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ENVELOPE CURRENT SYSTEM 

GHenn L. Dimmick, Hadidonfield, N. J., assignor 
to Radio Corporation of America, a corporation 
of Delaware 

Application May 19, 1939, Serial No. 274,524 
7 Clairs. 

This invention relates to systems for producing 
a current having a wave form similar to the en 
Velope of the peaks of an alternating current such 
as audio frequency current, which contains com 
ponents of many different frequencies and varies 
rapidly in amplitude, and has for its principal 
object the provision of an improved apparatus 
and method of operation whereby the envelope 
Current potential is made to follow the alter 
nating Voltage peak values more closely than has 
been heretOfore possible. 

Variouls alternating current peak reading or 
en Velope current producing systems are well 
known, have been used extensively, particularly 
in connection with the recording of sound pic 
tures, and are disclosed by prior art patents such 
as Robinson 1,854, 159, Hanna 1,888,724, McDoweil 
1,855,197, Kreuzer 1,999,700 and others. As here 
inafter explained, these various prior art systems 
have left something to be desired with respect to 
their ability to produce an output or direct cur 
rent bias which follows closely the peaks of the 
alternating current input, and with respect to 
facility in the timing of the increase and de 
crease in such output or bias current. In a co 
pending application of Kellogg, Serial No. 237,603, 
filed October 29, 1938 (FCV Docket 5526), and 
assigned to the same assignee as the present ap 
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plication, are disclosed various alternating cur 
rent peak reading or envelope curren?i systems 
which minimize the aforesaid difficulty by peri 
odically increasing the resistance of a con 
denser discharge path or by subjecting the con 
denser to successive charges. The present inven 
tion is an improvement on that of the aforesaid 
Kellogg application and differs therefrom with 
respect to the means provided for controlling the 
discharge rate of the timing condenser. 
The invention will be better understood from 

the foliowing description considered in connec 
tion with the accompanying drawings, and its 
Scope is indicated by the appended claims. 

Referring to the drawings, 
Figure 1 is a wiring diagram of a prior art 

system on which the improvement of the present 
invention is based, 

Figures 2 and 3 are explanatory curves relating 
to the operation of the system of Fig. 1, 

Figure 4 is a wiring diagram of a preferred 
form of the present invention, 

Figure 5 is a wiring diagram of a modification 
of the System of Fig. 4, 

Figures 6A, 6B, 6C and 6D are explanatory 

(Cl. 179-100.3) 
diagrams relating to the operation of the Systems 
of FigS. 1 and 4, 

Figure 7 is a Wiring diagram of a System which 
operates somewhat differently from the Systems 
of FigS. 4 and 5, and 

Figure 8 illustrates a detail of the System of 
Fig. 7. 

Fig. i shows, in eiementary form, a circuit ar 
rangement which is in wide use for providing a 
current proportional to the envelope of an audio 
frequency. Cuirrent. After Sluitable amplification, 
the audio frequency current is applied to ter 
minals — of transformer 2. A rectifier 3 per 
mits current to pass in one direction only, and 
condenser 4 becomes charged by the rectified 
current. Since the resistance of the rectifier 3 
to rever Sed Current or to the discharge of con 
denser 4 is very high, condenser 4 would remain 
for a long period of timie charged to a voltage 
corresponding to the highest voitage impressed 
across the rectifier. In order that the charge om 
condienser 4 may be reduced when the audio fre 
quency amplitude becomes less, a discharge re 
sistance 5 must be provided. The magnitude of 
this resistance is so chosen relative to the capacity 
of condenser 4 that the decrease in voltage Eu 
across condenser 4, when the audio frequency 
voltage falls, will be at the desired rate. Obvi 
ously, if condenser 4 is permitted to discharge 
very rapidly through resistance 5, the voltage Ei 
which should represent an envelope, will attempt 
to follow individual Waves of the audio frequency 
and this is "not desirable. On the other hand, if 
resistance 5 is made very high, E1 will follow very 
Slowly When the audio frequency amplitude drops, 
and this may in part defeat the purpose of the 
device for which the envelope WaVe is Wanted. A 
desirable value of resistance 5 is therefore chosen 
which will cause E1 to follow decreases at a suit 
able rate. It is, in general, desirable to make the 
resistance of the rectifier 3 and of the input cir 
cuit as reflected through the transformer 2, so low 
in reiation to the capacity of condenser 4 that an 
audio frequency peak of very short duration will 
suffice to build up the voltage E1 to a Value Sub 
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stantially equal to this peak voltage. The imped- - 
ance of the rectifier and input circuit must also be 
low compared with resistance 5, so that the lat 
ter will not constitute an appreciable i drain on 
the rectifier during charging. 
The circuit so far described will provide a volt 

