
ELECTRONIC CIRCUITS NAVWIPS 

SECTION 9 

BLOCKING AN0 SHOCK-EXCITED 
OSCILLATOR CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

FREE-RUNNING PRF GENERATOR 

APPLICATION. 
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Circuit Operotion. The occompmyl?q cilcull sct,emc- 
l i c  ~ i ius t ro tes  o trloae eiectmn tune in 2 Daslc i r e t r m n l n g  
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?ecRsory coupling Letwee? the :ig!r 5x4 :r:c s! e l e c t r 3 ~  
!(:he V1:  t~rrn!nnls ! mi! 2 ni !imsilrmer T! c ? ? n r ~ !  10 
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thiough the plate wmdlng (terminals 1 and 2) of transformer 
TI. A magnet:= field is set up a b u t  the plote winding and 
a voltage i s  induceo (through transformer action) m the grid 
winding (terminals 3 and 4) of transformer TI. Because of 
the phoslng of the plote and @d wndings, the voltage 
produced across the grid winding is impressed on the grid 
of the tube fnrough coupling capacitor C l  with such 
polarity a s  to drive the grid in a posltlve direction. This 
results in an increase in the tube plate current, and the 
action ccntinues with the grid being dnven further m the 
msltive direction. When the qrid i s  driven sufficiently 
positive, the tube 5eg:ns to haw grld current and capocltor 
C1 begins to charge. Grid copacitor C1 is charged through 
the relatively low intern01 cathodetegrid resistance of the 
tube, causinc the plote of capacitor C l ,  which i s  attached to 
the grid of Vl, to accumulate a surplus of elections. At 
this time, however, the plate current has reached i ts  sutuiv 
tior. value and f i e  current through the plate winding of trans- 
former T I  con no longer increase (change): as o result, the 
voltage induced in the grid winding of the transformer con 
no longer increase (point a on grid-voltage waveform). As 
a further result, since no induced voltaue appears in the qrid . ~ 

winding, capacitor C l  starts to discharge through resistor 
R1 causinq the srid potential of Vl to become sliqhtly less 
positive. This iauses the plate current in the pla-te winding 
to decrease slightly, occampanied by a decrease in the mag- 
netic field ohout the plate winding. A s  the magnetic field b e  
gins to collapse, a voltage is induced in the grid winding of 
o polarity opposite that originally produced; thus, the grid i s  
driven in o negauve dlrectlon. 

h the grid of Vl i s  driven negauve, the plate current 
continues ;a decrease and the magnetic field a b u t  the 
d a t e  windina mllapses mmpletely. Tnis causes the wid . . 
to be driven still further in o negative direction until cut- 
off is reached (point b on waveform] ot which time plate 
current no longer flows through transformer TI. 

The highly negative charge existing on capacitor C1 
p:aces the grid of V1 below cutoff (paint c on waveiorm); 
then the copocitor slowly discharges through resistor R1 
and the grid winding of transformer TI. Since the resist- 
ance of the grid winding is low canpared to that of the 
resistor, R1, the resistor i s  the determining factor in the 
discharge time of copocitor CI. Furthermore, since the r e  
sistance of R1 i s  large compared to the internal cothode- 
grid resistance of the tube when the grid of Vl i s  positive, 
resistor R1 does not affect the chorging of capacitor C1. 

After on elapsed period of time, a s  govern& by the time 
constmt of P1 and C1, capacitor C1 l scharges  through re- 
sistor Rl  to o point near cutoff (point d on waveform), where 
the grid voltage allows the tube to conduct. As plate cur- 
rent once again starts to flow through the plate winding of 
trmsformer TI ,  the entire cycle of operation is repeated. 

F e  chwging magnetic field produced about the plate 
winding of uor.sformer 7 1  also induces a changing voltage 
in the tertlaw or outwt w~ndina lterminois 5 and 6). Thus. - .  
an oiltpu:-v>koje wave!9rm is produced ocioss the tertiary 
windina 4 i c h  i s  similar to the platevoltooe waveform of 
the blocking osclllotor. The puise output can be of either 
polarity (;v~th respect to ground) depending upon which ter- 
minal of the tertimy wlndinp i s  grounded. As shown in the 
iircii;; schematic, ;+;mino! 6 o! T I  i s  qiounded; therefore, 
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the initial output pulse i s  positive with respect to ground. 
If desired, limit~ng or clipping techniques can be applied 
to the output signal to reduce or eliminate the overshoot 
(amplitude extreme) in the output waveform. In some in- 
stances the desired signal may actually be the overshwt 
ond i s  used to provide o trigger pulse which is delayed in 
time by the width of the initial pulse. 

The approximate time interval required for the copacitor 
voltage, Ec, to discharge from maximum to the cutoff value, 
E,, (point F to point don the grid-voltage waveform), moy 
be determined by use of the following formula: - 

t = 2.30 RC log k 
Eco 

'Where: t = time interval to discharge to cutoff 
(seconds) 

E, = maximum voltage change onoss  capacitor 
E,. = negative cutoff value for tube 
A = resistance of grid resistor (megohms) 
C = capacitance of gridsoupling copocitor 

( p i )  
Since the pulse width of the blocking oscillator i s  us- 

ually smoll canpared with the capacitor discharge time, the 
pulse width may be neglected when approximating the 
natural operating frequency of the oscillator. The natural 
operating frequency (cycles), f., can be expressed os the 
reciprocal of copacitor discharge time; thus, the blocking- 
osciiiator frequency may be approximated using the follow 
ing formulo: 

' 1  f. = - 
t 

Where: t = copacitor discharge time (sffonds) 

?he freerunning blocking oscillator, with minor circuit 
changes, may be synchronized to an extemol trigger sig- 
nal by choosing values of Rl  and C l  so that the natural 
oscillating frequency of the blocking oscillotor i s  slightly 
lower than the desired frequency. The synchronizing 
trigger signal, then, must be slightly above the natural 
oscillating frequency of the blocking oscillator. Under 
these conditions, when the tube i s  held below ~ t o f f ,  the 
application of a pasitive synchronizing pulse will drive 
the tube into conduction somewhat earlier than the R-C 
time constant would normally permit. Thus, the oscillotor 
will synchronize i ts frequency of operation with that of the 
trigger source and the repetition pe r i~d  of the blocking 
oscillator will be that of the trigger source. 

In a practical blocking~scillator circuit, resistance 
R l  i s  usually made up of two resistors: o fixed resistance 
and a variable resistance connected in series. The variable 
r e s i s t m e  is then adjusted to provide operotion at the d e  
sired puise-repetition frequency. The operating frequency 
of the blocking oscillator con be changed by switching 
values of R, C, or both R and C, to alter the time constant. 
For example, a blocking oscillotor designed to operate at 
600 pps can be changed to o lower frequency, such as 300 
pps, by switching a loiger value of R, C, or b t h ,  into the 
circuit to lower the pulserepetition frequenq. Another 
method of shifting the operathq frequency of the blocking 
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oscillator, over o limited range, is to c h m ~ e  the qulescen! 
qnd wltaqe of the tube. This method i s  unaffected by imd 
resistonce, stray capacitance, etc, md is well adopted to 
remate-control operation. 

imparront factors affecting the frequency stability of  
the block~ng oscillator me: the stabill!" of grid resistor 
8 1  md of copacitor C1, the ronotion or chanqes in applied 
:iiommt and plate volta?es, a d  t ip  rhmqer nccwring L". 

the electron tube. 3 e  c~rcuit i s  pcrnculariy sensltlve to 
changes in iilarent voltage; o 13 percent decrease in 
filommt voltage may chanqe the osc~llotor frequency a s  
much a s  2 percent, wh~le a 19 percent increase in tilommt 
voltaqe may change ir,e frequency amut I percent. .k. 
change in plote mltoqe of 10 percent mi! chanqe !he 
iie~urncv atau! I percpnt. 

FAILURE ANALYSIS. 
No Ou+put. h a noncsaliatin~ condition, negative 

7:li valtoqe wll! nnt he ??ve!ezed: !be -ex::-? I:=:z 
va!toge a! the plote oi Vi will be beiow normoi because 
of the steady value of plate current flowing throuqh the 
plote winding of uansfoner T! (assumhq :b,c p!a:e windmg 

not ,?pen;. Capaci!or C1 and ieslstor ? i  alrectly aifect 
!he pdse  b a h q :  c shortei copacitar wiii cnuse aicil:~!iccs 
13 cease md prevext deveiopnent 3: o~ i i l i i t o r  ,]rid 
vn!!qe, 3" da? 3pen resistor wi!! pre.;ent sapociclr~r b s -  
charge. Sustolned periodlc oscillations of the block~ng 
ovillatar depend uFon feedbock obtoined from transformer 
T l  os well os the oction of capacitor C i  a d  resistor R1. 
Therefore, any defect in the trmsformer, such os an open 
;laic zi grid tiiildiilq i)i i~ n u l l ~ b e ~  oi short& 'urns 11 ?!!per 
oi these wlnainqs, will prevent the circu:t from operorlnq. 
A sharted o;ltput wlndinr: or sbnr!Pi' ion4 ?-:e?z-~z -;y 
nlso r a s e  the c i ~ a i !  t3 step osc~l!ainj, Si7CE tTae t ~ : -  
:;cur tiinding is mupied to the piore and qr;d wtnainqs ot 
t ie  r:ossicrmer. in this case, the impedance refiffred lo 
!DP ?!ate ilnd q'!1 wind!z:s mny Ccrx ?x;ess:;i !;:xi: ... L._L . . I ,  . . . .....,,, hi,, i i l ~ l r n i  n u = i u i n ? i  osciiiclions. rmte Inn! i1 :ne 
! e r t i q  winding s5o-!i spen, the circuit nl::  ~.untinr;e lo 
operate; however, no output wlii be cotmned from the ter- 
tlmy wmding. 

Inco,r.st FI..~U.~C~. Tne w i u r  01 ~isci l lo t~r  3:: 
mmpnents should k wlLh:n sesq? !oie :~ce :a z r i e i  tr, 
produce me oesliea opeioung trquency, where ar, 2d)dst- 
mwt 15 prsvlded, 0 im01l chance m oorint!?? f r y ! ? " - "  
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c2panlancr, ieuky capociror, etcj w:ii k accmoanlea bv 
. -:,J:+ .L, ,-+ r.:.,,4 :.cy*<r,.:j. N S G ,  cr>Gl,Sc> > ! >  00n::fT 
:!lament an0 plate ;.atentla!s w?i: 3fie;: tk,e 0y!1tlnq 
::~';;,a,-~r. 

r.2 . . ~  . 
u ~ a ~ L l ~ . . z L z r 2 : =  a"bs::.;~i~:: st :;ces tc* :reeru~~t~~~c>:: 

olocnloaasclilator clrcllt cm cmis- ? fre*ency ch l l l e  
m m s e  ci d:tiercnces in in'iiidud tuor charac:e!ist~cs. 
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pulse depends upon the timsiomer turns rztio between 
plote and grid windings and also upon the rote at whlch ai- 
rect moy rise in the wm&nqs a s  determined by their In- 
ixt;?ce. (A  ::ans!oimer with 'niqh stepup rotlo and iow :a- 
A,,"+--- ,... I ,  . ~ 7  .. "..,. ,.,, ycuuu~r irlouve1:i shor14ur3tion pulses.) 
>,e a ! se  width nonoliv obtoliied js approrimatelv equal 
,nthp ,,."" ̂ , ̂?^ L.i' , , .. " ". " .. .,.... ,,,,, ,;ui:, niiu:: & "IIIUUCW, oi 
.,~ lgic ~ wuiura1 usciiiotlnq frequency li the relouveiy lorg? 

;ri&b!ockin,- ccp~ci toi  Cl were not dsed ;r the cucuit. 
Thus, o defect in the trmsformer, T i ,  would be hkely to 
cmse o chanae in  ~ u l s e  width u c c u m ~ a i d  bv unstable or 

.--- 
",,:,dac - 5  lac 5:iferer)ck bewee?: <:c :r.s::~t~.nmus x z ~ e  
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,n!tnqe producd ocross the g:ld wlndinq of trmsf,xmei T1. 
4 rtse IP cn3cc:!z: , J : ! : ~ Q P  :o:is.?s t z  qr:? ~ 3 ! ! 4 e  :; te 
c m e  less ~ s 1 t ? ~ / e  t-ste: tnm I! :hc ;;:ioa :epei.ded u p n  

-...--.., "..-"- ~, ~ - . 
.._.-.a,..... .,:,,,c u.u.jc, ,,,,>, ,iis , r ; , ~ ~ . j ;  paise is riltct- -, 
:.id;. s5?:!-eL ::I :.:LC: CC;;;;;:Y: C: GI ; S S L ~ ~ U ~  I-,, 
should chanqe value, the effect wculd be more rendlig 
notlcrd 3s c c h 3 r . ~  of !:eq;emq :other tt,an o change of 
2uise wlit!.. 

TRIGGERED BLOCKING OSCILLATORS. 
Inqge:ec hisciting ;sciilato:s me u s d  :o p iod~ie  

!argwm;litude pulses for triggerin? modulotms, inilcmors, 
muluvlbra!ors, pulse-frequency dividers, or pulse shapers. 

. . 
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pan .4 of 'SIP occnmpnyhj illi.stroticn, a: wi:? csthode 
;;;s Gatoine; iium 3 posiuvr mirage sol l rCP iltli!z!n: 5 

voltale d~vider, os  shown in wrt  ti. As or. alteinctlve to 
the cohade-bias ciicuil shorn m pcrt E2 the sixp!i!:d cir- 
*,,<* ,.L",,". :" ---." .L 4..,.... ... ,,.> - ~ n r  c~tiiude ai;enr oi anorher . L .  .- L,- -, ,&!dis Liz; !:-- z ̂ a,-ror cit.->rie :i-:s!^: (fir;: 
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r i (md  circuit. 
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!:ig:erimpllrle: m c  t'le D!ockh;-oscil!atm n i k s .  Tile 
- ; ? ~ , ; ! s ~ ~ . > - < " 7 ~ ; ! . - . ' : . z . . - . 3 :  .. . . . , "d.-, -. -.,.t.c, ~: ii-sljeua,t 
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Blocking-Oscillator Biasing Methods 

Parallel trigerinq of a blocking oscillator results in o 
time delay betwem the opplicotion of the trigger pulse ond 
the start of the blocking~scillator ~ u l s e ;  however, there is 
verv little reaction of the blocking oscillator upon the trig- 
ger source. 

?he simplified circuit shown in part D illustrates a 
common arrangement used to obtain series triggering of a 
blocking oscillotor. The cathode follower supplies the 
trigger to the gridietum circuit of the blocking oscillator 
(effectively in series with the grid-signal source). A var- 
iotion of this circuit i s  given in poit E, where the plate cir- 
cuit oi a triggermplifier tub? i s  copacitively coupled to 
the oridqeturn resistance of the blocking~scillator tube. -~ 

Series triggering of o blocking oscillotor minimizes the 
time delay betwem the application of the trigger rmd tile 
s t a t  of the blociring~scillotor pulse: however, the heavy 
gridcurrent flow during operation&the blocking oscillator 
generally rwcts upon the trigger source. 

Output coupling. Several methods are used to obtain 
the output pulse from the blocking oscillator. The slmpliiied 
circuit shown in port A of the accsmpanying illustrotion 
uses o third (or tertioryl winding on the blocking-oscillator 
transfarmer to supply the output. This method, whlch is 
perhaps the most commonly used, oifers the advantage 
that either poiorlty oi the initial puisr n ~ u y  be obtained 
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from the transformer, depending cjon & i c i  terzinal  af the 
tertiary winding i s  qounded.  Furtnermore, the pulse- 
3 a t p ~ t  circuit con be isolated from ground for s w c i a l  
app lkn t innr  reql~irinq such isolation. This circuit con- 
iigurgtion noimally p r o d ~ c c s  cn overshwt  tor amplitude 

01 oaaasi te  po!crliy ?:::,-e5;tely fc!!o-in? the 
&i:d fE:[icl pc15~:  T ~ P  ~ v e i s t ~ ~ o i  resal ts  !:om the  
cnllopse of the maqnetic f ie ld  u o o ~ :  t r e  transformer 
windlnqs ot the end o f  the ir.;:;o: pslse cnd after the I t i c e  
i s  ot cutoff ;  it can be olrnost completely e l iminc td ,  if 
desired, though tile use of a dcmping-d?ade circuit. 

