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Reissued Nov. 1, 1932

UNITED STATES

PATENT OFFICE

WILLIAM NELSON GOODWIN, JR., OF NEWARK, NEW JERSEY, ASSIGNOR TO WESTON
ELECTRICAL INSTRUMENT CORP., OF NEWARK, NEW JERSEY, A CORPORATION OF

NEW JERSEY

TESTING VACUUM TUBES

uriginal No. 1,704,566, dated March 5, 1929, Serial No. 213,643,,ﬁ1ed August 17,1927, -Application for
: reissue filed July 11, 1930. Serial No. 467,377, :

This invention relates to a method of and
apparatus for testing vacuum tubes and par-
ticularly to operations and apparatus in
which an altérnating current source may be
employed to energize all of the circuits.

A well known methoed for making a simple
test on a tube is to energize the plate and
filament circuits in the usual manner by
means of batteries, and then measure the plate
current for two values of grid biasing poten-
tial, obtained either by grid batteries, or by
taking advantage of the drop in potential

across the filament produced by the heating.

current.

In the former case, the plate current is
measured with and without-the grid battery
and in the latter case, the plate current is
measured first with the grid connected to one
side of the filament and then with it connect-
ed to the other side.

Testing devices using alternating current
for plate and filament circuits have been used,
but only for testing the total emission of the
tube; that is, the measurement of the plate
current when plate and grid are connected to-
gether. This method, however, is in general,
harmful to the tube. Tt is very desirable,
therefore, to bias the grid by a voltage which
will reduce the plate current to approximate-
ly operating condition. This, of course, can
be accomplished by the use of a grid battery,
but such a method destroys the simplicity of
pure alternating current operation.

Objects of the present invention are to pro-
vide a method of and apparatus for testing
audion tubes which avoid these disadvantages
which have been encountered under the form-
er practice. Further objects are to provide
a testing system in which a variable grid bias

-may be applied from the alternating cut-

rent source which energizes the plate and fila-

ment circuits. More specifically, an object is -

to provide tube testing apparatus adapted to
be operated from an alternating current
source for energizing the plate and filament
circuits of a tube, and for applying biasing
voltages. upon the grid-of the tube.

. These and other objects of the invention
will be apparent from the following speci-

fication when taken with the accompanying
drawings, in which, v

Fig. 1 1s a circuit diagram of an alternat-
ing current tube tester embodying the in-
vention.

Figs. 2 and 8 are diagrams illustrating the
operation of the audion tester, and
" Figs. 4, 5 and 6 are circuit diagrams of
other embodiments-of the invention.

In the drawings, the numeral 1 indicates
the primary of a transformer which is adapt-
ed to be connected across a source 2 of alter-
nating current, which source may, for con-
venience, be an ordinary lighting circuit.. The
secondary winding 8 of the transformer is de-
signed to deliver a voltage suitable for the
energization of the filament circuit: A regu-
lating rheostat 4 is preferably included in
the filament lighting circuit, and for the test-
ing of the commercial types of audions, the
rheostat is so chosen that the normal operat-
ing voltage may be impressed across the fila-
ment when the potential across the secondary
3 is 6 volts. : ' -

When operating from the usual-lighting
circuit which delivers 60 cycle current at 110
volts, the plate circuit may be energized di-
rectly from the source 2 by a connection 5
from one terminal of the primary 1 to. the
plate terminal of the audion, and a connec-
tion 6 from the other terminal of the primary

"to a terminal of the secondary 3. The con-

nection 5 includes a milliammeter 7 for indi-
cating the flow of current.in the plate -cir-
cuit. ' : '

The grid of the audion tube is not con-
nected . permanently to a fixed point in the

“electrical network, but to-the heel of a con-
tact key 8, which key is normally held.in

engagement with a contact 9 by a spring
10, or by its own flexure: Contact 9 is con-
nected to the filament terminal ¥ which is
directly connected to one terminal of the
secondary 8, and a second contact 11 is con-
nected to.the opposite side of the filament
supply circuit. As shown in the drawings,
the connection to contact 11 is made between
the secondary and the rheostat 4, thus per-
mitting a grid voltage variation equal to the
entire secondary voltage, but the connection
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may extend to the other terminal F? of the
filament, in which case the grid voltage may
be changed by the value of the voltage drop
across the filament.

