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2.  EXPERIMENTAL TECHNIQUE

2.1 Principle of Operation of a Slngle Channal Recordar.

The recorder can be davided into Cwe main parts nanmely; a display
unit and an slecktronic control unit, Tha_prlnciple of operation is raughly
the same as the operation of the display unitc of & navigation aid radar
except Chat the cathode ray screen is repiaced by & metal coated paper and
the angular sweep is represeniad by a lineer papar'dispplacemanto Fig.
and Fig. b show general layout of the display unit, Detalls of its con~
structlon and mechanicel principle are given in sectian 2,3=1

The paper 1s fed along tha papeT carrier plate by the peper driving
drum. The stylus track assembly is mounted above tha paper carrlior plate at -
one and. This stylus track assembly serves as & gulde rall for a fast moving
stylus belt, driven by & constant spaad mofor, and aigo as a trolley for
conveying marking pulse to & moving stylus. The stylus rectiiinear motion
is kept constant by a constang speed motor (approximatsiy 600 cm/sec in this
eXperigent) . At the moment, the marking end of the stylus touches lower
recording area of the paper (the Iine y = ), n.light Exriggearing untt is ine
terupted whic¢ch in turn emlis a pulse o the slectronic contrel umit which
then sctuates a ramp-function generator. From the circuit arrangement as
shown in Fig. 2a and Flg. 2b, the distance from the stylus wmarking .end to
-the line, ¥y = 0, varias directly as the voltage lavel from the autput of. the
ramp-function genarator; therefurethe travelling distanca of the stylus (the
y-empllitide) varies directly &s the sveep voltage. In order ro record an
input slgnat, the signal after baing ampiified or atcenuated to the Froper
lavel, is compared with & glgnail from tha ramp-funcrcicn ganeratcr by & sensic

tive comparator, When cha amplitudes of both signals are equal, tha volCage



-l o=

at che campératnr antput terminal shifts to another veltage level, This
outhut xtep voltage i= différentiated and fed to a pulse geﬁaratar. The
puise genarator generates a single pulse (approximately 200 volts by zﬂﬂgu sac)
only when tha comparator output voltage jump ta ancther voltage level. The
outpul pulse is fed into the stylus trolléy and the paper carriar plate.
Duging the transition periocd of the cumparafnr, the output pulso is transe
mitted to the stylus trolley, stuius body and marks the paper. Therafore;
the distance between recorded peint and the iine ¥ = 0 is alvays kept pro-
perticnal Co an input veltage lsvel. The ralation between thse recordad point
hnd the inpuk wvoltage laval 1s shown belaw:s

Af the starting position yod, ¢ = 4, vramp = 0Q

At the maximum swaep pasltion ¥y= Y, t =T, vrump =
where y‘= swept distance of the stylus from &ina y = O %o lins ¥y

L = Cravelling tlme of the stylus from line ¥y = 0 to line ¥y

@ gubtput veolitage from ram@hfunctiun Renerscor

v
ramp
¥in = inpug signel to be recorded
&ince, vramp a¥t and yelt,
T T
therefore vramp =¥y,
%hen both slghals arae equal
?rﬂmﬁ “ Yin *
and ¥ ad swept distance between line y = 0 Te the positlon

of the stylus when the marking pulse s emitted.

v
vramp = VYin © Y Y

ar v a Ky
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2.2 Principle of Operation of a Muitiechannsl Recorder .

