tanps connuss, calles qui

euploisnt les tubos & gaz, bion que sinples ot sotisfal
santes dans Ics conditions normnles, présentont lcs

inconvénients de gamme de fréquences limitée, de fonc-

5 tionnoment instable, at de défaut de synchronisation,
Gn raison dos phénoménas dtionisation, Il est donc pré-

férable dtamployer des tubes 8 vide, mais les montages

corrospondants sont généralament plus. complexes at né-

cassitcnt un plus erend nombro do tubos, Cortains mon-

IO treos spécinux élaborés on vue d'éliminer cot incon+

vénicont tels que Lroscillateur & blocage périodique,

ne fonetionnent que dans unc gammo de fréquences limi-

téa; d'autres, tols que lo montage 8 couplage cathodi-

cirevit connu sous 1a nom do trensitron, né-que cu lo

I5 cassitent un tubo supplémentaire ou une tension d'ali-
mentation élevée par Yapport & la pointe da dants do

scis pour assurer le linésrité du belayags;

gneors, tols que ltintégratour Miller, sont Pesque

parfrits dc cas différents points de vua mris donnent

20 une variation de tension dans le sens négatif,
La présente invention, qui élimine ces inconvé-

nients, consiste dans un montage eénératour do dents de

scia, dens loquol lo condsnseatour eux bornes duquol la

tension en dents de scie est prélevés, ast chargé a

25 travers une triode A vida, tandis que la déchargo s'ef~

factua a travers un autre tube & vido, branché en shunt

SUr cc cOndcnsateur ot dont le cireuit da sortie est

combiné avec lo circuit dtontréa da ln triode précédente

adc fagon axoreor uno contro-réaction sur cclui-ci
30 par ls courant, enodiquo du tube on shunt; colui do cos

daux tubss dont in conduction de courant correspond a

A

>
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la pante de dents de scia, ast an outre muni d'un cir-

cuit de contro-réaction,
L' invention ost applicable AUX générateurs a

auto-relaxation aussi bien. qu'ta ceux syncHronisés par

5 une impulsion extérieure; elle permat de réalisar dos

bases de temps & charge lente correspondent & la varia

tion de tension dans le sens vositif at a décharge ra-

mide correspondant au retcur Zero ou inversemoent a

chargs rapido ot A déchargs lento, Elle admet do multi-

Io Piss vetiantes dont lcs-possibilités seront comprises

en exaninant les figures 5 qui représentent quol~

ques oxcmples non limitatifs do reulisation de montages

eonformes a Ltinvention,
Le schéma de la figure 1. montre un condensa-

15 3taur ¢ aux bornes duquel on préléve la tension de sor-

tis, on séric avce un tubo 4 vide V ontcnant dans.son

eireuit dtanvde uno résistanco R ct dans son circuit
as thode unc résistance Rg (l'cnsombia ¢tant branche

sur unc source do tension continua By - Lo cireuit de

20 grille do cotta lempa contiont une résistance Rg qui

ast au circuit qua d*un socond tube & vido

Vp branché on shunt sur. ie condonstour 0 at yent son

eunnectée & Lr grillo au tubo Vi. Le grilla du

du tubs Vy par un con=tuba Vg 35 t eouplés a Ils

25 donsstaur C1; tencis que son cspacea grillo-cathods cst.

shubté par uno résistance aa fuits Ry. Ios résistences

Ry at Re ceuvont §tre régioblos,
Ltexistence, entre le condonsateur C et le

SOUrCO, du tubs Vy avec une résistance anodique Ro at

Q unc résistance da contro-réaction RK confére & le chargs

un enrectéra a coursint sonsiblomont constent, puisquo
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les caractéristiques dynamiques d'une triode a contre-

réaction de courent tondent ds ss rapprocher de colles

atuno pentode .Par cms A t, Is 9ux bornes du condon sotaa

GC croit do facon sonsiblomont linéniro jusqu'a unc va-

5 lour do pointo qui ntast pes baaucoup plus basso quo

La tonsion dtelimontation, ca qui correspond a ltavante-

go du dispositif conforme a L'invaontion do nc pes necas-

sitor uns tonsion élovéa Yoletivement a

ung tension donnéo dao pointe do dont ds scie,
@ e

oIO Le dispositif fonctionne comme suit apres

Ltapplicaticn de la tension atalimentation, le conden-

sateur C commence & se charger a courent constant comme

ila ete indiqué, tandis quo le ccndenssteur Cy so char-

po a travors les résistrnces Rg at Ry shuntée par la

I5 résistance interne erille--cathoda de Vos jusquta ce que.

