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A-TYPE 

JNSTA INSTRUCTIONS 
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check interiors. 

Hemove covers 
ove cover-plates and check 

2. Mount units in tack~ 

3. Set selector (11 0 v) app riately. 

4. Connect Dower cables. If 

5. 

6. 

remote 

Earth; 
Earth: 

two remote control re in 1 nre 
current 24v reed relay (SmA in 

means of a two conductor five-pin XLR 
• connect reed rc coil (pins 2 and 3 

connector) record relay coil of the 
if the record If 

resistor can be u 
watt; 11 0 v de circuits, use 15 

method 
v supply of the 1 361, 

connector (pin 1 is 4 is 24 v). Usmg a 
3 and 4 XLR cable 

coil is energized making a connection 
1 and 2. to "any convenient 

or 

transformer, with 2 as 
side for stand:.lrdized For ced 

3 is 

s. 



7.4 

7. Set MONITOR IMPEDANCE switches (600 ohms or 10k) appropri:ltcLy; 
if 600 ohms, switch off output terminations on recorder. No term i
nation resistors need to be added anywhere in the instoll:ltion; :.111 
termination conditions arc established correctly by the M()de I 3G 1 
switches and the recorder output terminatiOn switches according to 
the above procedure. 

8. Link together Dolby Tone circuits of all Model 361 units using a two 
conductor cable and the jack plugs provided. The Dolby Tone osci lla
tor and calibration circuitry in the Model 361 are activated by COlUlect
ing the center pin of the jack plug to earth . Pressing the Dolby Tone 
button on any linked Model 361 tmit connects this pin to earth. The 
Dolby Tone may be activated remotely (at the mixing console, for 
example) simply by extending the jack plug links; connect a single 
pole normally-open push button to the end of the remote link . 

9. Noise Reduction IN-OUT function may be controlled remote1y using 
pins 5 and 1 of the fiv~-pin XLR connector. These two pins should 
be joined, using a remote switch, :or NR OUT. Because of the 
possibility of earth (hum) loops, pin 1 should not be connected to 
any remote earth point. A separate circuit and switch should be 
used for each channel. The remote switches do not replace the 
front panel switches but are connected in parallel; therefore for 
remote operation the front panel switches must be depressed (NR rN~ 

Note that the indicator lamps in the Model 361 units will remain 
illuminated even when the remote switches are in the NR OUT 
position. 

If illuminated remote indi cation of NR IN-OCT mode is deSired . use 
two-pole remote switches with suitable lamps connected via the 
second pole. The 24 v supply in each Model 361 Wlit (pins 1 and 4 
of the five-pin XLR) may be used (max current lOOmA). A separate 
earth line (from pin 1) must be u.sed for each lamp circuit in order 
to avoid hum loops in the NR OUT position. 

10. Refer to Model 361 Operating rn structions for calibration and operat
ing procedures. 
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5.3 

1. If VU metern are used, Dolby Level corresponds to 
o VU on a steady-stab basis. 

2. If fast risetime peak prog-rarnme m eters are used, 
Dolby Level corresponds to a level of 4 dB beLow the 
nominal 100% or peak operating ~evel on a steady-state 
basis (i. e. PPM 5 for UK peak meters, +4 on the EBD 
meter scale, or -4 on ligh';-beam instruments). 

5.4 Optical Sound Tracks 

Dolby Level is defined as 6 dB below clash (clipping) 'evel, or 501~ of full 
track width modulation. 

5. 5 Other SYstems 

Dolby Level can be defined by r eference to t'-1e overload properties of the 
transmission system f~llowing the guidelines provided by the above definitions. 

5. 6 Adjustn- en t of In put al-d Outpu' Lev£: 1 s 

The adjustment of signal levels '8 covered in detail ir Section 8, OperatioJ:"" 
A generalized d~scriptio~ is given here to illustrate the part played by the 
Dolby Level calibration. 

Decode or playback units are calibrated first. A ton-=: , from a test tape or 
oscillator, at either 0 VU (or Ampex Operating Level Dolby Level) or DIN 
(peak) level, is :'ed into tie unit and the input level potentiometer is adjusted 
to give an appropriate reading on the front-panel meter on the u:Jit (i. e. Dolby 
Level or DIN). The output level pote:~,tiometer is then adjusted to give unity 
gain through the 360 Series unit. 

Following correct calibration of the decoder Ullit, the en coder or record unit 
is set up. The record gain controls on the recorder or the liDe sending controls 
on the line amplifier' are adjusted to suit the usualline levels. The Dolby Tone 
button is pressed, and the odput level control on the 360 Series unit is adjusted 
such that the recorded or received tone, as indicated by the previously calibrated 
decoder unit, is at tr.e Dolby Level mark. The input potentiometer of the encoder 
unit is then adjusted to suit the incoming signal level. 

A:':er this calibration is completed, the A - type encoder and decoder units, to
gether with the recorder or transmission line coupling them, should be treated 
as a fixed, unity-gain system. The decoded output, is at studio or line level; 
for encoding, studio or line level shouM be fed in. 

In operation, do not compensa~e for. different types of prop'amme material 
(e. g. piano) or different types of tape (e. g. high-output) by altering any of th~ 
previously adjusted record and playback gain controls in the chain; set tr-e 
level actually recorded on the tape or sent to ':he line by adjusting the level 
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6.2 
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6.3 
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6.5 

cable, or to create special SOWld effects. Since magnetic tape is 
usually the recording medium, noise is a problem which can be 
alleviated through the use of the A -type noi se reduction system. 

6.5.2. Electronic Delay . Various methods are being used to produce 
electronic delays I including shift registers and sample, storage and 
read circuits. For economic reasons the noise performance is often 
inadequate for the most demanding applications, and in general the 
noise spectra is obtrusive since it is not white. In such instances the 
signal can be noise reduction encoded prior to the delay unit and 
decoded at the output, yielding a significant improvement in signal-to 
noise ratio. 

6.5.3. Reverberation systems. Echo chambers or reverberant plates 
are often noise limited. Dolby A -type noise reduction units can be placed 
around the echo chain, resulting in a signiiicant improvement in signal 
to-noise ratio. Unfortunately, such applications are not as straightforward 
as they might appear, since due to dispersion the signal at the decoder is 
not identical to that leaving the encoder. Thus a comparison of the signal 
with and without noise reduction will reveal differences. The apparent 
reverberation time will be decreased, but this can be compensated by 
readjustment of the plate time or room damping materials. 

6. 6 Digital Applications 

Digital techniques are becoming more common as the size and cost of 
complex semiconductor logic arrays are reduced. Digital techniques 
for delay purposes have already been discussed (Subsection 6.5.2.). 
Another digital application is the use of pulse code modulation (PCM) 
for signal transmission. To describe an audio signal in digital form 
needs a given number of bits (level samples) occurring at a given sampling 
rate, producing a serial data rate in the order of 500 kilobits per second. 
To transmit this information requires a wide bandwidth; or in recording 
terms either a multiplicity of tracks or a high head-to -tape speed. The 
data rate can be reduced if one of the required performance parameters is 
relaxed, such as signal to noise ratio; illcorporation of the analogue A -type 
noise reduction system into existing or new digital designs can save two 
bits to give a useful reduction in hit rate for a given ratio. The economic 
saving of two bits can sometimes be greater than the cost of the A - type 
processors. The processors should be used before the input to the digital 
encoder and afte r the output of the digital decoder. 

6. 7 Electronic Music 

It is not necessary that the programme being encoded consist of naturally 
occurring sounds. The A -system is equally effective when processing the 
signals which are often found in e1ectronic music composition. Further
more, because of the specialized techniques (such as multiple dubbing and 
the mixing of many pre-recorded sources) employed in these compositions, 
noise reduction is of particular value in preventing excessive noise build-up. 
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8.5 

8.2 361 Initial Calibration: CONDITION A 

Condition A: Standard recording level with standard Dolby Level (185 n Wb! m). 

Some of the following are reasons for operation under condition A: 

a) You record classical music or other demanding material at standard 
recording levels. Noise is not particularly a problem and it is 
important, by appropriate choice of tape, to minimize distortion, 
print-through and high frequency compression. 

b) The original tapes of the material you record must be stored 
on a long term basis. Therefore, standard level recording 
tapes must be used in order to minimize print-through and 
ensure long-term stability of the recording. Dolby Level 
standardization for ease of auditioning and collating material 
is also important. 

c) You are a new Dolby user and have checked that other studios 
with which you will be exchanging tapes operate on this standard. 

d) Not necessarily any of the above, but you are already operating 
under these conditions. having followed the original recommendations. 
and you wish to continue on the same standard for the sake of 
convenience. 

The pre-1975 Dolby 361 calibration procedures can be used for operation 
under condition A. Alternatively, the following new procedure is a particularly 
convenient one, in that it separates tape recorder calibration from Dolby 361 
calibration; the end result is still condition A. 

Procedure A 

For standard recording level with standard Dolby Level (185 nWb!m). 

1. Disconnect the 361 power (which de-energizes the relays) and 
press the 361 CHECK buttons to bypass the units both to and 
from the recorder. 

Note: Bypassing of the 361 units is not normally required 
during routine alignment of the tape recorder; the 
signaLs to and from the recorder can pass 1lllmodified 
through the 361 units (with the NR switches set to the 
OUT or released position). Nevertheless, during initial 
installation of the Dolby 361 units the bypassing exercise 
is useful for familiarization purposes; the bypass mode 
can be used in the event of Cat. No. 22 Noise Reduction 
Module failure. 
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2. Adjust both play and record aspects of the tape recorder, including 
its line level interfacing with the console. Use an Ampex (185 nWbh:1) 
test tape. European equivalent is a DIN 320 nWb/m test tape. 
The input and output line voltages of the recorder must be the same 
(also, recorder and console meter readings should match or at 
least have a known relationship: correct the meter calibrations 
if necessary). If the machine has separate sync level controls, 
they should be set to match play level. 

