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This invention relates to voltage reference devices, and 
in particular to such devices employing static compo 
nents. 
Many types of electronic voltage reference devices have 

been utilized heretofore, however, such electronic devices 
have certain disadvantages. For instance, the component 
parts of such electronic devices have to be replaced peri 
odically, thus interrupting service furnished by other ap 
paratus associated therewith. In addition, the original 
cost of electronic voltage reference devices is relatively 
high. 

Various types of static voltage reference devices are also 
known. However, these known static voltage reference 
devices also have certain limitations. For instance, the 
apparatus disclosed in application Serial No. 266,205, 
?led January 12, 1952, now Patent No. 2,725,515, and 
assigned to the same assignee as this invention, does not 
have a large power output for a given power input. On 
the other hand, other known static voltage reference de 
vices do not maintain a substantially constant output volt 
age when the frequency of the input voltage is varied over 
a wide range. 
An object of this invention is to provide a voltage ref 

erence device which has a substantially constant output 
voltage over a wide range in variation in the magnitude 
and frequency of the input voltage to the device, and a 
reference device which has a very low power consumption 
over this wide range of variation in the magnitude and 
frequency of the input voltage, by combining a ferro 
resonant constant potential device, whose average output 
voltage varies linearly with changes in the frequency of 
the input voltage, with a particular integrating network 
which cooperates in such a manner with the linear output 
of the constant potential device that the above desired re 
sults are obtained. 

Other objects of this invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawing in which: 

Figure 1 is a schematic diagram of circuits and appara 
tus illustrating an embodiment of the teachings of this 
invention; 

Fig. 2 is a schematic diagram of circuits and apparatus 
illustrating another embodiment of the teachings of this 
invention. 

Referring to Fig. 1 of the drawing, there is illustrated a 
voltage reference device 10 comprising a transformer 12 
having a magnetic core member 14, preferably formed 
from substantially rectangular hysteresis loop core ma 
terial. In order to magnetically saturate the core mem 
ber 14 in accordance with the input voltage of the voltage 
reference device 10, a primary winding 16 is disposed in 
inductive relationship with the core member 14. As illus 
trated, the primary winding 16 is connected in series cir~ 
cuit relationship with a capacitor 18, the series circuit 
being electrically connected in circuit relationship with 
input terminals 20 and 22. The input terminals 20 and 
22 are supplied with a suitable alternating current voltage 
of variable frequency and magnitude, the voltage being of 
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suf?cient magnitude to effect a substantially complete 
saturation of the magnetic core member 14. 
When the voltage across the input terminals 20 and 22 

is of su?icient magnitude to effect a substantially complete 
saturation of the core member 14 and when the core 
member 14 is manufactured from substantially rectangu 
lar hysteresis loop core material, a ferro-resonant circuit 
is established by the capacitor 18 and the primary wind 
ing 16 of the transformer 12. By providing this ferro 
resonant circuit, the output voltage of the voltage reference 
device 10, as it appears across output terminals 24 and 26, 
remains substantially constant even though the magnitude 
of the input voltage across the input terminals 20 and 22 
is varied over a Wide range. 
As illustrated, a secondary winding 28 is disposed in 

inductive relationship with the magnetic core member 14 
of the transformer 12. Since a ferro-resonant circuit, 
including the capacitor 18 and the primary winding 16 is‘ 
established in the primary circuit of the transformer 12, 
the voltage across the secondary winding 28 is of substan 
tially square wave shape. In addition, the average out 
put voltage across the secondary winding 28 varies linearly 
with changes in the frequency in the voltage across the 
input terminals 20 and 22 since the core member 14 is 
substantially completely saturated during the operation 
of the voltage reference device 10. 

