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The Multivibrato:.

When building a Resistuuce-Capacity coupled amplifier, the
Radioman should endeavour to arrange the circuit so that a minimum of
coupling occurs between output and input stages, This is accomplished
by careful placement of circuit ccmponents, and by the use of de-
coupling resistors in the plate circuits so that coupling will not
take place because of the internul resistance of the power supply.

If these precautions are not carried out, the emplifier will
probably not be satisfactory. At least it will be unstable and if
only a moderate degree of coupling between output and input exists,
the emplifier will persist in a vicious form of oscillation sometimes
spoken of as "motor boating".

The frequency of this oscillction may be changed by changing the
value of the resistors, the condensers or both of these components.,
Therefore, we can see that the frequency is dependent on R and C.

Now if we construct atwo-stage hesistunce-Capacity coupled
"emplifier", and deliborutely couple the output back into the input,
oscillation will occur., Tho tctiin is as follows:

Let us suy the :rid of V) goes toward the positive. This causes
a plate current increuse in Vy, therefore a greater voltage drop occurs
ecross R}, and V, plate drops sharply to a less positive value. This
sudden shift toward the negative is used to clrge C, causing the grid
of Vg to go negative,

Less plute current is then drawn by Vo which means that less
voltage drop occurs across I3 and Vg plate rises sharply towards the
positive, which charges conuduns.r Cq positive, thus forcing the grid
of V,; further positive. The abové action will eventually drive V; to
saturation while Vp grid is driven to beyond cut-off, This action
takes place in & few micro-seconds or less,

Vy is now at zcro voltage as it has drawn grid current and there-
fore accumulated negative electrons to neutralize its positive voltage.
This is shown in Fig.2,

V, grid, however, is held negative beyond cut-off by the charge
in Ca. 52 is discharging slowly through R4 along the line "Dis” as
shown in Fig.3. The circuit then is blocked and nothing more ocan
happen until Cp discharges to cut-off; at point X on Fig.3. It will
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be seen that we cun moke this time any sensible length from & few
microseconds to e few seconds by correct choice of values for C2 and
Rge

At point X in Fig.3, Vs, plate starts to draw current, going
towards negative, driving Vy grid negutive. V) plate then goes
towards positive driving Vg grid positive., DNotice that this action is
the same as the preceding alternation except that Vs plate is now
going negotive where it was going positive before.

C, then becomes chtrred nesutively holding V) grid negative
until it éischarﬁus along line DiuS in Fig.2 to point X. Thus one cycle
is oompleted. The time taken for C, to discharge is of course depen~-
dent on its own size us well as the value of Rg, through which it is
discharging.,

The tubes are working between soturation and cut-off, going
sharply from one extreme to the other.

If we use the sume set of values for C;, R, and R, as we do
for Ry, Cp and R, the wove-form will be found similar to fthat shown in
Fig.4. We can, however, decrease one leg of the circuit, let us say,
Cy, Ro and Rz to give us a wave-form &s shown in Fig.5.

Furthermore, if we m:ke K, & potentiometer, we can vary the
weve shape from Fig, 4 to Fig.5, and any intermediate shupe., Such a
circ% is known as a multivibrator.

Item 2 - Synchronizing Multivibrators,

If & multivibrator is in operation and a sharp signal, such as
that obtained from Thyrutron (884 tube) is fed into one of the grids,
the multivibrator will lock in with the frequency of the applied signals.
This is because the synchronising signal serves to discharge the grid
condenser to which it is comnected, starting the multivibrator on its
cyocle.

Item 3 - Differentiating a wave shupe by means of a Condenser and
Resistor,

If a souure wave forin shcwn in Figs, 4 or 5 is applied to a
circuit &«s shown in Fig.6 we have the following action us shown in Fig.7.

As the square wave goes towards the positive from the negative,
point A will be driven positive, but only for an instant as C will dis-
charge through R to ground., Then as the square wave goes towards the
negative from the positive,point A will go instantaneously negative,
returning quickly to zero as C discharges through R,

Thus, the square wave shape has been resolved into positive and
negative pulses.,
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Item 4 ~ Moving the pulses in time.

