April 25, 1944,

H. A. WHEELER 2,347,529
RECTIFIER SYSTEM

Filed April 5, 1941

FIG.L IS
— ¥

SCANNING
GENERATOR

f]J

Time —a—

to ! Time —

" INVENTOR

AROLD A. WHEELER
BVZMW.

ATTORNEY




P: tented Apr. 25, 1944

2,341,529

UNITED STATES PATENT OFFICE

2,341,529 '
RECTIFIER SYSTEM

Harold A. Wheeler, Great Neck, N.

to Hazeltine
aware

Y., assignor

Corporation, a corporation of Del-

Application April 5, 1941, Serial No. 386,996
(CL 175—363)

12 Claims,

The present invention relates to rectifying sys-
tems and, particularly, to rectifying systems
adapted. to separate out, with accurate preserva-
tion of wave form, complete half-cycles of an al-
ternating voltage applied to the system. While
the invention is of general application, it is par-
ticularly suited for use in a system for indicating
the wave slope of saw-tooth scanning currents
commonly used in television systems and will be
described in that connection. |

In conventional television systems, the tele-
vision image is transmitted by the method of
transmission of a continuous signal representa-
tive of successive image elements. To reproduce
the transmitted image with fidelity, it is essential
that the positioning of the multiplicity of ele-
ments in the received image be exactly the same
as in the original televised image. To this end,
signal-generating and image-reproducing tubes
of the cathode-ray type are used respectively at
the transmitter and receiver and the cathode-ray
beams of the transmitting and: receiving tubes
‘are, in general, ‘deflected in synchronism with
each other at substantially constant velocity, the
deflections in both the transmitting and receiv-
ing tubes being in two directions normal to each
other to produce a raster or pattern of parallel
scanning lines. Successive incrementa] portions
of each line of the reproduced pattern at the re-
ceiver correspond to successive elements of the
televised image at the transmitter, whereby the
complete pattern of lines together form the tele-
vision image at the receiver.

The constant-velocity deflection of the cathode-

ray beams of the transmitting and receiving .

cathode-ray tubes is accomplished in one form of
television system by a deflecting field produced
by a scanning wave of saw-tooth wave form.

Such a wave changes in one sense at a constant .

rate over a relatively long trace interval during
the formation of one line of the pattern of lines
and changes in the opposite sense at a greater
rate during a relatively short retrace interval.
Since the rate of change of the saw-tooth wave
determines the velocity of deflection of the cath-
ode-ray beam, it is essential that the wave have
a constant rate of change during the trace in-
terval; that is, that the saw-tooth wave have
uniform slepe during su_ch interval.

In some cases, a definite departure from uni-
form slope uf the saw-tooth scanning wave may
be desired to compensate for geometric relations
in the cathode-ray tubes, as to compensate for
differences in the degree of curvature of the
transmitter and receiver
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screens, Thus, it is desirable to be able to indj-
cate visually such wave slope in & simple and ef-
fective manner to facilitate the design and ad-
justment of the saw-tooth wave generator.
Mere inspection of a reproduced television image
is not adequate. Noris it always adequate merely
to reproduce the scanning wave on the screen
of an oscilloscope, since slight variations in the
wave slope are not easily detected by visual in-
spection and especially is this true of the relative
magnitudes of such variations.

It has been proposed in accordance with one
prior art arrangement that the slope of a scan-
hing wave be indicated by inserting a small pick-
up coil within the magnetic field of the deflecting
coil to be used with the cathode-ray tube and then
to observe the voltage induced in the pickup coil,
which is proportional to the wave slope. Since
only the slope during the trace interval is im-
portant from the standpoint of image reproduc-
tion, the relatively large voltage pulse produced
during the short retrace interval is removed by a
clipping or limiting system and the voltage pulge
produced during the trace interval is subsequent-
Iy amplified and reproduced on the screen of an
oscilloscope. A linear saw-tooth scanning current
and resulting magnetic field produce a voltage of
rectangular wave form in the ‘pickup coil. De-
partures of the reproduced voltage pulse from a
rectangular wave form indicate departures from
linearity or uniformity of slope of the saw-tooth
current duringe«the scanning interval. This indi-
cating system has a disadvantage that the axis
of the original voltage induced in the pickup coil
is lost by the action of the clipping system and
it is, therefore, difficult to determine its correct
position. The arrangement consequently is not
well adapted for ascertaining exact values of the
magnitude of changes of slope of the scanning
wave.

