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A Menual of Instruction for the
Successful Operabion of the Bervo Systen

1s Introductions

With a view to nminimize the abrupt changes in zero le=
vel of the recorder caused by instability of the mixer cry-
- sbal current which is in burn caused by drifts in the tuned
L eircults im‘th@_laaal oscillator chaing a servo system‘has
been desipned and consbructed. The function of this system
will be to effect automabtic compensation for the arbitrary
changes in crystal current. The principle of operation conw
sisbs in sampling the crystal current for inegualiby during
neighbouring half periods of switching and in readjusting
the final tripler tank cirecuit by the right amount and in
the right sense to restore equalitys At the moment of going
to press the last link in the ghain is missing. A tripler
capible of being steered by a motor is, at the moment, cons
spicious by its absence, Buch a one isi‘hQWeverg‘im the pro=
cesp of being ably designed and will surely make its appear-
ance in the very near future. The purpose of this manual
13 to provide the construcHor with a Pickure of the rest af
the chain in which the tri@ler is the most imporbant llﬂkg
and- to help him in putting the whole into operation. In the
‘event of occasional failure such as can overbake even well
designed equipment, 1t is hoped that this guide will facili~
tate the work of whoever it is who will put it right with
the efficiency and despateh that has been 80 typical of the

*Vateglng? .

24 Description of the Units,
' A schematic diagram of the units comprising the servo
systen is seen in Figs l. They are namely:
1) The signsl preanplifier,
2) The signal amplifier,
3) The suppressor unit.
%) The reference preamplifier.
5) The calibrator. -
" &) The servoscopes
7) The junction box.
 8) The sipgnal oubtput stage.
9) The reference output sbtage.
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é 10) The servo-motor.
' 11) The tripler.

Allxor which except the la t are to hand. The fivst soven
it@@s are nounted on the ﬂﬁervo chassis' which must be sup-
plieﬁ by a EEE pawer supplyn Items 8 to 10 will in course
of tlme be located in the antenna box annexe, If the tripler
is alua placed in the aﬂnex@, the servo-notor could be mount-
ed bn the tripler; on the other hand, if the new tripler oc-
cupiés the same pGSItiGﬂ ag the present one, provision nust
be made for mechanical coupling of the motor to the tripler
thrbugh the partitioning wall, A4 length of thick rubber tu-
biﬁg would make a suitable btransmission and also iselate the
tripler from the high freguency mechanical vibratioms that
ﬁh@\hﬁtﬂr is prone Ho cauge under certain conditions,

befcr@ going on to discuss the functions of the various
uni%s'aﬂ.parts of the systém it might not be oub of place Ho
devbte a little attention to eack as independent enbities,

1) khe gizcnal preampllller“consiqt@ of a single staze btran-
sisbor volta;e amplifier followed by a clipper sbase, A btran-
giﬁtor was chosen to avoid the excessive hum pick up that
ﬁheiuse of an a.c.~heater-fed valve would have enbtailed. A&
traﬁaformer‘is uged at the inpubt end to enable isolation of
hotm input Germinals from %he rack ground, The transistor

is ﬁannoct >d in a grouudad\emiﬁter configuration, This is
nosﬁlbleg in spite of the R&ct that the collecbtor is ground~
ed,‘thank to the use of a transformer inpub.. The voltage
malh obbained in thise ﬁtagp is about 600 measured between the
input %o the transformer and socket No. 2, Mu-metal screen-
ing,was found absolubely nécessary for the transifgmer in
ord%r %o reduce stray pick up. Threouzh the use of double
n@rwcnlﬁm, the hum and random voltage componenss in the out-
put|have been reduced t¢ a negligible values At a signal in-
~put 1evel of 10mlcmovolts peak to peaky noise Jjust beconmes
fobwmrvable as modulation on the outputb,

A clipper stage follows and delivers alippeﬁ output
throush socket Noe.3. Varicus diode configurations were tried
and ‘the prescnt one adopted as the least unﬁatisfacfery of
them’&lla At the low sign%l levels involved, the discontine
uitﬁ in the diode aharﬂcﬁeﬁistic ¥ends to become a 'continuity®




Transis Tdrfé:rféfrs.‘f&rkare' {0l .5@&%}5 V.

