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SUMMARY

A particular application requires a voltage pulse of
1/100th microsec. duration, 30 volts emplitude and 100
kc/sec. recurrence frequency. Methods usually employed
for low-frequency, microsecond duration impulses are found
inadequate. The author analyzes, using the La Place trans-
form theory, the transient response of two circuits. The
differentiating circuit is found impractical. Class C opera-
tion of a pentode, having sinusoidal input, with a parallel
LC plate circuit can give the desired pulse.

For analysis an idealized plate current-grid bias
characteristic is used. The transient response of a 6 mc/sec.
circuit to a 700 kc¢/sec. input was measured. Definite values
of Gy and Ego can be obtained from measured Ip-Eg curves
which give correlation between calculated and experimental
transient response. The calculated pulse output at 33 mc/sec.

based on the ideal I - E_ curve 1is verified by experiment.
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GENERATION OF SHORT ELECTRICAL IMPULSES
FOR GATING MINIATURE TYPE

VACUUM TUBE

PART I

Some Theoretical Aspects

l. INTRODUCTION

Radar equipments could not exist without the ability to
generate short duration electrical impulses., AsS a result then
of the colossal effort expended in the development of methods
of radiolocation, a wealth of information has been made avail~-
able regarding the generation of electrical pulses. Because
the manner in which electrical signals and components are em-~
pPloyed in these circuits is often unusual, a new vocabulary
has been added to the communication engineerts dictionary.

In most cases these addltions are picture words whose meanings
are obvious, If doubt exists reference can be made to a glos-
sary of terms included at the end of the text.

For most purposes pulse recurrence frequencies (p.r.f.)
greater than 10 ke/sec. and pulse durations less than one-half
microsecond were of little value in radar detection systems,
Nevertheless applications do exist for pulses having recur-
rence frequencies of 100 kc/sec. and of millimicroseconds

duration. Little information, however, is available on tech-

niques employable for producing them,



It is the purpose of this investigation to discover a
simple means of generating 10 millimicrosecond pulses having
a recurrence frequency of 100 k¢/sec. and having sufficient
emplitude, approximately thirty (30) volts, to gate the control
grid of a vacuum tube. In the interest of portability and
economy increasing emphasis is being placed, in both civilian
and militery design, on the use of miniature techniques. 1In
appreciation of this fact only miniature type vacuum tubes
will be considered for the actual pulse generating circuits

and as the tube to be gated.



2. AN APPLICATION FOR THE PULSE GENERATOR

2.1 General

As the facilities which radio communication systems
provide have improved there has been an increasing demand
for frequency allocations. As one approach to satisfying
this requirement the tolerance on carrier-frequency variations
has become more stringent. For fixed station, fixed frequency
operation the quartz-crystal oscillator provides adequate sta-
bility. As a means of simultaneously giving the reliability
of the crystal oscillator and the flexibility of a variable-
frequency oscillator many automatic frequency control systems
have been devised. The reactance-tube-controlled multiplier
to be described i1s an example of such a system, which requires
a pulse generator possessing the apparently arbitrary condi-

tions established in the introduction.

2.2 A Reactance-Tube-Controlled Frequency Multiplier (1)

Figure 1 is a block diagram of a reactance-tube-controlled
synchronizer, and Fig. 2 is a circuit which employs this prin-
ciple to multiply a 100 ke¢/sec. sine wave by 10 to obtaln a
1 mc/sec. output. In Fig. 2 the input is a low level 100 kc/sec.
sine wave driving the amplifier Vj. The tube ¥, 1s a Class C
amplifier with a conduction angle of approximately 90°. The
delay line in the plate circuit generates short square voltage
pulses at the leading and the trailing edges of the conduction
period. Tube Vj is a time discriminator with inputs of the

-3-
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0.3 microsec. gate from the delay line and the output of the
1l mc/sec, oscillator. The output of v3 consists of pulses of
current whose magnitude depends upon the relative phase of
the two lnput signals. If the delay line pulse and the posi-
tive peak of the 1 mc/sec. signal coincide, then a maximum
current flows in the pulse whereas if the delay line pulse
and a minimum of the 1 mc/sec. voltage wave correspond then a
minimum pulse current flows in V3. Consequently the voltage
across the low pass filter in the output of V3 is a function
of the phase of the 1 mc/sec. oscillator output with respect
to the 100 kc¢/sec. input. Since this voltage is applied to
the reactance-tube V; controlling the 1 mc¢/sec. oscillator
frequency, the system can be made synchronous for considerable
drifts of the natural frequency of that oscillator, V.

As the pulse width applied to the time discriminator ap-
proaches the period of the oscillator over whieh the control
is desired, the restoring voltage produced by a given phase
change approaches zero. In order to develop a frequency multi-
plier, on this principle, capable of covering the entire high-
frequency band (3-30 mc/sec.) it is necessary to produce a

gating impulse having the characteristics proposed in the

introduction.



3+ PULSE GENERATORS

3.1 General

A pulse generator is a device which will produce an elec-
trical potential or current, of an arbitrary shape,for a time
which 1is short with respect to the period with which the con=-
dition recurs. The means by which this may be accomplished
may be placed in two categories,

There are systems, Figure 3, in which the energy expended
during the pulse is slowly stored during the interpulse period
to be released entirely or partially into the load by a switch

action.

Isolatin sterage

Ot 8 Device or

Pulse [ttty
Element Forming
Network
7 F .Switeh
Primary | ko
Source {

“switgh

— _\; AN J g o

i

Fig.3 Storage Type Pulse Generator.

1
|

In the case in which the energy is completely dissipated the
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storage device usually determines the shape of the pulse and
is called the pulse forming network. In the latter situation
where only part of the stored energy is expended the pulse
shape is determined primarily by the manner in which the switch
is opened and closed. If, however, the storage device does not
have an infinite capacity it determines to some extent the
pulse shape as will be shown presently. This method of storage
and discharge is usually employed where considerable energy is
involved in the pulse since the primary voltage or current
source may then have a much lower instantaneous power capacity.
Alternatively all of the energy involved may be supplied
from the primary source as the pulse is produced. This method,
a block diagram of which is shown as Figure 4, is particularly
adaptable to low level generators where the instantaneous power

requirements are within the capabilities of an economical source.

Pulse
Forming
Network :
) {
r / Switech
? S Load
Primary é
“Rewiteh
Source &y

Fig.4 Direct Type Pulse Generator.




3.2 Phese Inverg}on

3.2.1 General

It may be discovered, as their analysis progresses, that
some pulse generator circuits can produce conveniently only
negative going pulses. Since the ultimate concern here is to
obtain a positive pulse it will be well to establish whether
Phase inversion of pulses of the duration desired is a feasible
process.

Inversion may be accomplished by either vacuum tube ampli-
fication (8) or by use of an electromagnetic transformer (2).
In the former case the load.impedance determined by the pulse
generator may be coupled to the grid of the amplifier tube
while in the transformer coupling the correct load impedance
as seen from the pulse generator and the desired output imped-
ance may be simultaneously realized by proper choice of turns

ratio.

3.2.2 Vacuum Tube Amplification

To discover the effect, on a rectangular pulse, of ampli-

fication using RC coupling the simplified circuit of Figure 5

may be used.
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There R is the plate load resistor of the pentode and C is the
capacity from plate to ground which includes ka of the ampli-
fier,Cgk of the following tube and stray wiring capacity. The
voltage amplification is

Qain - GmR

where Gy is the transconductance of the tube. The voltage

Lo

response to a step function of current, initiated by a rec-
tangular voltage pulse applied at the grid, 1s an exponential
curve free from overshoot, Now the rise time of an exponential

curve as measured between the 10 and 90 percent final amplitude

points is given by
R-ISQ, Tima_ (rT') e S N RC‘

R

Dividing Eq.l by Eq.2 produces a convenient figure of
"merit for a tube with respect to pulse amplification.



