SECTION 3
CIRCUIT DESCRIPTION

ELOCKE DIAGRAM

Grnaral

The Dlnck IMagram slpws Intereonnactione
of e funcrions! ooty of the insTrumeni | BXCERD
for the powsrsupplies, Fuactions of the kwitches
are shoen insiead of thelr actos! conacdiions,

Step Trensrotalr

The StepGencrarns revelves ihe Une fraquency
wavelarm, shlfts the phoge and shapes Lt o
provide a currcnt pulse of o fined amplitude,
The cusrent pulecr which are ¢ither 120 or
240 pulecs perddound depending upon the setring
of the STEPSFAAEC Conrmol | are fod to o Miller

integTaior-

The Millcr i(ntegrotor coaverts the {urrent
atépr Do 2 serias of vultage sreps, & Jtulsdane
waveldrm.

Stop Amplificr

The positive-golng wavelorm from the Srep
Generator iz amplified and inveried by ihe 8%ep
amplifier for application o the device under
Rt Anv current deaswn froan this - amplifier
by the device under rest is measured by the
Vorseal sanpliliar [n the GRID pagiclon of rhe
PLATE-SCREEN.-GRIN Comiral.

+BC Cireut [Flonting Power Supply)

The + DC (Cizcule provides avarizhle regulated
veliage for application m the deviceé cnder Lok,
Currien: deawn feom thiz Cirouiz (8 messured
by the Vartical Ampliies inehe 3CRERN poxition
of the PLATF=SCHEIN-GRID Contral,

PlatimSweep Ganprolor

The Plué-Sweep Generdior rectifivs the
rransformmer wWavelorm (0 prodiic potitive-
going sweepas of plare volisge. Current drows
fromm this cisculr 18 moasured by the Vertical
Amplifier in che PLATE posizion of the PLATE-
SCREEMN-GRID Coprrol, The SERIES LOAD
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Contral gelecie the zeriss Fésiglance for the
Flate-3weep Gancrator.

Harizental Amplifinr

The PLATL-GRID Conrrol connecri the grid
or plate of the device under 1ékt 10 the Horizontal
Amplifies. The Borizomzl Amplifier unplifics
the gignal &nd converis it LoT poth-pull appli-
cation o the dciflection platex.

Yortical Amplifier

The Vertlcal Amplifier amplifies the slgnal
selecred by the PLATE-SCREEN-GRID Conrrol
and spplies i = the vervical deflection plarss.
For a more complicte diagram of the MATE-
SCREENSGRID Control zec the CRET Dhsplay
Swiwching diogram,

STEP GEMNEDATOR DIAGRAM
Solit-load Phaso Inverters

The main power transiermer, T4l rupplics
i5 volts at line{requcocy 10 the phase-shliting
serwerke RE C5 =ad R3S, (A5, PHASE ADJ
A has = smill range of adjgstment 0 permit
thig eirculr o b adicored o colnelde with the
phase of the Plate-Swa=p Geéneramors waveform,
PHASE ADJ 0 has additionsl range e permit
rs ourpal to be wer 2t 90 degrece with respact
to the A clzewls, V5A and VAKA are Split-
Laed Phess Inaveriers with ofusl resiefence
in the plate and cathode ¢irculin. The wave-
form ar che plote is 13D dogrecw out of phise
a7 the carmods, The Ao pomponest of [ho
wavélorm ix blockes by coupling capacitors,
CE, CIO, C18 and C40; sad the wavalsrm i3
roectitivd by [ll-wave raotilisTe.

Shoper Amplifiers

The oiprt feom b palr of resiicrs 16
apolicd o 3 peniode amplilinr,  TEe recrificy
curpel IR & nofative-going roltificd mine waove
ouf Ralficicnt amplizede 10 holt the penrodes
cut ofl axgepe (or short pulsds 48 che grida
appreach  grousd porentixl,  Sinue the  pepr-



rodes have @ common plares ioad resister, tho
puizes from both pentedes appear ar the grid
of the shaper cathods folliwer.