‘/1 [

Yo v

' % 160k
{72 %1

|

HE
D |

S

|
|

L ]
= /i_,:;-) B
. -
' T G e = : Y -

) c { 4 & : i e e s

T . B@" de \V"”;a‘-‘ !3/’?’{%’1:&%

el o g_gsé‘ g !

L1
- P i M.:.._A,



and the ratio of th@-baak{ta the forward resistance is con=
siderably less than at higher signal levels, In the arrangs-
memt used here the axwaallis fed in across two diodes con-
neﬁLeﬁ back o back and th@'autput is taken oubt across one of
thém, The ratio of btheir impedances is inverted with a change
in polarity of the siznal f@sulﬁimgfin attenuvation for nega-
tive signals and almost unattenuated transmiesion for POSi~
tiv@ ones.

2)4@he,siqnal amplifier Fi@;ﬁ consists of two stages of pen-
toce amplification and one of triode smplification, Two cath-
ode follower stages are also incorporated, one before and one
after the triode staze. Signals fed in at socket No. 1 are
amplified aboutb A50 times by the first pentode stage and then
g0 on to the next stage through a gain control, The hot end
‘of bhe p@tent*omeﬁer is accessible abt socket 1N0.2, When connect-
bd a cable to the suppressor unit, this point is effective-
lj “rauﬂaeﬁ for the uuratlon of the suppressinz pulses, thus
Cuﬁblﬂu off the rest of th@ ampiifier during these periods.
The next pentode stage, the followxng cathode follower and
tw1n T network between them together constitute a RArrow
band filter centred nomlnagly at 400 ¢/s. A ccmblnatlmn of
thi@~type usually introduces a phase shift at all but its
exact certer frequenecy. To correct for this, one of the re-
sisbance arms, of the twin-T has been made variable., It is
possible by a&gusting this arm to obtain zero phase shifbt at
any one fréquemoy lying between 350 and 450 ¢/s. The corre-
spomding amplification obtained varies with fregquency and has
a maximum around 400 c¢/s of about 180 times.,
The last tube in the unit is a double triode ome half
of which provides further amplification (60 times). The other
half is a cathode follower, The cathode resistor is a potent-
ioneter which can be used to regulate the inpub voltag@‘ta
the succeeding unit, |

3) wnavsuppreascr unlt Figu4 had no phace in the original
scheme and was included to@make up for the unsatvisfactory
apeﬁaﬁian af‘the‘clipper stage in the preamplifier, Four
dio&es are connected in the form of a bridge one corner of
whiah is earthed. The opposite corner is connected to soc-
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|l .
kets 2 and 3 and has a very low impedance to ground if current
is flew&ng through the ﬁiaﬁ&a@ If, however, the diodes are
bissed off, sockets 2 and 3 have high impedance to ground and
beﬂave as if they were imolated from the rest of ﬁheﬂgircuit;
A positive pulse fed Lo the input of the transformer
cam%eﬁ a positive and a negative pulse to appear at the ends
afIthe.aent@rmﬁapwe& gecondary winding. These ﬂulsemzwa through
th@ series condensers and ‘cause a current to flow through the
brm&gea The resistors in series with the condensers limit
the magnitude of the current and keep it flowing for the dur-
ati?n of the pulse. The discharging time-constant of the
condensers is made larger than the interval bebtween the suc-
cessive pulses and this results in the diodes being bilased
backwards during this inberval, f
 The net effect of pulsing the input is Lherefore Lo pro-
vi&@ & short circult to ground for fterminals 2 and 5‘ﬁaring
th\ pulse period and to isplate them between pulses, |

4) [Ehe reference preamplifier Fig.5 consists of an amplifier,
caﬁ@ada follower and twin-T network combination foliowed by
a pha%e«shiftin@ network, A square-~wave inpub atb gocket 1
yi@ﬁds a sine-wave oubtput at socket 2. A potentiem@ter in
one' arm of the twin-T @nahiea adjustment for zero phase shift
in the process, and func ﬁiDHS satisfactorily within aﬁﬁﬁ c/s
tand centred approximatb @ly at 400 c/s., The nebtwork which fol=-
law@,sﬁiﬁtﬁ the phase of the sine-wave by approximately 90
&egreesﬁ I1f exactitude is'desire&, the p@benﬁiﬂmater'refer»
red to above can be adjusted to give a 90 degree @hag@ snift
betwecn terminals 1 and 3 inst@ad of zero desrees between 1
and’ 2. o i

5% Th@ calibrator Fig.6 is mer®ly a device to provide an in-
put veltasze to the systenm @uring alignment and tesiting. With
it, one can simulate the exact source impedance and magnitude
and phase of volbtage bthat bhe inpub will see in auhual opera-
tione.

