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SECTION 22 

CATHODE-RAY-TUBE CIRCUITS 

ELECTROSTATIC. 
lhe circuits used for the electrostatic type of cathode- 

roy tube are functionally s i m i h  to those used for the elec- 
tromagnetic type of tube, but they differ in the manner of 
accomplishing their function. Only the electrostatic type 
will be discussed in this p~agroph. Basically, the cathode- 
ray tube provides a fast moving, easily and quickly deflec- 
ted electron beam for use in waveform viewing and analysis, 
and for special display purposes. Generally speaking, the 
display types of CRT are mostly magnetically conholled, 
while the types universally used in test osrillnccnpes mi! 
jvnchrosso~es. for waveiom chec~ma.  are eiectrostaticollv . . .. 
controlled. Rerefore, the discussion in this paragraph will 
be restricted to osci1losca~es. Later ~ m a a r a ~ h s  in this 
section will describe detl&timmodu<bted hifplay circuits 
such a s  used in type A and J scans, and intensitymodulo- 
ted circuits such a s  the B and C types, which can employ 
an elechostatic CRT. All cathode-ray tubes have basic 
control circuits which are necessory if the tube is to be 
used at a!l. These circuits ccntrol intensity (brilliance), 
focus, and beam positioning (centering, both horizontal and 
vertical). Other circuits with which tbe CRT i s  concerned 
are horizontal and vertical amplifiers, sweep circuits, and 
synchronizing circuits. All of the latter circuits are ston- 
dard circuits, with special attention paid to the design for 
bandwidth, response, and linearity. In some special cases 
there are peculiar circuits which are mainly combinations 
of standard circuits used for packaging the components 
into a convenient size, and for economy. For example, 
while o console unit may have high and low voltage sup- 
plies, they are usually separate and use separate urns- 
formers, whereas the conventional oscilloscope uses one 
transformer to supply both high and low vo!taqc, bias, and 
filmen: power. 

BASIC OSCILLOSCOPE CIRCUITS. 

APPLICATION. 
The basic circuits described below ore used to adapt 

an electrostatic CHT for use as an oscilloscope which can 
be utilized for waveform analysis. 

CHARACTERISTICS. 
l?__. :_ ,srLILol input (Y ilxis; 

High ingu; impdance (opprolumoteiy 2 megonrns shmt- 
ed by 40 picofarads) 
Step atrenuator 
Good frequency response (10 cps to 1 megacycle) 

iiorizontol input (X axis) 
High input impedance (approximateiy 2 mqohms shunt- 
ed by 40 picofarods] 
Step attenuatot 
Internal sweep or external siqa! 

Sweep 
Se!ectcb!e sync (po!mity an?, input: 
Sweep i reqenc~ 2 ccps 10 i X  kc - . .  . 
*o,."mo h,-b<-" ""-" .-...... ., 

In!msity input !Z axis! 

CIRCUIT ANALYSIS. 
C.ne.d. The following circuits were chosen a s  basic 

exwples of the circuits generally used in oscillosccps. 
Each was selected to bring wt the bosic principles and 
r e q u i r e ~ c t s  necessary for circuits used i r ~  w o v e f o ~  .i-01- 
ysis, even though a similar circuit may be found elsewhere 
in this manual. R e  discussion i s  !hit.?. to the essm?ia!r. 

for Gse "it, cGbL,&*-ay !hes. 
B.om-Positioning Circuits. A simple osci~~oscope usLlq 

basic beam-positioninq circuits i s  shown in the accompany- 
ing illustration. For a complete schematic of an elenentory 
oscilloscope, see  Basic Electrmics, NAVPERS 1W87A. 
Chapter I?, Note that the voltoges are taken from a common 
voltage divider between B t  and B-. R e  divider i s  ground- 
2: s: G iwvsrlinli p i n t ,  usudiy ot riie posinve voitage 
required for the accelerating anode (No. 21, and both ends 
are above ground. n u s ,  with the positive law voltage and 

Simplified O S C ~ ~ ~ O ~ E O P C ,  Showing Cootroll 

negative high voltaqe ot a b c v g o u n ?  potential, he case 
and h a s s i s  can be grounded for protection of the operator. 
7. i t  also permits the anode md m e  cf cs& p-<: z! de!la:ti,-,r 

~ l o t c s  to be groundel, to form a simple unk imced  le!I?r- 
!ion sr ;wsitioning cxcoit. This roon~ct ion  n l ~ c  k-ps 
the deflection plates and acceieroting anode at the same 
potential, and avoids defomsin,? efferis f i o ~  ,ii?eri-.rr: 
in ,!mtential between L!em. 

It i s  evident from the schematic that resistors P4. a5. 
R6, 57, and F8 form o voltaqe divider from B minus to 
qrcur..', md o! th.? jmc!io~ o! P.4 am.?. P.5 ;s-e pcsitiii. 
voitoge exists. Since the cathode ci the CRT i s  connect& 
at c less aqatP$s pk,: on the divider ti~m the grid, h e  
grid i s  negative wlth respect to the cathode, and is odjust- 
able by rneons of potentiometer RB. As in the conventionol 
cirr;;i:s, vminti"n n! this q i d  hits permits L!e :.;b: tc 2s;- 
duct iworr or less hmviiy, ns &sired. An*e !4c. : :s ccn~ 
nected to o much lower point on the divider; thus it i s  

ORIGINAL 
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effectively much more positive than the cathode and grid, 
m d  attracts the electrons from the cathode. By varying 
the d s  potential on this focusing "node, the electron beam 
from the cathode i s  directed so that i t  converges at o point 
on the face of the CRT. h o d e  No. 2 of the CRT i s  ground- 
ed; thus, since it i s  ot a more positive voltage than the 
focusing anode, it attracts the electron h and acceler- 
a tes  it. The accelerating mode i s  a ccncmtric ring similar 
to the focusing mode and the focused beam passes through 
the center, losing only stray unfocused electrons. The No. 
2 anode current, therefore, i s  minute, and does not detract 
from the b m .  As the bemn passes from the accelerating 
anode to the face of the tube, it passes between two sets 
of deflecting plates. The plates of the set nearest the No. 
2 anode are positioned horizontally above and below the 
tube centerline, and deflect the verticolly. (The ver- 
tical deflection plotes are physically l aa ted  nearest the 
No. 2 anode, for maximum control of the electron beam.) 
The plates of the second set are nearest the foce of the 
tube; they are positioned vertically to the left and right of 
the centerline of the tube, and deflect the beam horizontally. 

Positioning controls R2 and R3 are parollelconnected, 
m d  are connected between B+ md qound through R1 and 
R4. Since one of each pair of deflecting plates i s  connec- 
ted to giound, a d-c positioning voltoge exists between the 
plates and ground. Thus, by adjusting the positive voltage 
on R2 and R3, the electron bemn i s  attracted (dellected) 
toward them and can be centered on the tube foce. A sim- 
plified version of the positioning circuits is shown in the 
following figure; since one 01 eoch set of deflecting plotes 

VERTICAL 
POSITIONING 

R2 

POSlTlONlNG 
R I 

- - 

Unbalanced Positioning Circuit 

i s  connected to ground, the circuit i s  unbalancd. Controls 
R1 and R2 ore represented simply a s  variable potentiome 
ters between Bt and ground. A simplified positioning cir- 
cuit of the balanced type is shorn? in the accompanying 
illustration, and i s  discussed below. 

In the balanced circuit, mch deflecting plate (Dl 
through 04) i s  controlled by a separate potentiometer (R2, 
R3, R6, and Ri), and the plates ore isolated and balonced 
equally by being connected to the positioning controls 
through equal resistors R1, R 4  R5, and RE. Eoch plate i s  
also connected to the defleaicn amplifiers, through a cou- 
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HORIZONTAL 
INPUT 

SIGNAL 

+ 
Ebb 

Illustration 22-3 
Boloaced Positioning Circuit 

pling capacitor, in a push-pull arrangement. %us the CRT 
i s  balanced for dc, for oc, and for any stray capacitance to 
ground. Since the isolating resistors ( q l ,  R4, R5, and RE) 
are always of a very large value, the deflecting plates may 
be connected into any circuit without danger to the opera- 
tor (it takes a current of only a few microamperes to drop 
the positioning voltage to zero). 

Power Supplr .  A typiml power supply for an elemen- 
tary oscilloscope i s  shown in the illustration. Two full- 
wave rectifia tubes are used with a single transformer to 
supply a positive low witage for circuits other than the CRT 

I 
Ebb 

t 

Typical Power Supply 

ORIGINAL 
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I N T .  

60 V 

EXT. 

, "  
SWEEP 

GENERATM 
--4 INPUT 

Typical Sync Input Circuit 

cothode-output siynol i s  positive. For o negative input 
siynol, a positive plateoutput signol i s  developed, 2nd the 
cothode i s  negative. Both plate and cathode outputs cue 
couoled through copocitors C2 and C3 to o common load 
resistor, wounded at its center top and olso variable. At 
the ground position t ~ t h  signals ore equal and opposite. 
and of zero amplitude; therefore, no output i s  obtained. 
A s  f34 i s  rotated in either direction, the siynol amplitude 
i s  increosed. Since the synchronizing signol to the sweep 
generator must be of positive plority, for o negative input 
to V l  a positive siynol i s  ovoiloble on the plate side, and 
!or a positive input to V1 o positive signal i s  ovzilable on 
the cathode slde. Thus a signol similar to theinput signal 
but of positive polarity i s  oirtoined ond coup~ed through C4 
to the thyrahon sweep generator discussed above. When 
this oaraphose input i s  supplied, the sweep yenerator has 
a fixed grid resistor instead of the variable one s h o ~ n  in 
the illustration of the thyronon sweep generator. 

:hen the sweep yenerator is adjusted to o slightly 
lower frequency than thot desired, a positive-going sync 
siynol applied to the y id  of the thyrotron will cause loni- 
zotion to occur earlier in theoperoting cycle. Since this 
has the effect of chanyiny theionization potential, the 
frequency of operation i s  increased and the sweep generator 
locks-in ond operates at the same frequency as the sync 
signal. Thus the ';T waveform remains stationary, rather 
than driftiny across the screen, because it i s  synchronized 
so thot the sweep occurs at the same place at the some time 
eoch sweep. 

Deflscrlon Arnplif~ers. TO produce satisfactory d e  
flection with small siyools, it is necessary to employ both 
verticol and horizontal deflection amplifiers. These stages 
moy k sinyle-ended or push-pull (unbalanced or tnlanced); 
they ore conventional video amplifiers desiyned for the d e  
sired frequency respmse ond linearity. A simple equipment 
usually provides only one staqe of omplificotion and an 
output stage, whereas a lutorotory-type equipment provides 
trio or three stages of mpllficotion with output srages. 
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The horizontol amplifier in o good scope i s  idmticol 
to the verticol amplifier, permitting the some siylol to k 
applied to the X axis ond the Y axls. In the nolority of 
oscilloscopes, however, only the horizontal sweep i s  omp- 
lified: thus less gain i s  needed since the sweep outpit vol- 
toye i s  larye. Because the sweep i s  usually a submultlple 
in frequency of the observed signal, less frequency res- 
ponse i s  needed. n u s  the horizontol deflection amplifier 
need not be described, since the vertlcol amplifier has more 
strinyent requirements. 

Since the vertical amplifier must be oble to omplify 
very weak siynals with sharp rising wavefarns, it must have 
yaod frequency response and large omplificotion. To cover 
the ranye of siynal zmplitudes encountered, the vertical 
input i s  usually provided with m attenuator. Simple poten- 
tiometer-type ottenuators are shown in the accompanying 
figure. 

Potentiometer Aneawotorr 

The simple circuit shown in  part A of the illustration uses 
the potentiometer os the output laod resistor of  an H-i 
coupling network. Thus, since the yrid-to-qround impedance 
(Z,) of the input tube is in shunt across it, a s  the poten- 
tiometer arm i s  moved upword the impedance presented to 
the circuit under test i s  decreased (less hodiny and less 
ottenuotion). The simple step-ottenuotor circuit shorn in 
port 8 of the illustrotion is a better type of input circuit, 
allowiny coarse selection of the attenuation ratio ,with 
switch Sl ,  and fine adjustment with potentiometer 83. It 
i s  evident thot even for the smallest input step resistmce, 
the full ranye of 33 i s  available for control. 41th the avail- 
able settings of Sl, the input impedance will never decrease 
to 3 value less than the series section of r32 (that portion 
otove the upper tap) plus the paollel cornbinotion of the 
reminder of 32, R3, and me qid-to-yround irripetimce of 
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the mout t u k .  The most desirable maul is I "  the rmje  
of megohms, with little or no shuntiny capacitance to qound. 
To achieve this result sometimes 3 cathode follower inout 
stoqe is combined with o step ottmuator to ~soi3te tire os- 
cilloscope inout frca tbe s twe  k ing  teited. Tb,e usuol 
input capacitsnce i s  an the or?er of 30 ~ L C O L ~ T ~ ~ ; ,  ,which 
con k oppreciatle (1330 ohms :t 5 me). i he:e!ore, i r e  
quency-compmsated ottmuotors ore used in Lqe oetter type 
of oscilloscopes to minimize the effect of input ,cnpaiitnnce 
(as  s h w n  in the figure), by presenting identical inpeimre- 
response curves to the circuit under test fc: the .imious d- 
tenllotor SPttln:S. 

Frrqwescy-Compensated Step ietenuutor 

FreT~nnc,-cam-qsoted qttenlintnrc ibrth~r "rovide t ie  
same voitaqe division rztio (resistive to :e~ct:v?l 3i thP 
input signal, so that the dropoff in siynol level ut Llc 
hiqha frequencies c m  be compensated lor in the faliow~nq 
~ i ? c ,  amplifiers. ?,ttsnuo!3r c~npsnsction is 8ust~diy ei- 
iective over ihe enlire useiul f r r q ~ r i ~ c ~  i i r r q i  3f the isc:i 
loscope. The attenuotor potentioneter is fre;uenrj-sets- 
tive kcouse oi the d~s t r ih ted  and stray cupocitance Irox 
the moving a m  of the potentiometer, the wiring md circuit 
elements, ond the electroo Lube input cacacitance to :jrounn. 
' 8 1  ,~hi le  L5e resistance of the potmt!ometer must ie 0- "$8 

a s  possible to mointain maximum input impeamce, tne 
geoter the resistance, the geater the effect of the stray 
cr+ci ta~ce.  %ce there is nn!y m e  s~ t l lnq  of the atterua- 
tor om where t+e resistance 6ivis!on a d  h e  cnpnr-irmtcr a- -. . 
vis~on ore oi tne same ratio, shiini WW;;;.~:~ - i  .;.;A 4. 

~ ~~ ore ocsec to me menuclror, os s r l u , % ~ :  i : ~  u . i  I ; ; ,4at .uY., . .  
to provide frequenq iompensotion. .Anec tile attecualor 

. . 
(Sil i s  set to oosltlon L, lne inout 10 CIU J.:~LLL~C~ ,ili_e_ 
to o n r t m t h  of the total signal across the v 3 i t ~ u ~  v i ' i e r .  
3: is tiieri onetent:, ? i  J]c3 - 2 ,  czkir .,i i , :?  ., : ,,:- 
citive reactonce is tnen cnCsen :; be u l  ii:c su..;;- i;:;. 

Thit is, the reactonce of C2 and the stmy rnnlcitive rcac- 
tanre of h3 is mode to k one-tenth of the total recctZ.cn 
;: :! i" series with LIe iur31!5.1 c",'i5^!i?r "! : i  ""4 

23. Normally, &>use of the :ii:;c~!:? in GZ;-U:::.: t:- 
stray ca~""it""<;e i , ,  Iicntd ,;;, :.I .s ?,G?C ,;-.:,;>.e c-,2 

:- ->,..-.-A d...,"" -"**",,nn ," m7,.A,,?e ,"? '-5, "<>" ,c,er,s* , ~Y" ,Y . ,U"""  .L..7 "yl_____.. .. i . ~ . ~ ~  
, . ,~ ..., tlon ettects, uslng a squnrrnuve Liru ,L..,~ A,., ..-. 

ly md once caiib~greri re*4,:ireb -n:r , ~ f i  X ~ G Z ~ G Z G !  c,',:ck!. 
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Since mast attenuatars and omollfiers hove reduced 
tuqh-frequency response because of the shuntin4 effect 
31 strw c a o a ~ ~ t a n ~ e .  o oarollel 3-C clrcult in  serles .ultn . . . . 
the input lead is u;ilaliy insertei LO h o s t  tile re i~l ivt  ic5- 
ponse oi the attenu3tor at high frequencies. A~cther device 
i s  an input prok locotei 3t the eni of 3 specid connectin7 
mtie wnicn ~ppi i e s  liir ~wput iu  ;hi- i~i ; ic i !  ;m;!i!ic:. 
The prok houses o iiequency-conpmsaled voilole i iv id r~ ,  
and IS consirucred ro reduce io J r~liniiilyx tkli ziiiidi.: S! 

shunt capacitance existing 3t its ~ n p t  terminals. Tixis IS 

isoally called 3 "DC probe", or simply "input piobe", 
;; distincuishd !ro- zn "r-i probe", which contdns a 
diode rectifier to remove the modul3tion. , 

A ty:ii3i t:rc~-stqe v e r t ~ ~ a l  onpiiiier i s  si ,o: i  .: I 
.. ..- """..;".. ; , i , ."t l l t i"".  , t  iriVi.: 

.1UL."",i, ".- "*-" ...? r.. ,r. .3 . 
pgnventi~nol nosh-aull paraohase d e f i ~ t l o n  o~ tpu t  i-,;l;iiier 
[see Seztinn h fa: o discussicn of je!lectim atput  o ~ : . : ; ! : s  
;ta:j~sj. inr vrrticul iil?ut siijsd is a-,.$!ic.! :L.r:~;i. 
oiacking an3 coupling cpocltor Cl to o cothade t o i i ~ . i ~ :  
ottenuotor stsge incormratmy trlode $1. Tne ottenu~rai is ~- 
il ~NO-step,  hequenncy-co,xpens.te? type. kor signcis ur?er 
L5 volts. S! connects the inpat directly to ~e gi! G! V i .  
?or signals over 25 volts, C2 i s  adjusted so that the tilie 
"mstont of the circuit consisttnq of C2 and HI isthe same 
1- the li.r8r c8,nston;af the ii;cait consistin: sf i? qn? tzr 
?orzilel mmtiuiatlon of 3 2  and 33, includinj the stray ~ i 2 -  
to-qaund capacitance of 'Vl. Thus the attmu~ti3n i n  tills 
sosition of 51 i s  piocticoiiy constant for all frequmcies. 
-, 
I rre constants are so pioportionzd that the input ispe?~::~ 

opproximoreiy 2 , r ~ ,  ,CJ G'-. .'";a '- 2°F E I , , , ~ L  "L-- ---'.:^- y,rr.."ii ". "' .i ,..P st- 

imuotor, wiL+ on effective shunt lnp'ut capacitance 01 umur 
60 picofmods. Althouqh V1 has its cathode connected 13 
:hs .-?XI-volt s , ~ ~ o i v .  the o!ote current fiow throuah R4 m;.; . . . .  . 
25 i s  sufficient to bias the cathode positive with respect to 
(lr3und. The outo.it of cutinode follcrier Vl i s  tdke: frcz 
rie cathode throuuh J5, whleh  is o ! x j e  copoci!ar (on the . . - *  a -;c.-fnvm -1 ""6 ? n n l ~ e , i  rn tne 1n"tjc 2ain r;.m- <...,, "." ....-. ".--.i.,. ~~ 

:iom.eter, H5. Capncitoi C4 i s  o conventional filter cauc- 
citor to bycass the negative supply. Y-ynin (vertico!) co?- 
trol Rb contro!~ theompiltude of ine inpur siqnai id 1i:u 
two-stoge, hiyh-!join compensated video snplifler 2 3 ~ -  

ststing of '32 md V3. jkth hiqtL-frequency m d  io-r-ireq?!:ncy 
:nmpensoi~on ura r::\pioyej ili eici! , t , ~ j e .  T:,e :::':.:!: 2: 

Vi is bypassed by a small cupocitar, which i i l~kes it j c l -  

erative for low frequenaes, thus re3ilcinq the response bi8; 
- - .  . , I ?" .,i  ; ; 

. 'YLLC""" "". ,,.. i".. .., ..-?- -. . . - .J? - ! 'A? .'!' -,!!rr ; ;:;; i-,p̂ "r,." ." ; ,,.. ..LLz:a .,,, 2. .., .... . ~? 
, , . .  

, ~ - - -  ~- ) -L -. --.L .- .LO *,,.* ;,"",,s"",n '.'.,,," . . . . . r .  ~~ ~~ . % 

.n ilk-plote c~ri.,!is st the oxp!i!iers. Tilts the ~!!Bc~:.Js 
. ~ ,-,. " ,  , . ,  , ,  , . , . . . IL t l  ._.," " .- .. . . . 

. . ,, , 
aensxes  tci r;i. -a:mm am? uii omu: ju iriii2, .. ,.. 
r.ic,,,ji . -  ,~, j r  , -  ,>,, ,,,., ~ > "'. ". .'.':--.,:..-.;. ~ - .  . . 
;,.si.i;:isr i t  bGeise? bj @!,inq co:!s L! w.6 L2; u.hirh 

comoensotetar tne snunrlng ellecr oi ru'w u:d n r ~ ~ i t i  L"+ 

cltar.;e, pr"v::?q 3 reacrance ' ~ n i c t ~  )I-icreoses ~ r i i i  !i:- 
?I:PCY. i..? i s ?  ,af tile oeaklnq calis extenis respiiisr 

- . I . -=.,-,. "-ae .- . ~ -... .>.~,. '1 + P I ?  iv,.ive 1k.e -..:::-:re3:;.nc.; 
~- , , . , , . , .  . : , I 1 1  .- ~ . .  . 

~ ..-. ~~- , ? .  . >  . <,:. ,." <.z,,,u::.. . ~. 
. ~ . . ~  . , LC , ! :  2 . .  . .: I .  i .  ,,.... 

. . 
~ . .  ,,. ,-.. ,. , ,, . ,,;;-= I;. . .--- ----,--, ,~ ~ - , . . ~ . A . .  

