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1

This invention relates to pulse generators, par-
ticularly for keying or modulating ultra-high

8 Claims. (CL 171—97)

2

- main supply source is utilized as a biasing cur-

frequency radio transmitters for the transmission

of recurrent, short pulses of high power.

Various systems, for example, distance meas-
uring and object locating systems, employ high
power recurrent pulses of ultra-high frequency
radio waves. Such pulses may be of very short
duration compared to the interval between pulses.
Consequently, the average power demand on the
prime power source is quite low even for high peak
power outputs. On the.other hand, the system
must be capable of meeting the high instanta-
neous power demands during the pulse interval.

An object of the invention is to provide an effi~
clent and economical pulse generator.

‘One general type of pulse generating system
that has been found useful in such applications
is that of the copending application of William
Shockley, Serial No. 460,328, filed October 1, 1942.
The principle of operation of the Shockley system
is that of double energy storage, the energy from
the prime source being first stored magnetically
and then transferred to a capacitor from which
it is discharged impulsively through the load cir-
cuit. This requires two- discrete switching oper-
ations or their equivalent; first, for the transfer
of energy from the magnetic to the electric stor-
age, and second, for the ultimate discharge to
the load. In the above-mentioned Shockley ap-
plication, one of the circuits shown for accom-
plishing this second switching or energy trans-
fer operation employs a non-linear inductor. In
the operation of this circuit the sharp drop in
the impedance of such an inductor as its mag-

netic core passes from the non-saturated to the"

saturated condition is utilized to achieve this

‘10

15

20

80

35

rent to provide the required polarizing mag-
netizing force by connecting the winding of the
non-linear coil to the prime source through sep-
arate paths for the alternating or surge current
and for the direct current. In this way a large
polarizing magnetizing force is obtained as a re-
sult of the fact that the path through the wind-
ing of the non-linear inductor for the surge cur-
rents serves also as a path for circulating cur-
rents that are sustained in the period following
the output discharge. Such connections may be
provided by the use of circuits of the lattice or

" bridge type composed of inductors and capac-

itors. .

In accqrdance with another feature of the in-
vention the winding of the non-linear coil is of
the multiple strand or multifilar type. These
strands are connected in series for the biasing
direct current component but only a single strand
is included in the surge path. In this way the
magnetic polarizing effect of the biasing current
is multiplied by the number of strands used, while
the inductance and consequently the impedance
of the discharge path to the load is not similarly
increased. Similarly, it permits a large polarizing
effect to be obtained from a low current without
the production of a large surge voltage across
the winding. In order to keep the paths for the
two current components separate, an inductor is
included in the connections between each two
strands in addition to the two inductors con-
nected between the respective terminal strands
of the series circuit and the supply. Since cor-
responding points of the windings of all of these

_inductors are at the same alternating current

" potentials and differ only by the direct current

switching function. In the copending application

of Manley and Peterson Serial No. 502,282, filed
April 14, 1943, it is brought out that the operation
of such a pulse generating system is improved by
the application to the non-linear inductor of a
substantial polarizing magnetizing force.

Another object of the invention is to improve
the method of applying such a polarizing bias to
the non-linear inductor.

‘A further object of the invention is to provide
& circuit arrangement for efficiently supplying the
required bias from the high voltage source from
which the pulse energy is derived.

A still further object of the invention is to pre-
vent the development of excess voltages in the
windings of the non-linear inductor. .

In accordance with g feature of the present in-
vention the direct current component from the
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drops therein, they also may’be formed as a mul-
tiple strand winding of the multifilar type.

These and other objects, features and aspects
of the invention will be better understood by ref-
erence to the following detailed description in
connection with the drawing, in which:

Fig, 1 is a schematic circuit diagram of one
embodiment of the invention; .

Fig. 2 is a schematic circuit diagram of a sec-
ond embodiment of the invention; and

Figs. 3, 4, 5, and 6 are graphs illustrating the
operation of the invention.