A 10 volt square wave at terminal 1 provides at Germinal
4y, & comtinueasly varmable»voltawe from O to 10 microvolis
havinw either zero or 180 ﬂewreeg phase shift,

&) [he servoscope Fig.? 19 a btiny one-inch Gecillcsaoﬁa cemw
nle;@ with focussing and imtonsxﬁy controls mounted on the
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pangl of the servo chassis; Limibed, as is the accuracy ob-
tainable on such a am&ll 1nstrument* it is y@ﬁﬁpoaaible to
align the entire sysbem wmhh its help, In its. a%aancég the |
uge |of an expensive daublaabeam ‘oseilloscope would have had
to he resorted to for evenlmlnar checks.

The X and Y inputs go directly to the pairs of deflecting
ele¢brodes as no amplifier is available in between, 'The lines
in the reticule correspond to deflections that are obbained
for |certain standard voltages at certain check polnts. This
will be dealt with in detail in the section on ali“nmenﬁ,

ol $ha sunatlon box is illustrated in Fig. 6 and needs no fur-
th@v comment s

8) %h@vsignal‘output,ﬁtame Fig.8 is as its name aptly implies,
a p@%@r pentode oubtpub stag@ for the signal amplifier. This
hasib@en separated from the rest of the amplifier bto prevent
Dacﬁllation that would have been practically inevitable if

it Mad been part of the same. An additional advantage of
houmiﬂg it in the antenna box is the reduction of cross-talk
in {the antenna cables, The leads carrying the signal and ree-
f@r@nce voltases to the two amplifiers in the anbenna box,
terninate in the high input impedances to the tubes and have
cdnﬂequenﬁly neglizgible currents in them,

p The tube is coupled to the high ippedance winding on
theﬁaervo mobor (about 300 ohms) through a matching transfor-
mer housed in a mu-metal cans The condenser across the Se-
condary windinz is to tune out the reactances in the trans-
former motor combination, At frequencies around 400 ¢/s the
curwent through the motor winding is in phase with the VOl
tarﬁ input to the stage. With sufficient input velbage the
stage is capable of supplying more than 30 volts of undistorted
s;nwwwave to the mobors |

9) the reference oubpub sbaze Fig.9 is practically identical

to uhe signal output ﬁtage; The only difference is in the
traﬁsxormer which matches dmwn to a lower impedance (about

100 ohms) than in the previeu& cases The hizher transformation
ratio sets a llﬁit ta the undx storted voltage available at the
motor end. Distortion beblns to set in for inputs correspond-
ing to more than 20V to the motor referencewinding. At 22
volts it is Just noticeahlé; At greater than 24 volts it is

12
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excessives The transfarmér used was not one specially ordered
for| the purpose and is beﬂieved to cause part of the distor-

- tions For those who Wis&ibm make further refinements it is
recommnended that a power tuba cathode follower sbage be sub=
stibubed for the present 1grang®meﬁt@ It might then be poss-
ible to use & lower transformation ratio to mateh the cathode
foiuower oubtput impedance &0 the motor, for which a sultsble
transformer could be oréeréda It is, however, certain that

no improvement will be netiae& in %he actual performance of
the| servo as a result of thlﬁ r@fln@mantu

- 10) The servo-mobor is nart of a war surplus borque unit,

It is designed for 26 Volt 400 cycles operation and in its
0r1&n1nal forrmiis mounted an a framework with redvatlon Lears
in groat and a selsyn unlt‘b@h&nﬁ, Three such units are a-
vaiiable in the labar&t@ryg The selsyﬁ‘uniﬁ_has been removed
frﬂm one of them. I% is podssible, by leavisng the selsyn unit
on,|and by conunecting it t@ a similar free selsym unltgto
cbthxn remote indicabion aﬁ the movements of the Serve~motor,
‘The“free selsyn unit could be mounted on the servo chassis

or in some other sultable plac& in the shack and would DPLro=
vide a cont inuous check on the functioning of the servo-motor

up }n the antenna box, But this is nob recommended as it would

enthil the use of five extra leads in the antemna cable - a
luxury that we can hardly &ffard¢