Note: As an alternative to the tapes mentioned above, Dolby Level 
Reference Tapes are now available from Dolby Laboratories. 
The tapes are available in !tr, 11! and 2 ' versions - Cat. 
No. 72, 73 and 74 - and contain 5, 8 and 10 minutes, 
respectively, of Dolby Tone at standard Dolby Level~ 
185 nWb/m. 

3. Restore power to the 361 units and press the NORMAL monitor 
buttons to put the 361 units back into the circuit. Press the 361 
REMOTE (play) buttons. Set the NR switches to the OUT (released) 
position. 

4. Play the test tape used during recorder calibration (step 2 above) 
again and check the recorder line output meter reading. The 
playback level (and sync level) controls on the recorder should be 
trimmed, if necessary, so that the recorder line output level 
is the same as in step 2 above. 

Note: No trimming should be necessary with bridging (10 kohm) 
tape return inputs on the console. With '600 ohm' tape 
return inputs, no trimming should be necessary if the actual 
impedance is reasonably close to 600 ohms (adjust 
impedance with extra resistors if necessary). 

5.. Continue playing the test tape and adjust the INPUT controls on 
the 361 units (remove front cove~plates) until the 361 meters 
read on the DOLBY LEVEL dot (with Ampex test tape) or read 
on the DIN dot (with DIN test tape, which is 4. 8 dB higher). 
View meters from front rather than radially for DIN reading; 
i.e. do not allow for parallax. 

6. Remove the test tape. Use blank tape and put the recorder into 
record mode. Ensure that the recorder output switches are set 
to the 'playback' (from tape) position. Press the 361 REC buttons 
if the units are not wired for remote mode control by the recorder. 

7. Press the 361 CHECK buttons. 

8. Feed test tone at any convenient level from the console to the 
recorder (through the 361 units). 

9. Check that the 361 NR buttons are in the OUT (rel eased) pOSition. 
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While recording the test tone , adjust the OUTPUT controls 
on the 361 units until the recorder meters and/or the tape 
return meters on the console give the same readings as would 
be obtained without the 361 units. This completes the alignment. 

10. As a check on the alignment, continue recording and press the 
DOLBY TONE button on one 361 unit to record Dolby Tone (note: 
for correct routine operation of the Dolby system it is essential 
that all of the LINK DOLBY TONE connectors should be wired). 
The alignment is satisfactory if the 361 meters read within the 
DOLBY LEVEL dot while the DOLBY TONE button is depressed. 
This is independent of whether an Ampex or DIN test tape has 
been used during recorder calibration. 

Note : If the 361 meter readings are outside the DOLBY LEVEL 
dot (e. g. due to '600 ohm I impedance discrepancies in 
the console and/or the tape recorder, as well as tolerances 
in the 361 units), then the recorder input level controls 
should be trimmed. 

Simplified Procedure 

The above procedure (steps 1-10) results in optimum consistency of 
meter readings throughout the whole audio chain (console. 361. recorder, 
361, console). especially with consoles having 600 ohm tape return inputs. 
However, a simpler and often more convenient variation also gives good 
results, especially with consoles having bridging tape return inputs. The 
simplified procedure below does not require tone from the console for 
361 alignment. 

Procedure 

Carry out all steps up to and including step 6 above. Then replace 
steps 7 - 10 with the following steps: 

7a. While recording, press the DOLBY TONE button on one 361 unit 
(note: for correct routine operation of the Dolby system it is 
essential that all of the LINK DOLBY TONE connectors should be 
wired). 

Sa. Continue r ecording Dolby ·Tone and adjust the OUTPUT controls 
on the 361 units until the 361 meters read on the OOLBY LEVEL 
dot. This is independent of whether an Ampex or DIN test tape 
has been used during recorder calibration. Alignment is now 
complete. 

After the calibration procedure A above has been carried out, it is normally 
unnecessary to make any further adjustments on the Dolby 361 units. Level 
variations due to changes in tape sensitivity should be compensated by 
adjusting the input level controls on the tape recorder. 
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8,2 361 Initial Calibration : CONDITION B 

Cooditlon B: Elevated recording level with standard Dolby Level (185 nWh/ m). 

Some of the following aTe r~asons for operation under condition B: 

a) You move your Dolby 361 units around and patch them into 
a particular sesston only when required. On noo-Dolby 
sessions. your recorders are set up for elevated level 
operation on high output tape. When patching in your Dolby 
units you want to continue operating at elevated level without 
baving to recalibrate anything. 

b} You use the Dolby system all the time but you feel that you 
would like to improve the signal-to-noise ratio still further 
by recording at elevated level on h1gb output tape. At the 
same time you want to retain Dolby Level at the standard 
185 nWb/ m for compatibility with standard level tapes you 
have already recorded (i. e. under condition A above) . Print
through is not:) serious problem with the type of material 
you record. 

c) Some other studios in your area (e. g. London) are recording 
in this way and you would not only like your Dolby Level but 
your recorded signal levels to be compatible for overdubbing 
purposes. 

The pre-1975 Dolby 361 calibration procedures took account of the above 
conditions only to the extent that increasing the output from the console 
was recommended for elevating the recording leveL. Such an hcreflse 
in console level is not always possible or practicable. The following 
improved procedure is therefore recommended. 

Procedure B 

For elevated recording LeveL with standard Dolby Level (1 85 nWb/ m). 

1. Disconnect the 361 power (which de-energizes the relays) and 
press the 361 cn ECK buttons to bypass the units both to and 
from the recorder. 

Note: Bypassing of Ute 361 units is not normally required 
during routine alignment of the tape recorder; the s igna ls 
to and from the recorder can pass unmodified through the 
361 units (with the NR switches set to the OUT or released 
position). Nevertheless, during initial instaUation of 
the Dolby 361 units the bypassing exercise is useful for 
familiarization purposes; the bypass mode can be used 
in the evcnt of Cat. 22 Noise Reduction Module failure. 
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2. Adjust both play and record aspects of the tape recorder for 
operation at the desired elevated recording level, including 
line level interfacing of the recorder with the consoLe. Any 
test tape can be used for this step. The input and output 
line voLtages of the recorder must be the same (also, recorder 
and console meter readings must match or at least have a known 
relationship; correct the meter calibrations if necessary). 
If the machine has separate sync level controls, they should 
be set to match play level. 

3. Restore power to the 361 units and press the NORMAL monitor 
buttons to put the 361 units back into the circuit. Press the 
361 REMOTE (play) buttons. Set the NR switches to the OUT 
(released) position. 

4. Play the test tape used during recorder calibration (step 2 above) 
again and check the recorder line output meter reading. The 
playback level (and sync level) controls on the recorder should be 
trimmed, if necessary, so that the recorder line output leve t 
is the same as in ' step 2 above. 

Note: No trimming should be necessary with bridging (10 kohm) tape 
return inputs on the console. With '600 ohm' tape return 
inputs, no trimming should be necessary if the actual 
impedance is reasonably close to 600 ohms (adjust impedance 
with extra resistors if necessary). 

5. Next play an Ampex (185 nWb/m) test tape. Becr·use of the elevated 
level settin,?:s, the recorder meters will read low. European 
equivalent is to playa DIN (320 nWb/m) test tape. 

Note: As an alternative to the tapes mentioned above, Dolby Level 
Reference Tapes are now avai lable from Dolby Laboratories. 
The tapes ~re ava ilable in k", 1"and 2" versions - Cat. No. 
72, 73 and 74 - and contain 5, 8 and 10 minutes, respectively, 
of Dolby Tone at standard Dolby Level, 185 nWb/ m. 

6. While playing the test tape, adjust the INPUT controls on the 361 
units (remove front-cover plates) until the 361 meters read on the 
DOLBY LEVEL dot (with Ampex test tape) or read on the DIN dot 
(with DIN test tape, 4.8 dB higher) . View meters from front 
rather than radially for Drn reading; i. e. do not allow for parallax, 

7. Remove the test tape. Use blank tape and put the recorder into 
record mode. Ensure that the recorder output switches are set 
to the 'playback' (from tape) position. Press the 361 REC buttons 
if the units are not wired for remote mode control by the recorder. 

8. Press the 361 CHECK buttons. 

9. Feed test tone at any convenient level from the console to the 
recorder (through the 361 units). 
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10. Check that the 361 NR buttons are in the OUT (released) position. 
While recording the test tone, adjust the OUTPUT controls on the 
361 units until the recorder meters and/or the tape return meters 
on the console give the same readings as would be obtained without 
the 361 units. This completes the alignment. 

11. As a check on the alignment, continue recording and press the 
DOLBY TONE button on one 361 unit to record Dolby Tone (note: 
for correct routine operation of the Dolby system it is essential 
that all of the LINK DOLBY TONE connectors should be wired). 
The alignment is satisfactory if the 361 meters read within the 
DOLBY LEVEL dot while the DOLBY TONE button is depressed. 
This is independent of whether an A mpex or DlN test tape has been 
used during recorder calibration. 

Note: If the 361 meter readings are outside the DOLBY LEVEL 
dot (e. g. due to '600 ohm I impedance discrepancies in the 
console and/or the tape recorder, as well as tolerances 
in the 361 units) then the recorder input level controls 
should be trimmed. 