The electrical network is preferably so ar-
ranged that the transformer polaritzes dur-
Ing the effective half-cycle are as indicated
by the arrows in Fig. 1. With the contact

key in its normal position of engagement with

contact 9, the grid has a negative bias during

the half-cycle when plate current is flowing

and so reduces the plate current to-its mini-

‘mum value. When the key is depressed into

engagement with contact 11, a positive bias
is 1mpressed upon the grid during the effec-
tive half-cycle and increases the plate cur-

The magnitude of the plate current and

‘the difference bétween the currents with the

key up or down are a test of the quality of
the audion. ‘
The connections as illustrated in Fig. 1 are

- preferred for the reason that the plate cur-

rent is a minimum for the normal position
of the key and is thus less harmful for the
tube. This condition can, however, be re-
versed by interchanging the conrnections to

‘the key contacts 9, 11, or by reversing the
“polarity of the transformer. :

~ 'The theory of operation as above described

“will be apparent from Figs. 2 and 3. The

curves of Fig. 2 represent potentials applied,
the heavy line 12 indicating the potential
of theplate relative to the filament and the
lighter line 13 representing the potential of
the grid with reference to the filament. As
indicated by the legends the curves at the
left side of the figure indicate the grid and
plate potentials when the key 8 is in engage-
ment with contact 9 and the curves at the
right of the figure indicate the potentials
when the key is depressed into engagement
with contact 11. The heavy line curves 14 of
Fig. 3 indicate the magnitude of the plate
current and the lighter curve 15 indicates the

- grid potential. "The curve 15 is of course a

duplicate of curve 13 of Fig. 2 but is re-
drawn on Fig. 3 for the sake of clearness.

. The full line portion of curve 15 indicates
the grid potential relative to the filament .

“during the half cycle in which plate current
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65

flows, and represents the only periods during

which the grid is effective to control the plate.

current. - The dotted line portions of curve
15 indicate the grid potential during the half
cycles when the plate potential is negative

and represent the periods during which the .

grid potential has no effect upon plate cur-
rent. As shown in Fig. 2, the grid potential
is negative when the key is up and tends to
decrease the plate current, and: the grid po-
tential is positive and tends to increase the
plate current when the key.is down. The

effect upon current flow of the different grid

potentials is indicated graphically in Fig. 3.

18,641

The provision of grid potentials of differ-
ent values and/or of different sign may be
effected by alternative connections to any two
spaced points in the network which forms
the filament and plate circuits. The term
“spaced points” is employed in the specifica-
tion and claims to identify two points be-
tween which a difference in potential exists
at any instant. , [N

Figs. 4, 5 and 6 illustrate other circuits.
which embody the invention, and in these
views the circuit elements which are identi- .
cal with corresponding elements. of Fig. 1
areidentified by the same reference numerals.
In each of these views the arrows indicate
the polarity of the potentials during the half
cycle when the plateé potential is positive.
In each of these modified circaits the con-
struction is such that a negative bias is placed
on the grid when the key 8 is in engagement:
with the upper contact 9.

As shown in Fig. 4 the contact 9 is con-
nected to the lead between one terminal of
the filament and the transformer secondary 3.
The more positive potential for biasing the
grid may be obtained by a tap on one of the
transformer windings, and as shown in - Fig.
4, the contact 11'ig connected to an intermedi-
ate point 16 of the secondary winding 8.

As shown in Fig. 5 the two alternative po-
tentials for biasing the grid are obtained by

“the voltage drop across a resistor in the pri-
-mary or secondary circuits, In the particular

embodiment illustrated the key contact 9 is
connected to that terminal of the secondary
which is at a negative potential when the

~plate potential is positive, and a resistor 17

is provided between that terminal and the
filament. "The contact 11 is connected be-.
tween the resistor 17 and the filament and
is therefore at a more positive potential than
the contact 9 during the effective
when the plate is positive. =
“Asg shown in Fig. 6 the bias voltages are
obtained by the drop across a resistor in the
plate circuit which resistor 18 forms a con-
nection between the two transformer wind-
ings. In this form the key contact 9 is con-
nected to the primary winding side of the..
resistor 18 and the positive contact 11 is con-
nected to the opposite end of the resistor.