son atmature inférieure soit amenée au potentiel de la

grilie de Vp gui est ma intenu au voisinage du zero par

auto-polarisation due au passngs du courant erillo dans

Co potential étant voisin du zéro,in résistancsa R,
20 la tubs Vo to leisso pas passer lo courent tant que son

potcntiol anofiqus determine par la tension sux bornes

du condonsateur C nin. pes attoint uno valeur suffisan-

ta, Aussitot quo cotta velour ost attointo, Lo courant

anodiqus passa par ar conséquent le condensateur. C

travers ca tube, Le passage25 commence a se decharger a

du courant ancdique produit uno chute do tension dans

ln résistarca Rp, c'est-a-dieo une contre -réaction

supplémentaira sur lo tube vy dont ia potsntiacl do

erilis subit uns variavion a tendeanea négative qui

30 bloque 1
at arré te lea charga de Co Cette variation,

erAce 4 le propriété d'inversion de phese entre les

tansions grille ot plequs de tubas é1setroniquos,
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donne liou a uno variation 2 tondance positive du po-
tentisl anodiqua ds Vis varintion qui ost transmise par
le condonsntour C, 8 la 2rilis da Vos co qui augmonte

le courant da plague de ce tubs et la chute de tension
5 @ans la résistance Re. Le hénoméne est cumulatif, de

asorte que lea condaensataur C est soumis ala décharge

a courant continuellemont augmontant ot limité seulo-
mont par la saturation.du tubs Vp; 11 se décharge done

9tres rapidement, et le tension 8 sas bornes tombo a

IO zéro ce qui arréte le passage de courant par V et
débloque vy qui Yecommence a conduire le courant, Le

chute de teansion dans la résistanca apporte au po-
tentiel de plaque de V, une variation 8 tendance néza-
tiva qui.est transmise par C, a 1 grillo de Vg ot blo-

I5 que ce tube, une variation tendsance positive étant

engcndrea sur la plaque do Ve ctast-a-dire sur ls
ja da Vz, catta variation activant lo possnge do co tube

do l'état bloqué a L'état do conduction, tandis que le

blocaga du tubo Ve sst ecantué par cumulstion du. phéno~

a0 méno.On ainsi un arrét trés net et trés énergique de

la période de décharge, aprés quoi la charge du conden-

sateur C recOmuence et le cycle de fonctionnoment so

On e ainsi réelisé un généretour & auto-relexes
25 tion avec montée da tension linéaire at avec ro tour Ta~

pide, Le repidité du ratour sera encore améliorés an

pranant pourVp un tuba a forte amplification et a fai~
ble résistance interne, Toutefois, un meilleur moyen

pour améliorer a la fois ia linéarité de montéa ot la
30 rapidite du retour consists a omployer comm Vo una pon-

tode;, ainsi quo la montre la figure 2 dont lo' montage

no differo da le figura 1 gua pear l'adjonction d'un

22
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potentiométre Rp avec condensateur de découplage Cp

pour alimenter l'écran da 1a pentodei Ve.
La résistance Rx sera choisie par compromis

entre une-valeur élevéo favorable & la linénrité ot

une valeur faible favoreble 8 l'amplification de l'éta-5

ge Vz qui influence ln rapidité du retour,
La variante de la figure 3 dérive de la

figure 1 et so rapporte 8 un générateur 8 controle ex-
tériour de roloxation, Dans co but, il suffit do cou-

parla linison ontre le condonsateur Cz, at l'enodo do

Vy at d''amonsr sur co condonsataur les impulsi ons néga-~

tives de controle, La résistance Rg deviont dans co cas

rflue et la résistance Rx peut Tecevoir une valoursupe

élevée, puisque lg plaque de V, fonctionne 8 un poten:
tiel plus élevé que dans le figurs 1 at. 1'étage assure