G an _ Qm
R~$E TM&QT‘) ‘?_-’Z.C

2

Now for an output tube the chief concern is with the peak
voltage obtainable. Multiplying both sides of E .3 by Eg

yields as a figure of merit for an output stage the relatiomship’
Ep (Max) Le

Rise 1imel(T) B 2.2C
where gp(max.) and ;p are the amplitudes of the output signal

and the current pulse in the valve respectively. The maximum
output voltage realizeable for a given rise time would be ob~-
tained if the input pulse operated the tube from cut-off to
zero blas for a positive signal and vice versa for a negative
input.

Now when considering the amplification of negative pulses
having a small duty cycle, it must be recognized that the aver-
age current in the tube 1s essentially the zero signal value.
Usually in order to stay within the power dissipation rating
of the tube the grid must be operated with considerable nega-
tive bias. Consequently the amplitude of the current pulse
for a negative going input signal is much lower than that ob-
tainable for a positive going pulse.

A table of Ej(mex.)/T, Fig. 6, has been compiled (8) for
those valves normally employed as pulse amplifiers. It is
assumed for this tabulation that the input signal is a nega-
tive going pulse of small duty cycle and that the capaclty
beyond the amplifier itself is 20 micro-microfarads (pf.).

- 11 =~
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Fig.6: Relationship between max'm plate volts and

rise-time for 2 pulse output amplifier.

Now if a pulse having an exponential rise to 90% of the
steady state and an exponential fall to zero is acceptable,
then for a pulse 1/100 microsec. wide at the 10% point T =1,/200
microsec, From the table above it is seen that the maximum
emplitude obtainable is with a 6AQ5 and equals 7 volts,

It is possible by use of reactive networks inserted in
the plate of the RC coupled amplifier to decrease the rise
time by a factor of two without introducing overshoot or oscil-
lations. Even this improvement will not bring the pulse ampli-
tude up to the required level.

The system known as distributed amplification (9) is capa-
ble of producing the required output voltage. The complexity
of this method and its excessive use of vacuum tubes are major
deterrents to its use.

It is apparent that elementary forms of vacuum tube am~-

plification are not capable of providing the 30 volts of

e L



amplitude required in the original statement of the problem.

They must therefore be rejected as a means of phase inversion.

3¢2.3 The Pulse Transformer

A discussion of the properties of transformers useful in
the inversion of pulses of very short duration is quite beyond
the scope of this thesis, It has been concluded from the
literature available (1)(2)(10) that at present they are not
valuable for pulse lengths shorter than 0.1 microsec. unless
distortion of the pulses by oscillatory transients is permis-
sible. Essentially they would act as tuned circuits whose
natural period is determined by the leakage inductance and the
interturn and interwinding capacities. Sinece, in any event,
both positive and negative signals with respect to the quies-
cent state may be obtained from a tuned circuit the use of a

pulse transformer to produce the transient oscillations 1is

superfluous,

303 Switches

3.3.1 Switch Types

The switch is an essential part of both the systems
referred to in ( 3.1). It may be either mechanical or elec-
tronic depending upon the rate at which the switching action
occurs and upon the power requirements of the system. In
consideration of the high recurrence frequency and the size

limitations involved in the proposed application mechanical

-13 =



switches will not be discussed here. The slectronic switches

available will be considered under two headings, 3.3.2 high

vacuum tubes and 3.3.3 gas tubes.

3.3.2 High Vacuum Tubes

This class of tubes 1s commonly referred to as hard tubes.
Under normal operating conditions as indicated by the range of
values given in tube manuals miniature hard tubes are in
general incapable of handling the high peak currents required
in pulse generating circuits. The possibility that the cur-
rent and voltage ratings established for conventional opera-
tion might be exceeded was studlied (3) and promising results
obtained. The tubes under test were operated as Class C am=-
plifiers. The applied signal was a pulse, essentially rec-
tangular, of variable width, recurrence frequency and ampli-
tude. When the tubes were operated in the positive control
grid region values of peak current approaching the temperature
limited current - from 0.3 to 0.5 amps. per watt of heating
power in oxide-coated cathode tubes - were obtained. No reduc-
tion in this current during the normal life of the tube was
observed except where the average power dissipated by the
elements exceeded the ratings as defined for conventional
operation.

Many of the tubes tested were not intended for operatiom
in the positive control grid region. When worked in that
region it 1s stated as a rough generalization that the power-

dissipating ability of the control grid is one-tenth that of

the plate of the tube.

- 14 ~



The plate current in a pentode is given by the relation-
ship (4).

T, - k(B ~

While it 1s apparent that the operation of the control grid

in the positive region is the most effective way of increasing
peak current it should be noted that an increase of screen-
grid voltage will accomplish the same purpose. In cases where
loading of the driving circuit may be undesirable this latter
approach to increased peak current may be employed providing
the restrictions on power dissipation are respected.

The chief advantage of the "hard" tube is that it may be
turned on and off at will by change of control-grid voltage.
In most pulser circuits this switching process should occur in
& minimum time and "hard" tubes with sharp cut-off charac-

teristics can accomplish this satisfactorily.

3.3.3 Gas Tubes

The thyratron gas tube is capable of providing peak cur-
rents far greater than those in a "hard" valve for the same
heater power., The extremely low resistance of this tube used
as a switch is a real advantage in circuits having low im-
pedance loads. The fact that the control electrode of this
tube is effective only in the initiation of the conduction
period prohibits its use except in that group of storage type
circuits which dissipate their energy completely during the
pulse. In this case the voltage from plate to cathode of the

- 15 -



thyratron falls below the critical value required for conduc-
tion and the tube extinguishes. Another deterrent to its use
is the length of time required for ionization and de-ionization
to take place. The former value determines the minimum pulse
duration produceable, the latter value establishes an upper
limit on the recurrence frequency of the pulse generator.

The thyratrons available in miniature envelopes are filled
with argon. These tubes have an ionization time of approxi~
mately 0.5 to 5 microsec. and de~ionization times from 35 to
75 microseconds,

Some experimental work (5) has been conducted on the use
of thyratron valves for frequencies greater than the reciprocal
of the de-ionization time. It is found, for frequencies up to
about 200 kc/sec., that a critical ratio of grid-cathode trig-
gering voltage to plate-cathode voltage exists. The large
negative grid potential required in this mode of operation
apparently removes positive ions from the interelectrode
gpaces thus hastening de-ionization. While stable operation
is obtained the peak currents are considerably lower than the
rated currents for the tubes,

Of the thyratrons commercially produced those filled with
hydrogen (6) are the most satisfactory for pulse work. Their
de-jionization time is dependant upon the plate voltage and can
be reduced for operation at frequencies of 100 ke¢/sec. pro-
viding the relationship Q‘,:' % ’Fr = 2.6 < 10 maximum is
observed (2, = peak forward anode volts,*}» = pulse recur-

rence frequency). Unfortunately no tubes of this design are

available in a miniature envelope.

- 16 -



It mey be concluded that for operation at 100 kc/sec. gas
tubes are at present much less satisfactory than hard valves

for use as a switch in a miniature pulse generator circuit,

3.4 Storage Devices

While generally referred to as pulse generators those
circuits in which the storage device acts only as a reservoir
might be more aptly called pulse power amplifiers. Since the
ultimate purpose here is to achieve a pulse shape at a low
power level only.,no recourse to circuits of this type will be
necessary. However, certain pulse-forming networks do employ
capacitive or inductive storage of energy. To outline then
the prineciple of storage, before adding the complication of
pulse formation, a circuit employing a condensor for this pur-

pose is shown in Fig. 7.

