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ELECTROMIC CIRCUITS NAYSHIPS
istics.) The occompanying graph  shows the variation of
power output and distortion with respect to the retio of the
output resistance and the plate resistance for a triode. liis
ohvicus that the most power is obtained when RL = 2 Fp.
Or the other hand, if a value of 4 Rp is used, the power
Arops only 25 percent, but the distortion drops frem 7 pet-

cent to only 2 percent, which is negligible.
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Power Output, Distortion and Lead
Racistance Ralationships

It also can be shown mathematically that BL = Emax —
Emin/ Imax — Imin. This is a simple Ohm‘s law reiationship,
which, by substitution in the proper fomulas, becomes:
RL=2rmp
The amount of distortion present is determined from the
maximum and minimum plate cuments, and is illustiated in
the following figure
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In this figure a triode Ip — Ep characteristic is shown; with
sine-wave voliage eg impressed on the grid, the resultant
plate cument is represented by [p. Since the maximura and
minimum amplitudes are unequdl (the curvawre of the charac-
teristic causes partial rectification 1o take place), the aver-
age value of Ib rises to Ib " when the signal voltage is ap-
plied to the qrid. This increase in average current is equal
to the amplitude of Ib’, shown by b 1n the figure. The fundc-
mental component is a = 1/2 (imax - lmin), while the second
harmonic component s b = 1/2 {Imax + Imin)-Io/2; the
percentage of second harmonic distortion is equal to

100b/e. The rise in average plate current with distertion
shows as a Huctuating plate current, with the plate meter
wiggling s the signal flucmates inintansity.

Assuming that the cutott voltage of the gnd 1s bb/p, e
maximum power output of a tricde under Class A operating
conditions can be estimated roughly in temns of its plate
supply voltage and plate resistonce by:

Po=Eb¥3$Htp
It is evident from the formula, then, that for moderate plate
voltages the internal resistance of the triode must be small
to obtain relatively large power outputs.

FAILURE AMALYSIS,

General. Since the circuit of the single-ended power
amplifier is identical with that of the wiode transformer-
coupled amplifier, the failure analysis listed for the Trans-
former-Coupted Triode Audic Voltage Amplifier, previously
discussed in this section, is generally applicable.

The power amplifier ordinorily operates at higher volt-
age and current than the voltege amplifier. Therefore,
visual evidence in the case of {lushovers and short circuits
is usually more apparent. Excessive heating of a component
usually indicates as incipient failure, since prolonged heat-
ing accelerates the aging process. Lack of proper bias is
usually indicated by increased plate dissipation. Tube
plates showing signs of color indicate excessive loading or
curtent drain. Since the tube is generaily working at full
capability, lock of sufficient emission can usually be ob-
served by a reduction of cutput, together with distortion.
‘When trouble-shocting the circuit, it is important 1o be cer-
tain that the oroper load is connected ai the output, other-
wise, the tube may appear fo be operating normally but be
incapuble of the proper cutput. To check for proper opera-

. 7 zystained tone fro an oudic Ereratns o the

apparent. Llse o vacuum-wbe voltmeter to measure the
artual a-- inpnt voliane, and substitute a resistor equal in
valee Lo the proper luad impedance at the cutput, Thez o
voltage reasured actoss this resistive load will, by use ot
Ohme! law, indicate the power output { Po = E¥/H)
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SINGLE-ENDED, R-C COUPLED PENTODE AUDIO
POWER AMPLIFIER.

APPLICATION.

The single-ended, R-C-coupled pentode power amplifier
ts used in applications where a relatively large audio power
output is desired from a smail input voltage, and where
some distortion can be tolerated.

CHARACTERISTICS.

Input impedance is high, usually qreater than 0.1 megohm,

Uses an output transformer to match the load to the
output device.

Fower sensitivity {ratic of output power to grid voliage
producing it} is relatvely high.

Power gain is high, on the order of 8 tc 20.

Distortion is normally higher than that of the triode
{always more than 5 percent and generally on the order of
7 1o 10 percent) unless special design censiderations or
negative feedback is used.

Operates Class A at all times; no grid current flows
under normal conditions.

Cathode bias is usually used, but fixed hias may be
used in some applications.

Frequency response is relatively uniform and lineqr
over a range of 200 to 10,800 cps without requiring any
special design considerations or compensation.

CIRCUIT ANALYSIS.

General, While the single-ended tricde cudio emplifier
is characterized by low power sensitivity, low plate effici-
ency, and low distortion, the pentode counterpart is just the
opposite; it is characterized by high power sensitivity, high
plate efficiency, and high distortion. Because of its basic-
ally higher distortion, the pentode power amplifier requires
more atlention to design, Fortunately, however, the in-
crease in power obtainable with the pentode permits the use
of various feedback metheds, and what essentially amounts
to mismatching to attain power outputs equivalent to or
greater than the triode with the same distortion. Usually the
use of a pentode output stage elimingtes the necessity of a
driver stage, since the pentode can be adequately driven by
small signals.

The screen element in the pentode requires a d-c source
of pewer, which does not contribute materially to
the output directly and represents an additional constant
loss of power (as compared with a triode). Because the
Ip-Ep characteristics are paraliel, the amount of second-
harmonic distortion is very low, and third-harmonic dis-
tertion predeminates. Consequently, push-pull operation
will not materially help in reducing the distortion. On the
other hand, when the load is designed so as to produce
more second-harmonic distortion, the use of push-pull
operation provides cancellation of this compenent, and the
third-harmonic component is alsc reduced by the load
mismaiching, See the discussion of Push-Pull Audio Power
Amplifiers later in this section for further details on push-
pull operation,
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As contrasted with the tricde, instead of having « load
with twice the plate resistance, the pentode uses a load
with only 1/5 to 1/10 the plate resistance. Such mis-
matching is necessary because of the extremely high plate
resistance inherent in the pentode.

This discussion also applies generally to tetrodes and
beam power wbes, except that the second-harmonic dis-
tortion of these tubes is greater, more like that of the
triode. However, like the pentade, they do have o higher
plate resistance and grecter over-all distortion, which
requires negative feedback or other compensation to provide
an acceptable cutput.

Circuit Operation. The schematic of typical single-
ended pentode power amplifier is shown in the accompanying
figure, The circuit loed is o loudspeaker, The varying
audio input signal is applied to the grid of pentode V1,
through coupling capacitor Cl. Cepacitor Cl and resistor
R1 mcke up the input coupling network, and the input signal

v
3

INPUT

Typical Single-Ended Pentode
Audio Power Amplifier

is impressed across resistor Rl The reactance of capacitor
C1 to the o~c signal is very small; therefore, the alternating
signal voltage is readily passed on to the grid without ex-
cessive attenuation. The bias circuit consists of cathode
tesistor R2 and capacitor C2. (See Section 2, Paragraph
2.2.1 of this Handbook for a discussion of cathode biasing.)
As is evident from the schematic, the cathode and the
suppressor grid cre maintained ot the seme voltage lavel,
being connected together intemelly or at the socket (depend-
ing upon the type of tube used). The varying input voitage
applied to the grid of pentode V1 causes the instantaneous
plate current {ip} to vary similarly through the tube ad
threugh the plate-load impedance {primary of transformer T1),
Capacitor C3 bypasses the screen to ground to prevent the
signal voltage from changing the screen voltage at o

qudio frequency rate. Capacitor C3 is chosen to present a
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ELECTRONIC CIRCUITS RAYSHIPS
induced in the secondary (the schematic shows the in-
stantaneous polarities for one half-cycle of operation;
during the other half-cycle they are oppositely polarized}.
Therefore, when the plate end of Tl is positive the gride of
V1 is driven positive, while the grid of V2 is driven negative
{assuming that T! is connected in-phase) . The cliemating
drive voitages, eq, and eq,, are equal and are connected

in series with bias voltage Ece. Assume for the moment
that the drive voltages are just equal to the bias. Itis
evident, since they ae of opposite polarity, that V1 will
conduct heavily (the bias is reduced to zero), and V2 will
be bigsed twice normal, or to zerc plate current. The heavy
current flow through the primary of T2 to the plate of V1
produces o maximum voltage drop across the load, reducing
the plate voltage of V1 to its minimum value. The flux
preduced by the flow of a-c plate current through T2 induces
a voltage in the secondary in accordance with the turns ratio
of the transformer (the relationship of transformer tums
ratic, impedmce, and power output will be discussed in
more detail in a following paragraph)., The secondary of

T2 is assumed to be connected out-of-phase with the pri-
mary, so that the polarity of the output for the half-cycle
discussed above is positive, as shown in the schematic
waveforms.