Assume “hot we heve two multivibrutors oper: ting in synchronisam.
¢nd their outputs are differentiated. Let one of the multivibrators
have o control to &l ter the wave shepe between the limits shown in Fige
4 ond 5. Then thc differentiated pulses from this multivibrator cun be
made to move further apart us in Fig.7 or closcr together as in Fig.8.

If we disregard negative pulses, znd use only tho positive pulses
to fire & Thyratron, we can obtein the following:

By moving the weve-form control of one multivibritor we ean
couse its positive pulses to fire its thyratron gt the same time multi-
vibrator 42 fires #2 thyratron, or any short time before or after.

In order to conserve tubes und sprce, the multivibrator is
usually constructed cround o single 6li7 tube, which contains the two
necessary triodes in one envelopes

The Cirouit.

V, is & multivibrator, which might be termed the Master Multi-
vibrutor ©s it detcrmines the recurrence frequency of both the High
Voltage sweep and the Low Voltage swecp. Its circuit constants are
chosen so that its wave form on the plate is similer to thet shown in
Fig.4.

The weve is differentiated by & .001 mfd. coupling condenser,
the negative pulses serving only to increese the bius on Vg, while the
positive pulses ure employed to ovcrcome the bias and fire Vy. The
plute condenser is dischurged through the tube giving a short pulse of
extreme emplitude. This is tuken off ot the cathode for both Sweep

Cor+rols,

The High Voltage Sweep.

The pulse from Vyp is fed into unother 884 Thyratron (VSD %9
control it in the same manner, Vg 1s e sweep tube end clso acts to
control the transmission pulsc. To cnsure & very lincar sweep it is
necessery to take certain preceutions at this point. In some commer=
ciel Cathode Ray Oscilloscopes, horizontal deflection voltage is taken
off & condenser that is being chargod through u resistor. The shape
of the charge-discharge cycle is shown in Fig.9., Note that while the
bottam portion of the charge is linear, the top portion certainly is
not. Therefore, if this sweep were used for R.D.F., the latter part
would move the eloctron beum in the Cathode Ray tubc more slowly und
thus pluce the calibration pips closer together towards the end of the
sweep. This is &n erroneous indicution and cannot be tolerated.

1n order to overcomc this condition, V3 and its sweep condenser
benk in the plate circuit, is placed in series with ¢ resistor bank of
very high volue, across 3000 volts.
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We wish to use only the bottom portion of the curve, ts shown
in solid lines in Fig.l0, but unless we do something about it the con=
denser bank will charge up to 3000 volts, :long the dotted line in
Fig.10, causing demage to circuit components. Therefore, & diode V4 is
placed in parallel with the condenser bank and Vgz.

V4 has its cathode connected to positive 300 volts. VWhen the
condenser is charged to 300 volts, then V4 starts to oconduct and as the
charging resistor bank is of very high value, the remaining 2700 volts
appecr across it, and the condenser does not charge further. Thus, we
use only the portion of the curve shown in solid lines in Fig,1l0 whers
it is most linear.,

In order to obtain a balanced sweep, tube Vg is included. Its
output is 180° out of phase with its input, thus giving e push~-pull
effect at Hy and Hy which connect to the Cathode Ray horizontal de-
flection plates. By adjustment of the bias on Vg so that the voltages
at Hy and Hp are equal, & very linear sweep is achieved. Vg grid is
excited by an appropriate value of voltage taken from the sweep condenser
bank, which is arranged in the form of & voltage divider using condensers
instead of resistors.

A suiteble value of voltage is also taken from this condenser-
divider end amplified by Vg. This tube is a 6N7 of which ouly one half
is used.

The output of Vg is used to fire a Thyratron V,. The pulse tuken
from the eathode is useg to fire a transmitter in R.D.;. practice.

4 sweep change plug, mounted on the charging bank cun be removed
to show the effect on the sweep.