T h e  sircuit shown in  part 8 prvjuces a p o s t i v e  out?;d 
cu!s- in !be z o t 5 d e  circoit.  Shen the cnthoce reslsrai nos 
- I-... . , - I  = . . ~ k , ~ i  . , 4 m 1 q l i y  :he case, 11,:s i i l i t j ~ t ~  ",".. ." .--, . . ~ ~  
coupling method piovlces 3 reiuilvciy i u n  UU~+: ;;;.i.;i:r.c:. 

-, 
i n e  circuit s h a ~ i ,  ii p;:: 3 j:&:;ce. 3 neqntivr output 

oulse. The output !2peiai.i~ zi tk:s c::;'! :.i rt:i;ir;ely 
-. , , .  

The  circuit shown in part L also prodxces a negative 
output pulse, ac ross  the series dropping reslstor [KJ in  the 

circuit. Except :o: v ! ~ r i t y ,  :ils p u l e  1s iinlllar 
to the cathode pu l se  l i i  the circu,t !I! ,wrt D; h-r-  
2 ~ 2 1 ,  Ille injed3nce c: :ti C!iCiiit i?  :art i' LF !!,LCD 

hlgher thon tho1 of tt ,e circait in ;crt 5. 
7 , h e  circuit jiiowr; ~ r ,  part Z p;;3~ccs 7 ~?s i ! !ve  clufplll 

pulse in the cathode circuit of o cathode ioilower. A 
npgotive voltage (bias)  i s  applied t o  t h e  grids of the 
blockinq oscillator and the directIy<oupied cathode 
lollowcr. The  odvoritages of thls  oatput circuit ore 3 
I-...; .rpedcnce outaur, n ~ , ~ o l i v e  peak i i ipp:Ci  3i. :::e % I L ' T  

of the cutoff cathodrfal lcwer  s t o l e ,  and proctlcclly no 
, ' - . ' I _ - .  .. ,Lo nlwii,r" ".;r,Ij","r. 
: C i . , , l y  i . . . L .  .I.r. - ~ - -  . 

PARALLEL-TRIGGERED BLOCKING OSCILLATOR. 

APPLICATION. 
The  p a r ~ l l e l - t r ~ ~ g e r c d  b l o ~ k i ~ n j  ~ ~ c i k t z :  1s ~ 5 2 2  !C 

pr&uce short-tinie Jluution, l~r;e-c.n;!it?ldi p~lses lor 
ns 4 v l c b ~ o n l z l n ~  or trlqger pulses  ifi rado: ma~~l:!crs 

:n? d:sp!o. i?dica!ors. 

CHARACTERISTICS. 
cu tpu t  is a sinqie cycle of osciiiotlon czase2 

I... .., +.;-..m----l.fier ... ",-. -.., ~~. t t j h ~  conduction w$,Lc~. li. I" t 'xn, 
L.--. .-A hi, ,T winner ""Ise at the beo!nn!nl ol eocrt .",,, , ,,,,,,.>-- - .  - ~~. , , . , 

--! s?.;z;c :;!:cz .:?:!?c <,-,v,* : :? , , I .  ,s ;,,IL-,,L~: x:;:cc?. . , .- . . _ _  t k , e  ::-.e :: !ry?e< ~ ~ ~ i ~ c n ~ m n  . ~ ::; :r,e Illqbc. d.. v.... ., 

t,,e c: ::.< .eo,?l"'] ? , : ? ~ > I  t:,- ,,.. :~ ,, ; 

~ , , i ~ ~ ~ . ~ t i t i o n  time 1s determined by ;!, ex!i-rnci 
, . ,, 

..-r,.?,;p?r>77er q,,,irw :r, ,zGr,iL-,Lt ,\,,, * ..,, .:.; ~. .. . ~. - 
, : t 4 : i t  ,',I 5;i:e-iece!;:lor. !re- 

~. ; : : . . - , , . . ."., .. ---- 
- , ~ I s P s  aer second. 

Tii2qer :rrp!i!ier provi,3rs iso!n!ior an6 crevents ~ 1 C c n ; : l y  

nc r~ l l i> tn r  irom rcoctlnq on triijge: zouce ;  c.so, :mp:~!lt~ii- 

tisfi t:;--er p l ; e  s h n r ~ n -  p d s e  snmewr.ot, 

Output Couplinp Methods 
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ELECTRONIC O R W I T S  NAVWIPS 

circuit (pasitlve pulse, or f r o r  the plate circuit Ireqotive 
ib l se l .  

CIRCUIT ANALYSIS. 
G.nerol. The  parallel-triggered blocking oscilioror 

i s  s i m i i a  to the free-running pi! generctor except that i t s  
pulse-repetition frequency i s  deternmed by a pasltive 
synchionizinq trigger pulse which i s  zppiied lo  a t rqger  
amplifier. The  plates  of the trlgger-amplifier tube and t h e  
blmking-asc~l lotor  VJX ore in porsl!ei ond shme a common 
plate windinq of the blockulq-osciliotor tionsforrner. '?ihen 
the trigger amplifier receives  a pulse from a n  external 
source, it amplif ies  the pulse and causes  current t o  ilou; 
in the plate winding of the transformer; thus. 3 cyc le  of 
oscillation i s  initiated. Upon completion of the pulse  
cycle ,  t h e  clrcuit k c a r n e s  inactive until the amplifier 
receives another triqger pulse. EIormal operotion o! the 
parollel-triggered blockinq oscillator resul ts  in the  
generation of an output pulse w c h  time a trigger pulse 15 

applied t o  the triqqer omplifier. 
~ ~ . . 

Circuit Operqlion. T n e  occompmying citcuit schematic 
iilustrotes two triode electron tubes in a ;ural!e!-triggered 
blocklna-oscillator circuit:  one electron tuce is the block- . 
ing osci!lator and the other i s  the trigger amplifier. 
Althouqh the i c t emut ic  iilustrotes two seporcte t r l d e s ,  
V l  and V2, a twin-triode is i r e q ~ e n t l y  used in this  circuit. 

Transformer T I  provides the necessary coupling 
Iir,,2uclive feedback) between plote and wid ol electron 

903,000.102 OSCILLATORS 

oscillutor tube, V2. Capacitors C2 and C3 ore the cathode 
bypcss  ccpacitors :or VI and '$2, respectively. Sopacitor 
C4 and resistor R6 form an R-C circuit t o  deterxine the 
dischmqe time constont in the qrld circuit of VZ. 
Resis tor  R7 and capacitor C5 form a plote decoupling 
network. 

The  output pulse from the blocking oscillator is 
token from the tertiary windina (terminals 5 and 61 of . , 
transformer T I .  

For the  foilowino discussion of circuit ooerotion. refer 
t o  the accompanyinq illustrntion whlch shows the input 
trigger and blccking-oscillator plote-signal, grid-signal, 
and output-voltage ,waveforms. B ias  voltage for the triqger 
ampiifier,  V1, i s  developed by cathode resistor RZ a s  a 
result of the d-c current through the ser ies  res is tance of 
P2 and R3, connected os n voltage divider. between the 
~ u p p l y  voltage ond ground; a lso,  b ias  i s  developed for the 
blocking oscillator, V2, by cathode reslstor R4, which 1s 
in se r i e s  with resistor R5 t o  form a similar vo!toge divider. 
The  amount of b ias  developed by resistor P.2 i s  sufficient 
t o  hold the grid of V1 near cutoff, whereas the bias  
developed by resistor R4 places  the grid of below 
cutoff. 

T o  s tar t  a single cyc le  of operotion, a positive triqqer 
pulse  i s  applied to the input of trigger amplifier V1 ocrass  
coupiing capacitor C1 and grid-return resistor R1. The  
trigger pulse developed across  resistor RI  i s  opplied t o  
the giid of V1 and amp!ified by the trigger omplifier. As 

TRIGGER 
INPUT 

R 3  

- - - - 

n - Ebb I + 

Parallel-Triggered Blocking Oscillator 

tube V2; t e in ina l s  I and 2 connect t o  the piat? iprirnary) 
winding, which i s  common to both V l  an.? V L ,  terrninols 
3 ond 4 ccnnen to the grid (secondaiy) windinq, on? 
terminals 5 and 6 connect to the output !tertiary) winding. 
Capacitor C1 couples  the input triqqer pulse t s  t i e  jrid of 
Vl :  resistor R1 i s  the grid-return resistor for V!. 
Resis tors  R 2  and R3 form a vcltoge divider to provide 
cothode bics  for the trigger-amplifier tube, ' J i ;  si;ilarly, ."- . , O ; ~ , U L ~  O A  .w  "rid 35 provide cathode bias  for the blocking- 

o result of the positive-going pulse on the grid of V1, the  
tube conducts and plote current flows through the plate 
winding (terrninols I and 2) of the pulse  tronslormer, TI. 
The volto?e at the plotes  of V 1  and V2 s tar ts  to drop a s  
t h e  current of the trigger orn2lifier increases  in the plote 
windinq; the increasing current through the plate windinq 
s e t s  up o rragnetic f ie ld  ibou t  the winding, and a voltage 
i. ." u.uu+,, ~ + L . - . . - L  ,u,,"uYli ..--~ ~ ~ u ~ ~ ~ l o r r n e r  a c ~ i o n )  ir. the grid winding 

Iterniinais 3 and 41 of transfarmer T!. Since the trigger 
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ELECTRONIC CIRCUITS N A V W I P S  

an operotlnq cycle, the osciilator aay attempt to tecome 
free-runninq kcousn  cf h e  iack a i  correct bias. i e a a q e  
in capacitor C4 wlil c a s e  o change in  the 3-; tlme constant 
of  the block~ng asci;lotor, and wiii resuit in or: unstable 
output wh~ch i s  ~sdoi!y occoa;loned by a decieose in pulse 
amplitude. 

L o r  Ourput. Reduced platesupply voltage will 
a f fec t  lhe o-nphtude (a?? perhaps the puise width and rise 
time) oi  b e  output puise. Also, :i shorted turns shouid 
develop in the tertiary wlndlni of Ti or it a decrease in 
load impedance should occur, Lbe pulse-output ar.plitude 
w ~ l l  'k reduced not o n b  kcouse of tk.e cP.onqe m hod 
inpedmce h t  also cecame cf  the mpedwce  ref iec td  
Into the plote and q i d  windings c f  tronsformei Ti .  If 
the l o d  impedance should fcll considerabiy 'klow the 
corrc! vaiue for the circu::, on lncreose in time delay wlii 
o c c ~ :  between the trigger pglse on3 the start of the 
output pulse; also, the rise time of It,e output pulse wiii 
increase and wlll be accompanied by o decrease in pulse 
amplivude. 

SERIES-TRIGGERED BLOCKING OSCILLATOR. 

APPLICATION. 
TSe series-Uiggered Dlccking oscillator 1s used to 

produce short-time4urotio~, lorqe-omplltude pulses 
for use os syr;chronizmg or trigger pulses 1n radar 
-.oduictors and display ~nd~ca:ors. 

CHARACTERISTICS. 
Output paise i s  a single cycle of oscillation caused 

by tube conductlcn which is lnitlated by n synchroniz- 
ing tnsger pulse ot the ixqlnning of each pulse-repetillon 
p e r ~ d .  

Paise-repetition time i s  determined by an external 
pasitive-trigger source in conjunction with tne R-C time 
constant a i  the grid circul!. The pulse-repetitlor. 
frequency i s  generally f ked  within the range of 200 to 2000 
pillses per second, a!tnough the circuit c?r be nrronqed to 
chmoe the R-C time constant and provide ior operation at 
o subm~ltipie ci the irigger-pulse f r e q ~ n c y ;  in this case,  
the tr inered block in^ oscillator operates a s  o pulse- -, 

frequency dlv~der. 
Requires o low-?mpednr.ce trigger source; there 1s 

considerable reaction on the irigger source even i i  a 
cathode follower is used for triggerinq the circuit. 

Pu!se width and rise time oi the output puise are 
determined primarily by the transformer cnaiocteristics. 

Output-pulse polarity i s  determined by the phas~ng 
of the transformer G-:?dl-tertiary winding. Wit4 mir.or 
circuit changes, the odtpt;! can aiso be taken from the 
cathode circuit. 

CIRCUIT ANALYSIS. 
General. TP,~  series-triggered blacking oscillstor 

is s:mllcr to the free-running prf qenerota; except that 
~ t s  pulse-repetition frequeniy is determ~ned hy o positive 
synchronizlnq trlgqer pilse. When the oscll!ator is trigqered 
by o pulse from an externai source, !t completes one cycle 
of operzticr. to produce on outpit pulse ond then kcones 
~roc t ive ;  tie cycle of cperotlon is repeuted upon appilcouor. 

ORIGINAL 
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of anot!!er trlqger pulse. Normai operot:or. 01 the series- 
triggered blocking osci!lator results ir, tne qenerotion of 
nr output p'dlse mcr. tlme a trlqqer pulse 1s appllw to the 
CI~CUII .  

C i r c ~ i t  Opsrotion. ?be accompanying circuit 
schemotlc illusfrates a trlode electron tube in a series- 
triggered Slmklng-oscillator c!rcul!. Transformer T1 
provides the lecessary coup1:r.q [inductive feedtuck) 
between the plote ond qnd of electron tube V1; t e rn~na l s  
1 and 2 connect to !he plate (pr~nory) winding, terminals 
3 and 4 connect to the grid (secondary) winding, and 
terminais 5 and 6 connect to the output (tertiary) windlnq. 
Capacitor C1 and resistor 3 1 ,  ir. con)mction wlth R4, 
farm on R-C circuit to determine the discharge time constant 
in h e  grid circu~t.  Resistors R2 and R3 form a voltoge 
divldrr to provide cathode bias for the tub?; the voltoge 
developed across R2 i s  sufficient to bias the tube a t  or 
teiow cutoff. Capacitor C2 i s  a mthode bk~lyass capacitor. 
P~llir synchronizing uigger pulse i s  applied across 
resistor A4, which is effectively ~1 series with the grid 
siqnal. Tne vcllue of reslstor R4 i s  generally low; 
however as indicated previausiy, tkis resisionce i s  a 
part oi  the totai resistance which determines the R-C time 
constant of the circuit. Reslstor RS and capaz:tor C3 form a 
plate decoupling network. 

Th.e output p ~ l s e  from tihe blocking osciiialor i s  
taken from the tertiary winding (terninals 5 ond F, of 
transiormer T i .  

- ?or the brief ?~scuss:on of clrc'llt o3erdion ~ l h l c t ~  
fallows, refer to the occompanylng lllustrouon which 
shows the blocklng-3scil;otor-tngger, grid-signal, ond 
outpu:-voltaqe waveforms. 
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When voltage i s  first applied to the circuit, hias 
voltage for the  be i s  developed by mthode resistor 
R2 a s  a rffult of the d i  current through the series 
resistance of R 2  and R3 connected between the supply 
voltage and ground. The amount of bias developed i s  
suiilclent to hoia the g i d  at or s:iyht:y helo*. ;i;toff: 
thus, plate current does not flow a t  this time. 

To start a single cycle of operation, a positive 
trigger pulse i s  applied across resistor R4. Thls pulse 
i s  applied through the grid winding of transformer T1 

TRIGGER 
PULSE 

PULSE 
~RE1:lF 4 

Theoretical Trigger, Grid-Volt-., and Output-Voltage 
W0v.for.s 

and cowcitor C1 to the mid of Vl, and raises the mid 
voltage o h v e  cutoff. (The positive-going triqqer pulse 
must he of sufficient amplitude to drive the mid out a! the 
cutoff region to initiate the cycle.) At thIs time the tube 
starts to conduct, and the regenerauve anion which occurs 
during the cycle of operation is essentially the same a s  the 
action previousiy describd for the free-running iprf 
generator) blocking oscillator. N m  the end of the cycle, 
when the grid i s  driven below cutoff and plate current no 
longer flows through the plate winding of TI, the hiqhly 
negotive chmge existing on capacitor C1 slowly discharges 
thrnlqh resistors R1 and R4 and the grid winding of trans- 
former T1. Since the resistance of the grid winding i s  low 
in comparison with the combined resist&?ce of 3 1  md R4, 
i t  hos little effect on the discharge time of capacitor Cl. 
F-~rI:lkemre, the resistonce of H4 is iow iompoied to 

, r r,, . , ~ ~  ..,.-. 
LCLUL UL 8 1 . .  ui=,c.u,s, V! tz: !?.z 2:04~-:22x ' I / f v  -0 1"- 

discharge time a: apocitc: C!. 
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After on elapsed period of time, a s  governed by the 
time mnstant of RI. R4. and C1, mac i to r  C1 dischorses . . . . 
and allows the grid potential to reuch a point near cumff. 
When a oositive tricaer pulse i s  aaain m l i e d  acmss *. - . .. 
resistor R4, another q d e  of operation i s  initiated. 

