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The use ofl vacuum tubes in radio transmitting
and recelving cets has increacsed rapidly in the past
few years. Thic extended uce has uncovered certain
limitations and disadvantages of the old type of
vacuum tube. Ior tnic reccson, 1t seemed advisable,
not only from an educational standpoint, but from an
econonlic standpoint, to invecstigate the possibilities
of the construction and the operation ol a new tyne
of vacuum tube.

The 0ld style of vacuum tube consists ol three
elenents, a filament, a plate, and a grid. The filanment
is an emmitter of negative electrons. The plate, due
to the nich positive potential at which it is charged,
attracts the electrons. The grid 1s a net-1like
structure loc=ted between the filament and tne plate.

In paesing from the fllament to the plate, the

electrons must pacs throuch the grid. Due to the
nezative charge carried by the electron, its motion

ie affected by any electro-static potential in the
vicinity. This pr-perty makes it rossicle, by

chancing the potentlal imprecsed on the grid, to control
the quantlty of electrons pacseing from filamcnt to plate.

Altnoush this tube ie sensitive and anmpllfies
without dicstortion, 1t has several dicadvantages.

Some of thece dlsadvantages are the necessity for
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comparatively weak electrostatic 1lelds, its

tendency to build up undesirable oscillztory currents
in resonant circuits, ancz the necessity for an
extremely high degree of vacuun. The new tube has
been decicred with the Intent of overcoming these
disadvantages and making other improvements.

It is a well known fuct that an electric current
is affe:ted by the presence of an electronmagnetic
field. This fact 1s made use of in the design of the
new type of tuve. The new tuve, as 1tirst proposed,
wis to consist ot a filament, two like plates, a
parabolic reflector, and a control eolenoid. Thece
elementc wers to be arranced as shown in Plate #1,

Fig. #1. The filament F was to oe located at the

focus of the parabolic reflector R. The axis of

the parabola was to pass between the two plates, Pl and
P2. The control solenoid was to pbe placed around

the enclosing tube. In operation, a negative potential
would ve impressed on R, and equal positive potentials
on Pl and Pp. In the absence of a magnetic field,

the electron flow would be equally divided between

P1 and P,. In the presence of a magnetic field, the
electron flow would be deflected from one plate to tne
other depending upon the direction of the field.

If leads are brousht from these plates to opreslite ends

of a solenoid, and if the pnlate potential 1s supplied






through a center tap on the solenold, the flux in

the solenold due to the equally divided plate currents
will be zero. Now 1f the plate currents are unbalanced,
due to a changling magnetic flux 1n the tube, flux will
be set up in the solenoid. It 1s easlly seen that

this 1s the conditlon obtained in a push-pull ampli-
fier with the old style of tubes.

The greater part of the material used in the
construction of the new tube was obtained from burned
out tubes of the old style. It was necessary to obtain
non-magnetic material for the elements. If magnetic
material were used for the elements, the magnetic
field set up by the control coll would be concentrated
in the elements and would have little effect in
controling the electron flow. It was found that the
plates of General Electric Co. tubes were of non-
magnetic material and so this materlal was used for
the reflecter and plates of the first set of elements
constructed. Plate #1, Fig.l shows the arrangement
of the elements. These elements were made about two
inches in length and of lateral dlmensions to fit in

a one inch test tube. The filament was of oxlde-
coated platinum obtalned from the Western Electric

type of tube. The base uced was the bace of an old



Wwestern Electric tube. It was considered undesirable
to actually construct the base because of the
difficulty of making an air tight Jjolnt when fusing
leads through glass.

After some experimenting, 1t was found that the
best way of fastenling the elements to the leads was by
brazing with brass. The leads were depended upon to
support the elements. This was the first real
difficulty encountered. It was found to be 1mpossible
to hold the elements rigidly by this method.

At this time, a new type of construction was
decided upon. The plan of the elements is shown on

Plate #1, Fig.2. The opposite plates P. & Pl and P,

1
& P5> were connected as shown by Fig. 3. The

reflecter was replaced by the the shield shown in

Flg. 4. The filament was suspended in the sglot in the
shield.