- 1  .. ~ 2- ' - - .7 .n , .  -.-c.mrxs .:a 3;: crj 2;. 3;s ,,re Iccir 
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b I - E c c  
INT 

i c  

Vertical Deflection Amplifier 

:on t h e  s l e r  a1 i second). ; m ~ l ~ f ~ e r  V3 1s t ~ x ~ i - u r ~ : ~ , ;  
'5y connectlnq tire c j t n o j e  to tne junction :li . i t :  z n i  . ? i l ,  change in s p o t  diameter and the maximum intensity avoil- 
"vhich s re  connected in serle; tetvvecn ::I* ? I , ~ t e  -2pi . l  31i : able. where high humidity and excessive moistwe prevail, 
jround. 2athode reslst3r 314 is xiso 3nhypa;;ei ;a t; , ,~;  control fa i lures  from insulation breakdown, me usually 
tile clrciiit is c3mpletrly 4e, jerrrr~t i - ic  lo: .11:;:, 2"' I:'!, more prevalent because of the hlqi- patentlol m v o b e d ,  which 
i r e ~ ~ e n a e s ,  tur t ier  i!!:proiln; :L.c o.Ic~-~!! 1rz;ie:i:y e s -  c a u s e s  a short circuit to ground. 
oonse. T i e  use o f  the fixed catilode bms  s e t s  t:.e o~er: t in , j  Pore .  Supply Circuits. Because of the high neqotive 
oolnt 01 V3 and helps s t ~ b l l i z e  the s t z j c .  An ' J L I ~ D ~ I ~  !131 ~ o t ? n t i a l s  used 131 operation of the C:iT election gun, the 
the cathode 3! V3 IS \=ken (01 m3licot1an to the i y x  111- ~ s c i l l o s c o ~ e  x w e r  supply i s  p o r t l c ~ l ~ r l y  s ~ s c e p t i b l e  to 
z'lit  131 lnternnl .iynct~roniwt:on. 'Tile 3.1tpat of V3 1s !?i !I?sh-over, pa r t~cu l i r ly  i n  d w p  and humid lac3tions. k 
to catiloi? fo1i0,.~21 o ~ t ~ ~ l t  Stnje  V I ,  ,.vhl:h IS sl-;seI :ss!tbve v o l t ~ ~ e  -neck i s   sully suflicient to reveal the locution 
vith respect  to qround t,y pl?te c~irrent  figs, eve? tnnur ,~ oi t h e  trouole. 
the c l thode  is re t~ l rne i  to t n r  r i n u s  suaniy. Yxiaijle 9uti.n- Sweep Circuit. Failure  of the sweep circuit i s  evident 
!~o:spter 315  serves  3 3  :xi 3~!3mlt on ! :1~15!ti3:lll!q ismtrill by 1 lack ol hirrlzontul deflection, assunin! t h ~ t  the team 
i l r  t!irloilo.vinq oorovlosr 3:ipI!!ler. Thc "~r3:h:se :I-:.nii- 3 ~ s i t ~ o n i n . j  and d j u s t i n j  c i r a i t s  operate. it, nonl~oeor  
fie1 1 5  similar tg those . i e j c r lnc i  in  l j c~ t lon  5: t . iprelnr~, sweep  produced by chanrjes in value or fallure of components 
lt i s  not further ilsiusse! ,!ere. :;:!I sh3w !Iself U S  u C I O . N ~ I I I ~  togetncr (or an expansion) 

the w,,velor::, a t  theends (or in the :nl!ile), ; a t~cu la r ly  
F ZILU?? IA4LYSIS. ~ i l e n  o .in?#" l l ~ e 3 r  ivaveform i s  observe?. J is tor t ion 'uhich 

Beam-Positioning Circuits. l l s u ~ l l y ,  a control circuit r e su l t s  from the opoilcztion 31 311 excessive a m ~ l i t u d e  of 
f ~ i l u r e  is lndicoted by 10:s cll 3 i p e c l l ~ c  con1r.l ll:nctton, sync ~ c l s e  tu t'le synchronlzinq circuit should not be con- 
'2nd rm ue quickly i e i l i i d  t y  ,> resiii3nze 3: ,vc!t:,j- ;.,rc'<. l'>sei iiit.1 s w e p  rronlmeqrlty. 'host w e e p  troubles can t e  
It i-#is1 be understoo? that ~ l l  mn t ro l s  -I!.::: t::? ?Ic:::;:I corrected by r ~ p l ~ c e m e n t  of defective electron tuoes, oi- 
beom i n  some m n n e r ,  ond that t$e contrrrls 11e l i t e r ~ ~ t ! n  :. thauq i  there moy te an o c c ~ s i o n 3 1  component f u l u r e .  ':'here 
For exo:np!e, i l o r e ~ s ~ n d  tk,c intenslly a1 tLle L e r r  ~111 2 1 3  tnyrov ln  or otner  as tubes ore used, i t  7~ be necessary 
thicken Ule beom ond reuir ; .  ; re ;J l~i tncrr t  11 tnc icius 13 try t ~ o  or three t ~ k s  belore o L t a ; n l n  one lh3t w l l  
control for the thinnest l ine i t  tk3t intc:lslty. L ~ e : ~ 1 s e ,  o n ~ r ? t ~  p ~ ? . - r ! ~ .  i v e c  ,with ~ s ~ ~ i g ~ n - t s t ~  s-,veep ci : i j i ts ,  
a chrmqe in accelerating onode potential w l l  m u s e  o tgbe i c l cc t l an  nay be necessury. 
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Eoch circuit was selected to brinq out the basic princiales supply and ground. The voltaqe divider isqrounded ot the 
and requirements recesscry fcr circuits used in "on- positive voltoqe required for the accelerotinc anode, while 
repetitive waveform analysis, even thouqh similar circuits the cathode i s  operated at a hiqh nenative potertial with 
may be used in other sections of themanuol. The circuit respect to ground, the low voltaae is operoted above vound. 
discussion is limited to essentials needed for cathcde tube Thus, with the positive low voltooe and neqnive hiqh 
displays. voltaqe at above qround potential, the case ond chassis 

~ a o ~ - P o ~ i t i ~ ~ i ~ ~  circuits. A bosic beam-positioninq con k grounded for the protection of the operator. 
system used in a synchroscope, usinq o balanced deflec- It i s  evident from the schematic that resistors RIO, 
tion network, i s  shown in the 0 ~ ~ 0 m ~ o n y i n q  illustration, R11, R12, R i3 ,  ond R14 form a voltoqe divider from the 

?he voltaoes for the CFIT electrodes ore token from a junction of the negative supply to ground, ond at the 
common voltoqe divider between the neqative voltoqe - 400vT-1000 

b 115V AC 

Typical Power Supply b 
junction of P:C ond P I1 iorre aositi.:c voltcae exists. 
The control -:rl? is s:l.plied wit!,. a pos:tlve ilnblonklna 
pulse, prod\lced by t t r  itzrt-stop steep rlenerctor, ,.vb.ich 
enables the CPT to -on.iict. As in conventianol circuits 
,iarictian 3f ti,? volt< :v ?n tbc 1:i6 pcrmlts :b.e C7T to 
conduct TOIE OF '+AS . , e ~ ~ l h . .  Anoiie no. 1 is ccnnected 
t o o  mlici lower poi-t 01. thr :i!vider: th;s it is effect~vely 
much nor? positive thcn tb.e ?rid ocd catb.ode, and at:rocts 
the electrcn: fro- t-E cati.ode. 3y vorvjnr the d-c ootent:ol 
on this focllsira anodc, tke c!ectron beam from the cotb.ode 
is directed so tt.at !I c?ni,erTes at a point an the foce of 
thp .XT. Ann;? r:n. ; c i  1'1e Z9T i=  ,mo~rnded: thus. 
since it is ot o more roc:t!ve vol tc~e thar. the focusin 
anode, it ottracti trc rlectrcr hecc; ond cccelerotes it. 
'Re occeleroti:~-I cnadc :s ,z coccentric rinc slmilcr to the 

focusinq anode, and the focused beam passes throuqh the 
center, losing only stray unfocused electrons. The second 
anode current, therefore, i s  minute and does not detract 
from the beam. As the beom posses from the occeleratino 
anode to the foce of the tube. it passes between two sets 
of deflection plates. The plates of the set nearest the 
secund mode ore positioned horizontally above ond below 
the t u k  centerline, and deflect the beam vertically. ?he 
plates of the second set are nearest the foce of the tute. 
and deflect the beom !horizontally. 

Eoch deflectinq plate ( E l  throuqh 04) is controlled 
by a sepmne ptentiometer !B?, 34 ,  Fn, %I, and the 
plates are isolated and balanced equclly by beins cow 
nected to the positioning controls throuqh equal resistors 
RZ, R5, '36, and R9. Each plate is also connected to the 
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d e f l ~ t i o n  mpli l iers ,  throuah o muplina capacitor, in a 
push-pull monoement. Thus the CRT i s  balanced for dc. 
for ac,  and for any stray capacitance to qround. Since the 
isolating resistors (R2. R5. R6 and R9) are o l w ~ s  of a 
very lmqe value, the deflect in^ plotee may Se c o n n ~ t e d  
in13 any circuit without danoer to the ope:ator iit t i ~ e s  a 
cunent of  only a few micromperes to drop the positionina 
wltoqe to zero). 

Power Supply. A typical power supply for an ele- 
mentary synchrosco~e i s  shown in the occompnying 
illustration, Two full-wave rectiiier tubes are used with 
o single tronsformer to supply positive iow voltage ior cir- 
- G ~ E  c t h ~ r  thon rhp CRT and o neaotive hlqh voitoqe ior in? 
CRT. The lower-volruqe suppiV ib 0 c~fivtnt;;r,c! !-!!-,::c.de 
rectifier circilll with the ce3t-r-top qiounded, ond & i s  
taken from the cothcde cnd oppiied tc a sinqle pi-twe C-i- 
!i!ter (C1, II, ond $2). 3 i l e  nenative hlah voitaue suwlv 
uses the other full-wave rectifier !"he (VZ), with the olotes 
parollelconnected a s  a holf-wave rectifier, ond o low volt- 
aqe center tap us& os a common qmund. Because the 
small mount  of current token by the CRI, the simple 2 C  
filter offered by the bleeder res~s tar  PI and copacltor C3 
i s  sufiicient !or hum e!inination. 'The iiloment windinas 
for the CRT, a s  .;;cf! os -!be: t - k r ,  3re niso lrec:ude? or. 
the some tronsformer, providin~ o cornpoct and economicai 
p w e r  supply. 

Horizontal (Sxsep) C h a n s l .  There are two t w e s  of 
sync signol input ovoilable at the input a i  the horizontal 
channel. A posltlve ouise deilved iron: li:r iioniil i ' r p ~ t  
may be taken from the coupling ompiiiier, or sane exiernai 
sync moy be applied from on external source. 

'With the sync s;rltch in the int. svnc vasitio?, c 
positive pulse (taken iroc the couplina ornplif!er! i s  c p  
plied tc the sync puise ompililer, where I! i s  i r ~ v r i l t  i, 
mpl i f ied ,  on? f o n e d  into n shoro soike. The i ~ i c ~ i :  used 
to develop ti,,- >pike i s  shovn i r  the occompm.y!y!"n iiiile- 

tration. Tt,e p o s i t i ~ e  pulse i s  nppl!ed tirotrqh copocito: 
C l  to triode L'i,  ,where it i s  irverted and omplified at the 
plate. The vmioble potentiometer R 1 determ~nes tne 
mount of  amplification oi the signal. The sy lc  pulse is 
coupled throunl- copocltor C2 and resistor R3, whicti 3e- 
velops o ditferentiotec torv. ot ine nel3tlvr r e c t ~ r v ~ i u :  
pulse. 7he o\ttout i s  taken from across R5 in the iorm of o 
neqa!ive sp~ke occurrino at the pulse mout irequencv. 

'The tmnroi swwpoenerotur 2 st;;:-;to; 7.2!::- 
. . .  

vinrator, shown 1:; ::;r u;comp;nyir; :IL::~::C!~~L_ Tti: 
CUCUi: 1s 0 col!!ci>c i0.1bit; ;wi a! -LU;:-S:2F ~.!f.- 

vibrator, witi, the grid of V i  nt a hi,$ positive potertlc! 
..- 

and t l e q r !  o; r ; n~ o l , ~ ; .  n r ~ i l t b c  ",:. ;:id:, :3 :-?I 

V i  is nowoily conductlnc neovlly arid 7 2  1s nar-oi;: 
.. . 

cuta::. I+::: ::c gpr>i!!:>t,~o: c,j I-,= ne,:Z:;",c IRE:: p2!5e, ... 
v i  is cut oij 3nd V2 ,5 bragir: :- -nx?r?,r zmductinr f w  
c perind of t!ne determined bv tne t m e  consran: of  rile 
circuit. This time constart 1s zependent o r  he values si 
P2, C 1 md R i ,  C2. T i e  result!nc o\~tput ,  taken iron the 
plate of  I.'., i s  ; posltlve rec!nncular nwlse ohtclnej durln? 
the time :Lo: ',.I !E not con?u~t!ni. :?es;des #,sin> +.e 
cectur~uuifi~ o"tput far . ; r ,b lxki~c  ,,k ':GT : , ~ T , G Y  :+,s rxxc< 
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cxr SYNC o 

Sync Pulse Amplifier 

that the input siqnai is to he ,,iev,ed, the rec tano~l i r  out- 
put pulse i s  nppiled to an SC circuit (E5 oil: C?) iksere 
it i s  inteqrated. A snv:tooth output i s  then obtained from 
C3, which hos the samedurotion os the unbianking pulse. 
This sawtooth is applied to drive the output sweep ampli- 
fier shown in the accampanyinq illustration. The output 
swee? onplifier i s  c prophase p s h - p i 1  type ot amoilfier 
which produces o sawtooth wveform fromeoch output, 
equal in amplitude i>,t o! opmsite pcia:!!~. ?be sinnl- 
input (drlvinq) sawtaotn is npplled throuct C i to :be qrid 
of V l  where it i s  am?lified ond inverted. The output oi 
V i  i s  opplied to the qrid of V3 and ocross voltoae divider 
- ?  

~3 znd R6, connected fmm o,atr.iit tr, zozni .  %e v e l t r ?  
dropped across H5 i s  nppiled to the qr1d oi Vi Slncr iiw 
input of VS >s 180° out of phase ,,:it5 the input of 1". 
the outplitc of V l nnd V 2  ore likeicise iBCO out a i  phase. 
Tne outputs o! \!l and 112 are opplled to V j  ond VC r e  
specliuely. ,where these nutp;lts rm n-olified ond scovlied 
to opwsi te  horizontol4efiec:~oc 3lctee in the CRT to 
produce a balanced de!!ection of the electron beom ;ae- 
!oil& description of file c w r o t i o ~  oi oarophase aroiif lers  
can 5. fxn! i:: secticn 6 of i h ! ~  ?on?hook!. 

Vertical Chonncl. n!?rnl ? " D I I ~  3c or,ril$e" lo r ; , e  

verticol channei fhrot:7? Cn !?~ijt I-oecanrr s ~ : ~ - L ; ;  

arcul:, WIIIC: 1; tisec 13 :lmt-e r e  L":IDUL i i ~ ~ n r l j i i i i ~  

the sicnnl sot-ol:rce to 1i.e inout lmwdznce oi the cou~ l inc  
rmnliilpr. A rvoical, slnDllt!eC, l rput  impecancr seirclu 
circui! is sb.c.~:n i~ the occanncrvjn, i!l:~strotion. 

--:. .. 
IIICY.: i i ~ ~  ; ty91;Zi te::lle : ~ p - :  3-pli!!.~:. 

wit" tne inolit ?17n,~i ueinn so,lpi& 1; t:;e ior.t:ol q:~; 2: 
i l l  ocross or, input ~.oI!oqe d iv i e r  conristlnr- o! ~rmiabie 
msistor R i nnd iixed resistor R 2  The variable resista: 
provides to:t, c zecr.; ci  =te-zc:!-: :&? rqp.4. s i l lo l ,  ond 
a method or suppiylnc I vurlobie iniu; irnpelcncc !a: the 
svncbm~capp: ,whip fixrli ir-is!i,r EL ie:iir;nc~ :he %?:- 
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U N 8 L A N K I N G  

v2 
C3 

--- OUTPUT 

A3 
INPUT 

0 1 1 1  1 0 
H I G H  

NEGATIVE 
VOLTAGE - - 

Start Stop Sweep Generator 

- 
OUTPUT e - 

R I2 

R I, 

4, 
uSur  

Paraphose Purh-Pull Amplifier 

mum input irnpedorce to V1. Tosether this resistive input 
arrangement facilitates matchinq the input impedance of 
V1, to the impedance a: ti.e sinno1 source. Resistors P3. 
R4, and R5 are different volues of cathode bias resistors. 
These d~fferent values ore selected by a switch to provide 
a larqe ranqe of attenuation for the input sional bv chanc- 
ing the input bias. Capacitors C1. CS, and C3 are con- 
ventional cathode bvpcss caoacitors associated with these 
cathode resistors. Sesides providin~ a variable input im- 
pedance, and o larne attenuation ronre, the irout selector 
circuit provides high c~plificution witn undesire? inversion 
of the input signal ot t:e plate of '11. Tr,erefoie, another 

d i f i m s t u q e f  pmvtddm sopphr on additional 
180°phase shift, so that the output of stage V2 i s  in phase 

with vertical input signal. The output of the input imped- 
ance selector circuit is opplied to a cotlplinq ampli:ier. 

The couplinq amplifier, shown in the occomponyinq 
illustration, has two functions. 

TO SYNCHRONIZING 
PULSE AMPLIFIER 

INPUT 
TO D E L A Y  NETWORK 

- - 
Coupling Anplitier 

One funct~on is to supplv o pulse to the synchronizina 
pulse mplifier when internal sync i s  used. This sync 
pulse, which is the inverted ond amplified input to  the 
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couplinq amplifier, is obtoined ot the plote af VI, ond 
is coupled throuqh cn Int-Ext. sync switch to the sync 
(pulse) amplifier. 7t.e pulse tb.en serves os a triqqer for 
the stat-stop sbweep qenerorar. 

Tke second function of 7k.e coi>plina crpli!ler is to 
acr as o co t i r i r  fullo..ei, priii?ii,i :x impcd;r,cc mitc!; 
for the low-impedance input oi the deioy network. 7 ~ i s  
input i s  the unlnverted siqnol pulse ottalred at the 
cathode of V I ;:lthout cmplificotian, A potentiometer is 
used for Ri lnsteod ai o fixed cathode resistor. Thew- 
tenticmeter settlnq determ~nes the amplitude of the pulse 
obtained at the cathode of '.'I. This poter.t;ometcr hnctiors 
os a vertical mo:e size ccntrol. 

'The ~ l ; e  cbt:::e? ~t :+,e c~!~CC. ?! the co~p! ln?  
amplifier 1s opplied to a deloy rework, ,which prevents 
the oulse f~am causinc o vert~col 2eflectioc of the electron 
'mom .~ntii  shortly oftei t i l e  weep h;s started. ( A  typical 
deloy time xs l / i  ksec.1. An cczorn~nyizq iiiustr3tlar 
shows a delay network which may je use<. It i s  composed 
of series indcctors ond shurt capocitances terminatlnn in a 
resistor Ravins 3~ chm-ic i~ol~hn eoual to the total impe& 
once value of the foreqolnq inductors and cowcitors. Tne 
delay effect is due to the foct that eoch capacitor retords 
the voltoie 5s: aspcc::r.c cc::s: 11, c-c SZC~. indcxni r e  
lards the mirent i:az iio%'~na :h:ouzi: it. Ti.e teinirratirj 
resistor minlmlzes refiec:;ors of st~nding ;:eves. (Stond- 
ina waves uoset the normal function of the delov line and 
introduce error). 

Delay Network 

The delayed sianol is cauplRi tilrouoh o sionzl at- 
tenuator, which i s  o tapped valtoqe dlv~der, to the verucol . ,. 
x,p]:>":, .:, vF$!r:l ct!e!!,2$!,>! ; z  <b,>....., :z t *p  cr?r-,E,o. 

.. "y<"" ,,% .. .'!I,, "ztc!ic?:. - :- .::;? . - t - -  . -  .-."nn-r".ni rn rd,,"e ,hp .... " " .. .?.\,LC .., . , , . ,... .. - .. . .~ ~ .. 
distributed ond strov copacitonce of this circuit and the 

:eac:ive! o! :kc IT.;:! e?;rc!, :a !I--: t k  IOSC :- r!?nol 
!-us! 3t t5e bizher j req~~rrr ies  r-r ie co-cnnsated lor in 
rne ioiiow~nq arnpi~iiers. kxe:luutul c u ~ p c i ~ s i i l i o  ;s 
usuolly effective aver the entire jsefui frequency :cnc;e of 
the scone. ',?hen o potentlometer type of srtentioror is ~ s e d .  
!he cttencimtor potentlometer is freailercv-sensitive b e  
,-7:,se cf !!- :;.:t:,> J:,; ::::.; z2~:!!A?.:c frc::! t5? 
2z.:izq ::::: 2: t ' . ~  &<,:e,,:i,;~=:+r; :?e ;;;::: czs ::??21: 

CRT CIRCUITS 

"'I 

elements, nnd !he electron t i ~ h ~  input capacitance to mound. 
'While the resistance c! !be pcter;tiometer must be ns high 
a s  possible to maintoin maximum input impedmce, the 
greater the resistance, the qreoter the effect of the stray 
copacitonce. Since there i s  on!y one setting of the ottenu- 
mor a m  where f h p   psis st once division and the capacitance 
d,v,sion ore rhe sa;;:e rctio, sh;r;t cipxitcrs C !  ;-i Z 2  atc 
added to the otteni~ator, a s  skm~r, in  hei illustration to pm- 
vide frequency ccz:per.satlon. '.',#'her the cttendctor (Sl) is 
in position 2, the mput tothe amplifier is reduced to o n e  
tenth of the totcl sign@! across the vo!tane divider. R2 is 
then onetenth of Rl plus R2. R e  ratlo of the capacitive 
reactance is then si,osrn to be ;f the Erne oker. ?.at 
is, the reactance of C2 ond the stray coplcitive reactance 
is, the reactance of C^i and the stravcapacitive reactonce 
of C3 ismadt to be one-tenth of the total recctcnce of C1 
in series wit,! the porallel cornhinotion of C2 and C?. 
Normally, ' m o u s e  of the difficulty in meusurinG the strw 
;~p@ci t~nce  in?ic-te,! "y I??, r l  I -  mc" ~ v ~ r i o h l e  ond is 
adjusted dur~nq operatior !a produce !he best cornpensotion 
effects, usinq o squcrr-have inptt [this ;s?;le initially 
and once cal:brme? reo.ires oniv cn ocr~sio:~nl  rtln:k). 