Simplified Procedure 

The above procedure (steps 1 - 11) results in optimum consistency 
of meter readings throughout the whole audio chain (console, 361, recorder, 
361, console), especially with consoles having 600 ol:un tape return inputs. 
However, a Simpler and often more convenient variation also gives good 
results, especially with consoles having bridging tape return inputs. The 
simplified procedure below does not require tone from the console for 
361 alignment. 

Procedure 

Carry out all steps up to and including step 7 above. Then replace 
steps 8 - 11 with the following steps: 

Ba. While recording, press the DOLBY TONE button on one 361 
unit (note: for correct routine operation of the Dolby system it 
is essential that all of the UNK DOLBY TONE connectors 
should be wired. 

9a. Continue recording Dolby Tone and adjust the OUTPUT controls 
on the 361 units until the 361 meters read on the DOLBY LEVEL 
dot. This is independent of whether an Ampex or DIN test tape 
has been used during recorder calibration. Alignment is now 
complete. 
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After the calibration procedure B above has been carried out, it is nonnally 
unnecessary to make any further adjustments on the Dolby 361 units. Level 
variations due to changes in tape sensitivity should be compensated by 
adjusting the input level controls on the tape recorder. However, if the type 
of tape is markedly different (allowing operatioo. at a different elevated level 
- e. g. + 4 dB instead of + 2 dB), then the complete procedure B above 
must be carried out again. 

Operating note: Under operating condition B, an elevated signal level passes 
through the processing portions of the 361 units (but the line 
output circuits handle normal signal levels). The elevated 
signal level can be handled adequately by the 361 circuits 
since the internal overload point is 20 dB above Dolby Level. 
This 1 s above the saturation point of high output tape; the 
361 units therefore do not limit the signal levels which can 
be used. 

Under this operating condition, the 361 meters will read 
high on program material and may frequently deflect full 
scale. No harm is done since the meter circuits include 
overload protection. 
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B.2 361 Initial Calibration: CONDITION C 

Condition C: Elevated recording level with elevated Dolby Level (user-selected). 

Some of the following are reasons for operation under condition C: 

a) You do not use a standard Ampex calibration tape (185 nWb/m) but 
instead use one of the othe r recently available test tapes. 

b} You move your Dolby units around and patch them into a particular 
session only when required. On non-Dolby sessions, your recorders 
are set up for elevated level operation on high output tape. When 
patching in your Dolby units you want to continue operating at elevated 
level without having to recalibrate anything. 

c) Most of the studios with which you exchange tapes are operating 
with an elevated Dolby Level (e.g. 3 dB above Ampex level) on 
high output tape and you wish to be compatible with them. 

d) Some of your clients have their own ideas about recording levels 
and types of tape to be used. You want to accomodate them during 
their sessions si~rlply by readjusting your recorder, leaving the 
Dolby 361 settings :;.lone. 

N on- standard Dolby Leve 1 operation ( condition C, was not considered at all 
in the pre-1975 Dolby calibration procedures. 1'1 evertheless I such operatic!\. 
is a reality in some studios (e. g. many in the Los ALlgeles area). Therefore, 
for such cases - in which the user effectively selects his own tape flux level 
for Dolby Tone - the following procedure is recommended: 

Procedure C 

For elevated recording level with elevated Dolby Level (user-selected). 

1. Disconnect the 361 power (which de-energizes the relays) and 
press the 361 CHECK buttons to bypass the units both to and 
from the recorder. 

2. Adjust both play and record aspects of the tape recorder for 
operation at the desired elevated recording Level, including 
line level interfacing of the recorder with the console. Any test 
tape can be used. The input and output line voltages of the 
recorder must be the same (also recorder and console meter 
readings must match or at least have a known relationship; 
correct the meter calibrations if necessary). If the machine 
has separate sync level controls, they should be set to match 
play leveL. 

3. Restore power to the 361 units and press the NORMAL monitor 
buttons to put the 361 units back into the circuit. Press the 361 
REMOTE (play) buttons. Set the NR switches to the OUT (released) 
position. 



4. Play the test tape used during recorder calibration (step 2 above) 
again and check the recorder line output meter reading. The 
playback level (and sync level) controls on the recorder should 
be trim med, if necessary, so that the recorder line output level 
is the same a s in step 2 above. 

Note: No trimming should be necessary with bridging (10 kohm) 
tape return inputs on the console. With '600 ohm' tape 
return inputs, no trimming should be necessary if the actual 
impedance is reasonably close to 600 ohms (adjust impedance with 
extra resistors if necessary). 

5. Use blank tape and put the recorder into record mode. Ensure that 
the recorder output switches are set to the 'playback ' (from tape) 
position. Press the 361 REC buttons if the units are not wired for remote 
mode control by the recorder. 

6. Press the 361 CHECK buttons. 

7. Feed test tone at 0 VU level (or 5 dB below DIN peak level for 
European operation) from the console to the · 361 units. 

8. Adjust the INPUT controls on the 361 units (remove front-cover plates) 
until the 361 meters read ,on the DOLBY LEVEL dot. 

9. Check that the 361 NR buttons are in the OUT (released) pOSition. 
While recording the test tone, adjust the OUTPUT controls on the 
361 until until the recorder meters and/ or the tape return meters 
on the console give the same readings as would be obtained without 
the 361 units. This completes the alignment. 

10. As a check on the alignment, continue recording and press the 
DOLBY TONE button on one 361 unit to record Dolby Tone (note: 
for correct routine operation of the Dolby system it is essential 
that all of the LINK DOLBY TONE connectors should be wired). 
The alignment is satisfactory if the 361 meters read within the 
DOLBY LEVE L dot while the DOLBY TONE button is depressed. 
This is independent of the type of test tape used during recorder 
calibration. 

Note : If the 361 meter readings are outside the DOLBY LEVEL 
dot (e. g. due to '600 ohm ' impedance discrepancies in the console 
and/ or the tape recorder, as well as tolerances in the 361 units), 
then the recorder input level controls should be trimmed. 
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SUnpltiied Procedure 

The above procedure (steps 1 - 10) results in optimum cO!lsistency of meter 
readings throughout the whole audio chain (console, 361, recorder, 361, console), 
especially with consoles having 600 ohm. tape return inputs. However, a simpler 
and often more convenient variation also gives good results, especially with 
consoles having bridging tape return inputs. The simplified procedure below 
does not require tone from the console for 361 alignment. 

Procedure 

Carry out all steps up to and including step 5 above. Then replace steps 
6 - 10 with the following steps: 

6a. While recording, press the DOLBY TONE button on one 361 unit 
(note: for correct operation of the Dolby system it is essential that 
all of the LINK DOLBY TONE connectors should be wired). 

7a. Continue recording Dolby Tone and adjust the OUTPUT controls on the 
361 units (remove front cover plates) until a level corresponding to 
o VU (or about 5 dB below DIN peak level for European operation) Is 
obtained at the recorder. 

Sa. Continue recording DOLBY TONE and adjust the INPUT controls 
on the 361 units until the 361 meters read on the DOLBY LEVEL dot. 
Alignment is now complete. 

After the calibration procedure C above has been carried out, it is normally 
unnecessary to make any further adjustments on the Dolby 361 units. Level 
variations due to changes in tape sensitivity should be compensated by 
adjusting the input level controls on the tape recorder. Furthermore, all 
adjustments for operation with different types of tape can be made on the 
recorder (including test tape changes, changes from normal to high output 
recording tape, and even changes in elevated level operating conditions -
e. g. + 2 dB, + 3 dB, + 4 dB). This flexibility is an advan.tage of operating 
condition C. However, because Dolby Tone is not at a standard flux level, 
in contrast with operating conditions A and B, the disadvantage is that it 
becomes absolutely essential that Dolby Tone is always recorded at the 
beginning of each tape so that the tape can be properly decoded or over
dubbed at any time by any studio. 

(905/1) 361 
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8. 3 Operation 

The [ollowing- mstructlOns ~pplv [pc normol 3Gl opcr:ntion, regardless of the 
conditions 01 opc r:l.tion Ot' meth od of initial c;,li bntion (A, nor C above), 

1. Set-up 

LMPORTI.'1T 

\Vh e ther p18ying' your own tope or a t8.pe 
from another stud i.o, the Dolby warble 
tone <JlreCldy on the tape m ust read on 
th e 361 Dolby Level dot. 

a) Press ali NR buttons, W1less :t\Y{-OUT is requirecl on any 
particular channel. Pre ss the NORMAL monitor buttons 
P ress the REMOTE (play) buttoJls if the units have been 
wire d for remOLe mode control by the r e conler. Othcrwis\.~, 

it will be :lect..:ssary to switch from record to play tl,:mually, 

b ) The 361 W1 its He now rea,ly for us e. The tape recorder 1S use ::: 
normaLy, although L the recorder has input! plaY 'J ack mon itor 
switche s, the switche s should be set to the playba ck (from ~a}::c ) 

posi.tion . 

2. .Yfonitor buttons 

a) While the NORMAL monitor button is depressed , the 3Gl monitor 
outpu t (back to the console) is the signal on line-in during record 
mode and the decoded tape sign~ during p lay mode. :\ normal 
(non-en cod ed) sign1.1 is thus h ea rd at all tim e s. 

b) The encoded signal dire c tly from the tap e may ~e monitorec.~ by 
pressing th~ CHECK button The recodin g thus ma~' b e checked 
on a Simultaneous- record /' play bnsis, ~~though the signal heard 
",;ill be in the encoded form. The CHECK buttons should not 
normally be operat ed when recordir g: the button switching 
logic in~ ludes appropri[!te ;ine terminati.on rearrangements, which 
may introduce a click in the recordirtg. 