In the system of Fig. 1 the invention is em-
ployed for producing recurrent short pulses of
high power ultra-high frequency radio waves.
For the purpose of illustration, the ultra-high
frequency generator is shown as a multicavity
magnetron 10 of the type of United States Pot-
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ent 2,063,342 to Samuel, December 8, 1936. In
this type of oscillator the anode {1 forms an ex-
ternal sheath or enclosure which it is desirable
to maintain at ground potential. When the tube
is subjected to a magnetic fleld supplied by the
magnet (2 and a high direct current volfage is
impressed between the anode {{ and the electron
emitting cathode 13, there are produced high
power oscillations of a frequency determined by
the internal structure of the device as described
in more detail in the Samuel patent. These os-
cillations may be picked up by a loop i4 and
transmitted through a coaxial line 15 to an'an-
tenna (not shown). ’

The purpose of the remainder of the circuit is
to produce the recurrent direct current pulses
that are impressed between the anode f{ ané
cathode (2 for causing the corresponding puilses
of ultra-high frequency oscillations, It is to this
pulse generating circuit that this invention is
particularly directed.

The prime power source is the batfery (71,
though obviously some other source such as a
generator or rectifier will be found preferable
in most practical applications of the invention.
The flow of current therefrom is controlled by
the vacuum tuoe #9. This tube is normaliy biased
to cut-off by the negative voltage applied to its
grid by the hattery 24. The operation of the cir-
cuit is regulated by the voltage supplied to the
grid of tube {9 from the square wave genera-
tor 23. - :

When the tube 19 becomes conducting upon the

application of a positive voltage fo its grid from
the gource 23, current is drawn from the battery
{1. The path of this current may be traced
from the positive terminal of the battery 17
through the linear inductor 4{, the non-linear
inducter 30, the linear inductor 42 and the space
path of tube 9 to the negative terminal of the
battery 1. At the end of the positive portion
of the cycle of the output from the source 23,
the tube {9 is cut off, opening the circuit for the
supply of current from battery {7 to the induc-
tive circuit. However, owing to the inductance
of the circuit, the current wiil tend to continue
to flow, a surge path being provided through the
storage capacitor 20 and the charging diode 23.
During this portion of the cycle the energy storad
in the magnetic field while the tube 9 was con-
ducting is transferred to the capacitor 20 which
becomes charged to the high surge voltage thus
produced. In this period the current flowing
through the non-linear inductor 39 will he chang-
ing and consequently the condition of its mag-
netic core will be varied. The constants of the
circuit are so proportioned that at substantially
the instant that the voltage on the capacitor
reacheés its maximum value the core of the non-
linear inductor 30 hecomes saturated and the in-
ductance drops to a very low vaiue. This pro-
vides a low impedance path for the discharge of
capacitor 20 to the magnetron {9, This dis-
charge path may be traced from the right-hand
(positive) terminal of capacitor 20 through the
blocking capacitor 36, non-linear inductor 30,
blocking capacitor 3T and ancde-cathode path of
the magnetron 10 to the left-hand terminal of
capacitor 20.

In general, the operation of this circuit may
be considered equivalent to that of the circuit de-
scribed in the application of Manley and Peterson
referred to above, but with the biasing current
for the non-linear inductor 30 supplied by the
pulsating current from battery (1. It may be

4
considered that the bias current is produced be-
cause the currents flowing in ‘the loops formed
by the inductors 30, 41 and 42, and the capacitors

. 36 and 37 continuing to circulate after the pulse
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discharge. A complete cycle of operation will be
considered in more detail in connection with the
operation of the embodiment of the invention
shown in Fig. 2.