Since most ,tlenuoters nnd .-pl~ii~is ~ C Y C  I U ~ V C ~ ~ :  
, . n?qh-freq!!ercy IPS~III-i  i e i n l i i e  i l j i h i  s*iu:,:;no cffect 
of stray copcitmce, a parallel RC clrcult m series w ~ t h  
!he i.~p):t :*?d i i  ,iiai:i!l. i i ~ ~ i : ~ ?  :=LP?:! !be ~elativc 
response of tk,e zt:r:.;i::r 3: I:: :!.!:c;LIc?c~~T. 

A typica! t i!restore -er!icol z>pli!ier is shown in 
the accomvnvlio illustrof~on; lt drlves 3 push-pull 
-----L..-- A-'l-"*:m- rn .,..,+ -.""l<f;~? s,-;!". ,he ",,+ p1Yp"""L "C..I -".r". ll..r ______, 
used as the horizontal weep o-,plifier. 

h~:h0uq~> '$1 ! ,G> C O ~ ~ J G ? ~  ,CGEJ~EC;S? to 3 > S Z C ! ~ ' ; ~  

iuqh voltaqe supply, t h ~  plote clrrent ilov: rirouqh i;l und 
R2 is sufficient !obir;s the c a t i d ?  ~osi t ive  witt. resoect 
:: c:c:,"d. 7k.e <,?!pel g! ;,::hr,?- ffi!!,-,;;e: ','I is tciep, 
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Vertical h v l i f i n  

from the cathode thouqh C2, which i s  o loroe value copaci- 
tor, and applied to on input qain potentiometer R 3  Capoci- 
tor C3 i s  a mnventional filter capacitor used to byposs 
the neqotive supply. Verticolqain control R3 controls the 
amplitude of the input siqnal to the lwo-stoqe, hiqh-qnin 
compensated video omplifiei cons~sting of V2 and 'J3. Both 
high- ond low-frequency compensationare employed in 
each stoqe. The cothode of V2 is bypassed by a small 
capacitor, which makes it deqenerotive for IO~N frequencies, 
thus reducins the response and flotteninq out the low- 
frequency response. Low-pass R'J filters R5, C5, ond 
R6. C6 offer o hiah imoedance to the low freouencies and 
a shunt ~ath to the hiih frequencies in the piate circuits 
of the m~l i f i e r .  Thus the effective load imoedonce at low 
frequencies i s  increased, which compensates for the normal 
drop off, and extends the Ion. frequency response. Tne 
hiqhfrequency response i s  increased hy peakina mils L1 
and L2, which compensate for the s'luntinq effect of tube 
and wirinq capocitance, providinq o reactance which in- 
creases with frequency. To help improve the hiqk- 
irequency response, plute Iood reslstois R4 cnd R7 are 
made low invalue to reduce the shuntina effect of stray 
capocitance. To inprove tt.e low-frequency response, the 
time constants of R-C cauplinq networks C7, PB ond a, 
R12 ore ionq. Amplifier V3is fixed-biased by connectinq 
the cathode to the junction of R10 and Ri l ,  .whjch ore 
connected as o voitcqe divider in series between the plote 
supply and qromlnd. Cathode resistor 91i is also unbmassed 
so that the circuit is completely deqenerative for hiqh o d  
low frequencies, further improving the over+li frequency 

response. The use of o fixed cathode bias sets the oper- 
atinq paint of V3 ond helps stabilize the staqe. The outpui 
of V3 i s  fed to cathode follower output staqe V4, which i s  
biased positive with respect to around by plate current 
flaw, even thouuh the cathode i s  returned to the minus s u p  
ply. '!c:l:lrlc n.en:~crrr.-: '! . rer,,=r or lr ol:tp.t 3": 

posltiorlr: -o-w:l for 1.e i 3 l l r  .: I :  ~ : r ? = f  :?- crrp:.:ier. 

FAILURE ANALYSIS. 
Beam-Positioning Circuits. UsudIy. c control circuit 

failure i s  indicated by loss of o specific control function. 
and con be quickly verified by a resistance or voltage 
check. It must be understood thot all controls affect the 
electron beam in some manner, and that the controls ore 
interacting. Forexample, increasing the intensity of the 
beam will also thicken the beam and require o reod]ustmen' 
of the fccus control for the thinnest line at thot intensity. 
Likewise. o chonoe inaccelerotino anode aotentiol will 
cause a chmqe in spot diameter and the maximum intensity 
ovailable. Where hiqh humidity and excessive moisture 
prevail, cmuol  failures from insulation breakdorm me 
usually more prevalent because of the hiqh potential in- 
volved, which couses a short circuit toqround. 

Pore. Supply Circuits. Because of the hiqh nwative 
potential used for operation of the CRT electron qun, 
the synchroscop power supply is particularly suscep 
tible to flash over, porticulmly in damp humid locations. 
Avoltage check is usuolly sufficient toreveal the location 
of the trouble. 

Horizontal (Sweep) Channel. A failure in the hori- 
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mntal channel can te due to o fmlure of any of the indi- 
vidual circuits comprising the chonnel a s  well os two 
circuits within the verticol channel. If the input impedance 
seiector md the couplinq amplifier, the two circuits within 
the vertical chonnel, ore the cause of the sweep fmlure: 
ihe vertical deilection wdi diso t~ ceiectlve as well os the 
sweep. If this is the case, voltace and wovefom checks. 
made by o wltmeter and an osc~lloscope will reveal the 
location of the faulty component ,within the two circuits. If, 
bwever, there isno trouble with the vertical deflection ond 
faulty sweep exists, the trouble exists within the three 
horizontal channel circuits. Beainnino with the sweep 
mnplifier, the inputs should be checked with o voltmeter and 
m oscilloscope. I! :te ;;ope: LGPL! exists t!hr tiouble is 
within this circuit. If on improper input exists check the 
input of the start-stop sweep generator with M oscilloscope. 
If the input is proper the trouhlr must exist in the start-stop 
sweep generator. Voltoqe and wovefom checks with a 
voltmeter and on oscilloscope will reveol the location of 
the faulty component. if the input to this circuit i s  proper. 
check the input to the sync (pulse) amplifier. If t ie  coup 
ling amplifier is worklnq properly and the sync selector 
switch i s  functioninq properly, the trouble should be ,within 
the sync (pulse) omplifipr. Voltocn md ~ a v e f o -  checks 
with a voltmeter ond oscilioscopewili reveal the faulty 
mmponent. 

Vertical Chonnal. A fmlure in thevertical channel 
i s  choracterired by improper omplitude of the presento- .:-.. "< .L.- - -  . ...,,, YL w= puiac UII t h e  S Y I I C ~ ~ T U S C ~ P ~  screen. There ore 
six circuits which could result in the vertical chonnel 
failure. Two of these, the inpat impedance selector, and 
the couplinq ampl~fier, produce sweep failhre. The tmuble 
shooting of these circuits has olrecdy been mentioned. 
The other four circuits of the verticol chonnel, thepush- 
pull paraphase amplifier, the vertical mnplifier, the siqnal 
ottenuator, nnd !e de!cy ne!.:!ork, affect oc!y :te i;fiticd 
display of the scope. If the foilure exists in the delay 
network, the vertical deflection will not occur ot the 
proper time lnterval with respect to the sweep. Ii this 
effect is apparent on the display, check the delw network 
with an osci l losm~e to determine where the imoiooer wove- 
forms or r o ~ t i ~ e s e x i s t .  tile ioii~~rt.exlsls i n  tne pusn- 
pull omophose m ~ l i f i e r  the vertical wsttion of the display 
in the CRT screen i s  improper. If this is appcrent on the . . 
Cisp1oy drle:k !)!e ,/cl~dG=s 2 ~ 2  ,:,T;C~Z;ZS s :  :;C ~~sh- ' , , i l  ~. 
inraphose mpl!!!e: -I!!: sr :~cillc;copi. :; 2c:erzini 
whew the :adti zc:,pxe:,: ii 1ic;:d. :i t!,est ;iic,its oi 
theverticol chonnel hcve been checked and found to be 
5peratir.q proPC;'.. ' 1- ". ' ' ' 7  - .  ' 

& " ,  u,,b Lcuu~v > ~ L L I C A ~ ~ >  i r ~  ti:e vertlcai .. . 
display, tile ::oubie must  exlst mthe sslnal attenuator or 
* e  verticd :7?$,f,c:. Tc L:c:erzix ;<k,eretk!e ~ 0 " ! ~ l ~  

exists check the appioprizte vokoqes -- ,,.d waveiarxs -it! 
un asc~ i iosco~e .  

CRT DiSPiAY CIRCUITS. 

3 e  CRT disploys~~pplirs Q viruol ind:cot:o:: of a-;. 
. : ~ - ~ ,  , , , - - - - 
=!qrmis yiiLui: E e  =?:lie2 :c: : . c  '-5:. en; ;: :hi  mcst 
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important uses to which cathoderoy-tube disploys and 
their ossocioted circuitry are applied is the location of 
objects or tarqets in space. This i s  the pdme purpcse of 
radar. Generally speaking, there are two types of radar 
svstems: the pulsed rodar system, and the continuous 
WOW r d m  system. Since mnt lxcus  .:we radar systems 
me very rarely used, the discussion in this section is 
limited to disolws ossaciated with oulsed rda r  svstems. . , 

The display units used in pulsed rodar ore either de- 
flectim modulated or intensity modulated. These terms 
describe the method by which the echo simcl affects the 
woce or. CRT. In deflection modulated displays, the inout 
s!~ncl, cfter ki?: ?e!ec!e$ 2 ~ 2  c,~l:!:c2, : z  zcs!ic2 :G tk,e 
deflection system oi the CRT, ond shows up as a oulse or 
pip on a circular or sinqle horizontol sweep line. Tvoicol 
radar displays of this type ore the &scope ond the j-scope. 
In intensity-modulotd s:.iters, :he e c k  is !ed to ;n 
intensifying circuit, which chanaes the bios on the control 
grid of the CRT. The control grid is normally biosed ot 
cut-off. When the siqnal is received, it causes the bios on 
the contml arid of the CRT to become less neaative. 
thereby increaslnq the density of the electron beor, and the 
intensitv of the trace. Typicol rodar disploys of this type . ~ 

are the B-scope ond ltlr C-scour. 

APPLICATION. 
The A, B, C, ond J-scope type CRT presentations ore 

relatively simple radar disploys used for the purpse  of 
locatinq the position (mnne nnd becrilc! of c tcrcet ,>it5 
respect to the positlor. of the rador. 

CHARACTERISTICS. 
A-Scope and %Scope presentations ,Jse deflection 

modulated displays. 
A-Scow on? .!-%ope j:esentotion.i tile sinq:e 1i.e 

d i s ~ i ~ s .  . . 
A-Scope and J-Scope presentotions show only one com- 

panent of location (usuol l~  direction). 
&Scope and C-Scope presentotions use intensitv modu- 

lated displqs. 
&%ope and C-%ope presentotions form rectonaular 

field disploys. 
&Scope and C-Scope displays shnw two corponeots of 

location (os~iolly dir~r!?nn ncr! ronqe! 
A-scope, j-scope, Gscope an6 L'-sccpe eisplws are 

~suoily desiqned to use electrortat~c ce!lect:nn si.stpmc. 

CIRCUIT ANALYSIS. 
Gene.ol. The k-, 6.. i-, ond J - h o e  disolavs con- 

stitute thenost commonly encountered types of radar 
disploys employln; electrost~tlc type catkode ray t ~ k s .  
n e y  respond to the iKeptlOn of ecnoes of s~unal pulses 
striking s p ~ i l i c  tarqets, ond present these echoes os pips 
or iiluminoted tmaets on the trace of the displp ,  indicotinn 
locotion 3f torqets thiouqt tb.e tize relotionship of the 
echo signals compored with the sweep slqnals. 

n e  typical Ascon is show in the accomwnyinq 
illustrilt~ut~. i l  curislsrs of o sinlie hnrirnnrni i t"?  w ~ t "  I 
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tarqets. The transmitted pulse indication has on ompli- 
tude greater tho" any of t ie  other echo pulse indications. 

The A-Scope i s  primonly used in conjunction with other 
radar indicators, since the A-Scnpe coo only locote the 
range of a target. The A-Scope is particularly used in 
artillery fire control because of the accuracy of its ranqe 
determination ' h e  A-Scope is also used a s  o test instru- 
ment to observe video input siqnols durino the testino and 
alinement oi rador receivers. 

TRANSMITTED 
FIRST 
ECHO 

CRT SCREEN $U 
A typical J-Scan i s  shown in the nccompanvino illus- 

tration. It consists of a sinale circular trace line, which 
remains at o relatively constant distance irom the center 
of the CRT face. A main pulse indiootion on the circular 
troce indicates the kqinninq of the sweep, md the echo 
pulses are located somewhere alanq the circumference of 
this circle. The distance between the echo pulse and the 
main-pulse olonq the circumference oi the circle, indicates 
the ranqe of the toiqet. A calibrotrd rcnqe rinq is used to 
meosure the distance olonq the circular troce. 

The ]-Scope is used in rador for extremely accurate 
range determination of c particular toroet. In the labaro- 
tory, the J-Scope is applied to the measurement of verv 
short time intervals. 

A typical B-Scon js shown in the occompanvinq illus- 
trotion. It consists oi o rectano,ilorly scanned field made 
up of parallel vertical troce lines, with the center line oi 
the field representinq zero azimuth (dead ahead) position. 
The rador location i s  at zero olimuth position on the hori- 
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MAIN 
PULSE 

SCALE 
CIRCULAR 

TRACE 8200 

J-Scope 

zontal base line. Any tmqets which oppeor to the riqht or 
left oi this center line are actuolly located to the risht or 
left of the ship or radar center line, at the vertical distance 
shown. 

The &Scope is used in rador systems for continuous 
scan of an assigned areo, chiefly for qround (or sea) 
tmgets in a limited sector. 

TARGET 
TARGETS DEAD TARGETS 

TO THE AHEAD TO THE 
LEFT RIGHT 

A typical C-Scan i s  shown in the occomponyinq i l lu s  
tration. It consists of o rectanqularly scanned field mode 
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up of o number of parollel horizonral lines: the center 
vertical line which bisects the horizontol lenoth of the 
field represents zero azimuth wsltlon. ,while the center 
horizontal line ,which Slsects the vertical lenqth of the 
field represents zero eievat?oc position. All vertical 
positions above the zero ?ie,)2tion p0s:tlon represent a 
psiti-91 eleruliirn, nnd nii vert~cci positions &law the 
zero eievotion repiesent a neqotive elevation. 

The &Scope 1s used ic radar svstems for continuous 
scan of on assiqned xec,  ct,iefl,i for aircraft interception 
and beam landing. 

4 + w r  r:; 2 5 

d - io 1 "E 
-4a 

TARQET ABOVE 
TAZE_T kY? T2LLEFT -- 

I 

Circui t  Operation. The A-and 1-Scows ore sinilor 
in that the siqnal i s  obtained from the radar receiver on2 
q p i i d  throuqt~ verticai ompiiiiers to the vertical deflection 
elements of the CRT. The nacner in i\-hick. each type of 
scan acmmpilshes the sweep, t.owever, i s  different. 

n t F'^^l ... . , I; I ~ U L  b~.~ii~rr;.,t!,t I* ai!o+!r i n  tne occom- 
panyinr; block dioqram. 

111 the k-Scope arronqenent c triqoer signal is fed to 
the tr!cge: z ~ p l i ! i ~ i  ;1,27F, :im.l~ni2.siy, :hc rece..--' A v c u  

echo sllrd i.~- ti. rcicr r2zri\er :'::o-q:, ::; 
verricn; (u!,~!~, , !  ,!-7~!f[e, .- .L" ,-=:, yb,~: :::;2e: :-, 
starting the sweep moy come !:om ei:i;c: tb,e timer -wthln 

-. , ,. :he in& ,-,, tc,, ,~,, ,,,~.. ,in *." , h- .. . -... ..- . . , , .<q c, u,,>,,,,,,:, 
b . L  c,pl:t: 

L.. ~ u r r b  .,r.' -i,arpei. ir>e ir:;?er puise, wricn is 
then appl!ei ,m I - -  *.,i7eni ;.:ee~ :e::c:-:or ;!pie ; 

sawtooth volta~e lcorad, l -~d ocr! ?m!ie< to!he korizont;! 
A 0 4 l o m + ; - - - >  -... -,L --..--..",. rLuLca. .,>c Li.auiwi,r sweep proluces a straiqht 
horizo?tcl trace linc or, tk.c CET. :.lti: the opplicotion oi 
a,." . -- - . . . 

1 n c i v c 2  ;cilu siqnoi, o veiticai deiiectior in thz for- 
of o plp nppems located sonw;here alon? the korizantcll 
trace. TLP 6i3tmce beweer tke raja: antenno cnd 1'-e 
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RECEIVER 4 VERTICAL I I 
!#PUT LUPLlFlER u 

EXTERNU 
TRlGGER 

TRlGGLR SWEEP 

INTERNAL GENERbTOR 
TRlGGER 

torqet is indicated by thelinear wsition of the pip on the 
tract. h i e  of the pllise voitoqe of !he !ronsrit!er i s  im- 
pressed directly upon  the receiver. 2nd produces a larqe 
pulse onthe extreme left of the CRT trace. All distonces 
ore meosured relative to this aulse. To facilitate the 
measurement of the disorce of the echo oio from tile rprn 
reference mint !tin?smitter ~ ' : I T c ! ,  ::!i%otel markers 
qenerated by the norkcr qenerotor s t o x  ore also opplied 
to the CPT. Thus LI;. cc'mtino :t.e r .:her o! x rke r s  3e- 

tween the trcnsniktod s:caal cnc :ne ieceivej echo, tarqet 
distance isquicklv determined. 

A typical JScope i s  shown m the correspoodinq block 
diaqra?. P c:.;c:zl ~zcil!:;oi ;n,i u pi:c:e-shii:i~; ~et-so;~ 
furnishes two sine-,,;ave voitoqes, YOo out OL phase, to 
both sets of CRT deflection plates to produce o c~rcalar 
trace. The triqler ond sweep c l rc t~~tc  blank fit!! !he t ~ k ,  
intensifyin" the election benm only .'s:ino thc octive 
sweep tlme. The '-&ope d?:p!cy is 1b.e s m c  ss the . -  
Scope disulw, except t'ot tb,e J-Scooe uses c r i i r . ~ l ~ r  

sweep rather than o linecr sweep. Time znd rcnoe mensure- 
ments on thel-Scope ore more ccr8t:2!o thee !i.cse ci tL,e 
A-Scope since th~1 !-G-lpe seen is Ion-c:. T-,,e toriet 
e i h e s  are indicated as rahoi  p!ps 0: pulses pointinq awy . . . . - - . . . - 
i,i,,; ;.,= * : 1 . . ;.) Cl r ; ^ !? "  ,--Fn ri-; r-ntin. ' ~ r -  d.! 

-2- .....~ 
" 2 , d  . ? ! E L % I " , ~ ~  : 5  lr~.trO?Lc?:. r?:- C!ec::a:e .s 2 ::,,r, 
metailic roc insertel :zra.~oi- :he fore oi I ~ P  t~ ihy  nlmili! 
rmching me deiiection plates. T'qe echo slqnols then ore 
appiied to this center ~1pc.1~:" ::I? the .~~:!irc! 3~~11f1e1. 

?he BScope 2nd the CScope, like the A- and J S c o p s  
are mostly simiim in their ~ O C P  O: c~erct~on.  7". %.%"pe 
and the C-Scope b t h  use intcrsi* modulate? displavs, 
that i s  the echo sirnols oppwr os hr loh t  pnfchec n:"i-s: a 
daik b.oc"lr.-.?-. !-!~r::v; ::zd;lzti~n is produce: by op 
plyirj the amp1i:ie; echo sl,znds to elfher the eontrol .rid 

, , .knm.^^". "i .L. - , , .. - . , ,  -, , . , , . ::I n:v- --- -.\-m- q-.' lie .- .-?.-..u,,,- 
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CATHODE 
R&Y 

TO CENTER TUBE 
ELECTRODE . . 

TRIGGER SWEEP INTENSlFYiNG 
ClRCUlTS CIRCUITS ClRCUlr 

GScope, the sn,eea scans c rectonaular area on the screen 
of the CRT. Also, in both the %Scone and GScope. the 
horizontal axis olways represents ozirnuth. On the other 
hand, the vertical oxis on the 3-%ope represents Icnce 
while the vertlcal axis on the C-Scope represents elevction. 
T'he block diaqrm of a ty~iccl  %Scope ard o tvoicol 
C-Smpe arranaement is shown in the correswndlna block 
diooram. The only difference in the circuitw between them 
is the omission of the vert~cal w e e p  nenerotor in the C- 
Scope. The vertical deflection clrcuits of tb.e &Scope ore 
driven by a linear tlmebose sianal from a sweep aenerctor. 
This sweep i s  initiated by o sync sianal from the central 
timins circuits of the rodor. The vertical deflection cir- 
cuits of the GScope are driven by a sweeo voltooe from n 
variable potentiometer connected the radar antenna. 

. .. , . 
TUBE 

ANTENNA 
AZIMUTH HORIZONTbL ? 
SWEEP POSITIONING t 

CIRCUITS 
I 

VOLT&GE 

VIDEO 
AMPLIFIER 

; VERTICAL I 
TRIGGER - - - - - - - - - SWEEP L - - - - J 
SIGNAL - GENERhTOR I 

L - - - - - - J  

b 
CATHOOE 

B-&or* ond C-Scope 

I)." 

The horizontal-deflection circuits of the &Scope and 
C-Scope are the slme type of circuits as those used for 
the vertical-deflection system of the C-Scope. n e  hori- 
zontol motion of the antenna is translated into a resulorlv 
voryinq (sweep) voltaqe which produces the horizontal 
sweep for the cathoderw tubes. 

