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2 Claims?(Cl,201?63) 

The present invention relates to current-regulating de 
vices,more particularly to devices of the type known 
as ballast tubes wherein an element of Suitable resistance 
material(usually iron),suspended in an atmosphere of 
rarified gas(e.g. hydrogen or helium),Serves to keep 
a current flowing through it at a Substantialy constant 
value over an eXtended range of voltageS. 
The regulatory efect of Such tubes is due to the fact 

that a rise in applied voltage increases the dissipation of 
electric energy and,hence,the generation of heat in the 
element,the temperature coeficient of resistance of the 
element being positive and such as to cause its resistance 
to rise substantialy in proportion to the voltage,Since, 
however,the change in the temperature of the resistance 
element is dependent not only upon the heat generated 
therein but also upon the heat carried of by radiation, 
convection and thermal conduction,the magnitude of the 
current drawn by the tube is not only a function of 
the applied voltage but also of the thermal coupling be 
? the resistance element and the Surrounding atmos 

??e? 

p Since the thermal coupling is,inter alia, determined 
by the pressure obtaining within the tube,it might be 
expected that variations in preSSure would afectits cur 
rentversus voltage characteristic;thisisin fact borne out 
by experiments. There exists,however,no simple rela 
tion between preSSure and thermal coupling;thus while 
the logarithmic temperature derivative of heat dissipation 
willgenerally increase with rising preSSures,yet for very 
1ow pressures there exsts an anomalous region where the 
reverseis true. For agiven preSSure one can find,never 
theless,a predetermined voltage range within which bal 
1ast action,i.e.stabilization of the current,will occur. 

Thegeneral objectof the presentinventionisto provide 
a method of and means for extending the voltage range 
throughout which a Substantially conStant output cur 
rent is obtainable,or, conversely,for reducing current 
variations within agiven voltage range,as compared with 
conventional ballast tubes. 
According to the invention I accomplish the above ob 

ject by varying the thermal coupling between the resist 
ance element of a tube and the tubes gaseous filling un 
der the control of the voltage applied. Means for vary 
ing this coupling may comprise a current-responsive de 
vice connected in Series or in Shunt with the resistance 
element and adapted to vary,for example,the preSSure 
inside the tube or the volume efectively occupied by the 
element,the latter eXpedient afecting directly the rate 
of heat transfer between the element and the coolant at 
mosphere in which it is immersed. Where a pressure 
control means is provided,the Same may operate either 
to raise or to lower the gas pressure with rising voltages, 
depending upon the preSSure range for Which the tube is 
designed. 
The invention will be described in detail with refer 

ence to the accompanying drawingin which: 
Figure 1 is a graph illustrating the behavior of a bal 

last tube at diferent tenperatures and pressures; 
Figure 2is a graphillustrating the stabilizing efect of 

a ballast tube for two diferent preSSures in a diferent pressure rangefrom Figure 1; 
Figures 3,4,5 and 6 show,Somewhat Schematically, 

axial Sections through diferent ballast tubes represent 
ing various embodiments of the invention. 

Referring first to Figure 1,there is shown a diagram 
in which the abscissae represent the absolute tempera 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

2 
ture T in degrees K and the ordinates are either 
w=d(log P)/d(log T)or r=d(log R)/d(log T),R 
beingtheresistance of aniron wirein a ballast tube and 
Wbeingthe thermalenergy dissipated into the Surround 
ing atmosphere,It wil be noted that there is only 
one curve for r whereas v assumes diferent values tor 
diferent pressures P. By way ofillustration it may be 
mentioned thatthetwo curves w"(P=P1)and w"(P=P2) 
may be for pressures of 1 mm?Hg(P1)and 10 mm?Hg 
(P2),respectively. 

It can be shown that ballast action will occur as long 
as r>w. For a pressure Pl the curves w" and r inter 
sect a first time at a relatively low temperature T1 and 
a Second time at a higher temperature 13;for a preSSure 
P2 the curves }' and r interSect at a temperature 
T2>T1 and again at a temperature T4>13,1t 
follows that for P=P1 ballast action will be obtainable 
at temperatures ranging from 11 to 13 Whereas tor 
P=P2 the range will extend from T2 to T4,1f the 
pressure is changed from Pl to P2 as the voltage in 
creases,the operating range can be extended trom a 
Starting Voltage CorreSpondlng to a temperature ll tO 
a limiting voltage correSponding to a temperature T4, 
this range being evidentiy greater than that obtainable if 
the preSSure is maintained at P1,P2 or Some intermediate 
ConStant Value. 

