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My invention relates broadly to means for re 
producing sound electrically with more nearly 
natural volume range and especially with more 
nearly natural proportioning of the various fre 
-quencies involved, irrespective of Overall volume. 
I shall of course describe my invention in con 
nection with reproduction in a radio receiving set 
for the purpose of illustration. 
The problems involved are aot simple. The 

term “volume range” refers to the ratio of the 
maximuria to the minimum acoustical power in 
the reproduced sound. The ratio is expressed in 
decibels (db.). The human ear ordinarily ac 
customs itself to a range extending from a some 
What Variable minimum up to about 120 decibels. 
Ordinary conversation covers a range of only 
about 30 decibels, but a symphony orchestra fre 
quently covers the entire range from the lowest 
audible sounds to 120 decibels or even into a 
Volume Which becomes painful to the ear. The 
natural volume range of different types of sounds 
thus differs radically. But it is not always pos 
sible to record or transmit sounds in their natural 
Volume range. In radio broadcast transmission 
the lowest volume that can be handled, is as in the 
various recording arts, limited by the volume level 
of noise inherent in the transmission medium. 
The maximum volume level that can be handled 
is limited by the modulation capabilities of the 
transmitter and frequently by the receiver also. 
Ordinarily, radio broadcasting must be limited 
to a range of 35 to 40 decibels. In radio broad 
casting the volume range has artificially to be 
compressed into a range of this character. It 
has been done primarily in two ways, either by 
manual monitoring in Which the control operator 
boosts the soft, Voluime passages and reduces the 
high Volume paSSages, or (as is preferable in 
musical renditions) the Score is rewritten to de 
crease the Volume range, and is rendered with 
a connpressed rainge. Automatic means for the 
purpose have also been devised as Set forth in my 
copending application Ser. No. 98,429, filed August 
28, 1936. 
Thus it will be seen that there is a funda 

mental problem of providing some means for ex 
panding the volume of the reproduced sound in 
Order to make it. Seen natural. 
Second there is the problem of providing means 

for rendering the volume expander effective and 
ineffective at will, since some sorts of reproduced 
sounds, having originally no greater volume range 
than the range of the transmitter, do not need to 
have the volume of their reproduction expanded. 
Yet nainual elimination. Of the effect of the Volume 

(C. 18-44) 
-expander means should preferably not be such 
as to cause the Sound to assume a disturbingly 
different volume level. 

Third, the volume level has a great effect upon 
the apparent need for Volume expansion and in 
particular greatly affects the apparent propor 
tion of different frequencies in a reproduction. 
Thus in notion picture theatres voices are listened 
to at a nuch higher Volume level than that of 
ordinary conversation. Music is also heard at 
high volume level. Since the apparatus is ca 
pable of reproducing the low frequencies, these 
appear augmented, and the sound will be boomy 
or bassy unless some means is provided to dis 
criminate against the low frequencies. On the 
other hand the radio receiver in the home is 
nearly always turned down to a Volume level 
considerably lower than the natural volume level 
Of the Sounds at the point of Origin. The repro 
duction therefore tends to appear thin and lack 
ing in bass. If an orchestra, is rendering a selec 
tion at a certain level of volume, the reproduction 
of the sound at a. Substantially lower level may 
cause the lower notes to drop below the threshold 
of audibility. This is one cause of the phenom 

5 

O 

5 

25 
enon. Another cause is to be found in the fact 
that at a low volume level there is appreciably 
less. “masking effect” of the lower frequencies 
on the higher frequencies. Thus the problem 
stated generally above reduces itself practically 
to the need for automatic bass compensation 
leatlS. 
The general objects of my invention relate to 

the provision of solutions for the problems which 
I have outlined above, and I accomplish these 
objects by that certain Construction and arrange 
ment of parts of which I shall now describe cer 
tain exemplary embodiments. Reference is made 
to the drawings in which: 

Figure 1 is illustrative of a simple ballast lamp 
circuit. 

Fig. 2 is a circuit diagram illustrative of the 
principle of operation of the circuit of Fig. 1. 

Fig. 3 is a diagrammatic representation of the 
principle of Operation of a ballast lamp circuit 
having a certain type of bass compensation. 

Fig. 4 is a diagrammatic representation of an 
Other type of bass compensation. 

Fig. 5 is a diagrammatic showing of a certain 
type of SWitching means. 