Applicarion of rhe afore mentioned recording methnd.tn a vacuum-+tube
. characteristics plotter 1s made by using electronic seleccn} switches and
an electronic diglital pulse counter circuit, The functicnal dlagram is
shown in Fig. 3a and Fig., 3b. Plavte current of the vacuum tube 1s defected
by insertCing a droppling resistor Setween the cathode and the negative ratufn
of & power supply whose output voltage varies directly as the chart displaces
ment. This voltage drop is recerded by a hasic recorder circult described |
in the operation of a single chemnel recordsar: The electronic switchas Qnd
digital counter are arranged 50 that af the beginning of the sweap (stylus
posltion is at y = Q) , reset pulse f£rom a light Eriggering circutd sats the
Erid voltage to the minumum prmeset negative valua {-1 volt). AL ths sams
Cime, the output wvoltage from tha ramp=function generater starts its eveeping.
When voltags drop across the cathoda resistor and the sﬁeep voltaga are aqual
the first marking pulse 1z transmitited to mark the paper at position (1)
Filg. 3a and Fig. Bb},‘ The digltal counter; at the:same_tiﬁep f#lso recelives
the firsc pulse from the pulse generator. It then changes 1ts state sa that
the electronic switch unit switches to ths next pre-set gfid voltage (-2 volt}
which in turn; decreasing the plate current ¢o the next lower ievel. Jutput
voltage from the ramp-function generator resumes its sWaeplng and &s soon as
the ramp-veltage level and the ralative veltage drop across Rk are‘again
4qual; the second pulse 15 generated. fha switching operacion is repeated
until the cozresponding plate current of the grid voltage of =3 volt and =4
volt has been plotted. This suitching operation will be restarted atc the

beginning of the naxt stylus sweep.



During this repetition plotting of the plate current, the paper
is also travelling in the xndﬁ;edtiun by means of the frictfnn rubber
rolier and c¢hart driving drum, Oppoesite to the driving and of the drum a
control potentiometer is coupled directly to the drum axis. Allinear chart
éravalllng distance is then converted into a relative change in resistance
which ls used ko control plate supply velitage so chat it is Kept proportional

Lo the paper travellling distance.
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2,3 OQperating Description of Ipdlvidual Unit

The basic block diagram shown in Fig. 2a and Filg. 3a are not clear
encugh te described detalls function of the circult. Block dhagrams in Fig.
&a- shows acctual circult funciion and expecting waveform at wvarious poinca.

The general view of each circult board 1s shown In Fig. 6a to Flg. 6h.

2e3;1 Display Unit Assembly (Fig. & block No. 15)

A general viey of th? ¢isplay unit assembly 1s shown in Fig. 5a to
Fig. 51 and the detail drawings for mechanical consCrucCion are shown in Fisn.
2la to Fig. 21d. The dimensions of the display unit are 44 x 32 % 13 cm. It
conslsts of three sub-unitss-
{1} The paper driving unit (Fig. 5b and Fig. 5S¢}

The paper spéol-(1):is hgéld.in the paper compartment {2). The paper
travels on teop of tha paper carrier plate, Through a slot (3) fufmed between

the carrier plate snd the stylus teack unit mounted on tep of the plate. A

gulde block (&) is provided at =ach side gf-tha platen tg prévent transverse
oovement of The paper. The papar is driven as it travals between the driving
drum {3} and the pressure rollers {4). The pressure rollecrs are spring loaded
against the drum to ensure non siip. The angular dl;placement'of the drum is
then canverted into a ilnear displacement of the paper.

In order to detect linear chart displa:emé;t, & ﬁntentiumetér {7} was:
.mounted an the oppaslta siﬁa of the paper driving motor (B8) and couplad dlfectly
to tha shaf; of the paper driving drum. The paper driving drum {5 mage {rom
a 3.85 em diamecer ( D = 18.20 em) P.¥.C. tube, The construction of the potena

tlometer is such that the effective engular displacement is less than 360 degree.

