ELECTRONIC CIRCUITS RAVSHIPS
SECTION 9

BLOCKING AND SHOCK-EXCITED
OSCILLATOR CIRCUITS

PART A. ELECTRON-TUBE CIRCUITS
FREE-RUNNING PRF GENERATOR.
APPLICATION.

The free-running prf generator is o basic blockin
cillator. It produces short-time-duration, lar i
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Pulse width and rise time of the output pulse are de-
termined primarily by the transformer characteristics.

Output-pulse polarity is determined by the phasing of
the transformer output-tertiory winding. With minor circuit
CRANges, QUILUT oM (8N Do taven fom tne oathods oiroult,

CIRCINT ANALYSIS,

General. The free-running blocking caciiluic: {al
Yeneator) is a specizi-type nscriiator i thaf the osctllot-
o completes one cycle of operation to produce a pulse (I"lu
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Ui lime, whereupon the cycle of operation to procuce g
pulse is repeated and the oscilluiar ayain becomes inacrive.
This mode of operation continues, and thus produces a
series of cutput DU:SE‘S which are of shors-time duration,
separated Dy felallvely long tme intervais.
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Circuit Operotion. The dcoomponying circuit schema-

tic illustrates a tricde eiectron tube in o basic {ree-running

blocking oscilleter circuit, Transiormer Il provides the

necessary counling between the plate and grid of electron

tube V1: terminals | and 2 of 1rans

the piote (primary) winding, te

inrmer Tl connect 1o

the grid (secondary} winding, anc terminals 5 and & ean-
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resistor Rl form an R-C C1rcu1t to determine the discharge
time constant in the grid circuit. Tne cutput pulse 15 tcken
from the tertiary winding (terminals 5 ard &) of transformer

o exqmple, if curtent flows 1‘1mu gh the plate winding and
terminal 1 is neqative, ihe voltage induced 1o egeh of the
sther windinqs {5 such that the doz end 1S Giso neustive i

oyt

tant of time, terminals 3 a d

> are positive.

For the discussion of circuit operation which foilows,

cler 1 10 the JCCD!T\DQI’lyir\g iilustration of the cu‘cx( ng o8-
tlator grid-signai, DthE—Slq”LJ and output-vel itage waveiorms.
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ELECTRONIC CIRCUITS NAYSHIP §
through the plate winding (terminals 1 and 2) of transformer
T1. A magnetic field is set up about the plate winding and
a voltage is induced (through transformer action) in the grid
winding (terminals 3 and 4) of transformer T1. Because of
the phasing of the plate and grid windings, the voltage
produced across the grid winding is impressed on the grid

of the tube through coupling capacitor CI with such

polarity as to drive the grid in @ positive direction. This
results in an increase in the tube plate current, and the
action centinues with the grid being driven further in the
positive direction. When the grid is driven sufficiently
positive, the tube begins to draw grid current and capacitor
C1 begins to charge. Grid capacitor Cl is charged through
the relatively iow intema! cathode-to-grid resistance of the
tube, causing the plate of capacitor C1, which is attached to
the grid of V1, to accumulate a surplus of electrons. At
this time, howevar, the plate current hes recched jts saturg-
ticn value and fthe current through the plate winding of trans-
former Tl can no longer increase (change}; as a result, the
voltage induced in the grid winding of the transformer can

no longer increase (point o on grid-voltage waveform). As

a further result, since no induced voltage appears in the grid
winding, capacitor C1 starts to discharge through resistor
R1 causing the grid potential of V1 to become slightly less
positive, This causes the plate current in the plate winding
to decrease slightly, accompanied by a decrease in the mag-
netic field about the piate winding. As the magnetic field be-
gins to collapse, a voltage is induced in the grid winding of
a polarity opposite that criginally produced; thus, the grid is
driven in a negative direction.

As the grid of V1 is driven negative, the plate current
continues to decrease and the magnetic field about the
plate winding collapses completely, This causes the grid
to be driven still further in a negative direction until cut-
off is reached (point b on waveform) at which time plate
cursent no longer flows through vansformer T1.

The highly negative charge existing on capacitor Cl
piaces the grid of VI below cutoff (point ¢ on waveform);
then the copacitor slowly discharges through reststor R1
and the grid winding of transtormer T1. Since the resist-
ance of the grid winding is low compared 1o that of the
resistar, R1, the resister is the determining factor in the
discharge time of capacitor U1, Furthermore, since the re-
sistance of Bl is large compared to the internal cathode-
grid resistance of the tube when the grid of V1 is positive,
resistor R1 does not affect the charging of capacitor Cl,

After an elapsed period of time, as governed by the time
constant of Bl and C1, capacitor C1 discharges thiough re-
sistor R] to a point near cutoff {point d on waveform), where
the grid voltage allows the tube to conduct. As plate cur-
rent once ugain starts to flow through the plate winding of
transformer T1, the entire cycle of operation is repeated.

The changing mognetic field produced about the plate
winding of transformer T1 also induces ¢ changing voltage
in the tertiaty or outpat winding (terminals 5 and 6). Thus,
an output-voliage waveform is produced across the tertiary
winding which is similar to the plate-voltage waveform of
the blocking oscillater. The pulse output can be of either
polarity {with respect to ground) depending upon which ter-
minal of the tertiary winding is grounded. As shown in the
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the initial output pulse is positive with respect to ground.

If desired, limiting 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 ovetshoot

and is used to provide a trigger pulse which is delayed in
time by the width of the initial pulse.

The approximate time interval required for the capacitor
voltage, E¢, to discharge from maximum to the cutoff value,
Eco {point «to point d on the grid-voltage waveform), may
be determined by use of the following formula:

1T 2,30 BC log £C
Eco
Where: t = time interval to discharge to cutoff
(seconds)

E. = maximum voltage change ceross capacitor

Eeco = negative cutoff value for tube

R = resistance of grid resistor {megohms)

C = capacitance of grid-coupling capacitor

{pef)

Since the pulse width of the blocking oscillator is us-
ually small 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), fo, con be expressed as the
reciprocal of capacitor discharge time; thus, the blocking-
oscillator frequency may be approximated using the follow-
ing formula:

-
fo = A
t

Whete: 1 = capacitor discharge time (seconds)

The freetunning blocking oscillator, with minor circuit
changes, may be synchronized to an external trigger sig-
nal by choosing values of RI and C1 so that the natural
oscillating frequency of the blocking oscillator is slightly
lower than the desired frequency. The synchronizing
trigger siqnal, then, must be slightly above the natural
oscillating frequency of the blocking oscillator. Under
these conditions, when the tube is held below cutoff, the
application of a positive synchronizing pulse will drive
the tube inte conduction somewhat eatlier than the R-C
time constant would normaily pemmit. Thus, the oscillator
will synchronize its frequency of operation with that of the
trigger source and the repetition period of the blocking
oscillator will be that of the trigger sousce.

In a practical blocking-oscillator circuit, resistance
Rl is usually made up of two resistors: a fixed resistance
and a variable resistance connected in series. The variable
resistance is then adjusted to provide operation at the de-
sired pulse-repetition frequency. The operating frequency
of the blocking oscillator can be changed by switching
values of B, C, or both R and C, 1c alter the time constant.
For example, a blocking oscillator designed to opetate at
600 pps can be changed to a lower frequency, such as 300
pps, by switching a larger value of R, C, ot both, into the
circuit to lower the pulse-repetition frequency. Another
method of shifting the operating frequency of the blocking
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ELECTRONIC CIRCUITS NAYSHIPS
oscillater, over a limited range, is to change the quiescen?
arid voliage of the tube. This method is unaffected by lead
resistance, stray capacitance, etc, and is well adapted to
remote-control operation.

Important factors affecting the frequency stability of
the blocking escillator me: the stability of arid resistor
R1 end of capacitor C1, the variation or changes in applied
floment and plate vellages, and the rhanges ncoumng in
the electron tube. The circuit is particularly sensitive to
changes in filament voltage; a 13 percent decrease in
filament voltege may chenge the oscillator frequency as
much as 2 percent, while ¢ 10 percent increase in filamem
woltage may change the frequency about | percent. A
change in plate valtage of 10 percent witl chsr\ﬁe the
frequency abou! 1 percent.

FAILURE ANALYSIS.

Me Qutput. In o noncscillating condition, negative
arid woltage will nnt he daveloped: the mecsured plate
voltage ot the plote o Vi will be below normat because
of the steady value of plate current flowing through the
plate winding of wansiormer T1 {ass uming the plate winding
is not open). Capaciter Ci and resistor 1] directly affect
the pulse Yming; ¢ shorted capacitor will cause oscillaticns
to cease aond prevent develapmem of ascillator qrid
voltnoe, and an open resistor will prevent capacitor dls-
charge. Sustained periodic oscillations of the blocking
osciliator depend upon feedback obtained from transtormer
T1 as well as the action of capacitor Ci and resistor Rl
Therefore, any detect 1n the transicrmer, such as an open
clate or grid winding of a number of shorted tums in either
of these windings, will prevent the circuit from operating.
A shorted output winding or shorted lood imnedanze moy
also cause the gircuit 1o stop oszillating, since the
tiary winding is coupled to the piate and grid windings of
the transfermet. In this case, the impedance refiected to
tne '\mte fmd qr\fi w1nf"n’"-‘ '“c‘,' ""“=‘c °x“;>.,, g la::;z

tertiary w rdl.,\, should open, the circuit m.‘l continue 1o
operate: howevel, no cutput will be cbiained from the ter-
tuary winding.

Incorrect Frequency. The vaiue of oscillstor H-T
components should be within design tolerance in order (o
produce the aesired operaling tiequency; where an adjust-
ment 15 provided, o small chanae io apetating fremiency
can be compensated for by adjustment of the variable re-

e alid circull. iLag reasananie 10 nssuma

SlouGnle

A LR

B AL L TR bl
1

wBChnaidr Ured Sifvuad \L..l

onstant of (ne oiockigs

ME 06 vIELEe O [egiITInge

v

wuac‘xrame, n:GKy LQPGC‘ ter, etc) will be agcomopmiad by
o bl [N H.g:_-.u.m., s-vqubn«‘p- ALE0, SRANOESD 1 DOMIRN
nigment ana plate potentials will affect the operating

it ptiaa

T

LR REIug 6

sohsliuiivn ol tabes in the TeeTunning

nlocking-oscillator circait can couse a frequency chonge
because of differences 1n individual tube characteristcs
Incortact Pulse Width Qr Unsichls Output. apaciicr

‘ S GanpE G alimons =
wlctf‘ o8 well s e B0 J;\,’H]i'_ft‘

VRN N DT g,
me: T is of oreatest intluence i

Tahing y.-umc Fidth g Ui ase fuee of 1he mirrut

- T e ﬂr.-nr..__. e,

e e B iy \.ujt TR R S

900,000.102 OSCILLATORS
pulse depends upon the trmstormer wms ratio between
plate and grid windings and also upon the rate at which cur-
rent may fise in the windings as determined by their in-
ductance. (A transformer with nigh step-up fatio and low in-
ductance will produce relatively short-duration puises.)
The pulse width nomally :Jbtmred is cppmmmatew eq'ucz‘
{gt i 1o half \.yuc which would be DlUUU( e 01
he nuturui uscillating frequency if the relqﬂve:y lorge
id-blocking capacitor Cl were not used in the circuit.
Thus, g defect in the transformet, T1, would be likely to
cause a change in pulse width accompanied by unstable or
erratic outpul

e
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TRIGGERED BLOCKING OSCiLLATORS.
Triggersd blacking oscillaiors are used (o produce
large-amgplitude pulses for triggering modulators, indicators,

multivibrators, pulse-frequency dividers, ot pulse shapers.
ave severdd cit-

Triggered blocking oscillators mo
cuit conf f‘;umﬁﬂnfz whink
L
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method of wtyut couplin
Biaglng. Lnggered mwxinq oschilalons can pe pro-
videe with gnd bigs from a negative voitage source utili
ing a voltage divider, as shown by the simplified cir
part A of the accompanying illustration,
DiG3 ODIGINed iTum 2 DD::I'LIV& vailage source 1t nzinq a
voltoge divider, as shown in part B. As an alternative to
the cathode-bias citcuil shown in pert B, the simplified ciz-
~uit skc*.-m in part C uses the cuthude cument of onother
tube 1o obtaln bizs from o common cathode resistor {Heh
however, this loiter orrangement may produce ql.desuabxc
wastntion botwpon tha klzclie - oo
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PARALLEL TRIGGER, INDUCTIVE CQUPLING

Blocking-Oscillator Biasing Methods

Parallel triggering of a blocking cscillator results in a

time delay between the application of the trigger pulse and

e start of the blocking-oscillator pulse; however, there is
very little reaction of the blocking oscillator upon the trig-
ger source.

The simplified circuit shown in part D illustrates a
common arrangement used to obtain series triggering of a
blocking oscillator. The cathode fcllowet supplies the
trigger to the grid<retum circuit of the blocking oscillatar
{effectively in series with the grid-signal source). A var-
iaticn of this circuit is given in part E, where the plate cir-
cuit of a trigger-amplifier tube is capacitively coupled to
the grid<eturn resistance of the blocking-oscillator tube,

Series triggering of a blocking oscillator minimizes the
time delay between the application of the trigger and the
stert of the blocking-oscillator pulse; hewever, the heavy
arid-current flow during cperation pigthe blocking oscillator
genetally reacts upon the trigger source.

Output Coupling. Several methods are used to obtain SERIES TRIGGER, CAPACITIVE COUPLING
the output pulse from the blocking oscillator. The simplified
circuit shown in part A of the accompanving illustration
uses a third (or tertiary) winding on the blocking-oscillator
transformer to supply the ocutput. This method, which is
perhaps the most commonly used, offers the advanloge
that either polarity of the initial pulse muy be obtained locking-Oscillotor Triggering Methods
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ELECTRONIC CIRCUITS NAVSHIPS 900,000.102 OSCILLATORS

from the transformer, depending upon which terminal of the
tertiory winding is grounded. Furthermore, the pulse-
OJtht Clrcult can be 1soluted from ground for aoecml

'muratlon nor'nal y produ\.es an overshoot {or amplitude

extrame) of cpposite polarity inmediately fotiowing the

desired initicl pulse, The overshoot resulls from the

cotlapse of the magnetic field about the transformer m
windings at the end of the initial pulse and ofter the tube / -
is at cutofl; it can be almost completely elimincted, if
desired, through the use of a demping-diode circuit.

