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Rusty Mooney is the director of television transmission systems at Sinclair Broadcast Group, where he developed a curriculum for teaching basic RF theory and transmitter maintenance and operation for SBG employees.

So, for the next six hours, which is how long it usually takes him to present this you get the CliffsNotes version in actually 45 minutes. Buckle up, hang on tight, and good luck, Rusty! All right.

Rusty Mooney, Sinclair  
Good afternoon, everybody. If it's all right, I'm going to step off the podium. It's late in the day, try and move around and keep everybody active. So, like we said earlier, this is kind of a condensed version of a class that I put together for our company.

And it's sort of like what I wish I'd have known when I started in broadcasting. They're things that I personally take for granted when I'm talking to people that I just assume they know this already. So, for some of you, it's going to be very basic. Hopefully it's insightful. For everybody, you get a little something out of it. 

And at the end, we're going to talk about what I consider to be a game changer in the protection of our viewers and of our equipment. So, you know, if you're going to leave early, just wait till you hear that part. 
  
Let me make sure I know how to use this thing. I don't have my glasses on. So that should be the one. Okay, there we go. All right, sorry about that. Hopefully I can present better than I can run this thing. 

What we're going to talk about today, we're going to have a brief discussion of line impedance and line compatibility for manufacturers and different line, size and stuff like that. People hear about 50 Ohm line, 75 Ohm line. 
  
Maybe you didn't know, or maybe you don't understand why you would choose one versus another. So hopefully I'll do a good enough job of explaining that we're going to talk about RF filters, combiners and future compatibility. Just to let everybody know, that has to do mostly with ATSC 3.0, so it's kind of a TV-specific thing, but hopefully there's some radio applications that you'll understand.
  
We're going to talk about harmonics and proof of performance. And then, the big one that I think you'll be excited about is protecting that transmission line. 

  
So now, okay, so everybody has to have some cheesy quote, you know, to start off a class. What? The reason I put this one in here is because the more I work in this industry, in this specific field of the industry, the more I realize I don't know. You know, it's like I get less intelligent as the days go by. And this kind of applies to a lot of stuff.

You know, when you first jump into something, you learn about it, and you say, "Hey, I think I've got this." And then 10 years later, you're like, "I had no clue what I didn't know." 

Okay, so just to start, because this tends to freak everybody out when I teach it in my class. You know, they originally go to a transmitter school, and you'd spend a day doing dB math, and, you know, following a signal through a schematic. 

That's not really how we operate anymore, because most items these days are functional item replacement, right? It goes bad. You pull it out, you put a new one in, and you, you know, you rock on, you’re protecting your viewers or your listeners, getting back on the air.

So, I tell everybody, if you can remember four numbers, you've got the dB thing down as far as power, decibels versus voltage. So, if you can remember 3 dB is half the signal— or twice the signal, if we're talking about gain— half, if we're talking about losses. 

10 dB is 10 times, right. 20 dB is 100 times, and 30 dB is 1,000 times. 

The reason this is important is because… Has anybody in here ever used a directional coupler?

Absolutely, right? One of the values on a directional coupler is the coupling value, and if you're trying to protect a very expensive piece of equipment. 

And just so everybody knows, my bosses are in the room, so you know, they're very interested in me protecting very expensive pieces of equipment.

You have to know how much signal is going to be on that directional coupler before you connect a very expensive piece of equipment. And if you can remember those numbers, then you've got it right. It's no big deal. You don't have to pull out your phone. You don't have to pull out a calculator. You can just calculator, you can just work it in your head, and you can come up with an idea of how much RF is going to be there.

Another thing that in this presentation, you'll hear me say VSWR or “vis-war,” and you'll hear me say return loss. Understand that those are mathematically related. It's just two different ways of presenting kind of this same idea. Return loss is just a ratio of how much is going out versus how much is coming back in dB. 

And then, VSWR is a little bit more complicated than that. But just understand that they're mathematically related. So, if you know one, you can calculate the other. That's a foot stomper, right?

That'll come up later as we talk about this. So, to boil it down, if you have a return loss of -31 dB, I'm sorry, -31 dB, that's a VSWR of 106 to 1. For the people that have been in the business for a long time, 1061;1 is a pretty good VSWR, right? So that's kind of a frame of reference for you. If you see 30 dB, -30 dB, you know, it's106:1.