Re

: : MAAAM~

N, R |

A= 4 o E b
f{r ‘ 3 "\“ b i+
T o o T 1 j e
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Fig. 7 Voltage Storage Pulse Power Amplifier

In this system the tube V operated as a Class C amplifier
acts as the switeh. It is closed periodically at intervals Tp



for a time of duration T. During the interpulse period

(T - T) the condensor C is charging to the potential Epp
through R and Rf,. Resistor R, acts as the isolating element
shown in the block diagrem Fig. 3 and is chosen to be large
with respect to the load impedance Rj. A negligible voltage
then appears across the load during the charging period and a
minimum of primary source current flows in the switch tube
during the pulse.

If as is shown in the illustration the switch is a triode
then, for a rectangular pulse applied to the grid, the tube
may be replaced by a switch in series with a resistor having
a value equal to the dynamic plate resistance of the triode.

Under these circumstances the current in the circuit during

the pulse will be i(t - tg) = E‘ét") Q'(‘ta;g) where

R = (R, # Bp). It is evident that the shape of the pulse top

is determined by the circuit components. This circuit is
usually designed so that RC »> T. Consequently the pulse cur-
rent is essentially constant during the pulse. In the case
where RC { T the output will no longer have vertical sides but
will rise abruptly and decay exponentially to zero volts, With
this circuit it should be possible to obtain very short pulses
by using triodes with low plate resistance or pentodes operated
in the coalescent region of the tube characteristic (i.e. for
plate voltages below the bend in the Ip-Ep curves). The dis-
advantage lies in the practical difficulty of obtaining a suit-
able position in the circuit for the load impedance when posi-
tive going pulses are desired. A somewhat similar circuit will



be discussed more elaborately in the section on pulse forming
networks,

It is well to note that in the circuit just discussed
current flows in the switeh tube for the pulse duration only.
This is an importent advantage of voltage storage over current

storage systems,

++J : L A
:——,._ : T~ - 'T;_ -
e e e e
Eop_— 5 e e K0! |
o e 13 3. ! ]
e % 2 | J
o L erel QQQ?w;i?ﬂEii qi.. O

Iﬂ Ru
__/\/\“NJ\/\\/\ -..,("-\».'h‘\z'

Fig, 8 : Current-storage Pulse Amplifier.

Fig. 8 1is that for a circuit in which energy is stored because
of the current flow in the inductance L and the switch tube V.
The energy is dlscharged through the load impedance Ry, when
the tube V is cut off. The tube in this case must conduct
during the interpulse period and will normally require much
larger power handling capacity than in the former circuit.
Furthermore in the current storage method the switch tube is

often placed in an awkward position for the application of

control signals,
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3.5 Pulse Forming Networks

3.5.1 The Matched Transmission Line

Of all the circuit arrangements which have been used to
shape the voltage or current impulse that most commonly em=-
ployed has been the transmission line. Mr. H.J. White (2)
shows most eloquently using the La Place transform theory (7)
why this should be the case. Since the limitations of this
circuit for the present application must be seriously con-
sidered and because the La Place theory will be used extensive-
ly in the analysis of further more complex problems it will be
well to repeat here the work referred to above. Referring to
the discharge circuit only of the pulse generator Fig. 3 and
assuming that all the energy in the pulse forming network is

stored in one condensor, we obtain the circuit of Fig. 9.

e
gy
Pulse
F“" Shaping
CN Network l
= <
/'PSwitch e 2 R,
Pulse Forming "
Network : : i

Fig.? Generalized Circuit to Obtain a
Rectaﬁgular Current Pulse,

The current in the circuit is given implicitly by
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W) K Ef_— 03 e %1 io Zalllitth =0

N
()

where Qp 1s the initial charge on the storage condensor,

(S

is the integro-differential operator which describes the ele-
ments, as yet unknown, contained in pulse-shaping network, and

RI.is the load resistance.

Now the definition of the La Place transform of a function

) 45

oD

aa X
Lodaulh)] - Jt(ﬂe T i 5

o

S0 the transform of Eq. 4 is

A Womove. SN
(RLJfC'nS + Zn(s) )1(5) =L e 6
where V, 1s a constant - the initial voltage on the network.
Eq. 6 may be solved for the network impedance giving
WV :
e S = n = o P T

Now it is necessary for good microwave oscillator operation and
highly desirable for the frequency control application to have
an approximately rectangular pulse. It will be appropriate to
attempt to discover the pulse shaping network impedance

which will achieve this result. The transform of a current

pulse of amplitude Iy and duration T is from Eg. 5
TARONE AN S
e S

Substituting in Eq. 7

5 oa Al
AL ]:L(~|- Qf'ST) v 65215
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Or rearranging

2 L T [ m ) +QhST]

CnsS

=
If the numerator and denominator are multiplied by @ = and

Vp 1s chosen equal to 2I; Ry then

QS‘V/z +Q- S/l'/:_
- 2 =-R.[ } R coth oF

i ST i S siie

|

The right-hand side of Eq. 8 is recognized as the im-
pedance function of an open-circuited lossless transmission
line of characteristic impedance Z. =K. and transmission time
§ =f%; . Hence in this case for a rectangular pulse the storage
condensor in conjunction with the shaping network must be the
electrical equivalent of the transmission line or alternatively
the transmission line, with the energy stored in the distri-
buted capacity of the line, may be employed as a pulse forming
network. The latter method is the one usually employed.

By a similar analysis it may be shown that a lossless
transmission line of delay time S » Short-circuited at one end
and carrying an initial current Iy will, when connected to a
load of impedance equal to the characteristic impedance Z. of

the line, produce across the load a voltage pulse of magnitude

L.Z. and of duration 28 .
7

3.5.2 The Transmission Line with a General Resistive Load

In the event that the transmission line is not operating

into a matched load a series of reflections will occur at the

- 99 =



mismatch., The nature of the transient produced by discharge

of the short-circuited line into a resistance load, Fig. 10,

may be studied by application of the La Place transform method

of analysis for the general case.

Cne-way Delay= ® secs,

- L~

.{. ; e

/

' ey
I.&i_ %GL

Characteristic Admittan?{
a Y
0

(Switch moves from position 1 to 2 at time t=0)

Figel0 Circuit for Analysis of Voltage

Transient on Unmatched load.

The transmitting end a.c, admittance of the transmission
1ine(Yo3) with the receiving end short-circuited is given by

elementary transmission line theory as

Y(U\B) = \(g cot\’\jbg
and the La Place transform of this admittance by

\((5) = Ye c,oJL\n 5%

Analysing the circuit on a one node basis

V(s) [\{o coth s + Gh.] BT L, e 1o

s
whence ety
Io I by €22

VL‘S) (3 N LGh_ - oCo‘t\’\ SS) o S GlL.*'Yo)' o \(4_GL,¢--158

Yo*Gl.
....'2.'58 S
I, (-« )__ W, oGy s o 2 _ysd l
= \ - < b iy 7
LYo + Qo ) S WareGi +K\(°*q‘} i
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The inverse transform gives the voltage across the load as

rt) - T.
\(O‘_Gh* | - \L(t—z§) - t——“-?éb&u(t_,_g)_u(t-qg)]
2
[ ) - ute- e
Yo‘*'G._

where W (t-2) = 1 for (t-a)?o
L (t‘a—\ = O ‘{'of (t"“\éo

If Yo = Gp, then all terms except the first two vanish and the

voltage consists, as indicated previously, of a single rec=

tangular pulse of amplitude and duration ?_g. In the

2 Yo
proposed applications the steps, due to reflection on unmatched
load, will be harmless providing that the difference between
the initial amplitude and these subsequent steps exceeds the
pulse amplitude desired. In the case Y, { Gy, the magnitude

of the initial pulse exceeds that after the addition of the
first reflected voltage wave by

\/ - Io \‘_’_Yo—Gl-k: ZIOY°
Yo <G Yo + G Yo+ Go (Yg + G“-\)z.