Thorefore, the effective chart length is shortened dowm to 16,25 cm.
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(2) Stylus driving unit. ( Fig. 5¢ }
The stylus driving unit ls mounted above the papér.cnrrtér Plakta
near the paper compartment, If consists of3
a} A belt driving mechanism. In thls experimenc a two pale . shadeaed
pole mobor was used 1nsteﬁd of a synchronous motor bocause of inavailabllity
of the latTer. A driving pulley (l0) of 4.5 cm. diametar was mounted
aireatly on the motor sxtended shaft. An idling pulley (11} was put in a
bzrass sleeve (12) and then ecrewed on top :of the paper carrier plate. Faf
the ;ake of stmplicity, & cﬂnventlnﬁal ball bearing of 4.6 cm. outsida
dinmetef and 4.2 cm. inside diameter was used as the idling Fulley.
b} A stylus carriage. Between the driving and idling pulleys, a
stylus carringe was mounted sbove the paper carrier plate. It consists ofs
bl )} A stylus belt {l&)}. A flat belt driven by the pulleys was
'ﬁsed :nr Fransporting the stylus, In order o Xeep the belt on the f£ilat
pulleys, two plexiglass guide blocks (13) with grooves were provided
between the pulievs, These guide blucké-alsu halp reducing transvasa
vibration of the belt, |
b2 J A etylus trolley (15). The output signal is conveyad o
the moving stylus (20) by merns of & stylus trolley installed on cop of
one of the guide block, It wvas made from a brass sheet of 0.3 mm. thicknexs,
b3 ) A stylus guide piate. This plete was instalied fo red#:e
the offect of belt transverse vibratlon to a minjmum, The stylus body was
arranged in such & way that during swaep poriod the stylus marking . arm
was kept touching the stralght edge of the guiding plate instalied
hen;ath the lnner guide block. This plate was also made from & 0.3 mm.

thick brass sheet.
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{3).. Light triggering unit {(Fig, 5f and Fig. 5g)
This unit consists of a 1ight source {17} and a phufﬁ-transistar

- (18) mounted in light shield fubes to minimize the effect of stray light.
it 45 installed In such a way that whan.thu merking arm of the stylus touches
tﬁu line vy o 0; a hand of aluniniup reflector (1%} attached te the belt moves
into the incident beam from the light source. Consequently, the reflector
reflects Cha beam of light fo the PhDFOﬂtrﬂﬂ3i3tﬂrn It is essential that
thg axis of the 1lizhe sourcgnangrthe light beam has been alignaed so that

the phoko=transistor recisves maxlipum reflzctlon intensity.

2,32 Light Iriggering Unit (Fig. & block Na. 15} and Ome Sh;t Multivibra-
tor (Fig. & block No. 2)
The light :rlggerinﬁ clrcult serves as a sensing device for Che
starting poilnt of Che stylus svweep (marking end of tha stylus ia just
abova Line vy @ (). The circuit empioys a photo-~transistor aoperating near cut=

(6}

off at dark. The transistor was & peneral purpose type No., OC 71, but the
paint above its base ragion was removed so rhat it can be used as & photo-
transistor. The transistor is brought inta conducktlon reglon when theo ros
flector on tha belt is passing between the light source and the transistor.
The collector voltaga rise, from -1l4 volts to =3 voits; ls used for trig=-

{4)

gering & mono-stable circuit, The transition period of the monpstabis
.must be a little lonéer than the stylus sweeping Timevvhich ie 26.9 ms.
During the transition pariod, voltage output of the ramp-fuction generator

. (block 3) ts in the state of rising. Schematic diagrem and waveforms of which

are shown In Fig. % and Fig. 7.

2.3~-3 Ramp-functlon generator (Fig. & block 3 and Fig. 8)

The ramp-function generator c¢ircuitry is basically a constant current
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scurce cperating in confunction with a switching transistor and a charging
capacltor., Yoltage at the base of translstor TR4 iz kept constant by &
Zenel diﬁde-(zl}. Thus the emlitter voltage is also kept constant as well
as the collector current. The charging capaciter, c¢onnected betuwsn the
tollector and O vole of the powsr supplyphls pericdically clamprd f¢ ground
via the collector of the suitchlnﬁ transistor TRS which is controlied by &

positive goling pulse from the preceeding stage; a one shot multivibratar.