The STEPJ/SEC switch bigees one of the
Shaper Amplifiers nelow cowff in each of the
120 positions. Thig climinares the corrasponding
gulsee and reduces the stepping rate from 2410
1o 120 ereps per eecond, i

The cathode of the Shaper Cathode Followers,
VESA  ls held positlve by divider B55 and R36.
The grid ol the cathode follower reste 20 2
noinr selected by the VOLTS/STEES ADJ Conrrol,
H23 and & divider consisting ol R20 end 227
whien the Shaper Amplifiers are cur off. When
the Shaper Acnpliflers conduct, the gTid of the
cathods jollower iz driven below plate-current
cur off. The amplisude of the pulse from rthe
cathade [ollower can therefore be clogely con-
rrolled by the VOLTE/STER AL Control,

Clamp ond Coupling Diodes

The clanp and coupling diodes, V953A and I,
differanrizce the pulse from the shaper cathode
soliowsar, Dwmring the positive pmrtion ol the
pulse wavelozin the cepaciter, U85 I8 charged
rarough W95B.  Whan the negative-going pulss
accurs, this charge is teleased through Va3A
and adds 0 the charge in CER

Siep’ Lrenerohor

Hecavee of their interdependence | the mulc-
vibrawor, disconnect dicdes, srep fuenerstor anc
anaociated clyouitry will e considered ar ono
sime. To provils 2 siaming place, single-
tamily operation will be consléered drsl.

Tor the slugle-fzmily ops of presentarion
rhe STLEDS/FAMILY Coprrel, RSL, la muroed
clockwize so thal the aTm is ar rhe mOst nag
zrive cnd of its rangs, In this condition, the
valtage an the vathods of the Step-Controd
Cathode Faliower, V558 | issuificiently negative
sa hold ome hall of the Muluvibrarer, Ve3a,
syt 5, The Muolrivihraw: consiste of VOEA
and VESB in & de-coupled cireelt,  In the
quisscent state 1he grid of V&34 a5 beld at
aboar - 100 volee and the grid of VERD iz ar
about -6% volts.  VESE is conducting and it
plate vesrs et - 10 voles,

When the SINGLE FAMILY huran is pushec
CR8 iz discharged into €50 and the grid of
VESA g Taised so thar VA3 A beging o condust,
The Multivibraror switches so that VE3A is

conducting  and VLR ix o cul ol The grid
of WasA bDeging Toogl pegalive jornediatelis
a5 00 lozes the chorge it received and the
Multivibreior roturne 0 115 quisscent condition,
The resulr iz 4 shotm pasitive pelse ar the plate
of "'-"I'J..=I|".'-.

In the guiescant condition | the Step Generaror
Lebie, W26, is oun ofll lts grid is hald negative
gz & resull of currenc flow through VU5, V76E
and carhode follower V7R, The god of V7RG
in beld oar -L0 wvaolzz by the BMoidivibraror,
resulzing in =5 volie on the grid of YHG, The
wrid and carhode of V75A rest ot abouer 200
volts ag a resmlr of the divider action of B81,
BRO_ apd REBZ CE5 iz chargsd o aboul 210
voliE,

Tae positive pulse from the Mulrivibrator
pazass through the cathode follower V7RHE | and
dicde V7EB v ralse fhe wrid of VES to vround
notemtial. VB conducrs and ils plate voltage
drops curring ofl cathode followsr VWiGA, OHS
discharges throogh EES, B%1 and BSZ until
clampsd by ¥W7aA,  When the Muoltivibracor
revarsa, both diodes arecut Ol &nd the resikstors
BE3, H91 znd RY2 iend o pull the capacieor
and the grid of VB8 negotive. At this poinr
the plere of WEH resumes control zod any
rendency of rhe pzid to go negarive s compensated
for by a rige in plare voltage.  The hrep
Grnersior iz pow  weady ot its lizsl o sreq,
The tlmes requited for the precading operdarion
afler the SINGLE FAMILY bullon is pushed
iz leaz then che duzation of one artam,

The arep ie formed as iollows:  C95 has
charued through VU35, When the negalive pulse
i apolied 1o CU5 iU rends 1o poll the grid of
VRS down whith it. The vapid rigs in the plae
vollage of VEO Iz coupled back through WThA
o (85, This redoces e voliage change on
the grid rooa wesy small swep. The resulc
it a =srep in the woltage avrozs GAS ae tho
charpe from (23 ia cransterred 1o Cas, Le-
sween  pulses no coToent  reaches the g i
circilt and rhe ootput volrage doees not change.