!f i! were no! for thep~riodic  mplication of the 
'.' .- .--;-%-. Rq ,hn hlnkinn pos,uvc ,,,L,ysr p u r r  w .. , -.. 

oscillator would remain cut off bemuse of the value of 
cathode bias developed acmss ca thde  resistor R2. 
Under these mnditions, each time a triqqr pulse i s  
applied to the circuit, a mmplete cycle-A the block- 
ing osallotor produces an output pulse which i s  in 
synchronism with the trigger pulse md  has the same 
repetition irequency. FUL ay~rihioniz;Zon '; ac:.;:, 
the values of  Rand C must he chosen so that the natural 
oscillating frequency of the bloking oscillator, in the 
absence of cathode bias. i s  sliahdv lower thm the . . 
repeuuon frequency of the synchronizing trigger pulse. 

2,eoperatir;g freq~ency of the triggered blockjng 
oscillator can be conveniently changed to a submultiple 
of  the trigger frequency by switching R-C values to alter 
the time constant. For exmnple, an additional resistance 
muld be switched into the circuit in series with resistor 
R1 to increase the R-C time mnstant In this case, if 
the time mnstant were a t  least doubled, the os~i l la tor  
would respond to every other trigger pulse and, therefore, 
the blockina-oscillator rewtition freauenm would be . . 
onehalf that of the trigger source. 

71. %I:.! :u!se i s  ?&en from the t e n i q  winding 
(terminnis 5 and 6) of tmnsformer T1 in the same m n e r  
os previously described for the free-running (prf generutor) 
blocking-oscillator circuit. 

In a practical series-triggered blccking-orillaor 
circuit, resistor R4 may actuolly he the cathode resistor 
for a cathode-follower circuit. In this w e ,  the trigger 
i s  opplied to the grid of the cdhode-follower electron 
tube, and resistor R4, acrcss which the trlqger pulse is 
developed, reprzsents a low-impedance trigger source to 
tlne blockina-oscillator circuit. 

?he series-triggered blccking oscillator i s  relatively 
insensitive to changes in filament and plate-supply vultaqes. 
although a change in plate voltage of 10 percent may produce 
a change a s  great a s  10 percent in pulse amplitude and m y  
te accompanied bf some change in pulse width. However, 
th~s  effecr is reduced to some extent by the change in the 
hios voltage developed across resistor R2 whenever the 
;!ate-supply vo!tage changes. 

FAILURE ANALYSIS. 
N o  Output. Since the oscillator i s  normally biased 

10 mtoff, i t  is important that a trigger pulse of the correct 
polnrity and amplitude be supplied to the oscillator circuit. 
. . 
When the circuit i s  in o nonosciilming condition, assuming 
that the developed cathode Mas i s  normal, the voltage 
m~xsured at me piate oi V i  will approutii the ~a:~e of the 
supply voltage, provided ho t  the plote winding of T1 and 
the decoupling filter (R5 and C3) ore not defective. Any 
drfn-i in the plate ;; +d -in.'i?gs c! !:cnsformer T! ic 
, ., #rely i3 pievent the orow; reqmeracve f d m c i r  
from occurring: a s  a result, the circuit will not provide the 
proper oirtp~it pulse or mcy no: osci!!ate at a!!. !!the 
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tertiary winding of transformer T i  should open, the circuit 
may still operate but no output will be obtain4 from the 
tertiary winding. 

Unst-bl. Output. Whenever the output-pulse repetition 
rate of the blocking oscillmor becomk unstable o;erratic, 
the triqqer pulse should first be checked to determine 
whether-the fault lies within the trigger-generotor circuit. 
Since the stability of the blocking oscillator i s  dependent 
upon the repetition-frequency and pulse-amplitude stability 
of the trigger saurce, it is entirely possible lhat M unstable 
trigger applied to the oscillator will cause the blocking 
oscillator to produce output pulses which are synchronized 
to the random triggering. Random pulsing of the blocking 
osillator c m  also result if the fixed bias (derived hom 
resistors RE and R3) should be reduced and apprcach zero 
bias. In this case, although the trigger pulse will 
frequentlv initiate an oceratina cvcle. the oscillator mav 
att.&t to become fre&nning &se of the lack of ' 

correct bias. Leakoye in coomitor C1 will cause 3 chanye 
in the R C  time canstant of the blocking oscillator, and 
will result in an unstable output which is usually accompanied 
by a decrease in puke amplitude. 

Lor Output. Reduced platesupply voltage will affect 
the amplitude (and perhaps pulse width) of the output 
pulse. Also, if shorted turns should develop in the 
tertiary winding or if a decrease in lmd impedance should 
occur, the output will te redwed not mly tecause of the 
change in iwd impedmce but alsa bemuse of the 
impedance reflected into the plme and grid windings of 
transformer T1. 

FAST-RECOVERY BLOCKING OSCILLATOR. 

APPLICATION. 
The fast-recovery blocking oscillator produces short- 

timedwation, large-amplitude pulses fa use a s  timing, 
synchronizing, or trigger pulses in radar modulators and 
&splay indicators. 

CHARACTERISTICS. 
Output i s  o single pulse caused by tube conduction and 

initiated by a trigger pulse of the heginning of each pulse 
repetition period. 

Pulse repetition frequency i s  determined by an eaernal 
trigger saurce. 

Pulse repetition period i s  much shoner in the fost- 
recovery blocking oscillator than in other types of blocking 
oscillators. 

Pulse width and rise time me determined primarily by 
the tronsformer characteristics. 

Output pulse polarity i s  determined by the phasing of 
the transformer output (tertiary) winding. 

CIRCUIT ANALYSIS. 
Gm.r.1. The fast-remvery blocking oscillator i s  

similar to other types of triggered blocking oscillators 
in that, when triggered, it supplies one output pulse and 

CHANGE 1 
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then h o m e s  inonive. In the normal triggered blocking 
oscillator, the mid voltage must be allowed to return to a 
point near cutoff before the circuit i s  triggered again. 
This period of time, called recovery time, i s  normally 
much longer than the pulse width and limits the pulse 
repetition frequency. The fast-recovery blocking oscillatm 
uses a number of methds to overcome the diifimlty of 
long recovery time. 

Cirsult Operetlon. The ocmmpmying circuit schematic 
illustrates one type of fast-recovery blocking oscil- 
lator. With the exception of diode V2, it i s  identical to 
the SERIESTRIGGERED BLOCKING OSCILLATOR 
discussed previously in this section of the Handbok. 

- A  INPUT 
+Ebb 

Fort-Recovery Blocking Oscillator 

Transformer T I  provides the necessary couulina linduc- . . -  
tive feedback) between plate and grid of electron tube 
Vl. Terminals 1 and 2 connect to the plate (eimorv) 
winding, terminals 3 md 4 connect to the grid (second- 
ary) winding, and terminals 5 and 6 connect to the output 
(tertiary) winding. Resistors R l  and R2 form a voltage 
divider which provides cathode bias for triode Vl. The 
voltoge developed across cathode resistor R l  biases triode 
Vl to plate current cutoff. Copacitor C1 i s  the cathode 
bypass capacitor for triode VI, and resistor R3 i s  the mid 
retwn resistor. The positive triqqa pulse i s  applied across 
resistor R4, which has a relatively low volue of resistance. 
Grid capacitor C2 and resistors R3 and R4 normally de- 
termine the time constant of the grid circuit. However, 
when capacitor C2 discharges, diode V2 conducts, 
shuntinii srid resistor R3. and the dischmqe time for the 
circuit L-greatiy reduced. Resistor R5 ond copmitor C3 
form o conventional plate decoupling network. The output 
from the blocking osciliator i s  <&&from the tertiary 
winding lterminols 5 and 6) of transformer Ti. 
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The following illustration shows the trigger-, grid-, 
plote, and output-voltage waveforms in their proper time 
relationship, 

OUTPUT 
VOLTAGE 

.o 

Trigger-, Grid-, Plote-, and Output-Voltage W~reforns 

When voltage i s  first opplied to the circuit, d-c current 
flows through voltage divider consisung of resistors R l  
and H2. This current flow deveiops o bias voirage on Cd the cothode of triode Vl which is sufficient to keep the 
tube biased tc p!atecurrent cutoff. Hence, no current 
flows in the plate circuit. 

When a positive trigger pulse i s  opplied to resistor 
R4, it passes through the grid winding of trmsforma -. 
1 I and i s  applied to grid caycitcr C2. The posltive 

potential on the transformer side of capacita C2 cmses  
an electran flow fmm ground throuqh grid resistor R3 to 
the grid side of the capacitor. This current flow, which 
eventually charges the capacitor, develops o positive vol- 
.-A ,,,e across grid resistor R3 sufficient to raise the bias of 

triode V l  a h v e  cutoff and cause V 1 to conduct. As 
plate current increases and flows through the plate winding 
+ .e .-,-- .... :.."!s 1 c.nd 2) of transformer T1, it vroduces a maonetic 

field oround tb,e winding. This innmsing magnetic field 
induces o voltnge into rke grid wlnriinq of ~e trmstoraier. 
R.e transformer phasing is such rhot tie induced positive 
voltage increases the voltage across i2, couses more 
c?lrrent to flow through q id  resistor 33, increases the 
charje on grid capacitor Li, ma arlves me q id  of V l  
further positive. The inneose in positive grid voltage. 
due to f e d b s i l ,  ici;es the p l ~ t e  ;)ur?enr to in%:\n~st .  >till 
turther. This regensrevive ection continde;. Tnat IS c 
continual increose in grid voltage causes o continual 
incre-ce in ~i!rl!i. nirrent which. in turn, causes a further 
increase in the grid (feedback) voltage. Meanwhile, a s  the 
plate current rapidly increases towmd plaecurrent saturo- ~. 
ticn, t?e gr~d voltoge becomes more positive ;.ti! it reaches 
zero Sizs, aqd grid cn'oent i inws i  ciiorying grid iljvaator 
LL to 11s maxlniuiii v u i i s .  
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When the platecurrent saturation point i s  reached 
(point A on the plotevoltoge waveform), mrent  flow in 
the plate winding of transformer T1 no longer increases. 
Since there is no longer o chmging magnetic field m u n d  
the plate winding of the transformer, no further voltage 
is induced into the grid .*i;ding. a i d  cnpocitni C2 is nnw 
fully charged, and since there i s  no 1orlgrr u vokage ac;oss 
the arid windina of transformer T1 to sustain this charae. - .  
the copacitor begins to discharge. Normally, the capacitor 
would dischorqe throuqh a i d  resistor R3, resistor R4, and 
Vle grid winding of the tr&!sformer. However, the negatively 
chmged side of grid capacitor C2 i s  connected to the 
cathode of diode V2. Tlus negative potent101 on the cothode 
sf the Oilde makes it conauci, shunrirq gli; iraintci ?,2. 
Capacitor C2 now discharges through d i d e  V2, resistor 
P.4, a d  the grid winding of transformer T1. Since the 
high resistance of grid resistor R3 i s  shunted by diode V2 
and effectively removed from the c~rcuit, resistor 3 4  alone 
determines the discharge time anstant of the c i i ~ i t .  
Since the d u e  of R4 is low, the time constant i s  short. and 
caaacitor C2 discharues very quickly. When cwocitor C2 
dilcharges, the grid ioltoge-leiel &s until itreaches 
the fixed cothode bios (determined by resistors Hland R2) 
which keeps the triode biased to cutoff, md plote cunent 
ceases. 

As plote w e n t  stops flowing in the plate winding of 
transformer T1, the magnetic field around the winding 
collapses. The collapsing field induces into the plate 
wic2i:g c ,:n!!cqe o! c pnlrnity which tends to keep Nrrent 
iiowinq in the same direniori. (That is, the polarity of the 
induced voltoge i s  seriesaiding with that of the platesupply 
voltage.) The result of adding these voltages is a momen- 
tory increase in plote voltage over and above the pla te  
suuolv voltwe, colled overshoot (uoint B o o  the vlotevoll- 
oge'whveform). As the magnetic i e ld  mound transformer 
T i  decreases in intensity, the induced voltoqe (avershooii 
decreases accordingly, i d  the plote voltage~quickly returns 
to the normal auiescent value. 

Any changes of current in the primiry ,winding a! trans- 
former T1 also induce a chanqinu voltoqe into the tertiary. . . . . 
or output, winding (terminals 5 and 6). The polarity of the 
uutpdi pulse fiom this v;ind:~q 1s deterxned by which 
terminal i s  conneaed to ground. As shown in the circuit 
schematic, terminal 6 i s  grow~d&. Theiefore, in this case, 
r. posihve a a f y ~ t  pulse results (for a nqotivr output it 
would be nsessary to ground terminal 5 instead). 

%e !as!-recovery b l ~ k i n q  osc~llator brovides one 
octput pulse each tlme c psi t ive  trigger pulse is applied. 
!t :r :endy n:o?.r ~Imost imr;.ediatelv to rmeive another ~. 
trlgqer pulse ar.d produce mother output pulse. 'Rereforp, 
it is preferre1 for circuits operatirlq ot !as1 repetition rates. 

FAILURE ANALYSIS. 
No output. Since the oscillator depends on o positii~e 

trigger puise to iniiioie uprluiiGil, ri is iic~:;?: to dc:c:- 
mine whether the input pulse i s  of tne proper polarity 
md of sufficient amplitude to drive the grid of V l  above 
~i; ; : i .  liss w z s a l l o ~ c o ~ e  !c cherve I/.? in!.": w a ~ e f o t ~ .  
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If the proper triqqer pulses ore present ot the input, use the CHARACTERISTICS. 
oscilloscop to observe the signal ot the plate of V1. If Output pulse frequency i s  a submultiple of the input 
pulses similar to those shown in the illustration of the plate pulse frequency. 
voltage waveform me obsaved, but still no output i s  rrequency-division ratio con be adjusted within a smoll 
obtained, the output (tertiary) winding of transformer T i  range. 
is either open or shorted. Use an ohmmeter to check the Requires o high-impedance trigger source which pro- 
continuity of this winding; also check for a short to ground duces positive trigger pulses. 
(indication of less than 0.1 ohm). U no pulses are observed Output pulse width and rise time ore determined 
at the plate of V1, either no plate voltage i s  present or primarily by the transformer characteristics. 
there i s  a defective feedbock circuit or a defective cothode Output pulse polarity i s  determined by the phasing 
bias circuit. Measure the voltage on the plate of Vl with of the transformer output (tertiary) winding. 
o high-resistance voltmeter. U no voltage i s  masure3 ot 
this point, a number of other possibilities exist: either an CIRCUIT ANALYSIS. 
open in the plate winding of transformer T1, an open plate G.n.r.1. Theoperation of the pulsefrequency divider 
resistor R5, or a shorted bypass capacitor C3. Use an ohm- i s  similar to that of other types of triggered blocking oscil- 
meter to check these components and isolate the trouble. lators. However, the pulse-frequency divider is designed 
If the proper voltage i s  measured at the plate of Vi but no so that, instead of producing out-put pulses at the same 
plate pulses are seen on the oscilloscope, the trouble is in frequency, as h e  input pulse frequency, i t  produces 
either the feedback or bias circuits. Use an ohmmeter to output pulses at a frequency which i s  only a fraction of the 
check for an open grid capacitor, C2, or for an open grid input pulse frequency. In other words, the circuit divides 
winding of transformer T I  to clear the feedback circuits. the input pulse frequency dorm to a lower frequency. ' h e  
Then check for proper resistance values of resistors R1, R2, ratio of the input pulse frequency to the output pulse i r e  
R3, and R 4  to clear the bias circuits. If these checks fail quency 1s called the division rmtio. Although pulse-ire- 
to locate the trouble, the tube i s  probably ot foult; replace quency divider circuits hove heen designed with division 
triode V l  with o tube known to he good. ratios a s  high as 100:1, o low division ratio (less than 6:l) 

Unstobl. Oupur. Since the output stability of the oscil- gives the best stobillty. Consequently, most pulse-fie- 
lator i s  dependent upon the input trigger pulse, it i s  impor- quency dividers are designed to operate at low division 
tant to be certain that the input trigger i s  of the proper ratios. 
amplitude and frequency. Use an oscilloscope to observe Cirsult 0p.ratlon. The ocmmpanying circuit schematic 
the Input wweform. If the proper input waveiorm i s  observed, illustrates a pulsefrequency divider with o division ratio 
the bias circuit or feedback circuit may be foulty. Use that can be adiusted between 2:l ond 51. 
an ohmmeterto check copcitor C1 for an open or a short, md 
to check bios resistors R1 and R2 for proper resistance 
values. If these checks show that the bias c i r ~ i t  i s  not 
defective, check the feedback circuit with an ohmmeter. 
First check grid capacitor C2 for a short, and then check 

,Npm 4 
resistors R 3  and R4 for the proper resistance values. 
Also use the ohmmeter to check transformer T1 for .lLLLLu 

continuity of the grid m d  plate windings, for shorts between - - 
the windings, md for shorts to ground (less than 1 ohm). 
If these checks fail to locate the trouble, replace triode V1 
and diode V2 with tubes known to be good. 