The plates and shleld were constructed of sheet
copper because 1t was found that the material obtained
from the old General Electric Co. tubes oxldized very
easily and 1t was very difficult to remove the oxide.
Also thls metal was very brittle. It would probably
not be desirable to use copper in a commercial tube

because of 1ts tendency to hold occluded gases.

The elements were made of a slze such that they



would Jjust slip inside a one inch test tube. This
gaeve a rigid support for the plates. The top of
the shield and the crossleads between the plates were
fuced inte a pliece of glass which supported them as
well as insulating them from each other. The top end
of the filament was connected directly to the shield.
The shield thus served as one filament lead while
the. other filament lead was kept apart from the other
elements. The leads from the two sets of plates and
the filamént leads were brazed to the leads throuch
the glass base. The entire group of elements then
appeared as in the accompanying print on Plate #2.

The next prodlem was to incloce the elements
in 2 glwcs tube ol tac form s.own 1n Fig. 5, Plate #1l.
After a rreat zmount of diiticulty, working with
soft glase, 1t was found to be necessary to construct
the tupbe o: Prrex glass and rasten tiiis to the soit
glass base with De Khotlnsky cement. De Khotinsky
cement 1s the only compound known which will form an
alr tight jJoint with glass. This completed form of
tube is shown by the print on Plate #2.

Dr. Ewing of the chenistry derartment mede
roscsible the use of the vacuum pump owned by that
department. The evacuation of the tube proved to be

a long process. During this procecs two filaments
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were burned out, mzkling 1t necescsary to remove the
tube from the pump for replacements. ..t another tine,
the mercury pump on the evacu~ting system became
over heated, wlhilich made 1t necessary to remove the
tube from the pump.

After consliderable time had been spent trying
to reduce the pressure in the tube to such a degree
that lonization would not occur at ordinary plate
voltages with the fllament lighted, 1t was decided
to test the tube wnile it remalned on the pump.

The definite reason for belng unable to prevent
lonization is not known. It 1is thought that some air
nay have filtered through the De Khotincky cement,or
that the cement actually evaporated, thus reducling
the pressure. The gage onthe vump indicated a
precssure of only .0002 millimeters of mercury at

that time.

The only quantitatlive tests possible teo talke
of the tube were static tests. The connection
diagran for taking thece tests is shown on Plate 74,
Test Connection #l. On Plate #2 willl be seen tue
prints of the tube on the pump with the testing
apparatus in place. The data from the statlc tests

is given on the following pages.
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In the followlng data, I, = filazent current,
Ep = plate voltage, [py = milllanperes in P,,
Ip, » mllllamperes in Po, Rp = reslistance 1n the

plate leads, and I, = current in the control coil.

Ip = 1.25 Rp = 2000 Ep = 90
Wnen Iz = 0, Ipl w 3.3, and Ip2 w 3.9.

Ic iP1 Ip2 Ipl-Ip2+.6
3 3.4 z.7 .3
.6 3.4 3.3 .2
.9 3.3 3.6 )
1'2 3‘3 3‘5 04
1.5 3.35 3.6 .35
1.8 5‘2 3'5 015
2.1 3.35 3.5 45
2.4 3.35 3.5 45
2.7 3.30 34 50
3.0 3.35 3.3 .65
When I, = 0, Ipy = 1.95, and Ipy = 2.3
3 1.98 2.23 .10
.6 1.98 2.13 .20
.9 2.00 2.13 .22
1.2 2.01 2.10 .26
1.5 2.05 2.10 .30
1.3 2.05 2.06 o« 34
2.1 2.05 2.00 <40
2.4 2.12 1.7 .60
2.7 2.10 1.83 .62
z2.0 2.15 1.30 .70



Ip = 1.25 Rp = 2000 Ep = 30

YWhen IC = O, Ipl - .7, and Ip2 - .92.

