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My invention relates to improvements in oscil- details of the heat control system and those of 
lation generators and, more particularly, to gen- the regulating thermostat are well known and 
erators of the type embodying a vibrating mem- include the usual relay device, and form per Se 
ber Such as a tuning fork. no part of my present invention. No disclosure 

5 One of the objects of my invention is to pro- of these details is, therefore, believed to be neces- 60 
vide an improved system of the character re- Sary, the only requirement being that this cir 
ferred to which has practically perfect stability. Cuit and the various parts comprising the same 
Another object of my invention is to provide be effective to maintain the temperature prac-. 

an improved tuning fork construction which is tically constant at the desired point. 
10 particularly useful in systems of the character For the purpose of driving or imparting V- 65 

referred to, and which has a damping factor bratory movement to the tines 30 and 32 of the 
many times less than the respective damping fork, series-connected electromagnetic coils 34 
factors of the various tuning forks constructed are Supported in any suitable manner from the 
heretofore. inner wall of the container 14, and are induc 

15 other objects and advantages will hereinafter tively connected by a transformer 36 to the plate 70 
appear. circuit of a thermionic amplifier tube 38 having 
For the purpose of illustrating my invention, at least four electrodes, one of which is a screen 

an embodiment thereof is shown in the drawing, grid 40. Electromagnetic pick-up coils 42 are 
Wherein also suitably supported from the inner Wall of 

20 Figure 1 is a simplified, diagrammatic view of the container 14 in close proximity to the fork 75 
a system embodying my invention, some of the tines, these coils being inductively connected by 
parts being shown on an enlarged scale and in a transformer 44 to the grid circuit of the tube 38. 
section; s A direct current supply source comprising 

Fig. 2 is an enlarged sectional view, the sec- voltage supply lines 46 and 48 supplies operating 
25 tion being taken on the line 2-2 in Fig. 1; potentials to the Screen grid 40 and the plate 50 80 

Fig. 3 is an enlarged fragmentary view taken of the tube 38. For this purpose, Series-con 
from Fig. 1; and nected resistors 52 and 54 are connected as shown 

Fig. 4 is a fragmentary sectional view, showing across the Supply lines 46 and 48, the Screen 
a proposed modification. grid 40 being connected to an intermediate point 

30 in Fig. 1, the vibratory member in the system 56 of the resistance 52-54 by a connection 58. 85 
is shown as being in the form of a tuning fork The plate 50 is connected to the Supply line 48 
10 mounted in suitable heat-regulated appa- through a suitable inductance. 60. 
ratus 12 for the purpose of maintaining the tem- A. resistance 62 is connected in the supply line 
perature of the fork practically constant at a 48 in Series with both the plate and the Screen 

35 predetermined point during operation. grid circuits of the tube 38. 90 
The apparatus 12 is shown as comprising an In operation, as the tines of the fork vibrate, 

inner metallic container 14, an outer metallic the tube 38 is caused to oscillate at the frequency 
container 16, and an intermediate metallic con- of the fork by the joint action of the coils 34 
tainer 18. It is proposed to make these three and 42 and the associated circuits. A current 

40 containers of aluminum. Suitable heat insulat- wave at the fork frequency is thereby generated 95 
ing material 20 is interposed between the con- in the plate circuit of the tube, and is caused to 
tainers, as shown. flow through the driving coils 34. A similar cur 

Heat is supplied to the apparatus 12 by a suit- rent Wave at the fork frequency is induced in 
able heating coil 22 wound non-inductively be- the pick-up coils 42 by electro-magnetic induc 

45 tween a layer of suitable insulating paper 24 tion, and this Wave, applied to the grid circuit Oa 
and the outer surface of the container 18, as of the tube 38, maintains the same in Oscillation 
shown in Fig. 3, the heating coil and the paper at the fork frequency. As is well understood, 
extending throughout substantially the entire the ratios of the transformers 36 and 44 and 
length of the container. the relation between the polarities of their re 

50 Constant temperature regulation is obtained spective windings are such as to contribute to- 105 
by a suitable thermostatic element 26 which may wards this action. As the current wave in the 
be disposed in a hole or cavity in the wall of plate circuit of the tube is constant at the fork 
the container 18. A similar hole or cavity is also frequency, an accompanying voltage wave, con 
formed in the Wall of this container to receive a stant at the fork frequency, appears across the 