‘The mobtor proper has four leads, Red and black belong
to mhe higher imp@dance winding, and yellow and white to the
lowmra Considerable experlmentatien has shown that the motor
funmti@ns bebtber if the lawer impedance winding is supplied
wztn the auea@v reference valtage, and the thher impedance
W1n&imm used for the cons ﬁantly changing signal valtare which
can have larse variations in mawnlbu@ea With a reference vol=
ta%g of 22, the mobor just beglas to turn for 4 volts of sig-
nal 'voltage, reaeheu“narmaﬁ speed at 24 and has a maxinmum at
about 40 volts, For hlmher inputs the core btegins Lo sabur-
aﬁeiresmltinm in a drop im‘spe@dw These three voltages cor-
regpond respectively to 0.5V, 3,0V and 5,V input to the grid
of wh@ signal oubput stage, Operation at over the nominal
voltage results in heating of the motor.

ll)EThe trip1@$,in'its‘@r@$ent stage can be seen in the full
scale illustration of Fig, 10,

15
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Fig. 10. The tripler,
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Ha¢ Hae L
Wiell, when you ﬁa g@t down %o making one ib would be worth
while o vear the following in mind,

‘The shaft on the tripler, robatiocn of which aecomfliahas
r@tmnxnw of the output stage, must have a g@arlmm rabio such
that about 2 to 4 seconds of normal ap@@d rata@isn ©f the mo-
'ter moves’ the bandpass by.the same amcount as its average drift
in say a 10 second perimda Phe labtter can be determined by
the simple method of watching the servo-mobtor in action when
not connected to the tripler. The number of revolubions the
motor shaft makes per second abt normal speed can be determined
by Bebtting the signal voltame to the motor at 24, The amount
the tripler shaft has to be turned to counteract the drift
can be found by turning it manually till the motor stops com-
plebtely even ab the highest sensitivity of the systen. lith
a knowledge of thess t&reﬁ‘guamtiﬁies it should be relatively
easy to ineclude the neccessary amount of zearing-down to ob=
ﬁaim gperation mﬂrf@syﬁndinglﬁe 2 time constant of a few se-
conds.



2+ General prineiples of operation.

The current through the mixer crystal caused by the
high frequency oubpubt from the tripler consists of rect-
angular pulses of about 1250 microseconds in duration se-
parated by a few microseconds between them, All the odd
pulses are caused by one of the two tripler freguencies
and all the even ones by the other, The function of the
servo -is to hold the heights of these pulses equal to with-
in about a bthousandth part of the hei@ht.nf‘eith@rﬁ The
method is to obtain a volbage @rmporﬁicnal t0 the differ-
enge in the heights of bthese pulses and to use the volbage
4o retune the tripler oubtput stage Lo decrease this 4diff-
erances | | | o .

If the voltage ﬁhat’actuates the rebtuning device (e.g.
a matar)_'aidependemt only on the magnitude of the differ-
ence between the tops, and independent of the sense, bhe
motor would not know, so to speak, which way it should
turn in order %o restore gquality bebween the pulses.

The usual way te solve this problem is. t0 include a phase
detiector in the scheme of bthings., If the phase debector
wew@'switched by the same source as caused the switching
between the two tripler frequencies, then a dscs output
voltage would be obbained whose magnitude is @rm@ﬁrﬁi@n&l

to the difference between the tops; and whose polarity would
depend on whether the even tops were higher than the odd
ones or vice versa.

A two phase mobor is, in a sense, a phase detector
ané changes direction with a change of 180° in the @hasg
5&?'0&19.;'af its two input voltages, By a lucky coinci-
dence Ghree small two phase motors meant for operation at
- the same frequency as our switching system were available
‘in the labs. It was therefore decided to simplify the ar- |
rapgement by Jjust ampliflying the small difference between
the tops of the pulses and feeding it directly to one of
the windings on the motors I@.ia now necessary only to
supply the other winding with a steady reference volbagze
0f the same frequency shifted 90 ﬁ@gr@ea‘in phase from Ghe
voltasze of the switching aysu@m:in erder to obtain a rota-
- tion of the motor'whdsa speed is proportional b the mage

18
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niftude of the first voltage and whose diregtion is depen~
dent on the sense of the ilnequality of the pulses,