ln Figure 2,the abscissae repreSent the applied voltage 
V while the ordinates show the current l drawn by the 
tube. Between voltages V1 and V2 the current rlSes 
gradually along curve 1' if the preSSure is malntained at 
a value P=P3,and along a Simllar curve 1/,correSpond 
ing to higher values,if the preSSure is at P=H4;it is 
assumed that both values P3 and P4 are Substantially 
higher than the value P2 of Figure 1,thus greater than 
10 mm. Hg,and that P4>P3. lt will be Seen that the 
current may be maintained at a SubStantially COnStant 
value IR if the preSSure is gradually changed from P4 
to P3 as the Voltage rises from V1 to V2. 
An arrangement embodying the invention is shown 

in Figure 3;the ballast tube 30 includes input terminals 
31,32,an envelope 33 enclosing a rarified gaS G Such aS, 
for example,hydrogen or helum,and a reSiStance ele 
ment in the form ot a coiled wire 34,e.g., ofiron,Sur 
rounded by the rarified gas and connected to terminal 31. 
The tube also includes means for varying the thermal 
coupling between the wire coil 34 and the gaseous at 
mosphere,in the form of a bimetallic strip 35 having one 
end rigidly Supported by a conductive rod 36 which in 
turn is connected to terminal 32,the coil 34 being 
anchored to the other,free end of Strip 35. 
When a voltage,e,g.,as indicated in the drawing,is 

applied to the terminals 31,32,current will fiow in a 
Series circuit consisting of rod 36,Strip 35 and element 
34,the latter being initialy contracted as shown in full 
lines In this condition of the coil there is less thermal 
couping between it and the Surroundingatmosphere than 
for more extended conditions,therefore the wire 34 heats 
up relatively rapidiy to reach at low voltage the point 
at which ballast action StartS. From this point on,the 
current willincreaSe at a Slow rate Which,however,will 
be Suficient to cause a gradual deformation of the bi 
metalic strip 35into the position shown dot-dash lines, 
this reSulting in a correSponding eXpansion of the coil 
34. Owing to this expansion the coupling between coil 
34 and the atmosphere increases,more heat is dis 
sipated and the temperature of the wire rises slowly to 
ward a point at Which the current departs from its sub 
Stantially constant Value,It Will thus be Seen that this 
arrangement afords current stabilization over an in 
creased range of input voltages. 

While the element 34 has been deScribed above as an 
iron wire,greater elasticity of the coil may be obtained 
through the use of a more resilient material as a core 
Supporting theiron in the form of a coating thereon. A 
Suitable material for this purpose is tungsten;since this, 
howeyer,is a_conductor,an insulating layer(e.g. of 
aluminum oxide) must be interposed between the core 
and the iron. It may also be mentioned that where it 
is possible to use the tube.30 exclusively in the vertical 
position illustrated,the resiliency of the wire 34 will be 
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of less importance inasmuch as the turns of the coil 
34 will tend to contract under their own weight;they 
may, of course,be additionally loaded to increase this 
tendency. 

In the modification of Fig,4there is shown a tube 40 
comprising terminals 41,42,envelope 43 and resistance 
element 44,the latter beingin the form of a simple wire 
loop having one leg connected to terminal 42. Con 
nected in series between the other leg of wire 44 and 
terminal 41 is a Solenoid coil 45 controling a plunger 
46 which in turn operates a bellows 47 enclosing the 
1oop 44. The interior 48 of the bellows 47 contains a 
rarefied gas G while the rest of the tube may include a 
similar or diferent gas G" preferably under approxi 
mately the Same pressure,a slight but variable preSSure 
diferential between the chamber 48 and its Surroundings 
being brought about by expansion or contraction of the 
bellows under the control of Solenoid 45,46. 

Depending on whether the device operates in a pres 
Sure range as indicated in Figure 1 or as indicated in 
Figure 2,the Solenoid may be arranged either to com 
pact or to eXpand the bellows 47 as the current through 
the wire 44 and,with it,through the coil 45 increases. 
It is, of course,again understood that a relatively Small 
increment of current should Sufice to bring about the 
desired control action,the initial pressure inside cham 
ber 48 being for this purpose so Selected as to vary criti 
cally from,Say,P4 to P3(Fig,2)as the input voltage 
rises from V1 to V2. 