The Low Voltage Sweep.,

The Low Voltage Sweep is divided into two sections:s one for the
generation of sweep voltage, the other to furnish calibration pips. Both
sections are zctuated by pulses tuken from the cathode of Vp which ie
controlled by the Master-multivibrator, Vj, each section being fed through
a small condenser.

Vg is the sweep multivibrator which has a positive pulse fram V2
applied to its grid for the purposse of synchronizing. One leg of V8 has
a long time constant, the other leg a short time constant thus giving a
wave-form similar t@ Fig.o.

This is differentiated by the coupling condenser ard the grid
resistor of Vg. Vg is biased so that only the positive pulse is used to
synchronize a multivibretor circuit using the other hulf of Vg as one
triode; and the cathode, grid and screen grid of Vl as the other
triode. The wave-form on Vg plate is a square wave gowards the negative,
thus driving Vo grid negetive.
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Therefore, on V,4 sereen grid, which is acting s the plate of
one multivibrator triode, there uppears & square wave towards the
positive., This is uscd to cuncel part of the bias on the Cathode Ray
tube, which is normally biascd for a dark -creen condition, end will
brighten the screcn for the durstion of thc sweep. & this is not
done, the electron beam will remein et one end of its scen between
sweeps ceusing & bright spot which persists during swecps and which
may demage the fluorescent coating in the Cathode Ray tube.

ks V, grid goes negative, the plate cunno® rise instantancously
to & full positive value, ws the .003 mfd. condenscr Letween plate and
ground must be charged through the 5 megohm plate resistor. These
constents are chosen so thet the linear portion of the sharge is used
as the sweep., The V;, plate coming down towards negative agein, as the
negative pulse on the grid ends, discharges the condenser. and the
brightening pulsc ends; darkening the screen.

The output of Vjq is coupled into & phase inverter tube, Viq,
to obtain a bolanced sweep at Hy and Hp.

Obtaining Calibration Pips.

Vo, in eddition to furnishing synchronizing voltage %o High and
Low Voltage sweeps. also is employed to synchronize the pip generator
circuit through « small condenser into Vlza

The first helf of Vi, 1s used us o buffer tube with the second
half, in conjunction with the following tube VlS comncoted in & multi-
vibrutor circuit. The method of comnection between these two tubes
somewhat resembles the circuit of Vg and Vyp; except thet in the former,
the plate is used as the anode of onec of the multivibrator tubes. Rg
is used tc very the weve shape as shown in Pigs. 7 and 8.

The output is teken from the plete of Vyp and differcntiated
through a condenser bank consisting of .00L and 000l microfarads in
series. The differentiated pulses may therefore be moved iu time by
adjustment of Ry (Sece Figse 7 and 8).

The positive pulse fires Vig, & Thyratron, the negative pulse
serving only to sNcrease Vyu bias muy be disrcgardeda

The circult about the next two tubes, V15 and Vig ic rather novel.
The two tubes have their plates in parallel end & tuned circuit is placed
in this common plate clrcuit,

4 positive pulse from Vy4 cathode is applied through u 50 mmfd.
condenser to Vyg grid circuit. This condenser diffcrentiates the pulse,
the resultinz positive pulse is killed because of grid currunt in the
unbiased Vyg while the resulting negutive pulse ceauses the common plate
cireuit to rise very sharply towerds the positive.
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A series of actions result =

JLTAGE
1. The sharp change in plate gégzuit shocks the tuned plate circult

into oscillation. This would normally be demped.

2, The presence of a grid coil in Vyg, with a ,0005 condenser to
assist the tube capacity causes the circuit to oscillate as a
tuned plate = untuned grid (T.N.T.) circuit. Oscillation would
persist were it not for an un-bypassed cathode resistor which
is such a value that o critieal amount of dege:eration is intro-
duced.

3, The rapid vanishing of the negative pulse on the grid, resultirg
in the sharp trend of the plate potentizl towards the negative
aots Yo quiehly and effectively quench the oscillations,

The result is a succession Wf treins of oscillations, the begin=
ning of each train being synchronised wish the beginning of the sweep,
end capable of being moved in time with respect to the sweep, as deteiled
in Item 4.