It may be readily seen that the biasing current
for the inductor 30 is determined by certain fac-
tors of which the pulse rate and the time that
the tube 19 is conducting are important. Within
certain limits these factors are determined by
other operating requirements. Accordingly the
required hiasing effect is obtained by controlling
the number of turns of the winding of the in-
ductor 30. In general, in object locating and
distance measuring systems to which this in-
vention is particularly directed, it is found theat
this results in & winding of such a large number
of turns that an excessive voltage is developed
across its terminals during the passage of the im-
pulse. From another point of view, it may be
considered that such a coil has too high an in-
ductance in the saturation region and conse-
quently offers a higher impedance to the capac-
itor discharge than is tolerabie with efficient op-
eration. In the circuit of Fig. 2, there is shown
a modification of the invention in whicn such
difficulties are overcome.

In the circuit modification of Fig. 2, the same
reference numerals are used for corresponding
elements of the circuit of Fig. 1. The main
difference between the two circuits is that in-
stead of the single winding non-linear coil used
in Fig. 1, the non-linear coil of Fig. 2 has three
windings 3{, 32 and 33. In order to achieve the
full advantages of this multiwinding inductor a
corresponding larger number of linear inductors
is used. There are other incidental circuit fea-
tures that differ from the circuit of Fig. 1 and will
be discussed hereinafter.

The windings 3f, 32 and 33 of the non-linear
inductor 30 are cf the multifilar type being wound
as & single multiple strand winding. The linear
inductors 51, 52, 53 and 54 are of the same type.
The inductor circuit may be traced from the
positive pole of battery 1T through linear con-

~ductor §{, non-linear inductor 3i, linear con-

ductor 52, non-linear inductor 32, linear inductor
53, non-linear inductor 33, and linear inductor
54, to the common connecction to the anode of
tube 19 and the storage capacitor 28. Thus not
oniy are the windings of the non-linear inductor
separated from the circuit on each side by a
linear inductor but also each winding of the non-
linear inductor is separated from its adjacently
connected winding by a linear inductor. The cir-
cuit for the surge currents is made through the
blocking capacitors 36 and 37 to the winding 3!
only, though it is immaterial which of the three
windings 31, 32 or 33 is so connected.

‘The graphs of Figs. 3, 4, 5 and 6 show the oper-
ating characteristics of a typical circuit of the
type of Fig. 2. The operation of such a circuit
will be discussed in detail in connection with
these graphs. Fig. 3 shows the effective B—H
loop of the coil 30. Figs. 4, 5 and 6 show, respec-
tively, the voltage from the generator 23 appiied
to the grid of tube 19, the surge component I of
the current through the inductors 30 and 50, and
the voltage of the capacitor 20, all plotted against
time,

It will be noted from Fig. 4 that the voltage
from the source 23 is positive between the times
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+1 and t2 during which the tube (9 will be con-

ducting and after which the tube is blocked by -

the voltage from the battery 24 until the begin-

the time #«. The curves
of Figs. 3 and 5 have been Jettered to indicate
the manner in which the B—H loop of the in-
ductor 30 is traversed and the corresponding
values of currents through the inductive system.

The direct current component of the current
through all of the inductors 30 and 60 in series
may be considered as being maintained fairly
constant throughout the cycle due to the effect
of the inductance of the windings 5{ to 54 and the
capacity of the biocking capacitors 36 and 3T.
This current provides a bias for the non-linear in-
ductor 30 so that the B—H curve may be con-
sidered ac shifted to the origin, A.

Tracing through a complete cycle of operation
we start at the point A at the time t1, when the