The steps are repeated for 12 op 13 steps an
which rims the plawe of V&6 lozes conlzol the
grid of VA4 goss negetive o plate-curient
cur-nff und the quisscent condition 1 reached.

I the recurrent mode of opoesation is nscd,
the arm ol the STEPS/T AWILY Courrnl 18 sCLi=
a more pesitive position. The SLEPTinE wavelorm
ig developed across a divider consisting of RAD,
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70l and 92, As the waveform goes posifive, 2
point will be reached where the voltage from the
Step-Control Carhode Follower, VEER | iz sulli-
cilens o gwisch the Muls 11.-1‘:-*3;::1.. '-".- nen Thin
fappens O85is dischraged and the Step Generaler
=tirts aver ogain, RES labeled MIN MOHCURVES
iz mormmally adjusted so the Jlep Generaldr W ill
have four steps when the STEPS/FAMILY Concral
iz councerclockwiso.

STEP AMPLIFIER D1AGRAM

Inpu! Cethode Follower

The incoming step wavelorm passes through
a level-zsming vollage divides R112 KLLE and
1130, and inte cathodo lull-::-‘.'.-er Vi1l5F WI1ERA
carves a8 A woltage regulator e ragulate the
valtage Trom the unregulaced +400 volosuppliasg
used fop this srape.

Input Amplifises

Wi10 and V135 are copunon-cathode | phase-
splirer amplifizra, The VOI TS/3TEF AERD
aDJ Conrsl, K108, sers the grid lewel ol
VLG o halance |:hn:—* ammplifier =o the Zero
hias rrace dpes nor shifc as the VOLTS/STER
("ontrol iz rotzred. C125 and C126 reduce tha
handwidth of this stage o nalnczin stabliiny
with 1he lerge amount of feedback uscd.

Cutout Amplifiers

The Cutpur Amplifiers, VIS0A and ¥ 1505
amplity the woveiprm and  reconvert ir oo
gingle-ended output.  The nelwsrs including
the neon diode BL70 reduees the de level of
the slgnel st the grid of VIED withoor amen-
uation of the signal,

Ouiput Cothode Follower

The Cuaput Cathade Follower, V180, provides
rhe necessary low fmpadance o drive the grid
nf the device neing testad. The YERO Blas
awirch SWILED, groonds the GRID A oF CGRIC B
connectar on the tesl panal to provide o zaro-
bins relerense curve.  The TEST POSITION
switch vonnects the ourput of the Step Atnplifics

pither the GRID A or GRID B connecror on
the rest panel.

YOLTS/STEP Contral

The VOLTS/STEP Conrrol varies the amount
of Iecdback and thue, the gain of the Sten

amplifier s seven fixed steps. This deteriminss
the grid-volrage change between the curves In
the dizplay.

Grid-Corrent #Mecsurement

to nessure grid current in the
devlee heing tesred, the grid currenl TSt
flow through the cursrent messuring Circuits.
Any vurrent used 1o operate theStepamplifier
must be kept separate. To do fhis the Duerpur
Cathode Follower is supplisd with plate and
carhode voltage from an ungrounded or Flosming
Pawer Sppply.  The only path though which
current will flow from ground into this powelr
supply is from grid to cathode in the devlce
neiny tested and through the curment-tmeasuTing
Tesisirs.

In orgsr

Sipee the Input Cathods Follower is connecced
to the Ducpue Carhode Fellowsr by the fecdback
resistors i iz alsd comnected toothe Floating
Froower '%u".-p], .

HORIZOMTAL AMPLIFIER

VOLTS/DIY. Switch

The lmpur Carhode Follpwer  VILS presents
& high impedance 1o the circuits being measurad
and g low impedance o che  part of the
VOLTS/DIV gwitch fn irts cathode civonin. Parl
ol the artenuation of the VOLTS/DIY swilch
is plecod in the grid circult =o that the inpur
volrage will por exceed the capabilities of the
Input Cathode Follower, This atmsnuaior i
the grid circwit ls swisched 25 thar the current
it draws will nol be messersd I3y rhe current
messuring circuits bn any positlon of the FLATE-
SCREEN-GHRID ewtirch.