Viq and Vyg are inocluded to convert these trains of oscillutions
to oulibralion pips. Vjq is employed to amplify the train to a very high
level, so thut while the relative smplidude of any two successive cycles
is not onanged, the VOLTAGE DIFFERENCE between two adjacent cycles is
mede greater. This enables the following amplifier to diseriminate
against oycles having low amplitude and confine its action to a section
of the wave train where onPy slight differences in amplitude exists,

Also, there is inserted in the plute circuit of Vjq & pulse
sharpener ecircuit., This consists of & small R.F. choke, critically
demped so that it will oscillate for one alternation only at its reso-
nant frequency when it is shocked by &an alternation of the wazve train,

Vig, the final tube, is biased cluss C, so that only the extrems
tips of the positive alternations are effective in causing the tube to
draw plate current. This gives extremely short pips, probably less than
¢. microsecond in length. However, the pips &re not ull of equal amplitude
due to the damping of the wave train from which they are derived.

The leading pips are brought up to o level with the others by
placing & precise value of oepacitance across the cathode resistor of Vige
This permits the grid bias te rise at e limited rete, so that each follow-
ing pip must overcome a greuter velue of bics then the one preceding it.
This corrects the leading pips for amplitude.

The rear pips are not corrected, therefore, it is possible to
observe the same condition to which the leading pips were subject before
correcction,
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As thesc pips ure derived from the wuve truin irom V, and Vyg,
they &lso may be moved in time with respect to the sweep by dgjusting
the time constant on the pip multivibrator, Viz, &s per ltem 4.

Operation.

Two smulll snup switches will be found on the lcft side of the
frume. The switch newrest the front punel controls the Low Voltage
cireuit which lirhts the tubes, furnishes ~150 volts for bias purposes
aund + 300 volts for plute voltage on the tubes., The recr switch
controls the High Voltwpe circuit which furnishes 3000 volts for the
Cathode Rey tube :nd the High Voltuge sweep.

The Low Voltuge circuit should be turnud on first, awd the tubes
should be allowed & minute or two to rcuch operating conditions before
turning on the High Voltage.

CAUTION: No adjustments or comnections should be made at the
rear of the panel when the High Voltuge switch is on (in the "up"
position) u)s there is then 3000 volts rpplied to various circuits.

1. Always meke sure the High Voltage switch is "off", in & "down"
position before muking eny chenges at the rear of the panel, as
acoidental contect with 3000 volts will probably prove fatal.

2. Always turn on the Low Voltage supply first. Until diode V4
reaches operating temperature, there is no protection offered
the swecp condenser bank from the High Voltage.

The firing of the Master Thyratron Vp. is first adjusted. This
is accomplished by turning Ry, which controls the bias in & counter-
clockwise direction until Vp just fires, then advancing R 2 bit more
to ensure stable firing.

If an external Cathode Ray Oscilloscope is counected to Vg
cathode (Test point #6) - H.V. SWITCH OFF while connecting - "mush" cen

be seen at the base of the pulse when Ry is turned too far in a counter=
clockwise direction. The correct adjustment of Ry will be scen to give

the cleanest pulse.

For ordinary purposes, the adjustment mey be made from the front
of the panel, with the High Voltage on the tuilt in Cathode iay tube,
and Ry adjusted in a counter-clockwise direcction until the sweep on the
tube oeases to flicker, then advancing Ry & trifle more.

The H.V. Sweep Thyratron Vg, is then adjusted for a stable
firing condition by meens of Rg. This adjustment should be mede from
the front of the panel with the High Voltage on.

To facilitate adjustments a Cathode Ray Oscillonszope may be
connected to the Hj terminal of the H.V. swecp, BEFORE the Hiph Voltage
is turned on. (Test point #7).
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The Sweep Amplifier is next adjusted. Conncct the Cathode Hay
0scilloscope to the Hy terminal of the H.V. Sweep BEFORE the High
Voltage is turned on. The blas on Vg is then udjusted by Rg until the
emplitude of the pulse on the C.R. Oscilloscope scrcen is oxectly the
same as it wus when tho scopo wis connected to Vg The V-gain control
on the scopc should not be adjusted during this test.