The electrostatically deflected CRT common to the 
A-,B,G, and !-Scopes i s  shown in the followinq illustror 
tion with i ts occomponyinq control circuitry. T'he rod 
shaped dotted lines, extendinq from the face of CRT almost 
to the deflection plates represents the electrode used only 
in the !-Scope to which neqative video (echo) siqnals are 
coupled. This electrode causes the electron beam to be 
deflected radiolly outword in accordonce with the incominq 
signals. 

Electmrtotic CRT Used i n  A. 8-. C-. and J-Scopes 
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It is evident from the schematic that resistors R9, 
R10, R11, R12, R13, R14, R15, R16, R!? form ovoltaqe 
divider network. The catnode of the CRT is connected 
at o less neqative point on the divider than the wid, the 
grid i s  negative with respect tothe cathode, ond is adjust* 
ble by means of patentiometer Rl?. 413 then, as in con- 
ventionol circuits, permits the t u k  m conduct mare o: 
less heavily. This is the intensity control. Anode no. 1 
is connected to o much lower mint on the divider throuab. 
ptentiometer R15; thus it i s  eifectively less neaotive 
than the cathode and srid, and attracts electrons from. the ~. 
cathode. This 1s the focus control. BY vorviila the d-c 
ptential  on this control, the ?electron beam irom tbe ccthode 
is directed so t h n t  i t  mniier:ns cli 3 :eir: LF, h c  :;;; 
of ine LET. Anode no. i is ot a positive potential and a s  
mode no. 1 attracts electrons from the cothode. It provides 
the function of octinq as on auxlliory focus control and or 
accelerotinq anode. As t5e ~ C K  p~jses from tk.e oice;n- 
oting mode to the foce of the tube, it posses ktween two 
sets of deflecting plates. The brizontolly positioned 
plates deflect the beam vertically and the verticollv 
positioned plotes deflect the beam horizontollv. 

A balanced deflection system i s  used for this cathode 
rny babe. Eoch deflectinc plate ( D i .  Di. fi3, and D 4  i s  
controlled by separate dual potentiometers iiii, R3. Fi 6 
rmd Hi, respectively), and the plates are isolated and 
balanced equally by beinq connected to thepositionino 
cootrols through equal resistors Rl, R4, R5, ond RE. A-C 
baiance i s  provided by copacltors C1, C2, C3, and C 4  
since the lsoiotina resistor5 R I.  P4, cn? E?. 7:f 11- 
woys a very lorqe value, thedeilxtin,? p!otes may be con- 
nected into any circuit witbct iilrzer tc t i e  aoerator. 

FAILURE ANALYSIS. 
Cathode-Roy Tube. Usually, a control circuit failure 

in the CCP :is indicate' hi. 1oi.i af o  spec!!!^ co~t r s l  
functioil, und con be qclc~iy verltlec by o resistance or 
wltoqe check. It must be ~understmd that all controis 
offect the electron beor i n  the same monnpr, md th.ct the 
controls ore interoctin~. For examole, increasin? the in- 
tensity of the km wil l  GI= t h c k e .  !he Secz. me re 
qure rel?:ustrent a! .Le faiiis calltro: for t n r  thinnrst 
1me a t  h o t  intensilv. L~neuise,  o monoe i n  tb,e occel- 
erotins anode potential ~ i ! !  CTUSC 'I choc7" ix spot 113- 
meter nnd  the maximum in!~nsit:. ~ ~ ~ c i l s b l c .  '!.'b,ere b,ic:i~ 
humidity ano excess -o!ztl;rc 3:?;1:!, ;ortia! foi!u:es 
iron msuiotim bieo~down are .~suoi ly  nor? pr~ve!ent be- 
cause oi !re :i;-. pate~r:ci :?,volvec, :.hick. causes a shait 
circuit to qrounl. 
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It it i s  found thot all of the voltaqes on the CRT 
electrodes ore proper the CRT must be the defective 
canpcnent. Ii, however, the voltages on the CRT 
electrodes ore not proper, and the associated control cir- 
cuitry i s  checked and found to be proper and the power 
supply is L.--+'- rroperlr, - the fouii musr exisr in 
some staqe precedinq the e lect rde  with the imorooer wlt- 
age on it. It i s  also possible to d e t e n n e  the area of the 
foult by the CRT indications. 

In the A-Scope, if the improper voltace or waveform 
exists on the horizontal deflection plates and the CRT 
indication shovis hot there i s  an improper or no hor~zontal 
sweep, check the input of the trlqqereC sweep Generator 
wltn an oscllioscope. !i it i s  conec! thetauk l ies in this 
circuit. If the wltoqe i s  incorrect, check the input of the 
trlqger amplifier with an osci l iosm~e.  If the trigger ampli- 
fier input i s  correct the foillty campanent is in Vlls stooe. 
i i  the input i s  incorrect and an external biqcer is used the 
imlt i s  in this external source. if ,  nowever,the input oi the 
trigger amplifier i s  incorrect and the triqqe: i s  obtoined 
fmm the internal triqqer qenerotor, deck the input to the 
internal trlqger qenerotor with m oscilloscope. If the volt- 
aqe or waveform opplied to the internal tricaer seneiator i s  
imprope tbe IOU!: sLoi;ld be in the timer. i! tne CR7 cis- 
p l y  indicates ha1 oniy tie ranqe markers ore missinq the 
trouble must be in the marker qenerotor. 

If the improper voltaqe or waveform is present on the 
vertical deflection plates the trouble must be in the uerti- 
cnl nmp!ifier or c i : cWi  prior to the A-kovr indicaro:. 
Zneck the mput ot tne veiticoi ampliher with an oscil- 
loscope. if it i s  correct the foult i s  within this circuit. 

In the J-Scope, if circulor trace IS imoroper ord 17- 

proper wltaqes or waveforms exist on the ve:~ca! on2 
horizontal deilection plates, check the ~nput of the phase 
shifting network with an oscilloscope. If the input is 
proper the fmit  i s  in tnls c~rcuit. I!, ho.ie?.er, the ir.i.u: 
i s  improper the foult i s  the the cvsta l  osciilator. If the 
intensity of the display is improper ond the ~ l t o q e  existinq 
on the controlgrid i s  improper, check the input oi the sivem 
ciiclllts. if the inp>t is proper the foult i s  in the these cir- 
cuits. i i  the input is improper the fault must be in the tria- 
;er ;ircults. :! tb:e impraper siqnoi e n m s  ontne center 
electrode of the CRT Andif the video sisnal on the displov 
is incorrect, check the input of the video amplii~er with an 
~scilloseopi.  li ti,: I:?.! :L p:agc: :h i  ! j i l t  is *itlur, the 
mom ampiliieT, **ir:Fu::z :r,;:s;e7 <-:c :,zd:t: , f iua;  
,m .""-. .. . . 
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obtained i s  dependmt upon: accelerotino mode voltone, 
distmce between the screen and k e  deflection coils, lenati 
of  L+e xa;re:i; tiel.', ;; h e  ;Senat') a: the n#o#mi.tic 
field. R e s r  defiicnoi- csi!; c;e cantsine2 ir. a mi.drting 
and caiied tie ieilecuor .isre. The posioon of the deflee- 
tion yoke, l i k ~  i r p  r~s~!!oc of tbe !CC:E CS:!, C C . ~  be ~5i!:?i 
don;; thc iiecl- of the i ~ b e  to vary tlw "~muuni u i  deiiection. 
The deflectior yoke can also be rctnt?? &out tk.e neck of 
the tube. 'his properh. ?ermlts he visual pattern or 
raster to be centered squarel;. on tt.e screen. 

Another clerent ~ s e d  on an electio~,a-metic CPT is 
called 67- ion tiaF it iemi,v.is u probie- fncr I: s~ccificsiiv 
peculiar to t+e elec!:oraz:et;c ZP7. ?<eaatrde lor5 exist _ .L_ ^Dm . . 
A,, -. , , GS G rr>u:t ,,; t.',te '~~~,;~>",c!!~e:!l "f +e reslcu"! 
gas or tube electrodes Sy tb,e emitted electrons. Tnis can- 
dlt,on 1s oi no corseo>:Pnce i n  on e l e c t r ~ s t c t : ~  CFT since 
electrostatic focl:sinl net,*:ork cro!ocus the !OIC 7!3~-7 
, ..L . L_  . I ~  

--- . 
)rill ,  rlls rlr-ii~::.. i:: !:ie tiec:10::~1qne1l~ L.-. ,, no:!e.'er, 
the qreater moss c! the ioc ore,re?.ts i?toper !xcuslr.o z9d 
deflection o! these ions. 7i-e result is 2 constant bombard- 
ment of the scrLen at one ;(lrtlc~:ili SPC!, Collslra !ne 
qrodual deterlaration of the phosphorescent mctericl at this 
point on2 o dark spot or tile scieec. T h e  are sever01 
types of ion traps tkot mav Se usel. One type consists of 
a modlfled e iectm~ elm nrr~nne-elf on: I: p e ~ s n c n t  Scr 
m,aqnetic grit which i s  slipped around the neck of the t>be 
close to the electron nun. Altho,rqh it is not shown in the 
illustration, the oun i s  lode to produce a bent electrostatic 
field that carries both ions and electrons tc,,~ard the nc- 
cel-sti:l c:̂ ?f. TIli ;3;-l;F ->;;-e: :j!+:ts :n:Y ij'" 
electrons in this corSined beas,. in such 3 way that they 
change tki :  2 i t i t ian  afmo!~ar 3nd retor. !v:.cr? 1% exis 
oxis o! tt.e tuce. I n  this manwr only t ie  electrons strike 
the screen, wbile the Ions strike the mode nnd are re 
moved. 

T~:= \,,$=s c! $c2z s!!< C::?d:tZ :;see .:;::s ::e e l ~ t r c ~  
moqnetlc CHI ore described ir  follo-;in? paraqrapis in 
this section. 

PLAN POSITION INDICATOR 

APPLICATION. 
The plon msltlon inc~cotor (or PPI] !vpe oi radar 

display isused .!te: it is ?esi:cd !c :rock o:iect; s n  c 
~ 0 O p o I o r  ma: :iv;n,7 roi:i sni cr;p.uti. Tii ,,,~>,-.,,. 
easily be crr:el:t~i ::it!-. 7 :cda i  >i:i;r, n91 i:ilj 
!'P t"::P! I.:t 3!tl pt.;:?~71 :E.C:":=~ (I! !!,= 2:;;: ;:i c,:;; 
zppwent. 

CHARACTERISTICS. 
Uses e!ec!rsz.;?r;c::c 3'. 
:.:oi use :otutl:,,. ur stctlar.arv deilecnan vone. 
?;I ('PT ,)S.$ b,"h nor;,ctl?nr. n k - c n h m r .  ,. ~. 
PPI :;tilizes irtensitv :.dl;!a!ior!. 
Ant~nnn irnd sweep tmce cre syzchrc:ized. 
Zer,te; ;f sv.,eep rzpr~smta ruior iocdtiur. 
&eep starts s! tt.e center ond ~ o v e s  rodicl!~ o\lt,::n:?. 

0967-0000120 CRT CIRCUITS 

Anqle of taraetfrom headina represents becrinc of 
tarqef. 

Distance of tarqet from center of sweep represents 
ranqe of target, 

CiRCUIT ANALYSIS. 
Canerol. The plon position indicator i s  tvpe of 

radar disolav -which utlllzes an electroma:retic CRT. . . 
A hiqh persistence phosphorescent material is used on 
the face of the CFT, -which pernits the ;low produced 
by the electron bonbardment to renzin :or o relative!'? 
lonq period of time. Sionols reilected from tarqets are 
taken fro- tt,e rndar receisei an? noplied to tile control ,,' -. ,L- .... -D- -. . . , ,.:- .., ):-.,, ...... ,lnc m i  i z p l ; i r l n ~  i ~ ; ~ i t > ,  

durina the sweep t n e  of the km.  intensitv modulotioc 
of the electroc kern occxs in accoiinrc? .:I" tinn_mpli- 
tude of the received ecl:oes, which p r n d \ ~ c ~  carresooneln~ 
briqht portions on the screen. 

The distance inot the brlq'hteoed pzrflon of the trace 
is from the oriqln of the siweep, is tt:e roncle o! t ie  tme t .  
The anqle thcrt ismade by the b;~ot.ter.ed pcrtior of the 
trace with respect to the zero deqree ra?ius o! the svecr: 
constitutes the bearinq (or azimsth) of the tarrlet. This hip? 
oi displw; also permits an opetotar to ioco t~  r torlet v;iti, 
respect to the position of physical ieotures of an area, 
which are shown on thedisplay in the !or- of o polar mop. 

The rotatinq sweep which ct.aractetizez the polar mop 
display i s  produced by o maqnetlc deflection field rotatina - 
i c o t  . t i e n ,  ;:is mcv k 
accomplished cy a mechas?col azim'~!h s>ieep (rotatinn de- 
flection yoke) ar electricc! azimuth sweep istationmv 
deflection yoke). 

A pictorial reprcser!o!:on o! 3 t ~ o i ~ 0 1  PP! lisplav is 
shoirn in the followinq i:l;lstratlon. 

\ 
BEARING 

POSITION 

'-. 

Typical ?PI Display 
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LIMIT LEVEL 

Simple PPI-kmn Block Diasram 

Circuit Opsration. The circuits used in  the discussion 
jf circuit operollon me typical circuits used in PPI dis- 
play ., but do not represent evew circuit that could be 
used in PPI displays. A block dioqran of o simple PPI 
display is shown in the occomponyina illustration with 
correspndinq waveforms. An odvsis will be mode of the 
operation of each representative circuit correspondinq to 
the block dioqram. 

The timer triqqer 1s a neoative pulse obtoined from 
the timing circuits, and used to actuote the start-stoa 
multivibrator. The rnultivibrotor produces neqative aate 
sionals which are aaplie6 to the sweeo oenerotor ond the 
marker qenerator, and a positive sate siqnal ,which i s  ow 
plied as an unblonkins qate to the control qrid of the CRT. 
A typical start-stop multivibrotor i s  shon,n i n  the accompa- 
nying illustrotion. Resistors R l  and R 2  are qiid bias r e  
sistors lor triodes V l  and V2, respectively. Resistors R3 
and R4 are theplate resistors for V 1  and V2, respectively. 
Capacitor C l  couples the qrid of V i  to the plate of V 2  
Copocitor C2 couples the orid of V2 to the plote of V1. 

Normally, triode Vl is conductina Sue to the positive 
bias opplied on the mid of V 1. At the s o l e  time, triode 
V2 is normally cut off due to the flxed neaotive bias ao- 
plied to the srld o! V2.  A negative pulse oppiied to the 
grid of V l  reduces the conductlor of VI, causlno the plate 
voltage to increase. R e  positive plote .~oltaqe swinq of 
Vl drives the 3rd of V2 into cond,~ctlon, thereby decreosino 
the plate voltaqe of V2 I"h1s decrease !Neoctive swinal 
in the plate voitoae oi V2 i s  ied back to the arid of V 1  and 
drives V i  into cutofi. The circuit now rests ir, the op~as i t e  
condition with V2conduct1n~ heavily and Vl cut off. 
b r i n g  this period the flot portion oi the output pulse is 
generated. Since capacitor C l  is connected to the positive 
supply through Rl,  it eventually develops o positive charae 

which i s  sufficient to brinq the qrid of V l  above cutoff. 
Once aqain Vl conducts and the neoative plate swinq is 
coupled to the arid of V 2  throuqh C2, drivino V2 towards 

as its plote voltorre rises. Eventuolly. V i  isbrouqht to 
the state of mawmum conduction and V2 is brouqht to 

I cutoff and producinq the traifina edae of the square wave 

cutoff, where the circuit stablizes due to the positive 
biasinq voltoqe on the orid of V1 and the hiah neoative 
bias voltase on the zrld of  Vi .  Another neqative pulse 
must be applied to the arid of Vl in order to chanae the 
conduction states of V i  and VZ. 

From the description of the circuit operation of the 
start-stop multivibrator it can be seen that with the wpli- 
cation of one nesctive timer pulse to the innut, one neoa- 
tive rectanqular pulse i s  obtained ot the plate of V2. This 
neqatlve rectanqulcr pulse is used to operote the sweep 
qenerotor and the marker senerotor. At the same time, a 
positive rectanqulor pulse is taken iron theplate of V 1  
and i s  applied to the control qrid of the cathode ray tutx 
for unblankinq use. 

The typical sweea aenerator, which receives the neaw 
tive rectonqular pulse from the start-stop multivibrator. 
produces a trapezoidal sweep. Tne iollou,inq schematic 
is that of o typical sweep zenerotor circuit. T$e neoative 8 

rectanqulor pulse 1s opplled to tne arld of triode V1, which I 

acts a s  a hiqh speed su:itcb.. Resistor Rl  i s  theplote 1 
resistor of Vl.  Rl i s  also part oi an r-c network, which ,' 
determines the amplitude of the leadino edae and the slope ! 

of the tropezoidal waveform, wb.en V l  is cutoff. Resistor 
R 2  is also port of the r-c network when V I  i s  cutoff. Its 
value also affects the amplitude of the leadin.: edse of the 
tropezodial waveform. Capacitor C1 is the capacitive part 
of the I-c network. Its value affects the slope of the 
tropezoidaf waveform. 
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TIMER 
TRIGGER 

-TO CONTROL G R I D  
OF CRT 

Start-Stop Multiribrotor 

CUTOFF 

Sweep Generator 

1 ,  hhen no rect.;lu;lcr pulse is opolied to ti:e :nal;t, 
tiode 111 cor.ductik,- =ffectii,l. .'. .-ti-- 4 7  -2 

b , -.,"..,..," . ,*  W." 

Ci. As the neqatlve rectonqular input pulse is applied to 
the qrid of V 1 ,  ronductinr c! V l  ceases an6 the n!cte 
voltoqe rl-as tn!rqr.is ti.? c8lppl.), I IC!UP 2ererctin the !PC?- 
inq edje of the trapezoi2al weep  waveform. ' h e  c~ t t inn  
off of i'i acts llkr oprninj o swltci!, an6 causes capocltor 
C l  ond rcslstni 37 tr hP hm~!-ht i r tn  rjrrl,!! ictimm. A,- 
equivalent circuit wit!: correspondina w3veforms is shown 
in t h e  nrcnmnnniiinn ;ll,,a,m,inn fnr 0n.a n i  .l.An.rr^*;li^- -.. .-.-...r-..,...~ ...u-..u..-...-. -"-- -. .,,u. 

Capacitor C i  ii,oiqes up to torrmds tile value o! the piotr 
supply voltaqettrouqi reslstcrs R1 ord Ti ot a rate de- 

pendent on the producr of C l  times the sum of 31 and 0 2  
The output i s  taken across capacitor C1 ond resistor R2. 
n u s ,  a s  c q c i t o r  C l  charqes, the voltaqe drop across Ri 
appears at the output. ?ne output voltaqe Increases toward 
the plote wltoqe mpph at the chan:lnq rote of cupacitor 
CI until the end of the neaatlve rectanqular input pulse 
Irr,.rr ----.-. ... A +  +LC- ...... +:-" ....... +L" .... ..nc:*:.,n .-- ...., , .-:I:-- ,.,,,..,., -2- ,,,c A.< , ,..,, .,*- 'J! 
into conducrian, removinq capacitor Z i  and resisror R2 
from the circ-it nction by ef!ectively c!asinq :he triode 
switch shawn in the illustration of the eq~ivolent circuit 
of the sweep qenerator. The ci rc~i t  rernoins in this state 
until the nea  nwative rectanqular pulse 1s applied to the 
input. The resultort outp.: .rovefor- is 3 trcpezoidol 
pulse for every neq:ti.$e rectmn~lar pulse cppliei to the 
input. 

TOTAL 

Epuivolent Trapezoid~l Sweep Generator Circuit 

The trapezoid01 pulse i s  app!!ed to o sweep a-p!i- 
fier where it is m.plified before kip: opplied to the sweep 
coil circuit. A tvpiccl sweep omplifie: is shown in the 
x-o-pary."" ." ..-.. - ... . ..." . I I U a L L ~ t i ~ n .  Capoiii~r C i  is c c o ~ ~ l i n ~  
capacitor and the qrid of V l  i s  ret'med to nmnd throuqh 
qiid resistor RI. Cothoce bias is o~ovided hy resistor R2 
and P2 is b/possed by capocitc: C2 n prevc;.: ~ c i :  d r  
qenerative effect. 'Jacuum tdbe Vi i s  3 bear. paher tube, 
used because o! i ts  hiqh pwe: sensitlvitv. Power ompli- 
fication is re~llirpii  to ~rovldr  s i ~ i i ~ - ~ - n t  rllrioqt t, t i -  ?E- 

flection coils. The coils moy reqture frnr 5C to 100 milli- 
n p e r e s  of current !c: raxi:~r &!!e::ion. :n+~itor.ce L: . : .  I .  1 
" L A Y  I L ~ I ~ L Y I I I I  1 l i  LY. p , ? a c  L lc  irllr: ,113. . I . , !  ,!r-I! ',C! ns 
the plate loi? hr  t le  -;.eep c.5!!fier. T t e o u t p ~ t  wave- 
torn. gt tbeplnte n i  :'i, !: !i::e;oidri!. >.s !!,is ,:;r",ef~r;, 
Is appiled to the 3uflec:ion cell, it becones resolved to o 
sawtooth wm~form orrnsr the m i - t ~ c e  ?! the coi!, z d  -7 

sauore waveformocr~cc the i~d,,-.ln-". ?I" - : ~ ! r r p  . ~ . . c  

across the inductance prcduces 3 sw;tr^r^tL .. .ceo ccrent 
due to cuiient logqinq virlt*<t in dl. 1ti2~ctonce. (For rle 

toiled iniomation or n m n l ~ i ~ e r  r ~ r r t ~ t c  rafnr 1- cnrt:n.l 6 

o! thls Liondbook). 
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GENERATOR 

- - 0 - 
Ebb 

Sweep Amplifier 

Ti.e PPI sweep storts at the center of the CRT, and 
moves radially out'jwxd to the periphew of tb.e CRT. The 
sweep trace positlon i s  mode to indicate torqet bearinq (or 
azimuth) by rotatinq it in synchrcniration with ar.tenna ro- 
tation. This con be occomplished by any of several methods 
in two generol coteqories. The first cateqory uses a 
mechonical azimuth sweep, which provides a means of . . 
physically rotatinq the deflection yoke in synchronization 
with the ontenna. This may be accompl~shed by usinq 
synchronous motors connected to the some power supply 
which drives the antenna and the deflection yoke: or it 
m a y  be occomplisb.ed by usinq electromechanicol repeaters 

to provide proper synchronization. The accomponyinq fiq- 
ure illustrates how deflection i s  produced at the cathode 
ray tube. 

