The Race is on, NAB 1975 27NOV2014RAG

By the end of 1974, we had the “Bean” RMS gain Control, and not much else

“The Race was on”

Jack committed the funds, and | committed the time to show a new Product at the
April, 3 1975 National Association of Broadcasters Convention in Las Vegas!!!

We needed to design and build a "complete" limiter less than 3 months!
Not possible,

So, we came up with a scheme the could produce a “display “Multi-Limiter that would function
The Circuitry would be on Wire-wrap cards in a frame mounted in a Display Pedestal

On the top of the Pedestal, would be Dummy Metal, with Meters and fake controls

From the Booth Visitors viewpoint, they would think they saw a completed unit!

As | remember there were two... another with no Guts below, on a second pedestal

This scheme only solved the Visual Problem; something needed to go in the Box; that worked
And could be described in a “One Sheet”... we gave ourselves to the middle of March

The limiter needs many parts, and features to work
And there needed to be two versions, one for AM & one for FM

The sketches show System and Circuit Development
The Puzzle pieces are:

Block Diagram

Input Filtering

Split Frequency Band, RMS Compressor
“Fast Limiter”

AM Signal Processing, Polarity Flipping
FM Signal Processing, Emphasis

The “Blue lines” show what was on the Wire-Wrap Cards in the Pedestal



MultiLimiter, very early Concept Drawing
From DEC1974 or JAN1975

Notice, one box does it all, AM & FM
Also "Split Band", frequency domain RMS processing
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Notice, one box does it all, AM & FM
Also "Split Band", frequency domain RMS processing


For proper operation, extraneous audio must be filtrated out

Components such as Low Frequency A/C sounds, Needle Drops (Remember phonograph Records?)
Also some Stations/Networks used low frequency Keying 20 to 40Hz...

The High Pass Filter is of a Standard Design
The only difference being the inductors are replaced with simulated inductors (Gyrators)

The initial Design was for a cutoff of 50Hz

Later reduced to 40 Hz
And later increased to 90Hz for better RMS performance, and better transmitter efficiemcy
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For proper operation, extraneous audio must be filtrated out
  
Components such as Low Frequency A/C sounds, Needle Drops (Remember phonograph Records?)
Also some Stations/Networks used low frequency Keying 20 to 40Hz... 
  
The High Pass Filter is of a Standard Design
The only difference being the inductors are replaced with simulated inductors (Gyrators)
  
The initial Design was for a cutoff of 50Hz
Later reduced to 40 Hz
And later increased to 90Hz for better RMS performance, and better transmitter efficiemcy 
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Split frequency Band RMS compression was the norm in 1975
The initial design used this technique

Separating the 'Low" and 'High' frequencies in the processing chain, and
combining later has several advantages (and disadvantages)

Consider two audio tones of similar amplitude, one at 100Hz the other at 1000Hz
The two tones sum, the 1000Hz tone appears to 'ride' on the 100Hz tone

The Level Detection would see the envelope, of the composite signal and
compress more than desired... that is the amount of compression would
depend on the frequency content... not desirable here...

Only necessary in the Limiter stages...

By splitting the Frequency Bands this characteristic can be somewhat improved
At the expense of adding coloring the summed audio
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Split frequency Band RMS compression was the norm in 1975
The initial design used this technique
  
Separating the 'Low" and 'High' frequencies in the processing chain, and 
combining later has several advantages (and disadvantages)
  
Consider two audio tones of similar amplitude, one at 100Hz the other at 1000Hz
The two tones sum, the 1000Hz tone appears to 'ride' on the 100Hz tone
  
The Level Detection would see the envelope, of the composite signal and 
compress more than desired... that is the amount of compression would 
depend on the frequency content... not desirable here...
Only necessary in the Limiter stages...
  
By splitting the Frequency Bands this characteristic can be somewhat improved
At the expense of adding coloring the summed audio
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The apparent Loudness of the Broadcasted signal is the Peak-to-Average amplitude
The trick is to reduce the amplitude of the peaks, without significantly changing the character
Or adding discernible distortion

The RMS Compressor reduces the Dynamic Range of the inputted signal
So more aggressive techniques may be used to reduce the peak-to-average amplitude

The next step is to take off the peaks... fast by gently ("Contoured Clipping")

| preferred a logarithmic Feed-Forward limiter... easy to implement
Jack preferred the FET Gain Reduction stage, similar to the UREI approach
The latter allow for more control, of attack and release times...