When the plate current of V1 decreases (on the other
half of the cycle), theplate current of V2 increcses. The
altemating currents in the primary of T2 are in phase while
the d-c currents and their resuhing voltage drops are
JPPOSinG.
produced by the two halves of the primary is zerc with no
siqnal impressed. With an input signal opplied, the plate
current of the two tubesis equal to a current equivalent o
the difference in the current flowing in tube V1 and tube
V2, both flowing through one half of the primary winding.
For example, assume ¢ quiescent current of 30 milliamperes
and a drive signal thot couses one tube to increase 10
milliemperes instantaneously. Since the qrid swings are
equal and cpposite, the plate current of the other tube is
reduced. For ease of discussion alse assume that the tube
charactdristic Eq-Ip curves are exactly identical {in practice
they are slightly different). Then, the reduction of plate
current in the second tube will be exactly 30 minus 10,
or 20 milliamperes. With an upward swing of 10 ma to 40
40 ma, the difference in current between the two tubes is
48 minus 20, or a total Ip of 20 ma, which is exactly doubl

thet of one tube. With G unity turns ratic between each
half of the primary und the secondary, equal o~ voltages
are induced in the output. Since they occur simultaneously
and are In-phuse, they are eifectively series-connecied
and the output voltageis doubled. The same effect would
ne produced by the difference current (20 ma) flowing
thicugh one-hali of the primery. Conseguently, the dynamic
characteristic for two tubes operating in push-pull is
constructed by subtracting the currents through the two
tubes in order to approximate the effect of the transformer.
The accompanying dynamic characteristic curve illustrates
Class A operation. The dotied curve labeled V1 represents
tre dynamic rnnracterrstr(. uf vne tube, while the dOlT.'cd

™o Wtae sl s 2l o £
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the other. Both of these characteristics are assumed 10 be
identical. Although the dynamic characteristics of the in-
dividual tubes are curved, the resuitant push-pull character-
istic is straight. As {s evident from the ligure, the dynamic
characteristic for Class A push-pull operation is extended
over that for a single tube, and is even inore linsar. Thus,
greater grid-signal, plate-current, or plate-voitage swings
are possible without any noticeable increase in distortion.
With a greater swing, greater power output is obtained. By
projecting the various points of the grid (input} signal to
the solid-line, push-pull charocteristic shown in the figure,
the output waveform is obtained.

The ocutput transformer turns ratio and load impedance
relationships in the push-pull amplifier are based upon
unity turns rotio of secondary to one-half of the primary.
Thus, when the whole primary-to-secondary ums ratio is

considered, that ig, the plate-to-plate load, the retioig 2

10 1. oinice die tanslonner impedancc botw
cmd secondary varies as the square of the wrns ratie, a 4
-l oim i..‘::uuﬂCE wansloanation is obtained.
with a 1000-chm load across the secondary, the piatesto-
plate load is 4000 ohms, and the individus! tube load is
1000 ohms. The proper 1oad for a particular tube varies in
accordunce with the design and class of the amplifier, and
is beyond the scope of this handbook. The effectiveness of
the push-pull circuit results basically from the elimination
of second-harmonic distortion, which permits the tube
cerameters to be increased much beyond r_hose of the single-

TCor oo ol
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ELECTRONIC CIRCUITS NAVSHIPS
the transformer will raduce 2qual ared cnposite siqnals
cpercble over identioal Lass bands. In addition, the low
sistanice of the secendary permits driving Class B
drow grid current, without excessive grid
rdisturtion. Vhen operated at very low or at very
righ frequencies, however, the response limits of transformer
zoupling maxe it more desirable to use RC coupling, for
better response. At extremely low frequencies (near zero
cps) direct coupling is used o elininate the teactive effect
of the zougling capacitor. Thus phase inverters are similar
in design to conventional audic amplifiers, with the excep-
tion of the methods used to obtain the phase inversion,

and to cbtain equal amplitude siqnals. To obtain mare

jain and better balance, two-tube phase inversion circuits
are used. vhile plate counling is nermaily used, cothode
coupling may be used where gain is not of prime importance,
and a low impedance output is desired. When exact balance
iz important ond the effects of common signal coupling
(induced hum or noise) are to be minimized the differential
paraphase inverter provides a more representative and

purer output. Each type of circuit is fully discussed in the
following paragraphs.

TRANSFORMER TYPE PHASE INVERTER.

APPLICATION.

The transformer type of phase inverter is used for
driving push-pull amplifiers, in public address systems
where grid current flow is sufficiert to cause distortion
in other tyres of inverter circuits.

CHARACTERISTICS.

Uses an output transformer with a common secondary
center tap.

Uses self bias, although fixed bias may sometimes be
used,

Provides maximum output and «ain.

Outzut emplitude is primarily determined by the trans-
former tumns ratio.

Frequency respanse is uniform over a range of approxi-
mately 100 cps to 5000 cps.

Twa outputs, balanced with respect to ground, are
supplied.

CIRCUIT ANALYSIS.

The transtorner type of phase inverter is basically a
transformer coupled qudio amplifier with a center tapped
secondary. When the center tap is grounded, two opposite
polarity cutputs are produzed which are essentially out of
phase with respect to each other. Thus, a single input
signal will provide a dual output with polarity and phase
correct for driving a push pull stage. Because the trans-
former secondary has o low dc resistance, this type of
cireuit is usually employed where grid current is drawn,
such as ir Class B push-pull stages. While also clossed
as a phase splitter and paraphese amplifier, these terms
are considered to be more applicable 1o other types of in-
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verters which use special circuit arrangements to obtain
the phase difference and dual output.

Circuit Operation. The schematic of o typical trans-
former type of phase inverter is shown in the accorpanying
illusteation. A tricde tube is employed for simplicity,
since it will usually supply sufficient drive (cutput) for
moderate powered push-pull amplifiers. Where greater
power or drive voltage is required, a pentode tube may be
used, or an additional push-pull driver stage con be added.

OUTPUT

L

Transfermer Coupled Phase Inverter

The high impedance resistance coupled input uses Cc
as the coupling capacitor and Ry as the triode grid
resistor. Cathode bias is supplied through cathode resistor
Rk bypassed by Ck. Plate voltage is applied to V1
through the primary of T1. The secondary of Tl is center
tapped, and the cutputs are obtained between each end of
the winding and the center tap.

With no signal applied, twbe V1 is resting in the qui-
escent condition, with the voltage drop across cathode
resistor Rk supplying Class A bias (plate current flows
continuously for the whole cycle). Cathode bypass capaci-
tor Ck prevents degeneration o that instentaneous plate
current variations have no effect on the bias., (See Section
2, paragraph 2,2,1 of this Handbook for @ discussion of
cathode bias.)

When a positive input signal is applied, the grid of
V1 is driven positive and increased plate current flows.
The increased plate current flow through the primary of
transformer T1 produces a greater magnetic field linking
the windings and causes a voltage to be induced in the
secondary. With a center tap provided at the electrical
center of the winding, two outputs con be cbtained, as
shown by the polarity indicated in the schematic, With
opposite polarities, these outputs are of the proper phase
for driving o push-pull stage. When the positive half-cycle
is completed and the negative half-cycle begins, assuming
@ sine wave input signal, plate current is reduced. The
reduction of plate current flow through the primary of T1
induces a voltage in the opposite direction in the secondary,
because the direction of the magnetic field is now changed.
Thus a negative output is produced during the negative
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ELECTRONIC CIRCUITS NAYSHIPS
plifiers cover the range of 5 to 10 me arcund the center fre-
quency. Gererclly speaking, narrow-hand ampliiiers vsed
the sume types of pentede tubes used with resistance-
couplec audio amplifiers, and broad-band amplifiers use the
same tyge of pentode as i3 used with video amplificrs,

The tuned -f anplifier may also be subtdivided into
two other classes: single-tuned and double-tuned. Since
the double-tuned :vpe is usually employed in tuned inter-
stage amplifiers end cascaded stages, and these are the
subjects of separate discussions later in this section of the
Hardbook, only single-tuned amplifiers are discussed here.

The use of the pentode, with its high trensconductance
ond amplification factor, results in a high value of voltage
amplification. In addition, the low grid-to-plate capacitance
of the pentode reduces the tendency toward plate-to-grid
feedback and self-oscillation. A lower effective tube input
capacitance also increases the high-frequency limit of
operation. By the use of coils with a high ratio of inductarce
toresistance (Hi-0), the amplification provided by each
stage of the tuned r-f amplifier can ke made greater than
that of the amplification factor of the electron tube clone,
Since the amplification of the r-f amplifier depends greatly
upon the transconductance of the tube, it is also possible
to vary the grid bias for the stage in cccordance with
signal emplitude, and hence outomatically control the gain.