3. Dolby T one buttons 

:1) It i s e ssential to make a recording of the Dolby Tone ccdibration 
signal by pressing a Dolhy Tone button at lease at the beginning 
of ea ch reel of t ape. A II of th e LINK DO LBY TONE connecto r s 
m ust be v,< red. Record the tone on all tra cks, ('ven though not all 
may be used in the first s e ssion . Use of the Dolby Tone ,,,,ill 
ensure correc t de coding or over-dubbing, includillg punching-in 
on existing tracks, al an y time by any studio. Dolty Tonl~ must 
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be r e co rd e d even it" other norm,d stuciio tones J .. . :.; re corded a s well . 
Not e th a t Dolby T one alw:-\ys warbles in a ch<1racte r i s tic \V:l.V for 
positive identifica tion. 

b) When the DO L BY TO_ E button is depressed , Do lby T on e signrlj i s 

sent to the recorde r (on a ll channe ls in record mode ) and th e 
p layba ck sign <"ll is i1utomatically switched to r e ad on the .361 meters . 
The complete recorder and 3G1 co mb ina tion is th erefore checked 
easily, both for sign a l continuity and level calib.r a tion. When the 
en li bra tion is corr ect the 3Gl mete rs shou ld a I \-\:ays r ead on the 
Dolby Level dot. independently of the alignment procedure used. 

4. Tape va ria tions 

a) Note that the 361 ljilits th mselv e s ar e 3xtr em e Ly stable. After the 
361 unih hav , been ca lib rated init ia lt y it will usua ll y be found that 
any level d iscrepanc ie s are due to r e corder and tape vari8bles. 

b) T he rec order playback leve l sh ould be tr immed by the use of the 
app ropri a te test t<lpe ( as used in a lignmen t procedures A, B, or 
C abo\·c). 

c) A convenient way of compensatin g for a r ecording leve l discrepancy 
due to 3 change i n t 3pe sensitiv ity is si mply to r e cord Dolby Tone 
on blank tape and adj ust the input level controls on the recorder until 
th e discrepancy is e li m i.nated. 

d) In any e ven t , do not start adjusting the 361 un its until after the r ecorder 
and tap .::: have been tho rough ly checked. When doing th i s, p ress am 
relea s e the NP. buttons (out) . ALterna tive ly, to bypass the 361 un its 
complete ly , remove the 361 power (wh ich de-ene rgizes the relays) 
and pres s the CH E CK buttons. 

5. Tap es from othe r s tudios 

a) If you r eceive a tap e from another studio , it is necessary to 
match the lev el of the Dolby Tone r ecorded on it to Dolby Leve'. 
in your 361 units. For this purpose, disregard tre level s of 
any other tones on the tape. Note that a Dolby Level discrepancy 
do es not ne cessa rily mean th a t the other studi o has aligned its 
reco r der and/ or Dolby un its ca reless ly: lhere m ay be a track 
width d iffe r e nce between your recorder and their s (or, if the 
difference is a s much as 2 or 3 dB , they are using a differerit 
Dolby Level standard from yours ). 

b) If th Dolby Tone on the tape is outs ide the Dolby Leve l dot on your 
own 361 meters , th en <In adjustment should be made. If playback 
only is required. adjust the playba ck level controls on your recorder 
until the norm~l re~dings for Dolby Tone are obtaine d on th e recorder 
me te ." s . You r 3Gl mete rs should then indicate Dolby Level, with 
the H buttons releas ed or one DOLBY TO E bu t ton depressed (whch 
inhibits the noi s e reduction action and el iminates :"l .} dB lev e l 
discrepancy). 
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9. 2 

9.1 InterfDce Assemllly - Model 3(j) 

The interf:'1 ce assembly houses the Cat . 22 n01 se reduction module (NR M), 
power supply, Tlleter and associated circuitry, input and output poten
liometers, pushbuttons to control the module functions and monitor switching. 
and relays to switch the audio lines as well as to allow remote operation of the 
unit. Many of the components are mounted on a printed circuit board assembly. 
the physical layout of which can be seen on the drawings at the end of Section II. 
Servicing. The interface circuit drawing (AOC369) is at the rear of this section. 
and may be folded out clear of the text for reference. 

9.2 Power Supply 

AC power is fed to a double primary transformer (Tl) which can be set for ll5 V 
or 230 V operation by means of a screwdriver-slot s1i.de switch (Sl) mounted on 
the rear of the unit. In the 230 V position the unit will operate on any power line 
voltage from 200 to 250 V, and over an equivalent range when 115 V is selected. 

The ac output of the transformer, nominally 19 V, is fed to the bridge rectifier 
(Dl) mounted on the printed circuit board. The resultant dc voltage is smoothed 
by capacitor el, which is fixed by clips in the channel immediately uel1ind the 
printed circuit. This raw dc supply is fed to the NRM by two routes: directly 
for power, and also as a record interlock signat in the r ecord mode only (vi.a 
RL3 and S4a) to the Dolby Tone logic circuits i.n the module. The internal func
tion relays (RLI and nL2) are powered from this dc supply. 

The 19 V ac signal is a1so used to power the indicator lamps via appropriate con
tacts on the switches and relays. 

9.3 Mode Switching 

The mode switching in the Model 361 comprises two main functions; the NRM 
mode is connected either to Play or Record, and the signal connections to and 
from the l\TRM are re-connected appropriately. The mode control may be local, 
using the front panel pushbuttons, or remote via JFS. In both cases plug-in 
relays (removable through the front panel) perform the actual switching opera
tions. 

In the Play or Remote mode, noise reduction signals from pi.n 8 of the NRM are 
switched by re1ay RLI to pin 9. the playback mode i.nput. In the record mode, 
these signals are routed to pin 7 of the NRM. Pushbutton S2a (NR In-Out) earths 
the noise reduction signal in the Out position, converting the Model 361 1.U1it into 
a FIxed gain amplifier. This facility is used when making or playing back non
Dolby recordings , removing the necessity for patching the unit out of the circuit. 
The pushbutton is illuminated in the NR In mode. 

When the Record button is depressed, +24 V de is connected via S4a to the re
lays RLI and RL2. Relay RLI operates directly, but RL2 is connected to 0 V 
through transistor Ql. The function of Ql is explained in sub-section 9.8. 
The Play button should be depressed for local operation of play mode. 

361 
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For remote operation, the Play button should be depressed; in this case, record 
mode is obtained by connecting 24 V dc between pins 2 and 3 of the remote socket 
JF6, which will operate reed relay RL3. The internal +24 V will then be connected 
to relays RLI and RL2 via S4a, which will switch the lUlit to record mode. The 
pushbuttons are internally illuminated, red for record and green for play. Since 
the voltage to these bulbs is switched by relay RLl, the illumination indicates the 
mode of the unit, irrespective of whether manual or remote operation is used. 

The relays also switch the signal_routing, which is described in detail in sub-section 
9.4. 

9.4 Signal Paths - to and from recorder 
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The simplified signal routing diagram Fig. 9.1 above, read in conjunction with 
the complete fold-out Model 361 interface circuit diagram, shows the various 
possible signal paths. 

Playback signals from the recorder are routed from connector JF4 (From Recorder) 
to the relay RL2-6 and RL2-12, and hence to the input transformer T2. The input 
impedance is 10 le, and by virtue of the isolated primary winding, the unit is suitable 
for bridging audio lines, whether unbalanced, balanced, or floating. The high
frequency resonance of the transformer is damped by resistor Rl mounted on the 
top surface of the printed circuit board (below serial number 361-01600, Rl was 
mounted on the transformer tagstrip). Trimpot RVl, Input Level, adjusts the 
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9.6 Termination Conditions 
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1. RECORDING MODE - NIlIIMAl. 

Fig. 9. 3 (a) 
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Fig. 9. 3 (b) 

r- -... 
I ... 

I -:"' 
1 . .. _---

r--.:-
I 

I ~-:" 
L _ __ _ 

The 360 series 'units have high input impedance (10 k ohms) and low output impedance 
(20 ohms) so that they are relatively insensitive to normal studio impedances. The 
low output impedance is a great advantage in that the termination conditions can es
sentially be neglected. The 360 series units are designed tg work properly in.to an. 
open circuit; nevertheless, a 600 ohm load causes a level drop of only about 0.25 dB. 

The switching arrangements on the Model 361 are designed to oater for the various 
impedance and termination conditions prevailing when the units are used with older 
equipment which may have higher output impedances (such as 600 ohms) and which 
may require tenninatioD. either at the sending or receiving ends of the lines, de
pending on individual studio practices. These arrangements provide for the fact 
that the Model 361 processor module is switched between the record and playback 
sides of a tape recorder, and thus interrupts the normal termination conditions. 
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3. PLAYBA~K MODE - NORMAL 

Fig. 9.3(c) 
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4. PLAYBACK MODE - CHECK TAPE 

Fig. 9.3(d) 

Further switching takes account of the operation of the Check Tape and Nonnal Signal 
pushbuttons, which shift the monitoring system (and its possible input termination) 
from point to point, these points differing in the record and playback modes. 

A single switch S7 (600 ohms--10 k) on the rear of the unit accommodates all normaHy 
encountered combinations of source and termination impedances. If the eluipment 
with which the Model 361 is being used is operated with the increasingly popular con
vention of high input (bridging) irriPGdancc.s and 10-", (or terminated) source impedances, 
switch S7 is set to the 10k position. If the recorder has a built-in 600-ohm termina
tion switch. this should be in the lion" position. 

rf. however, the installation is operated with terminations on the inputs of the receiv
ing equipment and fL"Xed impedances at the outputs of sending units ., then consistent 
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[f the monitor input impedance is 600 ohms , then switch S7 is set to the "600" 
position. If the recorder has a built-in 600-ohm termination switch, this should be 
in the "off" position. 