Figs. 6, 7, 8, 9, and 10 are respectively, circuit 
diagrams of various commercial types of ex 
pander circuits used by me and will hereinafter 
be more particularly described in detail. 
A ballast lamp type of expander is based on 
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2 
the Variation of the resistance of a lamp filament 
at various temperatures. If a tungsten filament, 
for example, is arranged in a circuit designed to 
drain. Or by-paSS a part of the power of a radio 
set before that power gets to the loud Speaker, an 
effect of volume expansion will be observed, be 
cause at higher voltages the temperature of the 
filament will increase and so will its resistance, 
So that the filament circuit by-passes less of the 
power. 
in Fig. 1, Where and 2 are output tubes arranged 
for push-pull amplification, 3 is a transformer, i. 
is the Voice coil of a speaker and 5 is a ballast 
lamp. It Will be understood that in place of a 
tungsten filament any resistor Whose resistance 
increases with increase of current or voltage 
may be employed, 
In Fig. 2 there is shown the equivalent circuit 

of this device, where RP represents the plate in 
pedance, RL, the ballast resistance, and the 
Voice coil impedance. From this figure it can be 
Seen that Volume range expansion is derived 
from two effects that take place: first, the power 
Output of the final vacuum tubes varies as the 
parallel impedance of 4 and RL vary, second, 
the division of power between 4 and RL varies 
as RL varies. The expansion derived from either 
effect alone is rather Small. However, consid 
erable expansion is obtained when the relative 
magnitudes of RL, A and the plate resistance 
of the tubes are properly proportioned. 
Some degree of automatic bass compensation 

may be achieved rather simply in the circuit. of 
Fig. 2. In Fig. 3 the effect of the reactance of 
the Output transformer primary, shunting a load, 
is taken into account and is represented at L.B. 
NoW if the signal applied to the grids of the 
Output tubes has a frequency characteristic 
Which shows a rising low frequency response 
(bass augmented) and if the inductance of the 
primary of the output transformer is lower than 
that Which would ordinarily be used for a load 
equal to that reflected by a parallel combination 
of the Voice coil and the ballast lamp when hot, 
then the loSS caused by this relatively low induc 
tance Will about equal the bass augmentation al 
ready present in the signal as applied to the 
grids at high levels, and an over-all character 
istic Which is flat Will be obtained. At lower 
levels when the load on the output tube is less 
because of the decrease in resistance of the bal 
last lamp, there will be less loss of bass due to 
the shunting effect of the primary inductance 
and hence the Over-all characteristic Will have a 
Certain degree of bass augmentation. The lower 
this level becomes the more nearly we will ap 
proach the bass augmentation that is present in 
the signal. On the grids of the output tubes. 
There is an objection to this method in that it 
introduced Some harmonic distortion in the lower 
frequencies. 
Another means of obtaining automatic bass 

Compensation is that of placing a capacity re 
actance in series with a ballast lamp, but obvi 
Ously the size of the condenser used in a circuit 
of such low impedance as that incorporating a 
Voice coil would be so great as to be prohibitive. 
But it is theoretically possible to employ such 
an arrangement as shown in Fig. 4 whereby the 
reactance of a Small condenser is reflected to 
the correct impedance So as to have the effect 
of a large condenser in series. With the ballast 
lamp. Here in Fig. 4 a capacity C is connected 
to one winding of a transformer 6, the other 
winding of which is connected in the circuit of 

This is illustrated in a rudimentary Way 
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the ballast lamp 5. The reactance transformer 
must have very low resistance in order not to 
lessen the expansion range in a system of this 
type. 
The figures and discussion above are illustra 

tive of fundamental principles involved in the 
circuits of my invention. Two other preliminary 
considerations are Worthy of mention. In a 
volume expander installation in a radio receiv 
ing set, some means has to be provided for 
-switching the expander circuit on and off, Since 
Volume expansion will not be desired on all 
broadcast reception. Since the ballast lamp cir 
cuit operates as a drain on the power of the Set, 
a Switching means, which merely throWS it Out 
of the circuit is likely to produce marked and 
unpleasant changes in the general volume level. 
This can be overcome by using a double throw 
switch, which, when it cuts out the ballast lamp 
circuit, cuts in a fixed resistor, the Value of 
which is slightly greater than the resistance of 
the ballast lamp when cold. Thus at relatively 
low volume levels, there will be no perceptible 
change in volume when the expander circuit is 
cut on or off. At higher general volume levels, 
for reasons which will be obvious, cutting the ex 
pander into the circuit will cause an increase in 
volume level, but this is not undesirable. 