So the pulse amplitude of width 2§ is always less than that
obtainable for matched load. In the case where Yo > GI, the
magnitude of the initial impulse exceeds that after the addi-

tion of the second reflection - since in this case the first

reflection produces - ve total amplitude - by the voltage

I P Y‘,-Gh)’-\‘ . Lx4aY.Ge
Ye>G Yera. Y. + G- (Yo + QU)°



For this amplitude to equal or exceed the matched load amplitude

- IO Yo i 'Ic
R G\:- ( ‘/1.. 5 Yﬂ/z_q‘_)b >/ 2 e

i e e Pt B o S B
. Yo) (‘ a_)

A graph of the right-hand side of this expression is shown as
Fig. 8 5

2 3 DY

Yo /Gy '

Fig. 11 Graph for Establishing Range of
Ratio_Yo/GL for Pulse Output
Greater Than for Matched Load.,

6
|
I
|
|

(-

(PO | Yo
for Y. =2G. and that forG, £ Yo <42 Q. the amplitude

It is apparent that maximum amplitude = is obtained

is at least as large as the matched load value,

Furthermore for a lossless transmission line it may be
determined that Y,-= \‘s % and that &= \SLC where L, C, andg
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are the total distributed inductance, capacity and transmission
time respectively. It is possible now to determine, assuming

a Step-function of applied grid voltage and of plate current,
whether with available hard valve switches a transmission line

having parameters practically attainable will provide the re=-
quired output pulse.

3.5.3 The Transmission Line in a Practical

Pulse Generator Circuit

The miniature tube most suitable for this application 1is
the 6AN5. It has.a peek current capacity, in the negative
control-grid region, of 100 ma. and an output capacity of 4.5
pf. Now for a pulse amplitude of 30 volts across the load in
the circuit of Fig. 12

i )Iu ]
:—:%f | —r— | H}—SLLTPLLT
e ) e ed SRR
T‘ |, :

ek

¥Fig. 12 The Practical Transmission Line Circuit

For Pulse Generation

using the matched line voltage output as a design value.

o)
30 \/ot.:rs = IOLZc* & \o Pl w'\\cz.r‘m Z, = @00 ohms

2
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For a pulse width of 1/100 microsec. S w 1/200 microsec. So
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whence -9
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< = coco 3

This capacity is of the same order of magnitude as the
sum of the output capacity of the switch valve and the input
capacity of a driven valve. Consequently the transmission
lines properties will be vitiated unless some satisfactory
means can be found to incorporate these circuit capacities
into that of the transmission line., This may be done by use
of a synthetic transmission line consisting of lumped in~-

ductances and capacitances connected as in a Constant-K type

low-pass filter, Fig. 13.

SN ERNCEIIA b o Lo e e e AR
AL , AC 1
[ i - : e g ey o ! — — ' - J
AL, AL,
T VTR AL AR LA R AR AR A A E S
— : g S0 — R
R s SRR Y R S M TS e

' Fig.13 6 Synthesization of a Uniformly

Distributed Constants Trans-

mission Line

It can be shown that the synthesized line approximates the
actual line for pulse generation only if the transmission time
({Lx:) per lumped section is short with respect to the pulse
it is desired to generate. If the output capacity of the
switch presents the only capacity in the lumped section in

which it is incorporated, then the transmission time for that
% -9
section & - \SLSC.S = Z2,<s = Goox 4.5 x\on'-.‘z..';mo a value

which is not small compared to m—a sec.



A further deterrent to the use of a transmission line as
a8 pulse forming network is found if the idealization that a
Sstep function of current is applied to the line is modified.

A more realistic condition would be a linear rise from
zero current to the peak value. The effect of this on pulse
amplitude and shape may be most readily studied by use of the
series of waveforms in Fig. 14. These represent the incident
and reflected voltage waves and their resultant at the load,
on a lossless transmission line short-circuited at one end and

matched at the other by its characteristic impedance.

Rise tiﬁe Rise time : ‘Rise time
>2 8 =28 | C&28
S IR S ‘r A T, A% 4 :
Incident [ 7 . ,// l/[
Wave | Je |

L - S

{

Reflected | Poss LN MR \
Wave .1 ‘ . | \
Resultant : \\; |

} 2 3 A4 & R T Y

i
| Time / One-way Delay of Line(d)
Fig., 14 Effect of Rise time of Current Wave on
the Pulse Shape Across the Load,

From these diagrams the pulse amplitude and base width
can be deduced. The pulse amplitude is given by:

\/Pk N (for rise time >7—S)
Rise Time
O T (for rise time ézg)
2.5
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and the pulse width at the base is given by
T = 28 + Rise Vime (for all rise times)

It is apparent that, as the rise time increases from zero,
ir $ remains constant the peak signal required to produce a
given amplitude above the point at which the pulse has a dura-
tion of 1/100 microsec. also increases. The only way of pro-
viding the larger output is by increasing the impedance of the
line. This will aggravate the previously established diffi-
culty of obtaining an artificial line satisfactorily approxi-
mating the properties of the uniformly distributed transmis-
sion line.

The conclusion must be drawn that a transmission line 1s
not a desirable pulse forming network under the proposed con-

ditions.

3.5.4 The Differentiating Circuit

On numerous occasions it has been suggested to the author
that the circuit configuration Fig. 7 should provide a simple
means of generating a short duration pulse if Ry is approxi-
mately equal to Re and (Rg 7 Ry,)C is small with respect to Tp.
The circuit now falls in the class of those of Fig. 4.

While commonly called a differentiating circuit the system,
when a step function of voltage or current is applied, will

-
produce a voltage response across the load of the forn\dc-"°.

In this case if RC is chosen equal to T, the required pulse
width, the amplitude of the pulse of that width will by in-

spection be

] R
V\:k = *E\,L - Eumo.(-t’:o5 R_:,:'—\-i’.c. &\-— z‘hxp
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The response of the practical circuit Fig. 15(a) in which
the interelectrode capacities are included cannot be so readily
deduced. Recourse is made to the La Place transform equations
of the system for this solution. Fig. 15(b) is an equivalent

circuit for the analysis.

> } |
gl Bl
e R S
i SRl G W SR
B I . SRRITE 7 A | %_J g
Yy GROTE TR *TC E
R
C

(b) Equivalent

Fig. 15 The Practical Differentiating Circuit

The mesh equations are:

i"f?\\ o '\C._-\ X(LV‘LL) M ';E-

\
o . el —!__ : \ h ‘
o XQ”L by ) e c,_S"w\x Wy &Lbz_-bg,ﬁa\x:o
b s |

CsSL”3_uQXE *’“;K3 ot

Teking the La Place transforms of this system of equations

glves:

-30-



Vg g o e £ Sl e
" +c.s\f G Barvs 15 & Vpaokri S
it Aok it o M S I o ) Wbt g 1 A
Care 1a(s) BRE 4T, S \D P
» 1. 4 13(53 J\R?,—t- _'__lr = ol
Cﬁs C?:,S
SO.. R‘_‘__‘_ -—-_‘__ E R‘
‘C‘S ) 5 ) s Rﬁ-f‘\o
W ) """Lg" ) o
Iz.(S) = o ; o “C"T‘as : i
} \
R\+ E‘Tg iy ——\—S ; =)
\
R sl T
\ |
o ) _é-_as R3 +C.38
L VB e !
A <
\J\f\ar‘a_'.
A = R‘R3 (C\CQ_—\;—C-:_C-E, -4 C‘C_a)
¢ - (R,Ci+ R3Ca + RaCa + R.Ca)
| C|C7_+C‘2_C3+ C.C'a - -l__.‘_-_‘__._-\__
< PRy o e
P 2 T P e
Gt ELri e - ;1'\‘((-:1 '.ig)?- —k*{(&l\‘i)z
(I Lat[)= LR - )d P 4 "
(B o -2__‘+ L
S [ A0 W
nd o). Raiglt)

* 31 »



This expression 1is too complex to obtain the amplitude
above the level at which the curve has a prescribed pulse
width. However, by assuming a set of values which might be
met in practice =a comparison with the ideal case can be made.
Epp = 300 volts, C1 = C3 =5 pf., G= 10 pf., Rl =Ry = rp = 500 ohm

In the ideal case neglecting C1 and C3:

—_—

o RC 10 X 1000 x 10 . e
\/?k = (‘300— I50) % Bae XOS3 = A7 Vo;..-rs
2-x 500

With the ideal circuit a pulse of the desired characteristics
would be easily realized.