The second method i s  to use on electric01 azimuth 
sweep which uses b stationary deflection yoke. The 
mplitudes of the sawtooth sweep currents are varied 
sinusoidally, from zero to mcxirrun, correspondinq to the 
rotation of the antenna. Furthermore, there is a 90°phose 
difference betweer tb.e amplitude variations of the. hori- 
zontal and vertical sowtooth wovefarms. The sinusoidal 
voriotion i s  such that ot maximum orrplitude of the verticol 
sawtooth siqnal, the sweep will extend from the center of 
the CRT to the top of the CRT, or the moximum vertical 
position, whict, usually represents north. " l e  amplitude 
of the horizontal deflection sawtwth v:oveform is zero, at 
this time. nus, the w e e p  does not extend in the hori- 
zontal direction at 011. If the sweep were to represent 
East, or 90" cost of the directior of trzvel, the horizontol 

Mechanical Azimuth Sweep 

deflection sawtooth mplitllde would be maximum and the 
vertical deflection sowtooth omplitude vould be mininum, 
or zero. Once the sweep trcvels kyond Eost, or 90° east 
of the direction of travel, the omplitude of the vertical sow- 
tooth becomes neqotive; and, once the sweep travels be- 
yond South, or 1800 from tb.e direction of travel, the hori- 
zontal sawtooth amplitude becomes neqative also. The 
occomponyinq fiquie shows the deflection coil currents for 
electrical azimuth sweep. 

HORIZONTAL 

I I I 

I 
VERTICAL I 

DEFLECTION 
CURRENT 

I I 

I 
0. 

I 
90' 

I REVOLUTION OF ANTENNA 4 
Deflection bil Currents far Electrical 

Azimuth Sweep 

In order to obtain two sinusoidallv varvino sawtooth 
waveforms, havino a 90° pi.ase difference, o rotary trans- 
former i s  used. This transformer resembles o small electric 
motor ond hos two secondary wlndinqs, which ore mounted 
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at right onqles to each other in the stator housinq. The 
primow is mounted on the rotor,.which is driven by the io- 
totins ontenna A trapezoidal-wove senerotor i s  mnnected 
to the primw windinq by meons of slip r i n ~ s .  As the mtci 
i s  turned, the voltaae obtained from either secnndmy .:a:ie;. 
Maximum wltaqe i s  obtained from one secondmv when 
zern voltage is obtained from the ether. The transformer 
i s  so construcred that the amplitude of the outpu! ~.o!:oae 
varies sinusoidolly with the rotor anqle. The amplitudes 
of the trapemidol output voltaqes, then, vmy sinusoidally, 
and ore 90° apart in phose. Tne trapezoidal output voltaoes 
are applied to separate power amplifiers. The required saw- 
tmth sweep currents are obtained ot the output of t5,e 
p w a  amplifiers. Sweep clampeis ore usua!ly used to 
keep the reference level constant, rind rc7isz r:c:.; ;,se, 
to start ct !he scmc p i i d  on tne ,;El. 

It wos mentioned previoasly that the start-stop multi- 
vibrator has on output applied to the control qrid of the 
CR? and to themarker oeoerntor, ns we!! 2: :O :he SV$~CI ,  

generator. A pasitive qote produced by the multivibrotor 
i s  opplied to the CRT control qrid. Tnis positive pulse 
inaeases the electron flow between the cothode ond the 
[ace of the CRT, ondpermits the intensity of the trace to 
Lnaeasedurina the period that the timina pulse i s  applied. 
This i s  in reality an unblankinq qote nhich permits the 
CRT to be operoted at the desired tima 

The neqatlve rectanqulor pulse applied to the marker 
aenerotor from the stort-stop multivibrotor i s  used to t r i r  
ger the production of ranqe marks on thescreen of the CRT. 
These range marks provide a means of determininq repre- 
sentotive dstarrces of rorqets tramthe oriqir. P. t'ipiccl 
ranqe marker qenerotoi i s  shown in the occom~anyina 
illustrotion. It is comprised of fo,>r triodes, the first of 
which (Vl) acts a s  a switch for triodes V2 ond V3, which 
con only conduct when V l  i s  cutoff. Triodes V 2  and V3 
form a complete path for the series resonant circuit L1 C3, 
or L2 C4, which determines the irewuencu of h e  rac3e mcfk 
pulses. Tmnsformer T! diffeirrltiotes the output waveform 
of V3 More  beinq applied to V4, which serves a s  a cathode 
folloiver output stage. Capacitor C i  i s  an input couplinq 
copociror, and resistor Rl  establishes contoct bias for V1. 
Resistor R2 i s  a plate voltoqe dmopinq resistor to provide 
V l  with o lower wtenticl than the alate voltaoe volur of 
V 2  Resistor R4 i s  a common plot; load resistor for 
triodes V1  ond V2. Resistor R3 places the ccthode of V? 
at o less psit ive potentiol than the c m h d e  of I!?, R e  
s!stoi R5 holds 'LC 312 it VZ ot oppronmately z~ : i  5 . i ~ .  
Resistor F!6 serves ;s i riturih ti, srmnd !or t ! ~  711: C! ?'2, 
and ccpsc:Cr L'2 ;l.ccs kc 2i.y 01 Y L  3 :  on ;-c qrouc.i 
potential. Resistor R7 places V.e cathode of Vi at so-. 
I.. , 
I-.- :uz:c,:c;;:a>t,; 5.w. u.r  carnoae o! V3. Reslctnr 
'i@ ., bar: o: o cotm,oae 310s voltace divider on tqc ccihode 
of  V3. R e  ?i:.:h mi,;iat, i,i i3. ?7 x.2 He whish piaces 
different fire.' bass;. :',c w!i.o;cs o i  V1. V i ,  apd V? r e  

s p i i i i v r i y .  'Tne primary of T1 serves os c p!c:c !cod for 
tdode V3. Copccitar C5 couples the diiferentint~d urnv<!c:.- 
io h e  mla ot :ne cathode follnw~r, V4. 'icsistcrs R:l arii 
14 ploce the ?rid of V4 c! s2:c L:ghi., neqotlve oote~ual.  
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Resistor RlO provides n i - c  : e tw  to wour!d for trlode V4 
and together with R11 fotms a bias voltoqe divider between 
the negative supply an2 ground. Qeslstor R12 !s the cathode 
resistor oi '14 and serves tc r;atm. tqe output o i  the ca'hodc 
foiiower. 

Prlor to the application of the s\weep stortina oulsp 
4.-- . 
.,ULL, \he stan-stop multi-ibtotor, the triode I!! : s  mnd-c- 
ling, which keeps the plote voltage ot o law value. This 
luw voltoqe prevents the plate voltme of \12 iron beinn 
h i ~ h n  than the arid voltacle of V 2  This low plote voltoae 
of V l  also causes the potentiol ot the ?rid of V3 to be 
less positive than the cothale and o! suff~c?ent nmative 
value to cutoff the tube. :hr  'V?cn!ot! ro o*~tput i i x a l  i s  
developed. 

We.? tk.e :ijc:i~z s ~ t e p  scar1 wise is amlied to 
capacitor el, triode V i is amif. .::ii:i :jj,es tile plate 
voltcie of V i  to increase, 2nd :?.e ~ioltcne an the plate of 
V2 to inirizse, tr;? r-rF9 +:,-F. c.l,,;e- ~ ..-- +r.- ,,,- ..;: ,.,L ..-,. .u,L- 

age 01  V? to iccreose. 21ti> t:le incrrosed qnd voltare, 
'!3 conducts completlnr; the circuit containing triode V3. 
the series resanao: circuit of L 1 7 3  or L2 C4, triode VZ, 
and the primcry ci Ti .  :: pdse type ~sicueform i s  produced 
by this circuit with o freqoency dependent on tt.e volje a f  
theresanantcircuit. Tnewaveiorm is applied to transformer 
T-l,where i: i s  diffcrrntinted by t te in?uitance in conjunc- 
tion with the resistance 01 the primary before beins coup 
led to the secondary o! Ti. From the secondow of TI, 
the differentiated pulses cre applied to tk,e qrid of cathode 
follower (V4)  throlqt. copacitor C5, ::hlch blocks out any 
d-c rnmyne~t .  Thi o :tp;: is ohtsineil tram mthndc: r e  
sistor Z l i .  Ihis  outps! is rot or,ly deciecsed in m d i -  
tude and in phose with tl:e coplieri pls!$ec, k:t it ic z!:o 
limlted to pasitive pc!ses ?,y the k:.7L ,-e.:nt!ve b i 3 ~  on 
the qrid of Vl. R e s e  p;;ti.de p ~ l s e s  -re then oppl:c? to 
the cont:ol qrid of the 17P.T to innease the intensltv of the 
trace at tbe point #here the TT?? -arke: :in:: ,irr  in (12~2:. - 

lne vii.m '!^nc! is c j~ l ; i i :  tu u hose6 Y ~ C ~ C  l!rlter, 
where the sional i s  moi'e to -!cry : h e  a specific level. 
so ho t  the sign01 will not become so  neqative a s  to 
cause bloominn on tile screen. A schemotir o! the video 
limiter 1s shc:;n ir  t!~e acconporyino ill:.itmt!or. Tkc 
limiter consists of ocly thrp- corpncots:  resistor E l ,  
2 x 2  tc ::GP ! I t  u[:yi~ro .;c!ta?c -hen diode L'l, rh,e 
second component, is cond~ctinn, and ,voltc?r scurci Ecc, 
the third ccmwnent, iusei to ?st>hlisi. the !iri:ing !we:. 

:,:;<+ ;, ,! ,.... : ., .. . .~ . -l,..u.. ~ . . ~ i e  ail: w n? 51117! ~..tpit .  
'h'he.~ a ?ns:ti::e s!:::;I i: ~j;Lr,  i .  .;i:l o~celr It 
outnut ,!-nii--!:i i.. :'.L ::-;;.i, .li-,;e 3-7 1 1 ~  .:;ito.?t 
source Ecc, since :be nor,co:~2~ctlnz diode -1cts 0- on ow-  

, . I .  E,!i.r z; ::,; ;, ;o:nq rma t~ve ,  tho 

siqn:! A;:: :er:a.:; :1::3:rerthc; S ~ T . C P  t5e ne,,at:\,e .:cltcce 
on t!~?pl"!.e c! ':l 1" ,::rn:er :~, ,:r! 1k.e 2;:I:e: r ~ ~ ~ ! i ~ . e  bLfx-  
nol, tb.ereb! mci-t?i:?r.; ':: j:. tI.e i i a i r c ~ i i l ~ ~ t ~ n ~  s!?te. 
111L". .L ur= alqrlui r;ecomes as nennti.ve as Ecc, "1 beoini 
mnductinq, orl6 ihe output 1s now Ecc. Even when !hs 
iripui 'becones more neaotive, f h ?  0utp~:t  ti!! iemoiis at 
the value oi tt>e sour.? ,vol!oqe Ecc Tte outpit wl tme 

. . will vary os tk,e inciit s!:?c! zn!.: :hi;, t k , i  if:y:r sq?.z! 
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INPUT OUTPUT 

EccT + 
d 

Video Limiter 

becomes more positive than Ecc. 
The output voltaqe of the video limiter is applied to 

a videa amplifier, or several video amplifiers, where the 
voltoqe is increased in win before beinq applied to the 
cathode of the CRT. A typical video mnplilier is shown in 
the a~mmpanyinq illustration. Resistor Rl  is the qrid leak 

resistor, md resistor R2 i s  the cothode b ~ a s  resistor, 
which, along with R1, establishes the total qrid bias. R 2  
is mode variable to requlate the win of the amplifier. 
&wci t~r  C2 i s  the cathode bypass capocitor, which by- 
passes the as siqnal to qround and prevents deoeneration. 
R4 is the screen qrid droppinq resistor, and copacit01 Cl 
is thescreen slid bypass copacitor. ' h e  load consists of 
resistor R5, md resistor R6; however, at hiqh frequencies 

the bypasses R6 thmuqh capacitor C4 Ca~acitor 
CS i s  the coupling capacitor to the followins staoe. 

INPUT ill 

- - - 
Video Amplifier 

22-24 CHANGE 2 
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Up to this point, the components which were discussed 
muld form a common amplifier. ?he remaininq components 
add to the previously discussed components to form the 
videa amplifier. Inductance L1 i s  a series peakinq mil.  
which f?mctione ~s a series filter for pas sic^ require: 
frequencies. It also isolotes circuits precedinq it from 
circuits follow~nn it. Resistor '33 lids L1 b; exten&:?,: 
the effects of L! nnd bro~deniilq the O i i i ~ i ~ ~ i r r i s r i c s .  
Inductance L2 is a shunt pwkinq coil, which forms s 
parallel resonant clrc?l!i with the distributed copocitance 
(C3) and provides a high impedance for the siqnal. Capaci- 
tance C6 i s  the interelectrode md distributed copocities 
of the followinq staqe. :'oculim t u b  '?I i s  o pentode. 

The neqative siqnol cominq from the video limiter i s  
--,;&4 A;.-".,.. ." .,. .~.:J .: .L -rr..-.. ." .,,c ,4ilu uac i u k  Y i ,  decreasinq t n ~  
conduction of V1 and varying it in accordance with the 
signal vaiation, and at the same time establishinq a bias 
level through resistors Rl  and R2 7he variation in con- 
duction rate of V! produces an opoositely varyma plate . . 
output voltoqe, which is developed across resistors R5 and 
R6. The hiqher frequencies of the siqnal, which would 
normdly te lost or distorted by distributed capacitance 
(C3) and the interelectrode copocity, are possed undis- 
totted by means of the s n i e s  peokinq (Ll) and shunt 
&inq coils (Li) inserted in the amplifier. These coils 
fam resmmt circuits with the effective capacities, per- 
mininu the higher frequency siqnals to k passed easily 
to the output and preventinq these frequencies from k inq  
shunted to ground. (For a more detailed discussion of 
video amolifiers refer to section 6 of this handbonk.1 Oce 
or sever.' video mplifiers mm k ased to provide the 
desired amplitude of output sianal. 

FAILURE ANALYSIS. 
Start-Stop Multivibrator. 
No Output. Since the stort-stop multivibrator is re- 

sponsihle for producin~ syr.cbzonized sweep, ronqe markers. 
and intensified troce durinq the time that information i s  to 
he presented, o defect in this circuit will affect each of 
these areas. If no output omurs it will be difficult to 
lomlize the trouble, since no spot will appear onthe CRT. 
This effect can also be caused by the sweep oenerotor or 
sweep amplifier havino no outpjut. 

The nwutput condition, in the start-stoo multivib~ator, 
may be due to lack of siqno! or lack of plate suppiy voltaqe. 
! h c k  t?,e siqns: wit\$ un osciiioscooe 03. <?,e :nmt zf the 
multivibratoi. Check the plote supply voltaae with c .volt- 
meter. If the n o m t p t  condium exists and the r~  i3 h e  
s u ~ u i v  voltaae, the condition mav be due to a combinotlon .. . - .  
of faulty components. I! resistors P.3 md 34 were b& 
open, or if triodes Vl md V2 we:. 50% iefec';ve, :if ni. 
a r t p ~ t  condition would occur. Measure the resistors on il 
ohmmeter. If the condition stili exlsts, triodes V1 and '$2 
are protubly defective. 

Lox or Distorted Output.  Ii 2 1s;: or distorted output 
CCDJIS in t".e -to::-stop muki ibrat~i ,  i t  becomes lrlurr 

apparent that the trouble is in this staqe, rather than tile 
sweep generator or !L.e s.-.e?p n:lplifiei, s ix .  eccl. ore a! 
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the three opplicot~ans of them~~ltivibraror will show the 
effect of the trouble. 

The low or distorted output may be due to any of the 
following mmponent failures: Shortd or open plate lood 
resistor 83, shorted or open plate load resistor R4, shorted 
or open bias resistor 91, shorted or open blas resistor R2, 
sbofiited 01 open copacirars C i  or Ci, lmproper plate supply 
voltaqe, defective triode V1, defective triode V2, or im- 
proper input siqnol. 

To determine which of these component failures is 
responsible for the condition, make the followinq checks: 
measure the input siqnal with an oscilloscope; measure 
the plate supply voltage with a voltmeter, a d  
adjust the supply for the proper voltaqe; measure the re- 
sistors wivl w ohmmeter to Se cenair. that they are 0: 
the paper ohmic Value and within tolerance: and measure 
the capxitors with an incircuit capacitor checker. If 
these camirnents have been checked and the mndi tm 
still exists, triodes VI and V2 are probably a t  fault. 

Trapezoidal Sweep Generator. 
No Output.  If no output i s  obtained at the output 

terminals of the sweep qenerator, no sweep i s  produce5 
and the cathode ray t u k  will indicate only a sinqle spat 
at the origin of the sweep. 

A no-output cundition may be due to anv of the f o l l n w i ~ ~  
circuit foilures: no plote supply voltaqe, open resistor R1, 
open capacitor C1, or open resistor R2 To determine which 
of these is responsible for the nc-output condition, first 
check the input siqnol with an oscillosmpe. Check the 
plate supply wltaqe with. c voltvete:, and adj;st the %pp:i 
voltage to the proper voltage wiue. Check resistors R l  
a td  R2 w~th M ohmmeter, and check capacitor C l  with on 
in-zircuit c a p x i t n  checker. 

Lor or Distorted Output.  If a low or distorted output 
is obtained at theoutput terminals of the s w e q  qenerator, 
md the proper input siqnal i s  applicd, the fault may be due 
to any of the same component failures thot occur in the 
nwutput condition, plus the possibility of a defective 
triode. V1. ?he same checks apply in the low or distorted 
output condition a s  in the nwutput condition. if these 
checks do not locate the troubie, triode V1 i s  protubly 
defective. 

Sweep .Amplifier. 
No Ovtpu1. If no o u t p ~ t  i s  obtained ot the output 

terminals of the sweep onplifier, no deflect~on wlli be 
produced and rhe rroce will be :n !hp !or- of 7 rinqle do! 
at the oiiqin of the sweep. 

4 noatput  condition mo" be due trl or.,: ci tic il!- 
lowing circuit lailwes: open capacitor C1, no plate supply 
voltage, no mput siqnal, or 3 defectiv~ triode, V1. 

.. . '7. dele-::e wLici. ;! t:i.se ~cilurrs is reswnsioit 
:or the no-output condition, use he  fclloirlr7 checks: 
measure tne Input slqnol w~th on oscilloscope; meilsure 
the plate s-pply -vc!!c;c ,.with a u;!:ne:si, md uJjuai &E 
source if it is the cause of the condition: measure comcitor 
C! wi.L. .- ... ̂  - - - -  . . ~  .... L a - A ~ i l i ~  LUWL~U chrcker. ii inese checks ao 
not lcsate the troibie, trlcde Vi is probably defective. 
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L o w  ot O i r ~ r t e d  Output. A low or dlstorted O U ~ P U ~  

moy be due to any of the follawiq nrcuit failures: 
shorted copacitor Cl,  shorted or open resistor R1, shorted 
or own resistor R2, o shorted or open copacitor C2, low 
platk supply voltaqe, or o defective triode, V1. 

Tn determine ,which of the circuit elements is reswn- 
sible for this condition, moke the fallowins checks: 
measure copacitors C l  ond C2 with on lncircuit cwoci- 
tor checker; measure the valces oi resistors R1 and R2 on 
on ohmmeter; measure the plate supply voltaqe source with o 
voltmeter, and odjust the souice to the poper piote supply 
voltage. If these checks do not lead to the defective part, 
t r i d e  V1 i s  probably defective. 

Ronqe Marker Generator. 
NO output. A no-utout condition in the ranae marker 

generotor will result in no ronae markers beinq produced 
on theface of the CUT. This condition may be due to any 
of the followina circuit failures: no plate supplv voltoqe. ~~. 
defective triode VZ, defective triode V3, open or shorted 
tonsformer T I ,  ooen inductors L l  or L2, open capacitors 

~ ~ . . ~. 
C2 or C4, open capacitor C5, open or shorted resistor 
R12, or defective triode V 4  

To determine which of these components is ot fault. 
make the followinq checks: measure for oossible defec- 
tive resistors with an ohmmeter: check the applicable 
capxitors with an insircuit capacitor checker; check the 
ohmic values of inductors L1, U ,  and the primary and 
secondary windings of transformer T1. Check the plote 
supply voltage with a voltmeter, and adjust the plote supply 
voltage if it i s  not the proper voltage. If the nwutput 
ccndition still exists after all other checks have bem 
mode, trlodes V2, V3, and V4, and proballv defective. 

L e w  o, Distorted Output. Low or distorted ou t~u t  mw 
result in improperly situated ronqe norks on the screen 
of the CRT. This condition mav be due to onv of the 
followinq circu~t failures, providinq the uroper inDut 
signal i s  aplied: improper plote supply voltaqe, shorted 
capacitor C1, shorted copocitor C2, shorted capacitors 
C3 or C4. shorted capacitor C5, shorted inductors L1 or 
LZ, shorted or open transformer TI, shorted or open re- 
sistors R1. R2. R3. R4. R5. R6, Kl, F8, R9. RIO, or Rll:  . . .  
or defective triodes ~1 ~ 2 ;  ~ 3 ;  or ~ 4 .  

To determine which of the components i s  responsible 
for the condition, make the followinq checks: check the 
applicable capocitors with on iniircuit copacitor checker; 
check opplicable resistors with an ohmmeter; check in- 
ductors and Vonsformer windinqs with an ohmmeter; Check 
the plate supply voltage with o voltmeter, and adjust the 
supply if the voltoqe i s  not the correct value. If the low or 
distorted output still exists after checking and correctinq 
my of the possible faegoinq failures, the tubes ore 
mohblv ot foult. 