- " aa

2.b=f Buffer Aoplifier (Fig. & block & and Fig. 9}

The purpose of The ampllfler 15 to lsclate the loading eifect of
the comparacor from the generator. A complementary cmibZer Eollawer‘jj
connection is used because of 1ts high isolation and very small offset

voltage, The circuit in Fig. Y92 was conscructed and tested. VYoltage galn

and input impedence vere measurad to be 0.975 and &.34 megoohms, respectively,

2,325 VYoltage Comparator (Fig. & block 5 and Fig. 9)

The comparator circultry operates és follaws,; the sweep voltage from
the buffer amplifier &nd the input signal (voltage drop across cathode resia-
tor) te be compared ars fed into a resistive differsnce network, Output froa
the difference network is clamped by two diodes and amplifled by &n inte-~
Erated circuit typs MNo. 5L 701 B produced by Eemicondﬂctors Limited, sche-=
matic diagram of wvhich is showvn in Fig. ¥b. The high gain DC amﬁlﬁfiar will
provide a sharp output v¥oltege swing from +5 volt Lo O volt, At the momant g

tha voltage level from the ramp-function generator is greater Chan the wvol-

caga level from the catheda dropping reslstor.

2.3e6 Schmitt Trigger (Fig. & block & and Fig. 1®
) I

Schmitt trigger circuift is used to minlmize interference effact

of the pulsing circult from the preceeding comparator amplifisr and provide



- 11 -

—

& negatlve gainz pulse to trig the one shot multivibrator (Fig. & block 7).
‘This circuit also provides a positive going pulse Lo Etrig the digttal
counter (Filg. 3 block 12). The output voltage jumped measured from the

¢ollactors of TRE and TRY were #10 vole o +1.5 volt.

2.3=7 One shot multivibrator (Fig. & bleck 7 and Fig. Il}

The purﬁusa of the gne shaot multivlbrntor(h)is to adjust the
marking pulse width which has to be about 200 u.sec ln ordar to obtain a
1.5 omw trace width:} ﬁccafﬁiﬁﬁ'fa the measarementg output voltage from

the collector of TR1L was a negative going pulse of 0 to =10 vwolt amplitude

and 200 4 sec pulse vidth.

.Z.Euﬂ Pulse Qutput Amplifier (Fig. & block 7 and Fig. 1i)

A ¢civreult of The dirsct cﬁuple pulse ﬂmplifier(é}was emploved here.
A low plate resistance dual triode L2AV7 was used in order to obtain low
cutput impedance of the amplifier. Plate resistance Rl was sa chosen that
the plate voltage was about &0 volts at.b volt input woltage level. Since
it is coupled directly to the next stage the cathode voltagae (pim 8) was
abouk 40 volts alsa. Whan negative going marking pulse was fed tn the égiﬁ
of ?1ap lt was brought into cut-cff regiton, pilate voltage rise, resulting
in jumping of the cutput veltage at the cathode of ?lh'

Tested outpul pulse amplitude was 4200 volts and 200 u sec pulss

widch., A push button switch 54 was provided for recording a continucus

matked line indicating location of x-scale as required.

2.3<9 Power Suppliy (Fig. & block P& and Fig. 131)
This unit supply the DC voltaga to The pulse putput amplifier as

mentioned in section 2.3-8. IT consists of a fullewava rectifier transformer,
L

w Eeﬁ:nppendlx A=1
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primary winding 0-110, 220 volt AC; secondary winding 250=0=250 volts, &
.palr of silicon rectifiers and an R=C fllter network. Tha operating outpukt

voltage measured was 300 volts.

2.3210 Variable Voltage Power Supply {Fig. & block 9 and fig, L4)

In this particular type of recorderp'the x= axis ls a plate voltage
and the y-axis 15 a plate current. 1p order to control plate voleage, a |
cantrol potenticmeter is coupled directly Eo the chart driving.drum shaft.
The original electronic circult -(Fig. 14} is an adjustable regulated power

supply published in the Radlo and Electronic Magazine.

