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HARKINS AUTO-LEVEL 

TECHNICAL DATA 

POWER REQUIRED 
100 - 130 VAC, 50/«J cps 
60 watts 

INPUT IMPEDANCE 
500 ohms, balanced 

OUTPUT IMPEDANCE 
500 ohms, balanced 

GAIN - MAXIMUM BELOW THRESHOLD OF COMPRESSION 
60 db. 

FREQUENCY RESPONSE 
* 1 db . - 30 to 15,000 cps 

NOISE LEVEL 
-70 db., below 25 dbm output 

HARMONIC DISTORTION 
Leu than 1.5% RMS, 30 - 15,000 cps, with 25 db compression 

INPUT LEVEL 
-50 dbm to +10 dbm-

MAXIMUM OUTPUT 
+25 dbm 

COMPRESSION RATIO 
Up to 6 :1 

TIME CONSTA NTS 
Attach Time -25 mi I Ii seconds 
Recovery Time -2 seconds for 63% recovery 

9 seconds for 90% recovery 

SPECIAL FEATURES 
Continuous variable Input and output controls 
Upward indicating compression metering circuit 
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DESCRIPTION 

"AUTO-LEVEL" 

OPERATING INSTRUCTIONS 

The "Auto-Level" is designed for use in any audio system where it Is desired to 
automatlcal ly control the level differences between two or more program sources 
or to maintain a constant output level from a varying source of audio . Addition
al uses are contained In this operation manual. 

The self-contained unit fits a standard 19" equipment rack and occupies 5 1/4" 
vertical rock space. The controls for regulating the input and output levels ore 
on the front panel . 

The "Auto-Level" is capable of maintaining automatically a nearly uniform aver
age output level over a wide range of variation of input levels. The output level 
is more than adequate to drive e><isting transmitters and other devices encountered 
In the broadcast and recording field. 

Input and output balanced lines are connected to the rear of the unit. Also 
available are terminals to connect to an external meter for an indication of the 
amount of gain reduction taking place. 

INSTALLATION 

The "Auto-Level" may be mounted in a standard equipment rack and has been de
signed for operation in the presence of strong R. F. fie Ids . Due to the high gal n 
of the circuit, extreme care should be exercised In the shielding of the Input 
connections. The use of shielded twisted pair wire for both input and output cir
cuits is desired . Standard practice of grounding the shield at one end only is also 
desirable. The use of shielded wire that is also covered with a sheath of insula
tion will help reduce pickup of noise and crosstalk. 

If signals from the output leads are al lowed to couple into the input leads, feed
back osci I lotion can occur due to the gain of the amplifier. 

The peak input voltages applied to the input terminals should not exceed plus 10 
DBM otherwise excessive distortion will occur and the input transformer could be 
damaged. If the source of audio feeding the "Auto-Level" is higher than plus 10 
DBM, an external fixed H pad should be inserted In the Input line prior to the in
put terminals. Suggested values are shown elsewhere in this manual . 

Terminals are provided for the connection of a meter that can be located at any 
distance from the unit convenient for the particular operation. A DQC. meter 
havl ng a movement of 0-1 Ma . or more sensitive may be used. 
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CIRCUITRY 

Operation of this unit revolves around the variable gain stage using the G. E. 
6386 tube. This remote cutoff dual triode has almost complete linear amplifica
tfon over the entire portion of its characteristic curve. Besides high gain, low 
noise and low distortion, this tube offers variable gain over a wide range that 
is directly control led by the applied negative grid bias. The bias may be varied 
over a wide range without causing distortion. 

Referring to the block diagram, it wi 11 be seen that the input audio passes 
through on input transformer and dual input level control to the grids of the 
6386. The output of this variable gain stage is applied to a 12AT7 voltage 
amplifier whose output in turn is fed to the push pull porallel 12AU7 output tubes. 

6386 

AGC B.IAS 

12AT7 

DELAY 

ETWOR 

PUSH PULL 

f-~ PARALLEL 12 AU 7' 

6AL 5 

FIG . 1 

110:: OUl 

The output voltage appearing at the plates of the push pull parallel 12AU7's Is 
applied to the cathodes of a 6Al5 which in turn develops the D. C. gain control 
bias. A fixed positive voltage is also applied to the 6AL5 cathodes so that recti 
ciation of the applied audio voltage does not occur until it rises to a level above 
the applied "bucking" voltage. 