uns meilleurs amplification,
aontage suivant la figure 4, analogue a

4e figure 2, fonctionne de facon que le charge du con-

densateur C soit rapide at quo la. déchargs stoffectue
lontament suivant le loi linéeirc, Dans ce ens, los

roles des tubes Vi at Ve étant permatés, la contre-
réection par le résistance Ry Gevra tre reportée sur

le tube Vp. Celui-ei sera constitué par une lempe a

forte amplification et & forte résistance interne, par
1

exemple par une penteds ,dont le potentiel d'écran ast

régié de fagon que le lampa travaille au-dela du,coude
a

de la carnctéristiqua, Dé caotte fagon, on réalise une

déchareo courant constant et A alluro trés sensible-
mont linénire,.

Lo montage d3 fisure 5 dérive & le fois
ea co ux des figures 3 at 4, on constituent tin générateur
a controle oxtérisur da ronrxntion comme eslui do lo.
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figure 3, et en fournissant une dent de scia a montée

rapide at 8 retour linéaire Iont, avoc utilisation
comme Vp d'une pontode réglée ou-dessus du couds do la
enrnetéristique commc drns lo figure 4, Pour obtenir
lo montrgade lr figure 5, il suffit do couper dans la
figure 4 lr liaison entra 10 condensataur Cy at Ir

5

pleque de Vy at dtappliquer 8 ca condonsatour los im-

pulsions de controle qui, & i'oncontra de la figure 3,
devront Gtte positives, de facon que le tube Ve soit
bloqué normalement et qu'il regoive une tension posi-
tive pendant ln période de commands an vue ade le ron-
dro. conductour, Dans chacun cas ens dos figuras 3 ot,

5 la duréa da bnlayago est détoruinés per le largour de

ltimpulsion de controle,
Ltamplituds de dont de scio pout étro réglés

on foisant varior La résistance dco fuite Ry ou la ton-_

sion atéornn priso sur le potentiomstre Ry iorsqu'on
utilise unc pentodea comme tube an shunt, La enmne do

fréquances de dents de scie peut étre changée comme

a*habitude en substituent des valeurs différentes do
a

la capncité C, tendis que 1s fréquenca 8 l'intérieur *

d'une gamme donnéa peut étro ajustéa en agissnant sur

la résistance do contre-résction Ry, eo qui frit varior
1s courant ot par conséquont la -vitossa do chareo 0

La synchronisation pourrait aussi dtm réalisé on injoctant'
une impulsion positive. on aérie dans. le circuit de la
résistance da fuito, On romarquere éenlement qu'on pour-
reit rocueillir accassoiroment une onds roe tnngule ire

25

aux bornes ad" uno que Leonqus das résistencos travorséos

per lo courant constent dens. los montr eos décrits,
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2Gs ats one OER Oh Wem GED CE ond Hn ENE pee OS omy OW ap

1) - Montres générateur da dents de scic, com-

portent un tubs & vide on série avoe le. condensatour

chergé ot un nutre tubs & vido en shunt sur ca conden

satour pour sa d4échargo, lo circuit de sortie du tube

ol

shunt étant combiné avec le circuit dtantrée du tube

série de fagon 4 exercer sur celui-ci une contre-réac-

tion par son courent da plaque; colui de cas doux tubes

dont ls conduction correspond & le pante dea dent de.

TO scie, étant en outre muni d'un circuit de contre-réac-

tion de courant,

B)- Montsge ci-dessus dens lequel ie tube shunt

eat une pentode,

3) Montages suivant 1) et 2)fonetionnant en

auto-relaxation,

4)-Monteages suivant 1) et 2) fonctionnant avec

synchronisation par impulwions extérieures,

; 5) = Montages suivant 3) ou 4) dans lesquels le

cherga correspond & l- pents do dont de seio ot la dé-

20 chr rgo nu rotour rapids.

6)- Montages suivant 3) ou 4) dans lesquels la

décharee correspond a lea pente de dent de scie et la

charge & La nontéo, rapide,
7)- Moyens do réglage dtamplitude et de fréquon-

25 ca dans différonts montages ci-dessus,.

Par procurntion do ; i
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