Qperation of the Adjustable Regulated Power Supply

The output volbage ks seC by potenticmeter Rl which ts one of the wveltage
divider resistors, cannected between an output terminal and a =300 volts
constant voltage source. Since the cathode af the SAUS is also kept copnstant
by the voltage supplied from the =300 volts constant voltage sSource and the
grid to cethode voltage is nearly constant: Therefore the output voltage
multiplied by the ratlo ot the voltage divider is ﬁearly conséant. Consequently
the output volfage varies as the poesition of the potenticmeter ({see appendlx
A=2) , The GAQS cathode follower amplifler stage serves as a variable saeries
reslstor between power source and lead. This vacuum-tube serles resister
automatically change; its resistence ta ¢ompensate for the variation of the
‘voltage difference between the grid and the cathode of the 6aAl6 tube. ;The
voltage regulator ¢ircuil was constructed and tested. I& was fﬁund that tracking
linearity between the angular displacement of the voltage control pecentiometer
and thu‘output voltage was poor. Clrcuil analysis revealed that relation

between the output voltage end the resistancs §s non linsar, as shown in

the Appandlx A=2.
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Modification of the Adjustable Regulated Power Supply (Fig. 15}
An interstage difference amplifier between the output of the voliage

divider nctwork and the gridof the 6AU6 tube was added. Operating condition.

of The difference amplificr was arranged Iin such a way that at tha ominimun

setting position of the contrel potenticemeter the grid voltage of U?&,

Egzp 15 theoretically egual to tha grid veltage of V?bp Eglp and the output
voltage is zero, I1f the inltial operating point ls set correctly, any

varlation of Egz resulting from the control potenticmetar R, wlll reflect

1

varjiation of the same magnitude and polarity Co Eg. .o, thus Egzequals to Eg1

1
at any output wvoltage level. Tloowi-aog
Therefore; the cutput voltage multiplled by the ratjic of the voltags

divider is kept equal to the veltage from centre-leg of ths control poten-
tiometer. ﬂﬁincaa the voltage supplied to tha potentiometer is regulated

at =300 volts, 5o the voltage from centre-leg of the potentiometser 15 propor=
tlonal Co its angular displacement. Consequently; the outpuk wvoltage 1s Lr. =
varying directly ©o The Sngular.displacement of the patﬂntlanmeter.or che

engular displacement of the paper driving drum. The woltage-control clircuit

i: also respons-<. To any varlation of load or iline.

.Thﬂ modified clirecult was constructed and tested. 1T was found that
EEL and Egz wversa s}ightly differant, about 2 voi;s at the minimun ocutput vela-
tage and decreased as the pulputbt voltage was increased. At the maximum outCput
volbage Egl = Egz = 0,6 velt. Linearicy of eha poier supply as shown in the
Appendiz A~4 was strongly affected by This non-constant grid voltags differe
ence.

To improve linearity, & 2.7 volt zener diode was connected in series

betwean the cathode of ?2 and the cathode of ¥, as shown In Fig. 15. VYoaltage

1
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drop across the zener diode will raise the gridg val#age of ?2 up. Tast ra=
.sult is shown in sectleon 2.4<2.

Final setting of the output voltage range was hetweon 20 and 276
volts which gave the best graphical proportion of tha plafa volrage and

plate current scale,

2.3=11 Dlgical Pulse Counter {(Fig. &4 block 12 and Fig, 17)

In order te cperate as a multi-channel rocorder; &n electronlc

- -~

switch elrcuit for switching th; input slgnals from one parameter to another.’
is required. Switching over 1s made just after the previous input has already.
bean recordaed. The electronic ¢irguitry has four diffcrent states of collecs
tor voltage which is used to zontrael the & positions codo operate alectfnq}c

(4}

selector switch. Sequence of operation of the binary circult is tabulated

in Fig. L7,

2.3»12 Electronlc Selector Switch and Grid Yoltage Supply (Filg. 4 block 1%
and block 10 and Fig. 18)
The cutput leads from collectors of thes binary circults are connected
to a ¢oda operated multl;pcsitinn switch as shown in Fig. 18. Sﬁpposa now
chat the binaries are resel by a light triggering monoestable. The binary

reglstered state as showun in the tabulation of Fig. 17b ara

TR12 off - TRL3 on, TR15 off TRi%4 on,
which cause TR18 and TR16 to turn ong
and TRL® and TR17 to tiomn off.