In the practical case:

=9 ﬁ— = g o”’
A = 'lelo“”’ g P:lbx-a : o, = 4¥x 10 );;-S.zx-
& ok
E&E&:A'S ] o y \EQSL"_‘L = 3.‘2.\<log
LR!'I-V.)R J « oL
P 77 i
So —%xw0 T ~4oxw0 L “
E:R3 = g8 *c& -

A plot of this function is shown as Fig. 16. From the
graph it may be seen that the amplitude above the 1/100 micro-
second width is only 13 volts. Consequently the differentia-
ting circuit one meets in practice is of no value in the

generation of a pulse of the short duration intended.
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Fig.1l6 -Output of Practical Differentiating Circuit.

3.5.5 The Blocking Oscillator:

The blocking oscillator (1)(2)(10)(12)(13) has been widely
used as a source of fast rise time short duration pulses. The
circuit, Fig. 17, is a transformer-coupled feedback oscillator
in which plate current is allowed to flow for one-half cycle

after which cut-off bias is imposed on the grid to prevent

further oscillation.
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An exact analysis of the operation of this device has not
been given, However, from the discussions to which reference
was made a number of conclusions may be drawn. For proper
operation the resonant period of the transformer and associated
stray capacitance should be short with respect to the duration
of the pulse desired. The actual duration of the pulse is
determined by the low-frequency response of the transformer
although a delay line may be incorporated in the circuit to
reduce that period.

The transformers employed here are of the same class as
those referred to in Sec. 3.2.3. The most satisfactory of
them are suitable in blocking oscillator circuits for the
generation of pulses, as in the former application, of a mini-
mum duration of 0.l microsec. Therefore at the present state

of the art this method 1is not adaptable to the present problem.
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3.5.6
The Shock-Excited Tuned Circuit

A parallel combination of inductance and resistance, and
capacitance shown in the plate circuit of Fig. 18 will produce
a demped sinusoidal oscillation when acted on by a suddenly
applied current or voltage. The output signal can be deter-

mined by solution of the integro-differential equations of the

network,

e{t) An arbvitrary shape input wave
= t<O
Lt § t20

Fig. 18 Circuit for Shock-Excjtation of a
Parallel Tuned (L) Circuit.

For the simple case of the valve conducting a constant

current I for t<o being cut off at t = o the response (14) is

given by e ¥
£(t) = IE el s tusmmbor thevhions D% A=

This output may be very nearly doubled by establishing a
current I in the valve at time t = o and then cutting off the

valve when the oscillatory signal produced across the tuned
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circuit reaches the first potential minimum. This corresponds
to the case of a system having an initial current I through
the inductance and an initial charge on the condemnsor. Thus

the peak voltage realizable using a positive going pulse input

s B, = ZI\X— TF-Y-C_ where Y - L%‘_—\JT_—CE

Now for a 6AN5 as the switch in a circuit in which the
input and output capacities of the valves associated with the
tuned circuit plus wiring represent the total capacitance, the
following values may be reasonably assumed,

I = 100 ma. C = 15 pf. f = 33.3 mc/sec.

-

o TR
T R (B33 IO(")"(IS& lo"'z')

whence Epy = = 64 volts.

k! . \

—pK| | e gy ¥ e
| _ S e W
| . L. 334 me
; .r % 01

b g ‘cofl.;qiw...____ﬂ___..,, 3

From the diagram Fig. 19 it is seen that the amplitude of
that portion of a 33 1/3 mc/sec. sine wave having a base width
of 1/100 microsec. is Epx/2 = 32 volts. With this circuit it
is possible then to realize the prescribed conditlons for the
pulse if positive alternations other than the first one are
suppressed.

An alternative method of shocking the circuit would be to
use the peak of a sinusoidally varying voltage as the grid
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driving function. Such a signal is depicted in Fig. 20. It
can be effectively realized when the time constant of the

1 'J._\‘t o g _(8slilope)

i
Q
o
Q
ent

_;d-:-“..

i co

-2(*.3*‘ - :
e(t )=A[cos(t3t- ?/l?)—co's 0/?]

Fig« 20 P
resistance and capacitance in the grid circuit of the valve,
Fig. 18, is large with respect to the period of the sine wave
input. If the initial current and charge in the circuit are
assumed to be zero the response to a single current pulse of
the shape described can be readily obtained from the relation-
ship I(s) = V(s) Y(s) where:
V(s) is the La Place transform of the output voltage desired.
Y(s) is the admittance operator for the plate load, of the

pulse generator, considered as a single node-pair. In the

case of Fig. 18 with G = Gy # 1/R end C = Cg # Cpk 7 Cgk.

Y(s) = G#Cs #1/Ls # R
- S
Loy s, GhERs s o i2Ra

L. s+ R
8 L o\s—(—d\+3e)'{ﬂ\s~(—d\-59)lf e
Le+ R
where
— &L £ B = _ GL+Rc +\|{GL+Rc\ |+RG)
J - SR —-{( q_Lc)_(TE
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and I(s) = L -gm e(t) 4is the La Place transform of the

current pulse in the wvalve, for the Ip - Eg curve Fig. 21
= -gmA L [cos (Wt- r’/2) - cos /2]

Now : [_ co:,(uot——"/-z)_c‘,s@/aj

b
RO TR & af -st
S % QJ. )+ q.J / . ¢—5t o\_‘[ o co.s.(;_ &Q SoLt
2’ o]
+‘5] B Q_"St At

TGt tha (el ]
s v
-2 (s J“’) -2 (S*—JQ)
- (% -7 I ~
Lok —jf’z’." Lol it b G
e -e P e T Y. R [ e
2 (s-5 W) Q'(S"JQ) =
L : :
ity bop b b B R
g a w =g L o & Fews
sl D) — T T e "h’\
¢ o (51‘4- \b")
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W= t<o bd WE-L)-e 4k
—) t)/O =% t>/%
Expression 12 is of course far too cumbersome to be of
much practical value. If a number of approximetions, valid in

practice, are made considerable simplification will be realized.
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It will then be possible to extract from the equation those
terms which determine the peak amplitude obtainable at the
natural frequency of the tuned circuit.

