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| l .

. fhe present invention relates to electrical

switching systems.

In certain types of switches, such as certain

types of electronic. switches, the ‘effect of . the
switching voltages appears in the output of the
switch and produces a change in the switched
currents. In many systems this change is un- e v
oo oo - .0 I8 the provision in a shiftable radiant -

“An example of the effect of the switching volt- - i acting sys

desirable.

ages on the switched current occurs when a diode

is used as the switch and conduction of the diode
‘voltages in-

is periodically blocked by switching
the ‘waveform of spaced rectangular pulses that
adically cause the switched current to be

of the switched current

current is the initial electron velocity current

(Edison eftect). | | -
‘When ¢ switching voltage (the rectangular
pulse) is applied to the ‘diode in the proper di-
rection and of sufficient value, the diode ceases

cut
diode is conduct-

for compensating

~ Application March 5, 1945, Sertal No. 581,058
. 8Claims. (CL 343—121)

2 )
the provision with an electronic-switch of means
for the effects of the switching

voltages., | |
- Astill fvﬁher object of the present invention
is the provision of an improved electronic switch

10

which also serves as a detector.

- 8till another object of the present invention
tem, such as, for example, a direction finding

receiver or beacon, of an improved electronic
- switching system in which adjustment is made

. for the effects of the switchlng voltages.

8till another object of the present invention

is the provision in a shiftable radiant acting sys-

15
current. This direct

to conduct. This cuts off the switched currents.

initial electron velocity cur-
rent, thereby causing an abrupt drop in th
direct current level in the output. At the in-
stant when the diode again becomes conductive,
the initial electron velocity current starts again,
producing an abrupt rise of current in the out-
put which, after reaching & certain level, flat-

It also shuts off the

tens out and continues at substantially said level

(except as modulated by the superimposed
switched currents) until the diode is again made
non-conductive when again this direct cwrrent
‘level drops. Accordingly there appears in the
output of said switch substantially rectangular
pulses synchronous with
having an amplitude depending on the value of
the initial electron velocity current. In many
applications these output pulses are undesirable

and produce disadvantageous results. For ex-

- which:
25.

- and electronic switch disclosed in block
, Fig.1; and

80

tem of an arrangement which serves both as an
electronic switch and as a detector and in which

- adjustment is made for the effect of the switch-

ing voltages. o
- Other and further objects of the present in-

vention will become apparent and the foregoing
will be best understood ‘rom the following de-
scription of an embodiment thereof, reference
being had to the accompanying drawing, in

Fig. 1 is a diagram, partly schematic, and
partly in block form, of a direction finding sys-
tem embodying my invention; | | |

" Pig. 2 1s a schematic diagram of the detector
form in

Pig. 3 is a curve used in describing the oper-
ation of sald detector and electronic switch.
As shown in PFig. 1, I provide four antenns

units 1, 2, 3 and 4, each of which is rendered

uni-directional’ by shield means 5, 6, 7 and 8

" respectively. The antenna units illustrated are

the switching pulses and -

dipoles and are respectively connected by dual
transmission lines 8—f2 to known conversion

" boxes 13—I16 respectively. These conversion-

40

“ample if such switches are employed ahead of

oscilloscopes, as in certain direction finders like

those described in |
Nathan Marchand. ior “Direction finders,” Serial
No. 565,142, filed November 25, 1944 Patent No.
2,448,041, issued August 31, 1948, and in my co-
pending application

the copending application of

45

John H. Newitt for “Elec-

tronic switching system,” Serial No. 579,451, filed

February 23, 1949, Patent No. 2,457,173 issued
" December 28, 1948, these output pulses will ap-
pear on the screen of the oscilloscope and in-
terfere with the desired indications.
~ An object of the present
vision of an improved switching system and
method of switching. o o
Another object is the provision of an improved
~ electronic switching system
ing control voltages do not

| change the switched
currents. | |

o A Iurther object of thé__ present invention is ©

in which the switch-

50

invention is the pro- -

55

boxes convert from said balanced dual transmis-

) sion lines to coaxial lines 17—20 respectively.