. To ensure that TR1? and TRI7 are completely brought into cuwc~off re-
glon, the emitters of TR1Z Ta TR2J are connected to +2.7 wolt instead of
connected to 0 volt of the supply veltage. In this ¢ase leads number 0, 1

and 2 are shorted to grownd through one or more diodes, so LhaC voltage at
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each of these leads is zero. On the other hand; lead No. 3 is not shorted,

. 8@ the output voltage to the grid of the tube being tested it determined by
the calidbrated potentiometer (1) only. The binary circult and multi-position
switch are arranged in such a way that after the first marking pulse has

' been triggered the binary civcuit shifts its registered itnstruction inorder

to short clrcuit leads No. 0, I, and 3 to ground. So that the gTid voltazge 1s
determined by the calibrated potentiometer 2, The abova operation is repested
until the fourch plate characteristie curve of the tube being tested has heen
recorded; then a pyise emitt;é Erom Ehe l;éht triggering monostable circuit ac
the beginning of each sweep, resets the selector SWitch to the first pree-set

grid volrtage level apsin. The Plotting eperation is continued from a Dinioum

rlacte volbage of 20 volts toe a maxioum voltage of 276 wolt.

306356

2:3=13 Tube Tester Parel (Fig. é bleck 14 and Fig. i9)
In order te record characteristics of different type of vacuum-

tube, various types of valve-socket were mounted ofi an etuminium plate. Each

of the socket pin was connected in parailel toe the same socket pin number

of the othar sockets and then connected to the tast piugs as shawn in Fig.

19. Plate current of the tuhe being tested was detected by a selectable drop=

ping resistor. The reslstors used were the 10% tolerance type but trimmed

by shunt resistors of a high reslstance, The maximum veltage drop for full

scals of the recorder is 2.5 wolt, CGrid voltage supply is fed airectly

between the grid terminal and the cutput terminal of the buffer amplifier,

the output voltage of which is TheoreCically equal to the cathode veltaga.

2,3-14 Buffer Ampilfier (Flig. 4 block 17 and Fig. 20)
This unlt consists of twg separated buffer amplifier both input

terminils were connected 1n paraliel and fed by the voltage drop acrass
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current sensing resistor. OQtuput terminal of the TR2?2 single stage emltter
Follower amplifier was used as a positive return of the isolating grid vel-
Lage supply unic. This buffer staga was found necessary after a test which
had. been carried ocut ﬁtth direct connectian of the pozitive return.of the
isolating grid wvoltagze supply unit to the cathode of the tested tube., It

iz seen from the schematic'diagram of'Fig. 4 that the positive return of the
Brid voltage supply unit is connecred directly to the high=-impedance input
Cermlnal of the comparator amplifier, Therefore, 50 cps hum can be induced
inte comparator amplifier resulting in a blured trace,

Transistors TR20 and TR22 were connected as a phase reversing am-
pllifier at unity gain. Potentinme;ar Ri and Rz weTa provided for adjusting
output veltage level and stage gain as required. As noted earlier in the
operating deseription of a ﬁultinchannel racotrder, sequence of pleate current
plotting must be started from the higher ene then switched over to the next
lower one. If the voltage drop across the cathode resistor is fed directly
€e the comparator; tha highest current would be plotied at tha latest. So
even switching over to the next lower value of plaie current had been taken-
Place, comparison of the next lower plate current could not be agconpllished
because the corresponding polnt had beon passed already. By means of the
phase invertar, wvoltage drop across the cathudﬁ_resistor is reversed and
compared To the sweep voltage resultlng in reversing of the plotcing sequanca

and enable plotting of the next léwer plate curvent.



2.4 Tecst Frocoedurae

After the indlvidusl citeuits had besn COTELTVLY Y Sg sesnlacaly
Lested some of Uhem wers conbined ool zgain tested. Tho purpose of which
_is Lo detoraiane overall errol resulting from such cirguit=-conbination which

ghould be known prior te the Lesting of tho complele civcull.