Because this method Wastes power, however, 
whether the expander is on or off, a more desir 
able arrangement is one in which a change of the 
voltage gain of the radio set is accomplished by 
a voltage divider in the audio or radio frequency 
systems of the radio set, operated by a SWitch. 
coupled to the Switch which throWS the ballast 
lamp into or out of the voice coil circuit. Such 
a voltage divider may be a tapped resistance, 
shunting to ground the plate circuit of a tube in 
the Set. A double throw SWitch in the circuit 
may be arranged to contact respectively the end 
of said resistance or the tap therein and Such 
switch may be in tandem with the ballast lamp 
switch, so that when the ballast lamp is out of 
the circuit, the voltage divider switch contacts 
the tap. In this arrangement a loss in the sensi 
tivity of the set is the Only disadvantage. When 
the expander is switched to the off position. The 
full power output of the set may be utilized in 
the loud Speaker. 
This is illustrated in Fig. 5 where there is a 

switch for the ballast lamp circuit and another 
SWitch 8 mechanically coupled to the first Switch, 
as indicated at 9. The switch 8 is a double throw 
switch in which, as illustrated, the blade is con 
nected to an output lead, One of the contacts 
is connected to an input lead and the other of 
the SWitch contacts is connected as at to a 
tap on the resistance B. 
Another preliminary consideration is the mat 

ter of the time constant of the expander circuit. 
The time constant may be defined as the time 
necessary for the ballast resistance to reach a 
new steady value after a given new steady voltage 
has been applied to it, considering the series in 
pedance in the rest of the circuit. It has been 
found that if the attainment of a new resistance 
value is very rapid or is instantaneous, appre 
ciable distortion of the lower frequencies is ap 
parent because of the change over the cycle, and 
also unnatural accentuation of the syllabic 
groups. In the use of a ballast lamp, the thing 
Which mainly controls the time constant is the 
rate of heating or cooling of the filament. 
Therefore, I endeavor to control the time con 
stant in the design of the lamp, by adopting any 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 



O 

20 

25 

30 

3 5 

45 

50 

60 

65 

70 

75, 

2,171,048 
Or all of the following design characteristics: 
The use of an inert gas Surrounding the filament 
of the ballast lamp; the use of a short, thick fila 
ment in place of a long thin one; the use of heavy 
lead Supports for the filament or the use of sev 
eral heavy metallic members in contact with the 
filament at interspaced points along its length; 
the use of a metallic shield surrounding the filia 
ment; coating the filament with a non-conduc 
tive Substance which is a heat insulator, for ex 
ample, a ceramic material, all of which tend to 
retard the rate of heating or cooling. 
In Fig.6 have shown a more complex circuit 

which uses two ballast lamps 2 and 3 arranged 
in the opposite arms of a bridge circuit, the voice 
coil 4 being one diagonal of the bridge. This cir 
Cuit allows almost any range of volume expansion 
desired. The output of the transformer 3 is ap 
plied across the other diagonal of the bridge, and 
the arms of the bridge opposite those arms which 
contain the ballast lamps are preferably provided 
With balancing resistors 4 and 5. The bridge 
is balanced at a very low signal level when the 
lamp resistance is at a mininnum. Under condi 
tions of balance, of course, there will be no voltage 
in the voice coil circuit even though a slight volt 
age may exist at the transformer Secondary. At 
a higher level than the level at Which the bridge 
was balanced, the resistance of the ballast lamps 
2 and 3 changes so as to throw the bridge off 

the balance with respect to the voice coil diagonal 
circuit. With lamps of the type which I have 
been using, the resistance increases about ten 
times over the cold resistance at full signal 
strength. This produces a decided unbalance in 
the bridge and gives a high degree of volume 
expansion. 
In providing means for switching the expander 

circuit on and off, I may provide two switches 
S1 and S2 in the ballast lamp arms, operating 
these switches in tanden (preferably mechan 
ically coupled). This causes an increase in Wol 
une when the expander is SWitched off and 
when this is done it is advisable to incorporate a 
third switch which will reduce the audio or radio 
frequency gain of the set at Some point ahead of 
the expander circuit, as described hereinabove 
in connection with Fig. 5. There may also be 
switches S3 and S4 to short out the resistors 4 
and 5 when the ballast lamps are SWitched out. 
All switches are preferably controlled by the 
same switch knob. 
The Switching may also be accomplished, as 