age which comes as near to following the true 
peak envelope as it is practically possible to pro 
vide. Such an envelope voltage, however, is 
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2 
found to contain in greater or less magnitude, 
numerous fluctuations which are in the audio fre 
quency range, and it is practically almost always 
necessary to subject the envelope voltage or cur 
Irent to low pass filtering in order that it shall 
not introduce Sounds in the System. This gives 
a Voltage E2 which rises and falls with Eli, but does 
not have the small rapid fluctuations which are 
present in E1. The simplest type of low pass 
filter employed for this purpose consists in a 
resistance 6 and a condenser 7. 
The RC product of this stage of filtering must 

be sufficient to practically eliminate the audio 
components. In general, condenser 7 is of much 
smaller capacity than condenser 4 (for example, 
one-tenth) and resistance 6 is correspondingly 
high. With this arrangement, the current through 
resistance 6 is too small to greatly affect the 
Voltage E1. The filtered voltage E2 may be ap 
plied to the grid of a thermionic amplifier tube 
8, from the plate circuit of which is derived the 
necessary poWer for control or for ground noise 
reduction purposes. In some arrangements, a 
loW pa SS filter in Volving inductance and capacity 
is employed instead of resistance and capacity. 
This gives a Sharper cut-off characteristic Which 
may be desil’able Under certain conditions. 
An arrangement similar to that shown in Fig. 1 

for obtaining an envelope voltage is already in 
Wide use and is satisfactory, providing a suffi 
ciently slow discharge of condenser 4 is not ob 
jectionable. When attempt is made, by reducing 
the Value of resistance 5 in Fig. 1, to produce an 
envelope voltage or current, which follows the de 
creases in the audio frequency voltage more rap 
idly, it is found that the system no longer gives 
an en Velope voltage equal to that of peak voltages 
of short duration in the audio frequency system, 
but tends to give a Woltage more nearly corre 
Sponding to the average or to the R. M. S. audio 
frequency Woltage. This is true regardless of the 
fact that resistances 5 and 6 do not appreciably 
load the rectifier 3 during the instant of charging. 

Fig. 2 illustrates what happens when there is 
a brief audio frequency peak followed by an in 
terwall of inverse or low audio voltage, comparable 
in length to the time constant of resistance 6 and 
condenser 7. Curve 9 represents an assumed 
audio frequency voltage wave. Curve E1 repre 
sents the voltage across condenser 4 of Fig. 1, 
assuming that the input impedance is very low, 
permitting development of the substantially full 
peak voltage across condenser 4. Curve E2 rep 
resents the filtered voltage. It is obvious that 
this will never reach the peak value of E1 because 
condenser 4 will have discharged to a lower volt 
age before condenser 7 has had time to become 
charged. 

If some means may be provided which Will 
maintain condenser 4 at its maximum voltage 
for a period of time comparable with the time 
constant of resistance 6 and condenser T and 
then permit condenser 4 tO discharge, We should 
have the conditions indicated in Fig. 3, where it 
is Seen that the voltage E2 rises to a Valiue much 
more closely approaching that of the peaks of the 
audio Waves. 

