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counted. H some other number is
counted, the multivibratorxted, is not
locked in on the correct submultiple
of the control frequency but on a fre-
quency found by dividing the control
frequency by the number of "carrier
spaces" in the series of harmonics:
(01 f= ++1

f=m frequency,
H. centre, oscillator freq.,.
n= number of multivihroter kir-marks

counted between odjocent controlfreq.,
of

harmonics (n-tt is the
number spaces between the
harmonics.)

If the frequency of synchronization is
incorrect, the setting of the variable
resistor in the multivibrator must be
changed.

Adjustments made to the variable
resistor should result in abrupt
changes of the multivibrator fre-
quency, the harmonics abruptly thong -
Mg their total number. H instead
there is a smooth variation in fre-
quency, the multivibrator is out of
control and operating independently,
and the control voltage must be in
creased. In the absence of control, it
will also be noticed that the multi -
vibrator harmonics are rough and
wavering in character.

When the proper number of points
are counted between the control fre-
quency harmonics, a test may be made
or positiveness of control by rotating
he frequency -synchronization control

back and forth over a small arc. This
hould cause no frequency .change and

is good test for the appropriate con-
rol voltage level.
When the control voltage is of the

proper value, it will be possible to
witch the multivibrator on and off
epeatedly without disturbing its con-

trolled frequency.
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Beg Pardon...
If, due to our irregular and

lagging publication dates, we
have caused you to write and
inquire, or, if we've given you
the impression you've missed
any issues of the AEROVOX
RESEARCH WORKER, we're
SO Duyrr.eto certain circumstances
beyond the editors' control, pub-
lication dates have necessarily
lagged.

Although this is the Novem-
ber 1940 issue, we expect to
catch up within the next month,
after which the AEROVOX
RESEARCH WORKER will
appear quite regularly - the
month it is dated.

In the meantime, please bear
with us a little while longer.
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Red Sticker!

Keep your aye peeled for

the Pannier yellow.and-black
Aerovox thrious and :pot
Hese with tlie red Muter
across the front. Ask to see
those nem items. Here':
boo our "flagging" system
works:

Vivid red label extends
around one end of cartonl.

New Item"
Sides ie iceta list prise,

since such it is not as yet
listed in catalog.
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Other and of carton remains
as usual, with Catalog Num-
ber, rating, capacity. If you
are going to order more of
this be sure to jot
downimm,the data taken off the
red sticker.

Label includes nemoff r

order Coke, on side. When
Item is sold, your jobber
fours off Mk ticket and
places it on his order hook
or in the drawer, as a re-
nnder to re -order this item
and lava it in Sock for your
oonvenIenoe.

Recent Aerovox
NEW ITEMS. . .

 Hardly a month passes but that Aerovox in-
troduces some nem type or non value or new
+inn of condenser, in step with the rapid strides
of the radio art and practice. And unless such
new items are promptly brought to your atten-
tion, there is the ever-present danger that you
may not profit from +his Aerovox alertness to
your up-to-the-minute requirements.

And so we now flog +hose new items so you
won't miss them. Yes sir! Each new -item carton
carries a vivid red label on front and sides (see
above). Those new items on your jobber's
shelves simply won't be overlooked. The list price
of +he 3+111 uncatalogued item appears on +he
label. A tear -off re -order ticket insures the con-
tinued stocking of the new item by your jobber.

Be sure to take advantage of these new and
latest condenser types in your work. By so doing
you too can keep ahead of the radio parade.

Watch the Jobber's Shelves!
 Look for those red -label Aerovox cartons.

You can pick ou+ +he new items without
a struggle. Ask your jobber to show you
those new items. Use +hem in your work.
Ask for latest catalog-or write us direct.
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Theory and Operation of Multivibrators
By the Engineering Department, Aproinx Corpn

THE multivibnator is a unique form
of relaxation oscillator first de-

scribed in 1919 by H. Abraham and E.
Bloch. The circuit was comparatively
obscure fora number of years and has
only lately become very well known
for its part in measurements of radio
frequencies, although J. K. Clapp pro-
posed it for that present peculiar ap-
plication as early es 1927.

As an oscillator, operated alone, the
mMtivibrator is notoriously unstable.
Its frequency is altered considerably
by the slightest shifts in operating
voltages or circuit values and its out-
put -voltage wave form is characteris-
tically ragged. Accordingly, it has
little practical worth as an independ-
ent frequency generator.

However. the device has another
noteworthy property which well
dapts it to certain applications as we

shall a later. It may readily be
stabilized by injecting a small voltage
of' proper magnitude into its circuit
from another stable oscillator. In the
controlled state the snbility and fre-
quency accuracy of the multivibrator
reach the same order as those proper-
ties of the controlling oscillator, and
the emitted frequency becomes inde-
pend

ues'
ent M small shifts in circuital.