55 suitable indicating thermometer device 28. The output lines 64. 0. 
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An important feature of my improved system 

resides in the supply connection comprising the 
resistors 52 and 54. In this combination, the 
ratio between the resistance sections 52 and 54 
on opposite sides of the intermediate connection 
point 56 is such that upon variation in the volt 
age across the lines 46 and 48 over the normal 
operating range, the potentials on the Screen grid 
40 and the plate 50 will vary in Such an amount 
as to cause equal variations, but in opposite 
senses, of the amplification factor of the tube. 
In other words, an increase in the Screen grid 
voltage decreases the amplification factor and 
vice versa, while increase in the plate Woltage in 
creases this factor and vice versa, the One vari 
ation compensating for the other So that the 
amplification factor of the tube remains constant 
independently of the occurring variations of the 
voltage across lines 46 and 48 over the normal 
operating range. The resistance 62 operates to 
make the operation still more stable than might 
otherwise be the case upon variation in the volt 
age across lines 46 and 48. 
In a system constructed in accordance with 

my present disclosure using the values of resist 
ance, capacity, inductance and voltage design 
nated in the drawing, the variation in frequency 
of vibration of the tuning fork was found to be 
less than five parts in ten million for a variation 
in the Supply voltage plus or minus eight per 
cent of the normal voltage. 

Instead of using a tuning fork for the vibratory 
member, it is contemplated to employ the prin 
ciple of magnet-striction, in which case a bar 

35 66 of magnetic material is substituted for the 
fork 10. Electromagnetic coils 34a and 42a are 
disposed as ShoWn at opposite ends of the bar 
66, and correspond respectively to the coils 34 
and 42 in Fig. 1. In this modification, the bar 
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expands and contracts, or vibrates longitudinally 
at a frequency equal to that of the current Wave 
through the driving coil 34a, and a current wave 
at the same frequency is induced in the pick-up 
coil 42a and Supplied to the grid circuit of the 
tube 38. In other respects, the circuit and oper 
ating action is the same as in Fig. 1. 
An important feature in my system, in cases 

where a tuning fork is used, resides in the specific 
construction of the fork. This construction, as 
more clearly shown in Fig. 2, is characterized by 
the fact that the width of, the thickness of and 
the distance between the tines are substantially 
equal to a given dimension designated by the 
reference character A. My improved construc 
tions of tuning fork is further characterized by 
the fact that the base ends of the tines merge 
with each other in a perfect half circle as shown 
in Fig. 1, wherein the inner and outer radii, meas 
lured from a center 68 disposed on the longitudi 
nal axis of the fork, are equal respectively to one 
half A and three-halves A. Another character 
ization of my improved fork construction resides 
in the fact that the base ends of the times merge 
with the base on circles each having a radius 
equal to A and taken on centers 70 and 71, each 
the same distance from the longitudinal axis of 
the fork, and each located a distance equal to 
twice A measured from the center 68 in a direc 
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tion longitudinally of the fork axis. 
A tuning fork constructed as described above, 

wherein. A was A inch, was found to have a very 
low damping factor, to be substantially free from 
affects of vibrations that might develop in the 
base block on which it is mounted, to be char 
acterized by the fact that the fork vibrations tube. 

1,987,588 
are not conducted to the base block. All of these 
characteristics contribute toward a very low 
damping factor, which, for this particular fork, 
was found to be from four to fifteen times less 
than the respective damping factors of the various 
other forks constructed heretofore. With regard 
to the latter, it is a fact that the damping factors 
of some cannot even be measured in their elec 
trical driving circuit because they stop vibrating 
almost instantaneously when the driving power 
is shut off. t 
The great frequency stability of my improved 

system is attributed in large part to my improved 
construction of tuning fork. 
The constant frequency voltage wave across the 

output lines 64 may be utilized, after suitable 
amplification if required, to maintain the oper 
ation of a great variety of devices in step with 
the fork vibrations at the constant frequency. 
For example, my improved System may be used 
to Synchronize operating action of transmitting 
and receiving equipment in television and fac 
simile systems, or to control a Synchronous driv 
ing motor in a clock or timing system. In this 
connection, it will be understood that the fork 100 
frequency...and the values of resistance, capacity, 
inductance and voltage will be chosen to comply 
in the most advantageous Way With particular 
operating requirements. 
The various values of resistance, capacity, in- 105 