Will be obvious, by a SWitching means which ef 
fectively replaces the ballast lamps. With fixed 
resistors. 
Automatic bass compensation may be obtained 

in this type of bridge circuit by inserting a con 
denser in series with each ballast lamp in its 
own bridge arm. In this Way the capacity re 
actance at low frequencies becomes rather large 
compared to the variable resistors of the bridge 
When Operating at low Volume level, and the 
bridge is off balance for bass tones thereby ac 
centuating them. At the same time, for fre 
quencies above 200 cycles the reactance of the 
condeinsers becomes negligible as compared with 
the ballast lamp resistance, and volume range 
expansion is obtained for frequencies in the high 
and middle rangeS. At high volume levels the 
variable resistance becomes comparable to or 
higher than the capacity reactance of the con 
densers and the bass augmentation is practically 
negligible. This is a desirable characteristic. 
Inasmuch, however, as the Voice coil circuit is 

3 
of low impedance the condensers which have to 
be employed. Would be of the order of several 
hundred microfarads as heretofore explained in 
connection with Fig. 4. This would be imprac 
ticable within the limits of design of the average 
class radio receiver; but it is possible to trans 
form the reactance of a Small condenser So as to 
match the bridge impedance. This may, of 
course, be done by the use of two Separate trans 
formers each With its own condenser on the Sec 
Oildary Windings and each transformer being lo 
cated in One of the bridge arms containing a 
ballast lamp. It may, however, be accomplished 
by the use of one transformer and in Fig. 7 I have 
shown a transformer 6 having low impedance 
windings and 8 connected respectively into 
the two ballast lamp arms of the bridge and a 
Single high impedance Winding 9 to which the 
condenser C is coupled, as shown. This is a 
preferable construction; but I may point out 
that I have found that a considerable automatic 
bass compensation action may be observed when 
capacity is placed in only one of the bridge arms, 
a condenser being located in series in one only 
of the arms of the bridge containing a ballast 
lanp. To cut down the size of the condenser 
under these circumstances the condenser reac 
tance may be transformed by the use of a trans 
former having a single primary and a single 
secondary. 

Hereinabove I have been speaking of low in 
pedance expander circuit.S employing ballast 
lamps of very low Wattage, say. One-half Watt at 
full excitation for a reaSonable life. The use of 
a small lamp, i.e., a lamp of low wattage, is very 
desirable in order to lessen the power capacity 
requirements in an Output circuit. In Fig. 8, 
however, I have indicated a type of circuit of high 
in pedance. Such a circuit night be any of the 
amplifier circuits in the radio set ahead of the 
final output, circuit. For purpose of illustration 
the transformer S and the push-pull tubes A and 
2 are now located after the expander circuit. 
The grids of these tubes are driven from a pre 
ceding stage as represented by a tube 26 through 
the usual center tap transformer 2. A bridge 
circuit comprising the resistances 4 and 5 in 
opposite arms is set up and the leads from the 
secondary of the transformer 2 are connected 
across one diagonal of the bridge, while the leads 
to the grids of the tubes and 2 are connected 
across the other diagonal. In a circuit of this 
type, characterized by high impedance, it would 
be impracticable to use a lamp of very low re 
sistance and yet, as has been indicated, it would 
not be desirable to use lamps having inherently 
high resistance due to their inherently poor time 
constant characteristics. Under these circum 
Stances I have found it poSSible to transform the 
lamp impedance to an impedance which will 
match the impedance of the bridge circuit. This 
may be done by means of a transformer 22, as 
shown in Fig. 8, having high in pedance wind 
ings 23 and 24 connected respectively into the 
arms other than arms which contain the resistors 
A4 and 5. A low impedance winding 25 of the 
transformer is connected to a single ballast lamp 
26. By this device I reflect the impedance of a 
Single low impedance lamp having a proper time 
Constant into both arms of the bridge. With the 
effect of two lamps, one in each arm, and each 
having high impedance, While retaining the favor 
able time constant of a low impedance lamp. 
Automatic bass compensation is obtained in 
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4. 
densers in series in the ballast lamp arms of the 
bridge, as indicated in Fig. 9. Inasmuch as the 
bridge is of high impedance in this embodiment, 
the Value of the capacity required for baSS alug 
mentation is in a reasonable range as to size. 
Therefore, ordinarily it will not be necessary to 
transform the reactance of the condensei's, Since 
the use of a condenser of the required capacity is 
not out of the question for the usual commercial 
radio set. 
I have found that it is preferable to use only 