It will be apparent that the grid bias may
be obtained from any alternating current
source which is in synchronism with the plate
potential. So far as I am aware it is broadly
new to test vacuum' tubes by measuring the
variation in plate current produced by the
change in grid bias voltage derived from the
holf cycle of an alternating current voltage.
The invention is not limited to the particu-
lar methods and apparatus which are here-
in described as various changes may be made
within the scope of my invention as
in the following claims. o
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What is claimed is:

1. The method of testing an audion tube
which comprises supplying alternating cur-
rent to the plate and cathode heating circuits
to energize the same, whereby the resulting
flow of current establishes a potential drop
in said circuits, and alternatively connecting .
the grid to two spaced points in one of said
circuits, whereby different biasing voltages
are applied to the grid.

2. In the process of testing vacuum tubes
by energizing the plate and cathode heating
circuits thereof from a source of alternating
current, and alternatively impressing on the
grid two different bias voltages derived from
the source which energizes the plate and cath-
ode heating circuits, the method which com-
prises impressing and normally maintaining
on the grid during half-cycles when the plate
potential is positive the more negative of satd
bias voltages, and thereafter removing said
more negative bias voltage from the grid
and impressing thereon during half-cycles
when the plate potential is positive the sec-
ond of said bias voltages. :

3. An audion tube tester comprising a
source of alternating current, circuit ele-
ments extending from opposite terminals of
said source to the plate and cathode of a tube
to form a plate energizing circuit, a cathode
heating circuit including means energized by
said source for Impressing an appropriate
voltage across the tube cathode heating ter-
minals, one of said circuits including be-
tween two spaced points therein a substantial
alternating current impedance, and. means
for alternatively connecting the grid to the
said two spaced points in one of said circuits,
whereby different bias voltages may be im-
pressed upon said audion by virtue of the po-
tential drop established across said imped-
ance by current flow in the said circuit.

4. In an audion tube tester, a step-down
transformer having a primary adapted to be
connected across an alternating current
source and a secondary adapted to energize
an audion cathode, a plate circuit in parallel
with said transformer primary, a cathode
heating circuit connected across said second-
ary, one of said circuits including between
two spaced points therein a substantial alter-
nating current impedance; and means for al-
ternatively connecting the audion grid to the
said two spaced points in said circuits.

5. In an audion tube tester, the combina-
tion with ecircuit elements for connection be-.
tween a source of alternating current and an
audion to energize the plate and cathode
heating circuits from said source, and switch
means for alternatively impressing on the
audion grid two different bias potentials, of
means normally positioning said switch
means to establish the more negative of said
bias potentials on the grid during half-cycles

5 when the plate potential is positive.

3

41

6. In an audion tube tester, an electrical
network for connection between a source of
alternating current and an audion, said net-
work comprising elements for establishing
circuits to energize the audion cathode heat-
ing and plate circuits from said source, cir-
cuit elements including a switch for alterna-
tively impressing upon the grid the alternat-
ing voltages established at two spaced points
in said network by said source, and means for
normally holding said switch in that one of
its alternative positions which establishes the
more ne%ative bias ipon the grid during the
half-cycle when the plate potential is posi-
tive. '

7. In an audion tube tester, an electrical
network for connection between a source of
alternating current and an audion tube; said
network comprising elements establishing
circuits for supplying alternating current to
the plate and cathode heating circuits of said
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audion; circuit elements operative to estab- -

lish on said grid a normal bias voltage which,
during half cycles when said plate potential
1s positive, is more negative than the cath-
ode potential ; and circuit elements including
a switch for establishing a less negative bias
potential on the grid during said half cycles
when the plate potential is positive.
WM. NELSON GOODWIN, Jz.
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