Cireuit Operation. The cccompanying schematic shows
a typical pentode signal-tuned t-f voltage amplifier
circuit,

R-F
€4 outpuT

Pentode R-F Yoltage Amplifier

In the schematic, T1 is an 1-f tansformer which matches the
antenna to the contrel grid of the pentode. Tuning the
secondary of T1 with Cl permits a larger signal to be
developed across the Hi-Q tuned circuit, and applied to the
grid, than if no tuning at all were employed. Resistor Ri
and capacitor C2 form the conventional cathode bias resistor
end bypass capacitor. See Section 2, paragraph 2.2.1, of
this Handbook for a discussion of cathode bias, Resistor
H2 is the screen voltage-diopping resistor, and capacitor
C3is the screen bypass copacitor, which stakilizes the
screen voltage and prevents it from being aifectad by the
signal. The suppresscr element of V1 is grounded directly.

CHANGE !
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In some circuits it is connected externally to the cathode;
in certain types of tubes it is connected internally to the
cathede. HB-F transtormer T2 acts as the plate load and
couples the output to the next stage. The output winding
is tuned by C4 to the desired 1-f output frequency. While
C4 could be placed across the primary of T2 and the
secondary left untuned, the conventioncl approach is to
tune the secondary, With proper design the circuit is
effective either way, and the secondary load is reflacted into
the plate circuit.

When a signal oppears on the antenng, it is coupled
through the primary of T? to the tuned secondary {grid
input} circuit. With capacitor C1 tuned to the frequency
of the inceming signal, a relatively large -1 voltage is
developed across the tuned circuit and applied to the qrid of
V1. The - signal, if unmoduloted, consists of equal-
smplitude positive and negative cycles oceurring at the
frequency to which the circuit is tuned, For the moment,
any fading or noise is considered negligitle and the input
signal is considered to be of constant amplitude, On the
positive half-cycle the grid bias is decreased, causing 2
piate current increase. On the negative hali-cycle the
bias is increased, cousing a plate current decrease. This
changing plate current flowing through the primary of out-
put transformer T2 induces an output in the tuned secondary
winding. This operation is proctically identical with that
of the Transformer-Coupled Audic Voltage Amplifier
previously discussed in this section of the Handbook,

For ease of discussion, tne signal is considered to be
a sine wave with equal-amplitude positive and negative 1-f
swings. The average plate current flow, therefore, will be
constant, and cathode bias may be employed. It is important
to note that the r-{ amplifier operating as the first stage in
the receiver is usually o small-signal amplifier. That is,
the input voltage is on the order of microvolts, except in
strong-signal areas. Therefore, a small signal voltage
change causes only o very small bias change, and it is
necessary to employ high-transconductance electzon tubes
to produce effective amplification. The pentode tube is
admirably suited for this purpose, since it has both @ high
amplification factor and a high transconductance. By
using a large value of inductance and e small tuning
capacitance for the frequency involved, and alsc as
small a coil resistance as is practicable, the tuning
circuit exhibits a Hi-Q. Thus, its effective impedance is
much larger than that presented by a tuning tank of low Q,
Hence, o large input voltage is developed hetween grid
and ground across the tuned circuit, With a step-up turnz
ratio from trensformer primary to secondary, if closely
coupled, a still larger input voltagze is produced. The step-
up of voltege in the transformer and the Hi-Q tunedqrid tank
increase the small input voltage before it is cpplied to the
tube for further amplification. Normally, Class A bias
is used to produce linear swings and to minimize distortion,
With very smali input signals however, cperatior. occurs
over the curved pertion of the plate-current grid-voltage
characteristic, For example, typical bius values range from
0.5 1 or 2 volts maximum. Thus, the tube is clealy
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When an r-f signal appears at the input, the low react- fler circuits. Further consideration is necessary to develop
ance of Ce, allows it to appecr on the cathede of V1 with- the actions that are peculiar 1o this circuit alone.
out any appreciable atteruation. The input signal may be Consider the following simplified equivalent of the
from an antenna or a nrecedgpn r-f stage, and in some cAases grounded-grid circuit,
it may be that output of a tuned tank circuit. With the qrid
at ground potential, V1 is ased by the total cathode Ry Vi
current flow through B1. With o positively biased cathode, rm— N

he qrid is effectively biosed negative, and only quiescent T : * -

uass A plate current flows. With no input signal there Iy %o
is no change in plate current and, consequently, no output. _ r’

Assume thot an unmedulated -f signal of constant L
amplitude appears at the cathode of V1. Since this signal L -
cppedr hetwesn the cothode and ground, it con be con- +
srdeied s Lo j] :,-uupu'-u L LI LOT A ST a0 BETLER 1
between the V1 cathode and ;round The 1-f choke presents L
a high impedance to qground, and prevents shunting of the
input signal ta qroum through bias resistor FH On the
sositve =i h :
more positive resulting in r
0 that educuon of plate current occurs. IR the piute The input signal is shown as an a-¢ genetator connected in
circuit, the tuned parallel tank circuit, L1, Cl, appears series with input resistance K. Actally, the cathode
as a high impedance to the -f component of the plate inpus impedance is inherently very low, and electron flow
current. ¥ith less plate current flowing through 319 tank is from ground to the camoue, through the gnd ‘¢ the plate,
impedance, less voltage drop is developed across it and the and back into the suppiy, producing the colarities shown in
plate voltage rises toward the source voltage (becomes the simplified circuit. Since the grid is placed between
positive-swinging). Thus, & positive output signal is de- the cathode and the plate, when grounded it acts as
veloped and fed through Ce;, to the next stage. It is evident shield which divides the circuit into two parts — an input
that the grounded-grid circuit produces an output signal cirouit and an an output circuit, both at above-ground po-
which is in phase (of the same polarity) with the input tentials. Hence, any conpling is effectively minimized by
signel groducing it ; ded grid. Since elecuens flow from cathode @

Thur 1nq the negative bl f- cvcle of cperation, the cathode p{uggf some electrons will be mterceated b)’ the qrid and
necomes less FosiLVE \I drven o s nejauve Qo ;u“‘,. sarned to ounaG. Thus, there will ne a Srecter dow of
A negative cathode swing couses the plate current (o in- gria current than in the arounded-cathods circuit, where
crease, and produces a large voltoge drop across the cutput the geid is 1solated from ground by a rel ntively high imped-
load impedance (tank circuit). ce the voltage drop ance. For this reason, the grounded-qrid amplifier requires
JCIOSS the tank causes the etfective yLuLc VOoitGge to be more drive than the conventional grounded-cathode amph-
less, a negative cutput swing is developed. Again the out- fier. Since feedback resulting in oscillation normally occurs
put signal is in phase with the input signal. {This oction from ﬂqpqcitive Cgupliqq between the output and input cir-
{5 opposite the conven rer phase shift £re Cuits, ihie _]-.)uu ::u.uumg of the \,wul’ucu ,Jl.u reduces this
duced in the QTOJT‘dE‘d‘COW"Ce cirguit, and corresponds effect to ¢ minimum. In addition, the interelectrode co-
with the oction of the common {groundad)-base circuit in nacitances are reduced. The output capocitance is the grid-
a :"u“dJ:'"'”‘ With the grounded-grid amplifior operated Wbl Cupasitance, 5 zsuclly the lowestinan
Class 4, UHC wi equm PCS'UVE and negative QW‘FQS the electron tube; thus, capocitive shunting effects on the out-
a The cuirent put ate reduced at e nigner radio Ireqaencwg o provide

ot oy T
LOTior DOTISTNanG S, i SGAGIUST

enire CV(‘LE' thus, catode [ias can be used, sihce e

~lars morrant is mover intarmntad . A the game time the e

aitmugt -\,,—,'rmnp Mrte that the tapk ~imemnt rq||c1 e tumen 0

ha i s ! t s fﬂ'_i‘,’f‘*iy in series with *he tube
outpul. inus, mqnmg with u xfﬁqucﬁw uuiSidﬁ [ Lunmi plate circult; thus, in tuned - voltage ampiifiers e cuts
circuit poss band are not empliii y discrim put voltage is produced as though e circuit were driven
inated against. in the normal mannet {grounded cathode), but had an in-
FI‘Om the G‘DOVQ description cf circuit functioning, it creased amplification factor of u + 1. Hence, high voltaze

JOiN 18 obtained.
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Development of Growing Wave

they are no longer in synchionism with the signal Held, At
this time the forward speed of the beam electrons and that
of the signal are no longer near the same value, and the ef-
ficiency drops.

Operation of the traveling-wave tube is sometimes ex-
plained on the basis of @ total of four waves existing within
the tube, three forward waves and one backward wave. The
three forward waves are the result of the division of the in-
put into three components, each with an amptitude of one-
third the input strength. The first wave (which is the cne
we hove been discussing) travels more slowly thon the elec-
won beam, and increases in strength. Another wave also
travels at this same speed and diminishes in strength {as
it gives up ils energy to the first wave). The third wave
travels at the fastest speed, faster than the electrons, and
mainteins a constant strength, The resultant of these three
waves is the constantly growing signal or output.