Finding suitable FET's was not easy...
We needed a fairly wide dynamic control range
Without introducing significant distortion, of the overall signal


Richard Gray
Typewritten Text

Richard Gray
Typewritten Text
The apparent Loudness of the Broadcasted signal is the Peak-to-Average amplitude
The trick is to reduce the amplitude of the peaks, without significantly changing the character
Or adding discernible distortion
 
The RMS Compressor reduces the Dynamic Range of the inputted signal
So more aggressive techniques may be used to reduce the peak-to-average amplitude
  
The next step is to take off the peaks... fast by gently ("Contoured Clipping")
  
I preferred a logarithmic  Feed-Forward limiter... easy to implement
Jack preferred the FET Gain Reduction stage, similar to the UREI approach
The latter allow for more control, of attack and release times...
  
Finding suitable FET's was not easy...
We needed a fairly wide dynamic control range
Without introducing significant distortion, of the overall signal
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The approach | proposed for a 'Fast' control element
Never explored!!!
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The approach I proposed for a 'Fast' control element
Never explored!!!
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Finding suitable FET's was not easy!!!


Richard Gray
Typewritten Text
Finding suitable FET's was not easy!!!

Richard Gray
Typewritten Text

















AM Broadcast, Signal Processing

The signal chain in audio broadcasting is "Capacitor", or "Transformer" Coupled
The D.C. component is not present (Unlike NTSC Video Modulators)

The AC signal has it zero reference the Average signal value

However complex audio signals are often asymmetrical, that is the

peaks on one side are greater than the other...

This characteristic is often associated with a particular musical instrument of Persons Voice

AM broadcasting has the general Modulation equation of Carrier-Modulation (Both AC Signals)
It is not Possible to have Negative Peaks... Broadcasted signal would clip,

causing severe (and illegal) 'splatter', spurious signals

However the positive peaks are allowed to be 125% of the carrier signal

So it is desirable to match the Audio Signal positive peak Asymmetry as Positive Modulation
So an Automatic Polarity Switch is employed...
To avoid a discernible artifact, switching takes place during a lull in the programming material

The final step, somewhere downstream, is the Clip the result...
to assure compliance, even if the the phase is wrong!
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AM Broadcast, Signal Processing
  
The signal chain in audio broadcasting is "Capacitor", or  "Transformer" Coupled
The D.C. component is not present (Unlike NTSC Video Modulators)
  
The AC signal has it zero reference the Average signal value
However complex audio signals are often asymmetrical, that is the 
peaks on one side are greater than the other...
This characteristic is often associated with a particular musical instrument of Persons Voice
  
AM broadcasting has the general Modulation equation of Carrier-Modulation (Both AC Signals)
It is not Possible to have Negative Peaks... Broadcasted signal would clip, 
causing severe (and illegal) 'splatter', spurious signals
However the positive peaks are allowed to be 125% of the carrier signal
  
So it is desirable to match the Audio Signal positive peak Asymmetry as Positive Modulation
So an Automatic Polarity Switch is employed...
To avoid a discernible artifact, switching takes place during a lull in the programming material
  
The final step, somewhere downstream, is the Clip the result... 
to assure compliance, even if the the phase is wrong!
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Repeated here for clarity
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The unused section
of the 74C74 is used 
as an inverter
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FM Broadcast, Signal Processing

FM Audio Signals are "Pre-Emphasis”, high frequencies accentuated before transmission
And de-emphasized in the Radio Receiver

To assure the Audio Signal is Properly Limited at the transmitter

It is necessary to pre-emphais, in MultiLimiter, do signal processing

And then return the signal to 'normal’ audio for the transmitter

(And option could be to not Pre-emphasis in the Transmitter, and not de-emphasize in the Limiter)

Several Pre-emphasis standards are supported:

None

25uS, for Dolby "B" Systems??? (Never adopted as a Standard)

75uS, U.S., Standard Broadcast Channel(s), U.S. NTSC Television Audio
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FM Broadcast, Signal Processing
  
FM Audio Signals are "Pre-Emphasis", high frequencies accentuated before transmission
And de-emphasized in the Radio Receiver
  
To assure the Audio Signal is Properly Limited at the transmitter
It is necessary to pre-emphais, in MultiLimiter, do signal processing
And then return the signal to 'normal' audio for the transmitter
(And option could be to not Pre-emphasis in the Transmitter, and not de-emphasize in the Limiter)
  
Several Pre-emphasis standards are supported:
None
25uS, for Dolby "B" Systems??? (Never adopted as a Standard)
75uS, U.S., Standard Broadcast Channel(s), U.S. NTSC Television Audio 
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Extremely simple Brute Force circuit!!!
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Low Pass filter,
Remove audio that should
not be processed
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Low Pass filter,
Remove audio that should 
not be processed











The Wire wrap Version for NAB 1975
The Input High Pass filter is not shown

Some drawings are shown previously in this section
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The Input High Pass filter is not shown
 
Some drawings are shown previously in this section
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The NAB Model, had no Fancy Input or Output Sections!!!
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It would seem we temporarily '‘borrowed the output circuitry
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