The two phase mobtor requires sigusoidal volbages and
~ the switching system offers anly reetangular volbagess
The circuits in the servo systen must therefore perform one
additional function and that is ﬁé'&anvert~th@vr@atangular
voltage waveforms into sinusoidal ones, This is done by
the twin-T nebtworks which filter off all fhe higher com=
ponents present in the r@wtanpular wavelforms leaving iny

the fundamental. ‘

The reference preamplifier and reference output stage
form one of the parallel arms of the sysbenm, ‘They perform
together the simple funotion of taking a square wave from
thw switechinz gystem, cooverting it into a sine W&V@?‘shifw
t&m@ it 90 degrees in phase, amplifying it ana feeuxng it -
to the reference wxn@im@ on the motors

The signal preamplifier, amplifier and output stage
form the other parallel arm of the system. They do bthe same
things to the tiny square wave obtained from the difference
in the heights of the pulses with the exception of the 90
‘ﬁ@are@ ﬁhdu@ shift. In this case it is seen Ho: that no
phase shift oceurs at all, ) ,

The resson for the greater complexity of the signal .
amplifier chain is twofold., PFirstly, the amplitude of
the square wave is considerably lese than in the reference
casg, About 1 microvolt as opposed to 10 Volts. Seeonﬂiyg-
it is impossible to amplify the difference in the heights
of two pulses without amplifying the pulses themselves,

The sides of neighbouring pulses take on the form of long
spikes going down %0 ground potential, In the arrang rement
obtaining for viewiﬁg the crystal current on an oscillo~ .
scope these spikes ampaar to go upwards, This ig incidental
and resulys from the fact that the polarity of the mixer '
crysﬁai inverts the picbture obbained Ly vzewinm the ampli-
fied voltage drop over a resistor included in the crystal
current ground rebturne |

| These splkes nmust be removed if the odd microvolt is
to be ampkified to the magnitude of several volbs without
overloading the amplifier. The clipper shtage in the sig~
nal preamplifier doesthis ko = certain measure, Had the.re-
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maining waveform Ra been left with truncated spikes. that
were all exactly alike, Mo harm would have come of GLheir
presence, Passage thifough the twin~-T filter would have

leit the outcoming waveform with n@,aanﬁributimn-ffamtth@m v
as their periodicity is twice thabt of the square wave funda-
mentals However, a slight ineguality between the odd and
~even gpike stubs results in the appearance of a 400 ¢/s

sirie wave even when the pulses are equal, To counteract
this, and to eliminate their influence altogether, the sup-
prassor unit was added which accomplishes this by simply
Gﬂ@kiﬂg the ampl1fler for short periods beginning just be-
fowre the &r Yearance of a spike and ending Jjust afbters

4 &11mﬂmentﬁ

Allmnme@t of the system can b@ done either with a
proper double~beam calibrated oscillwsﬂope or with the
servoscopes The former is more thorough and hence more
conplicated. The latber is simple and albhouzh adeguate
a hirifle inacecurate.
with a d.bs oscilloscope.
Connect all the unit interconnecbing cables according o
Fig.ll, except the cable from the suppressor unit. Remov=
ing cables if and where necessgary in order to introduce the
cscilloscope and replacing them after, perform the follows-
ing ameratlﬂmsﬁ |

Adjust the oubput control on the Sguare wave generas
targto provide exactly 10 volts peak to peak as measuréd
at point 3 on the calibrator unit, Bwitch on the H,T. to.
the reference preamplifier and check the sine wave obtained
at point 2, Adjust potentiometers 1 and 2 to obbain a
sine wave of about %% volts peak Ho péak and exactly in
phage with the sguare wave. Check the sine wave at ?oint
3, It ought to be about 12 volts peak bo peak and 90 de~-
gra@é out of phase with the square wave. Otherwise adjust
Pl and P2 to obtain this, It may be necessary %o wait a
short while for the tube b0 warm up and sebtbtly down, This
applies %o all the phése adjustments on the system.