Alternative method of adjusting V5 = The scope should then be discon-
nected snd, with v1l switches in the "off" position, one il plate of the
built in Cathode kuy tube connected Hy, while one V plate should be
connected to Hp. Power is then applied.

The trace on the C.R. tube will be defocussed and will heve a
bright spot at one end. R5 should be sdjusted until the trace epproxi=-
mates Fig.ll.

Fig,12 indicetes thut Vg is not contributing enough sweep
voltage, while Fig.1l3 indicates thet Vg is overloaded.

Ry then, is adjusted to & point just before the trace tends %o
gshow a flat upper portion. The built in ¢.K. tube may then be connected
to the right-hand group of the Cathode Ruy connection strip. Vg is
then adjusted until it tires in & stoble mumner by means of Kgq. This
adjustment may bc made from the front of the penel, the transmission pip
will eppeur on the sweep of the built-in Cuthode Ray tube when Vg is
firing. .

Adjusting the Low Voltuge Sweep.

The built-in Lethode Rey tube is connected to the left hend
terminel group. No high voltuge is necessary for adjusting or for the
demonstration of the vurious Low Voltage sweep circuits on an externul
c.K. Oseilloscope, only when ohserving the pips on the built in Cathode
Ray ‘ube.

Adjusting is simple., Rgp controls the position of the sweep in
time (see Item 4) and should be turncd as far es possible in a counter-
clockwise direction and left there.

Rg controls the position of the pips in time (sec Item 4), and
by moving it slowly the pips may be made to move slowly nlong the sweep,

Demonstration.

By employing an auxiliary Cathode Kay Oscilloscope, the operator
mey demonstrate the verious wave-forms peculiar to the different circuits.
An insuluting strip, ou which are mounted 24 test points, will be found
on the rear of the rack. Reud this 1 to 24 storting from the left. The
C.R. Oscilloscope Vertical emplifier lcad is connected to the test point
indicated. & condenser of ,1 mfd. should be inserted in series with the
v-lead. The ground lead from the scope is connected to the metal rack
of the tralner.
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Test 1 - Master ilultivibrator grid #1, trace similar to Fig.2.
Test 2 ~ Master Multivibrator grid #2, trace similar to Fiz.s.

Test 3 - Moster Multivibrator plete, truce similar to Fig.4. but with
corners slightly rounded.

Test 4 = Vp grid showing differentiated wuve because of coupling con-
denser und grid resistor.

Test 5 = V, plate, & typical thyratron discharge showing the plate going
towards the negative.

Test 6 = V, cathode, a thyratron discharge showing the cathode going
towards the positive owing to I.X. drop across cathode resistor
when the tube fires. This is the pulse used to fire Vg of the
High Voltage sweep, also to synchronize Vg and Vjp of the Low
Voltage sweep.

Test 7o - Shows the portion of the sweep furnished by Vz. This test

H.V.ON point connects to the plate of V3 and the plate of the limiting

CAUTION diode, V4. The trace should be the usual sawtooth sweep with
the charge line very linear and in & negative direction.

Test 7b - Expand one sweep cycle on C.R. Scope screen and pull the sweep<
change plug on resistor benk to show how a larger value of
charging resistor lengthens the sweep time.,

Test 8 - Vg sweep inverter plate, showing the sweep truce in a positive
H.V,ON  direction.

CAUTION

ge$t0§ - Pip amp-ifier platc. Sew-tooth wave from Vz plats amplified
CAUM ON and inverted to fire Vg.

Test 10- V. cathods., Shows thyratron discharge towards the positive.
H.V.ON I% is from this point that the trensmitter keying pulse is
CAUTION teken in R.D.F. work.

Test 11- V,; grid. Trace showing some of the characteristics of Figs.2
end 3, modified by synchronizing pulse.

Test 12- Vg plate. Modified square wave on account of synchronizing
pulse on Vg grid.