Video Lmiter. 
Since the video Iimiter i s  mmpsed  of three comM 

nents the failure analysis may be simplified. 
No Output. In order to have a noilutput mndition, on 

open resistor R1, an open bias supply voltoqe Ecc, or a 
defective diode V l  would have to exist. This noa tpu t  
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mndition would result i n  no indication of the tarqet os 
well a s  no indication of the oreo beinq scanned. 

To determine which of the three compnents i s  respon- 
sible for the no-output condition, measure the bias supply 
voltage with a voltmeter and odjust it if it is not the 
correct value; measure resistor R1 and check V1. 

L o w  or oi=tortcd Output. A low or distorted ostput 
would result if 0n.y one of the some three components is 
defective. Use the some checks to determine which of the 
components i s  responsible for the low or distorted output 
condition. 

Video Amplifier. 
No Output. A nooutput condition in the video mpli- 

fier would result in no visual representation of the taraet 
or sconned orw. This condition may be due to absence of 
signal, absence of plate supply voltoqe, open resistor R6. 
open resistor R5, open inductor L2, sb.orted copucitor C4, 
open capacitor C5, or o defective pentode V L 

To determine which of these components is 6efective 
make the following checks: measure the input signal with 
an oscilloscope; check the plote supply voltaqe source 
with a voltmeter and adjust the source to the proper value, 
if i t  i s  not the proper voltage, check resistors R5 and R6 
with an ohmmeter; check inductor L2 with an ohmmeter, an 
check copacitors C5 and C4 with an incircuit copacitor 
checker. If the n m t p u t  condition still exists after these 
d e c k s  and corrections hove been mode, pentode V1 i s  
probably a t  fault. 

LOW or ~ ; s t o r t e d  Ournut. A low or distorted output 
may be caused hy any one of the actual circuit components 
being defective, or on Improper Input siqnal. 

To determine which component 1s ot fault, use the 
followinq procedores: check the input siqnal with an 
oscilloscope, c h e d  tile plzts volto~e sbpply with 0 volt- 
meter and odjust the supply voltoge to the correct value, 
if it is not ot the correct value. Check all resistors with 
an ohmmeter and check the ohmic volues of inductors L1 
and L2 with an ohmmeter. Check capacitors with an in- 
circuit copacitor checker. If oil of these checks do not 
locate the defective component, pentode V1 is probably a t  
fault. 

OTHER TYPES OF ELECTROMAGNETIC SCANS. 

APPLICATION. 
Of the remaininq types of eiectromoonetic scans three 

general types are probahly encountered more often thon 
any others. n e s e  scans are the spiral, the RHI, and 
TV scans. The spiral scar is :~suclIv used ior ronqe 
measurements where it prov~des a much longer time h s e  
thon is available for circ~~lor or linear scans. The RHI 
scon is used -,;here it is desired to deteiwne the range on 
target height os a specicl rador presentation, and the 
television (TV) scan is used to reprodcce scenes or 
imoqes. 

CHANGE 2 
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CHARACTERISTICS. 
A Ion4 persistence type o! CRT is used with the RHI 

and spiral scans, while a mediux persistence CPT is 
used with the TV scan to prevent blurrlnq of themovins 
images. 

In the RHI scon the horizontol hose line 11,~oys indi- 
cotes range, .~ ' l l le  1k.e t.eiqht i s  indicated vertically. - 

Ihe splrai scan raw sta:t at the center of the CRT 
and rotate spirally outwmd, or start of t i e  periphev of 
the t u k  ond rotate soirallv iri.l.016 to the center. deoendino . . 
upon desiqn. 

The TV scon uses a two field, odd-lice interlaced 
scan operatins at 33 frames verticalh per second, and 
525 lines horizontally, i o  sweep fieqaency o f  15750 Hz).  

Scanninq ko ins  at tap left of the CRT cnd travrlc in 
.L ,,,e right an2 iciu8.. 

Eochfrorne coficictc of 525 i??i,;iduo! hori:.;rtz! 
scannlr!.: llnes w::lch mcve !:am tap t3 btttim. 

CIRCUIT ANALYSIS. 
Genera!. Tie  spircl scan. the DHI scon, and the TV 

sconme all pradl~ced bv means ai un electromoonetic de- 
flection systen; i!c,re,;er, eccil n W  be pradced bv;n 
electrostatic deflectian systen !oi special applications. 
The spiral and thc PHI scnnr i r e  similar in circuitw acd . . i n  operation r,, rrev?nus!l; ze.ticne6 '?ET s:cnz. Ttc i'l 
scan is snique 1.i corpcrrson to these scons, since, this 
type of scan produces o deto~led reproduction of a specific 
scene or imaqe. 

An RHI scan is similor to an off-center PPI scan. 
hui !,. .,a. ~ ; n  ole~zUrian cr ke~aht irclcat~on in place oi what 

wouid normally Sethe azimuth or bearino ~ndicotion, a s  
shown i n  theoccom~anvina illustration. 

TARGET 
INDICATION - 

MOVABLE 
\, 10K' ?OH1 30M: " i l G n T  

\ , L ~ N P  

Range Height Indicator Scan 

The octuo' reorssri:tat?u!. .,i tile i r . :  -- 0:. !.'. . '- ~ 

originates ;t Le 1 '-" ' 2 -  - r  +=  r ~ v ~  .*., ,. , ,  ,u*=, LCl: SI-K L,L t,,. "-.L.,, "r.: cxtrnds 
norlzontoiiy t ,  the r~oht, acd verticallv ot the SOT time. 
resultlnq i n  31 onq~loi Wpe CIISPIOY. Re ioriiontol dis- 
tance reorescrts 1k.e lnnle and the ~!41!i.cnI ?is?ri-ri? iepre - 
sents the he!:?.!. . tf ::: 2:- c! :b,e ::;;c ic:iii~z:i thc 
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radar location. There are equidistant ,vertical lines clcnc 
the mlqle of the display, which are ronqe markers. A 
movable horizontol line appearin.; across tk,e pattern is 
used to determine the heiqht a! t ie tor?et. TSI -~~!E  nppecr 
a s  intensified portions of the troncn nn the CPT. 
The spiral scan i s  used when linear and circulor 

traces do not hove a sufficientlv lono !,me bses to iword 
certain datn with the require4 acczracy. The sp:rs! sccn 
Is evolved from the circulm scon, os used in PPI and is 
shown in the occomponyinq illustrotion. 

The ranqe of the scan can he vmied bv chonqino the 
number of turns in the spiral. The sweep rototes at o 
constant rote at speeri, so tbnt q1 : '71  <ix:?=!cns Z!C)C? tke 
spiral indicote equol ranae increments. The splrol scan 
moy start ~t 1k.e center of the trccc, 3:  it ice: iz ?P!, 
but it rototes spirally iror the center of the ZRT and only 
reaches the periphery of the t u k  by tk.e end of the sweeo. 
It i s  pmsible, too, thot the spiral scan may stcrt at the 
periphery o! !he ! u k  2nd rotcte :oirc!lv t;.w~;? :5i zenter 
of t>,e CRT, only rruci~irlq tile center of the iF .7  by the eno 
of the trace. The ori;in of the sweep represerts tile 
position of the rodor locotion. Taroets orereoresented bv 
intensified portions of the trace. 

7he TV, or umfcrrn lineor s c r ,  is k s e d  on a km 
that moves m.ch 3s the humcn eye ?oes i ~ s c a n n i r i  a 
wrltten poqe. It moves from the top left to the rlqt~t and 
rapldly returns to the left, onl" sliohtly f,jr!t~r down itor 
the top thon the pr~violls l ine :  !I z.3ves !!,is ,::c-; up,ti! 
reaches the bottom of the sweep o" tie r:?ht c:c?. '! b.:~, 
however, oniy c ins r~r~ i r s i  hcif oi C C ? ! F ~ ~ ! P  ::c:-. I -  
mrnplete tne seconc noii iromf tne sweep 1s ro; l i l~ .  r f -  
turned to the top center of the YET. Tr,e first line i n  the 
semnd haii frame aesceods ips$ tknr t?e first line i ?  !he 

first half fra;ie, smce tke seror? half fiav.e s t m t i  s t  the 
top center cnd has ies; ?or:;snt;l :.;:;;.;i !c i:Ctr, an2 
less time far the line ro descend tho,! tvle !!:st :?if tr7-r. 
In this way, the second tali  fro-e !ills ix s c m , ~ : ~  liner 
tetween tt,e lines thot ,were scanned dur ino  r te  first hnlf 
frame. 
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HORIZONTAL TV TRACE 

I 

I I . 
VERTICAL TV RETRACE Fmo 

------ 
SECOND FIELD 

TV Scan 

The TV scanninq sequence when lcokinn at the picture 
t h e  i s  shown in the acmmponyinq fiquie. The scanninq 
spot starts in the upper left hond corner and travels ot a 
uniform rate from left to riqht alonq lines that lie at o 
distance below each other as shown by the sclid lines in 
the figure. When the end of a line such a s  ab i s  reached 
the scannina spot quickly returns to the left (that is from 
b to C) to start-new line cd. Durinq this return intervol the 
spot is blanked cut and so is not shown in the fiqure. As 
the scanninq spot moves hock and forth across the tube. 
the spot also moves downward ot a constant rote. Hence 
the lines in the figure ore slilhtly sloped, ond each line 
begins at a level that i s  a little below the end of the 
previous line. When the bttom of the picture is reached 
(point e in the fiqure), the spot quickly returns to point f at 
thetov of the picture. while mointainina the bock ond forth 
horizontal line motion un~nterrupted. Since the time r e  
auired to travel fmm e to f corresponds to tb,e passaqe of 
o number of llnes, the spat traverses a path slmilar to that 
shown in the retrace fiqure as it goes from e to f. This 
return pattern i s  not seer by the eye, however, as the spot 
i s  blonked out durinq the return. 

The standard television picture takes 1/60 second to 
go from the top to the bottom of the picture and return to 
the top. h r i n q  this time, which i s  called one f ield 262.5 
lines are tronsmitted. Because each field contains a half 
line, thenext field lies between the lines of the first field 
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as indicated by the dotted lires in the fiqure; thus succes- 
sive fields ore interlaced. The comolete oicture, called o 
ftome, therefore, consists of 525 lines and is transmitted 
in 1 / 3  second. The orioinal pottern shoh.lnq the trace 
lines i s  what is observed on o television receiver in the 

I 
absence of a picture, and 1s termed the rester. Interlacina 
makes it possible to avoid flicker while usino the lowest 
repetition frequency for the picture that will sorisfactorily 
portrq motion. Flus, while a picture repetition rate of 30 
times per second is adequate to qive the illusion of con- 
tinuous motion under nearly all circumstances, lorqe briqht 
areas repeated 30 times per second will have a noticeable 
flicker. By interlocinq, a flicker rate of 60 hertz i s  
achieved which is too hlqh to be perceptible; at the same 
time the picture is repwted only 30 times a second. 

RHI Circuit Operotion. The block diaqram of a typical 
RHI scanninq system i s  shown in the fallowinq illustrotion. 
Since the operation of each basic circuit is described in 
detail in other sections of this Handboak, description of 
circuit operation i s  limited to the effect of wch individual 
staqe on the total scon system. 

The first circuit to be considered is the qote circuit 
staqe. It produces pasitive and neqative sates occurrinq 
at the triqaer input frequenw which switches the ranqe ~. ~ 

sweep circuit, the heiqht sweep circuit, the heiqht line 
qenerotor, ond the intensifier ond intensity compensotion 
h d ,  in addition, a speciol countdown qate which i s  used 
to gote the ranqe marker circuit staqe. The ranqe sweep 
generator i s  one of two stoqes required to produce two 
lineorly increasinq, mutually perpendicular, moqnetic de- 
flection fields. One moqnetic field, cousinq horizontal 
movement of the beam, is produced by current in the ronqe 
sweep deflection coil as a result of the voltaqe produced bv 
the range sweep qenerator. The rote of increase of the 
ronqe maqnetic field i s  proportlono1 to the cosine of the 
elevation angle of the ontenno. The ranqe sweep qenerator 
transforms o d-c reference voltaqe into the linearly in- 
creasing moqnetic field in the CRT. The rate of increase 
of the magnetic field determines the speed at which the 
beom moves horizontally ocross the screen and is pro- 
portional to the d s  reference voltaae. 

The heiqht sweep qenerator staae also prduces o 
linearly inneasing maqnetic deflection field. This maqnetic 
field supplies the vertical component of the CRT t e a m  de- 
flection. The rate of increase of the maqnetic f i ~ l d  i s  
dependent on the d s  reference voltaqe, which in turn is 
proportional to the sine of the onqle of the antenna e l e  
vation. The rate at which the vertical maqnetic field 
increases determines the speed at which the beam moves 
vertically on the screen. 

The neqotive qnte from the oate circuit staae i s  ov 
plied to operate the intensifier and intensity compensotion 
circuit stage. This stage has two functions. One function 
i s  to allow signals to appear on the CRT only durinq the 
sweeping periods. During the intervals between sweeps 
the CRT i s  blonked off. The other function i s  to keep the 
intensity of the CRT signals constant with the chonqes in 
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range, pulse 8eFetin- rn:c. 2-3 :'e eiivetior -:;-!r. Intensi- line input sionc!~, ord -ixes :izz ..:i:t :kt ,;;, .:;jrlz;, 
ty compensn,or i s  . --r' i. - ,.".,",'-r.;' t'i- PT J... ~.. ., .. .....i.rr , ,, Tne ~mplified s<?m!- 2:- y ; r ! : c ~ !  :: ::,L z?: c"cjtrai grlc, 
d-c voltoqe rr, the cathode 21 tL8c 1ET. The sector notin: circait, ;vbich has its output connected 

The ranor m o r k ~ r  qeneratnr c!rcg!! orsducec ec-c!!v to tk,e  id-, ,?. r " f : m ~  ':I---- -.--- . .-+ - ,  - -1:- .-,.- .. -. ti1rqet5 
spaced ronqc, markers. Thp r o n q ~  rrilrkers "re ~::!ie? !? 2  resent in  cl arlrc:rd irlmut:, sector 13 oppem or the c.9~ 
video ampli!er ,where tLe: sre :ro!iiied, a r l  :t-x: ~ Z D ! ~ P I ?  face. It also ?e!errixe !he cnojloi .,.i,?ii "f ti:r zpcrnr to 
to the ?rid cl :ke ZPT. The i:uJdino of the artenno c c ~ s e s  be v i ~ w e d  - . . . - . . . 
the markers o moeor c hri~bt II.-- ,-- +'eC ~ ~ .-en ..-. .,a= isrvu ..- mll~iliier siaqe suppiles voltooe to a motor 

3 , e  vide; anplifier starle crcpliiies t5.t .:tea :or?et which drives G sector qatinq synchro rotor. The position of 
signols rec~lvnd frnm !he rndnr :e~ei(!er. !: ;!ss -7,pii:iis .L. urn synchi0 ro~or detern~nes t b  'npn~>nn nf the  niin,.+h 

~ ~- ..,, "&, ..,%, 

the ranqe zarkcrs. time ilei~ilt : ~ n r  pt.lser, cnd tine iolqe sector viewed on the ? !  ?cop?. 3, ;cs:!ic: of :be 
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goting synchro rotor olwoys corresponds with the settinq o! 
the monuol sector control. 

The resultins RHI sweep appears on the CRT us a 
wedqe. The vertex of the wedqe, correspondinq to the 
origin of the trace, appears ct the left lower portion of the 
screen. The horizontol distance of the troce corresponds 
to the ronqe, ond the veiticol distance of the trace c o r r e  
spsnds to the height or elevotlon of th.e troce. The ronqe 
indicating marks ore verticol lines, of intensified troce 
wiA angulor compensation, equidistant alonq a horizontal 
plane. The height line i s  a horizontal line of intensified 
troce. The video information cominq from the radar re- 
ceiver, which represents tarqets within the selected sector, 
produces intensified portions of the trace ot the ronqe and 
heiqht positions on the d isp lw correspondinq to the actual 
locotion of the tarqet from the radar location. 

Spiral Scan Circui t  Operotion. A typical block diaqram 
of the spiral scan producino system i s  shown in the follow- 
ing illustration. Since the operotlo" of each basic circuit 
i s  described in detail in other sections of this Handbook. 
circuit operation will be limited to the effect  of each staae 
on the tot01 system. 

The primary controllins state i s  the stort-stop multivi- 
brotor. It converts on externol neqatlve tininq pulse into o 
number of square .::eve pulse to the sweep nenerator stale.  
results in a trapezoiiol sxeep pulse output with the some 
durotior as the squcre .Gave pulse opplied to the input of 
thls circuit, and occsrnng at the some frequency and time 
a s  the input pulse. 7 t . i ~  trapezoidal sweep output i s  ap- 
plied to the sweep amplifier staqe. 

The opplicotion of the neoatlve scsmre wave pulse. 
from the stcrt-stop multlvibrator stooe, to the trapezoidal 
senerator staqe also results in o tropezoldal output. This 
Uapezoidol output, unlike that of the sweep oenerotor 
stoqe, i s  not of the some duration a s  the input pulse, but 
occurs for a lonser period of time. 7his period of time 
normally i s  on even multiple of the input pulse. The ratio 
of the trapezoidal pulse to the necatib~e square input pulse 
determines the number of turns in the spiral sweep on the 
CRT. The  tropezoidol output pulse, like t5e output of the 
sweep generator staqe, i s  also opplied to the sweep ompli- 
fier stoqe. 

The neqotive squore wove pulse output from the start- 
stop multivibrotor s to le  i s  also opplied to the morkers 
generator stoqe, where short duration narker pulses ore 
produced for application to the CRT control qrid. These 
pulses produce intensified points on the sweep trace which 
correspond to specific ronqe indications. 

The wsit ive square wove pulse prduced  by the start- 
stop multivibrator staqe i s  applied to the control qrid of 
the CRT. l l i s  pulse provides unSlonkinq of the sweep 
on the CRT durinq the per~od that it i s  applied. 

The tropezoidc! sweep pulses produced bv the sweep 
generotor staqe and the vorvina amditude traoezoidol 
pulse from the trapezoidal ieneiotor staqe are combined 
in the sweep amplifier stoqe and omolified. Re oddition 

~ ~ 

of the increosinq trapezoidal pulse fb the sweep pulses 
produces a continually increosinq so,#;tooth w e e p  of cur- 
rent throuqh the deflection coils while the yoke rotates. 

VIDEO VIDEO - - 4 I 
LIMITER AMPLIFIER 

1 r'v- 
zLr-3-r 

LIMIT LEVEL 

CHANGE 2 

1 
INTENSITY 

Spiral Scan System Block Diagrom 
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Theresultinq sweep on the CRT i s  similar to !hot of 
the PPI sweep, with the exception that each pulse prc- 
duced by the sweep Generator stoqe does not produce a 
scanning line which extends from the center of the sweep 
to the periphery of the CRT. Instead, eoch sweep line en- 
tends a distance from the center of the CRT ,which corre- 
sponds ro the aornouat oi sawtwth current orrtrrir: in the 
deflection coil, ot that time. Since the current in the de- 
flection yoke continually increases in o sawtooth monner, 
the distance thot the sweep troce extends fmm the center 
of the sweep increases in a linem monner, while rotatinq 
a b u t  the sweep origin, until it reaches t i e  periphery of 
the CRT, formins a spiral sweep. 

The vldeo input is ooolied m n v i d e  !ini:e: c:;:: 
where ;r;, portions of the siqnoi extendinq beyond the 
limitinq voltoqe level are clippel 3!!. 'Re  limited siurloi 
i s  opplied to a video amplifier stoqe. The video amplifier 
stage azrlplifies h e  Ilrrlted .:i?ps :~qvqI. ?.iz >r.;!ifk 1 
and limited vidw siqnal i s  then applied to cuthode of the 
CRT, where it causes the intensity of the electron becm to 
vary accordinqly. 

' h e  resultant scan on the CRT appeors as a spiral, 
with the sweep ariqinatinq of the center of the C3T and 
gradually reochinq the pe~i??.er;. s! the CRT by tire en? 31 
the spiral, which may ecntciri o m h e r  of tu;r,s. Eaui- 
distant intensified mints 3n the spiral sweep correspond 
to ranqe indication harks. Any other intensified points or 
sections of the spiral, or extra-intensified ronoe morks 
correspond to torqet indications. 

7 ,  .s,.v;sion Scan Carcuit Operation. i'he tvpicnl SIQCG 
diagram oi a television scannlnq system i s  shoirr in  the 
OCCo3ponyinq illustrotion, 1i.e s ccmi r~  syster. ccmpricfs 
appror~mately o?e thirr. a! t l e  co::~>!ete television recelvcr. 
The synci. (pulse) separate stale,  which contains o limiter, 
an inteqrotor and o dliferertlato: 1s not actually part o! tie 
sconninj j i s t t ~ ~ l  oi t ie  ,pceiver, hut !i inc!c2:? i- :kc 
block diasrm to cb:e a more complete description of tne 
development of vertical cnd horizontal sweep pulses. 

Actually the inteqrotor and differentlator staae consists 
of only a resistor and ccpocitor comSlnation. The c!lpper 
circuit eiimlnates all portions of the coxposite video ?i.no! 
&low the synch pulse level. T?. diife:entiotcr neti;ork 
srgrrqutes tile i:o:lront:~l p.ise !nior~r,at:cr fro- the mc: 
bined horizontol and vertical pulse ,waveform, om! coc!iec 
the inteoratd waveforrr to the ,!e:ticcl ween  s!cqe. 

.kc ^."~""'i. ' ,  . . ... ., 
Thefrequency stabilized hcr~zontnl svnchronizino 

-,.,,--- : -.c . .w:ld --- :u c irurr,dnnlnz ~ui!l,~lorator to tie 
velop a scv,~izootb, output haveiorm. This ni~ltivibrotor, the 
>jor:zcnt~l ~ : ; c ~ l l a t ~ r ,  o p e ! ~ , t ~ ~ .  q: z ??qs:e?c{ ..;!.>:!. iz  
sligb.t!y 1a::er than t i c  s;:.;::rc;..:ino pi.i;e iriaurrrcv. i re  
svnchranlzlnn pulses, then, t r in~ei  tLl? rliltiiiibroto: into 
action at the synctronizin; pulse frequency. 