It is the purpose of the present invention to 
provide improved means for maintaining the 
peak voltage on condenser 4 for a longer period 
of time than the actual duration of the maxi 
mum voltage in the audio frequency Wave. This 
may be accomplished either by delaying the dis 
charge of condenser 4 or by supplying additional 
charging current which reaches condenser 4 sub 

2,222,172 
sequent to the initial charging wave. It is well 
recognized that the employment of a full wave 
rectifier Will in some cases assist in maintaining 
the Voltage On Such a condenser, but Only a Small 
and doubtful advantage is obtained in this man 
ner. In many cases, it is desired to obtain an 
envelope of the peaks of one polarity only, and 
not of the other. For this purpose, the full wave 
rectifier is obviously not appropriate. In the sec 
ond place, in spite Of all of the filtering applied, 
there is a residuum of components of audible fre 
quency. If this residuUum is of the Same fire 
quency as the audio waves, it is not objectionable 
in quality. If it is of double frequency, such as 
is produced by a full wave rectifier, it may be 
much more objectionable in sound, even though 
Smaller in magnitude. 
The expression “peak reading ability of the cir 

cuit” is utilized throughout this specification to 
indicate the ratio of noise reduction wave ampli 
tude to the recorded impulse amplitude. 

It will, of course, be understood that the al 
ternating current peak reading or envelope cur 
rent producing Systems herein described are par 
ticularly useful for the purpose of reducing the 
background noise otherwise incident to the re 
cording of sound motion pictures, and that these 
Systems or control circuits (1) are normally sup 
plied from the Same audio frequency Source as 
the main Sound recording channel, and (2) sup 
ply a direct current which varies in accordance 
with the volume or envelope of the recorded audio 
frequency impulses and is utilized to bias the 
operation of a noiseless recording element such as 
a shutter, a galvanometer or other member such 
as those disclosed by the patents identified above. 
The control or alternating current peak en 

velope Current producing System Of Fig. 4 differs 
from the prior art circuit of Fig. 1 in that (1) the 
capacitor 4 and its discharge resistor 5 are sep 
arated from the resistor 6 and capacitor 7 by the 
amplifier 8, and (2) the resistor 5 is connected in 
series With a transformer secondary Winding 9 
which is inductively associated with a primary 
Winding i 0 connected through a resistor I l to 
the cathode of an amplifier f2, and through a 
plate supply source 3 to the plate or anode of 
the amplifier f 2. Also a resistor i 6 is connected 
in shunt to the secondary winding of the control 
circuit input transformer 2, an adjustable re 
sistor 7 is provided in the cathode lead of the 
amplifier 8, and a coupling resistor 8 is common 
to the output circuit of the amplifier 8 and the 
input Of the amplifier 2. Because of the leak 
age from the grid to filament, it is impractical to 
employ resistors higher than approximately 4 
megohms. This circuit makes it possible to de 
crease the capacitance of capacitor 4 from .03 mf. 
to .003 m.f., thus decreasing the charging current 
of the capacitor and improving the peak reading 
ability of the circuit, without the necessity of em 
ploying resistances higher than 4 megohms 
(MS2). 
By including the secondary winding 9 in the 

discharge path of the capacitor 4, the circuit is 
made to have a 100% peak reading ability 
throughout the Whole audio frequency range, and 
to have output or envelope current increase and 
decrease rates which may be substantially equal 
Or have any other desired relation. Thus the 
transformer 9-0 is so connected that while the 
plate current of the amplifier 12 is increasing, the 
secondary voltage opposes discharge of the ca 
pacitor 4. Whether or not current flows from 
the secondary winding 9 to the capacitor 4 de 
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2,222, 172 
pends, of course, on the ratio of the transformer. 
The Woltage acroSs the Secondary 9 is a maximum 
When the envelope current starts" to increase, and 
de CreaSeS as this current increases, until it 
reaches Zero, When the envelope current attains a 
Steady Walue. 