one condenser in One arm of the bridge as ShOWn 
in Fig. 9. It Will be noticed that the condenser is 
in series With one of the primaries of the trans 
former 22. Therefore, its capacity is reflected in 
both arms of the bridge so that the use of One 
condenser accomplishes the same result as the use 
of condensers in each arm. - 
The impedance at which the bridge Will Wor 

is determined by the lamp Wattage and the grid 
to grid Voltage necessary for driving the Output 
tubes for maximum power. The transformer be 
tWeen the driver tube and the bridge is advan 
tageous to transform the bridge impedance to the 
proper value to match the driver tube. However, 
a center tap choke might be used if the mismatch 
between the tube and bridge is neglected. The 
advantage of this type of expander lies in the 
fact that there is no waste of the power gener 
ated by the output tubes. Full power output of 
the receiver is obtained either with or without 
operation of the expander. This type of expander 
is switched on or off by using a single pole double 
throw SWitch which operates to replace the bal 
last lamp With a dummy resistor, Whose value is 
equal to that of the cold resistance of the ballast lamp. 

Still another type of expander circuit is illus 
trated in Fig. 10. 
either in an output tube circuit or in a driver 
tube circuit but in the latter use it finds its 
greatest advantage. In Fig. 10 a driver tube is 
again indicated at 20 which, through the trans 
former 24, feeds the grids of the tubes and 2. 
A third winding is incorporated in the driver 
transformer 2 and is indicated at 2. This 
winding will ordinarily have an impedance Such 
as will match the ballast lamp 28 to which it is 
connected. The action of this circuit is very 
similar to that obtained in the circuit of Fig. 1. 
Automatic bass compensation may be obtained 
in this circuit by the use of a transformer 24 the 
primary inductance of which is less than that 
usually found necessary for the good transnis 
Sion of low notes, and the automatic bass com 
pensation is produced essentially as described in 
connection. With Fig. 3 above. The action of the 
circuit of Fig. 10 is to impose a variable loading 
on the driver tube 29, so that some distortion may 
be encountered. 
Throughout the descriptions thus far I have 

been contemplating the use of a tungsten fila 
ment lamp as a ballast lamp the resistance of 
Which increases when it is heated. A carbon 
filament lamp has the opposite characteristics; 
namely, its resistance decreases When the fila 
ment is heated. It will, therefore, be clear that 
carbon filament lamps may be employed in con 
nection. With tungsten filament lamps to get even 
a greater range of volume expansion. In those 
types of circuits such as the circuit of Fig. i 
where the ballast lamp shunts the power output, 
the carbon filament lamp can be located in any 
part of the circuit other than the ballast lamp 
shunt circuit. In the bridge type of device the 

This circuit may be used 
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carbon filament lamps may be located in the arms 
of the bridge other than those arms Which con 
tain the tungsten filament lamp, e. g., in place 
of the resistors 4 and 5. 

It will be understood that modifications can be 
made in my invention. Without departing from 
the Spirit thereof and the particular circuit em 
bodiments herein disclosed are exemplary only 
of those which may be employed by me. 

Having thus described my invention, what I 10 
claim as new and desire to secure by Letters 
Patent, is: - 

1. In a Volume expander an input-output cir 
Cuit and a resistance means shunting said circuit 
and having the characteristic of increasing its 
resistance upon increase of the impressed Voltage 
and means for automatic compensation at low 
frequencies comprising a capacity in said shunt 
ing means, said capacity having effectively a large 
capacity Walue. 

2. In a volume expander an input-output cir 
cuit and a resistance means shunting said circuit 
and having the characteristic of increasing its 
resistance upon increase of the impressed volt 
age and means for reflecting a large capacity 25 
effect into said shunting means. 

3. In a volume expander an input-output cir 
cuit of low impedance and a shunting circuit 
therefor, said shunting circuit containing a resist 
ance variable with the impressed voltage and a 30 
low impedance Winding, a high impedance wind 
ing coupled to said first mentioned winding and 
a capacity connected acroSS said high impedance 
Winding. 