ning of & new cycle at

tube 19 is cut off. As the vollage applied to the-

grid rises (Fig. 4) the tube 19 begins to conduct
and the current I rises rapidly to the value Ia
corresponding to the point B of Flg. 3. This rise
in curreat takes place very rapidiy since the core
of the non-linear inductor 30 Is saturated in this
region and the inductance is correspondingly
low. At the point B the inductance begins to in-
erease and rises to & high value. Accordingly,
the current rises more slowly until the core be-
gins to saturate in the opposite direction at the
point C. It is in the interval between points B
and C that energy supplied by the battery 11 is
stored in the magnetic fleld. After the point C
the inductance is again small due to saturation
of the core and the current rises rapidly until
the point D is reached at which point plate satu-
ration of the tube (9 prevents any further rise.
At this time the tube I8 is cut off by the drop in
the voitage Ve and the current It drops rapidly
to the point B. At this time the inductance again
rises, although not to & value as large as before.
The tube 19 s now open and a large current ex-
ists in the inductors 30 and 50. 'This causes an
oscillation to be set up between tne inductors 30
and 50 and the capacitor 20 through the dicde
‘tube 26 which has a fairly low resistance so thai
the current variation follows very closely & sinus-
oidal form. The current falls during the first
guarter cycle of this oscillation as we go from
point E to point F (Figs. 3 and 5) snd the voltage
on the capacitor 20 rises (Fig. 6). At about the
end of this quarter cycle oscillation, when the
_ voltage on capacitor 20 would reach g maximum,
" the core of inductor 30 again begins to saturate
at point F and the inductance drops to a low
value. This allows the capacitor 20 to discharge
to the magnetron 18 through the path including
the capacitors 36 and 81 and the very low im-
pedance offered by the single winding 3f when
the core of inductor 30 is saturated.

The inductors 6§ and 62 are included in the
circuit to shape the pulse during the discharge
of the capacitor 20. The effect of the inductor
82 is due to the fact ithat it is vonnected in cir-
cuit- with the plate capacitance of the tube 18.
The effect of the inductance of the winding 81 in
the saturation region of itself is to give the piilse
s sinusoidal rise. By the use of the additional
elements forming supplemeniary branches tuned
to frequencies that are harmonics of the fre-
guency of which the pulse length represents a
half wave; it is possible to obtain a pulse shape
closely approximating 4 square weave.

rthe bifilar inductor 60 provides a meahs of
supplying heating current to the cathode 13 of
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the magnetron 10 without the use of a more ex-~
pensive insulating transformer. The cathode
heating current is obtained irom an alternating
current source 84 through a transformer 5. An
additional secondary on the transformer 8§ sup-
plies heating current to the cathode of the diode
The inductor 6 has a high impedance at
high frequencies representing the pulse length
but & low impedance at the low frequency of the
source §5 furnishing the heating current. This-
inductor and the charging diode 26 also function
to prevent after oscillations in the pulse as is ex~
plained in the Shockley application referred to -
above. )
The explanation of the invention has been
given without any particular regard to quantita~
tive effects. However, there is one effect which
is significant with respéct to the design of the

. system. This is that for the best operation the
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ratio of the total pulse period to the period dur-
ing which the tube 18 is conducting should be
greater than the number of wiandings on the
linear inductor 3¢ (4 in the circult of Fig. 2) by
an amount depending upon circuit values. This
relationship ensures that the stable periodic con-
dition into which the system settles after the
first few cycles is one for which the effective
magnetization current in the non-linear coil
passes {rom a value representing strong over-
saturation ir. one direction to a value eorrespond-
ing to saturation in the opposite direction during
each cycle. In other words, that the full range
of magnetization is traversed during each cycle.
The exact relationship in any particuiar case
can be determined experimentally by varying the
length of the interval during which tube {8 is
conducting.

What is claimed is:

1. In an impulse generator, a source of direct
current, a capacitor, a first inductor having a
readily saturahle core, circuit connections for
discharging said capacitor through sald first in-
ductor to the load, e second inductor, switching
means for intermittently establishing a flow of

- current from said source through said inductors

in series, the direction of flow through .said first
inductor being such that the core is polarized
in the same sense ag by the discharge of said
capacitor therethrough, and connections for
charging said capacitor by the surge. developed
upon the interruption of said flow of current.

2. In an impulse generator, a source of direct
currens, a capacitor, a first inductor having a
readily saturable core and & plurality of windings
thereon, circuit connections for discharging said
capacitor through one of said windings of said
first inductor to a load circuit, a second inductor,
switching means for establishing an intermittent
flow of direct current from said source through
sald second inductor and said windings of said
first inductor in series in such a direction that
said core is polarized in the same sense as by the
discharge of said capsacitor through said one of
said windings, and circuit connections for charg-
ing said capacitor by the surge developed upon
the interruption of said flow of current.