It is not required that the control
oscillator frequency coincide with the
fundamental frequency of the multi -
vibrator circuit in order to obtain syn-
chronization. The controlling fre-
quency may be a harmonic or sub -
harmonic. Multivibrators have been

controlled experimentally by frequen-
cies 40 to 50 tunes higher than their
natural frequencies. In common pres-
ent applicadons, the controlling fre-
quency is harmonically related to the
multivibrator fundamental (and gen-
erally held to a ratio of 10.tosl for
beat results), so that the multivibrator

presents the practical appearance of
.dividing the control frequency.

And it is in this role of freouensw
diriger that the device enjoys its pres-
ent wide acquaintance.

While frequency multiplication may
be carried out simply by choosing the

Ii fundamental equal to an
integral multiple of the control fe-
quency, this function is somewhat
more satisfactorily performed by con-
ventional multiplier circuits (doublers,
triplers, quadruplers, etc.). However,
k is interesting to note that harmonic
frequencies may be obtained directly
from the hurgionical/y-controlled mul-
ivibrator. Even in the controlled

state the mulfivibrator output voltage
is rich in harmonics spaced equal to
the mMtivibrator fundamental, several
hundred of these being readily lo-
cated with a sensitive detector. This
harmonic be--
yond the control frequency, sub-
dividing spaces established by bar -
MOM. of the latter. Thus, when a

multivibrator is controlled by
100 -km standard frequency oscillator
in modern frequency measuring as-
sembly, prolific 10 -Ire. harmonics are
provided to sub -divide equally the
space between any two adjacent 100-
kc. harmonics.

Aside from its radio -frequency ap-
plications, the harmonically -controlled
multivibrator makes it possible to ob-
tain precisely -known low frequencies
from a stabilized higher -frequency os-
cillator. Thus, standard low frequen-
cies extending down into the audio -
frequency spectmen may b obtained
from a safisfactory radio -e frequeueY
oscillator.

THE MULTIVIBRATOR CIRCUIT

The multivibrator it differs
from other relaxation oscillators M its
particular use of two triodes in cas-
cade, yet resembles othith ab-
sence of any indutmceer aims thee Ire-
quency-determiningc circuits, other
than the small amount encountered as
a circuit stray. It is entirely a resist-
ance -capacitance oscillator.

The conventional multivibrator cir-
cuit of Figure 1 is seen to be essen-
tially that of a two -stage triode r
sistance-coupled amplifier with the
exception that the output circuit is
coupled back to the input through the
feedback condenser C.. C, isthe inter -
stage coupling condenser, Ci the
plate -circuit byvass condenser usually
encounteral in resistance -coupled am-
plifier circuits. The tubes A and B are
identical in type and may be any suit-
able triodes. However, space may be
conserved and replacement simplified
by- employing twin triodes 1G6-0,
1J6-0, 6A6, 6C8 -G, 6E6, 6E8-0, 6147,
6N7 -G, 6SC7, 6Z7 -G, 12SC7, 19, 53,
or 79.
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The feedback provided by C, causes
the uncontrolled circuit to "motor-
boat", or oscillate at a frequency de-
termined by the plate- and grid -circuit
resistances and capacitances and the
tube characteristics. The time con-
stants of the R -C combinations decide

the result of condensers charging and
discharging through resistors, hence
the wave form of the oscillatory cur-
rents is .considerably distorted and
therefore of large harmonic content.

If we neglect the
circuit is observed

to be aperiodic. It is the function of
one tube to sustain in that circuit per-
iodic current variations of irregular
wave form when excited by the other
tube which provides the phase rela-
tion necessary to maintain the oscil-
lations.

Because the fundamental frequency
of oscillation is determined by the re-
laxation -oscillation time constant of
the circuit, it is largely dependent
upon the values of the coupling con-
densers, C, and C, and the grid re-
sistors, IL and R. While there is no
simple formula whereby the exact fre-
quency of the combination may be
calculated, a close approximation may
be made from the following equation
which takes into consideration the ca-
pacitances and resistances mentioned:

(1)
R,Z°,C,

yom,,
F = frequency in kilocycles,
C co pocitonce in mfds., and
R = resistance ohms.