If it is desired to have the charge of the 
Capacit Dr 4 the Same at the beginning and end 
Of the increase in envelope current, there is se 
lected a, transformer ratio which causes current 
to foW from the secondary 9 to the capacitor 4 
during the first part of the envelope, current in 
creaSe, a Ed current to flow out of the capacitor 
A during the last part of this increase. 
Before the secondary voltage reaches zero and 

the capacitor A begins to discharge through the 
reSiStOr , the envelope current starts to de 
Crea. Se, thuLS causing the Secondary voltage to re 
VerSe and accelerate discharge of the ... capacitor 
4. This helps to shorten the closing time. If the 
reSiStor i is Small and the capacitor 4 is dis 
Charged quickly, the envelope current increase 
and decrease times may be made substantially 
eqtial, both of these times being dependent on 
the values of the resistor 6 and the capacitor 7. 

iö Wiil be ob Served that the resistor and the 
primary Winding || 0 are connected in the cath 
ode return lead of the amplifier 2. The result 
a.Tut i voltage of the resistor i f and primary i 2 
is in opposition to the voltage across the ca 
pacitor 4, thus producing inverse feedback. As 
can be readily determined by calculation, the 
primary voltage has a fixed 180° phase relation 
With the "Voltage acroSS the capacitor. 4 When 
?L10=R10-R6C7. 
The usefulness of this method I of increasing 

the peak reading ability is not limited to the 
variable density noise reduction circuit of Fig. 4, 
buit, is equally applicable to variable area types 
of noise reduction circuit. Such an application 
is illustrated by Fig. 5. 

In this modification of the invention, the trans 
former primary i is connected in the plate cir 
cuit of the amplifier 8 and the resistor 5 is con 
nected acrOSS the capacitor 4 in Series With an ad 
justable part of a resistor 9 through which any . 
desired part of the secondary voltage may be 
included jir1 te di Scharge path of the capacitor. 
It is necessary that the Secondary Winding 9 
be reversed, due to the fact that only one stage 
of a:Enplification is involved and an increaSe in 
the voittage of the capacitor 4 results in a de 
crease in the plate current- of the amplifier. 
AS previoUS:lly indicated, this circuit WOuld not 

be fully peak reading even if the resistance 5 
Were infinite during the increase in the level or 
Viume of the alternating current impulse input. 
This neceSSarily follOWS, for the rea,Son that the 

capacitor 4 is iarge, requires Several high fre 
quency cycles to charge it, and must Supply the 
charge of the capacitor , thus reducing the 
VYOLÈThe reSpOfSive Or envelope Current. Voltage in 
the ratio Of the capacities in these tWo capacitors. 
To make this circuit peak reading, it is neces 
Sary that the Secondary voltage during the in 
crease in the volume Of the input impulses be 
high enough to Supply the neceSsary additional 
charge to the capacitor 4. This is readily ac 
complished by providing a proper transformer 
ratio. It is even pOSSible to make the System 
make the circuit more than 100 % peak reading. 
Thus the amplifier may be adjusted to have Zero 
argin under Steady Static conditions and to 

have a finite margin for transients. The peak 
reading ability of the circuit is, of course, de 

3 
termined by adjustment of the potentiometer 9. 
The results obtained from operation of the 

prior art circuit of Fig. 1 are shown by Figs. 
6A and 6B, and the results obtained from op 
eration of the improved circuits of Figs. 4 and 5 
are shown by Figs. 6C and 6D. As indicated by 
the legends of these figures, which are en large 
ments of actual recorded Sound tracks, Fig. 6A 
shows the performance of the prior art variable 
area noise reduction System; Fig. 6E3 Shows the 
performance of the prior art variable density 
noise reduction System; Fig. 6C shows the per 
formance of the improved noise reduction Sys 
tems of Figs. 4 and 5; and Fig. 6ED shows the per 
formance of the Systems of Figs. 4 and 5 as 
applied to class A push-pull recording. 