If point 3 on the referente preaxplifier is connected
o bthe input on the ref@nemce outpubt staze and the latter
&Witeha%n, a sine wvoltage of about 22 should appear @éross
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thw reference winding on the mobor, shifted 90 de; grees
fr@m the input square wave., Slight variations from theﬁé
vaﬁues can be compensated for by adjustment on P1 and P2,
Vhen the oubpub stazes have been installed in the antenna
boik, Ghis can be checked by using one of the unused leads
in the antenna cable as a lead for the scope. Care must
be taken, however, to see thab capacitance in the anbenna
calile does not give rise %o a misleading indication and
that the lead carrying the signal to the giznal matuut
stigge does not pick up any of this volbage.
Hole. The sine wave ab point 3 on the reference preampli=-
fidr will appear distorted if it ic connected to the zrid
of the refercnce oubpubt stage and onwy'Lu is pregenh on
that bube. & 4

Having baken care of the reference arm of the system
we 'can now proceed to the signal side, Connect socket 1
on the preamplifier to socket & on the calibrator with the
eable bthat would normally be used to connect it to the 10
ohm resistance in the crystal current ground lead, Turn
calibrator control fully anticlockwise, Switch on HP %o
pr@amylifi@rg Check oubpub at point 2 if a suffic 1ently
sensibive scope is availables With the potentiometer turned
fully clockwise, a square wave with sloping bops and aboub
6 millivolts pe 0 p. should be obtained, With the pobene
viometer turned fully anti-clockwise a slightly lower vol-
bage will be obtaineds Aboub 3 millivolits should be availe
able at point 2. If the calibrator ¢ontrol is now turned
slowly clockwise the oubput volbage should diminish %o zero
andy increase agaln to the forumer value but shifted 180 de-
graes in phase. ILeave calibrator control in this maximum
pogition. Switch on the signal amplifier and mer se Pl
until aboubt 10 volbts peak Ho peak are obtaineds €h ust
P3 for zero phase shift with respect o the square wave,
It should be possible to inerease Pl %o obbain 60 volts
p@ﬂk\ﬁ@ peak at point 5 without distortion. Reduce gali-
brator control to give abmut one microwolts IU should be
paﬁsihle'tﬁ increase P2 Ho 8till obtain 0 volis peak to
peqk with this inpubs. Move calibrator control slowly over
th& zero position, The aine wave should diminish and change
; ugh Zerocs
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Set P2 to give bebtween 50 and 60 wvolts peak o peak
for 10 migrovolts from the calibrator, Connect point 6
o inpmt%«ignal oubtput stage and switch on H,T, to the
latber, Adjust P2 to give 24 volts R.M.S, at the motor
terminals. The mobor should be goinz now at full speed,
Turning the calibrator control ought to decrease the speed
and increase it again but in the other direction., I% should
be possible, with a litble, practice, to set P2 so that
full speed in each direction can be obtained for in- and
outi-of-phase voltages having any value bebween 0,5 micro-
volts and 10 microvolis, Check the voltage waveform abt the
signal winding on the motor with the oscilloscopes It
should be in phase with the sguare wave, If 1% bhappens
50 be shifted slightly, adjust P3 on the signal amplifier
bo compensabe. _ )

Bet calibrator abt some volbage and move the oscillo-
scupe cable to socket 2 on the signal amplifier which should
hawe been free all this time., Nobte the voltaze and move
the oscilloscope to socket 3 on the suppressor, Connect
3 on suppressor vo 2 on amplifier, With no pllses in So
the suppressor the volbage should be somewhat lese than
neasured at 2 on the signal amplifier, Connect the pulse
generator to 1 on the suppressor unlt and set the pulse
width at between 40 and 60 nicroseconds, Switch off the
H.Te t0 the preamplifier and adjust Pl and P2 on the sup-
pressor unit o obbtain as neearly a stralght trace oﬁ the
oscilloscope as possibles This can be done most convenw-
ieﬁﬁly by increasing the sensitivity of the oscilloscope
progressively and adjusting P1 and P2 each time. If a sen-
sitive d.c. oscilloscope is used, a szall d.c, potential
may be noticed bub this is of no cousequence, If the pre-
anplifier is now switched on, practically the same voliage
as at point 2 on the amplifier should be obiained for a=
bout 1200 microseconds of each half cyeles Por the remaine
inz 50 microseconds the signal should zo down 50. zerQ.
- The pulse delay contrel on bhe pulse generabor should be
adjusted now Lo center the suppression periods aboub the
points wihere the signal voltage chanzes sign. Adjust P2
and P again to center the dead period along a vertical



axis so that there is as much signal above as below. Hobe.
for every Qﬁang@ of pulse width, P2 and P} must be readjusted
for proper %@mﬁ@riﬁg of the dead periods.s Even with aboub
&0 micrasaabnds of suppression the sine wave at point 5
should have @raﬂﬁieallj the same amplitude as with the
ppr@sw@rwamplifi@ﬁ cable disconnected.