'T‘.u circuit shown in part B produces @ positive outpy
se in the ~athode circuit, When the cathode resistor nas
o low valus, which is :!f:.!mlly the case, hes output-
coupling method provices a relutively ivw vuipal ..uy;_d:nc:.

|
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POLAR
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tan]
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b
The circuit shown in patt © produco" 1 neqative output .
DulSP. The cutput [mpedance of this circuil is rewtively N |
The circuit shown in part O also produces o negatlv S <
output pulse, across the series dropping resistor (R} in the 5
plate circuit. Except for polarity, this puise s similar iz >
to the cathode output pulse Icr the circuit in part B; how- PuLSE *
aver, the output impedance cf the circult in part & D is much +‘—’
higher than that of the circuit 1 part B, =
The citcuit shown in part & produces g positive output
pulse in the cathede circuit of a cathode follower. A - _
negative voltage (bigs) is applied to the qrias of the
blocking oscillator and the directly-coupled cathode "
tollower, The advantages of this cutput circuit ate a } él] NESHE
law-impedence output, nemalive peak chipping oy i wtion J lt %
of the cuteff cathode-followar stage, and practically no P

Y
leuling effzet upen the blasiirn maciliater, y 1

b Lo

M —

PARALLEL-TRIGGERED BLOCKING OSCILLATOR,

APPLICATION, . . f Ty e
The parailel-triggered blocking escitlstar is used !

produce short-time duration, large-amplitude pulses for g
]

uge s synchronizing or trigger puises in radar modulators

P

nd display indicators, ‘

CHARACTERISTICS. .

Outout sulse 15 a single cvele of esculicuon causes g
"mu‘*“‘"‘w tube conduction which is, I turn,

zed by a trigaer pulse gt the beginning of each

=]

some Gelny e ahlioldgsd DCTWECT

et 'F

pulSPs per second.

Trigger zmplifier provides isolation and crevents Hlocking
aseilintor from reacting on tr‘.qqe.’ source; 4isn, smpiliog-
Hituistioldheat gger pul

Hulse \Hl’“"t and s

miTed rmmuhw oy :ne

INE iy

Cnariges, The output Can cisc e taken tram fhe cathode Output Coupling Methods
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circuit (positive pulsej or from the plate circuit (neqative
pulse).

CIRCUIT ANALYSIS.

General. The parallel-triggered blacking oscillator
is similar to the free-running prf generator except that its
pulse-repetition ifrequency is determined by o positive
synchronizing trigger pulse which is applied to o trigger
amplifier. The plates of the trigger-amplifier tube and the
blocking-oscillator tube are in parailel and share o common
plate winding of the blocking-oscillator transformer, When
the trigger amplifier receives a pulse from an external
source, it amplifies the pulse and causes curtent to {low
in the plate winding of the transformer; thus, a cycle of
oscillation is initiated. Upon completion of the pulse
cycle, the circuit becomes inactive until the amplifier
receives another trigger pulse. Nermal operation of the
parallel-triggered hlocking oscillator results in the
generation of an output pulse each time a trigger pulse is
applied to the trigger amplifier.

Circuit Operation. The accompanying cifcuit schematic
illustrates two tricde electron tubes in o parallel-triggered
blocking-oscillater circuit; one electron tube ia the block-
ing oscillator and the other is the trigger amplifier.
Although the schematic ilustrates two separcte triodes,
V1 and V2, a twin-triode is {requently used in this circuit.

Transformer T1 provides the necessary coupling
linductive feedback) between plate and grid of electron

$00,000. 102 OSCILLATORS

escillalor tube, V2. Capacitors C2 and C3 are the cathode
bypass capacitors for V) and V2, respectively. Capacitor
4 and resistor R6 form an B-C circuit to detetmine the
discharge time constant in the qrid circuit of V2.

Resistor B7 and capacitor C5 form a plate decoupling
netwark,

The output pulse from the blocking oscillater is
taken from the tertiary winding (terminals 9 and 6) of
transtermer T1.

For the following discussion of circuit operation, refer
to the accompanying illustsation which shows the input
trigger and blocking-oscillator plate-signal, grid-signal,
and output-voltage waveforms. Bias voltage for the trigger
amplifier, V1, is developed by cathede resistor B2 as
result of the d-c curtent through the series resistance of
R2 and R3, connected as a valtage divider between the
=upply voltage and ground; also, bias is developed for the
blocking oscillator, V2, by cathode resistor 14, which is
in series with resistor RO 1o form a similar voltage divider.
The amount of bias developed by resistor BY is sutticient
to hold the arid of VI near cutoff, whereas the bias
developed by resistor R4 places the grid of V2 below
cutoff.

To start a single cycle of operation, a positive trigger
pulse is applied to the input of trigger amplifier VI across
coupling capacitor Cl and grid-return resistor Rl. The
trigger pulse developed actoss resistor Rl is applied to
the qgrid of V1 ond amplified by the trigger amplifier. As

POSITIVE
TRIGGER
INPUT

PULSE
QUTPUT

Parallel-Triggered Blocking Oscillater

tube V2; terminals L and 2 connect to the plate {(primary)
winding, which is common to both V0 and V2, terminals

3 and 4 connect to the grid (secondary) winding, and
terminals 5 and 6 connect to the output {tertiary) winding.
Capacitor Cl couples the input trigger pulse to the grid of
V1 resister Rl {s the qrid-return resiztor for V1.
Resistors R2 and B3 form a veltage divider to grovide
cathode bios fer the trigger-amplifier tube, V1; similarly,
resiztois B4 and 0O provide cathode bias for the blocking-

ORIGINAL

a result of the positive-going pulse on the grid of V1, the
tube conducts and plate current flows through the plate
winding (terminals 1 and 2) of the pulse transformer, T1.
The voltage at the plates of V1 and V2 starts to drop as
the current of the trigger amplifier increuses in the plate
winding; the increasing current through the plate winding
sets up a magnetic field about the winding, and a voltage
ig induced (through transiormer action) in the grid winding
(terminals 3 and 4} of transformer TL. Since the uigger
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ELECTRONIC CIRCUITS NAYSHIPS
pulse is of short duration, the trigqer amplifier returns to

its initial condition at the end of the trigger pulse, and

V1 ceases to conduct because of the cathode bigs developed
by resistor R2. The blocking-cscillater action which
follows is similar to that which eccurs during on eycle

of operation tor the free-running {prf generator) blocking
oscillator,

current flaws thra
Whan trigger-amplifier plate current flows through

the plate winding, a grid-signal voltage is produced
across the grid winding and is impressed on the grid of

V2 through coupling capaciter (4 to drive the grid of V2

in a positive direction. (See grid-voltage waveform.) This
causes the blocking-oscillator tube to start to conduct
when the positive qgrid voltuqe exceeds the value of cathode
bizg; the regenerative action {feedbach) which vecws o
complete the cycle of cperation is essenticlly the same as
the action previously described for the tree-running (prf
gererator) blocking oscillator, Near the end of the

cycle of cperction and dlter th e wigger-amplifier

fc il 'ia
+
INPUIT
TRIGGER
PULSE
(vi)
0 PULSE
e REPETITION—
PERIOD
PLATE
VOLTAGE

e T

" y ;

GRID
VOLTAGE
eg(v2})

QUTPUT
YOLTAGE

®g

Theosetical Trigger-, Plate., Grid- , oad Gaipsi-va'iage
Wuveforms

tube returns to cutoff, the grid of the hlocking oscillator is
driven below cutoff as the resuit of the highly negative
charye existing on capacitor C4. {See yrid=voltaye wave~
form.) Capacitor C4 slowly discharges through resistor
H6 and the grid winding of T1. The time constant of R
and C4 s chosen s¢ that the gnd is held belcw c-"off for

o considerable period of ume; ihus, ihe go grid gradusaily

apoioaches the initial volue ~f mm: AT whinh tima tho

circuit is ready to be triggered to inttigte another cycls

ORIGINAL
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of operation. (The initial value of bias developed across
4 is sufficient to keep the blocking-oscillator tube at or
below cutoff.) Under the conditions of operation described
above, the blocking oscillator produces an output pulse
each time a trigger pulse is eppiied to the input of the
trigger amplifier V1. The output pulse is deiayed slightly,
biit has the sume repetition irequency as the synchronizing
trigger pulse.

With minor modification to change the time constant
of R6CY, the paraliel-triggered blocking oscillator circuit
may be used as o pulse-frequency divider 1o produce output
pulses at g submultiple of the trigger-puise frequency.

The output puise is taken from the tertiary wlnding
{terminals S and 6) of transformer T1 in the some mainer

as tnat oreviously desonbed lor the oo canning ail yene-

of) blocking-oscillator circuit.
The parallel-triggerad blocking asciilator is
relatively insensitlve 1o changes in fiiamen: ond niate
supply voltoges. A change in plate voitage ot 15 percent
may reflect a change as great as 7 percent 1n pulse
amplitude; however, there is little chiange in puise width m
rise time,

FAILURE ANALYSIS.

HNo Output, [t is important to establish thar vhe
cathode bias voltage developed by each voltage divider
{R2, R3, and R4, R5) is correct for the trigger-amplifier
and blocking-oscillator tubes, V1 and V2. Since the
mgqer-umnhfaer and blockmq—oscruator tubes are ﬁor"mliy

imnad e o= Lo
bigsed ot & below ¢

i, 1w giso IMpOIant o estabiish
that a trigger pulse of correct polarity and amplitude 1s
being supplied to the circuit. When the circuit is in a
nonosctliating condition, assumine theg the oias va!
Correct for both tubes, the voitoge mecsured at the pidies

£ Vi and V2 will approach the value of me s upply
voltage, provided that the plate winding nf T1 and the
decoupling filter (R7 and C5! are not defective. Anv defeut

alsls ie

biter md iy
tn the plate or grid wrndlnoq of transformer T1 is likely @
prevent the proper regenerative feedback from OTCUITing;
as a resull, the circuit wili not provide the proper output
ulse or may not cscillate at ali.

If the tertiary winding of transformer Ti shoui
Gpen, e cucwt may sULL operate DUt T Sulpul Wil e
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an operating cycle, the osciilator may cttempt to become
tree-running because of the lack of correct bias. Leakage
in capacitor C4 will cause a change in the H-C time constant
of the nlocking osciilator, and will result in an unstable
output which is usually accompanied by o deciease in pulse
amplitude.

Low Output. Reduced plate-supply voltage will
affect the amplitude {ard nerhaps the pulse width and rise
time) of the output puise. Also, :f shorted turns should
develop in the tertinry winding of Tl of if a decredse in
load impedance should occur, the pulse-cutput amplitude
will be reduced not only becouse of the change in joad
impedance but alsc hecawse of the impedance reflected
into the plate and grid windings cf tronsformer T1. If
the load impedarice should fall considerably below the
rormmal vaive for the circuit, an incregse in tme delay will
accl: between the trigger pulse and the start of the
output puise; also, the rise time of the output pulse will
increase and will be accompanied by a decrease in pulse
amplitude.

SERIES-TRIGGERED BLOCKING OSCILLATOR,

APPLICATION.

The series-triggered blocking oscillater is used to
produce short-time—duratior, large-amplitude pulses
for use os synchronizing ot trigger pulses in rodar
modulaters and display indicators.

CHARACTERISTICS.

Qutput pulse is a single cycle of oscillation caused
by tube conducticn whick is initiated by o synchroniz-
ing tricget pulse at the beginning of euch pulse—tepetition
period,

Pulse-repetition time is determined by an external
positive-trigger source in conjunction with the R-C time
constant of the grid circuit. The pulse—repetition
frequency is generally fixed within the range of 200 to 2000
pulses per seccond, altnough the circuit cor be arranged to
change the R-C time constant and provide for operation at
a submultiple cf the triqger-pulse frequency; in this cose,
the triggeted blecking oscillater cperates as a pulse-
frequency divider.

Requires a low-impedance trigger scurce; there is
considerable teaction on the trigger source ever if g
cathode follower is used for triggering the circuit.

Pulse width and rise time of the output pulse are
determined primarily by the transformer characteristics.

Output-pulse polarity is determined by the phasing
of the transformer cuiput-tertiary winding. With minor
cireuit changes, the cutput can also be taken from the
cathode circuit.

CIRCUIT ANALYSIS.

General. The series-triggered blocking cscillator
is similar to the free-running prf generator except that
its pulse-repetition frequency is determined by a positive
synchronizing trigger pulse. When the oscillater is triggered
by a pulse from an external source, It completes one cycle
of operatien to produce an output pulse and then becomes
inactive; the cvcle of cperation is repeatad upon application

ORIGINAL
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of another trigger pulse, Normal operation of the series-
triggered blocking oscitlator results in the generation of
ar. output pulse each time a trigger pulse is applied to the
circuit,

Circuit Operation. The dccompanying circuit
schematic illustrates o tricde electron tube in a serjes—
triggered blecking-oscillater circuit. Transformer T1
provides the necessary coupling linductive feedback)
between the plate and quid of electron tube V1; terminals
1 and 2 connect to the plate {primary) winding, terminals
3 and 4 connect to the qrid (secondary} winding, and
terminals 5 and 6 connect to the cutput (tertioty) winding.
Capacitor C1 and resistor R1, in conjunction with R4,
form an RB-C circuit to determine the discharge time constant
in the qrid circuit. Resistors B2 ond R3 form a voltage
divider to provide cathode bias for the tube; the volioge
developed across H2 is sufficient to bias the tube at or
below cuteff. Capacitor C2 is a cathode byposs copacitor.
The synchronizing trigger pulse is opplied across
resistor R4, which is effectively in serfes with the grid
signal, The value of resistor R4 is generally low;
however as indicated previously, this resistonce is g
part of the total resistance which determines the R-C time
constant of the circuit. Hesistor RS and capacitor C3 form @
plate decoupling network.

The output pulse from the blocking oscillator is
taken from the tertiary winding (terminals 5 and 6 of
transformer T1.