By way of explanation, Fig. 9 . 3 shows all the possible connections of monitor, 
sour ce, t ape reco r de r, :md Model 36 1 unit. The situation can be better understood 
by consideration of one example from Fig. 9.3. Assume th<Jl the monitor input 
impedance is 600 ohms ; S7 wilt therefore be in the "600" position. In the record 
mode, and with Normal Signal selected, Fig. 9.3(a), the mon itor is connected to the 
mixing console. The monitor thereby terminates the mixer output . The noise 
reduction module bridges the same mixer output. 

If the Check Tape button is depressed, Fig. 9.3(b), the monitor is removed from 
the console output and connected to the tape recorder output. To avoid level changes 
under such conditions, a termination resistor (RS) is automatically switched across 
the mixer line. The resistor R4, which is connected across the tape recorder output 
in the Normal Signal condition, is disconnected and its place taken by the monitor 
impedance . A study of the remaining d iagrams, Fig . 9 . 3(c) and 9. 3(d), shows how 
resistors R4, 5 and 6 pr ovide correct termination conditions at all times. These 
resistors are normally 600 ohms, 2%, so that if equivalent values are used in 
external equipment there will be no level changes when the mode and monitor functions 
are switched. 

Non-standard Terminations 

Non-standard conditions can be underslood by reference to the four di agrams discussed 
above, and in some cases re-connection of the approprlate termination resistors may 
produce optimum conditions. In one such non-standard situation both the tape recorder 
and monitor may have 600 ohm input terminatLons; the mixer is therefore double 
terminated in the play conditlon by R6 and the tape recorder, but in the record mode the 
situation is correct. To avoid a change in level at mixer output, R6 may be removed 
(by lifting the appropriate wire from switch S7c connecting Lt to an unused pole of S7). 

Another condition sometimes encountered is that of a 600 ohm mixer output which is 
terminated at the mixer, plus a 600-ohm monitor i.mpedance. Under these conditions 
the mixer is permanently double terminated (by the mixer termination and by the 
monitor or by R6 or R5, depending on the position of the Model 361 switches) . In such 
a case, the remedy is to remove the termination at the mixer output. 

Sometimes monitor inputs have non-standard impedances, such as 2K ohms. In such 
an instance the monitor input should be paralleled with a resistor which brings the 
effective impedance down to 600 ohms. Switch S7 should then be set t o the 1'600" 
position . 

361 
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Fig. 9.4 

The Dolby Tone oscillator in the noise reduction module (see Sections 5, 8, and 10) 
may be operated by the front pane 1 pushbutton S5. This normally-open switch earths 
pin 3 of the module, switching on the oscillator. Capacitors C5 and C6 provide a 
small delay in the turn-off time of the oscillator and logic circuits, allowing the 
changeover relays to operate before the module signal transmission is re-established. 
Two 'capacitors are used in series to reduce the possibility of leakage currents. 

The Dolby Tone on-off operating line is also brought out to two parallel-connected 
phone jacks (JF8, JF9) on the rear of the unit, allowing WlitS to be linked together 
such that any front panel pushbutton operates all oscillators. The oscillator can also 
be operated remotely through these sockets; for distances up to 100 m (300 feet). 
two-conductor cables and a normally-open pushbutton switch can be used. For longer 
distances external relay control must be used; a switchable method is described in 
Section 7 (Installation) and is briefly mentioned in this section, sub-section 9.9. 

As well as turning the oscillator on, pressing the Dolby Tone button in the Model 361 
also alters the signal conditions as shown in Fig. 9.4. .For th8 oscillator to ope:r~.te, 
the unit must be in record mode; a [,Gcord interlock signal (+24 V) is sent f!'om t~\ :. 

interface to the NRM (sub-section lO. 8) to control the oscillator switch-on log~c. 
Pressing the Dolby Tone button returns RL2 only to the play mode, thereby connecting 
the input of the NRM and its meter circuit to the tape recorder output. The module 
output, comprising the Dolby Tone signal, is still routed to the tape recorder input, 
however. The meter thus monitors the Dolby Level signal actually played back from 
the tape on a simultaneous basis, which allows the record level controls on the tape 
recorder to be set conveniently. )Jote that the signal actually heard is the signal from 
the oscillator. However, when the check switch S6 is depressed, the tape replay is 
heard . 
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9. 9 Rem ote Operation 

The following ftmctions can be remotely operated on the Model 361. 

a) Rec/ Play 
b) Noise Reduction In-Out 
c) Dolby Tone operat ion 

Detailed description of various methods of control will be found in Section 7, 
Installation. A brief' outline of the methods used is included here . 
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Remote mode switching is controlled by an internal reed relay RL3 , requiring 24V 
at 6 rnA for its operation. Power consumption is small, and current can therefore 
be taken from external equipment without fear of overload. Since the relay will 
operate with a voltage as low as 18 V, the Model 361 mode functions can be operated 
from a considerable distance before the voltage drop in cables becomes a problem. 
Fig. 9. 5 shows three methods of control. lnternaiiy powered operation can b~ used, 
as shown in Fig. 9. 5(b) and (c). For operation with a tape recorder, however, method 
(a) is usually to be preferred. Connected in this manner, the Model 361 then becomes 
part of the recorder, following its mode automatically. Re sistor Rl is chosen to p r 9-
vide 6 rnA for the relay [rom the voltages operating in the t ape recorder; for 24 V de 
circuits R1 is zero, for 40 V de circuits it is 2.7 k, 0.5 W, for 110 V de circuits it 
is 15 k. 1 W, and similarly for other vottages. 
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The noise reduction in-out may be remotely controlled, the noise reduction signal 
appearing on pin 5 of the remote socket JF6. This signal is fed from the noise re
duction module at low impedanc(' (100 ohms); earthing pin 5 thus removes the noise 
reduction act ion. Stray capacity connected across pin 5 will reduce the noise re
duction action at high frequencies, so that the cable length used for remote operation 
is limited. Control at distances over 30 m (100 ft.) can be achieved using a reed 
relay mounted near the Model 361. Fig. 9. 6(a) and (b) show both methods, including 
remote indication of the state of the unit. Note that since the interface NR In-Out 
switch S2 is connected in parallel to the remote switch, it must always be depressed 
(NR In) for correct remote operation. Furthennore, S2 remains internally illumi
nated even when the remote NR switch is in the Out position. 

The wiring of the remote switches and indicators must follow that shown in the 
diagrams to avoid the generation of hum loops. Separate leads must be used for 
the lamp return and NR earth return; for similar reasons, the Model 361 earth 
(JF6, pin 1) must be used for these purposes and not a remote earth point. 

If both the remote mode and NR In-Out switches contain lamps or control indicators 
which are powered from the Mode 1 361, note that the total current availability is 
100 rnA. Thus each bulb may not draw more than 50 mAo 
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The Dolby Tone function may also be remotely controlled. The oscillator is operated 
by earthing the On-Off line of the NRM, which is brought out to JF8 and JF9 (phone 
jacks) on the rear of the unit. If there 1s appreciable resistance (e. g. 100 ohms or 
more) in the earthing connection, the oscillator frequency and amplitude change. For 
remote operation at distances up to 100 m (300 ft.) the resistance of two-conductor 
cable has an insignificant effect on the oscillator. For operation at distances in ex
cess of this, a reed relay can be mounted near the unit. Fig. 9.7 shows a typical 
arrangement. 
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10.3 

10. 1 Introduction 

The block diagram on the opposite page outlines the electronic sections of the noise 
reduction module. The main signal path is shown along the top, from the Input 
Amplifier through Filter Drivel', Output 2 Amplifier, and finally Line Amplifier 
sections. The side chain signals pass through the filters and compressors, are 
combined, and then combined additively or subtractively with the main signal. 

Each section will be described in turn, and will be preceded in the text by its circuit 
diagram. In these, the conventioD is adopted of main signal paths being shown by a 
heavy solid line, feedback paths by a light outlining of the signal line, and noise re
duction signal paths by a solid dotted line. The complete circuit diagram is given 
at the end of the Cat. 22 section of this manual. 

10.2 Power Supply 
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The Power Supply Stabilizer receives a roughly smoothed dc voltage (+24 V nominal, 
but with a minimum value of -19.5 V, including negative ripple excursions) and 
stabilizes this to 18.0 V ± 0.3 V. The current supplied by the stabilizer is 105 rnA, 
with a further lo, rnA for the Line Amplifier. At high output levels, the Line Amplifier 
requirements reach a peak of 100 rnA. 

Transistor Q602 functions as a comparator, responding to the voltage difference 
between base and emitter. The zener action of ZD600 ensures that the emitter is 
always a constant 6.8 V below the output voltage; the base is held at a slightly higher 
voltage by the divider R60S and R606. 

The operation of the circuit is best explained by considering the results of a change 
in output. If more current is demanded, the output voltage will tend to hU. Transistor 
Q602 emitter falls by the full amount of the change (Since the voltage across ZD600 is 
always constant), but the base is held at a constant voltage by C600 for rapid changes; 
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10.3 Input Amplifiers 
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Input signals are applied to the input stage via an RF filter (R502 and C501). 
Transistors Q500 and Q501 function as a high input impedance unity-ga.f.n amplliler. 
The maximum sensitivity of the module Is 300 m V for Dolby Level (corresponding 
to a magnetic tape flux level of 185 nWb/m, Ampex Operating Level). Transistors 
Q502 and Q503 form a two-stage active 34 kHz low pass fllter, which prevents tape 
recorder bias or high frequency interferenoe from entering the module and affeot
ing the noise reduction circuitry. 