2.4-1  Y-axis lingarity Test
The test was sel up in such & way zhat plite current of the tube
dolng tested could ha.cantﬁaliéd:m;nually Q& poventlonoter Ri (Fig. 147
of tha plate supsly uait while gric valtago was iopr canstant., By mcansg of
a millicmp meter gonnected ik series Lo bha plate givculb and tie manuals
control potentiomcter (1), a1 egucl amplitids step current curve could be
automatically pic:tud e Lhio papor.  IC is obvicun thal Ehe ooy rasuliting
from the recorsed curve is the svornil erior i: nveliving sbylus speed wariation,
triggering peolnt svabvilicy, lineavity and o6 veltape lovol of the vamp-fungtion
Ee0ebaior, COMpArarocr LCCUTACY, 108 PeIi Dusults afe SLOWM in Fig. Rl Gprd R%;
Fig, RZ cnd Eﬁ.werg the resulis DTgw the ssnmo CeET sob wha but platve
voltage w2s flxed and ho sro-sou grid volutogs wos ¢ionpod by moans of a

-

anual wriggaiving switelh (Fig. 172, By this mothsed tronsitlon peried Srem

g

one plate currant level to onothuer ene is shovtencd.

2,4-2 Vaviables Veltzze Pow:ir Susniy Linmarloy

yed
L)
=
¥
L1
b
I
i

The test wos dividao info chrow Individoo
(o) The relation buiwoei wat baj2 conTrel povontiloacier X, ard no
_— -

load SAs Lput voltasa.  Thoe Vest was pevfamacd by MLELUTING GUIDLY voltapn oy

i

equal angulor displiecement of ol control paventicorater as shoen in Fizx, #4a

and Bibw.
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(t} Relation betwcen chart driven mechanism and puttnut voltage.
Qutput voltage from the plate power supply unjt was attenuated by a resistor
te the ratio of 100:1 and fed directly to the input termtﬁal of che voltage
_comparator unlt, in order that relationship between output voltage and chart
displacement could be automatically recorded as shown in Fig. Réa and Réb.
The plot should be A stralght’line with constant slope., Deviation from
the straight line §s due to errors from voltage control circult and ar
nenlinearity of ithe chark take. up mechanisp inecluding the veltage compara-
tor ¢ircult., This error 1s alse an overall error.

(c) Test of plate voltage scale;, in order that the printed x-scale
on the paper can be emploved az a plate voltage scale, the operaking output
voltape rangé was finally set between 20 and 276 wvolts. Flg. R? and Fig.RE
show relationship betwaen cutput voltage and the corresponding plate vol-
tage scale., The test also shows the effeckt of loading by a2 10 k-ohm resis-

tor on the output wvoltage.

2.4=3 Buffer Amplifier

Inpuc and output voltege fracking of the two buffer amplifiers were
checked. During the test, the'input termminals were separated and connected
to the different adjustable voltage source. Input voltages and thelr sorres-

ponding output voltage were then measured as the tabulation shown in Fig. R%om.

dobk=li Final Test and Wave-forms

Various types of wacuum Eriode were tested. Tha tube being tested
was ﬁirst inserted into its appropriate socket on the test panel, the test
Plugs which connected from the tube ;acketsfwere then conneckted £0 the correse

ponding powar supply sockebs.
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Lrid voltage parameters were set by the calibrated grid voltage
potenticmeter. Actual grid voltage levels can be checked by comnecting
the DC voltmetér bebveen grid and cathode terminals., By means of the i,
"push butfton switch provided, any Pre-set grid voltage could be switched to
the grid of the tube.

The plate voltage control potentiometer Rl was set at tha lowest
position (output Yoltage = 20 voits) by rotating the papér driving drum 1in
the forwvard directijon. The chérf paper wag then pnsitiﬁned 50 that the
st¥lus was on one of the yescale line in arder that Che y-scale line could
be used as a plate voltage scale {see Appendix A-=5),

After the above setting up had been made, the plate characrteristics
wers plotted as shewm in Fig. R1% to Fig. R24.

Under nermal operaiing condition of the recorder some of the clrcuics

wave-forms were also checked &5 shown In Fig., R25 ta R33.
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