In each of the figures, a single impulse is re 
cOrded under the o indication and the variation 
in the envelope current or voltage is recorded on 
the adjacent record track. It Will be noted that 
Only in the case of the improved Systein is the 
recorded envelope amplitude comparable With 
the amplitude of the recorded impulse. 
During the operation of these systems, the bias 

coil Of a recording galvanometer was connected 
to the noise reduction circuit under test, the 
galvanometer modulation coil was connected to 
the Output of the main recording channel, the 
System was adjusted for Zero margin at 4,000 
Cycles, and individual 4,000 cycle waves were im 
pressed on the System at the rate of about one 
per Second While a sound track Was being re 
corded. The ratio of the amplitude of the noise 
reduction Wave to the amplitude of the indi 
vidual 4,000 cycle waves was taken as the peak 
reading ability of the System. 
The noise reduction circuit of Fig. 7 is similar 

to that of Fig. 4 in a, number of respects, but 
differs therefrom in that (1) the discharge path 
of the capacitor 4 includes a photocel 5 (Type 
921 for example) and the cathode return lead 
resistor 7, and (2) the transformer 9-0 is re 
placed by an electron ray tube 29 of the “Magic 
Eye” type, SUch as the RCA. 65. In this circuit 
arrangement, the tubes 5 and 29 are enclosed in 
a light tight container and the capacitor 4 is 
discharged only when illuminated from the tube 
20, Which may be of the type disclosed by U. S. 
Patents 2,051,189 and 2,094,684. 
As indicated by Fig. 8, the top of the tube 2) 

is provided with an opaque mask 2 . The shad 
OW angle ox of the ray control electrode increases 
from Zero to 90 degrees when the voltage of the 
grid 22 (Fig. 7) is changed from — 3.5 Volts to 
Zero volts. As a result, the light applied to the 
photocell 5 decreaSeS as the grid 22 becomines less 
negative and is entirely interrupted at Zero grid 
voltage when the shadow angle cx is equal to 
the opening in the mask 2 . 
A capacitor 23, Which has the Sane value as 

the capacitor , and a. resistor 24, which has the 
same value as the resistor 6, are connected be 
tween the “-B” terminal and the plate of the 
amplifier 8; the grid 22 is connected through a 
resistor 25 to the junction between the capacitor 
23 and the resistor 24; a cathode 26 is connected 
through a resistor 27 to the “—B” terminal; an 
anode 28 is connected to the “--180V” terminal 
through a resistor 29; and a fluorescent electrode 
30 is connected directly to the “----180W” terminal. 
The anode eXtension 3 f, of course, functions as 
the control electrode of the visual indicating 
portion of the tube and determines the pattern 
on the target or fluoreScent anode 30. 
When the volume of the A. C. input suddenly 
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4. 
increaSeS, the grid of the amplifier 3 becomes 
more negative, the current of the resistor 8 in 
CreaSeS, the capacitor 23 is charged in a positive 
direction, the grid 22 becomes less negative, and 
the light reaching the photocell 5 is interrupted. 
The peak charge on the capacitor 4 is therefore 
“trapped” and this capacitor cannot discharge 
until the voltage of the resistor 24 decreases to a 
point where the light is permitted to pass. But 
Since the Voltages acroSs the resistors 6 and 24 
are the Same, light Will be applied to the photo 
cell only when the capacitor 7 has been fully 
charged, When the capacitor 4 will be discharged 
through the photocell 5 at a rate depending on 
the photocell resistance and the capacity of the 
capacitor. 

If the rate of discharge through the photocell 
is faster than the rate at which the capacitor 7 
discharges through resistor 6, capacitor 7 and re 
Sistor 6 control the rates of increase and decrease 
in the envelope current output. If the rate of 
discharge through the photocell is slower than the 
rate of discharge of the capacitor 7, the photo 
Cell determines the rate at which the envelope 
CUIrrent de CreaSeS. 
The Voltage required to interrupt the light is 

preferably made Small as compared to the maxi 
mum Voltage of the resistor 24, so that the peak 
reading ability of the control circuit is independ 
ent of rates Of increaSe and decrease in the values 
Of the envelope current which activates the shut 
ter or other background noise control member of 
the recording System. If desired, these rates may 
e made equal and quite fast for push-pull record 