10. 4 Filter Driver 
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Transistors Q521 and Q522 act as a high input lmpedanoe, low output impedanoe UD1ty
gain amplifier, which Is designed to feed the filter ampUflers. The noi8e reduction 
si&nal (which will be described in detailln Sections 10.9, 10.10, and 10.11) 18 routed 
in the playback mode to Q520, via pin 9. At pin 9 it Is in phase wtth the lIignal at Q603 
emitter; the inverting action of Q520 causes the noise reduotion signal voltage developed 
across R520 to subtract from the main signal path voltages. A reduction in ga.!n at low 
playback signals is thus achieved (Bee Section 4). 



10.5 Output 2 Amplifier 
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The main path continues to Output 2 AmpUfier; Q541 and Q542 are arranged in 
a feedback amplifier configuration to raise the 300 mV signal to .500 roV. The 
output s ignat (pin 4) can be used independently; for example, in situations where 
the module is an integral part of a tape recorder, this signal would go via a 
preset calibration control to the record amplifier input.. 

In the case of the Model 360, 361 and 364 Noise Reduction Units it passes via a 
potentiometer (Output Level) to the input of the Line Amplifier. 

The noise reduction signal is applied in the record mode to Q540 emitter; being 
in phase with the signal at Q522 collecto r, the no ise reduction signal adds to the 
main signal in R541 to provide the desired record characteristics (see Section 4), 

10.6 Line Amplifier 
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The module contains an independent line amplifier, with an input on pin 11 and an 
output on pins 12 and N. The amplifier can be fed from any signal- for example 
from Output 1 or Output 2 via appropriate attenuators. The amplifier is designed 
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to feed a 1:2 transformer to provide balanced or floaling outputs. The normal input 
level is 90 mV for a 600 mV output (e. g. 1. 23V, +4 dBm with the transformer). 
Via the transformer, the clipping level is +16 dB (relative to 0 dB == 0.775 V) into 
200 ohms or +21 dBm into 600 ohms when powered from the internal 18 V supply 
(pin 14 strapped to pin 13). Higher outputs, at slightly hig-her hum levels, can 
be obtained by connecting the positive voltage rail (pin 14) directly to the +24. V 
rough supply (pin IS). Still higher output levels can be obtained by us'ing an external 
higher voltage connected directly to pin 14. This external voltage should not exceed 
40 V, and should have a maximu m ripple content of less than 1 V peak to peak. 

TranSistors Q700 and Q702 form a voltage amplifier, with Q701 isolating the two 
gain stages. Transistors Q703 and Q704 are complementary- symmetry emitter 
followers, whose quiescent current is determined by the amplified diode arrangement 
Q707, R709, and R7l0. Negative feedback is taken from the output to the emitter of 
Q700 via R706 to determi.ne the gain and raise the input impedance. Transistors Q705 
and Q706 act as current limilers; if, for example, high positive-going currents are 
demanded from the output stage, the voltage across R712 must rise and hence the base 
voltage of Q705 rises. Eventually Q705 conducts and limits the base voltage on Q704, 
thereby limiting the output current. Similarly on opposite half cycles, transistor Q706 
operates. Thermal protection is provided by mounting transistors Q707 and Q704 in a 
single copper clip; My rise in the output stage temperature is tra.nsferred to transistor 
Q707, reducing the collector-emitter voltage and hence reducing the oUlPut stage current. 
Thermal runaway is thus prevented. 

10.7 Meter Amplifier 

r- -- - - -- ---- .. . _- -, 

I 

I 
I 
I 

l(\. , '" METER AMPLIFIER 

""$ 
0." 

~ ~!L.o 

, 
I 
I 
I , 

~ 

I 
1 
1 

.,,, & I ft()(( . ... iU ... CSllt 
11 r'~ 

",> 
~'" ~~li 

--, 
.<Qt\oIl l 
.,., 1 

I 
1 

I -c ! I , ' , I _______ ---.l 

The meter amplifier comprises transistors Q580 and Q581. which function as an 
amp lifier with low output impedance for driving a suitable meter incorporating 
rectifier diodes. The amplifier is driven from the filter driver output (Output 1), 
which is called the reference point. All compressor characteristics are related 
in a fixed manner to the voltage at this point. Level calibration of the unit is thus 
achieved when the input voltage (from the tape recorder, for example) is adjusted 
to read the correct level at this point. A reference level, called Dolby Level, can 
be related to the operating standards of the medium with which the noise reduction 
system is used. In professional tape recording, Dolby Level corresponds to a tape 
flux of 185 nWb/m (Ampex Operating Levell, which should be replayed to give 
300 m V at the reference point; the meter amplifier then produces 1. 85 V at pin 2. 
Similarly, if a reference tape nux of 320 nWb/m is the st3Jldard in use (European 
practice), the meter amplifier produces 3.2 V at pin 2. The amplifier gain is 
precisely set during manuiacture by selection of R583. Pin 2 can be connected to 
any suitable meter via an appropriate attenuator. 



10. S Dolby Tone Oscillator 
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To assist in recorder gain calibration and level setting, each module includes 
a built-in oscillator. The output of the oscillator is injected into the signal 
circuit at a level corresponding to Dolby Level. 

Transistors Q802 and Q803 form a 850 Hz multi vibrator , which oscillates when 
pin 3 is earthed (by operation of an external push-to-make Dolby Tone switch). 
In multichannel installations, the Dolby Tone on-off line (pin 3) of all channels 
may be cornmoned, so that a single switch operates all modules. The square 
wave output from the oscillator passes to a three-stage active filter. The out
put from Q805 and QS06 is a sine wave of approximately 2% total harmonic dis
tortion. For use with the NRM Tester (Cat. No. 35) this output is available on 
pinA. 

Transistor Q80S-is an electronic switch; in one condition it presents a high impe
dance, in the other a low impedance. With the switch in the low impedance mode, 
the oscillator output is routed to the input of the Output 2 amplifier. Since the 
output impedance of Q805 and QS06 is low, any signals from the filter driver will 
be almost completely attenuated by the action of R541 (10 k) working into thls low 
impedance. However, any such signals will nevertheless register on any meter 
connected to the meter amplifier. This facility can be used during record gain 
calibration, when pressing the Dolby Tone switch can be arranged to feed Dolby 
Tone to the record amplifier in a tape recorder, while leaving the input amplifier 
of the noise reduction module connected to the playback side o The meter will 
then read the Dolby Tone signal actually played back from the tape, allowing the 
record level controls on the recorder to be set precisely. 

The etectronic switch itself is programmed to operate only in tbe record mode 
of the tape recorder. Under record mode conditions, a +24 V record interlock 
signal is applied to pin 1, turning transistor Q807 off. IT pin 3 is earthed, the 
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The side chain or differential path commences at the output of the filter dn vcr 

QS21 and Q522. This stage drives the four filters, which split the audio signa l 
into four frequency bands. The output from each of these bands passes through 
an independent low-level compressor before being combined to form the noise 
reduction signal which is then re-introduced to the main signal path. Bands 3 
and 4 are both high-pass filters of identical circuit configl.lration with changed 
component values; only Band 4 is shown above . 

Transistor Q480 is an active high pass filter. with the components C4~ O and 
C481, together with R480 and R482, chosen for a cutoff frequency of 9 kHz. 
Transistor Q581 is an emitter follower. Similarly. Q380 forms a 3 kHz high
pass filter. A rearrangement of capacitors and resistors in a similar circuit 
around Q180 forms an 80 Hz low-pass filter. In this filter a field effect transis
tor is used to raise the input impedance (allowing small value capacitors to be 
used) and the transistor amplifier Q181 is used to provide a low output impedance. 

The band 2 filter provides for a b2l1d-pass characteristic from 80 Hz to 3 kHz , 
with an ampli tude and phase response which is complementary to that of banos 
1 and 3. This is achieved by subtracting the outputs from band 1 (80 Hz, low 
pass) and band 3 (3 kHz, high pass) from the wideband input signal. 

NRM 

BANO 2 fiLTER 

;": ;&0 
"~411'.r I .. -

QliO 

om 

qn: 

l/~f'lIdlo-.o'('k.ji 

tt" .•• : .. 

."" """"'t(009~ " ' 

R'n .;., .. 

H.' O'\(f 1 o.,.,p., 
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The outputs of bands 1 and 3 are added at the base of Q282 by R287 and R288, and 
then inverted by Q281. The collector current is thus proportional to the outputs of 
bands 1 and 3, but is out of phase. This difference signal is combined 'with the wide
band signal by R280, providing the required signal in the band 80 Hz to 3 kHz, and 
passes to the Band 2 compressor via emitter follower Q283. 

To avoid a, de voltage drop in R280 which would reduce the dynamic range of stage 
Q281, Q280 provides a constant dc current which is equal to the average current 
of Q281-; hence , no Significant dc current flows in R280. 

10.10 The Compressors 
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The compressors in all four bands are substantially identical , and thus only that 
~f band 1 need be described. The signal from each filter enters the compressor 
and under low level signal conditions is passed unattenuated to Q103 and QI04, an 
amplifier with a very high input impedance produced by the field effect transistor 
QI03. Transistor Q10S is an 'emitter follower; the output is taken via RI09 to the 
noise reduction signals addition stage. The overall signal gain of the compressor 
is preCisely set during manufactUre by selecting R1l7. 