QUTPUT

POSITIVE
TRIGGER
INPUT

Series-Triggered Blocking Oscillater

Sor the brief discussion of circult operation whicn
foilows, refer to the accompanying illustration which
shows the blocking-osclliator-trigger, grid-signal, and
outpui-voitage waveforms.
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When valtage is first applied to the circuit, bias
voltage for the tube is developed by cathode resistor
R2 as a result of the d~c curtent through the series
resistance of R2 and R3 connected between the supply
voltage and qround. The amount of bias developed is
sutficient to hold the qrid at or slightly below cutcf;
thus, plate current does not flow at this time.

To stast a single cvcle of operation, a positive
trigger pulse is applied across resistor R4 This pulse
is applied through the grid winding of tronsformer T1

INPUT
TRIGGER
PULSE

PULSE
ha—REPETITION —ind
PERIOD

GRID
VOLTAGE
gg

QUTPUT
YOLTAGE

Bo

Theoretical Trigger, Grid-Yoltage, and Output-Voltage
Vaveforms

and capaciter Cl to the grid of V1, ond raises the gifd
voltage above sutoff. [The positive~going trigoer pulse
must be of sufficient amplitude to drive the qrid out of the
cutoff region to initiate the cycle.} At this time the tube
starts to conduct, and the regenerative action which occurs
during the cycle of operation is essentially the same as the
action previously described for the free-running {prf
generator} blocking oscillater. Near the end of the cycle,
when the grid is driven below cutoff and plate cutrent no
ionger flows through the plate winding of T1, the highly
neqative charge existing on capaciter Cl slowly discharges
thteugh resistars Rl and R4 and the qrid winding of trans-
former T1. Since the resistance of the grid winding is low
in comparison with the combined resistance of R1 and R4,
it has little effect on the discharge time of copaciter Cl.
Furthermore, the resistonce of 14 is fow compared to

i wi R, terelore, Bl hgs the pradominant oifect an the

discharge time of capacite: CL.

ORIGINAL
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After an elapsed period of time, as govemed by the
time constant of BRI, B4, and Cl, capacitor Cl discharges
and cllows the qrid potential to reach a point niear cutoff.

When a positive trigger pulse {s again applied across
resistor P4, another cycle of operation is initiated.

If it were not for the periodic application of the
positive tigger pulse to resistor B4, the blocking
oscillator would remain cut off because of the value of
cathode bias developed across cathede resistor H2,

Under these conditions, each time a trigger pulse is
applied to the circuit, a complete cycle of the block-
ing oscillator produces an output pulse which is in
synchronism with the ttigger pulse and has the same
repetitton frequency. ['ui synchionization to ocour,

the values of K and C must be chosen so that the natutal
ascillating frequency of the blocking oscillator, in the
absence of cathode bigs, is slightly lower than the
repetition frequency of the synchronizing trigger pulse.

The operating frequency of the triggered blocking
oscillator can be conveniently changed to a submultiple
of the trigger frequency by switching R-C values to dlter
the time constant. For example, on additiondl resistace
could be switched into the circuit in series with resistor
Rl to increase the B-C time constant. In this case, if
the time constant were at least doubled, the oscillator
would respond 1o every other trigger pulse and, therefore,
the blocking-oscillator repetition frequency would be
one-half that of the trigger source.

The output pulse ic taken from the tertiary winding
(terminals 5 and &) of transformer T! in the same manner
as previously described for the free~running {prf generator)
blocking-oscillator cireuit.

In a practical series-triggered blocking-oscillator
circuit, resistor R4 may actually be the cathode reststor
for a cathode-foliower citcuit, In this case, the trigger
is applied to the grid of the cathode—follower electron
tube, and resistor R4, across which the trigger pulse is
developed, teprasents a low-impedance trigger source to
the blocking-oscillator circuit.

The series-triggered blocking oscillator is relatively
insensitive to changes in filament and plate-supply voltages,
althcugh a change in plate voltage of 10 percent may produce
a change as gqreat as 10 percent in pulse amplitude and may
be accompanied by some change in pulse width. However,
this effect js reduced to some extent by the change in the
bing voltage developed across resistor R2 whenever the
clate-supply veliage changes,

FAILURE ANALYSIS.

No Output. Since the oscillator is normally Biased
10 cutoff, it is important that a trigger pulse of the correct
polarity and emplitude be supplied to the oscillator circuit,
When the circuit is in a nonoscillating condition, ossuming
that the developed cathode bias is normal, the voltoge
measured at the piate of V1 will approuch the value of the
supply voltage, provided that the plate winding of T1 and
the decoupling filter {R5 and C3) are not defective. Any
defect in the plate or grid windinge of transformer T1 is
likelv to prevent the proper regenercttve feedback
from occurring; as a result, the circuit will not provide the
proper outpiit pulse or may not oscillate gt all, If the
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tettiary winding of transformer T1 should open, the circuit
may stil] operate but no output will be abtained from the
tertiary winding.

Unstable Qutput. Whenever the cutput-pulse repetition
rote of the blocking oscillator becomes unstable or erratic,
the trigger pulse should first be checked to determine
whether the fault lies within the trigger-generator circuit.,
Since the stability of the blocking oscillator is dependent
upon the repetition-frequency and pulse—amplitude stability
of the trigger source, it is entirely possible that an unstable
trigger applied to the oscillatar will cause the blocking
oscitlator to produce output pulses which are synchronized
to the random triggering. Random pulsing of the blocking
oscillator can also result if the fixed bias {derived from
resistors R2.and R3) should be reduced and appreach zeto
bias. In this case, although the trigger pulse will
frequently initiote an operating cycle, the oscillator may
attempt to become free-running because of the lack of
correct bias. Leckage in capacitor Cl will cause a change
in the R=~C time constant of the blocking oscillator, and
will result in an unstable output which is usually accompanied
by a decrease in pulse amplitude,

Low Qutpwr. Reduced plate-supply voltage will affect
the amplitude (and perhaps pulse width) of the cutput
pulse. Also, if shorted turns should develop in the
tertiary winding or if a decrease in ioad impedance should
oceur, the output will be reduced not only because of the
change in load impedance but also because of the
impedance reflected into the plate and grid windings of
transformer T1.

FAST-RECOVERY BLOCKING OSCILLATOR.

APPLICATION.

The fast-recovery block ing oscillator produces short-
time-duratior, large-amplitude pulses for use as timing,
synchronizing, or trigger pulses in radar modulators and
display indicaters.

CHARACTERISTICS.

Qutput is a single pulse caused by tube conduction cnd
initiated by o trigger pulse ot the beginning of each pulse
repetition period.

Pulse repetition frequency is determined by an external
trigger source.

Pulse repetition period is much shorter in the fast-
recovery blocking escillator than in other types of blocking
oscillators.

Pulse width and rise time are determined primarily by
the transformer characteristics.

Output pulse polarity is determined by the phasing of
the transformer output {tertiary} winding.

CIRCUIT ANALYSIS.

General. The fast-recovery blocking oscillator is
similar to other types of triggered blocking oscillators
in that, when triggered, it supplies one output pulse and

CHANGE 1

0967-000-0120 OSCILLATORS
then becomes inactive. In the normal triggered blocking
oscillator, the grid voltage must be dllowed to return te @
peint near cutoff before the circuit is triggered again.
This period of time, called recovery time, is normally
much Jonger than the pulse width and limits the pulse
repetition frequency. The fast-recovery blocking osciliator
uses a number of methods to overcome the difficulty of
long recovery time.

Circuit Operetion. The accompanying circuit schematic
iltustrates one type of fast-recovery hlocking oscil-
lator, With the exception of diode V2, it is identical to
the SERIES TRIGGERED BLOCKING OSCILLATOR
discussed previously in this section of the Handbook.

O—
INPUT

+Epp

Fast-Recovery Blocking Oscillator

Transformer T1 provides the necessary coupling {induc-
tive feedback) between plate and grid of electron tube

V1. Terminals 1 and 2 connect to the plate (primary)
winding, terminals 3 and 4 connect to the grid (second-
ary) winding, and terminals S and 6 connect to the output
(tertiary) winding. Resistors R1 and R2 form a veltage
divider which provides cothode bias for triode Vi. The
voltage developed across cathode resistor R1 biases triode
V1 to plate current cutoff. Tapecitor Cl is the cathode
bypass capacitor for triode V1, and resistor R3 is the grid
return resistor. The positive trigger pulse is qpplied qctoss
resistor R4, which has a relatively low value of resistance,
Grid capacitor C2 and resistors B3 and R4 normally de-
termine the time constant of the grid circuit. However,
when capacitor C2 discharges, diode V2 conducts,
shunting grid resistor B3, and the discharge time for the
circuit is greatiy reduced. Resistor B5 and capecitor C3
form @ conventional plate decoupling network. The output
from the hlocking oscillator is taken fiom the tertiary
winding (terminals 5 and €) of transformer T1.

9-A-10
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The fellowing illustration shows the trigger-, grid-,
plate-, and output-veltage waveforms in their proper time
relationship.
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Trigger-, Grid-, Plate-, and Output-Voltage Wavetorms

When voltage is first applied to the circuit, d-¢ current
flows through voltage divider consisting of resistors K1
and K2. This current flow develops a bias voitage on
the cathode of triode V1 which is sufficient to keep the
tube biosed t plate-current cutoff. Hence, no current
flows in the plate circuit.

When o positive trigger pulse is applied to resistor
R4, it passes through the grid winding of transformer
T1and is applied to grid capaciter C2, The positive
potential on the transformer side of copacitor C2 causes
an electron flow from ground through qrid resistor B3 to
the qrid side of the capecitor. This current flow, which
eventually charges the capacitor, develops a positive vol-
tage across grid resistor B3 sufficient to raise the bias of
tricde V] above cutoff and cquse V1 to conduct. As
plate current increases and fiows through the plate winding
termincls 1 ond 2} of transformer T1, it produces « magnetic
field around the winding. This incrensing magnetic field
induces a voltage into the grid winding of the translormer.
The transformer phasing is such that the induced positive
voltage increases the voltage across UZ, causes more
current to flow through qrid resistor K3, increases the
charge on grid copacitor U2, and drives the gnid of V1
further positive. The increase in positive grid voltage,
due to feedback, causes the plate curtent to increuse stili
further. This regenerative nction continues. 1hat is a
continual increase in grid voltage causes a continual
ingcreqse in plate rurrant which, in turn, causes a further
ingease in the grid {({eedback) voltage., Meanwhile, as the
plate current rapidly increases toward plate-current saturc-
ticn, the qrid voltage becomes more positive until it reaches
zero bigs, and grid curment fiows, charging grid capacitor
L 10 }15 maximum vulue,

CHANGE 1
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When the plate-current saturation point is reached
(point A on the plate-veltage waveform), current flow in
the plate winding of transformer T1 no longer increases.
Since there is no longer a changing magnetic field armund
the plate winding of the transformer, no further voltage
is induced into the grid winding. Crid copacitor C2 is now
fully charged, and since there is no longer u voltuge across
the grid winding of transformer T1 to sustain this charge,
the capacitor begins to discharge. Normally, the capacitor
would discharge through grid resistor B3, resistor R4, and
the grid winding of the transformer. However, the negatively
charged side of grid capecitor C2 is connected to the
cathode of diode V2. This negative potential on the cathode
zf the dinde makes it conduct, shunting qiid resistor B3,
Capacitor C2 now discharges through diode V2, resistor
R4, and the grid winding of transformer T1. Since the
high resistance of grid resistor B3 is shunted by diode V2
and effectively removed from the circuit, resistor R4 alone
determines the dischorge time constant of the circuit.

Since the volue of B4 is low, the time constant is shaort, and
capacitor C2 discharges very quickly. When capaeitor C2
discharges, the qrid veltage level drops unti} it reaches

the fixed cathode bias (determined by resistors Rland R2)
which keeps the triode biased to cutoff, and plate current
ceases.

As plate current stops flowing in the plate winding of
transformer T1, the magnetic field around the winding
collapses. The collepsing field induces into the plate
winding ¢ voltage of o polarity which tends to keep current
ilowing in the same direction. {That is, the polarity of the
induced voltege is series-aiding with that of the plate-supply
voltage.) The result of adding these voltages is a momen-
tary increase in plate voltage over and above the plate-
supply voltage, called overshoot (point B on the plate-volt-
age waveform). As the magnetic field around transformer
T1 decreases in intensity, the induced voltage {oversheot)
decreases accordingly, and the plate voltage quickly returns
to the normal quiescent value.

Any changes of current in the primary winding of trans-
former T also induce g changing voltage into the tertiary,
or output, winding (termincls 5 and ). The polarity of the
outpal pulse from this winding is determined by which
termingl is connected to ground. As shown in the circuit
schematic, terminal 6 is grounded. Therefore, in this case,
o positive output pulse results {for a negative cutput it
would be necessary 1o ground terminal 5 instead).

The fost-recovery blocking oscillator crovides one
output pulse each time o positive trigger pulse is applied.
It ie ready again almost immediately to receive another
trigger pulse and produce another output pulse, Therefore,
it iz preferred for circuits operating ot fast repetition rotes.

FAILURE ANALYSIS,

No eutput. Since the oscillator depends on o positive
trigget pulse 1o iniiicie upeidiion, it is important to doter-
mine whethet the input pulse is of the proper polarity
and of sufficient amplitude to drive the grid of V1 above

citeff. Use an oscilloscope to observe the input waveform.,
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If the proper trigger pulses are present at the input, use the
oscilloscope to observe the signal at the plate of V1. If
pulses similar 1o those shown in the illustration of the plate-
voltage waveform are obsesved, but still no output is
obtained, the output (tertiary) winding of transformer T1

is eithet open or shorted. Use an ohmmeter o check the
continuity of this winding; also check for a short to ground
(indication of less than 0.1 ohm). If no pulses are observed
at the plate of V1, either no plate voltage is present or
there is a defective feedback circuit or o defective cathode-
bias circuit. Measure the voltage on the plate of V1 with

a high-resistance voltmeter. If no voltage is measured ot
this point, a number of other possibilities exist: either an
open in the plate winding of transiormer T1, an open plate
resistor RS, or a shorted bypass capacitor C3. Use an ohm-
meter to check these components and isolate the trouble.