It has been proposed in accordance with an-
other prior art arrangement that g pickup coil
be used as in the arrangement described above
and that the relatively large voltage pulse induced

5 in the.pickup coil during the retrace interval be

removed by the use of a rectifler, the relatively
smaller voltage pulses induced during the trace
interval being subsequently amplified and repro-
duced on the screen of an oscilloscope. While this
arrangement is relatively simple, g rectifier has
inherent capacitive admittance in g direction op-
posite to that of its normal conductivity, whereby
a portion of the voltage pulse produced during the
retrace interval is coupled intothe pulse amplifier
and is reproduced with distortion on the oscillo-
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scope screen. The reproductmn of such portion
of the voltage pulse of the retrace intervel effec-
tively shifts the indication of the axis of the re-
produced voltage pulses, thereby to introduce in-
accuracies in measurements made from the re-
produced pulse wave form of the magnifude of
changes of slope of the saw-tooth scanning wave.

If a rectifier system is to derive only complete

half-cycles of one polarity of an alternating volt-

age applied thereto, it is necessary thatb the inputb
circuit coupled to the rectifier have negligible
resistance to direct current. This condition is
diffieult to fulflll where the rectifier system is
fed from an amplifier, it belng necessary in this
event that the high unidirectional potential of
the amplifier output circuit be isolated from the
rectifier system by the use of an intervening cou-
pling transformer or coupling condenser. In
such & case, the impedance of the rectifier system

tends to distort the wave form of the voltage de- :

Jivered to the rectifier system from the amplifier
so that the wave form efiectively loses the identity
of the equal-ares axis of the alternating voltage
wave applied to the rectifier system.

It is an object of the present invention, there-
fore, to provide a rectifier system particularly
suitable for use in a system for accurately indi-
cating the slope, and the magnitude of changes
tﬁereof of & saw-tooth scanning wave, over the
trace interval, while avoiding one or more of the
disadvantages and limitations of the prior art
indicating systems of this nature.

it is a further object of the invention to pro-
vide & rectifier system which uniformly loads an
input.circuit connected thereto with uniform con-
ductance over each, complete cycle of an alter-
nating voltage applied to the input circuit, where-
by the rectifier system presents a uniform re-
sistance to the input circuit for either sym-
metrical or unsymmetrical wave forms of alter-

nating voltage applied thereto and retains the

wave axis undisturbed by the rectifying action of
the system.

It is an additional object of the invention tp
provide a rectifier system wherein the effect in
the rectifier output circuit of the undesired in-
herent capacitive admittance of rectifier devices
included in the system is greatly reduced, where-
by the wave form of the voltage derived by the
rectifier system accurately corresponds to com-
plete half-cycles of one polarity of the alternat-
ing voltage applied to the system. -

In accordance with the invention, a rectifier
system for deriving half-cycles accurately cor-
responding to half-cycles of an alternating volt-
age applied thereto comprises an input circuit
adapted to have applied thereto said alternating
voltage and rectifier means having effective initial
conduction potentials which are negligible rela-
tive to the applied voltage and including a pair
of rectifier devices coupled to the input circuit
individually to conduct complete half-cycles of
applied veltage of opposite polarities and having
individual resistive load networks. The devices
and their respective lead networks have equal
effective values of resistance with respect to the
input cireuit for the respective half-cycles of ap-
plied voltage conducted thereby. An output cir-

cuit is coupled to the load network of only one .

of the rectifier devices for deriving therefrom
only complete half-cycles of one polarity of the
alternating voltage. )

In accordance with a preferred form of the
invention, a rectifier system of the type described
comprises a pair of rectifier devices, each having
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undesired capacitive admittance in & direction
opposite to that of its normal conductivity. There
ig provided means including s unidirectionslly-
conductive device connected in cireuit with the
load network to which the output circuit is cou-
pled for reducing the effect in the outpub cireuit
of the undesired gapacitive admittence of the rec-
tifler device associated thergwith, L

For 2 better understanding of the present in-
vention, together with other and further objecis
thereof, reference is had io the following de-
scription faken in connection with the accom-
penying drawing, end its scops Will e pomteci
out in the &ppended claims.

Referring now to’the drawing, ¥ig. 1 is & cm
cuit diagram, partly schematic, of a complete
saw-tooth current wave-slope indicating system
embodying the invention; Fig. 2 is & graph com-
prising curves representing voltage variations oc-
curring at certain points in the indicating sys-
tem of Fig. 1 when the scanning wave has uni-
form slope during the scanning interval and is
used as an aid in explaining the operation of the
invention; and Fig. 3 is a graph comprising
curves. representing corresponding voltage vari-
ations which occur when the scanning wave has
nonuniform slope during the scanning interval.