The control signal amplifier comprises the amplifier Q107 and phase splitter Q108. 
The audio signal is rectified by DI02 and DI03, and the resulting de is smoothed 
in the pre-integrator R136 and R137 together with CllO. The pre-integrator output 
passes via QI09 to the final integrator R140 and CI06. The time constants of the 
integrators in bands 1 and 2 are twice those in the higher frequency bands. 

Both pre- and final integrators have non- linear characteristics produced by the 
diodes D104-DI0S. Fast, large changes in signal amplitude are passed quickly, 
'whereas sm ail changes are transferred slowly. This dynamic smoothing action 
produc-es optimum results with respect to modulation effects, low frequency dis
tortion, and distortion components generated by the control signal. The circuit 
achieves both fast recovery and low signal distortion; in conventional arrangements 
these two criteria are mutually exclusive. 
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10.11 Noise Reduction, Signals Addition Stage 

NOISE R£OUCTION 
SIG1lAI.S ADomON 
STAGE ~ 

• CJJO 
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The outputs from the four compressors are fed to the addition stage via mixing resis
tors Rl09, R209, R309, and R409. Transistor Q530 is an emitter follower providing 
a low output impedance noise reduction signal. 

If the limiting diodes 0100 and DIOl are operative in two or more bands, the transient 
signals from the compressors will combine additively. Under these conditions diodes 
0531 and D532 conduct, reducing the amplitude of the combined transient without any 
further limiting of the noise reduction signal itself. Amplifier Q531 provides an out
of-phase signal to the lower end of the diodes, to provide correct threshold conditions 
for the diodes and the signal levels present at this point. 

The noise reduction signal appears on pin 8 and is connected to the record mode input 
(pin 7) or playback mode input (pin 9) by a suitable external single pole changeover 
switch. By earthing pin 7 the noise reduction signal is cancelled; the module then 
becomes a linear amplifier. 

The noise reduction action is alsq removed by operation of the Dolby Tone oscillator. 
Under normal conditions 0530 is reverse-biased by the positive voltage difference 
between the collector of Q531 (+6 V) and the Dolby Tone on-off line (+15 V on pin 3, 
to which D530 is connected via R536). However, when the Dolby Tone oscillator is 
operated by earthing pin 3, D530 conducts and short-circuits the noise reduction 
signal. This facility is useful during the playback calibration procedure, especially 
in multichannel installations where the Dolby Tone on-off lines may be connected 
together. 

Certain modes of the NRM Tester require that the oscillator should work and also 
that the noise reduction signal should be available. The NRM Tester therefore feeds 
+18 V into pin D in these modes, so that D530 is maintained in the non-conducting 
state even when pin 3 is earthed. 

(C;1Q/n 
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12.2 

12.1 

Module is the eas and most reliable m of repair of 
Cat. No. 22 Noise lVJ.'JU'l.I.'V (NBM). However, for' situations 
in 
in user-servicing. 

The NRM 

circuit 
manufacture with 
test and 

a minimum. 

12.2 

The Cat. 

out by the use 
are provided allow the use an 
check points monitored by the tester. 
of many to i.dentified 

external 

12.3 

Faults can 
failure, which 
of the ci rcuit. 

made 

M 

provides some guidance 

reliability, and life. The 

on a 

printed 
during 

custom -designed 

studio inconvenience is kept to 

for the testing and 
the 

in less than a minute using 

of complete 

can 



4 

test 

(2 

of fault 

12.3 

a partial, 
to 

cant de measurements can 

as 

difficult 
yield to one or more 

distributors 

use of the 

NRM 

and ac and out from the 
to the test on the rear of the NRM are 



1. 

2. In the 18 V 

3. 

3.2 V at 

4. 

5. 

j the on the de 
600 mV ac 

Sl, on output 
rare 13, 400 uV ac 

17 5 - 18. 5 V de) . 

the LUVU .... '.<., 
In 

in NRM Tester to 1. Vae, 
of 1 and is used to the 

Level, 185 nWb/m). 
pin A is 

from 

the DIN 
to 

ac, 
com-

(pin lOL and the 
1. 8 - 1. 9 V ac, 

is '-'"U'<;;;\J<~vU 

follows the record 

7. is 

8. pos ition of 81, 
(pin A) is the 

and of 
1.9-2.1Vac,8 

9. For 
In 
attenuated to 2 m V, 10 
LAW 2 tests, 

Q808 



12.5 

A. GAIN, 16 -18 mVac, 6 -8Vdc. 
B. LAW 1, 55 - 65 mV ac, 6 - 8 V dc. 
C. LAW 2, 67 - 77 mV ac, 6 - 8 V dc. 

10. In the RECORD position of Sl, the module LS connected in the record 
mode (pin 8 connected to pin 7), and a signal from the module oscil
lator (pin A) is attenuated to 3 mV and fed into the module input (pin 
10). The output: of the module is checked at Output 2 (pin 4, 
15 -17mVac, OVcle). 

11. In the NR OUT position of Sl, the noise reduction signal is disabled 
and a signal from the module oscillator (pin A) is attenuated to 
3 mV and fed into the module input (pin 10). The output of the 
module is checked at Out.put 2 (pin 4, 4.8 - 5.2 mV, a v de: i. e. 
9.5 - 10.5 dB lower than in test 10 above). 

12. In the PLAY position of Sl, the module is connected in the playback 
mode (pin 8 connected to pin 9) and a signal from the module oscil
lator (pin A) is attenuated to 3 mV and fed into the module input 
(pin 10). The output of the module is checked at Output 2 (pin 4, 
1. 5 - 1. 7 mV ac, 0 V de; i. e. 9.5. - 10.5 dB lower than i.n test 
11 above). 

12.5 Comprehensive de Voltage Measurements 

Once the general circuit area of the fault if give,n by the tests in Section 
12.4 above, the module covers should be removed for further investigations. 

Detailed circuit tests can be made of the suspected area by referring to 
the voltage tables given on pages 12.7 to 12.9, the test point location 
drawing on page 12.6, and the component location drawing on page 12.10. 

The NRM Tester can be used on its side for this application, allowing access 
to both top and bottom of the NRM. 
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12.7 

Voltage Tables 

1. Power Supply Voltages 

Note: 1. Pin number are circled. 
2. dc voltage tolerance ± 0.5 V except where stated. 

Measuring point Testpad/Pin No. dc voltage 
! 

max ac (rms) 

Incoming rough supply @ 24 (±4) 600 mV 

+18 v line @ 18 400 uV 

+10 v line 15 10.2 

+9.1 v line 84 9.1 

+3.2 v line 37 3.2 

+3.8 v line 18 3.8 

2. Main signal path 

Note: Collector designated c, emitter designated e. 

_.-

Measuring point Testpad/Pin No. de voltage ac voltage with 
Cat. No. 35 

Q503 e 34 9.6 Out 1 290-310 mV 

Q522 c 33 8.1 Out 1 290-310 mV 

Q542 62 10.0 Out 1 480-520 mV 

Q581 c 63 10.5 Out 1 1.8-1.9 v 

Q700 e 16 1.4 Line Amp 290-310 mV 

Line Amp Output @or@ 9.0 Line Amp 1. 9-2. 1 v 
: 

- -

(204/1) NRM 



3. Noise Reduction Path 

Measuring point Testpad/ Pin No, de voltage ac voltage with 
Cat . No. 35 

Q182 e 78 10,5 

Q283 e ;:)1 6.8 
Q282 e 52 10.0 

Q381 e 32 10.2 

Q481 e 14 10.2 

Q100 e 7-6 5.9 (I ) 

Q200 e 49 5.9 (1) 
Q300 e 30 5.9 (1) 

Q400 e 12 5 . 9 (1) 

QI05 e $ 6 . 8 1 Gain 16-18 mV 
Q205 e 6.8 Law 1 55-65 mV 
Q305 e © 6. 8 Law 2 67 -77 mV 

Q405 e ® 6.8 
Q108 c 69 14.3 
Q208 c 42 14.3 

Q308 c 23 14.3 

Q408 c 5 14.3 

Q109 e 65 3.2 (2) 
Q209 e 38 3.2 (2) 

Q309 e 19 3.2 (2) 

Q409 e 2 3.2 (2) 

Q106 e 70 1.0 

Q206 e 43 1.0 
Q306 e 24 l.0 
Q406 e 6 1.0 

CI06/R140 Gain 75 3.1 
Law 1 75 3.5 
Law 2 75 3.7 

C206jR240 Gain 48 3.1 

Law 1 48 3.5 
Law 2 48 3.7 

C305/R340 Gain 29 3.1 
Law 1 29 3.5 
Law 2 29 3.7 

C406/R440 Gain 11 3. 1 
Law 1 IJ 3.'5 
Law 2 11 3.7 

Q530 e 59 6.6 
Q531 c 60 3.0 

Note : (I) Prior to Serial No . 1500, tolerance is ±2 v 
(2) High input i.mpedance voltmeter must be used 

NRM 
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The Dolby A-Type Noise Reduction Syste:rn has been designed to reduce noises 
commonly encountered in audio signal recording and transmission systems. These 
noises may take the fonn of rumble, hum, crosstalk, clicks, pops, buzzing, and 
hiss, as well as discrete frequency interference such as television synchronizing 
pulse crosstalk. All of these noises are reduced by the system withO\;~ affecting 
the over<:i.ll frequency response or dynamics of the signal itself. 

In the particular field of magnetic tape recording, the system will reduce t<1pe hiss 
and also <Jl1eviate othe r problems such as print-through and high-frequency 
modl...:ation noise. The print-through reduction is of special significance, as it 
allows the long-tenn storage of high-quality mast r tapes with minimal degradation. 