If the proper veltage {s meosured at the plate of ¥1 but no
plate pulses are seen on the oscilloscope, the trouble is in
either the feedback or bias circuits. Use an ohmmeter to
check for an open qrid capacitor, C2, or for an open grid
winding of tronsformer T1 1o clear the feedback circuits.
Then check for proper resistance values of resistors R1, B2,
R3, and R4 to clear the bias circuits. If these checks fail
1o locate the trouble, the tube is probably at fault; replace
triode V1 with o tube known to be good.

Unstable Ouput. Since the output stghility of the oscil-
lator is dependent upon the input trigger pulse, it is impor-
tant to be certain that the input trigger is of the proper
omplitude and frequency. Use an oscilloscope to observe
the input waveform. If the proper input waveform is observed,
the bias circuit o feedback circuit may be faulty. Use
an chmmeter to check capcitor Cl for an open or g short, and
to check bias resistors Rl and R2 for proper resistance
values. [f these checks show that the bias circuit is not
defective, check the {eedback circuit with an ochmmeter.,
First check grid capaciter C2 for a short, end then check
resistors R3 and R4 for the proper resistance values.

Also use the chmmeter to check transformer T1 for
cantinuity of the grid and plate windings, for shorts between
the windings, and for shorts to ground {less than 1 chm).

1f these checks fail to locate the trouble, replace triode V1
and diode V2 with tubes known to be good.

Low Output. Low output may be caused by weak
emission in the triode, low plate-supply voltage, or exces-
sive circuit loading, If substituting @ good tube for triode
V1 does not remedy the trouble, use g high-resistance voit-
meter 10 meoswe the plate-supply voltage. If this voltage
is low, the trouble is in the power supply. If the plate
supply voltage is normal, the transformer is probably defec-
tive; teplace it with one known to be good.

PULSE-FREQUENCY DIVIDER.

APPLICATION,

The pulse-frequency divider is used to produce high-
amplitude pulses at a submultiple of the input trigger pulse
frequency for use as timing or synchronizing pulses in
radar and communications equipment.

CHANGE 1
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CHARACTERISTICS.

Cutput pulse frequency is o submultiple of the input
pulse frequency.

Frequency-division ratio can be adjusted within g small
range.

Requires o high-impedance trigger source which pro-
duces positive trigger pulses.

Output pulse width and rise time are determined
primarily by the transformer characteristics.

Cutput pulse polarity is determined by the phasing
of the transformer output {tertiary) winding.

CIRCUIT ANALYSIS.

General. Theopetation of the pulse-frequency divider
is similar to thet of other types of triggered blocking oscil-
laters. However, the pulse-frequency divider is designed
s0 that, instead of producing out-put pulses at the same
frequency, as the input pulse frequency, it produces
output pulses at ¢ frequency which is only a fraction of the
input pulse frequency. In other words, the circuit divides
the input pulse frequency down to o lower frequency. The
ratio of the input pulse frequency to the output pulse fre-
quency is called the division ratio, Although pulse-fre-
quency divider circuits have been desiqned with division
ratios as high as 100:1, a low division ratio (less than 6:1)
gives the best stability. Consequently, most pulse-fre-
quency dividers are designed to aperate at low division
ratios.

Circuit Operation. The accompanying circuit schematic
illustrates a pulse-frequency divider with a division ratic
thet can be adiusted between 2:1 and 5:1.

[}
INPUT O—-—l

R4

c3
+Epy, I

Pulse-Frequency Divider

Transformer T1 provides the coupling (inductive feed-back)
between the plate and the grid of triade V1. Terminals 1
and 2 connect to the plate (primary} winding, temindls 3 gnd
4 connect to the grid (secondmy) winding, and termingls 5
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and € connect to the cutput {tertigry) winding.
The positive trigger pulses are applied through coupling
capacitor C1 to the grid of triede V1. Capacitor C2 and
resistors B2 and B3 make up the grid B-C cireuit, Resistor
R2 is varioble and allows the time constant of this B-C cir-
cuit 10 be adjusted fnr the desired division ratin.  Resistors
B1 and B3 form a voltage-divider network which supplies
fixed grid bias voltage for tricde V1. Resistor R4 and
capacitor C3 form a conventicnal plate decoupling network.
The following illustration shows the trigger-, grid-,
plate-, and sutput-voltage waveforms in their proper time
relationship.
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Trigget-, Grid-, Plate-, ond
Output-Yoltage Waveforms

In the quiescent condition (with no trigger pulse applied),
V1 is held at plate-current cutcif by the fixed neqative bias
taken from the voltage divider made up of resistors R1 and
R3, and cpplied through grid resistor R2 and the arid winding
of trensformer T1 to the qrid of V1 (time 4, on the waveform
illustration].

‘ren the first positive trigger pulse is npplied to the
arid of triode V1 through coupling capacitor C1, it drives
the 5rid above cutoff and causes the tube to conduct (time
1, on the waveform iilustration). The increasing plate
current flowing through the plate winding (termmals | and
2) of transformer T1 broduces a magnetic field in the trans-
farmer. The changing magnetic field induces a leedback
voltoge into the grid winding of transformer T1. The trans-
former phasing and polarity are such that the induced feed-
back voitage drives the grid of tode V1 more positive, and
the plate of capacitar CF which is connected to the nega-
tive end of the grid winding more negative, Thus, the in-
duced feedback voliage causes two things to cceur simul-
tarecusly: the capacitor charges to a higher potential, and
the tube is bigsed mure positive. The increased positive

bigs couces the plate current of trinde Vi fa incrense

CHANGE |

0967-000-0120 OSCILLATORS
further, The incteasing plate-current flow through the plate
winding of transfermer T causes the magnetic field in the
transformer to increase accordingly, and induces a still
larger voltage into the grid winding of transformer T1. This
continucus increase in feedback voltage, qrid voltage,

and plate current produces d regenerative-fesdback action
which quickly drives the tube toward plate-current saturation.
As the grid of tricde V1 is driven more and more positive,
qgrid curtent eventually beqins to flow. The flow of grid
current through the grid winding of transformer Tl to cape-
citor C2 causes the capacitor to quickly charge to its
moximum negative value,

When niatecurrent saturation is reached (point A on
e plate-voltage waveform), the plate current can no longer
increase. Consequently, the magnetic field in transformer
T1 no longer increases, and no feedback voltage is now
induced into the arid winding. The grid of triode V1 is there-
fore driven negative by the large negative charge on
capacitor C2. This negative grid voltage causes the triode
plate current to decregse. As the plate current through
the plate winding of transformer T decreases, the magnetic
field in the transformer decreases accordingly, inducing
a feedback voltage of opposite polarity into the grid
winding of the transformer. This induced feedback voltage
drives the grid of triode V1 further negative, increasing
the negative qrid bias, and causing plate-current flow
through the plate winding of transformer T1 to dectease
still further. As previously explained. the regenerative
feedback from the piate to the grid of Liode V1 produces a
continuous cycle which causes the grid to be driven far
below cutoff. As plate-current occurs, the plate current
cegses to flow, and the magnetic field in the transformer
collapses. The collapsing magnetic field induces into the
plate winding of transformer T1 a voltage of such polarity
that it tends to keep current flowing in the same direction as
the original plate-current flow (that is, the induced voltage
is series-aiding with the plate-supply voltuge). The
result of adding these voltages is a momentary increase in
plate vojtage over ond above the plate-supply voltage,
called overshoot (point B on the plate-veltage waveform).
As the magnetic field decteases to zero, the induced volt-
age (cvershoot) decreases accordingly, and the plate
voltage retums to the normal, quiescent value,

When plate cumrent ceases, the charge on capocitor
CZ1s no longer susiained, and the capacitor discharges
through resistors B2 and H3 towards the neqative fixed-
bics value. Since the time constent of this B-C circuit
is very large, capacitor C2 discharges very slowly, and its
potenticl decreases only v small amount by the time the
plate pulse and overshoot @e completed. The discharge
tlme of the circuit is, in fact, many times longer than the
input pulse repetition period, Consequently, the next in-
put trigger pulse (time t, on the waveform illustration)
occurs while capacitor C2 is still discharging and reducing
thebias towards the fixed cutoff bias value. lhis positive
trigger pulse {number 2}, when combined with the neqgative
grid voltage remaining on capacitor CZ, isnot of sufficient

S S ' PRI SO RT S S ]
aman it Ag s raieo T AriA AT . g ke
Glpaiiule 10 TAL5E Ne QIS ©I TIg0e Vi Jhove Culell,  lime

9-A-13




ELECTRONIC CIRCUITS NAYSHIPS
fore, trigger pulsenumber 2 has e effect on the operation

of the circult, and triode V1 remains cut off with capacitor
C2 still discharging. The same result acours duting the
next three input trigger puises (times t,, t,, and ty on the
waveform illustration). However, when the next input trigger
pulse (time t, on the waveform 1llustration) occurs, capacitor
C2 is now discharged to nearly the fixed negative bics
voltage across resistor B3 (cutoff biag). Therefore, when
trigger pulse number 6 is combined with the negative grid
voltage remaining on capaciter C2, 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 sixth
trigger pulse causes the circuit to begin another cycle of
operation. The pulse-frequency divider produces an out-

put pulse as previously explained, and then remains inactive
for the next four Input trigger pulses. It produces an out-
put pulse for every fifth input pulse. Therefore, the circuit
is said to have a division ratio of 5:1,

The division ratic of the pulse-frequency divider is
entirely dependent upon the discharge time of capacitor C2,
which is determined by the time constant of the grid R-C
circuit. Resistor R2 is made variable so that the time
constant of the R-C circuit can be adjusted for the desired
output frequency. If the value of resistor B2 is decreased,
the time constant of the B-C circuit decreases and capacitor
C2 discharges more quickly. Thus by proper adjustment
of resistor R2, the circuit will operate on every fourth in-
put trigger pulse, giving a division ratio of 4:1. As the
value of resistar B2 is decregsed stiil further, the division
ratio decreases accordingly. The accompanying illustration
shows the trigger- and grid- voltage waveforms for two
different settings of resistor R2, and consequently for two
different frequency-division ratios.

ot 13ty 1, tg tg 1 o f2 ty 1y ta 1y 1

: -_ULMP_L L}\_LLL}\_LL

4:1 3

Trigger- and Grid-Yoltage Waveforms
for Two Settings of Resistor R2
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FAILURE ANALYSIS.

Gereral. Since the output signal cf the pulse-frequency
divider is dependent upon the input signal, it is important
to be certaln that the praper trigger pulses are applied. If
the proper input trigger pulses are not applied, the output
from the circult, if present at all, will be unstable or of
the wrong frequency. Therefore, the first step in trouble-
shooting this circuit is to use an oscilloscope to observe
the input waveform, and compare it with the waveform
shown in the equipment instruction book to be certgin that
it is of the proper polarity, amplitude, and frequeney,

No Outpur. In addition to an improper input signdl,

a no-output condition may be caused by a lack of plate-
supply valtage, @ fault in the grid circuit, a foult in the
plate circuit, a defective tube, or an open output winding
of ransformer T1. After checking the input signal with an
oscilloscope {as explained in the previous paragraph), use
the oscilloscope to abserve the waoveform at the grid of
triode V1, If no signal appears at this point, capacitor Cl
is open and must be replaced. If the proper grid-voltage
waveform is chserved, use the oscillescope to chserve

the waveform on the plate of triode V1. A proper plate-
voltage waveform Indicates that the output winding of
transformer T1 is defective. If no signal is observed on
the plate of triode V1, voltage and resistance checks

must be made to isolate the defective component. Use

a high-resistance voltmeter to measure the plate-supply
voltage and determine whether the power supply is at

fault, Next, use the voltmeter to measure the voltage

on the plate of triode V1. If no plate voltage is present, I3
plate circuit components T1 (primery winding), C3, or R4 ;
are either open or shorted. Use an chmmeter to check
continuity and resistance, and isolate the defective com- "\A
ponent. If the proper plate voltage is present, either the -
tube is defective, transformer T1 (secondary winding)

is open, resistors R, R2, or R3 are open, or capeitors C1

or C2 are shorted. Us2 an ohmmeter to isolate the defective

component. If these checks fail to locate a defective com-

ponent, the tube is probably at fault and should be replaced

with one known to be good.

Improper Division Ratic or Unstoble Outpur, An im-
proper input signal, an improper bias-supply voltage, o
defective tube, an open or shorted grid circuit, or a de-

{ective transformer, T1, may couse either an improper
division ratic or an unstable output. After checking the
input signal with an oscilloscope (as explained previously),
use a high- resistance voltmeter to measure the bias-supply
voltage. If the bias-supply voltage is correct, the trouble
is in the divider eircuit and not in the power supply. Use
an ohmmeter to check the grid clircuit of the divider for

open or shorted compenents (C1, C2, R1, R2, B3). Triode
V1 may also be at fault. Replace the tube with one known to
be good, ard if this still does not comect the trouble,
trensformer T1 is probable shorted. Replace it with g good
transformer.

Low Output. A low output may be coused by three
conditions : low plate voltage, low tube emission, or
excessive circuit loading. Use a high-resistance voltmeter
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10 measure the plate-supply voltage and eliminate the
possibility of a faulty power supply, Since defects in
capacitor C3 of resistor R4 may also cause low plate volt-
age, use an ohmmeter to check these components. The low
output may alsc be caused by low emigsion in triode V1.

1f replocing the tube with ¢ good one does not correct the
trouble, the low output may be caused by excessive cir-
cuit loading. Such ¢ condition may be caused by shorted
turns in transformer T1. Consequently, it should be re-
placed by a good transiormer,

DISTANCE-MARK DiVIiDER.

APPLICATION.
The distance-mark divider is used to produce short time
duration pulses ot a submulitiple of the input trigger fre-

quency far use as distance morks in rodar display indicaters,

CHARACTERISTICS.

Produces output pulses at a submultiple of the input
trigger pulse frequency.

Requires a low-impedance trigger source which produces
positive trigger pulses.

Qutput consists of positive pulses taken from the
cathode of the tube.

Output pulse width and rise time are determined primar-
ily by the wronsformer characteristics,

CIRCUIT ANALYSIS.