In order to integrate the output voltage of the trans 
former 12 to thus maintain the output voltage of the volt 
age reference device 10 substantially constant over a 
range of at least 3 to 1 variation in the frequency of the 
input voltage across the terminals 20 and 22, a linear iron 
core inductance member 30 is electrically connected be 
tween the secondary winding 28 of the transformer 12 and 
a full-wave dry type recti?er 32, which is disposed to rec 
tify the output current from the secondary winding 28 
of the transformer 12. In particular, the inductance mem 
ber 30 is electrically connected between one end of the 
secondary winding 28 and one of the input terminals of. 
the rectifier 32, the other end of the secondary winding 28' 
being electrically connected to the other input terminal 
of the recti?er 32. In order for the inductance member 
30 to properly function as an integrating device and thus 
have its impedance vary directly as the frequency of the 
voltage across the secondary winding 28 of the transformer 
12, the value of the reactive impedance for the inductance 
member 30 must be large as compared to the resistance 
value of the load (not shown) connected to the output 
terminals 24 and 26 of the voltage reference device 10. 
When this condition exists, and when the inductance mem 
ber 30 is connected in circuit with its associated compo 
nents, as illustrated in Fig. 1, changes in the frequency of 
the input voltage as applied to the input terminals 20 and 
22 effect substantially no changt in the integrated voltage 
wave which ?ows in the secondary circuit of the trans 
former 12. Such being the case, the voltage which ap 
pears across the output terminals 24 and 26 remains sub 
stantially constant over a range of at least 3 to 1 variation 
in the magnitude of the frequency of the voltage that 
appears across the input terminals 20 and 22. 

In order that the voltage reference device 10 presents 
a high alternating current impedance to the load (not 
shown) connected to the output terminals 24 and 26, 
a linear iron core inductance member 34 is provided. 
In this instance, the inductance member 34 is connected 
between one of the output terminals of the recti?er 32 
and the output terminal 26 of the voltage reference de 
vice 10. As illustrated, the other output terminal of 
the recti?er 32 is electrically connected to the output 
terminal 24 of the voltage reference device 10. It is 
to be noted, however, that the inductance member 34 
presents a low impedance, as seen from the input side 
of the recti?er 32. This condition satis?es the require 
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ment that the load (not shown) has a low impedance 
compared to the inductance member 30 in order for the 
inductance member 30 to function properly as an in 
tegrating means. Not only does the inductance mem 
ber 34 provide the desired impedance but it likewise func 
tions to ?lter the output current from the recti?er 32. 

If one desires to obtain an extremely constant output 
voltage across the output terminals 24 and 26, a capacitor 
36 is connected across the input terminals of the rccti~ 
?er 32. However, this same function can be accom 
plished by connecting the capacitor 36 across the output 
terminals of the recti?er 32. It is to be noted that the 
capacitor 36 and the inductance member 36 do not form 
a resonant circuit. 

It is also to be noted that although the apparatus il 
lustrated in Fig. l maintains the voltage across the output 
terminals 24 and 26 substantially constant over a wide 
range in the magnitude and frequency of the input volt 
age applied to the input terminals 20 and 22, it also 
has a large power output across the load (not shown), 
connected to the output terminals 24 and 26, for a given 
power input as applied to the input terminals 24.? and 
22. This low power loss feature is obtained by provid 
ing the ferro-resonant circuit, including the capacitor 
18 and primary winding 16 of the transformer 12, and 
the integrating means or inductance member 39, both 
ofv which have an extremely low power loss. 

Referring to Fig. 2, there is illustrated another em 
bodiment of the teachings of this invention in which the 
same reference characters have been given to like com 
ponents of the apparatus of Figs. 1 and 2. The main 
distinction between the apparatus illustrated in Figs. 1 
and 2' is that in the apparatus illustrated in Fig. 2 a 
capacitor 4tl' is connected in parallel circuit relationship 
with the primary winding 16 of the transformer 12, in 
stead of providing the series connected capacitor 18, as 
illustrated‘ in Fig. 1. However, the capacitor 4t) and the 
primary winding 16, illustrated in Fig. 2', likewise form 
a ferro-resonant circuit,rwhich ferro-resonant circuit per 
forms the same function as that performed by the ferro- .1 
resonant circuit illustrated in Fig. 1. However, in order 
to insure that the alternating current source (not shown) 
connected to the input terminals 20 and 22 presents a 
high impedance connected in parallel circuit relationship 
with the‘ capacitor 40' to thus enable a ferns-resonant 
circuit to‘ be established, a linear inductance‘ member 42 
is connected between the input terminals 2t) and 22“ and 
the ferr'o-reson‘ant circuit comprising the capacitor 44} 
and‘ the primary‘ winding 16 of the transformer 12‘. in 
particular, the inductance member 42 is connected be 
tween the‘ input terminal 2i} and the junction point of 
the capacitor 4d‘ and the primary winding 1% of the trans 
former 12. However, as an alternative the inductance 
member 42 could be connected between the input termi 
nal 22 and the other junction point of the capacitor 4i? 
and the‘ primary winding 16. It is to be understood that 
a resistor .(not shown) could be substituted for the in 
ducta'nce' member 42, however, it would consume con 
siderably more power. Since the remaining apparatus 
illustrated in Fig. 2 is the‘ same as the apparatus illus 
trated‘ in Fig. l, a further description of the voltage 
reference device illustrated in Fig. 2 is deemed unneces~ 
sary. 
The apparatus embodying the teachings of this inven 