The gain of the traveling-wave tube is also aifected v
the input and output coupling circuits. For cmplifying a
wide frequency band, high guin can be maintained by chang
ing the helix voliage with requency to maintain the neces-
sary synchronism between the helix velocity and the beam
velocity. In addition, the maximum cutput power depends
upon the input {drive) power, and the power-handling ability
of the helix. The amount of power in the beam limits the
amcunt that can be waken from 1t; mus, the beam nput power
is G facton Also, since the sulput end of the nelix 15 heoted
by r-t currents and electron bombardment, 11 the peam dis-

nerses hoines r\necinn the outout and the cower-handiing
he powe 3

abxllty ci t}m hehx is another tactor. Disperse the

ardement by bomn slectens con he on

e e

=~

L it
T

a mmadjusmem of the magneuc {ocusing I;elc.. Since a
helix mounted in gloss has ¢ low heat-dissipating ability,
the power output at the present state of the art is limited w0
vaiues less then 100 walls uniess special cooling systems
are employed. Eigh-power tubes use either water or forced-
air coollng.

The thermal noise of the electrons in the beam affects
the noise {igure of the traveling-wave n.ne ampuner just as

U R G S . P
itiETiA the noise higite of othes i
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noise signal is induced onto the helix and is amplified in
the same manner as gny other signal. Lowering the operat-

ing voltage will generally result in @ slower beam velocity
nd lace thermal npoize, 1f the gain per unit ]en(ﬂ‘h is low,

a
less noise amplification will also occur; tight focusing of
the begm will alsn nrndnr‘e less nnise. lineven cathode

- 3 . e et o bk il e diias A
cuu.:a;uu, PaTlicULIany IIGm G GOIng WoE, Win pioGuct ¢

nensymmetrical beam and noise, as will ion movement
caused by gases within the tube. When the signal injection
point is properly spaced from the end of the electton qun, a
reduction in noise occurs because of certain periodic
fluctuations in noise current within the tube. Thus, injec-
tion of the signai at ¢ peint of low noise current results in

...... e lal s

U yeuie = quux -t se fubiu,
When the long solencid focusing coil of the traveling-
wave tube is replaced by a series of smali coils spaced

olong the wbe, gs shown in the accompcnymg tllustration,
: [ il

L and

less energy is required ic {ocus the
tighter focusing is achieved. The s duc
by using a series of permanent magnets to produce a pe-
nodic magnetic field. These types of tubes are called PPM
(periodic permanent magnet) traveling-wave tubes. Better
over-gll efficiency is obtained, since the loss of beam cur-

fent through dispersion of stray electons is prevented.

ATTENUATCR
L/\JN S NV 5 N 5 N A A
[7777]

me oifect is produced

I pr

COLLECTOR

FOCLS
MAGNETE

Periedic Electro Magnet Focusing

When a series of cprosing electrodes or plates are
placed along the wbe inside the glass end connected w0 a
A
3

11nm A { S S b b
-¢ source o5 shown in the cocompanying lustration, an

electrostatic field is produced between the electrodes. This
is slmilar in ull tespecls w e magnetic feld produced

ﬁﬁﬁﬁﬁﬁ 4 + a4 et T o

by the salencid o the SOTICEIC pelmanent nagnels, rocus
ing in LS INSIONCE, 15 done electiostaticolly, ond no change
in DoETAtion oecure. Becnuse the constraction of thisg

15 more ditficult and more expensive, and since the

about the same, the alectrostatie tune of

noe i

idveang-wive lube i35 5e1don ysed.
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ELECTRONIC CIRCUITS NAVSHIPS

COperates Class A, self-biased to minimize distortion,
although fixed bias can dso be used if desired.

Uses a number of similar stages connected in cascade
to obtain greater gain and selectivity,

Employs fixed tuning, adjustable over a narrow range,
for exact alignment of each stoge.

CIRCUIT ANALYSIS,

General. The tuned i-f amplifier may consist of a
single stage, or as many as six or more casceded
similar stages to obtain the desired amplification and
selectivity. Generally speaking, one to two stages are
used for radio troadcast reception, while two to four
stages are used In Seleclive COMMUNICULONS [ECRIVers,

and six or more steges are used for radar, television,

and microwave reception, 1he Intermediate frequency
chosen usually detetmines the number of stages. The
lower frequencies, such as 50, 175, and 250 ke,

praeduce more amplification and better selectivity than

450 ke; at 2] or 44 me {as in TV epplications) or ot 30 ar
B0 me (as in radar applications), less gain per stage is
chtained, and the response curves are brooder, so

that more siages are needed. In cddition, the band-pass
requirement introduces another factor, since a simple St
1(0tke band pass can be obtained with a few tuned circuits,
whereas a broad band paoss of 4 to 5 meqacycles with sharp
cutoff, which is required in TV and redar receivers,
requires a number of stagger-tuned stages. The band pass
is measwred at lhe hall-power points of ine receiver
response curve, that is, at 70.7 percent amplitude each
side of the i-i center irequency, For example, if we have
an -f amplifier output of 100 volts at the center inter-
mediate frequency, ana it drops to 7G.7 voits when the

amplitier is detuned 5 ke each side of resonance, the amplifier

hand nacs iz 1N ko, oas SHuctrmtad dm thm mmmmeae s i
SnG pate D UK T, Qo lLusirdiod In Q1o JTTOmRunYing

figure.
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The manner in which the shape of the response curve selec-
tivity) is changed by stagger-tuning {ecch tank tuned to
separate frequencies) to achieve a broed bond pass, as
compared with synchronous tuning (each tank tuned to the
same frequency), assuming optimum coupling between the
i-f primary and secondary coils, is shown in the accompany-
ing illustration,

WIDEBAND NARROW BAND
|00T [
.
| ! ‘t
| A ! A
Al ! t
AL E - - .
g
i
wA
FRU) 1\
VB N
A
&,
/AR
C‘q N

fifota

Stagger-Tuning and Synchronous-Tuning Response Curves

Circuit Operation. The schematic of o typical iwo-siage
i-f amplifier is shown in the cccompanying illustration. The
dashed line divides the circuit into two separate stages.
Note that in the inier-stoge caplifier T2 is common to both
stages. Thus, T2 maiches and couples the output of V1 to
the 1nput of V2 for efficient signal uwasnfer. Since the siages
se operating Class A, no grid current flows and power
transfes is not a real concern; however, maximum voltage
transier 1s important.

6-A-22B8

































ELECTRONIC CIRCUITS NAVSHIPS

o} the input signal, the plate voltage increases to glmost
the tull value of the supply voltage. A decreasing plate
voltage induces a negative output signal in L2 by trans-
former action, since it is coupled to tank coil L, while an
increasing plate voltage induces a positive cutput signal
in L2.

The instantaneous current and veltage relationships in ¢
frequency doubier cre graphicelly illustrated in the ac-
companying illustration.

+

¢

Lt 1
907 180° e 4ioe 540°

[i:1eke

Plate Current and Grid Voltage Relationships

As can be seen from the fiqure, the plate curtent flow time
is longer than the grid current flow time, but both maximums
occur together. Thus, as instantaneous grid voltage ec
starts its positive excursion, no plate current cr grid cur-
rent tlows until the grid voltage reaches cutoff, At this
time plate cutrent starts to flow. Slightly later, at zero bias,
grid current flows also. The grid current flow is supplied
trom the oscillator or drive scurce. The increasing plate
current {obtained from the power supply) causes a voltage
drop across the plate tank impedance {tuned, for example,
1o twice the frequency of the oscillater). When the plate
current is at its maximum, the plate voltage is at its mini-
mum., At this time some plate power is absorbed by the
tuned tank circuit, As the drive signal reverses and causes
the instantaneous grid veltage te fall toward zero, the plate
current decreases and the plate voltage increases. The
grid signal continues to swing in the negative direction
while the plate voltage rises (in a positive direction). At
the static d-c level of plate voltage (Eb), the grid drive is
approximately equal to the d-c bias (zero bias}, and as the
grid voitage increases toward cutoff, ep continues to rise.
At cutoff, the tank circuit supplies power, and ep rises,
even though the plate current ceases. This is the so called
""tlywheel’! action of the tank circuit, which continues
operation during the time the tube is inactive beyond cutoff.
When the instantaneous negative grid voltage reaches the

0967-000-0120 AMPLIFIERS

d-¢ bias level (Ec), piate voltage ep reaches its positive
peak and is approximately equal to Eo, the output voltage.

As the instantansous grid signal continues to decrease
beyond the d-c bias level, the plate voltage now falls and
becomes negative-going, since the tank is operating at
twice the grid frequency, and the input signal, being highly
negative, has no effect on the plate current. At the nega-
tive peak of drive voltage Eg, plate voltage ep completes
its second negative excursion and starts its second posi-
tive excursion, The drive voltage also swings positive
again and now starts back toward cutoff and zero bias. When
the drive 1= again equal to the dc qrid voltage, the second
positive peak excursion is reached and the plate voliage
starts dropping. As the grid voltage passes cutoff, plate
current is again drawn and the plate voltage continues to
drop until it reaches the third minimum, when the plate and
grid currents are again at a maximum. Once again the plate
power is absorbed by the tank to overcome the losses in the
tank and to recover the energy supplied to the circuit dur-
ing the inactive pericd.