After the output voltage of the 12AU7's rises above the "threshold" to permit rec
tification, the resultant negative voltage is fed through a resistance-capacitance 
filter network to the control grids of the variable gain 6386. The design of this 
filter permits almost Instantaneous charging time and a slow discharge rate. At. 
the rectified output voltage increases, the applied negative bias causes the gain 
of the 6386 to drop. At. long as the input signal is sufficient to drive the output 
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voltage over the "threshold", the gain will be automatically regulated by this 
closed loop arrangement. The output w ii I remain at a nearly constant level once 
the Input signal rises above the threshold level . 

If the input level is kept below the "threshold", the amplifier functions in a If near 
manner with the output level being directly proportional to the Input level . This 
mode of operation can be ob alned at al I times merely by unplugging the 6AL5 
tube. 

Fig . 2 shows the operating characteristics of the "Auto-Level". As the Input 
level is Increased beyond the "threshold ", the output level rises only a small per
certage of the lncrease in input. Thls gain controlling function Is best described 
as the "compression ratio". If, for example, the input level Is ralsed by 10 db 
and the output lncre0$es 2 db, the compression ratio would be 5:1. 

+30 

E 
..0 +25 
""0 

z 
I-
::, 

+ 20 
a.. 
I-
::, 
0 + 15 

+ 10 

-50 - 0 

INPUT IN dbm 

0 + 10 

FIG. 2 

Both the Input and output gain controls are wide open and the levels measured at 
the Input and output tennlnals for this graph. 

For optimum results, the input levels should be kept between -40 dbm to -20 dbm 
points on the curve . As the following chart of values shows, the distortion rises 
as the limiting action increases. Although usuable for many applications, limit
ing above an amount of 20 db Is not advised for broadcast application such as 
AM, FM or TV aural. 
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INPUT OUTPUT COMPRESSION DISTORTION 

- 50 dbm + 10 dbm 0 db . 0 % 
- 45 dbm + 15 dbm 0 db -. 8 % 
- 40 dbm + 20 dbm 0 db .0 % 
- 35 dbm + 21 dbm 4 db .8 % 
- 30 dbm + 22 dbm 8 db .4 % 
- 25 dbm + 23 dbm 12 db .45 % 
- 20 dbm + 24. 5 dbm 15.5 db . 55 % 
- 15 dbm + 26 dbm 19 db . 9 % 
- 10 dbm + 27 dbm 23 db 1 • 3 % 

- 5 dbm + 29 dbm 26 db 2.6 % 
0 dbm + 30 dbm 30 db 5.0 % 

All of the above measurements are taken with both input and output gain controls 
at full maximum. 

Under actvol use, input levels of as much as plus 10 dbm con be applied to the 
input terminals and the input gain control used to deliver the equivalent of a 
- 20 dbm signal to the control grids. 

The importance of setting up the proper input levels is apparent and if the audio 
voltages feeding the unit are of higher peaks than plus 10 dbm, it is suggested that 
an external fixed 11H 11 pad be used in order to prevent distortion within the Input 
transformer . 

Loss 
in db 

5 

10 

15 

20 

25 

Min . losi 
1solation 
~2 db) 

Rl 

68 

150 

150 

220 

270 

15 

Bo I anced II H" Loss Pads 
using standard resistors 
2 in = l OU t = 500 n 

Use of these values will result 
in not over o 10% mismatch 

Actual 
Measured 

R2 Loss 

680 5.5 
R 1 R 1 

470 10 . 5 

150 15 

100 21.5 

o--1\./vvl-wN--o 
R2 

/ 

27 24 .7 
R 1 R 1 

0 

1000 2 

Above c hart shows design of several pads from standard resistors. 
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' 
The input control Is used for the actual adjustments of the inplt levels and unless 
the inputs are exceeding plus 10 dbm, no external input pads rre requiredo 

The output control enables any degree of attenuation desired o The unit delivers 
ample voltage to drive standard audio equipment such as peak limiters, tape re
corders, AM and FM transmitters, etc . 

It may be desirable to instal I a fixed pad in the output leads so that the panel con
trol operates near maximum during normal operation. 11 H" pads may be designed 
from the same chart as shown for input pods. This has the advantage of preventing 
accidental overdrive of the unit being driven. 

INDICATI NG METER CIRCUIT 

Terminals are provided to connect a 0-1 D. C. Mi lliameter or any meter having a 
movement of higher sensitivityo This is in a "bridge" type of circuit so that It 
reads upwards from zero as limiting action takes place . 

,/VV'------ ------'- ----·------'l'X 
- - C 1 -r 

R6 -~--

) R30 

? 