tion has several advantages. For instance, it comprises 
all static components which have an extremely long life, 
particularly when compared to electronic components. 
in addition to comprising all static components, the ap 
paratus embodying the teachings of this invention main 
tains with a high degree of accuracy a substantially con 
stant output voltage over a wide range of variation in 
the magnitude and frequency of its input voltage. The 
apparatus embodying the teachings of this invention also 
haskveryr low‘ power consumption: on both the primary 
and secondary sides of the transformer 12. i 

10 

15 

20 

25 

30 

50 

55 

60 

65 

70 

Since various changes may be made in the foregoing 
embodiments of the invention without departing from 
the spirit and scope of the present invention, it is to 
be understood that the subject matter set forth herein 
before shall be interpreted as illustrative and not in a 
limiting sense. 

I claim as my invention: 
1. In a voltage reference device, the combination com 

prising, input terminals for receiving a voltage of variable 
frequency and magnitude, a transformer having a mag 
netic core member consisting of substantially rectangular 
hysteresis loop core material, a primary winding disposed 
in inductive relationship with the core member, a ca 
pacitor, circuit means for so connecting the primary 
winding and the capacitor in circuit relationship with 
the input terminals that the capacitor and the primary 
winding form a ferro-resonant circuit provided the mag 
nitude of the voltage across the input terminals is sufli 
cient to substantially completely saturate the core mem 
ber, a secondary winding disposed in inductive relation‘ 
ship with the core member so that as the frequency of 
the voltage across the input terminals increases, with the 
magnitude of the voltage across the input terminals be 
ing su?icient to substantially completely saturate the core 
member, the average voltage across the secondary wind 
ing increases linearly, and a linear inductance member 
connected between the secondary winding and the out 
put of the voltage reference device, whereby the output 
voltage of the voltage reference device remains substan 
tially constant even though the magnitude and frequency 
of the voltage across the input terminals vary over a 
wide range. 

2. In a voltage reference device, the combination com 
prising, input terminals for receiving a voltage of variable 
frequency and magnitude, a transformer having a mag 
netic core member consisting of substantially rectangular 
hysteresis loop core material, a primary winding dis 
posed in inductive relationship with the core member, 
a capacitor, circuit means for connecting the capacitor 
and the primary Winding in series circuit relationship 
and for connecting the series circuit to the input ter 
minals so that the capacitor and primary winding form 
a ferro-resonant‘circuit provided the magnitude of the 
voltageacross the input terminals is‘ suflicient to sub 
stantially completely saturate the core member, a‘ sec 
ondary winding disposed in inductive relationship with 
the core member so that as the frequency of the voltage 
across the input terminals increases, with the magnitude 
of the voltageacross the input terminals being sufficient 
to substantially completely saturate the core member, 
the average voltage across the secondary winding in 
creases linearly, and a linear inductance member con 
nected between, the- secondary winding and the output 
of the voltage reference device, whereby the output volt 
age of the reference device remains substantially con‘ 
stant even though the magnitude and frequency of the 
voltage across the input terminals vary over a- wide 
range. 

3. In a voltage reference device, the combination com 
prising, input terminals for receiving a’ voltage of variable 
frequency and magnitude, a transformer having a mag 
netic core member consisting of substantially rectangular 
hysteresis loop core material, a primary winding dis 
posed in inductive relationship with the core’ member, 
a capacitor connected in- parallel circuit relationship with 
the primary winding, circuit means for connecting the’ 
primary winding and the capacitor to the input terminals 
so that the'capacitor and primary winding form a ferro 
resonant' circuit provided the magnitude of the voltage 
across the input terminals is suflicient to‘ substantially 
completely saturate the core member, a‘ secondary wind~ 
ing disposed in inductive‘ relationship with the core mem 
ber' so) that as‘ the frequency of the voltage across the 
input’ terminals increases, with‘ the magnitude of the 
Voltag? 3¢IQ$§ the“ input terminals being sufficient to 
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substantially completely saturate the core member, the 
average voltage across the secondary winding increases 
linearly, and a linear inductance member connected be 
tween the secondary Winding and the output of the volt 
age reference device, whereby the output voltage of the 
voltage reference device remains substantially constant 
even though the magnitude and frequency of the voltage 
across the input terminal vary over a wide range. 