With the tank replenished; it is again ready to supply the
flywheel effect of the next cycle of operation. Note that
always during the short pulses of plate curment flow, the
tank is absorbing power from the plate circuit. While on the
negative grid swing (where the tube plate current is nor-
mally cut off and no output should occur), the tank circuit
continues to oscillate and thus supplies the missing portion
o! the signal. Since the tank osciliations are twice that of
the tundamental oscillator frequency, two peaks occur for
every fundamental peak (in the tripler three pecks occur),
The greater the number of oscillations required between the
petiods of pulses of plate current, the more the energy re-
quired from the tank to sustain these oscillations. Hence,
the efficiency and output drop off as the multiplication of
frequency is increased. In addition, the flywheel action of
the tank maintains an approximately sinusoidal waveform in
the output, while the tundamental plate current pulses are
greatly distorted. When the grid bias and drive voltage am-
plitudes, as well as plate voltage, are adjusted for maximum
cutput at a particular trequency, a slightly distorted output
may be obteined; however, this can usually be compensated
tor by a slight adjustment ot the tank tuning capacitor.

While push-pull operation can be used to supply more
power cutput, more drive is required and only the odd
harmonics are multiplied, since the even harmonics cencel
out in the plate circuit. Therefere, push-push operation is
employed, as explained in the next circuit discussion.

FAILURE ANALYSIS.

General. The discussion of failure analysis for the Pen-
tode B-F Voltage Amplifier, and for the Pentode R-F Buffer
Amplitier, discussed previously in this section of the Hand-
book, are generally applicable to the frequency multiplier.

No Qutput, Lack of grid drive, plate, screen, or supply
voitage, or o defective tank, output coil, er tube can cause
loss ot output. Check with a voltmeter to make sure that
the supply voltage is normai. If the cathode voltage is also
normal, the proper plate and screen currents probably exist,

6-A-22MM
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ELECTRONIC CIRCUITS NAVSHIPS

so that either the plote tank 15 detuned ot insuthicient drive
is indicated. r“c;nne”t'ng a milligmn

.ter in series with =1
and ground will indicate the ormount of grid current flow;

1 i -

1

Ce. 1 Ccis open

rent flow through

s with proctizaliy no
is open, dc.,e.ielutm.. W 1 H
completely eliminate it if O1 iz shortzd, a i slate cui-

£ o
woin the absence of drive -

A ATt s
reration (with soie

=S quUuw.y drscoiel Ol ;:ii':u;\c, Ui
cv:ntuuuy bum gul, Meanwhile, Ay pluie Qutpul will be
obtained because of the lock of screen voltage to attract
electrons from e cothode, Although a very small plute
curtent may flow becquse of pigte voltage attraction, this
cutput will be practically negligible.

T clate by
ditien will exist,

”’}D’l(‘l[f)l’ T4 s snorted, o siedlar cor-
I 1ne entire supply velluge peing

dropped goross the REC, eventualiy causing the chuke © Duin

aut, Although screen voltage wiil be present, the plats volt-
age will De 2€10 and no outpu can gecur, In Oulhdﬂ, the

o this case te

screen wili be overlmdcd u.ld hieut suf hqontw to show

colorn snd af proionged e tube oy he Ao
1 O3 will not tune L] W resunance St the deaiied ui-

monic, no f.“u'lp‘..’ wiii be deve! opeu corose the tonk , Since

L be oo

srant frequency of the wrk can be checked will o glid=ap
e o

vemeter, Ifcll ‘.'cl::gﬁ: are precent, bul the

screen and ;;iute voltuges uppear bugher than normal while
the cathode bias is lower than normal, ana with low plate

rent and nc culpol, BineT ouipnt oo

- i3 npen o the
tube i3 defective, Check L7 (and the lf:d‘ tor continuity
with the power oft; if satistaciory, replace V1 with a tube
known to be in geod aperating condition, it vossibie.

() getacTive hine

Ldiws el

will tha ~ute
e

ICilol g 1o aCRYy.

LI TATSTINONGe ORRCKRT, T AT

ek el b, by
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condition can gisc coour i plate capacitor T4 15 leaky. A

high recistance in the tank can be caused by poorl‘,’ 20i-

dered joint. A..Ls will usually show cs a broed 1[, in zlate
t

uhl

shunting reslsm
spray). >4e:“ov the capacitor, erd clean ana dry it

mcrsug%ly if it appears to be dirty: normal grayish oxidation

5 and metal supports does not indicate the need for

Do not mbucate the capacitor bearings because of

sther+is

e to qround {partic. [ur]v salt depasits

[»]
3 5

ding (adjust
ing (Gajust

t the pla;e cur-
4 connet be ingregses 1o ¢ nor:,.cl vaiue {or 1f

vely de-

I i e T T
DSGa, i Wide GILICGISh L9 pinDally g oUbic. T

visce the ke '.-.=xth ung known to bo good, whenever pos-
sible,

PUSH-PUSH FREQUENCY MULTIPLIER (RF).

APPLICATION.

The 1~ push-push frequency maltiplier 13 used az @ ife-
quency doubler in transmitters and test equipments thct Te-
guite ¢ greater cutptt and better efficiency than is possidle

e ith B el
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for each cyele of cperation).

< pot repuite nectralizaticn, since outuut frequency
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CIRCULT ANALYSIS,
General. Ll the single-
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ELECTRONIC CIRCUITS NAVSHIPS
which is is inductively coupled. Since the tank is tuned to
the fundamental frequency, even harmonic content is

almost entirely cancelled in the secondary (L4) since

equal and opposite voltages are produced. The closer the
circuit is to o balanced condition the more nearly is the
even harmonic cutput reduced to zero. Since the odd har-
menics oceur in-phase a small amount also appears

in the cutput. The amount is dependent upon the impedance
the tank presents to odd hatmonics. Usuclly it is so

small as to be considered regligible, However, in
extremely high powered stages {megawatts) this output

may be on the order of tens of watts {or more) and require
extra filtering to prevent it from being rediated on the
undesired harmonic frequency. The manner in which the tank
current and the fundemental and harmonic plate current
ccmponents vary is shown in the accompanying figure

to illustrate the manner in which the even harmonics are
cancelled.

AMPLITUCE

Tank Current versus Fundamental and
Harmonic Plate Currents

The instentaneous tank current it varies caontinuously
throughout the cycle flowing first in one direction {shown
as positive} and then flowing in the opposite direction
{shown as negative). During a portion of this time ipl and
ip2 {curve 1) flow clternately as V1 and V2 operate. Any
second and third harmonic currents flow as shown in curves
2 and 3, respectively. Since the secand harmanic current
is always out-of-phase with the fundamental plate current
it cancels cut, The third harmonic current {curve 3) in in-
phase more than it is out-of-phase, therefore, a small
amount of cdd harmonic distortion remains in the output.
The selectivity of the output circuit alsa helps discrimi-
ndte aguinst any harmonics, since the impedance it offers
to these frequencies determines the output amplitude, and
most output circuits are resonant at the fundamental
frequency.

With the grid V1 and V2 cross connected to the opposite
tube plate through neutralizing copacitors £3 and 4, equal
and opposite feedbock voltages are applied which cancei
out any in-phase plote to grid feedback and prevent the
stage from going into self-oscillation. Tre additional

CHANGE 1
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capacitance added oy tre neutralizing circuit reduces the
input impedance, hence, tricdes are oily used when nec-
essary, or the push-pull grounded-qrid circuit is used
instead. The use of a well shielded tetrode or pentode
makes neutralization unnecessuary, beczuse the plate and
grid are shielded from each other by the screen grid and
its associated bypass copacitor, which holds the screen
at 1-f ground potential. The low excitation requirements ot
the tetrode or pentode makes them especially suitabie for
use in the intermediate stages of ¢ transmitter. Vhen the
power used by the screen grid is considered, howeves, the
overall efficiency of these tubes is not as great os the
triode. Because of the easier drive requirement and the
lack of neutralization provisicns, tne tetrode, or beam
power tube is generally fovored over the tricde. Particularly
in band-switching transmitters wnere o neutralizing ad-
justment is not reguired for each hand.