For circuit simplification it is usual to
choose C, equal to C, and R. equal to
R., whereupon equation (1) becomes:

(2) moo 500
ERG - RC

gROVO

a -

For any pair of identical fixed coup-
ling condensers, the value of grid re-
sistors required fora desired multi -
vibrator frequency may be calculated
by multiplying the sum of the can.-
citances in farads by the reciprocal of
the frequency in cycles per second:

(3) Rg m ÷(0,-FC)

If, as above, the capacitances are
chosen equal:

(4)

The value of grid resistor may also
be determined from the equation:

(6)
any
.+

where:
500

=

in., case -
lig -A grid rerlsrance In ohm,

-A gam:cliques In mfds.,
g A frequency In Kilocycles.

A number of grid resistor values
which are required in order to obtain
common multivibrator frequencies
(100, 10, 1.0 and 0.1 Icc.) with common
condensers are listed for the experi-
menter's convenience in Chart A.

It has already been mentioned that
the frequency formulas give only ap-
proximate results. Either the grid re-
sistors or coupling condensers are
made variable M order that the multi -
vibrator frequency may be adjusted to
a desired value. But since the capa-
citances in the circuit are generally of

large order of magnitude and there-
fore not easily varied; one of the grid
resistors or a portion of one, is usu
ally made variable for this purpose.
R,, for example, might be composed
of a fixed resistance in series with a
variable, the sum of the two at some

settuainl
to the valueg

of the variable member being
eq
tions (3), (4) or (5).

equa-

A practical example of 10-kc. multi -

vibrator employed in several of the
low-priced frequency standards now
available to amateurs, servicemen, and
others employs the two triodes of a
6N7 tube, In this circuit, C. and Co
are each of 0.002 mid. capacitance,
R, and 12., are each 2500 ohms, Es is
30,000 ohms, and R, composed of a
20,000 -ohm fixed resistor connected in
series with a 15,000 -ohm rheostat (fre-
quency control). The plate -circuit by-
pass condenser, C, is omitted. The
fundamental frequency may be varied
between approximately 8,000 and
12,000 kilocycles with the variable
grid resistor.

SYNCHRONIZATION
Control of the multivibrator is ef-

fected by injecting an alternating volt-
age of suitable frequency and magni-
tude into the circuit, as previously de-
scribed. The control voltage might
be applied to the grid of tube A (Fig-
ure I) through a sliding tap on the
resistor R.. The correct voltage for
satisfactory synchronization might
then be obtained experimentally by
varying the position of this tap.

Better stability is obtained, how -
when the control voltage is in-

jected into the multivibrator .plate cir-
cuit, preferably being developed
across a common plate -circuit resistor
as shown in Figure 2. R, is the com-
mon resistor interposed in the B -plus
line. The plate circuit of the control
oscillator (or amplifier) receives its
operating potential from one end` of
this resistor, while the multivibrator
plate circuit is connected to the ad-
justable tap in order that the proper
amount of control voltage may be
selected.

When the circuit values are fixed,
the frequency emitted by the multivi-
brator progresses in distinct steps
(jumping abruptly item one to the

7 (7

next highest in frequency) as the in
jected harmonic voltage is increased
in magnitude. If, instead, one of the
circuit values is varied, as outlined
earlier, and the control voltage is held
at a fixed value, similar frequency
steps will result. If the control volt-
age is too low, the steps will not be
present but the multivibrator fre-
quency will be varied smoothly by ad-
justment of the variable component
It is this difference in frequency varia-
tion that quickly distinguishes the
controlled from the uncontrolled state
of operation.

If the operation of the device is
checked (as, for example, by listening
to one of its harmonics in a radio re-
ceiver), the uncontrolled signal will
be recognised as very rough in char-
acter and continuously variable in fre-
quency as the circuit is adjusted.
When the control voltage is aPPlied
and raised to the proper value for
satisfactory synchronization, the sig-
nal will at once become stable and will
"step" in frequency as the circuit con-
trol is adjusted.

If the multivibrator fundamental
frequency is low enough to be studied
directly (as might be possible with
earphones connected to the output).
the uncontrolled signal, closely resem-
bling a rough buzz with a tone com-
ponent, will be noticed to clear into a
clean tone in the controlled state. For

CHART A

Grid BeBietence On 01m.,

100 10 1 0.1
Ke. Ke.

.001 1 5000 50,000 500,000

sic

.002 2500 25,000 250,000

.003 1600 16,666 166,666

.004 1250 12,500 125,000

.005 1000 10,600 100,000

.006 833 8,333 83,333

.007 714 7,142 71,428
.008 625 6,250 62,500
.009 555 5,555 55,555
.01 500 5,000 WOW 500,000
.02 250 2,500 25,000 250,000
.03 1,666 16,666 166,666
.04 1,250 12,500 125,000
.05
.06

1,000wool 100,000
833 8,333 83,333

.07 714 7,144 71,444

.08 625 6,250 52,500

.00 555 5,555 55,555
.1 500 5,000 50,000

250 2,500 25,000
1,666 16,666

1,250 12,500
.5 1,000 10,000
.6 833 8,333
.7 714 7,144
.8 625 6,250
.9 555 5,555
1.0 500 5,000
2.0 250 2,500

1
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best synchronize ion, it will be noted
that the multi thrator fundamental
should be sets mewhat lower than
the desired cont oiled frequency.