Generol. The distance-mark divider {s a specific cppli~
cation of the pulse-frequency divider discussed earlier in
this section of the Handbook. Like the pulse-frequency di-
vider, the distance-mark divider produces cutput pulses at
o submultiple of the input pulse frequency. That is, it
divides the input pulse frequency down to a lower frequency.
The ratio of input pulse frequency to cutput pulse fre-
quency s called the divisten ratio of the circuit. While the
division ratio of many pulse-frequency divider circuits is
adjustable within a small ronge, the division ratio of the
distance-merk divider is normally fixed (usually 2:1 or 3:13.
In this way, the circuit can be designed to give the desired
chatacteristics in the output pulse. Moreover, taking the
output from the cathode of the tube also helos to produce the
desired output pulse shape and eliminctes the overshoot pre-
sent in other types of blocking oscillaters.

Cireuit Operation. The accompanying circuit schematic
ivustrates @ distancesmark divider with a division ratio ot

T4l
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Distence-Mark Divider

Transformer T1 provides the coupling (inductive feedback)
between the plate and the grid of triode V1. Terminals ]
and 2 connect to the plate (primary) winding, and terminals
3 and 4 connect 10 the grid (secondary) winding, The input
trigger pulses are applied through qrid capacitar Cl and
the grid winding of transformer T1 to the grid of tricde V1.
The division tatio of the distance-mark divider is deter-
mined by the R-C ciicuit made up of capaciter C1 and resis-
tars Rl ond RZ. BResistor Rl is voriable ond allows the
circuit to be odjusted to compensate for variations in cam-
ponent values, supply voltages, and input trigger pulse
amplitude. Resistors R2 and B3 form a voltage divider
which provides fixed negative grid bias for triade V1. Re-
sistor B4 and capacitor C2 farm a conventional plate de-
coupling network. The output is taken across resistor RS,
which is the cathode resistor for triode V1.

The foilowing illustration shows wigger-, grid-, plate-,
and cathode-voltage waveforms in their proper time rela-
tionship.

I
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Triggar., Grid-, Fiote-, ond
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In the quiescent cendition (with no trigger pulse epplied),
triede V1 is held ot plote-current cutolf by the fixed nega-
tive blas taken from the voltage divider made up of resis-
tors B2 and R3, and applied through grid resistor Rl and
thegrid winding of trensformer T1 to the grid of V1 {time
t, on the wavelorm illustration).

When the first positive trigger pulse is opplied through
grid capacitor Ci ond the grid winding of transfermer T1
10 the grid of triode V1, it drives the grid above cuteff and
causes the tube to conduct {time t, on the waveform {llus-
tration). The increasing current flowing through the plate
winding of transformer T1 produces a magnetic field in the
transformer. The changing magnetic field induces o feed-
back voltage into the grid winding of transfarmer T1. The
uansformer phasing and polarity are such that the induced
feedback voltage drives the grid of triode V1 more posi-
tive and the plate of capacitor C1 which is connected ta the
negative end of the grid winding more negative. Thus, the
induced feedback vcltage causes two things to eccur simul-
taneously: the capaciter charges to a higher potential, and
the tube is biosed more positive. The inereased pesitive
bias causes the plate current of triode V1 to increase fur-
ther. The increasing plate current flow through the plate
winding of tansformer T1 ccuses the magnetic field in the
transformer to increase accordingly, and induce q still larger
voltage into the grid winding. This continuous increase in
feedback voltage, grid voltage, and plate current produces a
ragenerative fesdback action which quickly drives the tube
toward plate current saturation. As the grid of triode V1 is
driven more and more positive, grid cumrent eventually begins
to flow, The flow of grid curtent through the qid winding of
transformer T1 to capacitor C1 causes the capacitor to
quickly charge to its mmimum negative value.

When plate-current saturation is reached {point A en
the plate-voltage waveform), the plate current can no
longer increase. Consequently, the magnetic field
in wensformer T1 no longer increcses, and no feedback
voltage is now induced into the grid winding. The grid
of triode V1 is therefore driven negative by the large
neqgative charge on capaciter 1. This negative grid
voltage, and the positive cathede voltage caused by cur-
rent tlow through cathode resistor RS, cause the triode
plate current to decrease. As the plate current through the
plate winding of transformer T decreases, the magretic
field in the transtormer decreases accordingly, inducing a
feedback voltage of opposite polarity into the grid winding
of the ransformer. This induced feedback voltage drives
the grid of triode V1 further negative, increasing the nega-
tive gride bios, ond causing plate-current flow through the
plate winding of transtormer T1 to decrease still further.
As previously explained, the regenerative feedback from the
plate to the qrid of riode V1 produces a continucus cycle
of operation which causes the grid to be driven for below
cutoff. As plate-cutrent cutoff occurs, the plate current
ceases to flow and the magnetic field in the transformer
collapses. The collapsing field induces a momentary
surge of veltage, called eversheot, into the plate winding
of transformer T1 {point B on the plate-voltage waveform).
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However, since triode V1 Is cut off, no current can flow
through cathode resister B9, and the overshoot is not
present in the output.

When plate current ceases to flow, the charge on
capacitor C1 is no longer sustained, and the capacitor
discharges through resistors 1 and B2 toward the fixed
neqgative bias value. The time constent of this B-C cit~
cuit is very lorge, and the discharge time of copacitor Cl
is many times longer than the input trigger pulse repetition
period. Consequently, the next input trigger pulse (time
t2 on the waveform illustration) sceurs while capaciter C1
is still discharging and reducing the bias toward the fixed
cutoff bias valye. This positive trigger pulse (number 2),
when combined with the negative grid voltege remaining on
capacitor Cl, is not of sufficient amplitude to roise the
arid voltage of triode V1 above cutoff. Therefore, trigger
pulse number 2 has no effect on the operation of the circuit,
and triode V1 remains cut off with capaciter C1 still dis-
charging., The some result occcurs during the next input
trigger pulse (time t, on the waveform illustration). How-
ever, when the next input trigger pulse (time t, on the wave-
form iliustration) occurs, capacitor C1 is discharged to
nearly the fixed negative bias voltage across resistor R2
{cutoff bias). Therefore, when trigger pulse number 4 is
combined with the negative grid 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 trigger pulse causes
the circuit to begin anothes cycle of operation. The dis-
tance-mark divider produces an output pulse as previously
explained, and then remains incctive for the next two input
trigger pulses. It produces an output pulse for every third
input pulse. Therefore, the circuit is said tc have a divi-
sion ratio of 3:1.

The division ratic of the distance-mark divider is en-
tirely dependent upen the discharge time of capacitor Cl,
which is determined by the time constant of the grid R-C
circuit. Thus, the distance-mark divider can be made to pro-
duce different division ratios by using various component
values in the grid R-C circuit. Although resistor R} is
variable, and will change the time constant of the circuit
somewhat, this range is not normally broad enough to change
the division ratio. Normally, resistor R} is used only to
adjust the circuit to compensate for variations in trigger
pulse amplitude and supply voltages.

FAILURE ANALYSIS.

No Queput. A no-output condition may be caused by an
improper input signal, a lack of plate-supply voltage, a fault
in the grid circuit, a fault in the plate 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 applied, use the oscilloscope to cbserve the wave-
form at the grid of triode V1. If no signal appears at this
point, either capacitor Cl or the grid winding of transformer
T1 is open. Use an chmmeter to make resistance checks
and isolate the defective component. If the proper grid-volt-
age waveform is observed, further voltage and resistance
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checks must be made to jsclate the defective component.
Use a high-resistance voltmeter to measure the plate-sup-
ply voltage and determine whether the power supply is at
fault. Next, measure the voltage on the plate of triode V1.
If no plate voltage is present, plate components T1 (primary
winding), B4, or C2 are either open or shorted. Use an ohm-
meter to check continuity and resistance, and isolate the
defective component. If the proper plate voltage is present,
either the tube is defective, tansformer T1 (secondary
winding) is open, or tesistors K1, B2, B3, or RS are open or
shorted. Use an ohmmeter to isolate the defective compe-
nent. If these checks fail to locate a defective compenent,
me iube 15 probably at fgult and should be renlaced with one
known to be good.

Improper Division Ratio or Unstable Dutput. An impro-
per input signal, an improper bias-supply voltage, a defec-
tive tube, un cpen or shorted grid circuit, or o defective
transformer may cause either an improper division ratio or an
unstable output. After checking the input signal with an os-~
cilloscope to be cettain that it is of the proper amplitude
and frequency, use g high<esistance voltmeter to measure
the bias-supply voltage. If the bigs-supply voltage is cor-
rect, the trouble is in the divider circuit and not in the power
supply. Use an ohmmeter to check the grid circuit of the
divider for open or shorted components (C1, Rl, R2, R3).
Triode V1 may alsc be at fault. Bepiace the tube with one
known to be good. If this still does not correct the trouble,
transformer T1 is probably shorted and should be replaced
with a good transformer.

Low Output. A low output is usually caused either by
low piate voltnge or by low tube emission. Use a highre-
sistance voltmeter to measure the plate-supply voltage and
eliminate the possibility of a faulty power supply. Since
defects in capacitor C2 or resistor B4 may also cause low
plate voltuge, use an chmmeter to check these components.
If these checks fail 10 iocate the trouble, the low output is
probably caused by low emission in iede V1. The tube
shouid be replaced by one known to be good.

SHOCK-EXCITED RINGING OSCILLATOR.
APPLICATION.

The shock-excited ringing oscillator produces a short
series of 1-f osciliations each time an input gate is applied.
The r-f oscillations are normelly used as distance marks in
radar indicators.

CHARACTERISTICS.

Requires a high-impedance, negative input gate,

Produces an output only when gated.

R-F outpus pulse duration is equal to that of the input
qate.

Uses ¢ high-(J resonant tank circuit to produce an 1
output.

Cutput frequency is determined by the tank-circuit in-
ductance and capacitence values,

CHANGE !
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CIRCUIT ANALYSIS.

General. The shock-excited ringing oscillator uses g
parallel-tesonant L-C (tank) circuit to produce an 4 output,
An electron tube is used as a switch to conurol {gate) the

r-f cscillations. While the basic circuit discussed below

serves te 1iustrate the principles of opetation of the shack.

excited ringing cscillator, it is not suitable for use in pigc-
tical circuits. A typical practical circuit is discussed
after the basic circuit operation is established.

Circuit Operation. The accompanying circuit schematic
illustrates a basic shock-excited ringing oscillator.

Qﬂ:bb

iNPUT

Basic Shock-Excited Ringing Osciliator

In the quiescent state (with no negative gate applied), posi-
tive grid bias is applied from the plate supply through grid
resistor Bl to the grid of tiode V1, and ceuses the tube to
conduct heavily near platecurrent saturation, Electron flow
is from ground, through inductor L1 and the tube 1o the plate
supply, building up a magnetic field around the inductor.

Sc long as a negative gote 15 not applied, the circuit re-
mains in this quiescentstate {triode V1 conducting heavily
and no r-f output).

When a negative input-gate is opplied through coupling
capacitor C1 to the grid of triode V1, it instantaneously
drives the grid below plate-current cuteff, and holds it at
cutnif for the duration of the input gate. Plate-current flow
through inductor L1 abruptly ceases, and the magnetic field
around the inductor collepses. The coliapsing magnetic
field induces into the inductance a vaitage of such polacity
that it tends to keep current flowing in the same directicon.
That is, the induced voltage causes a current w ilow {rom
ground toward the cathode of tricde V1. The wiode, however,
is biased below cutoff by the negotive gate; therefore, no
current will flow through the tube. Consequently, the in-
duced current flows around the tank circuit and charges
canaritor C2 negative with respect to ground. When the
mognetic field has completely collapsed, no further voltage
is induced into inductor L], and the induced current ceases
10 flow in the tank circuit. Since there is no longer any
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magnetic field around the inductor which is of opposite po-
lanity from the original magnetic field. When capacitor CZ is
full discharged, current flow around the tank circuit again
ceases, and the mognetic field around inductor .1 again col-
lapses and induces into the inductance a voltage which tends
to keep current {lowing in the same direction. This induced
voltdge couses current to flow around the tank circuit and
charges capacitor C2 positive with respect to ground. After
the magnetic field completely collapses, the charge on the
tank capaciter is ne longer susteined, and the capacitor
again discherges through inductor L], once again building
up g magnetic field around the inductor in the original direc-
tion. This cycle of charge and discherge continues to re-
peat, producing o ringing effect in the wank circuit. That is,
the capacitor and inductor charge and discharge alternctely,
causing the tank circuit to oscillate at g radio-frequency
rate. Since the tank citcuit has a very high Q (low loss),
the r-f oscillations continue for many cycles. Because of
the loss in the tank circuit produced by the d-c resistence
of the inductor, successive oscillations gradually decrease
in amplitude as the energy in the tark circuit is dissipated
by this resistance. The resulting output wavetorm across
the tank circult is a series of damped oscillations, s shown
in the following illustration.

Y 'l?_ fg lQ
ineuT @
GATE  Egq
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YOLTAGE U U U U

Input Gote ond Dutput-Voitoge Waveforms

The damped osciliations continue until the end of the
input gate. When the negative input-gate ends, the positive
bias supplied by grid resistor R] resumes control and causes
triode V1 to again conduct heavily near plate-current satura-
tion. When the tube conducts, the heavy plate~current flow
through inductor L] produces a magnetic field around the
inductor in one unchanging direction, which etfectively
shunts the tank circuit and decreases the circuit Q. Con-
sequently, the r-f oscillaticns are effectively damped out
very quickly, The heavy plate cument flowing through in-
ductor L1 once again builds up a steady magnetic field
around the inductor which effectively prevents any possi-
bility of r-f oscillation, and the circuit remains in the quies-
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cent {no-output) state until the next input gate is applied.

Since triode V1 is cut off while cutput oscillotions 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 tank circuit. The duration of the train of 1-f output
oscillations is determined solely by the length of time triode
V1 remains cut off, and is therefore controlled by the dura-
tion of the input gate.

The basic shock-sxcited ringing oscillator just discussed
always produces damped oscillations when an input gate is
applied. Since these oscillations decrease in amplitude,
they are not suitable for many applications, particularly for
producing distence matks. The accompanying circuit sche~
matic illusttates o practical type of shock-excited ringing
oscillater which produces 1-f oscillations of a constant am-
plitude when the input gate is opplied.

+Epd

Typical Shock-Excited Ringing Oscillator

The two-tube shock-excited ringing oscillator shown in the
illustration is actually a switched Hartley oscillator (see
Section 7 of this Handbook for a detoiled discussion of
Hartley circuit cperation). The circuit consisting of triode
V2, capacitor C2, inductor L1, and Besistor B3 is a conven-
tional series-fed Haortley oscillator, and the circuit consist-
ing of triode V], capacitor Ci, and resistors R] and R7 is a
switching circuit which controls the operation of the Hartley
osciliator.