ing. The ability of the control circuit to respond 
to the full peak value of the first quarter wave is 
treimendously improved, for the reason that the 
capacitor 4 may be made much Smaller than in 
the case of the prior art System of Fig. 1. For 
Steady Static conditions, the voltages of the re 
Sistors 6 and 24 are zero, thus allowing the nor 
mal amount of light to reach the photocell. The 
resistor 27 is utilized to adjust the bias of the 
tube 20 and the resistors 7 and 32 may be utilized 
to adjust the envelope current output value with 
out affecting the operation of the tube 20. 

I claim as my invention: 
1. In a System for deriving an envelope volt 

age prOpOrtional to the peak values of an alter 
nating current Voltage, the combination of means 
for rectifying Said alternating voltage, a capaci 
tOr arranged to be charged by Said rectified volt 
age, means for amplifying said envelope voltage, 
and means responsive to said amplified voltage 
for regulating the charge on said capacitor. 

2. In a System for deriving an envelope volt 
age proportional to the peak values of an alter 
nating current Voltage, the combination of means 
for rectifying said alternating voltage, a capaci 
tor arranged to be charged by said rectified volt 
age, means for amplifying said envelope voltage, 
and means including a coupling transformer in 
terposed between the output circuit of said am 
plifying means and the discharge circuit of said 
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capacitor for regulating the charge on said ca 
pacitor. 

3. In a system for deriving an envelope volt 
age proportional to the peak Walues of an alter 
nating current voltage, the combination of means 
for rectifying said alternating voltage, a capaci 
tOr arranged to be charged by said rectified Wolt 
age, means for amplifying said envelope voltage, 
and means including a photocell interposed in the 
discharge path of said capacitor and light source 
means reSpOnSiWe to the output of Said amplifier 
and arranged to control the illumination of Said 
photocell for delaying the discharge of said ca 
pacitor. 

4. In a system for deriving an envelope voltage 
proportional to the peak values of an alternat 
ing current voltage, the combination of means 
for rectifying said alternating voltage, a capaci 
tor arranged to be charged by said rectified volt 
age, amplifying means provided with an input 
circuit subjected to said envelope voltage and with 
an output circuit from which the amplified en 
Velope voltage is applied, a transformer provided 
With a primary circuit connected in said output 
circuit and with a secondary circuit, and a dis 
Charge path for said capacitor including said sec 
Ondary circuit. 

5. In a System for deriving an envelope voltage 
proportional to the peak values of an alternating 
Current Voltage, the combination of means for 
rectifying said alternating voltage, a capacitor 
arranged to be charged by said rectified voltage, 
amplifying means provided with an input circuit 
Subjected to said envelope voltage and with an 
Output circuit from which the amplified envelope 
Voltage is applied, a transformer provided with a 
primary circuit connected in said output circuit 
and With a secondary circuit, a resistor, and a 
capacitor discharge path including said resistor 
and said Secondary circuit. 

6. In a System for deriving an envelope voltage 
proportional to the peak values of an alternating 
Current Voltage, the combination of means for 
rectifying said alternating voltage, a capacitor 
arranged to be charged by said rectified voltage, 
Successive amplifier Stages each provided with an 
input and an output circuit, means for subjecting 
one of Said input circuits to said envelope volt 
age, a filter netWork connected between another 
of said input circuits and one of said output cir 
cultits, and means coupling another of said output 
circuits to the discharge path of said capacitor 
for regulating the charge on said capacitor. 

7. In a System for deriving an envelope volt 
age proportional to the peak values of an alter 
nating current voltage, the combination of means 
for rectifying said alternating voltage, a capaci 
tOr arranged to be charged by said rectified volt 
age, amplifying means provided with an input and 
an Output circuit, a resistance-capacity network 
connected between said capacitor and said input 
circuit, and means responsive to the current of 
said output circuit for regulating the charge on 
Said capacitor. 

GLENN L. IDIMMICK. 
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