In Figure 5 use is made of the thermal characteristics 
of a reversible adsorbent forgas,Such as zirconium,to 
achieve the desired change in pressure. This material 
has the property of absorbing hydrogen gas at relatively 
low temperatures and to release it when heated to higher 
temperatureS. In Figure 5 the tube 50 comprises termi 
nals 51,52,an envelope 53,a resistance wire 54 ex 
tending between the terminals,and a control member 
55 of Zirconium exposed to thermal radiation from wire 
54;the member55may be in the form ofatube spacedly 
surrounding the wire. When the wire 54istraversed by 
current,and the initial pressure has a value of,Say,P1 
(Fig. 1),then ballast action will start when the wire 
reaches a temperature T1,Somewhere between this 
temperature and a temperature T3,at which ballast ac 
tion would normally end as shown in Figure 1,the zir 
conium member 55is heated Suficiently to release some 
gas which will increase the preSSure to a value P2,there 
by extending the range of current stabilizationto a point 
corresponding to a temperature T4. 
that even with an almost constant current I the rise in 
voltage V may Sufice to create enough additional heat 
to bringaboutthis change ingas pressure. 

In the arrangement of Figure 6 the ballast tube is 
aSSociated with an ionic pump of the type disclosed in 
U.S. Patent No.2.282,401,issued May12,1942. Across 
the input terminals of the tube 60,indicated diagram 
matically at 61 and 62,is connected the resistance ele 
ment 64 and in shunt therewith a magnet coil 65 Sur 
rounding the central.portion of the tube envelope 63 
which is internally lined with an anodic coating 66. 
This central portion is shielded from the right-hand end 
of the tube,containing the resistance wire 64,by a metal 
Screen 67 and from the left-hand end of the tube,en 
closing.a cathode 68,by an apertured plate 69. The in 
put voltage is applied to the terminals 61,62 from a 
Source 70.in Series with a load 71,the magnet coi 65 
being,if desired,in series with a resistor 72 designed to 

It Should be noted 
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1imit and/oradjust the current drawn by this coil. Op 
erating voltages for the cathode 68 and the anode 66 
are derived from batteries 73 and 75 respectively. 

In operation,electrons emitted by the cathode 68 are 
drawn toward the anode coating 66 and ionize the gas 
within the envelope 63,the paths of the electrons being 
indicated at 74. Ionsproduced by collision ofgas mole 
cules with the electrons are attracted by the cathode 68 
and pass through the aperture of plate 69,thereby low 
ering the gas preSSure inside the part of the tube to the 
right of that plate. Thus the preSSure around the wire 
64 will assume_a value Such that the pumping action 
due to the leftward electron injection movement of 
positive ions is just balanced by difusion of neutral 
atoms in the opposite direction. Since,however,the 
magnetic fieldproduced bythe coil 64willtend to length 
en the.electron paths (as more fully Set out in the pat 
ent referred to),the number of collisions will be in 
CreaSed and the preSSure level around wire 64 will be 
reduced as the voltage across terminals 61,62 rises, 
hence Stabilizing action as described in connection with 
Figure 2 Will again occur. Since the control current 
(through magnet.coil 65)is here independent of the 
current through the resistance element,the latter may, 
in fact,be made to decrease with increasing voltages to 
compenSate for the rise in the current drawn by the cir 
cuits 65,72 whereby the total current through the load 
71 may be held constant. It wil,of course,be under 
Stood that a Similar Shunt arrangement may be Substi 
? for the Series arrangements shown in Figures 3 
allCl 4? 
The various embodiments described above and shown 

in the drawing.have been given merely for purposes of 
?lustration and_not as a.limitation upon the scope of 
the invention which,on the contrary,is capable of nu 
merpus adaptations and modifications within the scope 
of the appended claims. 
Whatis claimed is: - 
1?A ballast tube comprising an envelope,a gas in 

Said envelope,input terminals,a resistance element in 
Said gas Gonnected between Said input terminals,pres 
Sure regulating means adapted to vary the pressufe of 
Said.gas,and electric_control_means for.said pressure 
regulating means,Said control means being connected 
between Said input terminals and in series with said re 
sistance element for actuation by a voltage applied there 
tO. 
2 A ballast.tube comprising an envelope,a gas in 

Said envelope,input terminals,an expandible resistance 
element in_Said gas c9nnected between Said input ter 
minals,and a_bimetalic Strip mechanicaly secured to 
Said element for varying the expansion of said resist 
ance element,Said bimetallic strip being connected be 
tWeen_Said input terminals and electricaly in series with 
Said element for actuation by a voltage applied thereto. 
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