Lo*. Output. Law output may be caused by weak 
emission in the triode, low platesupply voltage, or exces- 
sive circuit loading. If substituting o good tube for triode 
V1 does not remedy the trouble, use a high-resistance volt- 
meter to measure the plotesupply wltage. If this voltage 
i s  low, the trouble i s  in the pwer  supply. If the plate 
supply voltage is normal, the transformer i s  probably defec- 
tive; replace it with one known to be good. 

Pulse-Frequency Divider 
PULSE-FREQUENCY MVIDER. 

APPLICATION. Transformer T l  provides the coupling (inductive feed-back) 
The pulsefrequency divider i s  used to produce high- between the plate and the grid of triode Vl. Terminals 1 

amplitude pulses at o submultiple of the input trigger pulse md 2 mnnect to the plate (primary) winding, terminals 3 and 
frequency for use as timing or synchronizing pulses in 4 connect to the grid (secondmy) winding, and taminals 5 
radar and communications equipment. 
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and 6 connec! to the output (tertiary) winding. 
The positive trigger pulses are applied through coupling 
ccwcitor C1 to the grid of triode Vl. Cowcitor C2 md 
resistors R2 ond ~ 3 m o k e  up the grid R C  circuit. Resistor 
R2 is vmiable and allows the time constant of this R-C clr- 
cd:t to he ad:usted for the de~ i ra?  division rotin. Resistors 
Hl md R3 form o voltogedivider network which supplies 
fixed mid bias voltaue for triode V1. Resistor R4 ond 
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further. The increasing platecurtent flow through the plate 
winding of transformer TI causes the magnetic field in the 
transformer to innmse accordingly, and induces o still 
larger VOltoge into the grid winding of trmsfomer TI. This 
continuous innease in  feedback voltage, gtid voltoge, 
md plate curtent produces a rep.nerati~e.fe.dbock acllon 
which quickly drives the tube lowmd platecurtent saturation. 
As the arid of triode V1 is driven more ond rare  msitive. 

capacitor C3 form a conventional plate decoupling network. gild current eventually begins to flow. m e  flow bf grid 
The followinq illustrotion shows the triqaer-, arid-, current thmuqh the arid windinu of I I M S ~ O ~ I ~ R  T I  to cope .. . .  

plate-, md outp;t-voltaqe waveforms in thelr propi time 
:elo!ionsh~p. 

INPUT 
TRIGGER 
PULSE 

G R I D  
VOLRGE 

.u 

PLATE 
VOLTAGE 

.P 

Trigger-, Grid-, Plate-, ond 
Output-Veltoge Waveforms 

In the quiescent mnditiori (with no trigger pulse applied). 
Vl is held at olotecunent cutoff by the fixed neqative bias 
taken from ihe voltoge divider mode up of resistors Rl  ond 
53, md aou!!ed throunh m ~ d  resistor R2 and  the mid windma . . - .  
of ironsformer T I  to the qrid of V! (!he t, on thewoveform 
~llustrotion). 

'&'!.ex t ie  fks t  ps!t?ve trig??, f l u i c ~  is npplid to the 
gii? of t;iode V! m:ou;i: aup!inq ccpccit~r C!, it drives 
. L ~  . ..,, - .<A ,bow - c~ to f t  cnb couses the tuw to conduct ( t l r r .~  
t, on the woveforn ii1ustrct:on). Tne lncreqsmq plate 
current flowin; tkroujh t?e plcte u!c3?n; i terrinus 1 on0 

2) of trmsformer T I  produces a magnetic field in the trans- 
!-I-er. Tie  cnangmq maqnetlc heid induces a leeamcn 
is!:cqe ic!a the grid w!ndinl of transformer Ti .  The t rans -  
!ormer phusir,y sad polarity are : ~ c ~ ! ? . . c :  the r & ~ c e d  i-c- 
enck voitage drives the qrid ot tIlodr "1 mcre posinve, c n i  
the plate of copacitor C2 which is connected to the nego- 
ti-E. en? n f  the ?rid wlndlno more nemtive. Thus, the In- 
dt,ied ieedhck voltage causes two ihinys 13 ocmr sinul- 
tareousiy: the caplc~t i r  charges to u higher ptenua:, and 
:be r ~ k  is b~nsed -urr wsltlvc-. The increosd psirive 
hi:; c-:zec !!E r ' i r p ~ !  ci f r l n i i ~  \ii in incrmlsr 

citor CZ causes the;opadtor tb quickly charge to i ts 
raximum negative value. 

When plmeaxrent saturation i s  reached (p in t  A on 
me piotewltoge woveformi, the plate current con no Longer 
increase. Consqc;u?n!l;., the map.etic f!e!d !n transformer 
T I  no longer incrases,  md no feedback voltage i s  now 
induced into the grid winding. The grid of triode Vl is there 
fare driven negative by the large negotive chmge on 
capocitor C2. This negative grid voltoge causes the triode 
plote current to denease. As the plate current though 
b e  plate winding of trmsformer T I  decreases, the magnetic 
field in the tronsformer decreases accordingly, inducing 
o feedback voltage of opposite polmity into the gtid 
winding of the tronsformer. This induced feedback voltoge 
drives the grid of triode V1 further negntive, i n m s i n g  
the negative grid bias, md musing plate-curtent flow 
through the plote winding of t r~s f0 rmeI  T I  to decrmse 
still furtha. As previously explained. the regenerative 
ieedback from the piare to ~ ' . e  grid u i  b i d e  Y l  pmduiea u 
continuous cycle which couses the grid to be driven far 
below cutoff. As platecurrent occurs, the plate current 
ceases to flow, and the magnetic field in the trmsformer 
collapses. The sollapsing magnetic field induces into the 
piote windlng of transformer T i  o voltoge of such polarity 
that it tends to keep current flowing in the same direction os 
the origlnal plotc-carrect flow (+.at is, the induce3 voltage 
i s  series-aiding with the plate-supply voltoge). The 
result of adding these voltages i s  a momentmy inneose in 
plate voltage over and above the platesupply voltoge, 
called ov.rshoor (point B on the plate-voltoge waveform). 
A s  the mognetic field deneases to zero, theinduced volt- 
oge (overshoot) dmeoses  occoidlngly, an0 ine plate 
voltage returns to tile normoi, quiescent volue. 

When plate current ceases, the chorge on mpocitor 
Ci is no ior.qer silsroinec, md rze capocitor discholges 
&rough resistors 32 acd Y 3  ttou;crds the negative fixed- 
5:;s v4.e. Since :he tize z;;.stcr,i ;! :hi; R-C iiic;1', 
1s very lmge, capacitor C2 dischmges m y  slowly, and its 
+ter,:;i: deileises only :x;i! sxcirit Lj. the time !be 
piote pulse and overshmt me compieted. The discharge 
time if the ; i r ; i i :  is, in kc t ,  m c m j  tine; !anger thon the 
inpit pu!se iepetiti;:: period. Zmsependy, the next LT- 
put trlqqer pulse (time 1, on the woveform iiiustrationj 
crcurs while capacitor CZ i s  still dischorging and reducing 
thebios towards the fixed cutoff bias voiue. I'his positive 
trigger pulse (number 2) ,  when mmbined with the negotive 
grid voltoge remaining on crrpodtoi C2, isnot of sufficient . . =EpLi?Ace :=ze ~ 2 4  cf zizde ',;: & u,,E z:$J{i. 
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to measure the plate-supply voltage and eliminate the 
possibility of a faulty power supply. Since defects in 
capacitor C3 or resistor R4 may also cause low plcte volt- 
age, use an ohmmeter to check these components. The low 
ourput may ulso he c c s e i  by !ow ezissicn in triode V I. 
If repiacing the tube with a good one does not coiiecc the 
trouble, the low output may be caused by excessive cir- 
cuit loading. Such a condition may be caused by shorted 
turns in transformer T1. Consequently, it should be r e  
place6 by o good tansformer. 

DISTANCE-MARK DiviDii i .  

APPLICATIOH. 
The distance-mark divider is used to produce short time 

duration pulses at a submilit~ple of t*.eingut trig@? fre- 
quency for llse a s  dismnce mcrks in radar display indicators. 

CHARACTERISTICS. 
Produces output pulses at a submultiple of the input 

trigger pulse frequency. 
Requires a low-impedance t r i m  source which produces 

positive trigger pulses. 
Output cmsists of positive pulses taken from the 

cathode of the tube. 
Output pulse width and rise Ume are determined primar- 

ily by th.e t'msfcrmpr chorotteristics. 

\ CIRCUIT ANALYSIS. 
G.lrrol. The distancermrk divider i s  2 spcif ic  cppli- X' cation of the pulse-frequency dlvider discussed earlier in 

this sectim af the Hondbmk. Like the wise-frequency dl- 
vlder, the dismncermrk divider praduces outpt  pulses at 
a submultiple of the input pulse frequency. That is, i t  
divides the input pulse frequency down too  lower frequency. 
The ratio of input p l s e  frequency to output pulse ire- 
queicy i s  called t k  dlvlston mtio of the circuit. While the 
division ratio of rmny pulse-frequency divider circuits is . . ~. 
adjustable within a small range, the division ratio of the 
?istancemrk divider is normallv fixed (usually 2:l or 3:ll. 
In this way, the circuit can te designed to give the desired 
cnarocteristlcs in the ostput pu!~e. h4sreover, taking the 
s u t p t  hair the cathcde of the tiik a!so he!= to ~ c d n c e  !he 
desired output puke s h c p  and elirninotes the svershcct pre- 
sent in other t y p s  3L blaking osciliators. 

Clrcult Opretla. 7he accmpnying clrcult scnematlc 
l i l  ,;t:ntes a d:s:mce-mark dlvlds ,wth o dlvislon ratla ot 
3 3 .  
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Dirtanc.Mo,i Divider 

Transformer 71 provides t k  coupling (inductive feedback) 
between the plate and the grid of triode Vl. Terminals 1 
and 2 c m e c t  to the plate (pimary) winding, and terminals 
3 and 4 connect to the grid (secondary) windng. The input 
trigger pulses ore applied through qrid capxitor C1 md 
the grid winding of transfonrer 71 to the qrid of v i d e  V1. 
The divisicn ratio of the distancemark divider is deter- 
mined by the S C  ciicdit xcde up c! ccpcit?r Cl md resis- 
t a s  Rl and R2. Resistor Ri i s  varidie and allows the 
circuit t o t e  adjusted to compensate for variations in can- 
w e n t  values, supply voltages, and input trigger pulse 
amplitude. Resistors RZ and R3 form a voltage divider 
wtiich povides fixed negative grid bias for tricde V1. Re- 
sistor R4 md capcitor CZ form a conventianal plate de- 
coupling neP~ork. The output is taken across resistor R5, 
which is the cathode resistor for mode V1. 

The follaving illustratim shows trigger-, grid-, plate-, 
and cathodevoltage waveforms in their wopr  time rela- 
tionshi~. 
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In the quiescent cmditim (with no trigger p l s e  applied), 
triode V1 is heid at platesurrent cutoff by the fixed nego- 
tive bias taken from the voltoge divider mode up of resis- 
tors R2 ond R3, and applied through grid resistor Rl and 
thegrid winding of tnmsfomer TI to the grid of V l  (time 
b on the waveform illustrotion). 

When the first pcditive triqger pulse is applied through 
grid capacitor Cl and the grid winding of transfomer 7 1  
to the grid of triode V1, it drives the grid above cutoff and 
causes the I& to conduct (time t, on the woveform illus- 
uatim). The increasing a n e n t  flowing through the plate 
windina of transformer TI eraduces a maanetic field in the 
tmnsformer. The changing magnetic field induces a ieed- 
back voltaqe into the qrid windinq of transformer 71. ?he 
transfom;phasing 'd polarity ore such that the induced 
feedback voltaqe drives the qrid of triode V1 more posi- 
tive and the plate o i c a p c i t b  C1 which i s  connected to the 
negative end of the grid winding m a e  negative. Thus, the 
induced feedback voltage causes two things to occur simul- 
taneously: the capacitor charges to a higher potential, and 
the tuhe i s  biased more msitive. The increased DOsitive 
bias causes the plate cu"ent of triode V1 to incriase fur- 
ther. The inneasina plate current flow throuah the plate 
winding of transform& T1 causes the magnetic fieldin the 
transformer to increase accordingly, and induce a st111 lorger 
voltage into the grid winding. This continuous increase in 
feedback voltage, grid voltage, and plate current produces a 
r.a.neretiv. h e d b c k  action which au~cklv drives the tube . . 
toword plate current saturation. As the gnd of triode V1 i s  
driven more and more positive, mid current eventuallv beams . . . - 
to flow. The flow of grid current through the grid winding of 
transformer 71 to capocitor Ci muses the capacitor to 
qulckly c h g e  to  its mmimm negative value. 

When platesurrent saturation i s  reached (mint A on 
the plat&oltage waveform), the plate currenf can no 
longer increme. Consesuentlv, the mosnetic field . ..  
in transformer 71 no lmger increases, and no feedback 
voltaqe i s  now induced into the qrid windinq. The qrid 
of triode V1 is therefore driven negotive bythe large 
negative charge on capocitor Cl.  ?his negative grid 
voltage, and the positive cathode voltoge caused by cur- 
rent flow through cathode resistor R5, cause tne triode 
plate current to decrease. As the olate current throuah the 
plate winding of tmnsformer TI d e k s e s ,  the magnetic 
field in Ihe transformer decreases accordingly, inducing o 
feedtuck voltage of opposite polarity into the grid winding 
of the tronsformer. This induced feedback voltaqe drives 
the grid of triode V1 further negative, increasinithe neqa- 
tive gride bias, and causing platesurrent flow through the 
plate winding of transiomer T i  to decrease still further. 
As previously explained, the regenerative feedback from the 
plate to the grid of triode V1 produces a continuous cycle 
of operation which causes the grid to be driven far below 
cutoff. As p l a t ~ n e n t  cutoficccurs, the plote current 
ceases to flow and the magnetic field in the transfarmer 
collapses. The coliopsing field induces a momentary 
surge of voltage, called evn.hoo+, into the plate winding 
of transforma TI (point B on the plate-voltage waveform). 
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However, since triode V1 is cut off, no current can flow 
through cathode resistor R5, and the overshoot i s  not 
present in the output. 