The YOLTS/DIV 5aL Contrel RIld adjosis
the de level on the grid of cathods follower

Vol Thizs conieol is set =0 thers 2 no shift
oi rhe zero-voltage line as rthe VOLIS/DIV

Conrral is  rorared, Tha VOLTESDIV AL
Contral  compensates for the lovading elffecr
of the arrenuator on the cothode follower.

Amplifiers

‘The first ampilfiers, V240 and V2l are
commeon-cathode, phase-splitter  amplifiers
The bandwidsh of this stage i Hmited by C242
for stabllry with feedback. The second stage,
V245A and V2438, provides additional gain to
drive the crt deflectlon pletes. The HORIZ



GAIM ADJ Control adjuste the owverall gein by
varyvlog the amownt of fecdback. The HORT-
AOMTAL POSITIONING Coptrol positions the
iraca by wvarving rhe voltage on the grid at
V41, Wafer 3R of the PLATE-GRID selscror,
FW205, positions the bearn wm the right in the
CHID position,

CRET-DISPLAY SWITCHIMG DIAGRAM

The CRT-Display Switching diagram shows
the PLATE-SCEEEN-GHEID Conrrol in derail
with the associared circuitry shown in block
form. The DLATE-GRID Control and the
VOLTS/DIV attenuator tesistor ars shown in
the &oorizontal-amplificr block o show the
path of the load current drawn by this resistor.

The Fioolng onregulaied, Power Supply
ghown ar the loft of the disgeain i an avxiliarzy
power supply,  [t6 only return 1o ground is
through SWS5I0-5H which coonects It o che
surrent Ineascring resistors in tha GHEID and
SCRETH pogitions of this switch.

[a she GRID positlon of the PLATE-SCREEN-
SR gelectar, the Floatdng Power Suopply is
connected w circuits in the Srep Amplifier
which supply current o the grid of the device
under test. o the SCBEEN position of che
PLATE-SCHEERM-GRID selecror, the Floaripg
FPower Supply is connected to the +1XI-cirouir
series Tegilator and the curcent which lows
through the current measuring resismrs in
gcreen current.  In the PLATE position of
the PLATE-SCREEM-GRID selector | the Float-
ing Powerbupply remalins connacted to the series
regulator, bot it iz now dieconnecred [rom the
Glrrent measuring Texzisrove and grovonded by
EWI10,

The Plate-Sweep Cenerator iz also an
ungroundsd  supply. It is comnected ta the
current mearuring  resistors o the PLATE
pasition of the PLATE-SCHEEM-GRID gelecior
by 3W5H10-3F. In the other two pogitione of
thie switchthe Plate-SwaepGenararor is ground-
ad,

The Horizomtal Amplifier is connecred o the
piare or the grid of the device under test by the
FLATE-GRID selectar, If the VOLTS/DIV
ditenuaror resletore were grounded, current
drawn by thiz resistor would pass through
the current measuring resisters of the Vertical
Aamplifier, To avold this, a sectlon of the

FLATE-GRID selector connects the ground
TetTn back wapproprlate places onthe PLATE -
SCREEN-GRID salacior.

WERTICAL AMPLIFIER DIAGRAM

MASDEY Switch

The NAIHY switch selecis the fesisrancse to
ground in the current messouring circoir apd
thus sclecrr the senslilvicy of the measyrement,
The grid of the Iaper Amplifier ¥Wasl, is
commected Lo R2535 instead of the arm of the
switch 1o prevent any error that inighr be
caused hy conigcl resistance. E 254 mainrtains
2 current patr ar all times 2z che switch is
rotared betweon positions,  Fuse 255 added
at serial number 3001 -up protects the high valoe
rezistors in the ammenvatar but £5 shovied oo
in rhe high-current positions of e =wirch,

Amplifiers

The lopur Amplflers, VIGL and V280  are
cotinon  carhade,  phass-splitter  amplificrs.
AZTD positions che ort display vertically by
varying the volrtage on the grid of V2R, C2R0
limita the bandwidth of the inpur srage to main-
tain scebility with the feedback uwsed. The
‘v’_EE{T GAIN AW Coutrel varies the gain by
shenging the amaont of negative feedback., The
Qurpul  Armmplifiers provide the zddirional galn
necessary o drive the ot derlsction places,