For Q7 50, Ry;>) QL and 6<10W it can be shown that x/(<®

and R {4&1Iw. Hence

K\M '-L; Lu.) L'_'_c‘_o:
(0+w\(0-0\
Wl N ST R & dud K
T G ey 8 L

Ry a8 s asa BT - g SRS
(6-w & +w)
By substituting these values in Eq. 12, and combining terms

wherever possible, the expression for the transient response

is reduced to

¢

4

R K,‘zdad S\:Piarhfco?g 5‘“"(}{"“6\-#
£ 91 y = 3
g s\ E_ﬂ%:c-“i:-_
W b X
-~ = coss swnb
ROPERX duidiiucs .
S + X, sin (o !;)X
VSI\'\ Z+ }%_zc.os -y
2 G‘ n '0(1 ~ N
-—M— cos(-:-_& +K;‘\¢ (5‘&%:*%;“:2 COS(OTH‘P)
N o




Using the same procedure it has been

established that the output for &Qt {0

is given by

t = "‘KT \ N
v&)étLdb GW\“ \Q\ < %SW{LE-}@-LQO: ﬂ%ske"-*’

+ z% c_.os&s* 3?" E")‘\

W
Since it is the absolute peak amplitude in which one 1is
interested the problem remains of discovering which of the
relatlionships 13 and 14 provides that information. The accom-~
plishment of this mathematically leads to hopelessly involved
trigonometrical expressions. A graphicel consideration of the
equations yields a satisfactory solutilon.

If it is essumed for convenience in plotting that 13

%-:Coslh
(K,sw%%; then the nature of the wave may be examined, Fig. 22,
for conduction angles Q greater than, equal to, and less than
one cycle of the resonant frequency of the plate load-impedance.
Thus it is seen that the peak amplitude is determined respec-
tively by \m Ltc )vﬁ,\ otk B O 1&\)&&( (a necessary
condition for volteage contlnuity at this point), and for vﬁﬁ&a’Ld>
Furthermore the maximum peak amplitude in this much simr
plified approach is that for the conductlion angle equal to one
cycle of the transient oscillation. If the accurate expression

14 is used this maximum occurs for @% +r2¢ = 360° which is

for a conduction angle a little less than one cycle,
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Resorting again to a calculation based on a 6AN5 switch
tube the maximum amplitude is computable with the following

practical values for the parameters in equation 14:

B
Q—w‘f?-tb:‘séo" y W = b

b
2= K b®n o ) e,_?.Tra's%‘/sK\O
= Lo° .
P . ‘oO ) qm = 8000/\4“4,\\05 ; A = 100\/0‘-1’5

C = =25 F%‘ )' \__‘— 0-‘i‘>./~hq.v\r|e.s.

Substituting in Eq. 14:

-6 e |
vpk = SOOO X \0 X 2oo0 x L. X 2mTabXxX\o T 0 =
sin 304 b Tap | V!
Lxag 1o 't C Y L ‘/ o't TN b
« (314 - B3y ar Lo X0 35 /3

= 60 volts.

Hence with a sine wave driving voltage applied to the
circuit of Fig. 18 it is again possible to realize the 60
volts of amplitude of 33 1/3 mc/sec. transient sinusoidal
oscillation required to give a 30 volt, 1/100th microsec. pulse.

By similar calculations it can be established that each
of the signals represented in the chain of stages, Fig. 23,
should be atteinable providing the idealization of the valves
characteristic can be vindicated. The shock-excitation

I,-E

p g
of a tuned circuit by a sine-wave grid signal seems to be the
most practicable of the methods considered. It will be the

approach taken to the attainment of the desired short pulse.
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PART II

The Experimental Phase

4, INTRODUCTION

In Part I a means has been determined whereby a pulse of
the required properties may be generated. A procedure must
now be established for the verification of the conclusions
obtained.

Qualitative information concerning the transient wave-
shape can be obtained satisfactorily only by its observation
with a cathode ray oscilloscope. The provision of a horizontal
sweep to study a pulse of 1/100 microsec. duration requires a
compromise. A small increase in the width of the displayed
pulse results in a considerable increase in the equipment
needed to generate the sweep. In thls case it has been de-
cided that 10 inches per microsec, is a satisfactory rate.
The method by which this was accomplished will be described.

The theory involved in the analysis of the shock-excited
tuned circuit is based on the assumption of an ideal plate
current vs., grid bias characteristic for the valve, Fig. 2l.
One must be concerned ultimately with the designabllity of
such a circuit. Hence the problem is to discover a means of
translating into the idealized form necessary for a solution

of the network response the actual information, about the

elements in the circuit, which is available to the engineer.
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In this case the data provided are the measured Ip--Eg

curve for a valve and the constants of the linear elements,
inductance, capacitance and resistance, incorporated in the
circuit of Fig. 18. By a process of judicious guessing
various 1ideal Ip--Eg curves related to the measured curve in
a reproduceable manner can be obtained. Based on the para-
meters Gy and E,, of each of these ideal curves the peak out~
put voltage of the tuned circuit can be calculated in terms
of the amplitude of the sine wave applied to the valve's grid.
Using the valve and elements employed for the calcula~
tions, the transient voltage across the tuned circuit can be
measured by a vacuum-tube voltmeter for the same range of in-
put signals. Comparisons of the measured and the various cal-
culated outputs must -then be made. A reasonable correlation
between the measured and a given calculated response mey be
taken to confirm the suitability of the process by which the

idealized Ip"Eg curve, used for that calculation, was derived.
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5. THE CATHODE-RAY OSCILLOSCOPE

5.1 [The Tube and Power Supply

No commercial oscilloscope, to which the author had ace~
cess, provides the facilities outlined in the introduction.
The REL Type 106A High Speed Oscilloscope provides a basic
unit which with the addition of an external sweep generator
and beam-intensity gate permits the necessary observations.

~Actually use was made of the aforementioned oscilloscope
to avoid unnecessary construction. The power supply 1is used
as originally designed but of the facilities for the display
and adjustment of the pattern only the cathode-ray tube, and
the focussing, brilliancy and the vertical centring systems
are employed.

The vertical deflection sensitivity of the cathode~ray
tube 5GPl with the electrode potentials employed is 37
volts/inch, Hence for reasonable observation of a signal
having 30 volts amplitude no amplification is necessary. The
leads to the vertical deflection plates have therefore been
brought directly to a terminal board on the rear end of the
oscilloscope chassis in order to keep to a minimum the capaci~
tive loading on the circuit under study.

The cut-=off potential of the 5GPl control grid is approxi-
mately 35 volts. Therefore a beam intensifying pulse having a
magnitude of nearly 50 volts must be provided. Direct connec-

tion to the terminal board is again made to reduce capacity

and so decrease the rise time of the pulse.



The horizontal deflection sensitivity of the tube is 75
volts/inch. Consequently for the required sweep speed of 10
inches/microsec., balanced to ground signals having a linear
rise of 375 volts/microsec., must be applied to the horizontal
deflection plates. While not required because of circuit

considerations, connections are again made through the rear

terminal board.

5.2 The Horizontal Sweep Generator

The recurrence period of the horizontal sweep must of
course be that of the pulse under observation 10 microsec,
Now if the centre of the tube 1s taken as the origin for

horizontal displacement and sinusoidal voltage
z@d) = N smarwdd - Asin(eoxw’~t) 1. icokefse.

is applied to the right-hand horizontal deflecting plate and

¢—L‘}) = ﬂ Stntz"ﬂ' S‘t -+ \80°)= ASW\ (.3eo°x \osx't + ‘3;)

to the other plate then the displacement x(in.))rron the
centre of & 5GP\ having the stated 75 volts/in., deflection
sensitivity)will be

1(-”\) = —2:7'_% S\n\ 3&o x\osx't

Hence for full screen deflection of 2 1/2 inches in 1/4

microsec., the required amplitude of the sinusoidal signals is

\
R = 75 x = /7‘ — _ e = GOO\IOL,TS
- Sin 3&0 *tos*‘/q*w

and the angle of these sine waves through which they are sweep-
ing the beam across the tube face is -9°% to #9° and 171° to

189° respectively.
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The difference between the value of Yy = 2in x and that

of a tangent to the sine wave at the point x = 0O is given by

3 <
D = 'X,—(X“T—L—" + X _ 4—3:
3. s !/

50 the % error in linearity A~ %, = . YRR A

Over the range required above this error amounts to

AxX Do (ﬁ"zﬂr <1-b = o.u41%],
which 1s negligible for the purpose intended for the sweep.