Now this math, I put it in a spreadsheet, so I don't have to remember how to do it when I'm in the field doing this. That's what I do.

So, I operate the field service portion of Sinclair's broadcast group, so we're out doing this work all the time, installing transmitters, installing other pieces of equipment, tuning filters, things of that nature.

So, this is stuff that, if you if I have to do it more than twice, I'm going to write a procedure, because I don't want to remember how I derived that information. So, I'm very particular about writing standard operating procedures and keeping, you know, cheat sheets, if you will… Spreadsheets that that tell me all this information.

All right, so let's talk about transmission line impedance. Which one of those do you think is 50 Ohms, and which one do you think is 75 Ohms? The one on that side is what?

Audience
75.

Rusty Mooney, Sinclair
75 Yeah, yeah. So, it's a counter intuitive almost. If you're just being introduced to this, this is a 50-Ohm line. That's a 75-Ohm line.

Okay, so the impedance of a transmission line, air dielectric, foam dielectric, anything out there that we deal with Heliax or you know, the CommScope version of it, any kind of flexline, is just the ratio of the outer diameter of the inner conductor to the inner diameter of the outer conductor.

Now for foam dielectric line, it gets a little more complicated, because you have that dielectric line. You have that dielectric loss, and you have, you know, a certain constant in there, but the manufacturer gives that to you.

So, one of the things, and you know, during repack the spectrum repack for television, a lot of people didn't understand, “Well, why do I need 50 Ohm line? Or why would I choose 75 Ohm line?”

So, we're going to kind of talk about that for a second. Now understand, notice I said the outer diameter, the inner conductor and the inner diameter the outer conductor.

Well, that should kind of put a light bulb in your head, off saying, “Well, if Rusty said the outer diameter, the inner and the inner diameter, the outer that must be leading us to something, right?” 

Not all transmission lines made the same. It's not all the same thickness, wall thickness, and because of that, there's compatibility concerns that you have to know about beforehand. 

Because if you wait until you're in a maintenance window before you realize that six-inch 75 Ohm line made by ERI is not compatible with six-inch 75 Ohm line, made by Dielectric. 

Okay, all right, so let's talk. I have a whole section where I introduce AC theory in my class.

What I'm going to tell you in this class is in a DC circuit, current flows over the entire cross section of the conductor.

Anybody that's ever installed an amateur radio or a CB radio or, you know, if you've got a news vehicle and you're putting a two-way radio in it, if it's in the trunk of the vehicle, it has to have really big conductors, right?

Because if it's drawing 10 amps, and you put it way far away, you've got this voltage drop.

And it just won't work well in direct current. You have to have that larger diameter, because DC is using the whole thing. in AC theory, which is what we are all dealing with when it comes to transmission line, it's only riding on the skin of the transmission line, and that's a function of frequency.

So, the higher the frequency, the shallower the current is on that inner conductor. Does that make sense? Did I do a good job explaining that?

Okay, so because of that, the circumference, or you could equate that to the surface area of the inner conductor. The more surface area there is, the more work can be done, right? It can carry more energy. So, I think it's the next slide.

Yeah, in a 50-Ohm line, we can handle more power. But in a 75-Ohm line, we're more efficient. And if you look at the numbers I used, I used as an example, because their catalog still lists an 8- and 3/16-inch line in 50 Ohm and 75 Ohm. You can see what the loss is per 100 feet is 0.077 versus 0.086. 

That doesn't sound like a whole lot, right?

Over a 2,000- or 2,200-foot section, if you've got a long horizontal run, that's a fair amount. It's still not a lot, but it's a fair amount. But look at the power handling difference, 111 Kilowatts versus 124.5 Kilowatts. 

Now, so I'll pose a question, “What's the if I need to make power, if I, you know, the FCC gives me, you know, 316-Kilowatt ERP, or a Megawatt ERP, or something like that, there's a relatively inexpensive way of making power, and then there's an expensive way of making power.

You might want to take a guess of what the expensive way of making that power is. It's the transmitter, yeah, because transmitters are kind of expensive in the big picture, right, compared to the other items.