Referring now more particularly to Eig. i,
there is represented schematically a complete in-
dicating system embodying the present invention
in a preferred form. The system comprises an
input cireuit including a pickup winding (8 adapt-
ed to be inserted within the magnetic fleld of a
winding 9 which may be the deflecting winding
of & cathode-ray tube, not shown. The pickup
winding {06 is connected to a potentiometer ii,
a selectable portion of which is coupled to the
input circuit of a vacuum-tule amplifier {2. The
output circuit of the amplifier (2 is coupled
through a condenser 3 to the input circuit of
a rectifier system 14 embodying the invention
and described in more detail hereinafter, the
output circuit of which is coupled to the input
circuit of a vacuum-tube amplifier (5. The out-
put circuit of amplifier 5 is, in turn, coupled to
the deflecting electrodes §8 of an oscilloscope {7.
The oscilloscope 17 additionally includes a pair
of deflecting electrodes {8 normal to the elec-
trodes 16 to which there is applied a scanning
potential of saw-tooth wave form from g scan-
ning generator 9. A synchronizing circuit of
the scanning generator 18 is coupled by a con-
ductor 20 to the pickun.winding 18, whereby. the
scanning potentials of the generator {§ are de-

veloped in synchronism with the potentials in-
duced in the pickup winding 8.

It will be understood that the apparatus just
described may, with the exception of the recti-
fier system {4, be of a conventional construction
and operation, the details of which are well
known in the art, rendering detailed deseription
thereof unnecessary. Considering briefly the
operation of the indicating system as a whole,
and neglecting for the moment the operation of
the rectifier system 14 presently to be described,
scanning currents of saw-tooth wave form flow-
ing through the winding % from a source, not
shown, induce in the pickup winding {8 an alter-
natidg voltage of rectangular pulse wave form
comprising relatively large amplitude negative
pulses during the retrace interval and relatively
small amplitude positive pulses during the trace
intervals. For the purpose of simplifying the de-
scription of the operation, and while the ex-
pressions -are not strictly accurate since the in-
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duced .pulse voltage has an unsymmetrical wave
form, the portion of the induced voltage wave on
the positixe side of the equal-area axis will here-
inafter be referred to as the “positive half-cycles”
while the portion of the induced voltage on the
negative side of the axis will be referred to as

- the “negative half-cycles.” Additionally, all ref-
erences tq positive’ and negative half-cycles will
be with reference to-the half-cycles of the input
induced pulse voltage regardless of any reversal
of phase which the induced voltage may undergo
at one or more points in the system. The pulse
voltage induced in winding 10 is gpplied to am-
plifier 12 and after amplification therein is ap-
plied to rectifier system (4 which removes the
large amplitude negative half-cycles to derive in
the output circuit of the rectifier system the rel-
atively low amplitude positive half-cycles repre-
sentative of the slope of the input current wave
during the trace interval. The Positive half-
cycles of the amplified pulse voltage are applied
to amplifier 15 and, after further amplification
therein, are applied to the deflecting electrodes
18 of the oscilloscope 171 to deflect the cathode ray
of the oscilloscope {7 in a first direction. The
cathode ray is deflected in a second direction
normal to the first direction by the deflecting elec-
trodes 18 which are energized by the scanning
potential applied thereto from the scanning gen-
erator 19, the operation of the latter being syn-
chronized by the pulse voltage induced in pick-
up winding 10. Consequently, the wave form of
the positive half-cycles of voltage induced in the
pickup winding 0 is reproduced on the fluores-
cent screen of oscilloscope 17.
reproduced wave at any point is a measure of the
slope of the saw-tooth current wave at a corre-
sponding point in the cycle. -

Referring now more particularly to the por-
tion of the system embodying the present inven-
tion, the rectifier system {4 is one for deriving
half-cycles accurately corresponding to half-
cycles of an alternating voltage applied thereto.
It comprises input circuit terminalg 21, 22 and
rectifier means having effective initial conduc-
tion potentials which are negligible relative to the
applied voltage and including a pair of like rec-
tifler devices 23, 24 which are coupled to the input
circuit individually to conduct complete half-
cycles of the applied voltage of opposite polari-
ties. The rectifier devices have individual re-
sistive load networks comprising resistors 25, 26,