When plate current ceases to flow, the charge on 
copcitrn C1 is no lmger sustained, and the capcitor 
discharges thrwgh resistors E l  and RZ toward the fixed 
negative bias value. 'Ik time constant of this R C  cir- 
cuit i s  very larqe, and the dischrge time of capcitor C1 
i s  many times lmqer than the input triaqer pulse rewtitian .- . 
period: ~cnsequ&tly, the next input trigger pulse itime 
12 on the waveform illustmtion) occurs while camcitor C1 
i s  still discharging and reducing the bias toward the fixed 
cutoff bias value. This pasitive trigger pulse (numter 2). 
when combined with the neaotive arid voltaae remoinina on 

~~ 

capacitor C1, is nat af suf6cient amplitude;o roise the 
grid voltaqe of triode V1 above cutoff. Therefore, triaaer 
pulse number 2 has no effect on the operotim of ;he ;,&it, 
and triode V1 remains cut off with capcitor C1 still dis- 
charging. The same result occurs during the next input 
trigger pulse (tlme t, on the waveform illustration). How- 
ever, when the next input trigger pulse (time t, on the wave- 
form illustration) occurs, capacitor C1 i s  discharged to 
nearly the frxed negative bias voltage ocross resistor AZ 
(cutoff b~os). Therefore, when trigger pulse number 4 i s  
combined with the negative gr~d voltage remaining on ca- 
pacitor C1, the resulting pulse is of sufficient amplitude 
to again drive the grid of triode V1 above cutoff and cause 
the tube to conduct. Thus, the fourth trlgger pulse causes 
the circuit to begin another cycle of operotLon. The dis- 
tancemark div~der produces on output pulse a s  previously 
explomed, and then remains inactive for the next two input 
trigger pulses. It produces on output pulse for every third 
input pulse. Therefore, the circuit i s  said to have a divi- 
sion rotio of 3 1 .  

The division ratio of the distance-mark divider is en- 
tirely dependent upon the discharge time of cawcitor C1, 
which i s  determined by the time constant of the grid R C  
circuit. Thus, the distancemark divider con be made to pro- 
duce different division rotios by uslng various component 
values in the grid R C  circuit. Although resistor Ri is 
variable, and will change the time constant of the circuit 
somewhat, this range is not normally broad enough to change 
the division ratlo. Normally, resistor Rl  is used only ta 
adjust the circuit to compensate for variations in triqger 
pulse amplitude and supply voltages. 

FAILURE ANALYSIS. 
No Output. A m+utput condition may be caused by an 

improper input signal, a lack of plate-supply voltage, a fault 
in the grid circult, a fault in the plote circuit, a fault in the 
cathode circuit, or a defective tube. After checking the in- 
put signal with an oscilloscope to be certain that the proper 
Input is applled, use the mcilloscope to observe the wave- 
form at the arid of triode Vl, If no sianal onoears at this , .. 
point, elther capacitor C1 or the gild w~ndlng of transformer 
T I  IS open. Use on ohmmeter to make reslstonce checks 
and isolate the defective component. If the proper giiduolt- 
age waveform is observed, further voltage and resistance 
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checks must te mode to isolate the defective component. 
Use a high-resistance voltmter t o  masure the ploteaup- 
ply vokage and determme whether the pwer supply is ot 
fcult. Next, measure the voltage on the plote a i  triode Vi. 
!! nc plate voltnge is present, plate compnents T1 (primary 
winding), R4, =r C2 are either o ~ n  or shorted. Use M ohm- 
meter to check continuity and resistance, ond isolate the 
defective component. If the p o p r  plate voltage is present. 
either the tube is defective, transformer TI (secondasy 
windinq) i s  open, M resistors R1, R2, R3, or A5 are open or 
shorted. Use on ohmmeter to isolate the defective c o m p  
nent. If these checks fail to locote a defect~ve compnent, 
&r iuk pckik ;I ic-!! -22 s.".~!.? h. r*?lnrpd with one 
known to be gccd. 

Improper Division Rotio or Unst~b le  Output. An Impro- 
per input signal, on imptopr bias-supply voltoge, o deiec: 
tlve t&, un own or shorted mid circuit, or n defective 
transformer may cause either on improper dlvision mtio or an 
unstable output. After checkinq the input siqnol with on as- 
cilioscape t i  be certain that it Is  of thk proper amplitude 
and frequency, use a highqeslstance voltmeter to mwsure 
the bios-supply voltage. li the bias-supply voltage LS ' COT- 

rect. the trouble is in the divider circuit and not in the power 
supply. Use M ohmmeter to check the grid circuit of the 
divider for open or shorted components (Cl,  R1, R2, R3). 
Triode V1 may also be ot fault. Reploce the tube with one 
known to be good. If this still does not correct the trouble, 
transformer TI i s  probably shorted ond should be repioced 
with a good Mnsformer. 

L o r  Output. A low output is usually caused either by 
low plate volbge or by low mbe emission. Use a high-re- 

C\ sistance voltmeter to measure the plote-supply voltage and 
\ eliminate the pss ib i l~ ty  of a faulty power supply. Since 4 

defects in mpocitor C2 or resistor R4 may also m e  iow r\! plote voltage, use on ohotneter to check these compnents. 
If these checks iaii to locate the trouble, ULe low wtpt t  is 
prohbly caused by low emission in triode V1. The tube 
should be replaced by one known to be good. 

SHOCK-EXCITED RINGING OSCILLATOR. 

APPLICATION. 
The sh~k+xcl ted rinoing oscillator pcduces o s h a t  

series of r-i osc~lianons each time an i n p t  gate is applied. 
The r-f osc~llat~ons are normally used a s  distance m k s  in 
radar mdicotois. 

CHARACTERISTICS. 
Requires o high-impedance, negouve lnput gotr. 
Produces on output only when gated. 
R F  output pulse duration 13 eqiroi to tho1 ai the input 

gote. 
Uses o hiqhO resonant tank clrcuit to produce an i-f 

output. 
Output frequency is determined by the tanksircuit in- 

ductance and cascitance va!ues. 
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CIRCUIT ANALYSIS. 
General. The shack-excited ringing oscillator uses n 

parallel-resonant L C  (tank) clrcmt to produce an 14 output. 
An electron tube 1s used a s  a switch lo control (gate) the 
r-f osc>ilations. While the basic circuit discussed Mow 
serves to liiustrote ;be pirrci&j i.1 a@:a:io:: of the shcck- 
excited ringing mcillotor, it is not su~toble ior use i n  pioi- 
tical circuits. A typical practical circuit is discussed 
after the bosic circuit operation is established. 

Circuit 0p.ration. The accompanying circuit schemauc 
tllustrates o hasic shock-excited ringing oscillator. 

OUTPUT 

r 

- - 
Basic Shock-Excited Ringing Oscillator 

in the quiescent state (wlth no negative gote applied), p s i -  
tive grid blos is applied from the plate supply through grid 
resistor R1 to the grid af triode V l ,  and causes the tube to 
conduct heavily nem platezuirent soturotion. Electron flaw 
is from pround, thrmqh Inductor L i  ond the tube to the p!a:e 
supply, building up o magnetic field around the inductor. 
Sc !ongas a nepntive gote is not applied, the clrcult re- 
mains in this quiescentstate (tricde V1 cmductinq heovily 
and no r-1 mtp3t). 

When o negative inputqate is applied through coupling 
capacitor C1 to the grid of triode Vi, it instantaneously 
drives t ie   id below plotearrent cutoff, and holds it at 
iu t ,Sf  for the &duration of ,h. input wte. Platesunent flow 
through inductor L i  abruptly ceases, and the magnetic fieis 
around the inductor collapses. The col:ups~nq mGnetic 
fieid induces into the lnductonce a voituge oi such pil~;.;~ 
that it tends to keep current flowing in the same direction. 
That is, the induced voitoge causes a current to f b w  !roc. 
ground toword the cathode of triode Vi. The mode, however, 
1s biased beloiv mtoii by LQe negobve qute; therefare, i,u 
current wiii flow through the tube. Consey.,en:ly, the :n- 
duced current flows mound the tank circuit and charges 
cennr!tnr (72 nqative with respect to ground. When the 
nognetic iield has completely mllopsed, no further voitage 
is induced into inductor L1, m.d the induced current ceases 
ro flow in the tmk ciicuit. Since here  i s  no longer my 
:cdu.c& vnirnq? s u s i u i l ~  i h t  iiioiqc ;:  cap^::^: 2 2 ,  i : l i  ,-?- . , 

,d,>L,,u,qL; k::: :> ,:::;: :mj ,.,-.,>r: : - ' ~ ~  ,#-,,,,,,. ,,,,,,, 
diact,aige i ~ ~ e z :  !!a-:n; !hic,~il:h 3no'llrtor Li Sulids uu a 
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nopet lc  fleld oround the inductor which is of opposite po- 
lailty from the or~g?nol maqnetic fleid. When capacitor C2 is 
full d~schoiged, current flow around the tank circuit ogoln 
ceases, and the magnetlc ileld oround inductor L1 ogam col- 
lapses ond induces into the ~ndunance a voltage wh~ch tends 
to keep current flowing m the same direction. This lnduced 
voltage causes current to flow around the tank circuit and 
charges capacitor C2 psitive with respect to ground. After 
the magnetic field completely collapses, the charge on the 
tonk capcitor is no longer sustained, and the capacitor 
cgain dischrnqes through indudor Li ,  once oqlin building 
up a magnetic field around the inductor in the original direc- 
tion. This cycle of charge and discharge continues to re- 
peat, producing a ringinp effect in the tank circuit. That is,  
the copxitor and inductor charge and discharge alternately. 
causing the tank circuit to oscillate at o radio-frequency 
rote. Since the tank circuit has a verf high 0 (low loss), 
the r-f oscillations continue for mony cycles. Because of 
the loss in the tank circbit produced bv the d c  resistonce 
of the inductor, successive oscillations gradually decrease 
in amplitude a s  the energy in the tonk circuit is disvmted 
by this resistance. TIr&sultinq output woveform acioss 
the tonk circuit is a series of damped oscillotions, a s  shown 
in the followinq illustration. 

OUTPUT 
VOLTAGE O 

Input Got. and Output-Voltope Waveforms 

The damped osciliations continue until the end of the 
input gate. When the negotive lnputqate ends, the ps i t ive  
bios supplied by grid resistor R1 resumes control ond causes 
triode Vi to again conduct heavily near platecurrent satwo- 
tion. When the tube conducts, the heavy platerunen? flow 
throuqh inductor L1 oroduces a moanetic field around the 
inductor in one unchanging dlrectiin, which efiectively 
shunts the tonk circuit ond decreases the circuit Q. Con- 
sequently, the r-f oscillations ore effectively damped out 
very quickly. The heavy plate current flowing hough  in- 
ductor L1 once again builds up a steady magnetic field 
around the inductor which effectively prevents any passi- 

~ ~ 

bility of i-f oscillation, and the circuit remains in the quies- 

cent (nodutput) state unul the next input gate is applied. 
Since triode V1 is cut off while output osc~llotions are 

being produced, the frequency of the output oscillations is 
not affected by the tube. Thus, the output frequency is de- 
termined solely by the values of inductance and capacitance 
in the tonk circuit. The duration of the train of r-f output 
oscillations i s  determined solely by the length of tlme triode 
V1 remains cut off, and is therefore controlled by the dura- 
tion of the input gote. 

The h s i c  shock-acited ringing oscillotor just discussed 
always oroduces dam& oscillations when an inout note is . . . . 
applied. Since these oscillotions denease in amplitude, 
they are nat suitable for manv aoolications. mrticulariv for . .. . . 
producing distance marks. The accompanying circuit sche- 
matic illustmtes a pmnical type of shock-zxcited ringing 
oscillator which produces r-f oscillations of a constnnt am- 
plitude when the input gote is applied. 

Typical Shock.Excited Ringing Oscillator 

The two-tube shock-excited ringing oscillator shown in the 
illustration is actually a switched Hortley osciiiator (see 
Section 7 of this Handtook for a detailed discussion oi 
Hartley cucuit operotion). The circuit consisting of triode 
V2, capcitot C2, inductor L i ,  and Resistor R3 is a conven- 
tional series-fed Hartley oscillator, and the circuit consist- 
ing of triode VI, capacitor Ci,  and resistors Rl and R2 is a 
switchina circuit which cmtrols the owration of the Hortlev 

~ ~ ~~. 
oscillator. 

In the quiescent state (with no negative gote applied), 
no bias i s  applied to the grid of triode V1 and the tube con- 
ducts heavily near plotecwrent saturotlon. The electron 
flow is from mound, through inductor L l ,  triode V1, and re- 
sistor R2 to the plate supply, build~ng up o maqnetic field 
around inductor L1. When triode Vl 1s conducting, the 
heavy pla te~unent  flow through inductor L1 produces a 
stmdy magnetic field around the tonk inductor, which ef- 
fectively shunts the tank circuit and prevents the oscilh- 
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tor from functioning. Consequently, no r-f output oscil- 
lotions are d u c e d  and the circuit remains in this stote. 

When a negative input-gate i s  applied to the grld of triode 
V1 through oou~l ins  mwci tor  C1, i t  drives the grid for below 
"utoff. As current ceases to flow through tank in-  
di;ctor L:, the map.etlc !ie!d srnund i t  collapses, inducing 
a volroge into the inductor which tends to keep current flow- 
ing m the some direction as the original plate~current flow 
(that is, irm ground thiu the inductor to the cothode oi tncde 
Vl). As in the basic circuit discussed previously, the in- 
duced current m ~ o t  flow through triode V1 (which i s  cut 
off) ;  consequently, i t  fiows nround the tank cncuit, charg- 
i;.q ;;p=citc: CZ c d  initlctio? n rlngtng eiiect. in this 
procuml circuit, however, any ~o t enuo l  across tile mrbk is 
also applied to the grid of oscillator tube V2, and the os- 
ciilotor secuon of the circuit functions a s  a normal Hartley 
oscillntar, prducing oscillations of o constant amplitude m 
the tank circuit. The oscillator portion of this cucuit re- 
~ l o c e s  the enerav diss~rxlted m the tonk coil resistonce s o  .. 
that the resulung oscillations ore always of constont am. 
plitude. Thus, a s  long as the negative gote is opphed, 
tnode V1 remains cut off, and the oscillator portion of the 
circuit operates, producing constontdmplitude 1-1 oscilla- 
tions. 

The oscillotor operates until the end of the negatlve m- 
put gate. When the nerpbve gate ends, the grid bias on 
triode V1 returns to zero, and the triode ogain begins to con- 
duct heavily near plate-current saturation. When the tube 
conducts, t'ne heavy currerii iiuw thiough in:;;:;: L l  ;re- 
duces a steady magnetic field around the tank inductor, ef- 
fectively damping out the 1-1 oscillations very quickly. Thus 

C the circuit is once again oproting in t'he quiescent smte. 
with w i d e  V1 conductina heavllv neat saturation, and no 
1-1 output. 

The oractiml shockoxcited rinaina oscillotor produces . - .  
I-: osiiilations O! constant ampiitude when a negative input 
gate i s  applied. As in the basic shock-excited ringing os- 
ciilotor, the output frequency i s  determined by the values of 
inductonce and capcl tance  in the tonk circuit, und the du- 
ration of the r-f output is determmed by the length of the 
inpur gote. The output wovefotn ,s the s a n e  o s  that shown 
for the toslc c i rcu~t ,  except tho1 nil the osiil1a:isr.s are sf 
constont ompiitude. 

FAILURE ANALYSIS. 
NO output. Failure oi  the shcck+.xclted rlnging osciiio- 

.... t i  proddie cc :utp~t when fie :o!e is applted mov be 
caused by a defective switching clrcult, by o defective os- 
.,::;to: ::r;Ji:, or by .= !~ck  sf g!o!i;-upr,ly valtoqe. TC 
isoiute me tioubie to one portlor. 01 Lhe .;ircdl:, tec~pom:i!y 
rezove mode V l .  I! contlmious output oscillations ore now 
praduced, the trouble is in  the switchinq sectlo" oi me cir- 
cuit. use an ohnlnieter ti. check c ipc i ta :  C! for a shorted 
condition, aild resistors Ri and R2 for continuity on6 pro- 
per value. i f  none oi  these p i i a  uiz d e k t ; v e ,  '-id: ?'! 
is probobiy shorted and should be replaced with o tube 
known to be gwd. li continuous output osciliotions are not 
?""--- v,": ,,.-; *:;ifi:;i,-de yi :- .-."".,",.,:,. ,-,.." irii,i,"~a4 .. :),+ frJ!: 
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is either in the oscillator secuon of the circuit or due to a 
lack of plate-supply voltage. Use a high-resistance volt- 
meter to check the suppiy voltage and the plate voltage of 
triode V2. Roper values oi  these voltages indicote t h ~ t  
the trouble is in the osc~llotor section of the c~rcui t  and no: 
in the power suppiy. Zsr ufi o h ~ ~ : e ;  :; ch-c!: c;pc?!nr 
C2 and inductor L1 lor a shorted condition, and tu c i r r ~ k  ir- 
sistor R3 for conunulty and propr value. if the :rouble 
st i l i  perslts, uiode V2 i s  protably a t  fault and should be 
replaced with o tube known to be g o d .  