Test 13- Vg plate. Modified sgquare wave.
Test 14~ Vy screcns lfodified square wave. A portion of this taken
from a tap on the screen rosistor is used as & brightening

pulse on the Cathode Ray grid.

Test 15- V.~ plete. & modified saw-tooth wave. Attention should be
directed to the fact that the charge portion is very linear.
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Test 17 -

Test 18

Test 19 -

Test 20

Test 21 -

Test 22~

Tast 22h-

Test 25 -

Test 24 =
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Viy plate w1l - the cmplified sweep in ¢ positive direction.

Vy; plate #2 - the amplified tnd inverted sweep. Seme trace
ug in test 16, but in w« negutive direction.

Vs plates. =& typical multivibrator square weve townrds the
negative., adjusting Rg will vary the wuve shepe. See Figs.7
end 8.

Vi3 plate. 4 square wave going towards the positive. This
is boecuuse Vg, end one half of Vyp are connected in & multi-
vibrotor circuit, with the first half of Vi, acting «8 a
buffer tube. Thercfore; edjusimeat of Rg will also vary this
weve shupe.

Vy4 grid. Pulses due to the differentiation of the square
wave from Vio plete. The positive pulse fires Vig. Motion
of positive and negative pulscs with respect to one another
is accomplished by menipuleting Rge

Vig cuthode. Characteristie Thyratron discharge. Two pecu=
1inrities observeble on the C.R. screen secrve to emphasize
the extremely short duration of this pulse.

(1) The pulse eppecrs clmost as & verticul line, which
shows thut during the time tcken to complete the discharge,
the Horizontal Sweep of the Oscilloscope hus not hud time to
move the electron beum to uny extent.

(2) The pulse appeurs dim with respect to the brillianecy of
the sweep line, indicating thct the C.k. electron bewm is
moving so fust that it docs not huve time to furnish the
required number of electrons to uny purt of the line, during
the pulse, to fully excite the C.R. tube screen.

V15 and Vyg plotes. Showing the trains of oscillations
obtained from Vyg. Vi is the control tube.

Vyg und Vig Pletes. Expund one train of oscillation on the
C.ﬁ. screen to show shepe of individucl cycles.

Vyp plate. Leave Cathode key scope set as in test 22b.
Amplification will be indieatcd by greater emplitude on the
Ccthode Ray screcen. Attention should be directed to the
sharrmess of the individuul ulternatious rcsulting from the
shurpener circuit in V17 plate.

Vis plate. Shows the tops of the positive clternutions from
Vig plate cut off to form culibration pips. Some Cathode

Ray soopes show over-corrcction of the first pip.

£n insuluting strip, corrying two groups of five terminals
is mounted at the rear of the ruck for comnnections to the
built in Cethode bLuy tube.
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The group of terminals to the right (locking from the rear) is
the High Voltage swec) comnections: the group ut the left for
the Low Voltuge sweep.

The conncctions are s follows: The two right hend termincls
ere V4 end V.. The centre terminel is Cathode Koy cgrid and
the two left“hund terminals erc I and Hoo

The seme order of conncetion alsc applies to the plug-in
Cethode Key conncetion on the top punel. Condensers are
built into thc plugs.

1 to 6 inclusive take in the “ontro.. Section.

7 to 10 inclusive show the High Vollage sweep.

11 to 17 inclusive show the Low Voltagc sweep.

18 to 24 inclusive show the pip gencrating section of the Low

Voltuge sweep,

l-
2,
S
4.
5.
6,

T

8.

9.
10,
11.
12I
13.
14,
15,
16.
17.
18.
19,
20,
21.
22.
23.
24,

Mester multi grid #1

Master multi srid #2

Moster multl plate

Vz Thyretron rrid

Vo Thyrctron plate

Vo Thyrutron ccthode synchronizing output (to grids of Vg,
V8 and Vlz)

Vg sweep Thyratron plete and diode plate

Vg sweep emplifier plate

Vg pip smplifier plute.

Vg thyratron cuthode (pip output)

Vg plate

Vg plecte

v screen
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