FAILURE AMALYSIS,

No Outpur, Lass of excitation {(drive}, tias, supply
voltage, or defective tube(s) can cause a no-output condition.
If input coil L1 is open, no drive will be obtained and the
tubes will rest in the cutolf condition. Lack of both grié
current ard plate current will be indicative of this condition.
Check L1 for continuity with the POWEK OFF. If drive is
present in L1, but .2 iz open, or C1 is zhorted or non-
tesonant, a similar conditinn will exist. If L2 is open the
symptoms will be the same as when L1 is open. However,
if Clis shorted no drive will appear on V1 or V2 grid end
the fixed bias supply will be grounded through Rl Usually
extramely heavy grid current will flow ard 31 will heat, may
smoke, and will eventually bumout if the condition is pro-
longed. Meanwhile, the plate current will olso he extremely
high because of loss of bios and will usually blow the
plate fuse or open the plate circuit breaker, if provided,

The same symptoms will oceur also if grid bypass capaciter
C2 is shorted, Check V1 and V2 qrids with a voltmeter

for the proper neqgative bias. If L2 is not open and Clar
C2 is not shorted the proper d-c bius will appear on both
tubes {make this check witn driver plate voltage OFF,
otherwise, r-f drive may burr out the meter). If Clis not
tuned to resonance, sufficient drive may exist to produce

a low output, but normal leading and cutput will not be
obtained. Normal bigs voltage aslo indicctes that bath
neutralizing capacitors ©3 or C4 gre not shorted.  When
either C3 or C4 are shorted, plate voltage will be applied to
the grids cf both V1 and V2, cause heavy plate current, and
blow the fuse or breaker.

ithen the loss of output is caused by lack of plate
vollage it may be due to shorted plote hypass 06, a de
tective power supply, shorted tank capacitor 5, or de-
fective tube(s}, Check the suzply woltage first with g volt-
meter, be certain to observe all safety precautions since the
plate voltage is dangerously high. Make certain that the
transmitter plate switch is OFF when checking the supply.
If either C5 or C6 is shorted and the supply is good the
plate fuse or oreaker will operate, and high plate current
with normal or slightly higher than normal grid current

6-A-22AAA
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ELECTRONIC CIRCUITS NAVSHIPS

indication will be obtained momentarily. Usually 5 can
be checked visually since arcing will occur as the rotor
is varied throughout its range and whenever it toucnes or
maves oo close 16 the stator, If not, make certain the
late voltage is :e'“oved md use g shorting stick to dis-
\.Fu:qe the ¢ Cupacitons in the p]dt& circuit., Disconnect
plate bypass capacitor C6 une check "ontmut,’ 1o ground
with an oimmeter, o continuity skould exist and the re-
sistance should be infinite. Then disconnect C5 and L3,
and agein check for continuity to ground, With the tonk
disconnectec check the plates of Vi and V2 10 greund;
any resistence cther than infinity propauly indicctes o de-
fective tute. ioie! De ceftain 1o coserve tﬁe polarity of

eter oo that o negative potonticl iz opplied from
etar oo ot o7z e

plate to giound. Otherwise, if the plate is mede positive
ond the tube filument is opercting ther
current, urnd a false resistan

obiulnes.

2111 be a flow of

ce-torground reading ~ill Le

Check output coil L4 for continuity at the same time
voking o later check. Vhere the tube{s) are s

g
If proper grid current indication is obtained, but g very
law plate reading {or o nigh plate recding) rapidly tuned 5

hack and forth to determine if @ ininirmum dip indicating
resonance can be obtained. With a sharp minimurn and g
reduced plate current either L4 is open, and lead is not
connected, the cmve is too low, or L4 is '10[ couplec: suffi-

. N RUUEE B TR SR
tly close 10 Luek cedl L300 In e cose of heavy plote

current and oroad dip, usually some output wili pe obtained
and too large, of an overcoupled luad is indicated.

se of qrid and plate meter indications, plus the tuning
of Tland 5, should be made to determine whether normal
currents and tuning cre chtained, since these offer ¢ quick
mear:s of trouble-shooting. In most instances, modetate and

:

hth powel ansmitieis and tanks afe consiructed mechani-
cally and electrically rugged so that visucl observation
will locate grounded parts {usuaily some sign of an arc
such as charred insulation or a black spot will mark the
point of improper grouncing due to the aigh voltage and
currents involved).

In the event of tube trouble, usually voth tubes must be
defective t¢ cause no output in a push-pull circuit, since
the stage is capeble of overating at recuced output with
oniv O signet luoe, 16 his Cose. (eLiaCinn each (ube
seputately und then recheckiog operation each time wiil
UeTeITLifie wihiCh luhe ~0% not G_[‘E'r"l(!f’lf_!.

Reduced Quipur. Low drive, qrig tias, or plate voltaae,

58 well G8 G Jelective (.08 OO CJUSE 3 [8IuCED Culpial.

Low drive will Le lﬁGqu[Cd by alow grid cmrem reading

cics wili usually cause operatiol o

region with a kigher than Dormqi plate current. Check the
bias with a voltmeter from the juncticr of C2 and Hito
ground; il indicate the sum of both the ka ed bios
und the oi-jﬂul bm' onu SuDuLd be made with C1 tuned 1o

Lloger coupling between
| .I "lnﬂ | ./ WIH Iﬂf"\‘Pr‘.:P TnP ﬂr“JP ” r‘F‘(‘stQﬁl'y 11 ?I’]P
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vlote current suddenly increases and the output reduces,
particularly during voice modulation (or while being keyed
off and on), improper neutralization can be suspected.
ftemove the plute voitsge und tune tunk capacitor C5 through
resonance, the grid current indication should hardly change
3 resonance 15 passed. I it ficks shaply, adjust C3 and
U4 in small increments, simultanecusly, first in one direc-
ticn and then in the other. No change In grid cument will
beobserved at the point of proper neutralization.

Normal plate voltage and leading accompanied by re-
duced plate currert incdicotes the possibility of low tube
emission, Substitute two known gocd tubes to eliminate
the tuLes from suspicion. 1f ulate voltage islow with normal

tood the R IR 4 .\/' ractitiors are o rr‘hnnlu 10 neead ot re-

{')

placing, A dynamic check on the power supply can be made
by juickly detuning 2nd resetting O35 tc resorance. The
heavy off-resgnance current should not cause the plate
voltage ot U6 to drop more than approximately 25 or 30
soits, I it does, the power supply requlation is poor. A
poor soldered joint or bad connection can introduce a high
resistance in the plate circuit and couse a reduction in
applied piate vrltage with a low plate current indication.
To check this, remove plate voltage from the driver AND
final, discharge the filter capacitor with a shorting stick,
and check the resistance between the tap on L3 and the
plates of V1 and V2. Indication should be zero or a {ew
tenths of an chm.

MUL TICAVITY KLYSTRON R-F AMPLIFIER.

APPLICA/YION,

The multicavity klystron 1-f amplifier is used o supply
nigh r-f power ¢ the transmitting anteana of television,
radar, microwave, and electronic counter-measures equip-
menl operating in the YHE, UHE, SHE, and EHT revians.
CHARACTERISTICS.

Uses a positive grid voltage.

Uses a number of cavities tuned to the same frequency
for narrew-nand operation {synchronous tuning), or is
stagger-tuned to different irequencies lor wide-band opera~

0 4

e

Sanwans

notrancmttin ticotions.
Efficiencies of 40 to 50 percent are possible.
itaps ‘v’f’lﬂ""!'[\’/ moaularion ot an Pl?f’(n’f)n heam to orm
electron bunching for amplification.
Lach cavity provides sddllcnal amplitication, and ex-
teemely high gain is thus obteined.

External magnetic beam-focusing is usuclly employed
10 improve efficiency.

CIRCUIT ANALYSIS,

General, The basic multicavi ty ‘(lySI"On consists of an
closteran . ARGty A motng lr-mr-hnr\
CLeCiron gqun, Cavily, an Qulpulic
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ELECTRONIC CIRCUITS NAVSHIPS
capacitor Cl, if used, may cause hum or reduced output
beccuse of inadequate filtering of the input power, +Epp.

A decreased value of input power, +Ebp, due to a defective
pawer supply, would also he a cause of reduced output.

PUSH-PULL DIRECT.COUPLED {D.C} AMPLIFIER,

APPLICATION.

The push-pull direct-coupled amplifier (as well as the
single-ended direct-coupled amplifier) can be used where it
is necessary to amplify signals having a wide band of fre-
quencies, especially in the lower-frequency range, which
may extend down to and include zero frequency (direct-
curtent), When, in addinon, the requirements demand the
amplification of a signal which has a larger voltage swing
above and below a zero voltage level than can be handled
by the single-ended type, the use of the push-pull direct-
coupled amplifier is mandatory. One application is in
certain types of dC vacuum-tube voltmeters, while another
ts in the signal amplifiers of an oscilloscope that is capable
of displaying waveforms of various values of direct current.
The push-pull d-c amplifier is often utilized in the video
circuitry of radar display systems. In communications, it
may be used as the amplitier for those teletype mark and
space signals that consist of two voltage levels of direct
current.

900, 000. 102 AMPLIFIERS
CHARACTERISTICS.