- respectively, of equal value but high in relation
to the resistances of the rectifier devices 23, 24
in their respective directions of conductivity.
The sums of the resistances of the rectifier de-
vices 23, 24 and their respective load resistors 25,
28 are equal in the directions of conductivity of
the devices, whereby the parallel combination of
the devices and. their load networks present to
the input circuit of the rectifier system 14 sub-
stantially uniform resistance for all values of the
instantaneous voltage applied to the input cir-
cuit from amplifier 12, that is, throughout each
complete cycle of the applied alternating voltage
‘and for different amplitudes thereof. The rec-
tifier system includes an output circuit which is
coupled to the load network of only one of the
rectifier devices for deriving therefrom only com-
plete half-cycles of one polarity of the alternat-
ing voltage. This circuit comprises terminals 21,
28 which are coupled to the load resistor 25
through a resistor 30 of relatively small value.
Each of the rectifier devices 23, 24 has inherent
undesired capacitive admittance in a direction
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opposite to that of its normal conductivity. To
reduce the effect in the output eircuit of the recti-
fler system of the undesirable capacitive admit-
tance of rectifier device 283, there is provided a
unidirectionally-conductive device 29 which is
coupled with polarity opposite to that of rectifier
device 23 in shunt to the load resistor 25 through
the resistor 30 of relatively small value. Simi-
larly, to avoid the effect in the rectifier system
input circuit of the undesired capacitive admit-
tance of rectifier device 24, there is provided a
second unidirectionally-conductive device 31,
similar to device 29, which is ‘coupled with po-
larity opposite to that of rectifier device 24 across
the load resistor 26 through a resistor 32 of equal
value equal to resistor 30. The rectifier devices 23,
24 and the unidirectionally-conductive devices 29
and 31 are all preferably of the thermionic vac-
uum-tube type with indirectly heated equipoten-
tial cathodes, so that the cathode of each has an
initial electron-emission potential, the polarity
of which is in a direction aiding the normal con-
ductivity of the device. This causes the rectifier
devices to have an initial conduction potential
which may be appreciable with relation to the
amplitude of the applied alternating voltage.
The electron-emission potential and other fac-
tors, such as contact potential and space-charge
effects which are inherent in tubes of this na-
ture, cause the resistance of such a tube in the
direction of its conductivity to vary with the cur-
rent flowing therethrough and this current, in
turn, is dependent upon the instantaneous value
of voltage applied to the tube and the resistance
of its load network. Thus, the input voltage-
output current characteristic of such tubes is
nonlinear over the range of values of instanta-
heous voltage applied to the tube. The effect on
the input circuit 21, 22 of the nonlinear operating
characteristic of the devices 23, 24, 28, and 31 is
substantially eliminated by a unidirectional-bias
potential applied across the resistors 30 and 32
from a voltage divider 35 across which is con-
nected a source of hattery or unidirectional po-
tial 33 and which serves to make the effective
initial conduction potentials across the rectifier
devices negligible relative to applied alternating
voltage amplitudes of even small values.

The magnitude of the unidirectional potential
applied across the resistors 30 and 32 is so pro-
portioned, by adjustment of the voltage divider
35, with relation to the load networks comprising
resistors 25, 26 and the operating characteristics
of the devices 23, 24, 29, and 3! that the latter
devices and the load networks present substan-
tially uniform resistance to the input circuit 2f,
22 for both small and large values of instanta-
neous voltage applied to the input circuit.

A portion of the pulse current in the cathode
circuit of amplifier 12 is conducted through an
adjustable neutralizing condenser 34 to the load
resistor 25, thi$ current having such phase rela-
tionship that it is effective further to reduce in
the output circuit of the rectifier system the ef-
fect of the undesired capacitive admittance of
the rectifier device 23.

In considering the operation. of the circuit just
described, and referring to Fig. 2, it will be as-
sumed that a scanning current of saw-tooth wave
form represented by curve A flows through the
winding 9. This saw-tooth current induces in
the pickup winding 10 a pulse voltage represent-
ed by curve B having positive half-cyeles a of rela-
tively small amplitude and negative half-cycles b of
relatively large amplitude. A portion of the volt-
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age induced in the pickup winding 16 is selected
by adjustment.of the potentiometer tf and is
applied to the.input of amplifier 12, the poten-
tiometer 11 preferably being adjusted to apply
to the amplifier the maximum voltage which the
latter is able to repeat without distortion. Any
distortion of the amplified voltage undesirably
shifts the axis of the pulse wave. The pulse
voltage is thus amplified by amplifier 12 to de-
" velop in the output circuit thereof a pulse volt-
age represented by curve C.