The system is suitable for use in any situation in \vhic h the signal is available for 
processing at both ends of the recording or transmission chain . The processing 
operations can be separated by any distance or any time duration, since once 
correctly adjusted, tbe sys te m parame ters are extremely accurate and stable. 
Furthermore , the sys tem is tolerant of gain-errors in the recording or trans-
mis s ion channeL An inco rrect 1 evel to the playback unit of ::. 2 dB doe s not result in 

any perceptible alteration of the restored signal. 

It should be npprech1ted that when recording or transmission noise is reduced, other 
noises masked by it n2turally become more apparent. Full use of the increased 
dynamic range provided by the noise reduction system may therefore sometimes 
require <I tightening of standards in the rest of the chain - i. e . in connection ... vith 
noise from micr ophone amplifiers, mixers and monitor a~nplifiers, as well as noise 
from wholly acoustic sour ces such as buzzing fluorescent llghts, creaking chairs, 
and the movement of persons i n the studio. (On the other hand, it can be argued that 
(lcoustlc noises, hnving purely natural origins, contribute to a feeHng of realism and 
immediacy) . 

The Dolby 361 Series un its are compact second-generation Dolby A- Type (professional) 
noise reduction units which are fully comp atible with the A301. Designed with space 
and weight in mind, the un its 8re especially useful for multi-track and portable work. 
The Model 361 is a single processor unit with built-in changeover facilitles. This 
model is designed to serve one recorder track during both recording and playback 
(wj~h monitoring of line-in Or the unrestored tape signal during recording). The 
operating mode is set by pushbutton switches on the front panel. Remote .facilities 
are also provided, enabl ing changeovl'r to be controlled automatically by the record 
relay circuit of the t ape recorder. 

The circuits used are highly stable and do not require any adjustments, apart iram 
input and output levels, which are set Juring installation. The noise reduction 
circuitry is factory-set to pr ecise limits and contains no adjustable controls. All 
components are mounted in a single module which can be purchased separately 
Should failure ever occur, plug-in substitution will rapidly restore operation of the 
system with no adjustments necessa r:y. A removable f ront panel allows the input and 
output controls to be adjusted f rom the fro nt to match the unit to any of the normal 
studio signal levels; the panel also provides front access to the noise reduction module. 

An internal Dolby Tone osci.l1ator is provided for establishing correct operating levels. 
The characteristic modulation of this tone also serves as identification for Dolby
process€(: tapes. All oscillators in a -,-1ulti-channel installation can be controlled by a 
single switch. 

361 
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Signal .... vu.,u""'-' 

Operating 

Remote 

Panel ill eter : 

Tone 

Input circuit: 

Output circuit: 

panel. 

XLR input 
and to and 
provided 
establishing correct 

either remotely 
recorder) or by 

switches on 

line-in and line-out, 
(cable connectors 
panel 

condi ti ons . 

XLR connector remote 
line-out record-play 

control by 

B 

record mode). 

tran 

rmer, 20 
anced noating; 

from 200 

connector provided 
source of 24 

contact 
remote Dolby Tone. 

is mod
for 
Dolby Tone 

floating. 



3.3 

Signal levels: 

Ove raIl frequency response: 

Overall total harmonic distortion: 

Noise reduction: 

Overall noise level: 

Matching between units: 

Signal delay: 

Phase error: 

Stability: 

Operating temperature: 

Construction: 

Finish: 

Size: 

Il"Dut and output levels adjusted by multi
turn ';)otentiometers accessible from front 
of unit. ~VIinimum ir:.pui 350 mV for Dolby 
Level, 600 mV for DIN level. Maximum 
output level +22 dB into bridging load; 
+21 dBm into 600 ohms; +20 dBl'" into 
200 ohms. 

!l dB (rom 30 Hz to 20 kHz. 

At +8 dBm, less than 0.1% at 1 kHz; less 
than 0.2% fror'· 40 Hz to 20 kHz. 

Dolby A -Type professional characteristic, 
providing 10 dB of ::1.018e --:-eduction from 
30 Hz to 5 kHz, rising to 15 dB at 15 kHz. 
With :10ise reduction action switched off, 
unit ~ ecomes unity-gain line amplifier. 

Record-playbac~. 80 dB (unweighted, 30 Hz 
to 20kHz bandwidth) be10w .:Jolby Level. 

±l dB at any tevel and any frequency, 30 Hz 
to 20 kHz . 

Constant v; ~th frequency, 24 .,Jsec per char""::'1eL 
Overall encode-decode process, 48 J.1sec. 

Less than So, 20-20 kHz overall encod:> 
decode. 

System is highly stable - does not require 
routine alignment. 

Up to 4.5 0 C. 

Plug-in )Joise Reduction Module (Cat. Yo. 
22) and changco'T2r relays accessible through 
front panel. Fibreglass pr inted circuits, 
solid state devices throughout. 

Steel case, grey staved plastic textured 
finish; front pane) clear anodized with 
black cha~cters. 

44 x 483 mm rack mour'.lng (I) ' I x 19"). 
r/!~aximum projE:ct10n behind :not.::lting 

15/ II surface - 228 mm (8. 16). 
Maximum projection in front of mounting 
surface - 22 mm (7/8"). 
Sixteen-track installation requires 710 em 



Weight: 

Power 

361 

5.5 (12 Ibs). 

100-130 V 
phase, 16 

V, 5 o Hz single 
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4.3 

A comparison of conventional compandor performance as outlined above with 
the requirements for studio and broadcast applications shows that the normal 
compression and expansion approach is inadequate. Prior to the introduction 
of the Dolby type of compandor in 1966, compandors were generally found to 
be usable without qualification only in relatively low-grade, narrow - band 
applications such as telephone ci.rcuits. 

In normal compression or limiting, a primary object is to modify high-level 
signal dynamics; it is thus uniortunately necessary to subject the signal as a 
whole to the hazards of passage through a variable-gain system. In applying 
compression techniques to the noise reduction probl,em, in which the objective 
does not include modification of signal dynamics, it'is unnecessary and 
undesirable to operate upon high-level signal 'components; noise amplitude in 
a high-quality channel is only of the order of 0.1% of maximum signal 
am plitude. It is clearly preferable to generate a small correction or 
diffl?rential component which 'can be appropriately subtracted from the signal, 
thereby cancelling or reducing noise while leaving the 1 arger aspects of the 
signal untouched. 
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Dolby noise reduction 
record unit are into 

method sati high-
are minimal (less than 1~ 

low even under dynamic conditions. 
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characteristics of the 

maximum compression 
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tapes) . 

In 

5.2 

Noise Reduction is on 

various voltage 

voltage in the playback processor 
in the • 

s 
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In 360 Series units, 
Level mark 

which gene rates a at 
, the Dolby Tone has been 
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the multi
purposes. 

me level Its level measurab1e on normal p 
melers in or stations, as wen as on the meters o 
units A301 units Dolby Level LO NAB meter . Since 
Dalby curves, 

ion system parameters -
i.e levels, etc. 

The iJy a 

itude modulation. 
meters maintain constant indications 

of their tim e constant 
is modula ted to 

5.2 

magnetic 

5.:1 

is linked to I fI ux on the 

, e.g. 
film. 

A oscillator runs at 0 Hz and 
iseconds. 

all magnetic 
or 

is I to the transmission level the pS: 



12.9 

4. Oscillator and Logic 

Measuring point Testpad/Pin No. de voltage Notes 

Q803 e 83 6.8 

Q805 e 86 3.6 Normal operation 
in installation, or 
Cat. 35 'Noise' modes. 

Q805 e 86 3.0 D. T. button pressed, 
or all Cat. 35 modes 
except 'Noise I. 

D. T. line 0 13.5 ±2 Normal operati.on in 
installation. 

D.T. line 0) 0 D. T. button pressed, 
or all Cat. 35 modes 
except 'Noise!. 

Q807 c 87 17.9 Installation Play mode 
or all Cat. 35 modes 
except 'Dolby Tone'. 

Q807 c 87 1.7 Cat. 35 'Dolby Tone' 
mode. Installation 
Record Mode or Cat. 
35 'Dolby Tone' mode. 

NR override ® 13.5 +2 In installation, and 
Cat. 35 'Dolby Tone' 
mode. 

NR override @ IS In Cat. 35, except 
'Dolby Tone' mode. 

I 

(205/1) NRM 
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4. 

5. 

6. 

7. 

8. 

9. 

i.s 

In the METE R AMP pos ition Sl, the s 
oscillator is into the modu 
output of meter amplifier is 
OV d. c. ). 

into 
l circuit is ~Ll'::;'-r'<:;v 

OV d. c. ), which 

In 

In 
A) is 

the of the 
8-10 d. c.). 

LAW 2 tests, 
the input 

1-

the 
(pin 10). and the 
2 I 1. 8-1. 9V a. c. , 

is FM 

the 
r input 11), and 

s 12, N, 1. 9-2. IVa. c. , 

In 

P, J, 
the compressors are 

bands }-

A. GAIN, 16 18 mV a. c., 6 - BV c. 

B. LAW I, 55 - 63 mV a. C. , 6 - BV d. c. 

c. LAW 2. 67 - 77 mV a. c., 6- d. c. 



i. e. 

In 

test 11 above). 

13.5 

position S1. 
module 
modu 

module is at 
OV d. c.). 

Output 2 (pin 4, 
than test 10 above). 

module is 
9) and a 

to 3 
module 

c. ; i. e. 9.5-10.5 
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