4. In a volume expander a bridge circuit at 35 
least One arm of which contains a resistance vari 
able with the impressed voltage and a low imped 
ance Winding, a high impedance winding coupled 
to said first mentioned winding and a capacity 
connected across said high impedance winding. 

5. In a volume expander a bridge circuit at 
least one arm of which contains a resistance 
Variable with the impressed voltage and a low 
impedance Winding, the opposite arm of said 
bridge containing another low impedance Wind- 45 
ing, Said Windings being inductively coupled, a 
high impedance Winding coupled to said first 
mentioned Windings and a capacity across said 
last mentioned Winding. - 

6. In a volume expander for use in a high 50 
impedance circuit a bridge, a high impedance 
Winding in at least one arm of said bridge, a low 
impedance winding inductively coupled thereto, 
and a low resistance lamp connected across said 
last mentioned winding. 

7. In a volume expander for use in a high im 
pedance circuit, a bridge, high impedance wind 
ings in a pair of opposite arms of said bridge, said 
windings being inductively coupled together, a low 
impedance Winding inductively coupled to said 60 
last mentioned Windings, and a low resistance 
lamp connected across said low impedance Wind 
Ilg. 

8. In a Volume expander for use in a high im 
pedance circuit, a bridge, high impedance wind- 65 
ings in a pair of opposite arms of said 
bridge, Said Windings being inductively coupled 
together, a low impedance winding inductively 
Coupled to said last mentioned windings, and a 
low resistance lamp connected across said low im- 70 
pedance Winding and a condensor in series in at 
least one of the two arms having said high im pedance Windings. 
... 9. In a volume expander an input-output cir 
cuit and a resistance means shunting said circuit 75 
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and having the characteristics of increasing its 
resistance upon increase of the impressed Volt 
age and switching means comprising a Switch to 
break the circuit in said shunting lineans, and to 
establish another circuit said other circuit Con 
taining a fixed invariable resistance of compar 
able cold Walue. 

10. In a volume expander an input-Output cir 
cuit and a resistance means shunting said circuit 
and having the characteristics of increasing its 
resistance upon increase of the impressed Voitage 
and tandem switching means for simultaneously 
breaking the circuit in Said shunting means and 
reducing the amplification gain in an aSSociated 
amplifier circuit. 

11. In a volume expander forming part of an 
amplifying means, a transformer having a pri 
mary fed from a preceding stage of amplification 
and a secondary feeding an output load, and a 
third winding of low impedance inductively 
coupled to said first mentioned windings and 
shunted by a low impedance tungsten filament 
lamp. 

12. In a volume expander for use in a high im 
pedance circuit, a bridge, a high impedance wind 
ing in one arm of said bridge, a low impedance 
Winding inductively coupled thereto, a low resist 
ance lamp connected across said last mentioned 
winding, and means for automatic compensation 
at low frequencies comprising a capacity in said 
bridge circuit. 

13. In a volune expander for use in a high im 
pedance circuit, high impedance windings in a 
pair of opposite arms of said bridge, said windings 
being inductively coupled together, a low imped 

5 
ance winding inductively coupled to said last men 
tioned windings, a low resistance lamp connected 
across said low in pedance Winding, and means for 
automatic compensation at low frequencies com 
prising a capacity in said bridge circuit. 

14. Apparatus as claimed in claim 1, in Which 
said resistance means is an incandescent lamp 
having a filament, the time constant of which is 
long enough to prevent distortion during Sub 
stantially the longest audio cycle to be repro 
duced. 

15. Apparatus as claimed in claim 2, in which 
said resistance means is an incandescent lamp 
having a filament, the time constant of which is 
long enough to prevent distortion during Sub 
stantially the longest audio cycle to be reproduced. 

16. Apparatus as claimed in claim 3, in Which 
said resistance means is an incandescent lamp 
having a filament, the time constant of Which is 
long enough to prevent distortion during sub 
stantially the longest audio cycle to be repro 
duced. 

17. Apparatus as claimed in claim 4, in which 
said resistance means is an incan descent lamp 
having a filament, the time constant of which is 
long enough to prevent distortion during sub 
stantially the longest audio cycle to be repro 
duced. 

18. Apparatus as claimed in claim 5, in which 
said resistance means is an incandescent lamp 
having a filament, the time constant of which is 
long enough to prevent distortion during Sub 
stantially the longest audio cycle to be repro 
duced. 

RONALD J. ROCKWET. 
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