Continuous R-F Output. Defects in the switching portion 
of the shock*xc~ted rlnging oscillator may cause the circuit 
to produce output osclliations whether or not the input gate 
:I ptesen!. Use on nnmmeter n c5eck caw-iw: C i  uir: ii- 

sistors R l  and R2 for a shorted or omn condition. I! none 
a i  these plns ore detective, trlode V1 is probably at fouit. 
Replace it with 3 P I  known to be qmd. 

Lox Output. Defects in the csciiiotor pornur: u i  Lhr i r -  

cui? or o low pkte-supp!y vo!!age .my cnuse either low- 
ompiitude output osciilotions or dompd (decreas~ng) output 
oscillations. First measure the platesupply voltage with 
o hiah-resistance voitmeter to eliminate the ~ s s l b i l ~ t v  oi  
iow-suppiy voitage. If the plate-supply voltage is normal, 
the trouble is in the asciiiotor section oi  the circuit and not 
in the powei supply. (!f the autput osc~llotions ore damped, 
uiode V2 i s  probably inoperative and should be reploced 
with o tube known to be good.) Use on ohmmeter to check 
inductor L1, mmcitar  C1, and reslstor R3 for continuity oi 
zho:!~. !f ?.!~..!ive jnkts ole found. triode V2 i s  praba- 
blv defective and should Se zeplacrd with a tube known !a 
b; gccd. 

SHOCK-EXCITED PEAKING OSCILLATOR. 

APPLICATION. 
The shock-excited peaking oscillator i s  used to produce 

very narrow positive pulses a t  the beginning of each input 
fGi ;̂ 1.k- ...,p. . * -. s y ~ c h m i z i n q  pwlses in radar 

modulators, display indicators, and other electronic devices. 

CHARACTERISTICS. 
Requires a high-impedance, negatlve input gote. 
Prodbcrs one very shorp positive pu!se i t  the bfyinninq . . 

2: ZC:: c e q o t ~ v ~  i lpui gate. 
Produces one :eic:iveiy tic;,? negotlve p ! s e  z! !1? e-6 

of rach neaatlvr input qate. 
. . 
lises a crlr~coily d a m p i  :cnk zirc-it tc prccvse i n  ?-I- 

nu:. 

Show 31 ~ s ~ t ? v e  output p.!ise IS i l ~ r ~ r r n l n e d  DV tonr 
~nductance ond camc:tonce vclves. 

C!RCUIT ANALYSIS. 
Cen.rol. The shockexcited peok~ng oscillator uses a 

::itico!l;. dcm& recnnnnt 1.C (tank) clrcuit to uroduce o 
peaked output. An elecuon tube i s  used as o switch to con- 
trol (gate) h e  tonk circu:l. 

Circuit Opsrotien. The uccolirprr~nii c;;;;;: scher.21:~ 
ilkst-;:c: ; r;::cc! zh.?cr+xc!ren y ~ n i l n ~  osci!;utut. 
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u-u 

Shock-Excited Penking Oscillator 

Capacitor C1 and resistor R1 form a conventional RC in- 
put circuit for triode V1, and capacitor C2 and resistor R2 
form a conventional cathode bios circuit for the tube. In- 
ductor Ll and its d~shibuted capacltance, C, form a paral- 
lel-resonant tank circuit. Slnce the distributor capocltance 
i s  small, the resonant frequency of the tonk cucuit is very 
high (approximately 2 mc). This I-f tank i s  critically damped 
by shunt resistor R 3  That is, the value of resistor R3 is 
such that it allows the tonk circuit to oscillate for only a 
half cycle after oscillation is started. 

The following illustration shows the inputqate and 
plate-voltage (output) waveforms in their proper time re- 
lationship. 

Input-Gate and PlatcVoltage Wavefwnr 

In the quiescent state (with no neqatlve mputqate opphed). 
no bias is applied to the grid of triode Vl, and the rube con- 
ducts heavily near platecurrent saturation. The plate cur- 
rent is held constant by the cathode bios developed ocross 
cathode resistor R2. This constant plate current flow~ng 
through inductor L1 bulds up a steady magnetic field oround 
the inductance. So long as a negative gate is not oppl~ed, 
the circuit remains in this quiescent state. 

. When a negative gate 1s oppl~ed through coupling capo- 
citor C1 to the grid of triode Vl (time t, on the waveform 
iilustratlon), it instantoneousiy drives the grid far below 
cutoff, and holds it below cutoff for the duration of the input 
gate. Platecurrent flow through inductor L1 abruptly 
ceases, and the magnetic field around the inductor col- 
lapses. The collapsing mogneuc field induces into the in- 
duptance a voltage of such polar~ty that it tends to keep 
current flowing in the same direction os the original piote- 
current flow. This induced cwrent flowing in the inductor 
charges the distributed (tank) capacitance, C, negative on 
the plate-supply side of the capacitance and positive on the 
triode side of the capacitance (polarity as shown an sche- 
matic). Since the chorge time of the capacitance is de- 
termined by the resonant frequency of the tank circuit, and 
the resonant frequency is very high, the capacitance charges 
very quickly to its maximum value. The potential across 
the charged capacitance i s  seriesiliding with the plate- 
supply voltage, and the resultant voltage on the plate of 
triode V1 momentarily rises above the plate-supply voltoge 
(pomt A on the plate-voltage waveform). When the magnetic 
field oround the inductor completely collapses, there is no 
longer any induced voltage to sustain the charge on the 
d~stributed (tonk) capacitance, the capacitance and begins 
to discharge. Since the d c  resistance or resistor R3 is 
much lower than the impedance of inductor Li ot the re- 
sonant frequency, the d~stributed copacitance discharges 
very quickly through the resistor, and the triode plate volt- 
age quickly returns to the plateiupply vaiue. Thus, the 
shockexcited pealung oscillator produces one very sharp 
posltive pulse at the beginning of the negative input gote. 

Triode V1 remains cut off, and no further output is pro- 
duced until the end of the negative input gate. When the in- 
put gote ends (time \ on the waveform illustration), the grid 
bias on triode '$1 returns to zero, ond the triode ogain begins 
to conduct heav~ly near piatecurrent saturation. As plate 
current flows through inductor L1, a magnetic field bu~lds 
up around the mductor. The increasing magnetic field in- 
duces into the inductance a voltoge of such polarity that it 
tends to oppose the plate current flowing through the in- 
ductor. This ~nduced voitage is seriesdpposing with the 
plotesupply voltage, ond the resulting voltoge on the plate 
of triode V1 momentarily drops below the plate-supply volt- 
age ( p i n t  B on the plate-voltage waveform). Az the mag- 
netic field around the inductance builds up to its maximum 
value ond ceases to increase, the opposing induced voltage 
decreases to zero, and the triode plate voltage returns to the 
plote-supply value. Thus at the end of the negative input 
gote the shockoxcited poking oscillator produces o nega- 
t~ve-going pulse and then returns to the qulesmnt state, 
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with triode V1 conducting heavily near saturation and o 
s tmdy  unchanging magnetic held built up around mductar 
L1. 

The output Isom the shockexcited poking  oscillator 1s 

a series ot alternate posiwe-and negutivi-goiilg p-lse; ;c- 
curring respctively a t  the beginning and the end of the ne- 
gative input gate. Since the posluve output pulses ore much 
sharper, and of greater amplitude, than the negativeqoing 
output pulses, the pasitive pulses ore normally the desired 
portion of the output. The negative-going output pulses ore 
;soolly elimimted with o clipping orlimiting circuit which 
posses only the desired positive output pulses. 

FAILURE ANALYSIS. 
No Output. Fa i lue  of the shock-xc~ted peokinq oscll- 

iotor to produce on output when the poper negative Input 
gate is appl~ed moy be mused by a detective clrcu~: com- 
ponent, o defective tube, or a lack of plate-supply \'oltcge. 
After measuring the plate-supply voltage wlth a high-re- 
sismnce voltmeter ta be rrrtoin that the power supply i s  
aperoting proprly, use the voltmeter to measure the voltage 

\ on the cathode of triode V1. A lock of cathode voltoge m- 

q' dicotes that either reslstor R2 or capocltar C2 i s  shorted. 
or the triode is faulty. if checking resistor R2 and capoci- 
tor C2 with on ohmmeter does not reveal a shorted com- 
ponent, triode V1 i s  probably a t  fault and should be replaced 
w ~ t h  o tuhe known to be good. If the proper voltage i s  m a s -  % :red on thp ca!hnle ni  trinie "1: lnductor L l  may be a p n  

' f )  01 shorted, capacitor C: moy be open, or resistor R1 or R3 
may be o w n  or shorted. Use an ohmmeter to check these 
components for contmulty, shorts, and proper ieslstonce 
values. If these checks fall to locate a defecuve comp- 
nent, triode Vl i s  probably defective and should be replaced 
with a tube known to be good. 

LOW output. Output pulses of !OW amplitude may be 
caused by low plate-supply voltage, low tube emission, or 
o defective cothode bias circult. First, measure the plate- 
supply voltage w ~ t h  a high-resistonce voltmeter to elimi- 
nate the pssibil i ty of o faulty power supply. If the proper 
plateiuppiy voltage is present, use on mslrcult  capocltor 
checker to check co thde  capacitor C2 for an open. If this 
capacitor is open, degenerative octlon in the cathode blas 
c~rcuit will couse o low output (see p r a q a p h  2.2.1. in Sec- 
:Ion 2 31 ths i i o n d h k ) .  !!Soh h e  p!ate-s~pply voltage 
and cupcitor  C2 are nornol, iow exss la r :  In vlode V! is 
 roba ably the couse oi  the lowdutput condition. Replace 
trlode Vl with o tube known to be good. 

oi.to.t.d output. Defects m the plow circuit of mode 
V] may cause a dlstorted output. Use on ohmmeter to cnecn 
shiint resistor R3 for continuity and the proper reslstonce 
value. i f  reslstoi R3 is nat defecti\~e, inductor i i  IS pro- 
k b i y  at foul! and should be replaced. 
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PART 0. SEMICONDUCTOR CIRCUITS 

FREE-RUNNING PRF GENERATOR. 

APPLICATION. 
The i r ee runn~ng  (PI! qeoerotorj blocklnj osc!!latsr 1s a 

basic b!ocn~nq oa~i1l;:~r. !! pmdlices short-tlmeduratim, 
larqe+mpli!jde ps i ses  iar use ;s t:m:nq, y n c i ~ r o n i z ~ n g ,  or 
triqqer pulses. 

CHARACTERISTICS. 
Output pulse is o sinqle cycie  31 oscii!at~oc r a s e 0  by 

transistor (caliector eiemeni) canducron ;: the h q n n ~ ; ;  
of wch pdise-repet~!:r ;r::a4. . - 

~";s*;c7c!i!!q" ::me i >  ,;e:<:;iz:i ~ r 1 ~ 3 r : ~ "  C" tr,e ?-- 

!:me ronstont in the Sas reml t t e r  c l r u l t .  lne PULSC::?~::- 

. , i ~ n  , !re,;~jcxU~ .s 7~nerz!!v x~xei *;t!,.:# t k  :T ;? 6 700 to 
XCxi pulses  w; ;ecori .  

pulse wlc(r! ufi; ;LS- ::.:I: rt r;c %!>r r:ise nrr jetel- 

mined primui;i) i,i !he ::olrfnrwr charuc te r~sucs .  
Output-pulse p!.rrity :s determined by the p'huslnq oi 

;he trons!n:ner ~ t ~ ~ : - ! e r t l o t y  windin:. 

CIRCUIT ANALYSIS. -. 
~ ~ ~ . r . a l .  I he iieeninnlnq hlm:iing osc:llo!oi !prf oenero- 

tor) is n specid-type asc!I!o~oi ir. h a t  the !:srrictc: con- 
ducts !or a skot: period :a produce a pulse and then becomes 
cut off (blocked) for a much lonqer period ot time; tilen the 
cycle of opeio::on to produce an output pulse i s  rewoted - 
i n i  ;l:e isi^:!12:2r o:mn becones tnactiue. 191s made o! 

operotlan conll!:jes -1.2 :Lis ZC.CI?C~S u seiie: ~i :.>:pi! 
~ u l s e s  wh:ih ?re of snort-time duration, sepiirote6 by 
r ~ l c l v e ; ~  iung ;.re ::::.i!v;k. 

Clrcult Operation. The occomq?,yin: c!:.~::!! scnemour 
~l ios t ra tes  2 PXP tronslstar in a wsli ~ 1 h ? - : ~ r . 3 ? ~ y r ' ; o i k l r . i  
osol!nto: ciral;:. (Note the slrn:iari:y >e!wer!? c h i  b!sikr; 
occ?!intor c l r c u i  q i ~ ~ : :  i:r!~ 7:,2 :I-E L-ii i i c k i e r i i i !  oscilia- 
!or circuit qiven in Se:t:3n i, iisc!iiuloi C::c-::r.l 

Free-Ru~mia~ PRF Generator Ustng ?ti? 7cini i i rst  

A r a , ~ j  orn,e; 'T! pr:.F,q?5 [ce ,,ecess='. I - ..< , . ..,. =--'.,.- di.. 

:e&hnck cocp i~nu  ;razz :?I; C O I I P T + O ~  15 t i e  base oi t:u,l- 
%?>!,:, !;!: !e:-!n,,l> 1 c7,a 2 :: p,?si~r:r,e: 7 :  ZS?.??:: ,.? 

:,,;;eL:s: ;;::~."r"~, ,",,,&r'<, :z:!:!i:!,?:: ,, 2p.s; ,.,;?.-,2:! 
. - to th,e 3ilse ,serL,,rr.,; , . , '  -~ , ,  ,. . . ~ ' .. . --- - . A , .  
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nect to the outrut (tettiury) wmd:??. Capc i to r  Z i  and 
:esis:or Si  ic!:n tbr  3-L c1rc.n: .vh~& aetermln-s the :me 
constant ir !bi. hssei?x:rter circuit. 

The outpl t  w!se is :clke,? i r m  !be teru3ry wlndlng 
( ter-~cnls  5 in2 S! c! )rl~s!crme; T1. Cz-npinq resistor -- 
.HL is ;ul,fie;:c? 'lcrn;s the !ertiary *inding t; r%ac;r !ite 
nmpil::rir ;! the back voiio;e :esdtinq fro-. t?? cciiupse . . 

<,,t  tic ~ I P I ?  omd: :!it t:c>siorxe: 21:?r :re ccsbr- 
rence oi ri,e LC;: ;~ :  Ou!p!!r : , r , k i .  

a, :be l:rrn?! schemaric, nste :>e p!crement 3i siiilil 
j o t s  near .*indinq terininok 1, ?, I r l  5 zi :ron-.!cixer T!. - l n e s e  30;s ir? ssd. :3 L ~ C ~ C S ! ~  slmil2: .::,7dln,? ?oiarlt?es. 

Fa: exonp,?, ;: ::rrr.,; i;;i;b !:?!C-J+ : le CO:;PC!OI h:ld:>; 
. . . , 

;n: :nn:,>.ul ; ;; ;,O;lti;.c; :nr \:~,:irjP ::i2ucri :n esct  Ci 

, <  - -  -..-'. f k 3 ,  1-e !": =:,,.I ;152 9O;~t!ve . l e  . z  ;- 'i. ,2.- . -  .. .-, 
, , \.!.,,,,I,, , :: 1 ' - ~  :--*,:-;- :r,ttL!::e, :' :..: :;;;L- 

::,St,Ji: C! : ! . ?  t i ! r r : , . ; i s  2 2 , ;  f. .,.;:I: - 
I>,  . , ..>c 733 slia~..~,,:~;.;;: ::C?:?.J" ~ ~ ~ p 1 o i e ' :  i:: 1 ~ 1 2 -  

-.,.,-,. 9q,-lit3!51 srL ,,,:<: ::s:;.; ,.!,: .:37< c> "--:? ~.--,#-, "..... . . . 9" 
, , .- - *.-. , ~ . 