So, what's the less expensive way of making power?

I say making power, putting power in the direction of your listeners and your viewers. It's your antenna, right? So, you can put a little more gain in the antenna, and you can achieve the same thing for less money than putting in a little more transmitter.

Now, what happens if you're on the ragged edge? Let's say that you know you're going to buy a gate chair transmitter, and you're going to put three cabinets in, and you figure out how much TPO you need to overcome your line loss to get to your antenna to achieve the ERP that the FCC gives you. If you're right on the ragged edge of a three-cabinet transmitter versus a four-cabinet transmitter, there's a pretty steep cost increase with that extra cabinet, and if you can get there with a more efficient transmission line, then maybe that's the way to go.

So, during repack, a lot of decisions were made, probably at, like, corporate levels. If you're part of a big group, if you're TV and part of a big group— FM, bear with me— where decisions were made, and maybe you weren't perfectly clear on why they were made.

This is a big one, because I went to my boss and I said, “Hey, what's the difference in cost of a three-cabinet transmitter and a four-cabinet transmitter?”

And he ginned up the numbers, and he came up with a pretty significant number.

And the difference in 50 Ohm transmission line versus 75 Ohm transmission line is negligible when it comes to cost, compared to $150k, $200k, quarter million dollars to add more transmitter on the ground. That sort of makes sense for everybody.

So, it's power handling versus efficiency.

Now, if you're out west and you're on a 9,000-foot mountain, and you're feeding nine-inch line that's only 150 feet long. You want all the power handling in the world, and you really don't care a whole lot about efficiency, because you're only going 200 feet. Does that make sense? Okay?

This one— During repack, I was working at a site in Raleigh, North Carolina. We were getting ready to go into the maintenance window, and I asked the station engineer— I said, “Okay, what transition are we going to use to get from this line to this line? And he showed me, and I said, “That's not going to work.

And he said, “What do you mean it's not going to work?”

I said, “It's not compatible. The wall thickness is different. So, you may get it together, but you'll never get it apart. So, let's talk about that for a minute.”

So, this is just out of catalogs, off of websites. This is ERI, Dielectric, and Myat, and some legacy Andrew stuff. 

Notice, for— Let's look at six inch and 8/75, so look at the wall thickness of the inner for ERI MaCXLine at 75 Ohm? It's 80 thousandths of an inch. 

Okay, what's Dielectric’s six-inch 75-Ohm line?

50 thousandths of an inch, right? 

That's 30 thousandths of an inch difference, right? 

Anybody in here do any machining work, anything like that? That's a mile in in machinist work, you know. 30 one thousandths.

And like I said, you could probably stab it together. You might not get it apart, and it'll never go back together the same way a second time because you've swaged it.

You understand that you push it together, it may work. You may get it to seat all the way. The tower crew will get it to seat all the way. They'll use the bolts, and they'll pull it shut.

But if you ever have to take it apart, it's going to be difficult. And then, when you try and put it back together, it's not going to work. Now, if you put, if you put the bullet, the bullet connector that goes in there. If you put the larger one into a smaller line, then it's going to be difficult to get together, but if you put the smaller one into the to the thinner wall, it's going to be a sloppy fit and it's going to burn out.

Ask me how I know, because it happened a lot during repack, because everything was going so fast. 

And I apologize for the radio people, you know, repack was a big thing. It was 1,000 transmitters in 36 months across the nation. Antennas, lots of antennas, lots of transmission line, not all the transmission line. And we're going to talk about that here in a few minutes, about why some of it had to get replaced and some of it didn't.

And then one of the interesting things… I saw a guy I was working in mobile— And I don't know about everybody else, but if, you know, if I'm in an FM site, and there's some some rigid transmission line up in the ceiling— maybe it's three-inch, maybe it's four-inch… I can't really look at it and tell. I can't tell the difference between eight-inch and seven-inch, if it's up in the ceiling in this room. But you can count the bolt holes.

So, this guy had a tape measure. It was a circumference tape measure that reads in diameter, right? You wrapped it around the line, and it would tell you what the diameter was. And then, one of the station engineers, you know, just a staff engineer, walked up and he says, “Well, why don't you just count the bolt holes?”