Since all the tubes in the proposed pulse generator,
Fig. 23, are operated as Class C amplifiers and furthermore
since the conduction angles are small and the first positive
peak at each plate occurs at the termination of the conduc=
tion period, the relative phase of the 100 kc/sec. driving
wave and the finel 33 mc/sec. transient in Fig. 24(a) and (b)
respectively is approximately correct. The waveshapes Fig. 24
(c)(d) and (e) then represent the shape and relative phase of
the signals applied to the two horizontal deflection plates
and to the beam intensifying grid respectively for observation
of the transient (b) applied to.-the vertical deflection system.

The horizontal sweep generator must provide these facili-
ties. Furthermore, since the relative phase of the final
transient output and the 100 kc/sec. oscillator of the pulse
generator will vary as the conduction angle of any stage 1is
varied, provision must be made to shift the phase of signals
(c)(d) and (e) equally with respect to (a) about the mean

value represented.

The circuit of Fig. 25 is that of a sweep generator con-

structed by the author allowing these operations. Valve Vy
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is a buffer amplifier for the low level 100 kc/sec. sine wave
taken from a capacitive divider across the tuned circuit at
the plate of the erystal oscillator in the pulse generator.
When the plate load of V) is resonated by adjustment of con-
densor Cg and resistor R3 18 adjusted for about half-peak out-
put a sine wave of the order of 60 peak volts in phase with
the input signal is obtained at the end of L, away from the
plate. This voltage is applied to Class C amplifier V4. The
grid-cathode diode of Vs in conjunction with R,, and C17 form
a positive-pesk clamping circuit so V4 conducts for a small
portion of the cycle corresponding to the positive peak of the
crystal oscillator output. The output of V4 a nearly rectangu-
lar negative pulse is capacity coupled to the grid of 75.

Valve Vs is essentielly a phase inverter although it does
assist in decreasing the rise time and flattening the top of
the positive going beam-intensifying pulse which appears across

its plate load resistor.

The combination of R5 and C7 connected in series across
the plate load of V; effects = 90° phase shift, relative to the

plate signal, in the sine wave voltage appearing between the
junction of Rg and C7, and ground. This signal is applied to
the grids of V, and V3 through a resistance~capacitance divider.

Valves V and V3 are operated as untuned primary, tuned sec-
ondary voltage amplifiers and each provides a gain of approxi-
mately 220, Consequently they will furnish under Class A
operating conditions the 600 peak volts required for the hori-

zontal deflection plates.
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It was initially assumed that C¢ was ad Justed for reso-
nance of the tank circuit., If it is used to detune the plate
load of V; the relative phase of the grid signals of V,, LE
and V, will be unaltered but their phase with respect to the
input will be varied. However, the magnitude of these grid
signals will be reduced. Variable resistor Ry is provided
to control the stage gain of V; and so permit readjustment
for the correct operating voltages. By this means any neces-
sary correction of the relative phase of the transient and

the horizontal sweep may be accomplished.
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6. MEASUREMENT OF PLATE CURRENT-GRID BIAS CHARACTERISTICS

6.1 General

As discussed previously the plate current-grid bias
characteristic, of the valve to be incorporated in a design
of the type being considered, is the main plece of information
available to the engineer. In practice of course the designer
will generally employ published characteristics and will apply
to his final result the tolerances necessitated by production
veriations in the tube characteristics.

Even Joint Navy-Army-Air Force Specifications, which are
probably the most stringent of those applied to production
vacuum tubes, allow in most cases a variation in plate current
of 33 1/3% about the nominal value for given test conditions.
Consequently to use the manufacturerts average characteristics
in attempting to determine a rule by which they may be idealized
would be ridiculous. A method for obtaining these charac~
teristics for the particular tubes used in the experiment is
desired.

In Sec. 3.3.2 the possibility was considered of using
vacuum tubes as switches carrying peak currents considerably
in excess of those pormally obtained. It is that mode of
operation which will be employed in the experiments. The use
of a static method of plotting the desired characteristics 1s
not feasible since the average power ratings of the tube ele-

ments would be exceeded for even high values of grid bias.
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6.2 The Plate Current-Grid Bias Tester

In the report considered (3) a dynamic tube tester, which
used a recurring pulse of low duty cycle, is described. A
tester using the basic ideas of that circuit but of more ele-
mentary form has been designed and is considered adequate for
the present problem. Figure 26 shows the circuit.

Valve V; operates in an asymmetrical multivibrator cir-
cuit having a frequency of 500 cycles/sec. The positive pulse
appearing across R5 has a duty cycle of 1/10th. Diode Vz(l)
in conjunction with C, and R5 acts as a peak clamping circuit
which insures that the voltage which the grid of the tube (V3)
under test reaches is that measured by D.C. Voltmeter No. 1l.

The peak swing in voltage appearing across the reference
resistor R in the plate circuit of the tested tube is a direct
measure of the current in the valve. Diode V,(2), resistor Rg,
condensor Cg and D.C. Voltmeter No. 2 (Hewlett-Packard 410 A -
1 megohm/volt, form a negative-peak~reading vacuum-tube volt-

meter which indicates the plate drop.
Dynamic tube characteristics can be obtained by plotting

the ratio peak plate volts/reference resistance against

values of grid bias given by the clamping potential.

6.3 Characteristics of the Valves Employed

For electrode potentials on a test valve, such that a
static curve could be obtained without destroying it, static
and dynamic plate current-grid bias characteristics were

measured. Figure 27 shows the results obtalned. An error of

..56..
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approximately four percent in the peak current value is intro-
duced but the cut-off potential and transconductance of the
valve are essentially the same for the two methods. Since
these latter two parameters only are required for a solution
of the problem, characteristics obtained from such a pulse-
tester should prove satisfactory.

Plate current-grid bias characteristics for valve - types:
6AN5, 6AK5, 6AG5, 6AU6 and 6AH6, are presented as Figs. 28 to

37 inclusive. These are the particular valves used in the

experiments.
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7. MEASUREMENT OF THE TRANSIENT E=ZSTONSE

7.1 The Circuilt

It was concluded in section 3.5.6 that a system having
the signal amplitudes and frequencies shown in Fig. 23 should
be capable of generating the required pulse providing the
transformation from the actual to an ideal tube characteristic
was accomplished.

In the clrcuit of Fig. 23 valve V, acts as a grid-plate
capacity feedback oscillator. The grid circuit in this case
is the 100 kc/seec. quartz crystal., A variable screen voltage
is provided so that the sinusoidal output voltage which is
applied to valve V, can be changed over a range from 100 to
300 peak volts.,

The parallel tuned circuit which is the load impedance
for V, resonates at 700 kc/sec. The damping factor is so low
that the transient voltage at its plate still has an appreci-
able amplitude when a succeeding current pulse occurs. Conse=
quently the theory developed 1s not applicable to this stage.
Because of the residual current and charge in the system am-
plitudes in excess of those predicted for the transient are
attained. The output signal has a sufficiently large decre-
ment from cycle to cycle to prevent positive peaks other than
the first after the current pulse, from taking valve V5 into
the conducting region. Here agaln the magnitude of the output
signal 1s variable by changing the screen potential.

Stage 3 1s the one used for tests of the correlation ob-

tainable between theory and practice for the transient response
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derived. In this case the damping factor is so high that the
output has decayed to zero before application of another cur-
rent pulse. For experimental purposes the valves referred to
in section 6.3 were successively placed in this stage.

The grid-cathode diode of the valve under test, in con-
Junction with the very long time constant of the grid resistor
and coupling capacity to the 700 kec. source, provides a positive-
peak-reading vacuum-tube-voltmeter. The peak applied signal
was determined by measuring the average d.c, potential at the
grid using the D.C., Voltmeter portion of an Hewlett-Packard
410 A instrument.