., >,...,-.. ~~. ~. . .. . ,e  ,:~.?->r!fi*,:,,'L:c; c.:c2:9 'C?. 

:;qG:c:z?, !!!.~srr,xe: ,:!,):zes J a : ~ , ; i e ~ ~ ~ v , z : , 7  :G.AC:: 2::: - 
th:s source 31rec:iy ?rfi&~ccs rye :esuireG rr.r;;.. ;.:: 
j ~ l : ~ 3 ~  Lp. f i ~  ~ ~ i ; e ~ : ~ : - b c s i .  - i r i l j ; i .  Fo:.v~,*. b?:i 101 t:ce 
p'jp :rnxsis!?r :eqdl;?s ::s h-l t j  ?, ~eqa l ive  ::::l :1=:>0r: 

to ine en.,;:e;. :.lc. .;:e 1.;1:-~!5: 1- ?I c: 9c:ative p3!c?- 
r1.5 on6 :he ex:;:er 1; i: :: pcs?t?vn potenttol, rile two 2:: 
iun:::anr w;!nin $v :.;L:c:1: I c r  n i  ; r;h;-?e d!vi:e?. 
i?le j~it;t:on ne!weer. coI:%:o: cn3 i i s e  ?~i>:%-t':: C 

r e l o t ~ v e l ~  hl,:h r r s s t c n c r  ona jeveiops a ic:qe pa;!;i: a! 
:he vol!oqe i m p .  73.e j,:;ction 9e:ween emtrer  n c  W i e  
r q r e s e n t s  J i0w : ~ S I S : ~ Z C P  cni 'i.ie:;ps : !3~.e- ?.o!tafle 
,,. : , ",? "9 nnr r i -  I:.;F,2:L12. :L i..;,c:_12!',.; ?".*Pen 
1:e z~l!nctji 0-1 1% rmitie: or>; ~GSj,;;,~.. ; ;:3:c ... i: ,,,:L.~t 

. -  .. jc :..- < ;  3.v. - ; P I > - , i  ix:ie-,:s: :*ci!~'i. ::c L ? I ?  

CCI, i l F . L . ; ,  . ,  . ...- ' .:; .. ,.> :... lL , ' dk  .:,-:~. i: : :=.. ,.. ,~ 

,m-,.+e, ,;,\is, L?,? ,: ,.rtc: ?e"Ti re  .u>:r respec, is :5r . "' 

go!urit). is P S : . I ~ ; ! ~ L ~ C  !C j:ivjuit ; jz;-;:5 his betaern 
:-.? c?:t:rt ,-,:,i :?.c 5 - q ~ .  

Th: ?;jsx:ns ciil:l~!;r :m F t-ornyrrd t; 17 z:::,.,LI~ 

fler wltn ierQjuik c! :b.z :rn?pr phase and ,aE::ud;ie to 
n:~~!j . l~ reqererorlnn. in :he 1;=3mp~n'y?m ?ili;u1! schemui~c 
- ----em-mm,rter i i rnqurorlan .s S : ~ Y , V , .  r;:-j I F'FlP tian- - .,,.,,,".. ' 
J,Z:j:; :F,?Pne:,:lle i ee i tzx  ~ : ~ ? l :  - U S !  .>:~8::.:,j2 !? 

F,r,;<r,:" .. rF..,>.-7' ~~ ,--> :c pssir:J !:::, t k  ,.? -.: ,.,,,-,. .-., ;; ,b ,.,. ' -"-., ,,,, o F  

7 .~ ... .. 1: N?N ~cr,iis:c: I; i.;c:-: I::c t.,.."...I .' 'h;. c~::i:llv ,I:- 
;;, y::! $r e r r m i t e  :z !!,a: ~ i v z r :  on :?- cci:emi::: :- ernzi . ~ 

. , ,  .~~,-:n:<,:! !cpmrd b13s !r8 tr.e xseez;;fi.c. -I;:...: 27." 
. ~---..,"- ~ " In,. -4.:L::2:~:.,~.- ' " ... . , ,  
. ...,,- .,: ;,ii;a,r:: .:,. ....- ' ~~ ...... ~~ . . . .. --  - 

. . ..~. ,,.. .,,. ", ?.-.. ~ . 
. . . -~ , .  , 

".,LG,-':, :?;?-', w :, ... .. ..,, ,-,>::: ,:,:: :: -:;:.-. 
FO, tne OiSCUSSI",, 21 :;i.:;.t :?.?:3!;l2P n , ,. , ;-..: '77 ,  

..=.a. '- ,r:w ., L.,, -: !L !> y : ? e K , V , , )  GSCI<. 

:3:c: YI:IY-;o;r!~. 
,,: ~ , . ~  - ~ -  .,_,;_ , , .. .. .~ .  .- ,, . ., <, 7 ,  

: #  r . , . '. . . j  - . . .1  

. ,. .. 
i 3 . , . .  . :, G.11 -to:: z.9, ..a,.' ... :.:;:. :-'. 
-cl!2-!or wSn.7ln2 i tz ixinuia  ;;,r :: ~i '.--C*-,--''' . I .  

p e  ,:urrtin: :::+: :r I:!U ,.,j,,i;:-.: -:.:::, : !!;,.:?s - ':,+',?r 
- : .. ,> ,,. ~... Szsv .:!!r:lru (:=r:.:~5::; 3 4: :.:!!~h , S  neoctive 

:-,e :nZLC;.- ~ . U ~ I Y ; C  .:l;>ci< 7?!?1- * : ? I  <.:.+2:: :: ;:, :-:,.!. 
- 

: . ." ...- _,_ , ,. ,- ."a,:'. ~ .c  2::. , -~ " '  :2.'Wl> , ,<.;,*:- 
P a  I ;  , . , .  , -  : : ,,,; :L.r :C . . . -~ :  ,,iiiji 

ORIGINAL 
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Thtovctiral Yavslormr for Blacking O ~ c i l l o t o r  

appears across the forword resistunce lo licreas- !'re ic:- 
ward h a s .  2 . e  incrsse  i n  ior~n:c k o s ,  :r ti;?, ir:iia;-s 
the collector curreit, ar,d re2ene:g::m ciirt!n>*: -:;i:lj 
mtil the transisto; becomes sa;ur;:ed. ;':;:r, I-.- ascent:- 
ally [!at-top poroon of the coliectcr vol tqe  wos.efcin, t:,? 
col!ect3r current, i,, i n c m s e s  at u slower rate, -is .',e!er- 
mined by the omour! of moqr,*;;z!nq current ne:css:ry to 
maintan the wltaqe d:op aciuss the iolltctar wln?:r.) at 
tmosiorrner T1. !dm j,r!q? this 3er;33 ?i !I.ne, the ;lie 
current, ib, qraduolly falls cfi  frorr its peak value a; 9 

result of the ~nobillty of the tracsisto~ !u nalntcin t ie soo:e 
rote of increcse in mcgnetlz!nq current 3s !he tr3rsi::cr 
approaches sotuiurion; !ur!b.ec, at t h s  csne t ; rc  i chu:;e 
i s  accumulot~ng on caFnc:tor 5: whch slrtrcc!:s f ; ~  t - i  
voltage suppiled by the . h e  windln? 3: txnsformer 7 !. 
At saturation, !be cullectat c~rrer t ,  !,, cnn no lanqer cnn- 
tinue to inaeose, and thus beccmes a conston: volvr: 
therefore, there 1s no l0~3~t.r s uoltaqc i n i ~ j e l  in  tiie aose 
winding, teminals 3 and 4. As .z :?sA,  !iie roqnetlc !:el? 
beqlns to collapse and lncuces o uo!taqe Xcross t ie  w;??lnq 
which 1s of opposlte palcr:!y 13 the :':.pas! ;o!tc:e. A: 
the some time, capacitor l'i starts to d?ichnr?e ibic;lh 
resistor h l  und the Sase wlr?lrq (tcrmlro!~ 3 2nd 41. T>,e 
C~scharqe current ai capxjtar C: :roit.ces a , o ! t a~c  ?rc; 
across resistor R1 which i s  of poslwve pi1a:i:y ct tL1e ,x;e 
91 the t:msistor, theirby ir!v!n, t.e h s e  1:; 3 n ~ s ~ t ~ ; i .  
directiun to reduce the iorruard b135 cf ti: bseemit!:r 
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1:jncr:o: . 7-c ~ C O U C : ~ ~ E  17 i o~~ ; r r j  bms c n u s e ~  the caliec- 
!3: c c ~ ~ i i i l ,  ! :, ~ C S T ,  r;g!6:,j, . N > I C ~  f:~tier a:ceiero!es 
,,, <, , , ;. .. >. - .  . . . ., tr .:. .-+.e:;e i . ? ~  LS  TO?:^!^ ;c?!e~?i 21 the 
C J S ~ - ' . ~ , ~ : Y :  A T-,,on. ;* ~ ';... .. .- ti75 !+ . x ~ e  cnd ccl:ector 
cx:eci: :ir- :i il:r3. 

eecz2s- o! !re ie,,i.rse blns, !Re t;on:lstor remains bpi? 
:t cu!oif 'C;:II c,;yJii:ur ;i i!sc$orles rk.rau-ih resistor 3 1  
(:no 1;;:sfc;mer '11 t3 s p l r t  ,:lllcfre lne IrOnSlStO! returns 
t ; - ;  t : .  !?er tL1e brward-hosed con- - .  .~.!oq 1.5 ??;:- =,:, -sr?gc!lon :i.;i-.s an6 onc:her cycle of 

OpY:ot:L; : :,\:tilltC.i. 
"Ir -stag: ;,;is? ,u!l'h depend; princlpolly on the induct- 

c l r c  of ,~-e tr.;.sf?rner, T1. ;*qe s ~ c l l e r  tP,e the inductonce. 
t?? :: 5:+ i::::iil :I,; ~21!5,:!0r cliiren! z i s t  :xrease 10 
n,slniz?", c,:j?ct:z!l? %:rent, 3 n i  the faster the co!iectar 
currert w;!! :eack 5cltg:otlon. ?iorrnni!y, co9ocltx C1 a s  
r-l;t!ie!, :I:?Ic ille;t i n  tLIe s a l i ~ .  N, :!5: ::II:.~.Ic~, I [  ~t LS 
rime srli ,  ercd-;r t;.ct 11 7pprc-c.:es a value where the 
ccpcci!oi cha rx  ern i!,3r':e ijpr4-1n:~Iy t i : ~ n q  tne p'11se 
ti-?; I:c:L) .vli: :rz :: nnt!crz3!e ?ecrexe :; pulse i~rst!an 
:wii!:). 6 :  ',P ~ > ; z i ~ f o :  IS 32% s:;i!s;.ol!er, tb,e efico 
:i!i: !be r:;re ;:~1:.1i~n;e? 2nd t k  W ~ S P  d:lm!~in w:li be 
!,2::, .:: :elt:ce3. 

3 e  repr!i!iov;:te c: thc free-xi!;:rq Slocklnq ascilia- 
I .a. . .- . i;,,; .,.rninr,! i,y the time c0rsrar.t of resls!ar 31 ond 

t :  . .!I:.ou:il ti.? re5:stan.e oi fi:e base wlndlnu 
iternunols 3 2nd 4 )  oi the PL!SF !;onsto:mer also has or 
pffpct uporr t$e disci!orqe tlmc censtort, !be reslstonce of 
:Li. i i r i i - : , j  1 5  iiw CO~?O:PS t3 thnt st res-tc: PI.  

;?I< m!:ut c~ i l i e  :s b&en !rom the trrtlory n.::dnq 
: rsr r :nd;  5 nn5 6) oi :ransfo:-rer i!. Clamp:?; iesistor R2 
:c !:',:~;ii,: .>P;CSS :he IP :L~C:~ I Y I P X ~ ~  cf t:~nsf~:mer 
,, .. re:.,co i:,,. ~ : r p i r t ; . ~ t  :i the jacr v c l t u ~  :;; uverslcot) 

, , 
:;m!c'h rei!.:ti rrac. :PC ea!ln,xe o! !hi ::oqet!i f:eio 3but  
ti? :rlrst::-r?r c: the terxtnctlor i f  !:e neslrei cutpu! 
pilse. i f  1: ,v,i+r? not !or the da-npln: :eslstr:r, the am?!rtude 
oi the hcn-volta.2e i l s e  cocl? exzer i  !b.t- ireilkdawn vol:- 
g;e  cf tile timilj!nr an.: tmse domcle to :hi. transistor. 
S?,e:.:! ilo5~iimtl;ns icn !,e mor!e t? 1t.e S o s x  arcu:! to 
!:!rtht.r r i i ~ 2 i ?  t ie impi?t,~de ar to ellmlnnte the undeslra~le 
bock v\?l:l;i. I 3 r  s x i  naj;flc-tlon :s  t 3  connect a c i o ? ~  
!nq dlo:ie 3c;css the collector ~!ndln,q [terminals 1 on? 2) 
Q! t ie  ::3:~,si;:mer is shown on :he Circuit 5ChPmntlC by line 
 act:^,: lincs concectinq *lode CR1. S~~lla:; , , ,  9 ciarrp~ng 
! % ? e  con oe scrnnectel ';cross the output wirrdlnq [terminals 
5 ;nd E )  a; s l - w n  on the circillt sche.~ct?c by tr.e dotted 
!:re: connectin.; ?mcr 222, to accompiish the some purpose. 
in -:!wr :::L-, t ,\- ".ode (;3! or CP2) is :onneered in  the 
c,rc;,! .- ; JC; ulene;t: t ! .~  back-.iii:zqe pulse occurs 
and tc effect. ,ely plca: r sbo;: clic!lt scross the associated 
!rars!ormer r l n a n q  ic: t ie durztion ai the lnluced back- 
vo!t3qe j#,!!ie; t h ~  I! ?revents !nr oppllc2tlon ai cn rxces- 
slv? vo;t3;e betweer t ie  co!iec:or ;I? rr!:ter. 

The ,ZCC(lmDI~m.,lrlg c : ~ c ~ I :  sche~o t l c  ~ l l ~ s t ~ o t e s  a 11011- 
3tljn 3! tie hcsx irt=e-ruomnl prf >e~e:ctor. In  this circu~t 
res!;!Q; PI :s re:nned to the neqtlve terrnlncl of tile sup 
3iY \cit7qe, VcC.  Pes~stor R1 riot u~tly limits the hose cur- 
rent ;"̂ : es:3tiis5es :he ;n!tial conclttur, ai ior,eard h a s ,  
L'A C ~ O  3perztes ~r C ~ ~ U ~ C ~ I O P  wlth c3~1citor 3 to deter- 
r l w  tL,e ape:st!q~ irrquency oi the jlockin.1 asclliator. 
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The circuit operation i s  essentially the same as that p r e  
viously described. 

\,A 
Variation of Boric FrerRunning PRF Generator 

' j, FAILURE ANALYSIS. 
No Output. Volloge measurements should be mode with 

an electronic voltmeter to determine whether the Input volt- 
age is present and wherher ihr L Y L ~ K ~  him "oltoqes cii 
applied to the collector and base oi the transistor. it is 
possible tho1 the base-emitter junction may chonge resist- 
ance and thereby change the forword bias on the base; such 
o condition may cause thermal runaway with subsequent 
damage to the uonsistor. 

Any defect in lransfomer Ti, such as on open collector 
or base winding or shorted turns in any oi fhe wlndlngs, wiii 
prevent the circuit from operating properly, since oscilla- 
tions depend upon regenerative feedback from the trans- 
former. A shorted lood impedance, reflected ro the cullrc- 
tor and base windings, may couse excessive losses which 
will prevent sustained oscillations. Note that li fhe output 
wlnhng should open, the clrcuit wil: continYe tc operctc: 
however, no output will be obtained from the winding. 
Furthermore, l f  domping resistor R2 should open, the induced 
mck-voltage could exceed the voitaje i;:izkdowr. ai  :k,e 
collector-nmitter !unctions ond result m damage to the 
.."..*. -*,.. ""..o.d>-.. 