ductance and voltage given in the drawing are 
not critical in any strict sense of the word, and 
may be varied over a Substantial range. Further 
more, various modifications Or changes within the 
conception of those skilled in the art may be 110 
made without departing from the Spirit of my 
invention or the scope of the claims. 
I claim as my invention: 
1. In a system of the character described, a 

vibratory member, an implifier tube having at is 
least four electrodes one of which is a screen grid 
and another of which is a plate, means for im 
parting vibratory movement to said member in 
cluding a coil supplied from the plate circuit of 
said tube, means for causing said tube to oscillate 120 
at Substantially the normal frequency of vibra 
tion of Said member, said last-named means in 
cluding a pick-up coil supported in proximity to 
said member and supplying the grid circuit of 
said tube, voltage supply lines one of which is 125 
connected to said plate, resistance means con 
nected acroSS Said lines, and a connection be 
tween said screen grid and an intermediate point 
of said resistance means, the respective resistance 
sections on opposite sides of said intermediate 130 
point being . Such that the amplification factor 
of said tube remains Substantially constant in 
dependently of occurring variation in the voltage 
acroSS Said lines Over the normal Operating range. 

2. In a System of the character described, a 135 
direct current supply source, voltage output lines, 
and means supplied from said source and operat 
ing to generate a voltage wave at substantially 
constant frequency and apply the same across 
said lines; said means including a screen-grid 140 
amplifier tube, a vibratory member, means for 
imparting vibratory movement to said member 
and including a coil supplied from the plate cir 
cuit of Said tube and supported in proximity to 
said member, and means for causing said tube to 145 
Oscillate at Substantially the normal frequency 
of vibration of same member and including a 
pick-up coil supported in proximity to said 
member and Supplying the grid circuit of said 
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3. In a system of the character described, a 

direct current Supply source, voltage output lines, 
and means Supplied from said source and operat 
ing to generate a voltage wave at substantially 
constant frequency and apply the same across 
Said lines; Said means including a Screen-grid 
amplifier tube, a tuning fork, means for impart 
ing Vibratory movement to said fork and com 
prising electromagnetic coils supplied from the 
plate circuit of said tube and Supported respec 
tively in proximity to the tines of said fork, means 
for causing said tube to oscillate at Substantially 
the normal frequency of vibration of said fork, 
Said last-named means including electromagnetic 
pick-up coils supported respectively in proximity 
to the tines of Said fork and Supplying the grid 
circuit of Said tube, the plate of Said tube being 
connected to the high-voltage side of said direct 
current supply source, resistance means connected 
acroSS Said Supply Source, and a connection be 
tween the Screen-grid of Said tube and an inter 
mediate point of Said resistance means, the ratio 
of the respective resistance sections on opposite 
sides of said intermediate point being Such that 
the amplification factor of Said tube remains Sub 
stantially constant independently of . occurring 
variation in the voltage acroSS Said lines Over 
the normal Operating range. 
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4. In a system of the character described, a 

Vibratory member, an amplifier tube having at 
least four electrodes one of which is a screen grid 
and another of which is a plate, means for im 
parting Vibratory movement to said member in 
cluding a coil supplied from the plate circuit of 
Said tube, means for causing said tube to oscillate 
at Substantially the normal frequency of vibration 
of Said member, said last-named means including 
a pick-up coil supported in proximity to said 
member and Supplying the grid circuit of said 
tube, voltage Supply lines one of which is connect 
ed to Said plate, resistance means connected 
acroSS Said lines, a connection between Said Screen 
grid and an intermediate point of said resistance 
means, the respective resistance Sections. On Oppo 
site sides of Said intermediate point being such 
that the amplification factor of Said tube remains 
Substantially constant independently of occurring 
variation in the voltage across said lines over the 
normal Operating range, and a resistance con 
nected in Said. One of Said Voltage Supply lines 
in Series With both the plate and Screen-grid 
circuit.S of Said tube. 

ERNST B. NORRMAN. 
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