In the above schematic it is shown that the meter is balan~ed between the reference 
voltage divider and the cathodes of the 6386 tube. With no signal applied to the 
"Auto-Level", R31 fs adjusted so the meter reads zero. As bias is applied to the 
6386 grids, thus lowering Its gain, the supply voltage for the reference wi ll raise 
and the cathode voltage will lower thus unbalancing the bridge and causing the 
meter to read upward. 

By ad justing the shunt resistance R32 the full scale reading can be adjusted to read 
the va lue desired. Using a 0-1 Ma. meter, the full scale reading at maximum sen
sitivity will be 16 db limiting. This occurs with R32 set a full 500 n. 

The meter may be remotely located such as near the audio con10le for maximum 
utilityo 
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The sensittvrty control Is. lually adjusted so that ful I ~cale Indications are the maxi
mum amount of llmitlng rZbe used. This degree of maximum llmltlng Is usually 
dtctated by the amount otfnoise that wrll become apparent In the absence of program 
audio. Room noise, fllm hiss, preamplifier hum and the like will all become ap
parent as the "Auto-Level" gain recovers In the absenc:e of program materlal . 

As an a id to calibrating ttie meter, a VTVM may be connected to point "Y" to meas
ure the negative bias that Is produced to control the gain of the 6386 tubes. From 
the following chart, the indicating meter may be calibrated as follows : 

Limiting Volts at point "Y" . 
6 db ,, - 2 . 8 

10 db - 5. 6 

15 db - 17 
. 

20 d b - 24 

25 db - 36 

FREQUENCY RESPONSE 

A fami ly of curves is shown to relate the response characterist ics under va rious con
tions of limiting . 

THRESHOLD LEVEL 

. 
The compression ratio is a func tion of the threshold level . The rec t ifier de lay bias 
obta ined from the vol tage divider R29 dete rmines the point a t which control bias ca n 
be del ivered to the 6386 gain reduction tubes . As supplied, the compression ratio 
is in the 5 :1 range ._ Resistor R29 may be increased to place a larger de lay bias on 
the 6AL5 to goi n a larger compression ratio. Values above 47K O to obtain a 7: 1 
ratio a re not recommended as the distortion increases . R29 may be reduced to ob
tain a sma ller compression ratio is desired . 

' 

R 29 Ratio R 29 Ratio 

47K 0 7: 1 22K 0 3 : 1 

' 39K 0 ' 6:1 15K 0 2: 1 
I 

27K 0 5: 1 ** . ~• factory choice 
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TIME CONSTANTS 

R23 and ClO determines the attack time of 25 milliseconds. The recovery time Is 
controlled by the dual circuit consisting of R24 and ClO which functions on short 
audio peaks and Cl 1 and R25 which charge up on sustained peaks. As shipped 
from the factory, R23 is 3.3 Meg. which causes 2 seconds for 63% recovery of 
gain, and 9 seconds for 90% recovery . 

This action is most desirable for complex program material and permits the full 
adva ntage of the unit to be realized wi thout aural awareness of the smooth gain 
changes. 

Considerable variation in the recovery time constants can be made by juggling 
the values of R23, R24, Cl0 and Cl 1. However, for practical purposes, most 
operating conditions can be satisfied by changing R23. The fol lowing table gives 
the timing for several values of R23. 

R 23 63% Recovery 90% Recovery 

6 • 8 I-kg • 7 . 5 seconds 22 seconds 

4 . 7 Meg. 5 seconds 15 seconds 
-

* 3.3 Meg. 2 seconds 9 seconds 

1.5 Neg. 1 second 4 seconds 

* our choice 

NO IS"'E MEASUREMENTS 

With both the Input and output contro ls fully advanced , apply sufficient tone to 
the input terminals to obtain a calibrate level of plus 25 dbm. 

Remove a ll wires from the input te rminals (to prevent stray pickup) and measure the 
noise that remains., This should be a t least 70 db below the plus 25 dbm cal ibrate 
level . Since this unit has high gain, the importance of proper balance and shleld
i ng of the input cob le is very a pparent when making the noise measurement. 

MAINTENANCE 

Designed for long tube life , the best maintenance is to know the tube socket volt
ages for normal operation . The fol lowing chart of voltages ore typical under con
ditions when no signal is on the input . 
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Pin 1 
6386 6.3 AC 
Vl 

-8-

VOLTAGE CHART 
No Input• Input control full shut - CON 

2 3 

. 9 0 

Output control full open - ON 
Meter balanced for zero 

4 5 6 7 

45 • 1 45 0 

8 9 

.9 -
12AT7 150 0 2 6 .3AC 6.3AC 1.50 0 2 6 .3AC 
V2 
12AUi 250 _o 8 6 . 3AC 6.3AC 250 0 8 
V3 
12AUj 

250 · 0 8 6 . 3AC 6. 3AC 250 0 8 
V4 
6AL5 28 • 0 0 6 . 3AC 28 0 0 -V5 
5Y3 330• 300AC 300AC 330* - - - -V6 

5VAC betwee n Pi"' 2 & 8 - 5Y3 

The audio level, throughout can also be checked with an Audio VTVM such as 
Hea thkit AV-3. 