IC Ipl Ip2 Ipl-Ip24o22
3 .79 .87 L14
.6 22 .82 .22
.9 .87 .80 .29
1.2 .91 TT .76_
1.5 .95 .72 45
1.8 1.0° .67 .55
2.1 1.01 .63 .60
2.4 .1.06 «58 .70
2.7 1.11 .50 .83
3.0 1016 ’45 ’93
Vhen Ic = O, Ip; = .35, and Ip2 = 37,
) <39 «33 .08
.6 .40 .28 .14
.9 A5 .22 .25
1.2 49 .13 « 33
1.5 .51 .17 .36
1.8 .52 .15 «39
2¢l -::16 013 045
204 -59 012 049
2.7 .50 .08 .54
2.0 .61 .07 .56
I = 1.09 Rp = 2000 ED a 83
when Ic =0, Ipy = .40, and Ip2 - .F0.
Ic Iny Ipo Ip1-Ipp+-.20
7
6.1 83 .10 1.00
5 S1 '13 .90
4 .:7)6 '17 u84
J .65 122 73
2 .57 '33 052
l .50 '43 034
O .40 ‘53 017
_l .70 '60 oo
—2 '55 ';2 "020
- ‘ . ‘031
3 021 '80 .-79

"4 .19 .80 A



If = 1009

Vhen Ic =0, Ipj =

Rp =

Im;a
.61
.56
.51
.50
42
<35
.27
.21
.18
.09
.03
.00

Rp -

vhen Ic = O, IPl =

FOHNOHOFMDDW

Ic

Ipl

.21
.23
.21
.20
013
.10
.08
<03
.00

2000

E
p

2002
.13,

and

Tvp
.00
.03
.02
.13
.20
.30
<37
43
Ay
.50
.50
.50

.37,

Ipy=Ipo#.10

.71
.63
«53
Y
.32
.15
.00
-012
-.19
-.31
=37
-.40

Ip1-Ip2-0

21
.22
.19
.15
.00
-.07
-.12
-.17
-.20



If - lo29 Rp 8. 2000 ED - 40

Vhen Ic = O, Ipl - 2.85, and Ip2 = 3.50.

Io Ipy Ips Ipp-Ipot 45
5.2 4.25 1.2 3.00
490 3.9 2.13 2.22
2.9 3.45 2.73 1.17
2. 3.2 2.87 .38
1. 3.08 3.13 <35
0. 2.85 3.30 .00
-1. 2.7 3,27 -.12
-2. 2.5 3.23 -.28
-3, 2.29 3.20 -.46
-4, 1.98 3.43 -.99
-5.1 1.35 3.67 -1.87
-6.3 1.00 3.97 -2.52
If = 1.29 Rp = I0,000 Ep = 40

6.5 1.45 .00 1.50

5. 2.65 1.03 .67

4, 1.8 .83 l1.02
3. 1.7 .90 .85

2. 1.5 1.07 43

0. 1.28 1.25% .00

-2. 1.13 1.67 -.49
-4, 75 1.63 -.83

-5.5 <40 1.63 -1.18



Wihen Ie = 0, I»y =z .38, and Ipy = 1.10.

3.1 «55 .00 . 54
209 059 007 051
2. .57 .10 46
1. .50 .22 .27
0. .33 37 .00
-l' 023 -43 "'-16
_2‘ 19 050 -.3
=3 .09 .53 -.41
-)"-l .OZ" 053 -050
_C.l .OO 040 --54

Since the output of this tube 1s controlled by
the current in the control coll, it 1s desirable to
know the relatlon which exists between the coll
current and the currents in the two plates. lurves
showing this relatiom for wvarious conditions of
plate voltage, filament current, etc. may be found
on the €urve Plates #1l, #2, #3. The anount of
unbalance between the plate currents 1s plotted
against the current in the control coill.

Congider Curve Plate #1. The first curve
shows the result of a high degree of lonization of
the residual gas 1In the tube. This lonization
produced such an unstable condition ih the tube
that tie polnts determining the curve are widely

scattered. It 1is interesting to note the point of
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inflection on this curve, and on the next one also.
This may be explained as follows. Below the point

of inflection the curvature 1s due to the approach

of szturation - the entire filament emmission is
belng concentrated on one plate. At this point,

the concentration of electrons seems to cause the

gas to become mudh more highly ionized - or it may be
that there are two gases in the tube, and that one
does not lonize until a critical concentration 1is
reached. Thils change was accompanied by a sudden
Increase in the currents from both plates, and by a
marked change in the 1llunination of the lonlzed
vapor. Saturation 1s agaln being approached at the upper
end of the second curve.