3. In an impulse generator, a source of direct
current, a capacitor, a first inducter having a
readily saturable core and a plurality of wind-
ings thereon, circuit connections opagque to direct
current for providing a path for the surge dis-
charge of said capacitor through one of sald
windings of said first inductor, a second inductor,
switching means for intermittently closing & path
for the flow of direct current from sald source
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through said second inductor and said windings
of said first inductor in series whereby a surge
voltage for charging said capacitor is developed
upon the interruption of said path, and said core
is polarized by the average flow of current through
said windings in the same sense as by the surge
discharge of said capacitor through said one of
said windings.

4. In an impulse generator, a source of direct
current, a first inductor having a core of mag-
netic material of high magnetic permeability at
low flux densities and readily saturable at higher
flux densities, a plurality of windings formed of
conductors wound in parallel space relationship,
a plurality of linear inductors, a series circuit in-
cluding the windings of said first inductor and
said linear inductors, each of said windings be-
ing connected between two of said linear induc-
tors, a storage capacitor, switching means for in-
termittently supplying current from said source
to said series circuit, circuit connections for
charging said storage capacitor by the surge de-
veloped upon the interruption of said supply cur-
rent, and circuit connectors for discharging sald
storage capacitor to the load cirzuit through one
of said windings of said first inductor.

5. In an impulse generator according to claim
4, blocking capacitors included in said circuit
connection for discharging said storage capaci-
tor so that said storage capacitor discharges
through said one of said windings in the same di~

rection as the current from said source flows.

therethrough.

6. In an impulse generator, a source of direct
current, a first inductor having a core of mag-
netic material of high magnetic permeability at
low flux densities and readily saturable at higher
flux densities, a plurality of windings formed of
conductors wound in parallel space relationship,
a plurality of linear inductors comprising a core
and a plurality of windings formed of conductors
wound thereon in parallel space relation, a se-
ries circuit including the windings of said first
Inductor and said linear inductors, each of said
windings being connected between two of said
linear inductors, a storage capacitor, switching
means for intermittently supplying current from
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said source to saild series circuit, circuit connec-
tions for charging said storage capacitor by the
surge developed upon the interruption of sald
supply current, and circult connections for dis-
charging said storage capacitor to the load circuit
through one of sald windings of said first induc-
tor.

7. In an impulse generator, a source of direct
current, a first inductor having a core of mag-
netic material of high magnetic permeability at
low flux densities and readily saturable at high-
er flux densities, a plurality of windings formed
of conductors wound in parallel space relation-
ship, a plurality of linear inductors comprising a
core and a plurality of windings formed of con-
ductors wound thereon in parallel space relation,
a series circuit Including the windings of said first
inductor and said linear inductors, each of said
windings being connected between two of said
linear inductors, a storage capacitor, switching
means for intermittently supplying current from
said source to said series circuit, circuit connec-
tions for charging said storage capacitor by the
surge developed upon the interruption of sald
supply current, and circuit connections for dis-
charging said storage capacitor to the load cir-
cuit through one of said windings of said first in-
ductor including blocking capacitors so connect-
ed that said storage capacitor discharges through
said one of said windings in the same direction
as the current from said source flows there-
through.

8. In an impulse generator, a source of direct
current, a capacitor, a first inductor having a
readily saturable core, circuit connections for dis-
charging said capacitor through said first induc-
tor to the load, a second inductor, switching
means for intermittently establishing a flow of
current from said source through both said in-
ductors, the current to said first inductor being
in such a sense that the core is polarized in the
same sense as by the discharge of said capacitor,
and connections for charging said capacitor by
the surge developed upon the interruption of said
flow of current.

EUGENE PETERSON.