Plabs-Swezp ond Meter Circuit Dingrom

Trenstarmer

The plate-sweep Trengformmer, T30, is
supplied [rom tapz on the primory of the mzin
powar rgnslormer T4, Both primaey and
sccopndary windings are shielded o provide max-
imum vontral over capacliive currents.  The
PLATE TRAMS CURRENT BALANCE Control
L2313, balances the strey canacitances wo ground
which are assuciared wirh this winding. These
currants wounld ofherwise [low in the current
messuring clrcuis.

SERIES LOAD Central

Full-wave rectification of the incoming &ln-
usoidal waveform occurs in WALS and VLA,
The resulting waveform is applied to the plate
of the tube under test by way of the SERIES
LOAD switch. It the 300 ohm position of this



awitch, the jrensformer and rectifiers provide
the reglzrance. Since the rectifiers are non-
linear, this reslsipnce varies from more than
al ghmg ar low current to less than 2K ohms
AL MMAaXiTmum Currant. g

Caopocitive Current Bolonce

‘The Currenr=Halance Catbode Follower com-
pensatég [or capacitive current o grounc in the
SERIES T.OAD switch and associated wiring.
The plate swesp waveform s applisd o the
grid of the cathode follower by divider R3IG
and R317. Current is then added rothe nagative
retiten 12ad hy C30and C311 which is opposite in
phare to that drawp by the =sgTay capacilance.
(231f van be adjusred so no capacitive current
[owe in The current medsuring resiRrore.

Meter Circeit

The Meter Clrouir consigses of a 200 pe merer
from serial number 0L o 5120 and a 1 mz
merer from eerial number 31ZL and wp.  The
Merer Circweir alse has associated multiplying
resizinre zlong with the merer. The INDICA-
TION switch selgcrs either the +DG, DX or
HEATER supplies lor application 1o the mater,
The hoater wvoltage is teken from Hxed taps
an the hearer rransformer ard recrifled in 3350
and D351, The meter indicazez hedter voltags
ax & percenrage of the voltage selected by the
HEATER switch,

“MAIRT POWER SUPPLY DIAGRAM

Transformer

The "main" power transgformer,  T40L
gupplies plate and hearsr power oo all cir-
cuitry  in the inmTument excepr the floating
gupply tubes and circuitry. The rwo primary
windings can be consected in series for 234-
volt operation or in perallel  for L17-volr
operation. (me primary windlng i tapped
to sippply rthe wolrege required by the plare-
EWeeD [YanRinDTmar,

Megafive Supplies

Terminals 7 and 9 connect to V4015 ia a foll-
wave clroult o Aupply voltage o the negarive
130 wvolt supply., A ges-diode Volrage-Hef-
erence Tuhe, V407 6 establiches the reference
voltage for the - 150 volt gupply. This reference
wnltage ie applied to the cathode of & Comparator

Tuha, Y41, and ig compared with the voltags
on g divider connected between the -L30-wolo
bus and grownd. R413, labeled -150 ADJ,
derermines che percentage of voltags thar
appears at the grid of V410 and therehy de-
termines the ocal voltage acrose the divider,

Any variation from the aormal gridoocachode
volrege on YW4l0 appears as an amplitied error
signal ar the plare, This error signal iz
applied to the grid of the Series Regulator
Tube, V4iZ  This deo-coupled error signsl
centrols the plate registance  of the series
regulacor tebe changing it in the proper direc:-
ion o compensate for any change in output
voltage, Cd4l2 incresrges the ac gain of the
teadbeck loop to reduce the ripple.

WAD3 iz connocoed inoa [ull wave circulc with
ire porput added o che -130-wvolt supply o
provide & -il0-volt eoregulared supply.  This
supnly iz used w0 supply other circuits which
are insensilive 10 voliage variations.

Positive Svpplics

V453 and V434 supply+ 400 woles unregulared
o the pogitive-voligge supplies  and other
citouits which are lnsensitive to voltage varia-
Cions.