Coaxial lines 11—20 are sequentially coupled
by means of a switch 21 to a direction finding
receiver 22. Said switch 21 may be of the type
described in my aforesaid copending apbplica-
tion, or of any other suitable type. - |

While it will be appreciated that the direction

finding receiver may be of different types, the

type illustrated is that of a superheterodyne re-
ceiver. The direction finding receiver 22 in-

cludes a local oscillator 23 which beals with the
energy received from switch 21 in a mixer 24.

The output of the mixer 24 is then passed through '

an intermediate frequency amplifier 2.
" In accordance with my invention, the output of
the intermediate frequency amplifier 26 is fed
through an arrangement serving both as a de-
tector and en electronic switch 26. The arrange-
ment 28 may be synchronized with switch 21 as
indicated by broken line 271 so that the output
of sald arrangement 26 is switched in accordance



- 1s being received.

3,485,643
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with the antenria unit connected to the direction
finding receiver. The arrangement 26 embodying

‘an important feature of my invention will be de-

scribed in detail hereinafter in connection with

Figs. 2 and 3. The output of arrangement 28 is

fed to two attenuators 28 and 29. The outputs

of attenuators 28 and 29 are fed through a known
mixer 30 so that they can be impressed on an

indicator, such as for example oscilloscope 31,
As described in.the aforesaid application of N.

10

Marchand, the attenuators 28 and 29 serve to

control the relative amplitude of the energy

derived from the different antenna units, as in-
dicated in the indicator. The attenuators may
be calibrated, the calibration thus giving an in-
dication of the direction from which the energy

Referring now to Fig. 2, the exemplary de-
tector and the electronic switch arrangement 26
there illustrated employs a pair of electron dis-
charge devices in the form of diodes 32 and 33
for both detection and electronic switching pur-
poses. The diodes 32 and 33 may be made in the
. form of a double diode 34 in which both diodes
32 and 33 are contained within a single envelope.
Diodes 32 and 33, as illustrated, are of the indi-
rectly heated type having heaters 35 and 36, cath-
odes 31 and 38, and
tively. | |

Detection is accomplished by the following ar-
rangement.
mediate frequency amplifier 25 (see Fig. 1) is
applied to the primary 4f of an intermediate fre-
quency transformer 42 (see Fig. 2), the secondary
43 of said transformer having one end thereof
connected to cathodes 31 and 38 through con-
densers 44 and 45 respectively. The other end of
secondary 43 is connected through ground via

condensers 46 and 47 respectively to anodes 39

and 40 respectively. It will therefore be seen that

15
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“had to Fig. 3. Curve a of said figure, represents
-the detected signal energy. Due to the initial

4
as will be described hereinafter in the coutse of
my invention, the effects of the switching voltages
would appear in the output, that is, at output ter-
minals 48 and 49. This will be best understood
irom the following description, reference being

electron velocity current which will flow through

- resistors §2 and 83, a direct current potential drop

will exist across sald resistors §2 and §3 which
is represented in Fig. 3 curve b, by the dotted
line 61. This normal potential drop will appear
at output terminals 48 and 48 respectively. By
the term “normal” I mean that the effects of

the signal energy are disregarded. From the

foregoing it will be seen that when diodes 32 and
33 are conductive, positive potentials will appear
at output terminals 48 and 49 at the level 6
curve b, the level 61 being positive with relation to
ground. The actual potentials appearing at ter--

ninals 48 and 49 will consist of a potential hav-

Ing a value as indicated by level 81 as modulated

~ by the signal energy. This is depicted in curve c,

25

anodes 39 and 40 respec-

30
The signal output from the inter-

35

40

-the signal energy appearing across the secondary

43 of transformer 42 is impressed across the
diodes 32 and 33 and is therefore rectified.