A wrtion of the oixp,~! of I~!Y horizontal szcills:c: is 
fed bock t r  t5e afc cire,~]! 13 s:cSlizc the k,orirontol !re 
quency, and the stc5?!izd oc:pst :s jpplied to o swrp"  
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mplifier, where it i s  omplifid and coupled to the hori- 
zontal deflection coil throuqh a transformer. A sawtooth 
current i s  developed in the horizontal deflection coil which 
elec:;omogneticoiiy sweeps ine CRT electron beam hori- 
zontally. ' h e  horizontal output amsformer i s  clso use?. to 
furnish the +iqh ?o!:oqe for tile C8T anode, and a daopina 
circuit is mnnected across the deflection coil and output 
transfomer secor,dorv to prevent continuous shock oscil- . . 
lotions from occurina in the horizontal deflection mil durino 
the retrace time of the sweep. ' h e  damper circuit i s  also 
used to l rnish  an additimal d c  boost voltoae for the , 
brizontol osciilatar as shonn in the block dioqrarn. 

The inteqrated portion o! the svnchmnized pulse wove- 
iur::,, when oppiied tn the ,!er:icd c;s!l;:;r, tiiqqe~s 
the vertical oscillator stage ond o free-running multi- 
vlbrotor when the "all. of !ie icteqr~ted woveforr. retches 
a certain amplitude. The integrated vertical waveform 
reaches tnls trlqgerinq level at o specific, requlat rate, 
which i s  muck. slower thon the differentiated pulse rate. 
The output of the verticcl cscillator, is olso a soutooti- 
type waveform occurrina at the trioqerinq level rcte of the 
inteqrated waveform. 

' h e  output of the vertical oscillator i s  wplied to the 
sweep amplifier staqe of !he ve:ticsl sweep ~e!wnrk. Kerc 
the vertical sweep wo,veform is mplifled ard coupled to 
the ,vertical deilectiorl coils, cmsinq a sawtooti, current to 
be developed, which electronaqnetically deflects the elec- 
tron beam of the CRT in o ,;ert~col direction. 

The ~esl~ltont 9ca.n O ~ I : ~ C  CjiT i s  ,one 1,; which me 
L^.i ..s, . , ,, . . .uL~zDT:~~.  -;.cup ,,,ura ut l j  trrquencv oi 15.79 Hz 
which is a~proximatel~i Mil times t5at o! the vertical 
frequency. A tot01 of 262.5 !:orimrtnl hnes i s  %.:eui iy 
the time the homzontol scan t,as co~pletei! ons  tcp to 
bottom (vertical) sxreep cn tke CPT. 3 i s  verticcl sweep 
occurs 60 tines a second, i.o,~!e,)er, this only constitutes 
hclf of o s z p l e t e  picburr i:ame. ?,ir\no the nor.: vc::c;;l 
sweep an additional 262.5 horizontal lines cre scorned 
from top to tottom of the CUT at the same iate of M1 times 
0 second. These !ines iiierloce between those which were 
sconned durina tke first hali frome. A t ~ t o l  of 525 hori- 
zontal scarninq lines are used to provide :reotei detcil in 
the picture. The rear?? !or :C:C;::,; z: , ; . :~  262.3 iloi~zontai 
lines for only one vertic31 W C F ~  rather than scannlnq the 
full 525 lines ior orle ,rrt.cal siieep, is thot ii the 525 
!i,nes iieic stunned or one t:-c :he c;-r!rtl . r, : . - . . . .r  r."."t" :.; 
only h repeoted 3 trrne; a srccn. crd :,?::re tk,e :::;I:; :; 
flicker. 

The TV scan moves much as rmor! eyes do li, scan- . . ninl 0 .#rit!en pc3e. TLP iicn t~,Tt,: ,.+ ~ 5 ~ .  .-- ,=+. .. . .. -. ,.".," 
side of the CQT z r c y  z:,: >:::E:.,:~ ;,L~,ZU~.IO;;-~ LO 

right with o very slir?ht fj?-_:.-::::I .n-,;c-.c:t 3: ti.c 32:X 

time. ?he scan i s  ropldly returned to the left side. A!!?: 
compi~tinl !i.e !irt: h.c:i;oi:,;: i.;u!l~liilq line Ine i % T  is 
blanked oilt so thc: It 1s incwcble ai  prsducin? o visible 
l ine duizq !$is ~ s t i i i e  ~ t i i c d .  i'pon k n t :  returned to the 
left side 01 tile CF.7, tce .cut scar lire 1s ?isplac& ~ l : ~ h ! -  
ly farther down tbm- t i e  :t?rl:n3 i 3 : i :  ii :he !irst ~ r r n c i q ~  
line cr.2 tk,e !,'ST ic . . - , TIC 
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hundred sixty tivo and one half lines ore scanned in this FULURE ANALYSIS. 
manner, until the scan reaches the battorn center of the RHI %a. In order for o na-autput condition to exist. I 
CRT. Llpon reachinn this polnt, the scan a ~ o i n  is blonked which ir :haracterized by no indica~ion of anv kind on the 
out durinq the vertical retrace ood is rapidly brouqht bock CRT, o faulty pwer  supply or a foilure in each of the 
to the top center of the CRT. The some sconninq procedure circuits comprisinq the system :-cull have to occur. It i s  
as described lor the first half-frame occurs for the second highly unlikely that every circuit ir  the svstem would foil. 
half-frame, only this time the scanning lines ore inter- so the nwutput condition .t:ould normally be lixited to 
laced bebyeen those scanned durina the first holf-frame. power supply lailuie. Check the power supply with o 
The resill! i s  that a complete picture appears on the CRT mltmeter to determine if the supply or a fuse i s  ot foult. 
screen 33 times a second, with b,olf of this picture chonqinq There me sever01 types of low or distorted outouts 
60 times o second to eliminate ilicker. associated with the RHI systen. By Iwkinq at the trace 

on the RHI indicator it is \usucl!y poss~ble to determine 
the probable locoticn of the loillnn circuit. 
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If there is no indication on the CPT, it is not nec- 
essarily true that a no-output condition exists. It only 
means that either improper potentials ore k inq  applied to 
the SP,T electrodes, the unblankinq circslt is defective, or 
that the CRT, itself, is defective. First d e t e n ~ n e  lf the 
proper voltaqes and unblonkinq .i.aveforms exist onthe 
electrodes of the C9T. 5 e  def!cction cails, and *~i- 

centeiinq control wiii, u hiqh resistonce ,voitmeter,cnd on 
oscilloscope. If the pmper ,~o!t:nts ;-,? woveforns are 
pesent, the fault is in the CRT. If the proper volt- 
aqes md wwefonns do not enist, proceed !ion the electrode 
showinq voltaqe or v~aveloim jack towards the precedinq 
staqe to locate tile defective corrpcnent. 

If, for example, the imoioper ;i,lnal exists on the 
;;t>,cdi o: cL!e C?.T, tie r r s ~ b i e  mau tf in the inte?siiier 
and intensip; corrpensation circuit stoae, or in the qote 
circuit staoe. or the srieeo cmui! staoe. If  h e  input of 
the intenslflcr or irte-riry cn-:e,~3t!>~ ci:c~:t 5t03f i; 
cotiect s..t tie uutpo~ 1s rr,t, Ite troubie shouid be located 
within this circuit. 

If improper input voltooe to the intenslfier and Intensity 
compensation circult stcqe exists the trouble preceeds 
this staqe. If the qote (circuit stooe input is faulty, the irr 
tensity of the troce is mt synchronized with the ranae 
sweep. if it i s  the sate circoit staqe ?tsel! that i s  fee!:" 
there wlll te no rance or he:qht s e e p .  If the triqqer ompli- 
fier ad the gate multivibrator of thls stoqe are functioninq 
propedy there should ot least be heiqht and ranqe sweep. 
The trouble may then be in the countdown nultivibratar of 
this staoe. 

!f a%qE 3*eAi ., -ene.-l-. . .. ,,,u, sLuqc .--- ;a . -  ieiective - not 
only is the intensity of the sweep affected, but the ranse 
indicotion is also incorrect. if tb,is condition i s  indicated 
hv the troce on the CRT, check the input of the ronae sweep 
qenerotor staqe with oscillosmpe to determire if the or.tenna 
cosine reference input is incorrect and i! this i s  correct, 
check the pcrts :;itb,in the stoqe. 

If the mnem potential appems on the CRT cothode, 
but not on the control arid, the video amplifier rtaqe or 
the precdinq stoqes mcy Se 3t fault. Ct,eck the seveiul 
inputs of the video amplifier with an oscilloscope. If all 
!he inputs me faind to be correct, but the output :s foully 
the trouble milst k ~ n t h e  v!d-c n?pl!!ier S!C:D. !f the 
video amplifier stoqe circuits are not fcclty the precedinq 
stoqes nust k the cause of :he trodS!e. The presentation 
an the CDT YSUO::~ irliir.lter wb i rb  precedip.7 S ~ C S C  :: the  

cause of the specific fouit in tk,e CRT trace. if l! is the 
video si:r.d, i t ~ t l f ,  tho: i; imz;caei 1 %  ;rmiL,ie exist= 
somewhere in the rador receiver, rather thar in the RH!. 
If the trouble is !"the sect9r ::tic: r !nx  fLe CDT D I = - ~ -  

torian will i"d!rctn inyrop~r :-c!c: ??,;Ic :I i-.:rjps: ;i!ri- 
tion of azimilth. If t h ~ s  indication i~ cpporen! check for 
the prppr antenna bearing syncnro Input with an osciiiw 
scow. If the serroi psitioni:: input S~FC!  is SO: c?- 
parent at the sector 3:llcq r t q e  !nusf :he ~ r e c e d ~ n c  
sgnchro nr !he se?ic .-plifie: st:;c z;i hi ot f id t .  :: 
ttie synchro is iunctlorl:n~ correctly checx t'le servo 
m p l ~ f ~ e r .  
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If the CRT presentation indicates that there i s  no 
heiqht line ovailoble, the failure is either in the heiqht 
line generator staqe, the rmqe sweep qenerator staqe, 
the gote circuit staqe, or the antenna sine reference inplut. 
If any oi these stages, other than the height line generator 
stage, ore faulty, other CRT presentatim failures wil l  also 
be indicated. if, however, it i s  the height 1h.n.e w.erotor 
stage, mly the height line will be missinq from the CRT 
presentation. 

If the CRT presentation indicates that there are no 
rmqe marks, the trouble must exist in the ranqe mark 
generator since any faulty stoqes precedinq the ranqe 
marker qenerotor staqe would offect the presentctioc in 
some other way. 

7' 
LL there is no lndlcotion oi nelqht (or vertical direction) 

on the presentation of the CRT, the foilure i s  in either the 
antenna sine reference input or the heiaht sweep qenerator 
staqe. If the antenna sine referenw inpt~t is proper cr.6 
present, the trouble must be in the heiqht sweep qenerator 
stoqe. 

Spiral Scon. Failure of the CRT hiqh voltaqe supply 
or loss of the unblankinq pulse would cause the i d c o t o r  
to be blank and produce a no-output condition. Check the 
CRT anode voltoqe with a -roltrreter,and check the start- 
stop multivibrator for a positive ,mb!mking pulse 
using an oscilloscow. Usually observatim of the 
indicator will indicate the stoqe or staues which miqht be 
foulty. For example, if there ore no ranqe marks visible 
on the spiral trace and the display otherwise appears 
____.I s L u L , , ~ ~ ~ ,  .  he marker qeneraroi is mast iikeiv at fault. (heck 
the output of the marker staqe with an oscilloscope and, if 
no markers appear when on input p~jlse is applied, the 
morker generator is defect!ve. Likewise, if ronqe rnorkers 
appwr m the trace but no targets appear, there i s  probobly 
no video siqnal applied to the cathode of the CRT. Check 
the cothode voltaoe on the CRT with a voltmeter and I;se 
an osci!!s:cope to check the i i d w  li~ltitei inpur and the 
video amplifier output. If no vidm appears at the output 
with video applied to the input, either the amplifier or 
limiter stages are at fault. Check the video limiter output 
ta determine if it i s  at fault. If there is elther no video 
input, or improper video lnput at the limiter it i s  obvious 
that t 'k trouble LS not in the scanrina system but somewhere 
in the radar receivinq system. 

If there is no sweep apparent on the CPT hut o hrinh! 
spot exists o: :be iectei o: tlie CP':', check for proper 
mid ond cstCa2c vo!!zae ;vi;h c vdtnietr:. If norriol, 
el:%? the ;::ce2 z::pli!ir:, s w e q  ,;inriotor, or trupezoiaoi 
qenerator m r y  be at ioult. Check the output of the sweep 
xp!l<.er .. .... ...... L ,.. -- ,,LL!~oscopc --.: I ucl i  kt! .  .nputs. i i  tne ~ n -  
puts are normal but tne output 1s Improper the amplifier is 
at fault. if either inp~ t  i s  irprourl t i : e  srcqe C U P P ~ Y ? : ~  the 
improper cctput i s  fou!:y. S?so it:;;k !he input to rile 
presumed iouity staqe to make certcin the the proper input 
gate i s  opplied. If normal sweep oatputs are obtalned, 
ellher the CHI' is defective or the deflection yake is open 
or shorted. Check the res:stcrce of t!..e yoke cails with 
on ohmmeter. 
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TV S C O ~  Failure of  the CRT hiqh voltaqe supply, the 
d x  Socr: i.pFI; :! i :ei;-l. . C  LF. .:,: t ~ t i  %.I! !r.?!l.~ - 
p r o d c e  -. m-F:i:i. n 3 ~  .!EL: ?cT.-.:.~: .. :! 2 :lo7.< .:- .. 
Use a r.7. 1911C::'CC :T:I.PI-. 02: t.17t. .:.I?:? 2 : 3 ~  to 
check the hiqh wltaqe,  k i n q  coreful to o b s ~ v e  full safety 
precautions to ovoid the possibility of danqerous shock. If 
the dc boast voltase i s  norm01 check the electrode voltoaes 
of the CRT. Failure of the d c  boost supply cm be  
caused by a shorted filter capacitor, a defective dmnper 
tube or circuit. Check tbe filter capacitor for a short with 
an ohmmeter and for proper value with an in-circuit copaci- 
t m c e  checker. If the boost voltage i s  low, the damper 
tub= is  tad. Usually failure of the damper circuit involving 
sweep components, such a s  a shorted output transformer or 
defective deflection yoke will also cause loss of  sweep. 

If the horizontal sweep i s  !aulty check the horizontol swew 
stoaes from input to output with on o s ~ ~ l l o s c o ~ e  the mint  
at which the waveform disoppeors oi  i s  distorted ,will 
usually indicate the circuit at foult. Likewise, for a 
faulty verticol sweep check the vertical sweep staqes for 
input and output waveforms in a similar manner. 

For exmole ,  i f  there i s  no verticnl deflection. or a . -. . 
vertically rollinq picture, or some other apparent trouble 
i n  the verticol scannina on the CRT, and the electrode and .~~ ~ ~ 

coil potentials hove been checked, the trouble must exist 
in  the verticol sweep stoae or the inteqrotor or clipper 
sections of the synch (pulse) separator. First check the 
input woveforrn of the vertical sweep amplifier with on 
oscilloscope. If the proper wmehrm is present but i m  
proper output exists, the trouble must be in this stage. If 
on improper input il,oveform is present check the input of 
the vertical oscillator .with an o s ~ i l l o ~ ~ o p e .  If the input 
waveform is  proper, but the output waveform i s  improper, the 
trouble i s  ,within the vertical oscillator staqe. If the !nput 
to the vertical oscillotor is improper the trouble exists in 
the inteqrotor or clipper sections of the svnch ;pulse) 
sepmatol s l a w  or in prior receiver stoqes. Also be certoin 
to check that the vertical svnch pulses appeu in the input 
siqnal to the receiver. 

If the picture on the CRT is horizontally rollina or if 
there me  some other cpporent horlzantol scarnlnq troubles, 
ond the electrode and m i l  potentials hove been checked ond 
found correct, the trouble must exist in the horizontol sweep 
stage, the afc staqe, or the differentiotor or clipper sections 
of the synch (pulse) separator stone. First check tiie input 
of the horizontol sweep amplifier wltb. an oscllloscape. If 
the input waveform is  proper, but the output i s  improper, 
the trouble exists  within the horizontol sweep mplifier. 
If the input of the sweep amplifier i s  improper cbeck the 

, input waveform of the horizontol oscillotor. If the oscil- 
lator input i s  proper, the trouble i s  in the horizontal oscil- 
lator. If the oscillotor input i s  impisper check the inputs 
of the afc staqe. If these lnputs ore correct, but the output 
pulse i s  incorrect, the trouble cniste in this stooe. If the 
input from the synch (pulse) separator stage i s  proper, but 
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the input feedir.: back !row. :b.e 113rizontoI oscillator i s  
improper, the trouble i s  in the feedback circuitry from the 
horizontol oscillotor to the ofc staqe. If the feedbock input 
i s  proper, but the input from the synch (pulse) separator 
staqe i s  incorrect the trouble must exist in the differentiatoi 
or clipper of the synch (pulse) separator, or in precedinri 
receiver stage, or in the horizontol syncb. pulse contained 
in the input siqnal to the receiver. 

BLANKING CIRCUITS. 

APPLICATION. 
Blankino i s  used in TV, rcdor, svnchroscooes. and 

osc i l loscaps  to reduce the bean intensityond render 
invisible the retroce portion of the electron beam which 
produces the visihle troce on tb.e CPT. 

CHARACTERISTICS. 
Blankinq i s  dependent on the sweep siqnal. 
Blankina reduces !he intensitv of the election beor  of 

the CRT. 
Blonkina i s  occom~lis'led bv ooolication of neoative 

voltage to the controlqrid. 
Blonkina circuit i s  a resistorcapacitor combination. 

CIRCUIT ANALYSIS. 
General. Blonkinq circuits ore used in CRT displays 

to prevent any indication of the retrace line horn appearins 
with the display. This 1s accomplished by opplyinq t i e  
sweep siqnol to on RC differentiotinq circuit, which de- 
velops a iectmqulm type waveform durinq the sweep dis- 
charqe period. ?he rector~ulor (blankinq) waveform is 
opplied to either the control qrid or the cathode of the CRT, 
depending on the polarity of the .*:oveiorm. The rectonaulor 
waveform is  usually connected in series with the CRT bias 
so that it incieases the CRT bias and causes the electron 
k o m  to k cut off durinq the retroce time of the sweep, 
but has no e f f e a  on the beam durinq the active portion of 
the tr0.e time of the sweep. 

Cirsui, Operation. A typical RC blonkino circuit i s  
shown in the acmmpanyinq illustration. 

e G R I D  BIAS 
SUPPLY 

LCZ - 

Blonkinq Circuit 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSNIPS 

Capacitor C 1 and resistor R l form a differentiatino 
circuit. Czpacitor C2 i s  o larqe a s  byposs copacitor 
which effectively places the lower end of Z i  at around 
potential. The sawtaotil sweep voitaqe i s  oppiied to C i  
and the charging current 1s reiatl,,ely cgnstont v~ith. th,e 
!inecr increase of thz ::i.ccp v;!:aae. Th-5. :he m i ~ i l t  
ilowing through R I remains m a reiativeiy constant and 
low value for :he duration of the sweep trace. The .volt- 
age drop ocross Ri, likewise, remains at o small but con- 
stant value for the linear rise of the sawtooth sweep. 
This small positive voltaoe drop i s  smcll enouoh, however. 
so that 11 hcs little affect on tb,e qr:? 3135 ,::hch I: ~j3jse.s.  
The intensity of the electron beam is, th,en, ielotivelv 
unoifecred. 

When the sawtooth sweep voltooe quickly retraces, how- 
even, the d~scharge currext c tmge  1s qec: 3-3 mpi-. 1,s 
C l  discharges the hiqh discharqe current t51ou~h F! pro- 
duces o imqe voitoqe drop across h i  which is opposite in 
polarity to the drop prodilced across Ri durinq the sweep. 
?his retrace voltaqe series aids the normal neqative orid 
bias opplled to the control qrid of the CRT. Hence, the 
bias voltoqe applied to the control qrid of the CRT is now 
a larqe enouqh negative value to cut off the electron beam 
of the CRT, causinq the CRT trace to disappear. The 
electron bea- remains cut off durinq the entire ietrcce 
period, and for a short portion of the beqinninq of the trace 
period. Greater linemity of the sweep voltaqe and shorter 
retrace time of the sweep vol tc~e couses the c u t ~ f f  4: the 
electron beom to extend less intr t h ~  !roc? period, 
; . i...ilor .,- circuit rnw be ased viith o neaotive ST+;- 

100th applied to the input copocitor provided that the volt- 
age across the resistor 1s cppliec to ti:e cathode of the 
CRT. In this case a positive increase in 50s i s  produced 
ocross P,l, effectively driving the 2ri.i more neqative and 
producinq the some biosino-off of the kom. 

FAILURE ANALYSIS. 
No Output. If capacitor C1 were open none of the 

sweep v~llcge ,::add be opplied to the dif!crentiatir.q 
circuit and thus no voltaqe would be produced ccioss Ri .  
In this case, only the normal qr~d bias would be opplied to 
the rnntrol qr!d of the CPT nni  i!onkil: wv!ld nnt orcsr. 
To determine if C1 is defective, check it with cn ir-circuit 
copacitor checker. If resistor R! were open, not only 
would no voltoqe drop ocross ir, bur no ?rid bias would k 
applied to the CRT and the screen woilld be brightly i1lum1- 
noted. To determine if R1 is open, check h e  iesistonce 
with an ohmmeter. If copacitor C2 weie open there would 
be no qround return, which wor?!d also cause no OutpJt !a 
result. L? order ID determ~ze if cswcitor C2 is 9%; c k k  
it with an in-circuit copacitor checker. I f ,  after checkinq 
these companents, the no output condition still exlsts me 
sawtnnth sweep ~ l t n q n  must be !I~J!!~, OT the ::id hias 
supply voltage must be faulty. By checking the sweep . . L - : - 2  . . . . .L .u.,""L ~.,".,, ,.A,,. -, ">L..~">Lu,,c U," L # . C  ,d;," "".Ld,-C V",,,, 

a voirmeter, ine iuulrv voieooe r r l i l  be iacoced. 
Lox or Distortsd Output. If cnp~citnr C1 becomes 

rh-.+ei rliri, u +\e ,, ' , ,I) r u  s-...+--+L . ,  . r...ppp .;^lr-- I I L .  .F . - I !  " i  1 + - I - -  , u , . , F , .  _I 
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ocross R1, resultinq in o sowtwth arid woveform witk the 
grid bios voltage opposmg it, and the resultant voltaqe ap- 
peminq ot the controlcrid of the CRY. To determine lf 

copmitor Ci i s  shorted measure t i e  voitoqe between wci. 
plate of C l  and qrocnd. If tb.ev me eq'ucl the copocltar i s  
shoced. !! resistor R! is sk,orted no ~ol taqe con be de- 
veloped across it. Tne voltage opphed to the grid oi the 
CRT will hen be distorted. To determine if R1 is shorted, 
check Rl  with an ohmmeter. If copacitor C2 were shorted 
the lower half of R1 would be at d-c ?round, and the ~ i i d  
bias supply waul'. be short& tc -:om<. A certol: c:-,q,nt 
of self grid 5 i x  ;cui? be ;enc:::ci 2; :t.e :!5- of <n? 
current throuqh Rl ond an;  ?rid sirnal would probobl:r be 
distorted 7t i l  woc lor7- rnn~:b  tn vz?rccce the bici iin? 

illuminate the CRT. To deteermne if C2 i s  shorted check 
the voltoqe betweer, eoct plote ci $ 2  and 3ro.md. If t l t  
voltages are equal h e  capacitor is shorted. I! the low or 
distorted output condltlo~ stlli ex~s t s  t!e smtoott  S U P ~ D  

voltage or the qrid bios ioltaqe n s t  k faulty. Zieck tile 
sawtooth sweep voltaqe with cr 01ci!l0scope, and the arid . . 
bios voltoqe witk. 3 voltnetei 10 determine which vol ta~e i s  
ot fault. 