The amplifier pulse voltage C is applied to the
input eircuit of the rectifier system |4 where it
is rectified by the rectifier devices 23 and 24 to
derlve across the load resistors 25 and 26 pulsat-
ing unidirectional voltages corresponding to the
- original positive and negative half-cycles, respec-
tively, of the applied voltage. Since the indi-
vidual rectifier devices 23 and 24 are effectively
coupled without a biasing potential across' the
input circuit of the rectifier system (4 because
the voltage derived from source 33 is relatively
very small, the initial voltage applied to each of
the rectifier devices is in the region of marginal
conduction thereof. By the region of marginal
conduction is meant the region in which any
substantial voltage change in one sense will
render one of the rectifier devices conductive,
whereas the device will not be conductive as a
result of a similar change in voltage in the other
sense. The inherent capacitive admittances of
the rectifier devices 23 and 24 are compensated
by the respective unidirectionally-conductive de-
vices 29 and 3¢ which nearly short-circuit the
respective load resistors 25, 26 insofar as the re-
verse currents through the respective rectifier
devices 23, 24 are concerned. Thus, the wave
forms of the voltages derived across the respec-
tive load resistors 25 and 28 accurately corre-
spond to the wave forms of corresponding com-
plete half-cycles of the voltage applied to the
rectifier system. The voltage derived across the
load resistor 25 is represented by curve D and is
applied through the output circuit of the rectifier
system to the input circuit of amplifier {5 where
it is amplified to develop in the output circuit of
the amplifier a voltage having the wave form
represented by curve E. The wave form of this
voltage is reproduced on the fluorescent screen of
the oscilloscope £7.

The portion of the saw-tooth scanning current
corresponding to the trace intervals is repre-
sented by the intervals to—I1, t2—13 etc., of curve
A of Fig. 2. Since the wave form of the scan-
ning current is assumed to be linear, that is, of
uniform slope, during these intervals, the tops
of the wave reproduced on the screen of the os-
cilloscope 17 are flat as indicated by curve E.
Conversely, the flat top of the wave form of the
voltage reproduced by the oscilloscope {7 is an
indication that the saw-tooth current has umni-
form slope during the trace intervais.

If it is assumed that the wave form of the saw-
tooth scanning current flowing through the wind-
ing 8 has non-uniform slope during the trace
izftervals, as represented by curve F of Fig. 3,
curves &, H, I, and J of Fig. 3, respectively, rep-
resent the wave form of the voltage induced in
pickup winding 18, that developed in the cutput
circuit of amplifier {2, thet derived from the out-
put circuit of the rectifier system 04, and that
reprodueed on the fluorescent screen of the oscil-
loscope §{7. From curve J it will be apparent that
the saw-tooth scanning current hes changing

intervals. Since the minimum amplitude of curve
J accurately corresponds to the axis of the voltage
induced in the pickup winding {0, and represented
by curve @G, the amplitude of any point, as the

8 point ¢, on curve J is a direct measure of the wave

slope ¢of the saw-tooth scanning current at a
corresponding point ¢ in the scanning cycle, The
wave slopes of the scanning current at all points
in the trace intervals are thus readily and accu-

10 raately determined from the wave form of the

voltage reproduced on the screen of the oscillo-
scope 11.

As previously stated, the unidirectionally-con-
ductive device 28 nearly short-circuits the load

15 resistor 25 with respect to the reverse current

through rectifier device 23 resulting from its in-
herent capacitive admittance. The device 29 has
a small internal resistance in its conductive direc-
tion so that, were it not for the neutralizing cur-

o0 rent conducted through the condenser 34, a small

undesired voltage would be developed across the
load resistor 25 by the negative peaks of the volt-
age induced in pickup winding 10. The neutraliz-
ing current conducted to the load resistor 25
through the neutralizing condenser 34, however, is
of the proper phase to oppose that conducted
thereto through the undesired capacitive admit-
tance of the rectifier device 23 and is effective
to oppose such small undesired voltage, thereby

30 to reduce the effect of the internal resistance of

the device 29 in its conductive direction and the
effect in the output circuit of the undesired capac-
itive admittance of the rectifier device 23. Thus,
the neutralizing current aids the unidirectionally.