Values of the peak positive transient output at the fre-
quency of the plate tuned circuit, 6 mc/sec.,, were obtained
using the a.c. voltmeter portion of the same instrument. This
procedure avoided the necessity for two a.c. voltmeters having
the very low input capacity possessed by the high frequency
probe of the one used. It also avoided the alternative proce-
dure of moving the probe (for each measurement) from input

circuit to output circuit with the possible detuning of the

circuits which would have resulted.

7.2 The Measurements

The values of the linear circuit elements of the 700
kc/sec. and the 6 mc/sec. stages were determined by use of a

Q-Meter (Boonton Radio Corporation Type 160-A). The natural

resonant frequency was found in both cases by obtaining the

frequency at which no detuning, of a resonant circuit on the
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Q-Meter, occurred when the impedance from plate to ground of
valves V, and V3 respectively were connected in parallel with
the Q-Meter capacity. The dynamic resistance can be found
from the values of the original Q, the final Q, and the ca-
pacity at the resonant frequency when the previous connection
is accomplished. The circuilt capacity was determined by
finding the change in resonant frequency when a known refer-
ence capacity was inserted in parallel with the tuned circuit.

With the information so obtained, the values of the ele-
ments L, C and R used in the analysis can be evaluated, In
the measurements it was intended to adjust G, the conductance
in parallel with the tuned circuit, to the value determined by
the lowest dynamic plate resistance of the five pentode types
used. A printing error in the tube characteristic sheets from
which that information was derived has inadvertently led to
use of a shunting resistance (12,500 ohms) much lower than

necessary. The value of G in any calculations has been based

on this resistance.

The measurements and subsequent calculations lead to the

following values for the circuit elements:-

700 xc¢/sec.: L = 360 microh. C = 145 pf. Rp = 140 kohms.
f. = 700 ke/sec.

6 mc/sec.: L = 31.5 microh. C = 22 pf. G = 0.8x 10 mhos.
fr = 6.1 mc/sec.

The peak positive output of the 700 kc/sec. tuned circuit
has been obtained using a valve type 6AU6 with a screen poten=-
tial of 200 volts d.c. and for 100 kc/sec. grid drives from 30
to 200 volts peak. The response curve is shown in Fig. 38.
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The peak positive output of the 6 mc/sec. tuned circuit
has been obtained for two screen potentials for each of the
valve types whose plate current-grid bias characteristics were
measured. The input signal in this case was the 700 kc/sec.
sine wave varied in steps between 100 and 300 volts peak. The

ten response curves so obtained are plotted in Figs. 39 to 48

inclusive,
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8. COMPARISON OF MEASURED AND CALCULATED RESPONSE

8.1 The Output of the 700 kc/sec. LC Circuit

In the discussion of the circuit it was pointed out that
the damping factor of this stage 1s sufficiently low that the
decay of the peak voltage amplitude between current pulses is
incomplete and a steady state condition exists. In actual
fact the response should be determined by combining the tran-
sient and steady state solutions for the network. A reasonable
approximation to the response can be obtained if only the
product of the dynamic-resistance and the seventh harmonic
component of the Fourier analysis (4) of the current pulse
in the valve are considered. The increased tabulation in-
volved in getting a response by the former procedure is out
of proportion to the improved satisfaction that can be derived.

A comparison between the measured response and a response
obtained by the harmonic analysis, based on the actual E;, and

the zero bias plate current of the 6AU6 employed, is made in

Fig. 38.

8,2 The Output of the 6 mc/sec. LC Circuit

In section 3.5.6 it was seen that peak amplitude was
determined by expression 13 1r‘”““54.§ and by Eq. 14 if ~3Q
In the former case the peak amplitude, obtained from Eq. 13,

is
vpk = 9_1"_9‘. c.osh——« + K\ QSW\"E:' th.os"% + sm(M—E)\l

c - &% z e

where T = (2w -4 ) 1is the time to the first maximum and
8
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in the latter case from Eq. 14

Yy
- = T 1 b Qg
Tk = SmhKe \]sm £ S cod b ‘% Hagnituda (14 @0 Lw *2¢ )\

The values of ;ﬁ% determined by these two equations and the
elements listed in section 7.2 for the 6 mc/sec. circuit were
tabulated for conduction angles P from 10° to 40° and from
40° to 70° respectively. For grid cut~off potentials from 3
to 18 volts and grid drives of 100, 125, 150, 175, 200, 225,
250 and 300 volts peak the corresponding conduction angles ?
were determined., Tables were prepared from these, for each
cut-off potential, relating the factor %ﬁ& to the grid drive.

To evaluate the output now requires the assumption of specific

values of Ego and Gp for the valve in the circuit.

8.3 Idealizetion of the Plate Current-Grid Bias Characteristic

A considerable number of processes for idealization were
attempted before one was obtained which appears to be uniformly
satisfactory for the valves tested. Intuition led the author
to believe that a cut-off potential lower than the value given
by measurement and a transconductance approximating the average
value for the valve should provide the desired response. The
curves so obtained did not justify the assumption. By gradual
evolution of assumed values it was discovered that the actual
cut-off potential and a transconductance equal to two-thirds
of the maximum transconductance for the valve gave results

closely resembling those obtained by measurements.
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The idealized Ip-Eg characteristics so derived are shown,
with the actual characteristies, in Figs. 28 to 37 inclusive.
Response curves based on this assumption are plotted in Figs.

39 to 48, inclusive, for comparison with the experimental

values.
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9. THE PULSE GENERATOR

The final stage, number four in Fig. 23, was constructed
as shown there to operate with a screen potential of 250
volts. Now from the 6AN5 plate current-grid bias characteris-
tics shown as Figs. 36 and 37, and from the expression for
the plate current in a pentode as given on page 15, two con-
clusions can be drawn. The grid cut-off potential of the
valve 1s directly proportional to the screen potential and
the maximum transconductance of the valve is not seriously
altered by change in screen potential. Extrapolating the
values for E,o and G,, obtained from the curves referred to

above, to cover the case where E is 250 volts the new values

3g
are E;o = 30 volts and Gy = 8,000 micromhos. On this basis
the conduction angle for a 200 volts input signel is fi: 320
which is approximately the angle upon which the calcuf;tion on
a 33 1/3 mc/sec. transient in section 3.5.6 was based.
Furthermore the values used for the circuit elements in that
calculation are those of the actual elements in the 33 1/3
mc/sec. tuned circult as determined by the methods described
in section 7.2.

When the circuit was operated under the conditions out-
lined the amplitude obtained at the desired frequency was 56
volts peak.

Because of a time jitter of the order of 1/200 the
of the oscilloscope trace the light intensity and definition
of the display were considered unsatisfactory for photographic

recording. The waveshape observed resembled in every respect
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2Tw
that shown in Fig. 22 for 74 = C’ in which the first negative

peak is almost identically one half of the subsequent positive

peeke
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10. CONCLUSIONS

Idealization of an actual plate current-grid bies
characteristic has been accomplished, for the purpose of
analysing the transient response of a tuned circuit, by
assuming a control-grid cut-off potential equal to that
determined by measurements and a transconductance equal to
two-thirds of the maximum value for the valve,

The process defined is justified within the range
studies by the satisfactory correlation between measured
and calculated responses.

It is possible, with the idealized characteristic, to
"design" from available engineering data a circuit for pro-
ducing transient sinusoidal oscillations. Furthermore in
the case considered it is possible to obtain a pulse generator,
having a minimum of circuit complication, capable of producing
a pulse having a base width of a hundredth of a microsecond

and an amplitude of thirty volts.
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