And I thought, “I've been doing this for this long, and I didn't even know that.” Right?

Count the bolt holes. If it's six-inch line. I'm sorry. If it's three-inch line, it's got six bolts. And that's good all the way up to eight-inch line. And then, all bets are off.

But if you take the number of bolts and you double it, that's the size of the line. That'll get you started. 

Now, whether it's 50 Ohm or 75 Ohm line, it's six-inch, I can't tell you. I mean, if you had a really good thermal imager, maybe you could see the inner, but probably not.

If you did, you'd be calling Dave and order a new line because it's about to burn up. But we'll get to that when we start looking at line compatibility, I believe, on the next slide.

Okay, so here's where it matters. And this is a typical television site, but the same thing would apply if you're using four-inch line at an at a radio site, because four-inch isn't compatible either. 

So, any place where you're moving from one vendor to another vendor, and it— Don't get me wrong. This isn't like a weakness, like one vendor has, you know, a weaker design. It's just different, right?

And you have to know the differences, because it won't all bolt together. And if it does bolt together, it may not work.

So, here's where it matters. In this case, you're going from Dielectric line into an ERI waveguide system. Now, this is 50 Ohm line.

Spoiler alert! 

So, it's okay, but on the output of that, it's seven-inch 75-Ohm ERI at the wave guide, going into a Dielectric coupling unit, which is different than ERI, is okay. So that's where it matters.

Okay, so remember I said some stations had to get new lines. Some didn't.

Let's say that you're an FM broadcaster, and you're going to move another station in. You're going to do combined stations on, you know, an existing system. You have to take into account what the frequency is, because the length of the line, the length of the individual line sections, are not compatible with every frequency that you may present to it. 

Let me say that again, so the length of each section of line, when you buy it from the manufacturer, is not compatible with every channel or every frequency that it may see. 

So, the manufacturers had these taboo line length charts. And if you remember the old micro-communications books that they used to hand out at shows like this, it had all the FM channels and the TV channels, and it had what your city grade coverage was and what your grade B and all that good stuff. They had this in in those books, so that you could look real quickly, and you could see, if I have 20-foot sticks of line, I can't operate on this channel, this channel or this channel. 

Exact same thing happens in FM, but in FM, broadcast FM, they figured this out and were able to come up with an elegant solution.

A long time ago in broadcast, in television broadcast, the bands four and five, the UHF band, they were just too big to come up with a single solution like that.

But Dielectric came up with one, and then, I had kind of the same idea, and we're going to talk about those.

So, for FM, some smart person figured out that if they do 17 and a half foot sticks, it won't resonate at any of the frequencies within the broadcast band. So, if you had 17-1/2’ sticks, you were good to go. If you were going from 88.9 to 107.1, it worked just fine. Yeah.

Now let me ask a question here. If you didn't know, and you had to measure the line, okay, you just don't know, you, and we're assuming rigid line here. Okay, if you didn't know, where are you going to measure it? Think about this. Where are you going to make this measurement?

  
Yeah, see, that's the response I get, because I didn't know, right?

When I started doing this, I was like, “Well, how do I know if it's a factory piece or if it's a cut piece?” 

And one of the tower crew, one of the riggers, was there, and he goes, “Well, what do we do when we get on site?”

And I said, “Well, you install the transmission line.”

He goes, “Yeah, but what do we call it when we start installing it?”

And I said, “You say you're going to stack the line?”

And he goes, “We stacked the line.”

So then, I'll ask the question again. Where do you think you make the first— Where do you think you make the measurement, if you need to know the length of the sticks of line that you have on your tower, first one in the vertical, because they stack it right?

They build it from the bottom up. So, they're going to put a factory piece at the bottom. So, if you ever have to do this— Now, I'm going to— I'm not telling you to go climb your tower. I'm telling you to have one of your local tower climbers go up there and pull a tape and measure that line.

But if you can't do that, don't worry, because somebody with a network analyzer can figure it out pretty easily. And then, nobody has to climb the tower.

So again, you know, repack was coming along, and all of these skill sets that were kind of developed back in the 1950s haven't really changed. But people like me came along and didn't get to experience this because it wasn't really an issue.