DC RESTORATION. 

APPLICATION. 
?he ds restorer is used in CRT display systems to 

re-establish the d s  level of the co-posite-video siqrcl, 
which i s  lost w h ~ r  the virilimcinr,z! 1s npp!iei! 10 the CPT 

. . 
controlqrid tinor-ii a co;pl,:.a ::wiiiir :ram rne piessiin,: 
video amplifier. 

CHARACTERISTICS. 
Mcirtains a constant $105 l e e !  on the CPT ccnt:~I 

grid. 
Receives input frur, ,vLtu n::;pli!;er load. 
Basic components are o diode, c capacitor ond re- 

sistor. 
Ctput  siqnd -~o~e:oim m i e s  kt.;eel; tire :r!rlrrlce 

level and some positive value, wLic!: is de!eimined by 
the peok-to-peak amplitude of the irpst 'waveform. 

CIRCUIT ANALYSIS. 
Generot. 2 . e  2-c r r s t r e r  consists of a diode con- 

, . 
nectec !!I acrd1ei ,:.ilk, !kc r-cs!z*:r of a cnr,ucn::anc! u-L 
mupllnn rctwoik. > F  I!CC ! E  o"?,ected sc ti::! -?en- 

ivi i  t i ,+  wn~i f i , ; , , ,  .,,.,, ,,,:. !,! ,: r!e,!ntLve ,~Iiruf:~;:~,, +:,- ,:,c,:.= 
conducts and produces a shcrt 3-: !)me constcrt; when- 
we; :hp wlVifoii. ;Xi;... !> .. , ,  , ,  . . , , -. . ,,-,,:,?,, .. . ,!* 
dce: :ct ZG:.?~::, z7.j 1%: ;2:"!:< ::, : !a:, , r7: : ,.,,t: 
constant. Thus ,  two differert time conslants .re prcdsced-3 
short t ine constant durlno the ~eou t~- ; e  t.oIf CVTIF of tile 
<*",,, ,,,",,"r".- "-2 - > --,. , -- ----.--. 2 ,  . , I .  . . ~  ". lll.-." ...., " .  -..* i " "l.L " ,.,.,,,, ,,. "i-C,- 

tive half cycle. It is c'lls Aiierenee !n ti... cc~s tc r t s  !tot 
prduccs c clompd ;i;:p;: v;!:cg; at the i e q ~ ; ; ~ ?  :i 
value, which is oppliel to the control qilc of 1t.e ;FIT: 
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This voltoqe restores the d-c component which was 
blocked by the copocitor couplinq the video mnplifier 

1 signal to the control qrid of the CRT. 

) C I d t  Dprotla. A lypical d s  restorercircuit i s  shorn 
in the ocmmpanying illustrauon withln the dotted lines. 

' I h e  circuitry outside of the dotted iines i s  included in the 
illustrotion to clorify h e  expimation md hnction of the 
d-c restorer. 

DC Restorer 

V l  represents the plate circuit of the video amplifier. 
Ll rmd R1 me the series peakinq components of the ampli- 
fier. L2 i s  the shunt peakinq coil and R3 i s  the plate load 
of the video amplifier. C l  couples the plate of Vl to the 
grid of V2, the cathode ray tube. Resistors R4, R6, and the 
d s  restorer resistor R5 form a arid leak biosinq network 
for the CRT. Resistor R2 ond copocitor C2 couple the 
video signal to the cahode of d s  restorer diode V3 

k the neqative video output pulse oppeors at the 
plote of V1, it i s  copacitively coupled to the CRT qrid. 
Since the muplinq capacitor blocks dc, only the oc wove- 
form appems on the qrid. Without any d s  restoration a- 
rangement the pulse would establish an averaqe voltaqe on 
the CRT qrid which would chonqe sliqhtly with each dif- 
ferent oulse. As a result, the maximum and minimum levels 
of the &se would produce different intensities than thw 
normally would with a fixed bias level. By insertinq a 
d-c restoration circuit which in effect outomoticall~ con- 
m l s  the hias on the CRT to compensate for the loss of 
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the dc component throuqh the couplinq circuit, o more 
faithful wovefon reproduction is obtained. 

When a neoative outDut i s  applied throuqh C l  to the 
CRT grid, a portion of this output is applied to the cathode 
of d s  restorer diode V3 through P,2 and C2, cousina the 
diode to conduct. Current flow through R2,meanwhle, 
charaes cqaocitor C2 in such o direction that the end of 
R5 ciosestto the CRT contra1 grid becomes positive and 
reduces the total CRT Olos. ,$'hen h e  video pulse qaes posi- 
tive (becomes less neqative) diode V3 ceases cond~ctina. 
Meanwhile, C2 discharqes durinq the positive portions of 
the pulse but only very sliqhtly, due to the lonq time con- 
stant to ground offered C2 by R5 and R6. When the video 
pulse again qoes neqotive, diode V3 conducts and restores 
the charge on C2 back to i ts former value. Thus if the 
overage brightness i s  hiqh, the neqative swinq from moxi- 
mum positive to maximum neqative value i s  qreater, and 
diode V3 mnduns lonaer cousino o qreater peak current ." 
flow ~d c 3 ~ ~ t e r  XS. I . .C  :r 3r :C ir;m:? ~ : ? s i  . - 
dence the :FT i c r  ..?c:~72es il.r.-er t . ~ :  .lln I?! :,eater 
killionce. Conversely, when the neqative swinq applied 
to V3 i s  smaller, conduction of V3 occurs for o smoller 
period and less voltoqe is developed across C2. Conse 
quentiy, the CRT neqotive bias increases by the reduction 
of charqe voltoqe developed across C2 and a less brillion1 
signal appems. Ports values are normally chosen so the 
CRT bias i s  normal with V3 operatinq. 

FAILURE ANALYSIS. 
No Output. Normally, failure of the d s  restorer 

circuit will couse the CRT pesentatim to appear darker 
than normal. A quick check on operation i s  to remove 
diode V3 and note lf t i e  presentatlor; chanqes. If 
tkre i s  no change, either the diode i s  defective or a 
foully compcnent exists. Check resistor R5 for proper 
value with m ohmmeter. With R5 shorted the d s  re- 
storer will not operate. If R5 is o p n  no bias voltage 
will appear on the CRT qr~d when ctecked with o voltmeter. 
Also check R2 with an ohmmeter for proper volue. If co- 
pacitor C2 i s  open the restorer will not operote, check C2 
for volue with on in-circuit capacitance checker. If C2 is 
shoned a pasitlve bias ,,r.ill he placed on the qrid of the 
CRT, and in oll probahility the CRT will be constantly 
illuminated. Oo not neqlect to check the values of R4 and 
R6 with on ohmmeter since they are a portion of a wltoqe 
divider ocioss which the d-c restorer operates. If either 
is open no output will occur, hut a chanqe in volue will not 
necessarily cause ro output. 

Improper Output. h defective V3 can couse o dark or 
distated presentation. A shorted C2 can muse constantly 
illuminated display, check C2 with M in-circuit capacitance 
checker. It is important to remember that distortion or im- 
proper wavefams con occur in circuits pior to the d c  
restorer. 

Therefore, when in doubt check both sides of C1 to 
ground with an oscilloscope. If the trouble exists on the 
jnput side of C l  the cause i s  not the d-c restorer. If the 
trouble appears on both sides of Cl it i s  still necessary to 
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eliminate components other than th,e d-c restorer. In most 
instances a simple resistance and cnpocitonce analysis 
will quickly reveal if ony portion oi the d-c restorer is 
defective. 

DAMPER AND FLYBACK CIRCUITS. 

APPLICATION. 
The ilybock circgit uses tt,e Lorizontol output trans- 

former to slqiply sweep voltoqe to the horizontol deiiection 
coils, while the flyback (retrace) partion of the horizontal 
sweep is used to develop 1t.e ertremelv hick volroqe neces- 
sary for [he CRT anode. The dorper circs~it is cetesson, 
to ellminote any undesired oscillations nrrnrr in?  , r  tb i .  

-...-.,t , .  . -:.cc. ..e A ~ . lo ir>o:tunce i n  the horlzontoi detiect!on 
circuit, and to s>rp@!y on ndditl~ral dc lo- vdtcqe bocst. 

CHARACTERISTICS. 
Rece~ves its power !ram the horizonto1 output sweep 

circuit. 
Uses o special flvilock tionsformer an= two diodes to 

furnish Soth a h!-ik. o l t q e  cr!d a law :,oltcqe iron tb,e some 
source. 

Flybock tronsformer secondary supplies b t h  horizon- 
tal sweep voltoq~ to !he +e!iec!i?~ co:!c czd L:qh ~.~!:oge 
rectifier fllament voltaqe. 

Flyback transfoimer primary operates as on autotrans- 
former to furnish extremely hiqh voltase developed at 
the sweep frequency to the hqb. voltaqe rectifier. 

C ~ p e r  diode provr:;ts undes~ioSle csciilat~or, oni: 
provides dc iaw vol tqe  boost. 

CIRCUIT ANALYSIS. 
General. TLe !lySock tronsformer couples the hon- 

zontol sweep valtoqe output to tk,e horlzontol deflection 
coils. It olso de:.elops o i-iqh vo!tc~c !oi the secczd 
mode cf ti.t ZP,T. ?,:s ::GZ vilw,,? i n  puJuccd r i iw!  
the sharp tro~linq edqe of !he sawcot5 s:,:eep :.3ltoqe 
(the flyback or retrace portlor, ~f 1k.e weep)  causes the 
current In Vle derlectlan coils to ccllspse and incuce a 
shmp reverse pulse in the primary of t i e  transformer. 
Here it is stepped up !,v auto-tronsfom-r action and nppl!ed 
ro [he plateof rile ririt, voitoqe rrctll~er, wk.e:c i t  is recti- 
fied, filtered, and opplied to tb.e scmnd cnodp of the CPT. 

The damper circuit is essentio!lv a diode :ectlfirr 
, . r*n^C^.CC ^ .. , . ~c.. .een tke t:; ;.ce 2. i:>t iecorlcurv on?. rh- 

- .  Sotto- c!  !be s::n:c;,. ;i :he i:/tc,:L. trj!:; t i  ... w. . r  ;.. . . .. 
Lii:,:; 7I.I:T.t: ::.i ; ~ : : + - i i , i  i ,iitfii , i ,  i:tc ii;.cct!II,. "OK?  

durinq the steep tiailiw rJ;re of the sw:toott. 5,njeep fron 
. . .. 

zz"Z::,; :L:.:.:.U~"~ u>L. ;:L~u!. .,. :,.e *e,1ec:,u;, CS1.S. :r. 
rectliyln? tnese osc;i:otlons 11 oiso pion2es on ddltlonal 
. 3 - , .ultace, ,.~ !or h-c.~an> tk,? ~,~!-p#.:! r . i  +.,? i ~ ~ ~ . . . ~ ~ ! : ~ ~ ~  
?< po.:er :,:;;ply. 

Circuit Operotion. l k r e  are ?MV Circuit arranaements 
whlcil can produce flycock ani cmpe: operotion. T h e -  
iore, circuit aperotlor. is devcted to on erp!nnat;qr c f  cno 
of themost COT-nrly : r 4  flyback en? <c-ae: c::c;;: 
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mmhnotions. Tms nmml: or:anqement i s  shoum in ic.e 
accompmyinq illustration. 

Flybock and Rwcr Circuits 

-M-- c, 

In this circuit orranqement the plate of the horizontal 

INPUT FROU H O R I Z O M T I I  

sweep output amplifier i s  topped ocrass port of the primary 
oi i iyhck tronsiormer i l  (which iperates cr r: hi;'. ,~c!t;~e 

- - 

autotransformer). Tre secondary (output windinq) of trans- 
former T1 is connectei! acrzrs L-orizcntol deflection coils 
L3 md L4 and associated copocitors C3 and C6 which are 
used to balance out the dlstrlhuted capacity of the circuit. 
Inductonce L l  is a width control far the CP,T dlsploy. h 
is I smal! mi! :vitb, 3 :maL1- .,.r ,me ,  - und 1s s!!unted amx? 
0 Fullion oi secondary windlnq of Ti. Adjustinq the value 
of h e  rvidth coll cilonqei the taral in5~c tmce  oi the s e c  
ondary. Tne iorqer b e  tot01 inductorc? vol,le, the qren!er is 
the width. Diode V3 is the da%per t3t.e. Inductcr,ce L2 
and copocltors C l  an6 C2 comprise n simple pi-filtcr cct- 
work !or tt.e damper 13:; ;olto;e &st supply. Tta  too at 
the primary of T I  is connected to the plate of hioh voltaoe 
rectifier V2,  while the smnl! WwPr needed to he& !he 
filment i s  supplied hy I m o l !  si?c!e turn te:tia;v windinq 
on Ti ,  and is ronnecte" !n se::e: ,u:tl. p:otccti.de sdr7e  
cxd :oud resistor !I. ?e.i!ster Xi t l l~t i ler  witb rq3-!- 
tois C4 und i5 rar?. o reclst~nce ty;le ot pi-iilter r~etwori 
to elimlnote any sweep frequenm rloole nppearlnn nn +b 
hlqn volraqe oppiied to the second ancde of ti le CPT. 

A positlveqoinq sawcoth. currect applied 13 the pri- 
r n q  of tk flyhack onc 3aXFe: t:cr.;:criaei irveiops u 
p s ~ t ~ i e  qoma ;;cl:oqe ifi the secunmiorv to 7;. l r i c  or* 
duces o risinq deflect~on c-rren! ttro::ot horlzantal ;v;eep 
ml!s L3 ona L4. Siode '43 conducts dt!:lnq thlc ??!!mi 
tecause o! the pnsiti.:e Fote~!iz! prccfrt 0: :kc :i 
damper l;tc ':S. Lrinq :he ~ ~ s i n , ~  sweep r. lcts cs a 
liah: rFsjstive !or< 0.c ':. s,Qat.: .! .:.r. -mn:: *-...q. m i  -~ .. -. 

OUTPUT AWLIFIEII rnr 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 

the total power present. The resistive load of V3 and the 
resistive load of the deflect~on mils require a s1iqh.t 
linear increase in the amplitude of the induced squore wove 
to produce the required sawtoath current far the deflection 
mils. This i s  provided in~tially by o small amount of 
stored voltaqe in the mils. 

The retrace of the sowtcath sweep causes the secondow 
voltoqe of T 1 to drop to zero. This, in turn, causes the 
current in the deflection colls to collapse, and shock ex- 
cites into oscillation the resonont circuit fcrmed by the 
deflection mi l s  ond distributed capacity (1b.e oscillation 
frequency i s  in the vicinlty of 75 KHz). The first alterno- 
tion of the flyback osclllot~on i s  3 shorp neqative pulse of 
high potential and V3 dces not conduct durinq t h ~ s  neqative 
transient. This neqative spike, however, also appears 
across the secondary of T I  and it is inductively coupled 
into the primary of Ti. Here it is stepped up to o very 
high positive voltoqe by t,+e larqe number of turns of the 
complete primary oi T L This voltaqe causes hioh voltaqe 
rectifier tube V2 to conduct and rectify the positive kick- 
bock pulses. The pulsatinq d-c voltaqe from the hiqh volt- 
oge rectifier is voiyinq at a hiqh ripple frequency ondis 
easily filtered by the RC orronyement of capacitors C4, and 
C5, and series resistor R2, and i s  opplied to the second 
anode of the CRT. 

When a positive transient appears on the plate of V3. 
damper tute V3 conducts heavily. The oscillatinq tron- 
sient is heavily damped by the load ploced across the 
deflection mils  by the damper tube. Before the transient 
oscillmions are completely elimnated, however, the 
sowtooth sweep beains oqain. ' h e  combination of the 
hewily dmped oscillations ond the increasinq sawtooth 
input produces o sliqht linear increase in the deflection coil 
current at the start of the sweep. 

Durinq the time thot V3 is conductina, dc voltaoe i s  
opplied to the filter netiwrk consistinq of copacitors C l  
and C2 and inductance L2 ?l.is voltaqe is connected 
in series with the voltaoe from the low-voltoqe power 
supply and provides a smoll d-c voltoqe boost. 

FAILURE ANALYSIS. 
Not.: 

Although this type of circuit is desiqned to supply only 
o smoll output current iron the kqh voltaqe supply to pre- 
vent lethal shock, becareful to observe stondard hiqh volt- 
age safety precautions. It is important to dischorae both 

the CRT anode ond the hlqh voltoqe filter capacitors before 
mokinq voltoqe or resistance checks on h e  i-ilh voltoae 
partions of this ciicmt. 

No Output. Assuminq thot the input of this circuit. 
which i s  the output from tb,e horizon101 sweep output mpli- 
fier, i s  correct, a nodutpul condition cauld occur if the 
primary of T l  were shorted or open. In either case no volt- 
age would be mupled to the secondary of TI,  and no mlt- 
oqe would oppem on theplate of the hiqh vol to~e rectifier 
V 2  Thus there would be no sweep voltaqe produced by 
the deflection mils,  or hiqh voltaae on the second anode 
of the CRT. To determine whether or not T I  is defective. 
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measwe the d-c resistance of 1i.e primov of T1 :;itb. an 
ohmmeter. Likewise, if the secondary of T I  were open 
or shorted, no voltoqe c o ~ l d  be coupled to the deflection 
coils, and no larqe neqctlve k~ckbock pulse ,would be 
develooed for the aroduction of tlre i.iqt. voltoae for the 
semnd onode of the CRT. To determine if the secondary 
of T I  i s  shorted or open check the d c  reslstmce value of 
the secondary with an ohmmeter. 

If horizontal deflection coils L3 and L4 were shorted 
or open no sweep would be produced and, likewise, no 
negative pulse would be developed for the production of 
the hiqh voltoae md the CRT ..vcu!d not be ~llurninoted. 
To determine if L3 ond L4 are open or shorted measure 
their dc resistance value with an okrnmeter. 

If copocitor C6 were oper no sweep voltaoe would be 
produced and no hiqh voltoqe would be produced. Check 
the value of capacitor C6 with. an ln-circuit capacitor 
checker to determine if it i s  open. 

Law or Distorted Output. I! the input of this circuit 
i s  correct a low or distorted outp~~t  could exist if T I  were 
partially shorted. Check tb.e d-c ieslstonce values of the 
primary and the two secmdaries with M ohmmeter. 

If either L3 or L4 1s shorted, or oartiallv shorted, the 
sweep voltoqe will be d~storted and o distortei ?attern 
will oppear on the CRT. W,hile on improper kickback volt- 
age volue moy be coupled to the plate of the ulqh voltaqe 
rectifier the distortion may not create sufficient difference 
in value to show on a voltage check. bleosure the dc re- 
sistonce of W and L4 with an ohmmeter. 

If capacitor C3 were shorted the some effect os a 
shorted inductance L3 ,+:auld occur. To determine i f  C3 i s  
shorted check C3 with on in-circuit capcitor checker. 

If inductance L1 were shorted or open, the voltaqe 
coupled f rm the primory to the secondow of T i  would te 
lower than normal resultinq in o srnoller sweep and o lower 
high voltojp value. To determine if inductonce L1 i s  
shorted or open check the dc reslstmce volue with an 
ohmmeter. 

U diode V3 is shorted, the sweep voltaqe will be 
greatly decreased ond sho.v a smoller pattern on the CRT. 
The hiqh voltaqe at the cothade of V2 will also be lower 
thm norml, ond the boost voltage will also be low. 

I 1  filter components C1. L i ,  or C2 were defective the 
toost voltaoe would be lower than normal. To determine 
if my of thdse components ore defective, check capacitors 
C1 ond C2 with on in-circuit copacitor check, and check 
the dc resistance of U with on ohmmeter. 

If diode V 2  ,were shorted or open no hiqh voltoqe 
would appear on the CRT and the presentation would not 
appear. Check the voltage from the filament of V2 to 
ground. If resistor R1 were open, V2 would not conduct 
and no high voltage would be available at the second 
anode of the CRT. Observe whether or not the filament 
appears to be illuminoted, if not check R1, for value with 
M ohmmeter. 

If caplcitar C4 were shorted, h e  high voltaqe would 
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be grounded and none u;otild he ovailoble at ti.e semnd 
mode of tne CRT. blecsure ti,e , io l to ,x  from C4 to 
ground, if it is low or zero check C4 for proper value with 
m incircuit capacitor checker. if resistor R2 i s  open no 
high voltage would be available at the secmd mode of the 
CRT. Measure the voltage of C4 md C5 to ground with a 
voitmerer. if h e  voltage on C4 i s  norm01 hut voiroqe o p  
pews a n c s s  C5, check the resistmce value of R2 with on 
ohmmerer. if capacitor C5 were shorted the hlqin voltoge 
would be shorted to ground. Check C5 with on in-circuit 
capacitor checker. 