The third curve indicates a very stable operating
voltare. The characteristic curve 1is nearly a stralight
line. It appears from this that thirty volts 1s the
best operating potential for the tube.

The last curve also shows 2 very stable condition,
but the cshape of the curve indicates that saturation
would be reached at a much lower value of plate
current than on the preceding curve.

The first two curves show the effect of a hizshly
lonized condition of the gas in the tube. Curve three

was talen Just on the verze of ionlzatlon. Curve



four might be a reproduction of curve three to a
snaller scale, since oneration below the ionization
point is stable.

Curve Plate #2 differs from the one Just
considered in that the leads to the control coil
were reversed to get the maximum deflection in both
directions. These curves were taken at a lower fillament
temperature, and consequently do not show the effects
of complete ionization. TFilament temperature secemns
to have had much more effect on the degree of ionization
than the pl:te voltares. The fact that the curves are
unbalanced 1s probably due to lack of symmetry 1in the
mechanical construction of the tube. The most notlceable
thing about the curves 1s thelr resemblence to tne
characteristlic curves of the ordlnary three electrode
tube.

The first two curves on lurve Plate ;#3 were
taken with the same plate voltages but with different
resistances in the plate leads. The resistance
served two purposes. It was protection for the
instruments in the circuit and to obtain conditions
that would approach the conditions of dynamlc operation.
The last curve showes the effect ol lowering the voltage
on the »nlates. It has been 1impossible to find a
sultable explanation for the 1lrregularities of the

first curve.



A consideration of the curves indicates that, for
certaln voltages at least, straight line amplification
can be expected over a rather large range.

another tning to determine that is very important
is the ratio of power input to the power output, or
the amplification ratio of the tube. This was found to
be a ditficult thing to determine, especially when there
was but little resistance in the plate circuits. One
way was to find the ratio between the output coprer
loss and the input copper loss, since no power is involved
except the losses. Take Fig. 2 on Curve Plzte #3. It
appears that a maximun current output of about one and
one-half milliamperes 1s avallable without a serious
introduction of harmonics. This output calls for a
maxinum of slx amperes 1n the control coll of thiprty-
four turns, or two hundred four ampere turns in a coil
of three inches in dlameter. These values would
correspond to effective alternating currents of
1.05 milliamperes, 4.2 amperes, and 142.8 ampere turns.
With 10,000 ohms in each plate circult, the effective
A. C. power output would be

.66T5§2 x 20,000 = .022 watts.
For a coil of 34 turns, the current would be 4.2
amperes and the resistance would have to be

.022

'17.6 = 100125 ohns.



Thils would call for 2 coil of larger than #1 wire, to
have an amplification ratio of one to one. VWith a colil
of 1.0 turns the current wodld be 1.43 amperes. The
resistance for this coll belng .022 or .0107 ohms.
This would call for about #6 wire?.ogor a coil of 500
turns, the current would be .236 amperes and the
allowable resistance, ;Qgg or .269 ohms. Tne length
of wire would be about igg‘ieet, and the size about #12.
For 5,000 turns, the current would be .028%5 amperes
and the allowable resistance, .022 or 26.9 ohms.
.000813
This would call for #22 wire. The tube, from this
cstandpoint would be impractical,since to obtain a
power ratio of five to one would require a coil of about
25,000 turns of #22 wire.

In an effort to find if the tube, in an ionized
condition, would respond to audible frequenciles,
apparatus was connected as shown in connection #2,
Plate #4. Using a control coll of 100 turns and with
the buzzer taklng an effective direct current of
from .2 ampere to .5 ampere, a clearly audlble note
could be heard in the receivers. Thils indicates

controlled

that currents through lonized gas can be, magnetically

at audible frequencies.

In general it may be sald that both electronlc

and lonic currents may be controlled by electro-



magnetic 1lelds. Also in a tuve of this type, 2t

a certain plate voltage, and within a rather wiie
range, the controlled currents are a linear function
of the controlling currents.

On the other hand, it arpears that more power
would be required to control the output than the
output itself would amount to. In othe; words 1its
amplification would be negatlive.

It i1s quite possible that, with a more carefully
constructed tube, a circuit could be deslzned wnich

wo1ld zive the tube an amplification ratlio which would

make 1t commercilally practical.
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