In the quiescent state {(with no negative gate applied),
no bias is applied to the grid of triode Vi and the tube con-
ducts heavily near plate-current saturation, The electron
flow is from ground, through inductor L], triode V1, and re-
sistor R2 to the plote supply, building up o magnetic field
around inductor L]. When triode V1 is conducting, the
heavy plate~current flow through inductor L} produces g
steady magnetic field around the tank inductor, which ef-
fectively shunts the tank circuit and prevents the oscilla-
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tor from functioning. Consequently, no r-f output oscil-
lations are produced and the circuit remains in this state.

When a negative input~gate is applied to the grid of triode
V1 through ooupling capacitor Cl, it drives the grid far below
ctoff. As plate current ceases to flow through tank in-
ductor L1, the magnetic field around it collapses, inducing
a voltage inte the inductor which tends to keep current flow-
ing in the same direction as the original plate-current flow
{that is, from ground thru the inductor to the cathode of triode
V1). As in the basic circuit discussed previously, the in-
duced current cannot flow through tricde V1 {which is cut
off); consequently, it flows around the tank circuit, charg-
ing capaciter 2 and initigting a ringing effect. In this
practical cireuit, however, any potentiai across the tank is
also applied to the grid of oscillator tube V2, and the os-
cillator section of the circuit functions as ¢ normal Hartley
oscillator, preducing oscillations of a constant amplitude in
the tank circuit., The oscillator portion of this circuit re-
ploces the energy dissipated in the tank coil resistance so
that the resulting oscillations are always of constant am-
plitude. Thus, as long as the negative gate is applied,
triode V] remains cut off, and the oscillator portion of the
cireuit operates, producing constant-amplitude 1+ oscilla-
tions.

The oscillator operates until the end of the negative in-
put qate, When the negative gate ends, the grid bias on
triode V1 returns to zera, and the triode again begins to con-
duct heavily near plate-current satuzation. When the tube
conducts, the heavy current [low thiough inductor L} pro-
duces a steady magnetic field around the tank inductor, ef-
fectively damping out the t-f oscillations very quickly., Thus
the circuit is once again operating in the quiescent state,
with triode V1 conducting heavily near saturgtion, and no
-} output,

The practical shock-excited ringing oscillator preduces
-t oscillations of constant amplitude when a negative input
gate is applied. As in the basic shock-excited ringing os-
cillator, the output trequency is determined by the values of
inductance and capacitance in the 1ank ciscuit, and the du-
ration of the 1-f output is determined by the length of the
input gate. The output waveform is the same os that shown
for the basic circuit, except that all the oscillations are of
constant ampiitude.

FAILURE ANALYSIS.

No Output. Failure of the shock-excited ringing oscilia-
i to produce on output when the gute ie applied may be
caused by a defective switching circuit, by a delective os-
cillotor circuit, o by 2 lack of plate-supply voltage. Te
1solate the trouble to one portion of the circuil, temporarily
remove triode V1. 1t continucus output oscillations are now
produced, the trouble is in the switching section of the cir~
cult. Use an chmmeter to check capacitor Cl for a shorted
condition, and resistors Rl and K2 for continuity and pro-
per value, If none of these puiis uis defective, tricde V1
is probably shorted and should be replaoced with a tube
knewn to be good. lt contmuoas outout oscillations are not
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is either in the oscillator section of the circuit or due to a
lack cf plate-supply voliage. Use a high—esistance volt-
meter to check the supply voltage and the plate voltage of
tricde V2. PFroper values of these volloges indicate that
the trouble ig in the oscillator section of the circuit and not
in the power supply. Use an olimmeter (6 chock copecitor
C2 and inductor L] for a shorted condition, and to check 1e-
sistor R3 for continuity and proper value. If the trouble
still persits, tricde V2 is probably at fault and should be
replaced with o tube known to be good.

Continuous R-F Qutput. Defects in the switching portion
of the shock-excited ringing oscillator may cause the circuit
to produce output oscillations whether or not the input gate
i present, Use an ohmmeter to check cupuciivn Cl und ie-
sistors R] and R2 for « shorted or open condition. If none
ol these parts are defective, triode V1 is probably at fault.
Replace it with g tube known to be good.

Low Output. Detects in the osciliowor portion of the cir-
cuit or d iow plate-supply voltoge may cause aither low-
amplitude output oscillations or damped (decreasing) output
oscillations. First measure the plate-supply voltage with
a high~<esistance voltmeter to eliminate the possibility of
jow=supply voltage. It the plate-supply woltage is normal,
the trouble is in the oscillator section of the circuit and not
in the power supply. (If the output osciilations are damped,
triode V2 is probably inoperative and should be replaced
with a tube known to be good.) Use an chmmeter to check
inductor L1, copaciter C1, and resistor R3 for continuity of
shorts. If no dafective parts are found, triode V2 is proba-
bly defective and should be replaced with a tube known to
be good.

SHOCK-EXCITED PEAKING OSCILLATOR.

APPLICATION.

The shock-excited peaking oscillater is used to produce
very nattow positive pulses at the beginning of each input
gate for use as trigger o synchronizing pulses in radar
modulators, display indicators, and other electronic devices.

CHARACTERISTICS.

Requires a high-impedance, negative input gate,

Produces one very sharp positive pulse at the beginning
of each negative input gate,

Produces one relatively broad negative pulse at the end
at each negative input gate.

Uses a crincaily damped wnk zircuit to produce an ourt-
nut.

Shape of positive output pulse 15 determined by tari
inductance and capacitance valves,

CIRCUIT ANALYSIS.

General. The shock-excited peaking oscillator uses o
critically damped resonant [.47 (tank} circuit to Droduce a
axed output. An electron tube is used as o switch to ¢

rol {gate) the tank circuit.
Circult Operation. The accompanying circuitl schemat

illustrates a typica! shock-excited medking osciliuio.
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INPUT

1rr

Shock-Excited Pecking Oscillater

Capacitor C1 and resistor R1 form a conventional B-C in-
put ¢ircuit for triode V1, and capecitor CZ qnd resistor B2
form a conventional cathode bias circuit for the tube, In-
ductor L] and its distributed capecitance, C, form a paral-
lelesonent tank circuit. Since the distributor capacitance
is small, the resonant frequency of the tank circuit is very
high {approximately 2 mc). This 1-f wnk is critically domped
by shunt resistor R3. That is, the value of resistor R3 is
such that it allows the tank circuit tc oscillate for anly g
half cycle after oscillation is started.

The following illustration shows the input-gate and
plote-voltage {output) waveforms in their proper time re-
lationship.

INPUT _C
GATE Egq

+

PLATE
QUTPUT)
VOLTAGE

Epp]
il :
o

Input-Gate and Plate-Voltage Waveforms

CHANGE 1
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In the quiescent state {with no negative input-gate applied),
ne bias is applied to the grid of triode V1, and the tube con-
ducts heavily near plate-current saturation. The plate cur-
rent is held constant by the cathode bias developed across
cathode resistor R2. This constant plate current flowing
through inductor L1 builds up a steady magnetic field cround
the inductance. So long as a negative gate is not applied,
the circuit remains in this guiescent state.

When a negative gate is applied through coupiing capa-
citor C1 1o the grid of triode VI (time t, on the waveform
illustration), it instantonecusly drives the grid far below
cutoff, and holds it below cutoff for the duration of the input
gate. Plate-current flow through inductor L1 abguptly
ceases, and the magnetic field around the inductor col-
lapses. The collapsing magnetic field induces into the in-
dugtance g voltage of such polarity that it terds to keep
current flewing in the same direction as the original plate-
current flow. This induced current tlowing 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 on sche-
matic). Since the charge time of the capeocitance is de-
termined by the rescnant frequency of the tank circuit, and
the resonont frequency is very high, the capacitance charges
very guickly to its maximum value, The potential across
the charged capacitance is series-aiding with the plate-
supply voltage, and the resultant veltage on the plate of
triode V1 momentarily rises above the plate-supply voltage
(point A on the plate-voltage waveforn). When the magnetic
tield around the inductor completely collapses, there is no
longer any induced veltage to sustain the charge on the
distributed (tank) capacitance, the capacitance and begins
to discharge. Since the d< tesistance or resistor 3 is
much lower than the impedance of inductor L] at the re-
sonant frequency, the distributed capacitance discharges
very quickly through the resistor, and the triode plate volt-
age quickly returns to the plate-supply value. Thus, the
shock-excited peaking oscillator produces one very sharp
positive pulse at the beginning of the negative inpus gate.

Triode V1 remains cut off, and no further output is pro-
duced until the end of the negative input gate. When the in-
put gate ends (time t, on the waveform illustration), the grid
bias on triode V1 returns to zere, and the triode again begins
to conduct heavily near plate-current saturation. As plate
current flows through inductor L1, a magnetic field builds
up around the inductor. The increasing magnetic field in-
duces into the inductance a voltage of such polarity that it
tends to oppose the plate current flowing through the in-
ductor. This induced voltage is series-cpposing with the
plate=supply voltage, and the resulting voltage on the plate
of triode V1 momentatily drops below the plate-supply volt-
age (peint B on the plate-voltage waveform). As the mag-
netic field around the inductance bujlds up to its maximam
value and ceases to increase, the opposing induced voltage
decreases to zero, and the triode plate voltage retums to the
plate-supply value, Thus at the end of the negative input
qute the shock-excited peaking oscillator produces a nega-
tive-going pulse and then retumns to the quiescent state,

9-A-20
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with triode V1 conducting heavily near saturgtion and a
steady unchanging magnetic field built up atound inductor
L1.

The output from the shock-excited peaking oscillator is
a series of giternate positive- and negative-going pulses oc-
cutring respectively at the beginning and the end of the ne-
gative input gate. Since the positive output pulses are much
sharper, and of greater amplitude, than the negative-going
output pulses, the positive pulses are narmally the desired
pottion of the cutput. The negative-going output pulses are
usually eliminated with a clipping or limiting circuit which
posses only the desired positive output pulses.

FAILURE ANALYSIS.

No Output. Failure of the shock-excited peaking oscil-
lator to produce an output when the proper negative input
gate is applied may be caused by a defective circuit com-
ponent, a defective tube, or a lack of plate-supply veltage.
After measuring the plate-supply voltage with @ high~e-
sistance voitmeter to be certain that the power supply is
operating properly, use the voltmeter to measure the voltage
on the cathode of triode V1. A lack of cathode voltage in-
dicates that either resistor R2 or capacitor C2 is shorted,
ot the tricde is faulty. If checking resistor B2 and capaci-
tor C2 with an ohmmeter does not reveal a shorted com~
ponent, triode V1 is probably at fault and should be replaced
with a tube known to be good. If the proper voitage is meas-
ured on the sathode of triode V1, inductor L} may be open
or shorted, capaciter C1 may be open, or resistor R or R3
may be open or shorted. Use an chmmeter to check these
components for continuity, shorts, and proper tesistance
values. [f these checks fail to locate a defective compo-
nent, triode V1 is probably defective and should be replaced
with a tube known to be good.

Low Output. Output pulses of low amplitude may be
cqused by low plate-supply voltage, low tube emission, or
a defective cathode bigs circuit. First, measure the plate-
supply voltage with a high-resistance voltmeter to elimi-
nate the possibility of a faulty power supply. If the proper
plate-supply voltage is present, use an in-circuit capacitor
checker to check cathode copacitor C2 for an open. If this
capacitar is open, degenerative action in the cathode bias
circuit will couse a low output {gee paragraph 2.2.1. in Sec-
tien 2 of this Handbook). 1f both the plate-supply voltage
and capacitor C2 are normal, low emission in tricde V1 18
probably the couse of the Jow-output condition. Replace
triode V1 with a tube known to be good.

Distorted Qutput. Defects in the plate qurcuit of triede
V1 may cause g disterted output. Use an ohmmeter 16 Check
shunt resistor R3 for continuity and the proper resistance
value. If resistor B3 is not defective, inductor L] is pro-
bably at fault and shouid be replaced.

CHANGE 1 9-A-21
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PART B. SEMICONRDUCTOR CIRCUITS
FREE-RUNNING PRF GENERATOR.

APPLICATION,

The free-tunming (prf generaror) blocking oscillator is a
basic biocking osciilator, 1t produces shor -time—dumuon,
large-amplitide pulses for use o5 timing, synchronizing, or
trigget puises.

CHARACTERISTICS.

Output pulse 1s o sinqle cyclﬂ of oscillation coused oy
transistor [collector element) conduction Gt the beqginning
of each pulse-repetition period.

Fulse- Topetition hime is e
time constant 1n the hasc-emitter circuit.
don frequoncy i3 _;Pne";ilv fixed within the range of 7
2000 pulses pet secend,

Pulse wicin and 1150 Lo of the cutput puise are deter-
mined primanily by the tonsformer charocterisiics.

Output-pulse polarity is determined by the phasing ol
the transformer output-tettiary winding.

maned primarily oy ine

Tne puise-t

CIRCUIT ANALYSIS.

General. Th free-running ! ..:ocxmg osc”lctor (prf genera-

ducts for g short period to produce a pulse and !hen pecomes
cut off {blocked) for @ much longer period of time; then the
cycle of cperation to produce an output pulse is repemed
and the oscillotor anain becomes tnoctive, This 'x‘oue of
operction cont moduces o Sefies ui
vulses which are of wnor' -time duration, separated by
telatively 1ong ume wnieivils,
Circuit Operation. 1he GCCOMPA u,fmj cironit scpematic

{Hustrates o PNP transistor 1n @ besjc fiee-running blocking
oscillator cirouit. {Nate the similarity between ihe blocking
ceciliator circuit given nere and the L-C tickler-cail ascilla-
tor circuit given in Section ¥, Oscillotor Cirouits.]
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nect to the output {tertiory} widing, Capocitor C1 and
resistar R1 form the B-C clreuit which determines the time
constant in the base-‘"mm“ circuil.