35 conductive device 29 in reducing to a minimum

the voltage developed across the load resistor 29
by current resulting from the inherent capacitive
admittance of the rectifier device 23. As a result,
the minimum amplitude of the pulsating unidi-

40 ‘rectional voltage developed across the load resis-

tor 25 accurately corresponds to the axis of the

pulse voltage induced in pickup winding 0.
Either or both of the unidirectionally-conduc-

tive device 29 and the neutralizing circuit com-

¢8 brising the condenser 34 are effective to reduce

in the rectifier system output circuit the effect
of the undesirable capacitive admittance of the
rectifier device 23.

As illustrative of a specific embodiment of the

50 invention, the following information is given for

the embodiment of the invention shown in the
drawing:

Freguency of scanning wave_.____ cycles.... 60
Retrace time —--period.. 0.01{08.1

o8 Rectifier device 23 and

unidirectionally - con-

ductive device 28______ Type 6H6 double diode
Rectifier device 24 and '

unidirectionally - con-~

ductive device 80_____. Type 6H6 double diode
Resistor 88 c oo megohm.._ v
Resistor 26 . ____. -do-_.. i
Resistor 88 ohms__ 1000
Resistor 88 oo do_.._ 1000
65 Condenser 88 ____ micro-microfarads... 17-18
Potential of battery 33_ . ______._ volts.. 1%

'From the foregoing description of the inven-:
tion, it will be evident that a rectifier system em-

70 bodying the invention presents to an amplifier

preceding the system the equivalent of a constant
high resistance to half-waves of both polarities
of the alternating voltages in the output of the
amplifier. This has the advantage that it is easy

slope from the beginning to the end of the trace 76 Yo develop across this effective high resistance a



~ high voltage and the

* &ccurately ‘corresponding to .
alternating voltage applied thereto compriging,

amplifiér consequently has
high gain, Additionally, the net direct current

h the Tectifier aystem
therefore, no tendency to develop in the input cir.

cult of the rectifier system
potential which would cause the loss of the iden-
Uity of the equal-area axis of the alternating volt-
age applied to the rectifier system, ‘

- While there has been described what is at pres-

" ent considered t0 be the preferred embodiment of

this invention, it will be obvious to those skilled
in’ the art that various changes and modifica-
tions may be made therein without -departing
from the invention, and it Is, therefore, aimed
in the appended claims to cover all such changes
and modifications &g fall within the true spirit
and scope of the invention, :

What is claimed is: _

1. A rectifier system for deriving half-cycles
half-cycles of an

an Input circult adapted to have applied thereto
sald alternating voltage, rectifier means having
effective initial conduction :potentials which are
negligible relative to said applied voltage and
including & pair of rectifier devices coupled to
sald input circuit individually to -conduct: com-
Plete half-cycles of applied

Tor said devices, said devices and their respective
load networks having equal effective  values of
resrect to said input circuit for

mzeroandtherels..

voltage of opposite’
polarities and Individual resistive load networks,

2,347,820

. normal conductivity,

5
of sald devices having undesired capacitive ad-.

mittance in & direction opposite to that of its
an output circuit coupled

- to the load network of only one of said rectifier

‘18

30

the respective half-cycles of applied voltage con-

ducted thereby, and an output circuit coupled to
the load network of only one of said rectifier
devices for deriving- therefrom only complete
half-cycles of one polarity of sald alternating
voltage, : ) .

2. A rectifier system for deriving half-cycles
accurately corresponding to half-cycles of an

alternating voltage applied thereto comprising, .

an input circuit adapted to have applied thereto
sald alternating voltage, rectifier meang having
effective initial conduction potentials which are
negligible .relative to said applied voltage and
including & pair of rectifier devices coupled to
said input circuit individually to conduct com-

plete half-cycles of applied voltage of opposite -

" sald devices and their respective Joad networks

being equal in the respective directions of con-
ductivity of said -devices, whereby said -devices
and said load networks present to said input cir-
cult substantiglly uniform resistance throughout

each complete cycle of. said alternating voltage,

work of only one of said rectifier - devices for
deriving therefrom only complete half-cycles of
one polarity of said alternating voltage,