The connections between the plates {outputs) of one
stage and the qrids {inputs) of the push-pull d-c amplifier
are direct, metallic connections: no intervening coupling
devices such as capacitors, impedances, or transformers
are used,

Amplification of direct-current signals of varying voltage
levels, as well as signals of very low frequency, is realized
without distortion and with uniform response.

Distertion due to differentiation is eliminated; pulse
signals of large amplitude may be amplified without change
in waveform.

Speed of ressonse is practically instantanenis

Input impedance is high; Ciass A operation allows no
grid current to flow.

Relative phase (with respect to ground) of the output
signal is reversed over that of the input signal when a
single stage, or odd number of stages, is used.

CIRCUIT ANALYSIS.

General. The gain of an ordinary R-C coupled amplifier
talls off rapidly as the frequency of the input signal is
decreased below 40 cycles, because of the rapid increase
in reactance of the coupling capaciter with a decregse in
frequency. Therefore, the R-C amplifier is unsuitable for
use in applications which require the amplification of very
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ELECTRONIC CIRCUITS

output signal would be removed from the cathode-ray tube,
which would then display only the positive or the negative
portion of the signal, depending upan the half of the circuit
which continued to function.

VOLTAGE DEFLECTION AMPLIFIER (FOR ELECTRO-
STATIC CRT).

APPLICATION.

The voltage deflection amplifier is used © amplify the
input signals before they are applied (normally) to the ver-
tical deflection plates of an electrostatic-deflection type of
cathode-ray tube. It is also used to amplify the output sig-
nals of a sweep generator, before they are applied as a hor-
izantal sweep voltage to the horizontal deflection plates of
an electrostatic-deilection CHT.

CHARACTERISTICS.

Horlzental Deflection Amplifier. Input impedance is
high, thereby preventing any louding of the preceding hori-
zontal generator circuit.

Input capacitance is low, thereby preventing the at-
tenuation of high frequencies.

High-frequency response is good, within the design
limits of the amplifier (which in mony cases are more re-
stricted than those of the vertical deflection emplifier}.

Low-frequency response is good, but only in exceptional
cases do the requirements demand response down to zem
frequency {direct curtent).

Bendwith depends on application design: usually
covers a range of approximateiy 10 cycles 1o W0 ko) spe-
cial applications may require a range of 1 cycle to 300 ke
ciher applications may resuire only o limited range, as in
the switch-selected fixed sweeps used in radar deilection,

Qutput impedance is high, since no cutrent need be
supplied to the deflection plates of a CRT.

Gain depends on application design: as 2 rzle it is re-
latively high, but not as high as that of @ vertical deflect-
ion amplifier, because the input to the horizontal deflection
amplifier is usually furnished by o sweep generator having
an output level of appreciable value.

Balanced output, by a push-pull type circuit,
iz desitable, in order o obtain o uniforn deflection feld,
and avoid pattern distortion and defocusing eiffects inherent

[ - A *
in single-ended cutput,

Yertical Deflaction Amplifier, Inputim
teemely high, thereby prev ~ oy waveterm distornon
due to loading of the preceding output circuit supplying the
signai to be displayed on the CRT. {Special applicouions
mav remiire a low value of input impedance, which must
ar he matched 10 the source impedance N1 tne Input S19-
nal. Neormally this would cocur only when the deflection
ampiitier is permanently connected to g signel source.

This would not be true in the case of a defiection ampiiiier
4sed in a test oscilloscope, which must function with wide-

pedance is ex-
o

1y varying scurce impedances.)
Input capacitance is very low, thereby preventing the
sttenuction of the high-frequency components of the input

ars 1 3 i ml mm e LA AATLE S o~
Hinh=fiequency IESDCISE 38 ¥OTY gocd, generally

better than that ol the NOrizonial JeLeCtion amplilis:.
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Bandwidth depends on intended application; usual
range is 10 eycles to 1 megacycle, Test oscilloscopes
of high quality may have a vertical amplifier bandwidth
covering 2 cycles to 10 megacycles. Other applications,
such as oscillescopes designed for use in teletype and
audio work, may require a tange which includes zero
cycles (direct current), but they may require only a limited
range in ihe higher fiequencias.

Qutput impedance 1is high, since enly a poieniial adif-
ference (no curtent) is required by the deflection plates of
a cathode-ray tube.

Gain is usually high, and @ gain centrol is usually
included in the circuit, calibrated both in step and
vernier values of voltage gain and/or decibels,

Balanced output (push-pull) is desirable-more so
shan in the horizontzl detlection amplifier, becanse
the gain required of the vertical deflection amplifier is
usually much higher than that of the horizantal amplifier,
in order to cbtain a unifarm deflection field and reduce the
etfects of beam defocusing and poitern distorticn.

CIRCUIT ANALYSIS.

Genera!l. The most versatile voltage deflection
cmplifiers are these used in the horizontal and vertical
deflection circuits of high—quality test oscilloscopes. For
this reason, the discussion that foliows will be directed
toward this application. In this way, circuitry peculiar to
other gpplications will, in most cases, be included in this
discussion as a matter of course.

A horizontal {voltage) deflection amplifier is designed
10 amplify the signals ftom o sweep gencrator, ond
apply the amplified (sawtooth waveform) signais to the
horizontal deflection plates of an electrostatic deflection
type of cothode-tay tube. The sawtooth sweep voltage is
applied to the grid of the amplifier tube through o poten-
tiometer, which affords control of the amplitude of the
siqnal used as the horizontal time hase. This control is
normally front-panel meunted and captiored HORIZONTAL
AMPLITUDE. In ocrder to amplify a sawtooth woveform of
voltage whose frequency moy be {in ¢ test oscilloscope)
switch—selectable to a range which may Include 10 cycies
and 50 ke as the low and high limits, respectively, the
high~frequency response must be maintained up to 350 ke.
The reason such high-frequency response s required is
that, in order to reproduce a sawtcoth wavetorm without
appreciably distorting it, it is necessary to pass all
frequencies up to the seventh harmonic of the fundomental
frequency of the sawtooth wave. Thus, 1o pus
SOWLOOth wave, 0 mifimum bandpuss up 1 8¢
this value is required.

A vertical {voitoye) deflection smplifler L dosigned
amplify the input signals — oiten extremely minute in value -
which are 1o pe disployed on the cathode-ray tube screen.
The wavelorm of the input signal moy vary fom cne
extreme - a direct curtent, or zeto frequency - to the ctner
extreme — a square wave whose fundamental frequency in
itself is relativelv high. In order to pass a signai of zero
frequency, o direct-coupled amplifier is the only choice.

In order i pass o square wove with reasonable fidelity,

"

n bandpass is tequined that inciudes the tonth edd harmonic

oL L . . A fram £
oithe fandamenial ftoguenoy, whith iy dremqrenmy of T
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ELECTRONIC CIRCULTS NAVSHIPS
to the normal bias and place the total bigs in the Class C
reqion of operation, thus producing serioue distortion and
clipping.

iWith Q1 corducting becanse e
cepaciter Cl charges guickly through the low resis
the pese-emitter junction of O

slid arrows in the schematic.

[

n the sine-wave

signal becomes positive-going on the oppesite hali~cycle,
the base of J1 ts reverse-biased and the collector crerent
is reduced, At the same time, CR1 is forward-biased {by
the positive input signal) and C1 is quickly discharzec
through R4 to ground on one side, ond through ground and
R1 to the other side of Cl. The voltage developed coross

A has nzo AFT A on tho onerating

s mign nimoo O D') icoToogeTnoe
LTSNS CiCo, LiNT

higsed while Q2 is conductmq. In aadition, it should be
noted that the veliage produced across B4 by 1he discharge
of Cl or CZ is poiarized ir g direction opposite that of the

Al Rime mrad i ama by e al.nnﬁ Aivider nrrioe af B2
WOl DIGS DICSUCCS by the ¥0uldgo CIvIGOT QCUSh oI

and B4, Since the signal is never allowed to excesd the
bias, to prevent distortion, this reverse hias is only o
fraction of the operating bias and is thus eftectively swomp-
ad cut of the circuit. Only through failure of one of the
dicdes can it cifect the operation f the circuit.

The operaticn of the cellector ond output circults is
exoctly :he same as previcusly explained for the convention-
ol push=pull amplifier. Seconc- and even-harmenic dis-
tortion is cancelled in the grimary of the output transformer,
and the output conteins only the fundamental and odd nar-
monics. The collector-to-collector loud resistance is 4
times that of the individual collecior-to-ground load, 25 1n
the conventional push-pull circuit. Since the input circuit
sses otk
round inpedance, the capeclton
fters a high input Jmpedance. Thus, the moderate out-

1 impedance of common-emitter phase-inverting driver

stages may be conveniently matched,

A orpoane Wincad dio
[T el 2 dicd

izrarce az tha Saze-to-

[y

e-diode inpat circel!

o

FAILURE ANALYSIS.