A shorted or open capacitor C1 will prevent oscillations, 
-'--e . . . . . . *'- . . . - re-e-p~ncve nctinc of t h ~  cir;l;i! depends i:yr tb.e 

i ' 

charge and discharge o! C1. Aka, 11 resistc: R1 sho~l! 
own. th? hos~-~mltter current p t h  will tE broken and thsre- 
by prevent tronsistar operatlm. 

'#here the basic oscilhto: c~rcuit illusuoted h.os been 
modified to include o clamping diode (CRl or CR2) across 
eiiner the cullect"~ wifidi~q a7 t k  citpd: ,~k;?i:<, c d s f ~ c -  
tive diode with o law iront-to-back rotio may couse circuit 
lasses and prevent oscillation. Furthermore, if domping 
:e.istcr R? rhnuld APCIMSP i n  value 01 if t". 11306 i n ~ e c m c e  
should drop to a" r r i ! r~ i~ r ly  1% >slue. asii!!;:i;n; xci r .~ :  
occur becouse of lnducea circuit losses. 
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R.dus.d Outpvr. T'he input supply voltage should be 
measured with an electronic voltmeter to determine whether 
the input voltoqe i s  the correct value. Voltayes at the col- 
lector and the Lase of the uonsistor should olss be ne,,sure3 
lo determine ~hether  they ore ~ i t h i n  tolerances. ::ere the 
basic oscillotar circuit iilusuated has teen modified to in- 
clude a clamping diode across either the collector *iin,ilny 
or the output winding, or ocmss each ~indinq, 1 deicctive 
diode litrh low fronf-to-hck rotio c m  cause circuit losses 
wh~ch con reduce the output. '.loreaver, if ellher clu.nplnq 
resistor R2 or the lood impedance should decrease in value, 
the output m p l l t d e  will decrease. Vote tho1 if ttls clrcu!t 
iaaaes ire excrssi-ie, the i;;?iit ii.q not ~3~i!!z:e 3: c!!. 

Incolrect Fregurnc*. The pulserepetition frequency 
of the ireerunning blocking oscillator i s  determined by the 
RC time constant of resistor Rl and capacitor Cl ;  any 
change in the values of these components will cause o 
change in operaung irequency. Also, any chonge iil the 
supply voltage will probably affect the pulse-repetition 
frequency and may affect the amplitude of the output pulse. 

TRIGGER BLOCKING OSCILLATORS. 

Semiconductor uiggered blocking osc~llators ore exter- 
nally controlled blocking oscillators which picduce output 
pulses that ore synchronized by the input trigger (conuol) 
-,,Is-= Thn. ~c the ~rinnerod -.--...- hlnckln? nrillntor is not free 

to osciilate like the simple free-runilmg pr: yenemtor, but 
insread, produces on output pulse only when on input (uig- 
ger) pulse is applied. 

The major d~fference between the tnqoerea blh-h~nq os- 
cillator and the free-running blocking osr illator (descnkd 
earlier in t h s  section of the Handbook) .s the bias orrange- 
ment far the uonsistoi. In the :ice-runnlng b!ock;cg oscll- 
lator, the base of the transistor is (orword-bia-d, and the 
clrcuit produces output pulses of o rate determined by the 
. , h e ~  o! ;esistsr.ce ond coxcitance (PC time constant) in 
the base circmt. In the tnaoered blockina ascillata;, how- . . 
ever, the base c f  &e transistir i s  ,everse.biorod, and h e  
circuit remoms lnlrtlve untli a triqger pulse lnltiotes o g r -  
ation. When a trlgger pulse I; appl~ed, the clrcult produces 
ci. wit+: p d s i  1; z x t  tkc ;;re r.znEc: 2s the fieei.~cn!c: 
"iocL'oq r~-:>'-'-. .L-- r _  iL" ,".. ia-.  , a ~ ~ ~ ~ u i u ~ ;  acd L j 8 c b m  ," ,,., ..."-..., ,,-.... 
cent) stale. 

Trlqqeied block~ng osallators coy use the r l rxon-  
base, common-emitter, or ;ar;.man~ollector car.l~gurat~on, 
with elther o PNP or on NPN type of transistor. However, 
2 PNP trunslstor using the conmanenltter cont~guiotlor 
represents the most common usage becalise it comblnei op- 
weciable aoin nrith easiki ;i;iit;hed ;ol-es 2: :r.;u: an: XI- 
put imMonce. 

Two types of semiconductor tnqqered biack~nq oscillotar 
~ ~ 

r ~ n i ! t c  n'ri ?rpaently in qeneral use: the !%SIC Blwkino 
Os:illotcr and the Nonsoturating, D~deClomp";  Blocktng 
iisclilotor. ;he  bas^ z ~ r c ~ l t  may be "zed in samc ap~.!~:;- 
r !ors whore b l  jc-frrqrcncy ;rzrnt~an ,s KG: iiq,,iei, 2:; 
.".",I !n? PI:!<- +-,"It- l S  no, rr,,,c:,i. iiuwrvrt, L,,C I,",,. 

CHANGE l 



ELECTRONIC CIRCUITS NAVSHIPS 

soturotlng, d~cde-zlomped clrcult IS preferable for -0s: 
appilcat~ons because of its h~gher operotlng irequenq and 
~ t s  better pulse shape. Each of Lhese c~rcuits 1s discussed 
In following prographs in thls section of the Handbook. 

BASIC BLOCKING OSCILLATOR. 

APPLICATION. 
The basic triggered blacking oscillator is used to pro- 

duce synchronized, iorgeanpiitude pulses for use as timing, 
trigger, or control pulses in radar equipment, television sets, 
and similar electronic swltchinq devices. 

CHARACTERISTICS. 
Requires a negative input trigger pulse. 
Output pike i s  a single cycle of oscillotion (positive 

and negative alternations). 
Output-pllse-reptitian frequency is deterrmned by the 

input triqqer frequency. - ~ ~. 
Output-pulse width and rise time are determined pdmari- 

ly by the transformer inductance, capacitance, and resist- 

ance chorocteristics. 
Output-pulse polarity is determined by the transformer 

output (tertiary) w~nding phasing. 
F~xed, Closs B (cutoff) b ~ a s  is employed. 

CIRCUIT ANALYSIS. 
General. The basic blocking oscillator pmduces an out- 

put pulse each time on input pulse i s  applled to activate the 
circult. Between tr~qger pulses, the transistor remoms cut 
off (nonconducting), and no output is produced until an in- 
put trigger pulse of suff~cient anpiitude to produce con- 
ducuon is again applied. The circuit produces one output 
pulse and then retwns to the Inactive (quiescent) stnte, 
awaiting the next tngger. 

Circuit Operation. The accompanying circuit schemotic 
illusvotes o basic triaaered blockina oscillator usino o -. 
PNP tronsistor connected in the commonemitter configura- 
tion. 
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Transformer TI provides the regenerative feedback neces- 
sary between the collector and the base of transstor Q i  
to obtain oscillotion. Tne primary winding (terminals 1 and 
2) i s  connected in series wlth collector supply VCC and the 
coilector of tronsistor Ql .  The secondary winding (ter- 
mlnols 3 and 4) supplies the feedback voltage, which is op- 
plied to the base of tronsistor Q 1  through mpocitor CZ. 
Capcitor C2 is also a d c  blocking copacltor used to )so- 
lute the base from the d- shunting effect of the secondary 
winding of tronsformer TI,  preventing it from shorung to 
ground the fixed cutoff bias applied to transistor Q l  through 
base resistor R1. The neqative input trigger is applied 
through coupling capacitor C1 to the base of tronsistor 9 1 ,  
and the output pulse is token from the tertlary winding (ter- 
minals 5 and 6) of tronsformer Ti .  

The collector of transistor Q1 is reverse-biased by the 
neqotive collector supply, Vcc; the positive base bias sup- 
ply, VBB, furnishes fixed reverse bias to the base of tran- 
sistor Q1 through base resistor R1. Tnus, in the quiescent 
state with no input trigger oppiied, transistor Q1 1s complete- 
ly reverse-biased and connot conduct. Hence, no output 
is produced. 

When o negutive trigger pulse, such a s  that shown at 
time t, on the accompanying woveform lilustrotion, i s  applied 
through coupling copacltor Cl to the base of tronsistor Ql, 
11 forward-bioses the tronslstor, causing collector current 
to flow. 

11 '1 13 
INWT 

TRIGGER - 
I I 

VOLTAGE 0- 
*D 

IV  IV 

WLLECTOR 
CURRENT + 

'c 0 

Theoretical Waveforms for Boric Blocking 0scillat.r 

- L+"bb+&,+"ccJ A 

The collector current, flowing from the collector supply 
through the coilector (primary) winding of transformei TI to 
the transistor, causes o magnetic field to be built up around 
the collector (primary) winding of the tronsformer. This in- 

- creasing magnetic field induces into the base winding of the - transformer a voltage of such polarity that the potential on 
Boric Blocking Oscillator 
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terminals 3 of the w~nding i s  negative with i e s p c t  to mound 
(terminal 4). This negative potentiol i s  applled to the base 
of transistor 0 1  (through capcitor  CZ), and increases the 
forward blos on the transistor, causing the collector current 
to Increase further. As the collector current flowing through 
the coiiector winding of uonsiorn~er T i  rircrtiusi.~, the mog- 
netic field around the winding increases accordmgiy, induc- 
Ing a larger voltage into the base windrng of the uansform- 
er. The increasing induced voltage is fed back to the bas? 
of transistor 01, causing the foword bias an the transistor, 
and hence the collector current, to increase su l l  further. 
Thus, this repensrotire f eedbck  from the collector to the 
base of tronsistor Ql causes the collector current 
!o continue to increase untii the uonslsror rrucilra buiu~u-  

tlon. When uonslstw Ql reaches collectorsurrent satwa- 
tion (Ume t, on the waveform ~llustrotion), the collector cur- 
rent flowing thrsngh the collector wlndlng of transformer T i  
can no longer incrwse. Thereiore, the mcg:~etic !~elLi 
around the cal:ec:or ~ L ~ d i n g  no longer increases; conse- 
quently, no feedback voltage i s  induced into the secondary 
(base) winding of the uansformer. As a resuit, the voltoge 
ocross the base winding of transformer T1 decoys a t  a rote 
determined by the inductance, capcitonce,  and resistonce 
values af the uansformer, cousing lhe negative voltage on 
the base of tronsistor Q l  to decrease accordingly. At the 
same time, the decreasing voltage ocross the base wlnding 
of mnsiormer T1 olso induces into the collector winding a 
voltage of such p lon ty  that it aids (adds to) the collector- 
supply voltage, effectively increasing the volue of the col- 
lector-sup-,!y ,vd!agc. The ei:ect?xvely. increase3 coi- 
lector-supply voltoge raises the soturot~on point of the uan- 
sistai ;  conseq~ently, the collector c.xrent increases slight- 
iy above the previous saturation value. When the voltage 
ocross the base wind~ng of transformer TI decays to zero 
(time I, on the waveformillustration), no iurther forward 
t ios  is opplled though capci ta r  CZ to the base oi  tran- 
slsto; 01 ,  and the rronslstai muses  to condxt.  Since n i  
iurther forward bias is supplied, the base bias supply re- 
sumes control and applied a positive bias voltage through 
resistor R1 to the hse oi transistor 91,  reverse-biasmg the 
transistor ond holding it below cutofi until the next trlgger 
pulse is applied. Meanwh~le, as the tronsistor decreases 
i n  conducuon horn saturauon to cutaii jar 111:le tlj the coi- 
lector current flowing through the collector winding of trans- 
former T i  decreases to zero, and the magnetic field around 
the wifidina coilooses. Th; caiiaos:nc fieid mduces Into . . 
he L U L A ~ L ~ O I  .-n - windicq c ,:o!t3ge of such m!crity that it tends 
to k e p  c~rrec;  f k * . ~ ~  :T. :hc s.zze ?.::ec:;c; cz the c r l q : ~ !  
current fiow (that is, the induced voltage alds the callector- 

i,;:,i,ju;. 2)~. res:li z i  :??I:: tierc v?itc.;es is 
that the voltage on the coiiector oi tiassistor Ci zomenrs- 
;$ Seccme:. .x:ch mare negative thqn the nrgotrve ioi!ector- 
s."-~ ,,,.y ~volse. ?his Icqe  negative voltoge pulse 1s called 
overshoot i p n r  A an the collector-voltage wove!;rrJ. As 
the magnetic iield around the collector winding of uansfoiin- 
er '1.1 coliopses compierely, the ir>duc& vul iuyr  (~jyiisk~cct) 
olso decreases t3 zero, and the collector voitoge rerurns tc 
the quiescent value. 
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Any change of current in the collector wlnding 01 trans- 
former T i  olso induces a chonginq voltage into the tertiary. 
or output, windlng of the transformer. The polonty oi the 
output pulse is determifled by whlch terminal sf the output 
winding is grounded. As shown m the circuit schematic. 
rerminai 6 is y u u n & d ,  a d  G s;; : i -c o-tp-1 pd!se reiu!rc 
(a negative autput pulse v:ouid be obtained lf rer; i~~iol  j Mere 
grounded instead). 

FAILURE ANALYSIS. 
~ e n * r o l .  When maklng voltoge checks, use a vocuun- 

tube voltmeter to avord the low volues of multiplier resist- 

ance employed on the low-voltage ranges of the standard 
iii,iiGGunnts-pi-volt ;;.;:e;. k c;:e!zi a!-< !2 ~bse ive  pro- 
per polorlty when checking contlnulty with an ohmmeter, 
since a forward bias upplied ihrough ar.y a! the tronsistor 
junctions will couse a false iow-resistance reading. 

Ne Output. A nauutput condition may Ce mused hy an 
inproper input trlgger, a lack oi  supply voiroge, or a defec- 
tive circuit component. Fus l ,  use on oscilloscope to ob- 
serve the mput trigger voltoge waveform. Conpzrr the ob- 
served waveform with one shown In the equipment instruction 
book to be certain that the prapr  input ulgger is appl~ed. 
Next, i;se a vacuum-tube voltmeter to measure the supply 
voltage ond ellminote the poss~blilty oi o defective power 
supply. if the correct lnput trigger i s  applied and the normol 
supply voltoqe is present, further checks must k mode to 
locate the delectlve component. Use an in<lrcu~t capaci- 
tor checker lo check copci ta rs  C1 o n i  Zi iu; awnn u:$ 

leakage, and an ohmmeter to check resistor R l  and trans- 
fi:-er TI for ccntlnuity ond proper resistance volue. If 
these checks fail to l a o t e  o defective component, transis- 
tor Q1 is probabiy at foult. Replace it with a uonsistor 
known to be goad. 

L o r  or  ist tort ad output. L l w  suy;ply voltoge, a defec- 
tlve uonslstor (Qij, or o defecrlve trunsf~rmer (Ti; m y  
couse elther lowumplitude or distorted output p l s e s .  Mws- 
ure the supply voltage w th  a vacuum-tuk voltmeter. If the 
normol ,ic!se of voltage is measured, the trouble is in the 
blocklna i i s c~ l l o t~ r  and not in the wwei suppiy. Tronslstor 
9 1  ond tronsfarrner TI are both best checked by the substi- 
tlon of mrts  known to be qood. If first replacing tronslstor 
" I  - 2  ?;ES 20! re -dy  the tri:lb!e, trnnsformei Tl  1s probablv 
defective find ;hcu!d k :--,!aced. 

NONSATURATING, DIODE-CLAMPED BLOCKING 
OSCILLATOR. 

APPLICATION. 
Tne nonsaruratmq, d~~dcs i i lmped  b:oikinj ;i~:;I;t;; 

:s ,use.' to plcduce rynchronlred, iorgealpiitude w i se s  
for use os t lmng cr iynchrcnir~nq pulses i~ rodar, tor- . - - .  '--- ^-A -..I" r.^^-."c.nn an,,,nmrnt 
I I IY I~LL"YY113 ,  ",,., il"iU pl""-l" ...y ---_ i........ 
CHARACTERISTICS. 

?,=:-:rrs c re:1:jv; in?..: ::i$gc: sl!sc. 9,strc! 1s 3 
s?n:1e square pli isr r:lri.ard b y  miisi;;;; ;;;.d;;::c?,. 
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