3. A rectifier system for deriving half-cycles

35

40

_ alternating voltage

50

&6

- &ccurately corresponding to half-cycles of an -

alternating voltage applied thereto comprising,
an input circuit adapted to have applied thereto
a pair-of rectifier devices

of said devices, Whereby said devices and said
load networks present to said input cireuit sub-
stantially ‘uniform resistance throughout each

complete cycle of said alternating voltage, each

-

70

14}

.one load network for

- to the load network of only one of

devices for deriving therefrom ‘only complete
half-cycles . of one polarity of said alternating
voltage, and means connected in circuit with said
reducing the effect in aaid
output circuit of the undesired capacitive ad-
mittance of said one rectifier device during the
half-cycles of the other Dolarity, '

4. A rectifier system for deriving- half-cycles -
accurately corresponding. to balf-cycles of an
alternating voltage' applied thereto comprising,
to hage applied thereto
.sald alternating voltage, a pair of rectifier devices
coupled to said input circui individually to con-
duct half-cycles of applied voitage of opposite

stantially uniform resistance throughout each
complete cycle of said alternating voltage, each
of sald devices having undesired capacitive ad<
mittance in a direction Opposite to that of its -
normal conductivity, an output circuit coupled
_ d rectifier
devices for deriving therefrom ) complete
half-cycies of one polarity of saig alternating
voltage, and mears including a unidirectionaliy-
conductive device connected in circuit with said
one load network for reducing the effect in said

hali-cycles of the other bolarity, - . !

5. A rectifier system for deriving half-cycles
accurately corresponding to half-cycles of an
applied thereto comprising,
an input circuit adapteg to have applieq thereto
said alternating voltage, a pair of like - rectifier:
devices coupled to said input circuig individually
to conduct half-cycles of applied voltage of op-

‘Dosite polarities and having individual resistive

load networks of equal value, the sums of the
resistances of said devices and their respective
load networks:being equal in the Tespective direc-~
tions of conductivity of said devices, whereby said
devices and said load networks present to said
input circuit substantially uniform resistance
throughout each complete cycle of said alternat-
ing voltage, each of said devices having undesired
capacitive admittance in & direction opposite to
that of its normai conductlvity,"an output cir- -
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8- -
of sald devices, whereby sald devices and said
load networks present
stantially

complete cycle of said alternating voltage, each
‘of seld devices having undesired capacitive ad-

mittance in & direction opposite to that of its -

normal conductivity, an output eircult coupled to
the load network of only one of said rectifier de-
vices for deriving therefrom only complete haif-
cycles of ‘one polarity of said alternating voltage,
and mesans including & unidirectionally-conduc-
tive device connected in shunt with said one load

network for reducing the effect in said output

_sald one rectifier device.

an input circuit adapted to have applied thereto
sald alternating voltage, & pair of rectifier de-
vices coupled to sald input circuit individually
to conduct half-cycles of applied voltage of op-
posite polarities and having individual resistive
load networks, the sums of the resistances of said
devices and their respective load rietworks belng
equal in the respective directions of conductivity

to said input circuit sub-
uniform resistance throughout each -
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alternating voltage, & rectiﬁer device coupled to
said input circuit and having a resistive load net-

‘work, said device having undesired capacitive ad-

mittance in o direction opposite to that of its
normal conductivity, an output circult coupled
to said load network for deriving therefrom only
complete half-cyéles of one polarity of said alter-
nating voltage, and means including a umidirec-
tionally-conductive device connected in circuit -
with said load network for reducing the effect in

" sald output circult of the undesired capacitive

_ circuit of the undesired capacitive admittance of .
' 16
7. A rectifier system for deriving half-cycles .
_ . accurately corresponding to half-cycles of .&n
- glternating voltage applied thereto -comprising, .

admittance of said rectifier device.

‘10, A rectifier system for deriving half-cycles -
accurately corresponding to half-cycles of an
alternating voltage applied thereto comprising,

* an input circuit adapted to have applied thereto

sald alternating voltage, a pair of rectifier de-

. vices coupled to said input circuit individually to

- eonduct half-cycles of applied voltage of opposite .

20

‘polarities and having individual resistive load

- networks, the sums of the resistances of said de-
- 'vices and their respective load networks being

25.

oo 1d devices, whereby said devices and said

load networks present to sald input circuit sub-

_ stantially uniform resistance throughout each .

complete cycle of said alternating voltage, each
‘of said devices having undesired capacitive ad-
mittance in a direction opposite to that of its
normal conductivity, an ouiput circuit coupled
to the load network of only one of said rectifier
devices for deriving therefrom only complete
“half-cycles of one polarity of sald alternating
voltage, and means including & pair of unidirec-~
tionally-conductive devices individually con-

nected in circuit with said load networks for re-:

ducing the effect in said input and output circuits

rectifier devices. E o
8. A rectifier system for deriving half-cycles
_accurately corresponding to half-cycles of an al-
ternating voltage applied thereto comprising, an
input circuit adapted to have applied thereto

-80.