0 

0 

-
-

For this purpose apply a 1000 cycle tone so that the output with output control ful ly 
adva nced is p lus 25 dbm (14 volts rms) . With the input contro l also fully advanced, 
an output of - 20 dbm (.078 rms) should cause this condition which also Indicates 
15 db of limlting . 

Wi th the above condi tions, the audio signal voltage a t the socket pins will be as 
fo llows {conside rable variation permi tted due to normal component to lerances.) 

Pin 

Tube - 1 

6386 
Vl - .. 
12AT7 

2. 5 V2 
12AU7 
V3 

27 l 
12AU7 

27 l V4 

Audio Voltage - + 25 dbm output - 14 VRMS 

2 3 

. 008 . 34 

. 38 1, .3 

2 . 5 .42 

2 . 5 . 42 

- 20 dbm input - 7 . 8 VRM 
15 db of limiting 

,4 5 6 7 

. 46 - . 46 . 34 

- - 2. 5 .38 

- - 27 2 . 5 
·c 

- - 27 2 . 5 

8 

.008 

. 3 

. 42 

. 42 

As measured with 1000 cps -20 dbm input and both input and output controls at 
fu ll maximum. 
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TYPICAL APPLICATIONS 

The "Auto-Level" ts valuable for use between the audio console and tho ltne feed
Ing the transmitter. This insures the proper operating level 11 feeding the telephone 
line at al I times. 

It makes an ideal companion to an automatic peak llmlttng amplrfler for maximum 
A. M. transmitter coverage. In this application, It Is suggested to be used just 
ahead of the peak I im i ter. 

The "Auto-Level" wil l function as an automatic fader on a multiple Input console. 
If the microphone level Is ad justed higher than the turntables, opening the mike 
wi 11 cause the music to fade to the background automatically and the music wi 11 re
turn to norma I level after the announcement. 

For background music services, it insures uniform reproduction volume regardless of 
changes in tape or record changer levels. Excellent for feeding 'phone lines. 

For television audio purposes, it is needed for use with reproduction of sound on 
film where high variations are often encountered between reels and commercials. 
It is also of extreme advantage for use In live "Interview" type shows where sudden 
changes in audio cannot be anticipated. 

Some stations have found an extra "Auto-level" to be useful In the handling of re
mote pickup lines. The Individual incoming remote is "patched" into the Input of 
the "Auto-level II while the output feeds the remote channel of the console. This 
application is most destrable for sport broadcasts and similar "galnddlng'headaches . 
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CLAIM FOR DAMAGE IN SH(PMENT 

\ 
The unit shou Id be tested as soon as it Is received ., If Jt foils to operate properly, 
or is damaged In any way, a claim should be fl led with the carrier. 

WARRANTY 

Harkins Radio, Inc . warrants iquipment manufactured by them to be free from de
fects in material and workma~hip. Our liability under this warranty Is limited to 
servicing or adjusting any unit' returned to the factory for that purpose and to re -
place any defective parts thereof . Tubes os well os fuses and batteries are specifi
cally excluded from any liability. This warranty is effective for one year after de
livery to the original purchaser when the unit is returned, transportation charges 
prepaid by the original purchaser, and when upon our examination it is disclosed to 
our satisfaction to be defective. If the fault has been caused by misuse or abnormal 
conditions of operation, repairs wi II be bi lied at cost. In this case, an estimate 
wil I be submitted before the work is started. 

If any fault develops, the following steps should be taken: 

1. Notify us, giving full detoils of the difficulty, and include the model number 
and serial number. On receipt of this information, we will give you service 
data or shipping instructions. 

2. On receipt of shipping instructions, forward the unit prepaid to the factory . 
If requested, an estimate of the charges wl 11 be made before the work begins 
provided the unit is not covered by the warranty. 

SHIPPING 

All shipments to Harkins Radio, Inc . should be made via Truck or Roi lway Express. 
The unit should be packed in a strong exterior container and surrounded by two or 
three inches of excelsior or similar shock-absorbing material. 

DO NOT HES ITATE TO CALL ON US 

HARKINS RADIO , INC. 

4444 E. Washington Street 
Phoenix, Arizona 

Phone BRidge 5-6224 
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