The output pulse 15 taken irom the tertiary winding
ltermunals 5 Y ob wranstermer T1. Damping resister
F2 is connected anrass the tertiary winding to reduce the
ampiirade of the puck voliage resuiting from the rollupse

vio 'f-F-ifi about the transiormer 20ter the cooul-

gl
do

1
ha
(il

{3’

ol the mogne
rence of the initic! output bulse

On the sirouit schematic, note the plocement of small
dots near winging tenninaliz 1, f‘i, ana 5 oi wansformer T
These dots used toindicate similar winding polorities,

{ zurtent flows through the codiector winding

I

tive, the voltage induced in each of
cumh that the dot end 15 gl

[ORSUAN

figutstion it GStrates qulizes U single- malisty s
this saurce directly produces (he requiled fevelss o
voltoge i the coliector-hose aircuit, Dorward biss for the
PN transistor requires | 10 e negative with rasuect
ta tne emiiten, Lh { negqative poten-
nal and the em poBitive ootentml the two
junctions withan he Lonaiclor ace as g volicne divider,
The junction between COLieCtor and [3se [epiesan
reicnveiy high resistance ona develops a farge sortior of
the voltnge diop. The junction hetween emitter and pose
Tentesents d Jow resistance and develops o lower voltoge
izoatrnoturally between
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Theoretical Wavelorms for Blocking Oicillator

‘dppears across the forward resistance o increase the o
ward bigs. The increase in forward bigs, in tuin, incrouses
the collecter currert, and regenesation continues o
until the transistor becomes saturated. [urirg the sos
ally flat-top portion of the collector velinge wavelorm, the
collector current, i, increnses ot a slower rate, as detes-
mined by the amount of magnetiving current necessary ‘o
maintan the voltage diop acruss the collectar winding ot
transformet T1. Also during this nerind of Ume, the bose
current, iy, gradually falls off from its peak value az g
result of the inability of the tracsistor ‘o maintcin the same
rate of increase in magnetizing current 4s the trmsisior
gapprogches saturation; urth:-r, at this zome time c
is accumulating on capacitor D1 which subtiocts
voltage supplied by the base winding of mmoforme
At saturation, the collecior current, i, can no longer con-
tinue to increase, and thus hecemes o constant vnlue:
therefore, there is no longer ¢ voltage induzed in the base
winding, terminals 3 and 4. As 4 tesult, the mogretic fisld
begins to collapse and induces a voltage acress the winding
which is of epposite polarity to the otiqingl voltage, At
the same time, capacitor 1 starts to dischasge thiough
resistor Kl and the base winding (terminals 3 and 4}, The
discharge current of capacitor 21 produres a voliage drop
across 1esistor K1 which is of positive polarity at the base
ot the transistor, thereby driving tre base in u positive
direction to reduce the forward bigs of the base-emittor

2l

ORIGINAL
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Janetion. The reosuction in Iorward bigs cayses the collec-
Soeaibitd T 5 demay rdplm,r, which i:r: ner azcelerates
this & chisved gt the
junzhion. At tnis time tne bose ond collector
cuTenis 1ron 13 Zaro.

= of tre reverse bias, the mvistor remojrs held

averst Lias s rapidly

Lage—emitier

po ot ";Hﬂre e transistor retumq
tion. Mhen the forward-biosed con-
tion tegins and ancther cycle of

The sutput puise width depends principally on the induct-
siotmer, T, The smaller the the inductance,
1 v the callentor current must increase to
maintain R;G”"M zing cusrent, and the faster the coliector
current will reach Normally, capacitor (] has

saturation.
relativel, livie off on the pulse wisth: nowaver, i i (s
mane sTali encun thot it approscnes g value where the
capccitor charge con change apprecioly during the pulse
time tnete will b2 g noticegble decrease in nulse durgtion
[

Az tne capaTitor is mace stifl smaller, the effect

more gronounced and the paise duration wili be

“’].lu'.‘.{‘ fa
The repstition rate ot the free-cunning blocking oscilla-
mined oy the time constant of resistor 31 and
pazitor Cl. \‘zm uagh the tesistance of the base winding
‘terminals 2 and 4) of the pulse transfarmer also has an
etiect upon the discharge time constant, the resistance of
tha wirding 1s low compared to thot of resistor Bl
t e ig taken from the ertiary winding

b transformer TL. %ma:\q resistor R2
the weruary winajng of the transformer
i the pack veltage {or overshoot)

collopse of the magnetic field about
re transt tctthe lef"‘mCtLOt" of the desired cutput
pulse. If it werz ngt for the domping resister, the amplitude
af the nack-voltage puise could exseed the breakdown volt-
age of the tronsistor and couse damage to the tansistor,
%m"rn modificetions con he made o the basic circuit to
= the amplitude or 10 eliminate the undesiiable
Tme such modification is to connect a clamp-
ing diode across the collector winding (terminals 1 and 2)
af the transformer as shown on the citcunt schematic by the
dotied lines conrecting diede CR1. Similariv, a clumping
diode can pe connected qcross the output winding (terminals
5 and ) oz shown on the circult schematic by the dotted
lines connecting diode UR2, to occomplish the same purpose.
In sithar zoge, e diode *‘-Z'ﬂ or UFZ} s zonnected in the
circuit o dot whenever the ark—.uluge pulse occurs
and tc wf\‘eu mly cizcult across the associoted
sronsiormer Mnam.; for the dur UDn ot the induced back-
voltage pulse; thuz it prevents the applization of an exces-
sive voitage between the callector and emitter,

The cccompanying circuit schematic illustrates o vari-
ation of the pasic f. ee-munning pri generator. In this cireuit
resistor B 1z returned 1o the negative terminal of the sup-
niy voitge, Jcr- Resistor R rot only limits the base cur-
rent and estatlishes the initial condition of forward bias,

bt clse operates In conjunction with capacitor C1 to deter-
ming the operating frequency of the blocking oscillater.

;‘L i

plage o ghor
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The circuit cperation is essentially the same as that pre-
viously described.

L

Ci

Variation of Basic Free-Running PRF Generator

FAILURE ANALYSIS,

No Output. Voltage measurements should be made with
an electronic voltmeter to determine whether the input volt-
dge 1S present and whether the conect bigs voltages gre
applied 1o the collector and base of the transistor. It is
possible that the base-emitter junction may change resist-
ance and thereby change the forward bias on the hase; such
a condition may couse thermal rungway with subsequent
damage to the ransistor.

Any defect in transformer T1, such as an open collector
or base winding or shorted tums in any of the windings, wiil
prevent the circuit ftom operating properly, since oscilla-
tions depend upon regenerative feedback from the trans-
former. A shorted load impedance, reflected to the collec-
tor and base windings, moy cause excessive losses which
will prevent sustained oscillations. Note that if the output
winding should open, the circuit will continue to operate;
however, no output will be cbtained from the winding.
Furthermore, if damping resistor B2 should open, the induced
back-voltage could exceed the voltage breckdown of the
collector-emitter junctions and result in damage 10 the
transistor.

A shorted or open capacitor C1 will prevent oscillations,
singe the reqenerative action of the circuit depends upon the
chatge and discharge of Cl. Also, if resister Rl should
oper, the hose-emitter current path will be broken and there-
by prevent transistor operatioi.

Where the basic oscillator circuit illustroted has been
modified to include o clamping diode (CR1 or CR2) across
gither the cullecion winding or the cuiput winding, g defec-
tive diode with o low front-to-back ratic may cause ¢ircuit
losses and prevent oscillation. Furthermore, if damping
resistor B2 should decrease in value or if the load impedance
chould drop to an extienely low value, cacillations moy not

accur because of induced circuit losses.

CHANGE 1
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Reduced Qutput. The input supply voltage should be
measured with an electronic voltmeter to determine whether
the input voltage is the correct value. Voltayes at the col-
lector and the base of the transistor should also be measurad

to determine whether they are within tolerances, ‘here the
basic oscillater circuit illustrated has been modified to in-
clude a clamping diode across either the ¢ollector winding
or the output windiny, or gcross each winding, a defective
diode with [ow {ront-to=back ratio can cause circuit losses
which can reduce the output. Moreover, if either clamping
resistor B2 or the lond impedance should decrease in value,
the output amplitude will dectease. Nate that if the circuit

losses cie excessive, the circuit may not cociilze 2t olll
Incorrect Frequency. The pulse-repetition frequency
of the free-running blocking oscillator is determined by the
R-C time constant of resistor R1 and capacitor Cl; any
change in the values of these components will cause a
change in operating frequency. Also, any change in the
supply voltage will probably affect the pulserepetition
frequency and may atffect the amplitude of the output pulse.

TRIGGER BLOCKING OSCILLATORS.

Semiconductor triggered blocking oscillators are exter-
nally controlled blocking cscillatots which produce output
pulses that are synchronized by the input trigger (control)
sulses. That ig, the tiggered hlncking oscillator is not free
to oscillate like the simple free-running prf generatar, but
instead, produces an output pulse cnly when an input {trig-
ger) pulse is applied.

The major difference between the trigeered blocking os-
cillator and the free-running blocking oscillator (described
earlier in this section of the Handbook) .s the bias arrange-
ment for the transistor. In the fFee-running blocking oscil-
lator, the base of the transistor is forword-biased, and the
citcuit preduces cutput pulses at a rate determined by the
values of resistance ard capacitance {R-C time constgnt) in
the base circuit. In the triggered blocking oscillator, how-
ever, the base of the transistor is reverse-bicsed, and the
circuit remaing inactive until g trioger pulse initiates oper-
ation. When ¢ trigger pulse iz applied, the circuit produces
much the same manner zs the freesunning

f

A
a

an cutput pulse in ir
blocking cscillate:, an tive [guies-
cent) state.

Triggered blocking oscillaters may use the commaon-
base, common-emitter, or cammon<callector contiguration,
with either a PNF or an NPN type of transistor. However,
2 PNP transistor using the common-emitter configuration
tepresents the most common usage becduse it combines ap-
precioble gain with easily matched values of input and cut-
put impedance.

Two types of semiconducter triggered blocking oscillator
circuits are nresently in general use: the Basic Blocking
Oscillater and the Nonsatwoting, Diode-Clomped Blocking
Oscillator. The basic circuit may be used in some cpplica-
tans where bigh-frequency cperation i3 not requited, ang
whars tha miise ahate 1s not arincol. Mowever, Uie noc-
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saturating, diode-clamped circuit is preferable for most
applications beccuse of its higher operating frequency and
its better pulse shape. Each of these circuits is discussed
in follewing paragraphs in this section of the Handbook.

BASIC BLOCKING OSCILLATOR.

APPLICATION.

The basic triggeted blocking oscillator is used to pro~
duce synchrenized, large-amplitude pulses for use as timing,
trigger, or control puises in rodar equipment, television sets,
and similar electronic switching devices.

CHARACTERISTICS.

Requires g negative input trigger pulse.

Cutput pulse is a single cycle of oscillation (positive
and negative altemctions).

Output-pulse-epetition frequency is determined by the
input trigger frequency.

Output-pulse width and rise time are determined primari-
ly by the ttansformer inductance, capacitance, and resist-
ance characteristics.

Output-pulse polarity is determined by the transformer
output {tertiary) winding phasing.

Fixed, Class B (cutoff) bias is employed.

CIRCUIT ANALYSIS.

General. The basic blocking ascillator produces an out~
put pulse each time an input pulse is applied to activate the
circuit. Between trigger pulses, the transistor remains cut
coff (non<onducting), and no output is produced until an in-
put trigger pulse of sufficient amplitude to produce con-
duction is ggain applied. The circuit produces one output
pulse and then returns to the inactive {quiescent) state,
awaiting the next trigger.

Cireuit Operation. The accompanying circuit schematic
illustrates a basic triggered blocking oscillator using a
PNP wansistor connected in the common-emitter configura-
tion.

o~cz 3T
¢ QUTPUT
INPUT  CI
sl ?_l__@) -
AA'S e
‘éRI zle 4 @6
0] +¥pp OTOd-Vcc
Basic Blocking Oscillator
CHANGE 1
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Transformer T1 provides the regenerative feedback neces-
saty between the collector and the base of transister Q1

to cbtain oscillation. The primary winding {terminals | and
2) s connected in series with collector supply VCC and the
collector of transistor Q1. The secondary winding {ter-
minals 3 and 4) supplies the feedback voltage, which is ap-
plied to the base of transistor Q1 through capacitor CZ.
Capacitor C2 is also a d-¢ blocking capacitor used to iso-
late the base from the d- . shunting effect of the secondary
winding of transformer T1, preventing it from shorting to
ground the fixed cutoff bias applied to transistor Q1 through
base resistor Rl. The negative input trigger is applied
through coupling capacitor Cl to the base of transistor Q1,
and the output pulse is taken from the tertiary winding {ter-
minals 5 and &) of transformer T].

The collector of transistor Q1 is reverse-biased by the
negative collectar supply, VCC; the positive base bias sup-
ply, VBB, furnishes fixed reverse bias to the base of tran-
sistor Q1 through base resistor R1. Thus, in the quiescent
state with no input trigger applied, transistor Q1 is complete-
ly reverse-biased and cannot conduct. Hence, no cutput
is produced.