The rectified energy is delivered to output ter-
minals 48 and 49 by connecting cathodes 37 and

‘45

38 through intermediate frequency choke coils -

90 and 51 to terminals 48 andd 49 respectively.
- Choke coils 50 and 51 serve to block the interme-
diate frequency current from the rectiied or

direct current circuit. The direct current cir-

cuit is completed by providing resistors 92 and
93 connecting terminals 48 and 49 respectively
to ground and by resistors 54 and 55 connecting
the anodes 39 and 40 respectively to- ground.
Switching is accomplished by controlling the
conduction of diodes 32 and 33. sald diodes being
alternately blocked by switching voltages derived
from a source and sequential switch 56. Since
the diodes are to be repeatedly switched abrupt-
ly on and off, the source 56 supplies trains of rec-

tangular pulses. Any of various known devices

- such as a commutator connected to a D, C. source,
may be employed as the source 56. | |

As Ulustrated in Fig. 2 said source 56 is con-
nected to ground and supplies negative pulses
with respect to ground at terminals 57 and §8,
said pulses appearing first at one of said ter-
mineals and then at the other sequentially. Ter-
minals §7 and 58 are connected through resistors
98-and 60 to the anodes 39 and 48. The switch-
Ing voltages from source 56 are thus arranged
to block diodes 32 and 33 in such manner that
when diode 32 is conducting, diode 33 is blocked,
and vice versa. | |

In the absence of compensating means Such

50

Fig. 3, between time To and Ti. |
‘When, however, switching voltages are applied
to the diodes to block conduction thereof, these
switching voltages not only prevent the signal
voltages from appearing at the output terminal
48 or 49 but also cut off the initial electron ve-
locity current and eliminate the potential drop

‘caused thereby. The result is that not only is

the signal energy cut off but there is a drop in
potential of the terminals 48 and 49 as illustrated
during time T:—Tz, curves b and e. This drop
in potential appears on the oscilloscope and in-
terferes with the indications thereof. |

In accordance with my invention, I provide
means for adjusting or compensating for this
drop. | - |

I accomplish this by applying positive pulses
across resistors 52 and §3, as illustrated in curve
d, Fig. 3, each time the tube associated with |
either of said resistors 52 or 53 is blocked by the
switching voltages. For example, during the time
Ii—T2 when one of the diodes is blocked and
therefore the voltage drop across one of the re-
sistors §2 or §3, due to the initial electron velocity

current, is eliminated, I apply a Lositive pulse

which raises the potential across said resistor to
substantially the same level as if the initial elec-
tron velocity current continued to flow. -

These positive pulses which may be derived

from terminals 62 and 83 of source §6, or any -
other suitable source, are synchronized with the
switching voltages and are applied across re-
sistors 52 and 63 through cwrrent limiting re-
sistors 64 and 68 respectively. These positive

- pulses illustrated in curve d, are substantially of

60
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(f

the same value as the voltages produced by the.
initial electron velocity current across resistors
92 and 53. Thus the D. C. level of the output is
substantially constant. Consequently, despite the

switching operation and the effects of the switch-

ing voltages, the outputs as seen at terminals 48
and 49 consist of the signal voltages superim-
posed on a constant D. C. level, as {llustrated by
curve ¢ of Fig. 3. Thus the effects of the switch-
ing voltages do not appear in the output and do"
not interfere with the indication of the signal
voltages on the oscilloscope, e
While T have described the details of one em-
bodiment of my invention, it will be apparent
thal numerous modifications may be made with-
out departing from the teachings thereof. For
example, while I have described two dicdes used



S electronic switches, it is apparent that one or

rany more diodes may be used for this purpose.

wirthermore, while I have described my inven-
ion in connection with diodes, it will also be ap-

arent that triodes and other multi-element

ubes may likewise be employed. With triodes

r tubes having a greater number of electrodes,

here will be a D. C. voltage drop produced dur-
ng conduction which will be eliminated when
onduction of said tube or tubes Is blocked. In

djustment for the effect of the switching volt-
wges on said drop may be made in the manner
iereinabove described.

that it may be used

rention, it will be apparent
Therefore it should

n various other systems.
se distinetly understood
riven merely by way of fllustration and is not to
se considered a limitation of my invention as
hereinabove indicated and defined in the accom-
panying claims. | |

T claim: |

1. In an electron discharge device system,
wherein during conduction of said device a direct
current voltage drop appears across the output
thereof, the combination of means to apply a
voltage for blocking conduction of said device,
and means for directly and simultaneously ap-
plying the opposite polarity of said voltage to
said output acting in coordination with said
blocking means for compensating the direct cur-
rent drop loss in the output during blocking.