4. In a voltage reference device disposed to supply 
energy to a load, the combination comprising, input ter 
minals for receiving a voltage of variable frequency and 
magnitude, a transformer having a magnetic core mem 
ber consisting of substantially rectangular hysteresis loop 
core material, a primary winding disposed in inductive 
relationship with the core member, a capacitor, circuit 
means for so connecting the primary winding and the 
capacitor in circuit relationship with the input terminals 
that the capacitor and primary winding form a ferro 
resonant circuit provided the magnitude of the voltage 
across the input terminals is su?icient to substantially 
completely saturate the core member, a secondary wind 
ing disposed in inductive relationship with the core mem 
ber so that as the frequency of the voltage across the 
input terminals increases, with the magnitude of the 
voltage across the input terminals being su?icient to sub 
stantially completely saturate the core member, the 
average voltage across the secondary winding increases 
linearly, a recti?er having input and output terminals, 
a linear inductance member connected between the sec 
ondary winding and the input terminals of the recti?er, 
another capacitor connected in circuit relationship with 
input terminals of the recti?er, and another linear in 
ductance member connected between the output ter 
minals of the recti?er and the output of the voltage 
reference device, whereby the output of the voltage ref 
erence device presents a high impedance to the load and 
has a substantially constant output voltage over a wide 
range of variation in the magnitude and frequency of 
the voltage across said input terminals for receiving a 
voltage of variable frequency and magnitude. 

5. In a voltage reference device disposed to supply 
energy to a load, the combination comprising, input 
terminals for receiving a voltage of variable frequency 
and magnitude, a transformer having a magnetic core 
member consisting of substantially rectangular hysteresis 
loop core material, a primary winding disposed in in 
ductive relationship with the core member, a capacitor, 
circuit means for connecting the capacitor and the pri 
mary winding in series circuit relationship and for con 
necting the series circuit to the input terminals so that 
the capacitor and the primary winding form a ferro 
resonant circuit provided the magnitude of the voltage 
across the input terminals is su?icient to substantially 
completely saturate the core member, a secondary wind 
ing disposed in inductive relationship with the core mem 
ber so that as the frequency of the voltage across the 
input terminals increases, with the magnitude of the volt 
age across the input terminals being sut?cient to sub 
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stantially completely saturate the core member, the 
average voltage across the secondary winding increases 
linearly, a recti?er having input and output terminals, 
a linear inductance member connected between the sec 
ondary winding and the input terminals of the recti?er, 
another capacitor connected across the input terminals 
of the recti?er, and another linear inductance member 
connected between the output terminals of the recti?er 
and the output of the voltage reference device, whereby 
the output of the voltage reference device presents a high 
impedance to the load and has a substantially constant 
output voltage over a wide range of variation in the 
magnitude and frequency of the voltage across said input 
terminals for receiving a voltage of variable frequency 
and magnitude. 

6. in a voltage reference device disposed to supply 
energy to a load, the combination comprising, input ter 
minals for receiving a voltage of variable frequency and 
magnitude, a transformer having a magnetic core mem 
ber consisting of substantially rectangular hysteresis loop 
core material, a primary winding disposed in inductive 
relationship with the core member, a capacitor connected 
in parallel circuit relationship with the primary winding, 
circuit means for connecting the primary winding and 
the capacitor to the input terminals so that the capacitor 
and the primary winding form a ferro-resonant circuit 
provided the magnitude of the voltage across the input 
terminals is sufficient to substantially completely saturate 
the core member, a secondary winding disposed in induc 
tive relationship with the core member so that as the fre 
quency of the voltage across the input terminals increases, 
with the magnitude of the voltage across the input ter 
minals being su?icient to substantially completely saturate 
the core member, the average voltage across the secondary 

‘ winding increases linearly, a recti?er having .input and 
output terminals, a linear inductance member connected 
between the secondary winding and the input terminals 
of the recti?er, another capacitor connected in circuit 
relationship with the input terminals of the recti?er, and 
another linear inductance member connected between the 
output terminals of the recti?er and the output of the 
voltage reference device, whereby the output of the volt 
age reference device presents a high impedance to the 
load and has a substantially constant output voltage over 
a wide range of variation in the magnitude and frequency 
of the voltage across said input terminals for receiving a 
voltage of variable frequency and magnitude. 
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