The -150 volt supply [ used ar the reference
voltage for the positive voltage supplies, In
the +300 volt supply, the voltage at the junction
of R492 and H493 which is located betwesn
# 300 wolts apnd -130 wolts, ie compared with
ground potentizl in the Comparzier Tube | V4E9.
The amplifled ervor sipgnzl ie applied ro the
Series Regolator Tubs, V495, R4%6 reduces
the current through the series tube, C49Z
increases the ac gain of the fecdback loop.

The + 100 wole supply is similar o the + 300

volt supply with V4708 =5 rhe Comparator
Tube apnd Y4704 as the Scries DRepulawor.

FLOATING POWER SUPPLY DIAGRAM

[ransformer

Transformer Tall supplies plate and heater
voltage for the Floating Power Supply. Shields
are used around the wipdings o minimize the
effacts of cepacitive currents,

Tas=~ B0 3 .5



Mon-Regulated Supplies

V303 and VEDE supply +400 valrs and -300
violis with respect 1o the common l2ad,  This
supply is solmwctimes groundsd directly and arc
wther times connected ™ The cucrear-measyring
resistors as shown on the CRT-iHsplay Switch-
ing Diagrem, (302balapces the stray capacitive
carrent o growhd so that rhis current does nor
flow through the current measuring Tesistors.

+0C Cireyi

The +DC Circuir recelves + 200 volrs and - 300
volts, unregulated from elrher the Main Power
supply or the Floating Prwer Supply. This is
determined by the setting of the PLATE-GRID
switech shown in the CRET-Display Switching
Miegram.  The oarpur of the + 1Y civewplo is
varizble from approsimately + 10 volts o + 300
valrs,

Scraan voltage for the Serics Hegulacor Tube,
VAIG, iz oltained from the full-wave rectifier,
Vard, CHI0A =nd 35100 with K310 reduce the
ac Tipples on the sereen. The nezarlve slde ol
the supply ir tied w the cerhode of V5LS eo
that the screen o carhode voltage remalng the
same 2 rhe outpor voliage is changed.  CS0Y
balances che capacitive current to ground inthe
circuit which supplies screen volrage for V513,

Referenca voltage for V325B is cbtainedfrom
the +73C VARIABLE Control which is connecred
bemween 130 wole supply znd + 100V, w5408
igwelzres rhe relerence voltags supply from the
Series Repulaior 5o thar oo currem will flow
berween the vwo circults. V3234 and V525D are
Lomparior Tubes, The veltage zr s rap on the
divider berween Lthe vutput of tha Series Regularor

1.5 8 maaas

and the rsfersnce voltage are compared with
ground porential. The amplified error signal a
the plate of V3I5E |s applied to the grid of the
series Reyularor Tube, V515, B3LS and B&1
rederes the de level of signsal ac this grld withour
etrenuarion of the ignal.

The +1X% switch changes the divider vatic
Il the divider at the grid ol the comparator
tube, V525B, The +DC VARIABLE Controi
changes the reference voltage st the hottom
of this divider chroogh V3408, These pwo
contrile  provide condinuous variation of the
output of the repulawsr from approximarely
+ 10 volis bo 4 300 woing.

CRT CIRCUIT DlAGRAM

Avveleraring voltage for the carhode-ray tube
ig obtalned by rectifving a 80-ke voltage produced
by a wvacuuen tube oscillator,  V&I10 iz the
oscillator tube with the primery of T620 werving
aa a tapped indocior, Recrifiers Va3 and Vil
gupnly -1700 voles o the crr cactbode =ad = 2300
voliz 10 the post acceleration anode for a roral
of 4 kv accelerating wiraga.

The Ligh volizge iz adjusced by meana of
R4S ln the regulaior circuit. The voliage ar
thiz point (& compered with -150 volte in
VB03A.  The amplificd errorsignalis applied
to the grid of the Shunt Regulator Tube, VGOSE
wlich varier tha soreen voliage of the oscillator
Tiehe,

Tac INTENSITY |, FOUUS | and ASTIGMATTSA
Contrels adjosr the coroperating volrages for the
desired intensiry and [ocus the hgam, The
G EOM ADJ Contral adjusts the voltage on the
gecend snode of the oot for besr Unearity ot the
extremeas of deflectlon,