2. A system according to claim 1 in which the
blocking means comprises a source of switching
voltages with means for impressing the same on
said discharge device.

3. A system according to claim 1 in which the
compensating means comprises means for apply-
ing to the output, voltages substantially equal to
and in the same vectorial direction as said direct
current voltage drop. |

" 4. In an electronic switching system, & plurality
of electron discharge devices connected with the

output of said system so that during conduction

of one of said devices a normal direct current
voltage drop is maintained across said output, a
source of switching voltages, means for impress-
ing said switching voltages on said electron dis-
charge devices to block conduction thereof in se-
quence, and means for applying voltages directly
.from said source to the output of said system syn-
chronously with said switching voltages, sald ap-
plied voltages being substantially equal in value
to said voltage drop and in the same vectorial
direction, to thereby maintain substantially said
normal voltage drop across said output. during
blocking of said device. -

5. An electronic switching system for switching
‘signal voltages from a source to a load compris-
ing an electron discharge device, an input circuit
connecting said source of signal voliages to said
electron discharge device, an output circuit con-
necting said electron discharge device to said load

so that during conduction of said device a nor-

mal direct current voltage drop is maintained in

“said output circuit, a source of switching voltages,

‘means for impressing said voltages on sald elec-
~ tron discharge device to block conduction thereof,
and means for applying voltages directly from

Furthermore, while I
save described one system incorporating my in-

16
.ccordance with my invention, compensation or

that this description 1s -

30
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ceiver,

- 6

said source to said output circuit synchronously
with said switching voltages, said applied voltages
being substantially equal in value to said normal
voltage drop and in the same vectorial direction,
to thereby maintain substantially said normal

voltage drop in the output circuit of said system

during blocking of said device.
6. An electronic switching and detector system -
for detecting radio frequency energy and switch-
ing said energy between g source and a load com-
prising an electron discharge device, means for
connecting said source and said load with said
electron discharge device so that the conduction
of said device produces g normal direct current

voltage drop across said load and the radio fre-

quency energy from said source is detected, a
source of switching voltages, means for impress-
ing said switching voltages on said device to block

conduction thereof and thereby eliminate said

normal voltage drop, and means for applying
voltages directly from said source to the load in
synchronism with said switching voltages, said

applied voltages being substantially equal in value
'to said normal voltage drop and in the same vec-

torial direction, to thereby maintain substantially

said normal voltage drop across the said load.

7. A system according to claim 6, wherein the

'_electron discharge device is a diode.

8. A direction finding system comprising a plu-
rality of differently directed antennas, a direc-
tion finding receiver, and a switching system for
switching current from said antennas o sald re-
said receiver including an electronic
switching and radio frequency detecting arrange-

‘ment comprising an electron discharge device,

means for impressing radio frequency energy on
said device, means for deriving from said device
detected energy from said radio freduency energy
so arranged that conduction of said device pro-
duces a normal direct current voltage drop in the
deriving means, a source of switching voltages,

‘means for impressing said switching voltages di-

rectly from said source on sald device to block
conduction thereof and thereby eliminate said

‘normal direct current voltage drop, and means for -

applying voltages to the deriving means in syn-
chronism with said switching voltages, said ap-

plied voltages being substantially equal in value

to said normal voltage drop and in the same vec-
torial direction, to thereby maintain substantially

- said norma] voltage drop in said deriving means.
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JOHN H. NEWITT.
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