vie cam,mmw zo on to using the actual signal ebtained
frmm the arysmal currents Connect socket 1 on the pream-
plifier to the 10 ohm resistor. Connect the oscilloscope
to point 2 on the signal amplifier removing the cable fronm
the suppressor unit for the purpose. Check the clipping
action obbtained by turning the potentiometer on the pre=
amplifier, Maximum clipping should be obtained with the
potentiometer turned fully anti-clockwise, Note. If the
error signal is flatbtened out instead of the spikes being
¢llipped, it means that the leads to the 10 ohm resistor
mugt be interchanged. Connect the suppressor unibt to the
amplifier and check with the scope at pmint 2 on the sup~
Pressor un;t to see if the suppression is satisfactory.
Otherwise readams% pulse delay, pulse width and Pl and P2
on the suppressor units PL on the amplifier should now
be aﬂgﬁste& 50 give less than say 40 volts ab point 5 on
the aﬁplifi@f for drifts occurring over a one minute per-
iod.. I have chosen one minute as a safe suggzestion but
only actual triale with the new tripler in operation will
' show what the optimum pesition of P1 should be. The point
$0 remember is that the gain must be low enough for a servo-
uncorrected drift over a period of aboub 10 ﬁ@cnndg not
to overload the amplifier, If a sudden jump in the crystal
current overloads the amplifier, the servo will lose cone=
trols Long period tests with the new tripler installed and
in operation will show what inherent stabiliby it has.
If it is good, the servo sysbten in its present form can
be used to obtain regulation to bebbver than a thousandth
pert of the crystal current. If the stabiliby is poor,
the servo sensitivity must be reduced in corresponding mea-
sures 1% may happen that the general ﬁtaﬁili@y is good over
long periods but that there is a tendency to nake occasional
. big Jumps # the g%rv§§la$e%_¢ontr@l@ If this turns out
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to be the case, and if it is established that overloading
s the reason, the cure would be to introduce @@1ayaﬁ AsGeCe
in th@ smwnal amplifiers d—Leve :

P2 ahwulu now be adjusted e obtain the reguired mobor
'sem&itlv1ty@ The amount of distortion free woltage avail-
able ab point 5 is nany times the voltage required at point
& to drive the motor at full speeds It is therefore posse
itle to choose any required sensitivity for motor operation,

4 Tith the servoscope it is possible to adjust the levels
anil phases of the woltages in the two arms of the system
in a simple and easy manner. In addition, it provides a
continuous check on the operation of The system,

' The rebticule on the face of the scope has Lwe werbical
and two horizontal lines, The horizontal disbance bebtween
the twe verbtical lines is the X deflection obbain ed
from a v@lﬁage’at point 2 on the reference preamplifier
which corresponds to the opbimum voltage to the mobtor re-
ference windinz (22 velbts)e Pl should stherefore be adjustéd
to give a btrace extending to bhese vertical lines. The
phase of the volktaze can be checked by applying the 10 wvolt
square wave Lo the Y plates by connecting the Y cable %o
point 4 on the ealibrabor. If any undesired phase shiflt
‘has occurred in the passage of the waveform through the -
Tt ilt@rg two horizontal lines slightly overlapping each
oklier in the vertical plane will be seen on the scope.

P2 on the reference preamplifier should be adjusted to re-
move bthe overlap. |

The ¥ cable can now be moved over to point 5 on the
signal amplifier. The horizontal lines on the reticule
correspond to a ¥ deflecbtion of 60 volss which is the max=
imum allowable for distortion free amplification in the
signal amplifier. The pattern obtained on the servoscope
should never extend beyond the area included by the 4 lines,
The phase of the signal volbage can now be geen from the
patitern. For zerc phase shift through the signal ampli-
fier, a sbraight line pabttern shodld be obiaineds Whebther
the line is inclined to the left or Lo the right depends
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. on the phase sense of the signal voltage. With all units
connected and the serve in operation, the line %hﬁ%l% Ofe
cillate slowly about the horizontal pasitiom\wmichxcarreé*
ponds to the absence of any error signals. The ends of the
line should slide along the vertical marks on the reticule
but should never guibe reach the horizontal marks.