When a negative trigger pulse, such as that shown at
time 4, on the accompanying waveform illustration, is cpplied
through coupling capacitor C1 to the base of transistor Q1
it forward-hiases the transistor, cousing collector current

to flow.
te ty
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Theoretical Waveforms for Besic Blocking Oscillater

The collector current, flowing from the collector supply
through the collecter (primary) winding of transformer T1 to
the transistor, causes a magnetic field to be built up around
the collector (primary) winding of the transformer. This in-
creasing magnetic field induces into the base winding of the
transformer g voltage of such polarity that the potential on
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terminals 3 of the winding is negative with respect to ground
(terminal 4). This neqative potential is applied to the base
of transistor Q1 {through capacitor C2), and increases the
forward bigs on the trensistor, causing the collector current
to increase further. As the collector current flowing through
the collector winding of uansforner T1 increuses, the mag-
netic field around the winding increqses accordingly, induc-
ing a larger voitage into the base winding of the transform-
er. The increasing induced voltage is fed back to the base
of transistor Q1, causing the forward bies on the transister,
and hence the collector current, to increase still further.
Thus, this ragenerative feedback from the coilector to the
base of transistor Q1 couses the collector current

to continue 1o INCTease uhtll the Uansisior reachies suiulas
tion. When transister Q1 recches collector-current satura-
tion (time t, on the waveform illustration}, the collector cur-
rent flewing through the collector winding of transformer T
can no longer incregse. Therelore, the mognetic feld
arcund the collector winding no longer increases; conse-
quently, no feedback voltage is induced into the secondary
(base} winding of the transformer. As o resuit, the voitage
across the base winding of transformer T} decays at a rate
determined by the inductance, capacitance, and resistance
vaiues of the transiormer, causing the negative voltage on
the hase of transistor Q1 to decrease accordingly. At the
same time, the decreasing voltage across the base winding
of transformer T1 also induces into the collector winding o
voltage of such polarity that it aids {(adds to) the collector-
supply voltage, effectively increasing the value of the col-
lector-supply voltage. The ettectively increased coi-
lector-supply voltage taises the saturation point of the twan-
sistor; consequently, the collector current increases slight-
Iy above the previous saturation value. When the voltage
actoss the base winding of transformer T1 decays to zero
(time t, on the waveiorm illustration), no further forward
bLias is applied through capacitor CZ to the base of tran-
s1stor Q1, and the fronsistor ceases 1o conduct. Since no
further forward bias is supplied, the base bias supply re-
sumes control and applied u positive bias voltage through
resistor R to the hase of transistor Q1, reverse-biasing the
transistor and holding it below cutoff until the next trigger
pulse is applied. Meanwhile, os the transistor decreases

in conduction from saturation to cutoff (at tme t,) the coi-
lector current flowing through the collector winding of trans-
former T1 decreases to zero, and the magnetic field around
the winding coliapses. This collapsing held induces nto
the collector winding o voltage of such polarity that it tends
1w xeep curreni Howing in the same direction oo the original
current flow (thut is, the md ced vo}mge aids the collector-

~ J\m-p yo h-me: ig

.:up}uy uuALu\jL; The resu
that the voitage on the coilector of Lm'is.xs.tor w1 momentar-
ily becomes much more negative than the negative coilector-
supply value. This large negotive voltage pulse is called
avershaot (point A on the coliector-voltage wavelorm). As
1he muqnetic field around the collec'or Windl“g of tmnsfon"-

also decregses to zeto, and the coilector voitage Tetumns tc
the guiescent value.
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Any change of current in the collector winding of trons-
former T also induces a changing voltage into the tertiary,
or output, winding of the transformer. The polarity of the
output pulse is determired by which terminal of the cutpul
winding is grounded. As shown in the circuit schematic,
terminal 6 is giounded, und G pu.;;L;.c c“'m" p“‘co mqnlm

grounded instead).

FAILURE ANALYSIS.

Genaral. When making voltage checks, use a vacuum-
tube valtmeter to avold the low volues of multiplier resist-
ance employed on the low-voltage ranges of the standard
20,000-ohms-per-volt meter. Be coreful also to observe pro-
per polarity when checking continuity with an chmmeter,
since a forward bias applied through any of the transistor
iunctions will cause a false low-resistance reading.

No Output. A no-output condition may be caused by an
improper input trigger, a lack of supply voltage, ot o defec-
tive circuit component. First, use an oscilloscope to ob-
serve the input trigger voltage waveform. Compare the ob-
served wavelform with one shown in the equipment instruction
book to be certain that the proper input trigger is applied.
Next, use ¢ vacuum-tube voltmeter to measure the supply
voltage and elimingte the possibility of o defective power
supply. If the correct input trigger is applied and the normal
supply voltage is present, further checks must be made to
locate the defective component. Use an in-circuit capaci-
tor checker to check capacitors CI and CZ for opens ond
leakage, and an chmmeter to check resistor R] and trans-
former T1 for continuity and proper resistance value. If
these checks fail to locate a defective component, transis-
tor Q) is probably at foult. Replace it with o tansistor
known to be good.

Low or Distorted Qutput. Low supply voltage, a defec-
tive transistor {(Q1), or a defective transformer (T1) may
cause either low-amplitude or distorted output pulses. Meas-
ure the supply voltage with a vacuum-tube voitmeter. If the
normal value of voltage is measured, the trouble is in the
blocking oscillator and not in the power supply. Transistor
Q1 ond transformer T1 are both best checked by the substi-
tion of parts known to be good. 1f first replacing transister
21 does not \‘c"rnf‘y the trouble, transformer T1 is probably
Jid be replaced

ective and should be acec.

NONSATURATING, DIODE-CLAMPED BLOCKING
OSCILLATOR.

APPLICATION.

The nonsaturatng, dwde~clamped blocking csciiiate
is used to produce synchronized, large-gmplitude puises
for use as tl'mng or synchrenizing pulses in rodar, com-

&

———————— - dow e
nanicaiicns, and aola proccesing equipment.

CHARACTERIST!CS.
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ELECTRONIC CIRCUITS NAVSHIPS

Cutput-pulse repetition frequency is determinad by the
input trigger frequency.

Output-pulse width and rise time are determined primar-
ily by the transformer inductgnce, capacitance, and resist-
ance characteristics.

Qutput-pulse polarity is determired by the transiormer
output {tertiary} winding phasing.

Fixed, cluss B (cutoff) bias is employed.

CIRCUIT ANALYSIS,

Generol. The nonsaturating, diode-clamped blocking
oscillator produces one output puise each time a trigger
pulse is applied to activate the circuit. Between trigger
pulses the circuit remains in the inactive (quiescent) state,
and no output is produced. The operation of the nonsaturgt-
ing, diede-clamped blocking oscillater is similar to that
of othet types of blocking oscillators except that in this
circuit, diode clamping is employed to prevent transistor
saturation and to eliminate the normal overshoot which is
present in the output of other types of blocking oscillators.

Circuit Operstion. The accompanying circuit schematic
illustrates a nonsaturating, diode-clamped blocking os-
cillator using a PNP transistor connected in the common-
emitter configuration.

cz
-]

4 ®¢
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C
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CRI
+ - I
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Nonsaturating, Diode-Clamped Blocking Oscillator

Transformer T provides the regenerative feedback neces-
sary between the collector and the base of transistar Qlto
cbtain oscillation. The primary winding {terminals | and 2)
is connected in series with the collector supply (made up
of Ve, and Vec,) and the collecter of transistor Q1. The
secondary winding (terminals 3 and 4) is connected from
ground to the base of wansistor Q] through d blocking
capacitor C2. This capaciter prevents the base (secondary)
winding of the transformer from acting as a d-c shunt to
ground for the fixed cutoff bias applied to transistor Q
through base resistor K], Clamping diodes CR] and CRZ
limit the collector voltage swing, and prevent transistor
saturation and overshoot in the output pulse, The negative

CHANGE 1
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Input trigger is applied through coupling capacitor C1 to the
base of transistor Q1, and the output pulse is taken from the
tertiary or output winding (termingls 5 and £) of transformer
T1.

The collector of transistor Q] is reverse-hiased by the
combined negative voltage of Ve, and VCe,. The base
of transistor Q1 is reverse-biased by the positive voltage
upplied from the bias supply (VeB) through base resistor
Rl. Thus, in the quiescent state with no input applied
transistor Q] is compietely reverse-biased gnd cannot con-
duct. Dicde CRI is reverse-biased by Ve, which is con-
nected across the diode through the collector (primary)
winding of transformer T1, dicde CH2 has no bigs applied
because there is no current flow thraugh the collector wind-
ing of transformer T1, and hence no voltage drop occurs it
to bias diode CR2, Conseguently, neither diode conducts
while the circuit is in the quiescent state,

When a negative wigger pulse (such as that shown at
time t, on the accompanying waveform illustraticn) is applied
through ccupling capacitor C1 to the base of transistor Q1,
it forwerd-biases the transister, causing collector current
to begin to flow.

INPUT O.J |

TRIGGER w N
BASE  *Vei T —
VOLTAGE 0
", - L~ L~
COLLECTOR .
CURRENT
ie IV
)
COLLECTOR ~¥ee!
VOLTAGE
Ve | —Veer
OUTPUT H
VOLTAGE
" 0 |

ohty fty ta 1s L3 L4

Theoretical Waveforms for Nonsaturating,
Diode-Clamped Blocking Oscillator

The collecter cutrent flowing from Vee, through the col-
lector winding cof transformer T1 to the transistor causes a
magretic field to be bujlt up around the collector winding.
The increasing magnetic field induces into the base wind-
ing of the transformer a voltage of such polarity that the
potential on terminal 3 of the winding is negative with re-
spect 1o ground (terminal 4). This negative petential is ap-
plied through capacitor C2 to the base of transistor Ql:it
increqses the forward bias on the transistor and causes the
collectar current to further increase, As the collector cur-
tent tlowing through the primary (collecter) winding of trans-
former T1 increases, the magnetic field around the winding

9-B4
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ELECTRONIC CIRCUITS NAVSHIPS
increases accordingly and induces a larges voltage into the
tase winding of the wansformer. This increasing induced
voltage is fed back the base of transistor QL. increasing
the forward bias and causing the collector current {0 in-
crease still further. Thus, the regenarative feedback from
the collector 10 inhe base of wansistor Q1 wauses the col-
lector current to continue 1o INCIease cnce the input triggert
pulse starts current flawing. As the collector current in-
cregses the vyoltage on the collecter of transistor Q1 de-
creases from the negative {cutotf) yalue of Veeg, 1© the less
negative value of Vec, (ume &y on the waveform illustra-
tonh. Waen e ~nllector voltage becomes less negative
than the value of VCC diode ORI becomes iorwuid-oiazed
and conducts. Since the torward-biased (conduct‘mq) diode
has o veTy low resistance, the voltage drop across it1s
negligible and the voltage ot the collector of transistot J1
15 held equal 1o the negative value of VCGC,. Trus, diode
CR1 clamps the collector voltnge to the negative value of
Vag,: in other words, it prevents the collecter voltage from
pecoming less negalve {mote positive than VCG,. Conse-
quently, the collectot current {lowing through the collector
winding ol wransiormer T1, increases, as @ result of the re-
generative {eedback, untl the collector voliage drops o the
value of YCCye At this time, diode CR1 begins 1@ conduct
and shunts any additional coblecter current flow around the
collector winding of the tronsformer. Since there is no
longer @ ingreasing current flow in the collector winding of
wanstormer T, the magnetic fieid aound the winding ceases
to increase and no further voltage 18 induced into ihe base
winding. Since no further induced voltage is present, the
voltage across the base winding of transtormer T1 decays ot
arate determined by the inductance, capacitance, and Te-
sistance values of the transtormer. When the voltage 0CTOSS
the base winding of the transtormer decays 1o zero {time t,
on the waveform illustration}, no turther forward bias is
gpplied to the base of transistol 1 and the uransistor
ceases 0 conduct. The base bias supply (VBB) again fur-
nishes reverse bias to the base of transistot Q1 w hold the
uansistor orbelow cutoff until the next input trigger 18 applied.
Meanwhile, a8 the collector current flow through the col-
lector windingd of wansformer T1 decreases 1C zeI9) the
magnetic field around the winding collopses; this induces
into the coileciat winding a veltage of such polarity that it
tends tc keep curgent fowing in the directicn of the original
collector current flow. The induced voitoge forward-biases
diode CRZ, and the diode conducts, aliowing the induced
cuitent 1o How through it. Thus, diode CR2 effectively
shorts cut the voltage induced nto the culiector winding of
anstormer TL and prevents it {rom having any ellect ont
the remainder ot the cucuit. Conseq‘_‘emly, as the col-
lector current Jecreases from maximum 16 Zed, the collec-
tor voltage increases in the negative direction irom e nega-
tive value of VCC, W the mere negative value of VGG, and
the circuit returns 10 the quiescent state.

Any change int current in the collector winding of uans-
foimer Tl wiso induces a charging yoltage intc the tertiary,

e 5ot .t . L adms
£ uronr, Winding of the transformer. L0e polarily of s
T . ~ H

4

.

sutput voltage is determined LY growndeig U8 crnne 181
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minal of the output winding, As shown in the circuit sche-
matic, terminal 6 15 grounded. Thetelore, in this case, @
positive output pulse results {for a negative output pulse,
{ferminal 5 is grounded instead).

FAILURE AMALYSIS.

General. WHED making voltage checks, use @ vacuum”
tube voltmeter 1C avoid the low values of multiplier resist-
snce enployed on the low-voltage 1anges of the standard
ZO,DOD-Chms-per-volt meter. Be careful to chbserve propet
polarity when checking continuity with an ohmmeter, since
@ forward bigs through any of the transistor junctions will
cause a false low-resistance reading-

No Qutput. A no=ouigut conditinn mav be caused by an
improper input trigget, @ lack of supply voilage, oF @ detet-
tive circuit component. First, use an oscilloscope 10 ob-
serve the input trigges voltage wavelorm, and compare 1t
with the one shown in the equipment instruction book 19
determine whethe the propet input trigget is opplied. Next,
use o vacuum-tube voltmeter to measute the supply volage
and eliminate the possibility of a defective powet supply.
1t the proper input trigger 15 applied and the normal supply
valtage is present, jurther checks must be made to locate
the defective circuit component, Use an in~circuit capaci-
tor checker 10 check capacitors Cl and C2 for open circuits
and leakage. Use an chmmeter o check resistor Rl and
sransformer T1 for continuity and prepet resistance value.
Also use the chmmeter gs o diode tester, 10 check the for-
ward and (gversa resistance of dicdes CR1 ard CR2. H
these checks fail o locate @ defective component, Tansisior
01 is probably at foult and should be replaced with G tran-
eistor known to De good.

Low or Distorted OQutput. Low supply veloge, @ deiec-
tive diode (CR1 or CR2), « defective transistor (1) or @
iqulty ransiormer (T1) mgy cause either law-amplitude or
distorted outpul pulses. Measute the supply veltege with a
vacuum-tube voltmetet to be certain that the powert supply
ie not at fault. if the normal supply voltage is present, use
an chmmeler of diode tester o check diodes CRL and CRZ
for an adequate front-to-hack ratio. 1 nesther diode i8
defective, the jqult is probably ip either transistor Q1 of
wransformer Tl. Foth the transistor and the transiormer die
bost checked by substitution with parts knewn 10 be good.
1t first replacing transistor (1 dees not remedy the trouble,

sranstomer T1 18 piobabl detective and should be eplaced.
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