In order to isolate the control oscil-
lator from multivibrator circuit dis-
turbances, it is r commended that one
or more untune , resistance -coupled
tetrad. or pence e the stages be
inserted betwee the oscillator and
multivibrator, as indicated in Figure 3.
A similar isolati g amplifier is shown
following the m ltivibrator to protect
the latter from utput-circuit disturb -

This last amplifier may be
highly biased to ccentuate the higher
harmonica that re extremely useful
for radio-freque cy measurements.

Action of the ejected control volt-
age is not the same for even and odd
frequency ratios. If the multivibrator
circuit is symmet ical, wave symmetry
tends to restrict positive control to
the even ratios. Hull and Clapp have
suggested circuit asymmetry for stable
operation and positive control with
both even and odd ratios. There are
a number of ways of arriving at satis-
factory asymmetry but the most Pleat-
ing is perhaps their sstem of making
the plate resistor R,y (see Figure I)
ten to fifty times larger than R.. Pre-
serving this ratio, the plate resistance
should be kept low for ease in select-
ing the operating frequency.

There is an optimum value of con-
trol voltage for the best synchroniza-
tion and this is slightly more than
the minimum value required for fre-

TaTeCnYt2tcVilnen"t hoe ttli!ll'tlievlil;gtcn-s
satisfactorily controlled, the variable
synchronizing resistor may be varied
over a small arc of rotation without
encountering adjacent frequency steps.
While it will be found possible to
keep the multivibrator "locked" on
steps other than the particular fre-
quency for which it was designed, it is
recommended that operation be re-
stricted to that frequency most closely
approximated by the R -C values.

PRACTICAL CONSIDERATIONS
For the most reliable operation, C,

and Co should be first -grade mica con-
densers (whenever the capacitance
pertnits) obtained as near as possible
to the values arrived at by calculation.
They should be mounted below the
instrument chassis away from the heat
of tubes and dose to their points of
connection.

As far as practicable the triodes
should be matched in characteristics,
particularly as regards inter -electrode

r.v AMPLIFIER

capacitances. Certainly there must be
no wide tube differences, if perform-
ance with matched circuit values is
expected -

The various resistors should be of
not less than 2 -watt rating for any of
the receiving type triodes operated at
250 volts, or less, plate potential. The
variable resistor used as a frequency -
synchronization, control should be
regulation wire -wound type of the best
quality and must have a maximum
value not exceeding 50 percent of the
total resistance calculated for the leg
in which it is inserted.

The plate power supply should in-
eorporate voltage regulation for great-

st stability of the multivibrator and
control oscillator -amplifier. The cur-
rent requirement of multivibrator ar-
rangements, such as described in the
foregoing paragraphs, is relatively low
so that simple voltage regulator cir-
cuits should be adequate.

For most positive control, the os-
cillator-multivibrator frequency ratio
should not be carried beyond 10 -to -1
in a single multivibrator stage.

Switching operations in the multi -
vibrator stage should not be accom-
plished in mob a naanner as to place
a varying load on the control oscilla-
tor (if plate -supply voltage regulation
is not used), since such variations will
react unfavorably on the oscillator
frequency. The multivibrator may be
switched off by a short-circuiting
switch connected between one triode
grid and ground, thus leaving the
plate current undisturbed.

PRACTICAL ADJUSTMENT
One of the most satisfactory meth-

ods of checking the multivibrator fre-
quency consists in tuning through a
series of its

is
with a cali-

brated radio receiver operated as near
the frequency of the control oscillator
as possible. The additional harmonics
lying between any two adjacent

of the control oscillator are
bar-

countedco to determine the frequency of
the multivibrator.

Assume, for example, a 10-1m. multi -
vibrator controlled by a 100-1m. stand-
ard frequency oscillator. With the
multivibrator switched off, any two
adjacent harmonics of 100 kc. are lo-
cated on the receiver dial and their
positions noted The multivibrator is
then switched on, whereupon its hal-
monies will appear as equally -spaced,
sloble

will
between the two IGO-

kr. harmonics. If the multivibrator
frequency is exactly 10 kc., as in-
tended, nine such points may be

(Continued ttext yoga)
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