General, When making voliaqe checks, use g vacuum-
tube voltmeter to avoid the low values of shunting resist-
ance emploved on the low-voltage ranges of most volt-
ohm-millicmmeter testers. Be careful, aiso, to ohserve
proper polarity when checking continuity or making resist-
Ance measurements wit‘n the ohmrﬂetﬂr since a forward

trice bow-rea F[f'!“"“: TN,

Mo Output. Uter coupling copocitons, cet :
tirg, O O 2electlve DuUtpul trimeiermer can cause J nc-nuipul
condition. Observe the signal with an oscilloscope, check-
ma MO InDut 10 outbui. LACK O G DASe signdl :ndicdles
that coupling aoccnors Cl ané C2 are open; lack of @

coilester ziqnal

her Aplesuve TONSISI0TS, an
T aeleluve [TONSISIRIS, an

B e VoA amen Foliestor =unCLly [ehack th
i me

CPETL PrImary an T i, OF On Cpen CCiielilr 3UDPLY {ChaCk
supply with a valtmeter). Lack of an output across the
aecor\oarv indicates an open secondary winding. Note that
i ransistar will operate separately, ‘
obtained if only one half of the
;

T [ R o1

EClIVE. TS, oUin COUDLL

7oV Sy
13 COpGTIsiE, ot

0967-000-0120 AMPLIFIERS
or both halves of the primary of T1 must be open simulte-
reously for o no-output condition. Likewise, in the case cf
a short circuit, one hali of the circuit must be biased off
while the other is shorted to ccuse no ocutput. Only an
open circuit or a short circuit of the T1 secondary can pro-
duce a ne~output condition by feilure of g single part. ‘¥here
the {1ANSiStOrs are susnerted, repirjce them with Ones Knowr:
to be in good operating condition.

Low Qutput. LOw Cutputl can be caused by a number of
conditions. Failure of one haif of the circuit, regardless
of cause, will result in reduced cutput. If biCIS resistor
R4 opens, the forwaid hias will increase and full Class A
aperation will secur. Where the stace is nermally operzted
Close AR ar B o aner R4 will covae s oraduenion in mure
put. The bias voltage can be checked with an chmmeter,
ot B4 cun be measured with an chmineter, H H3b DECOMES
cgen, the bigs m;l be remc Jec and the stese wiil apercte

output wiil acmur. With huffl(:iem f‘nve available, however,
it is possible for the cutput to increase, with an increase
in distortion. 1f B3 is shorted, the increased forward bics
will hold the stage in neavy conduction ana the input signal
will most likely e shunted throush CR1 and R4 1o ground,
ream{m; in reduced ocutput with distortion. If either CRL or
Zhd is snurted, one half of the input siqnul will be shunted
to ground through B4 and the cutput will be reduced, 1f
either 1 or C2 is lecky, the bics on Q1 or Q2 will be
changed, depending upon the pelarity of the voltage on the
drive side of the capacitors. A neqative supply for a PNP
driver staqe will canse increosed forward pias and redueed
output. A positive voltane for an NPHN o‘nvnr stage will

1

n-—nrim—o conetant heqyy con

5 of the input, love of Srive, and
reduced output. Eitner or botn tronsistors may be defective
and cause lusb of omput Shorted primary or secondary

tput. Therefore, it

is necessary t use an uscilluscope (0 observe the wavelon
and follow the siqnal throuzh the circutt. When the wave-
form ampiitude decreases, check the parts in that portion

of the circuit for proper resistance or continuity as appli-
CGD{B.

Distarted Output. Improper bigs, overdrive, or clipping
oecause of 100 low a collector voltage can cause cistortion.
Uze an oscilloscope to follow the waveform throush the
~ircutt: the source of the distartion will usually be easy w0

iorare wien tne wavelons difiers om e inbul. Leaky

- - 1
o wioge bios und Luesivle

piHng capaciions wili cause i

pEaK ClLEEnT. CelRChve dICUEs Cun QLSO 06

of the input signal and consequent aistorton. Defective

s O

DULGG

UANS1510158 4N LIoauce Gislolliadn Nlvugn nunu.".uu.".a‘-,' [N
unbalance. For the least distortion, maiches transistors

are '*:—“Jf_‘.ﬁi\' gseel D0 stame pnsionies ool | ey tesluliae

S
Wl sulput

{=3 f Ul H
response can also result fm" an mproperiy matched loo*
or from a change in the load re_;ls ance. In any event, it
with an oscxllvscop

[T oI
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ELECTRONIC CIRCUITS RAVSHIPS
The output is taken through coupling capacitor Cl {in some
circuits RL and C1 are replaced by a transformer for greater
power output}.

Both transistors are connected in the common-emitter
configuration, and, since the base of G2 is directly con-
nected to the emitter, which is the common leg of Q1, tran-
sistor Q2 provides a cestain amount of negative feedback.
Because both transistors are series-connected across the
input, a nuch higher input resistance {105 times as large,
or more) is offered thon with o single CE stage. In the ab-
sence of an input signal, beth transistors opetate in the
Class A region, as determined by the fixed voltage divider
bias supplied by Rl and R2Z The bias on Q2 is just slight-
v less than that apoearing on the base ¢f 01 because of the
small voitage drop between tne pase and emitier of Q1.

Assume that g negotive input signal appears ct the base
Q1; this increase in forward bias causes the collector cur-
rent af Q1 to increase to a value determined by the torward
gain characteristics of (1 and the amplitude of the input
signal, The flow of iZ, {and ic,} through BL produces the
cutput voltage, which, as in the conventioral common-emitter
circuit, has o polarity opposite that of the input voliage.

At the same time, since the base and emitter of Q2 are in
series with the input, o forward bigs is also apelied o Q2 o
increase collecter current 1C,. While the amount of col-
lactor current through QZ is not as great as that through Gi,
it adds to the output since it flows in the same direction
through BL.. The total collector current flowing through

Rl_ is the sum of the two collector currents (iC, + i< )

WL W
s ncl 'JU‘\..LHC' inat

cordance with the ratio set by the mdmduai tﬂrward galn
values and the amount of bose current drive applied to Q1.
[t is not necessary that both transistors be matched of have
equal forward guin. However, it is convenient to show how
the cutrents are distributed, assuming that the two wan-
sistors are identical. In a conventional cascaded stage the
in of twe stoges would be squal to the guin 21 the firsy
stage times that of the second. Assuming a value of a
fe = 19, the total gain of two stoges would be 361, while
for a compound connection a value of 399 1s cbtawned (ap-
proximately 10% additional gain}. This increcse in gain is
obtained because the collector current does not fall oft at
nigh emitter currents. The accompanying figure shows the
two transistors compound-connected in the common-base
circuit, for ease of explanation. Assuming a torward gain
J' u’,;'nc of .95 for both transistors (equivalent to o OF beta
193, the ~urrent refanonships throush the ~ircuit are as
:h:wn inthe fugure, In tiic crrouir 1 handies most of the
load current while G2 provides additiong! power during peak

cordiions, The How of omitter current 1o tha avearnal

CHANGE !
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Cutrent Relationships in Compound CB Circuit

circuit is from 2, through the oase of Q1, througn the in-
put resistance, and bock to the collectors of Dot wansistors
through the cutput resistance. The collecior current of Qlis
0.95 IE; therefore, 0.5 IE flows into the base, since the
emitter current is the sum of the base and collector cur-

rents. Since 0.95 [& flows into Q and the total collector
current is 0.9975 £, the collector current »f (7 is the dyf-
ference, or .0475 [E. TFinally, since .05 1L fows fico the
emitter of Q2 into the base of (1, the base current of D2 is
the tota: emilter surrent of G2 less tne coliector carrent
of Q2or .00251E. While this mght pe considered to show
little contribution of Q2 to the operation of the circuit,
recall that 1n the common-oase circuit the gain cannot ex-
ceed unily, wnich for ali praciical purposes is equal t©
0.999999 . . .. etc; thus, a change from 0.95 e 0.8975
represents a considerable incregse ir gain. Expressed in

+ el P aksles] 1
terms of the common-emitter cirault (ac previously men-

ticned) it is a change of from 19 to 399 in gain, which is
o very r.u.xcmbly inc
the ransisio

=
9.
W
[11]

Juired, us the current througn a senes ciraiit is uniform.
Thus, the additional qain is achieved without requiring
wore drive, Althoush it might pe thought that the increcsed

input resistang qa:.cs mote drive for the same Input, it
dues 1ol, since o sisulien catrent L:.iougr. o] mgner Tesisi-
ance produces the same voltage drop as g nigher current
through a smaller resistance. With the collectors connected
in 'nm]]p[l, the ontrat reristance is lower than thar of o
stor, but not holl as might be ;..\ch,LW. Itis
apmoxm;oteiy equal w tne ratio of the two coliector cur-
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