35
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of the undesired capacitive admittance of said.

equal in the respective directions of conduc-
tivity of said devices, an output circuit coupled
to the load network of only one of said rectifier

.devices for, deriving therefrom only complete

half-cycles of one polarity of said alternating
voltage, and a source of unidirectional potential
connected in circuit with said devices with &
polerity to oppose the conductivity thereof and
having a magnitude so proportioned with respect
to said load networks and the operating charac-
teristics of said devices that said rectifier devices
and their load networks present substantially
uniform resistance to sald input circuit for all
values of instantaneous applied voltage.

11. A rectifier system for deriving half-cycles
accurately corresponding to.half-cycles of an
alternating voltage applied thereto comprising,
an input circuit adapted to have applied thereto
said slternating voltage, a pair of rectifier devices

. coupled to said input circuit individually to con-

duct halt-cycles of applied yvoltage of opposite

- polarities and having individual resistive load

43

said alternating voltage, & pair of rectifler de-
vices coupled to said input circuit individually -

to conduct half-cycles of applied voltage of op-
posite polarities and having indlvidual resistive
load networks, the sums of
devices and their respective load networks being
equsal in
of sald devices, whereby said devices and said
Joad networks present to said input ‘circuit sub-
stantially ‘uniform resistance throughout each

50

the resistances of said

the respective directions of conductivity -

complete cycle of said alternating voitage, each

of said devices having undesired capacitive ad-
mittance in & direction opposite to that of its nor-
mal conductivity, an output circuit coupled to
the load network of only one of said rectifier
devices for derlving therefrom only complete
‘half-cycles of one polarity of said alternating
voltage, and means for conducting to sald one
joad network an alternating current of phase to

 oppose that conducted to sald onme network by

the undesired capacitive admittance of said one
rectifier device for reducing the effect in said out-
put circult of the undesired capacitive admit-
tance of said one rectifler device, , .
9. A rectifier system for deriving half-cycles
accurately corresponding to half-cycles of an al-
ternating voltage applied thereto comprising, an
input circult adapted to have applied thereto said

60

networks, the sums of the resistances of said de-
vices and their respective load networks being
equal in the respective directions of conduc-
tivity of said devices, each of sald devices having

" undesired capacitive admittance in & direction

opposite to that of its normal conductivity, an
output circuit coupled to the load network of
only one of said rectifier devices for deriving
therefrom only complete half-cycles of one
polarity of said alternating voltage, a unidirec-
tionally-conductive device connected in circult
with said one load network for reducing the ef-
fect in sald output circuit of the undesired
capacitive admittance of sald one rectifier de-
vice, and a source of unidirectional potential
connected in circuit with said devices with a
polarity to oppose the conductivity thereof and
having a magnitude so proportioned with respect
to said load networks and the operating charac-

- teristics of said devices that said devices and

65

70
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said load netwoiks present substantially uniform
resistance to said input circuit for all values of
instantaneous applied voltage. . '

12, A rectifier system for deriving half-cycles
accurately corresponding to hali-cycles of an
alternating voltage applied thereto comprising,
an input circuit adapted to have applied therete
said alternating voitage, & pair of rectifier de-
vices coupled to sald input circuit individually
to conduct half-cycles of applied voltage of op-
posite polarities and having individual resistive
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load networks, the sums of the resistances of
said devices and their respective load networks
being equal in the respective directions of con-
ductivity of said devices, each of said devices
having undesired capacitive admittance in a di-
rection opposite to that of its normal conduc-
tivity, an output circuit coupled to the load net-
work of only one of said rectifier devices for
deriving therefrom only complete half-cycles of
one polarity of said alternating voltage, means
including & pair of unidirectionally-~conductive
devices individually connected in ecircuit with
said load networks for reducing the effect in said

input and output circuits of the undesired capac-
itive admittances of said rectifier devices, and a
source of unidirectional potential connected in
circuit with said devices with a polarity to oppose
the conductivity thereof and having s magnitude
so proportioned with respect to said load net-
works and the operating characteristics of said

‘devices that sald devices and said load networks

present substantially uniform resistance to said
input circuit for all values of instantaneous ap-
plied voltage.

HAROLD A. WHEELER.
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