You know, during DTV, it kind of was— We were simulcasting, and, you know, there was a lot of movement going on, but it was nothing like repack, because it was stretched out over 10 years, you know, 12 years.

In some cases, repack was 36 months. So, everybody had to get really smart, really quickly. So, I asked myself, I said, “I've never made that measurement. Let me go make that measurement and see what it looks like.”

So, I looked at channel 14 that we operate in Tulsa, Oklahoma, and I looked at the taboo line lengths for channel 14, and then I said, “Okay, so what is a channel that can't operate on that same length of line?”

Now understand anybody that's ever seen time domain analysis, it's in the time domain, right? Because we all want to see what it looks like in time. I want to see what the elbow at the base of the tower looks like. And I want to see what it looks like at the—

In the case of Madison, you know, if you're on a candelabra, I want to see what's going on where there's a component that I can identify with my own eyes, an elbow that goes out to the end of the arbor, an elbow up.

You may not ever see it in the time domain, because all you're seeing is little blips, right? You're seeing a little bump every time the two lines meet. And you know, those add up over, you know, in the case of one of these towers, probably 1,600 feet or so.

So, then you switch over to the frequency domain, and now, all of a sudden you can see it. 

So, this was my, this was my channel 14, right here. It was 105:1. It was beautiful! They did a great job on it.

And then, I saw this big blip at 515 Megahertz. That was a 1.89:1.

So, for everybody that's operating a solid state now, if this was a tube transmitter, that's no g o, right? 

Solid State transmitter, most of them run around -17 dB return loss. They're going to start doing something. They're going to start ramping power down. 

If you turned on into this, it's not going to— It's going to be ramped so far down, you're not going to make any power.

And if this is the first indication that you ever had of this phenomenon, you're probably going to lose your job. Because if you missed this one, and you put a new channel on the air, and you turned your transmitter on, and everything looked good, and you came up with a 1.89:1.

And you called whoever— if it was ERI transmission line, you called them. They said, “Well, it won't work on that frequency.”

Yeah, big mistake, right?

And like I was saying earlier, if you don't know the line length, you can calculate it just based on the network analyzer readings. So, maybe that's cheaper. 

If you got somebody locally, or you have someone within your group— I know the PBS groups typically have someone with a network analyzer that's pretty savvy using it— they can figure this out pretty quickly.

Point is, you have to know what you're looking for, right?

Because, if you're just looking at a fancy time domain sweep over the system and you say, “Yeah, it looks pretty good to me…”

For people that don't quite understand, VSWR is not arithmetically additive. It is exponentially additive. Okay?

So, the number of components within that system that are mismatches, that's the exponent of the number, right?

So, it's VSWR to the n. It's not, you know, VSWR 1 + VSWR 2 + VSWR 3. It's actually exponentially additive. And by the time you get there, it's just too much.

You know, even the best transmitter out there is going to be folding back at this level.

Okay, harmonics. So, harmonics is one of these that— like I like I said when I led into it, the stuff that I wish I'd have known when I started.

If you ask 10 different people that do what I do for a living how they measure harmonics, you're probably going to get seven different answers, and probably five of them are right.

You know, playing the odds, there's a lot of different ways to do it, but one of the biggest questions is, what's what the FCC say about harmonics? Do they say you have to measure 2f0? 3f0? No, it doesn't say that in the rules. It says you can't be squirting RF outside of your band. 

Now there's verbiage that's much more eloquent than someone from Arkansas can say, but typically they're telling you can't put anything in the FM world, I think it's -80 dBc. And in the TV world, 110 dBc. That's a really, really hard measurement to make, because you have to measure it while the transmitters on. So, you got this big transmitter signal, and you're trying to measure something that's 80 dB down, or 110 dB down. So, you have to filter out that fundamental signal to protect the equipment and get the dynamic range that you need the directional coupler that you have to use to make this measurement every octave of frequencies. It acts differently, right? It's not the same value one octave up from the fundamental frequency. And I don't want to get into why that is but just understand there you have to the insertion loss of the cable you're using to make the measurement; the insertion loss of the high pass filter you're using to make the measurement. All of that comes into play. It's a very difficult measurement to make. And then the question is, how far do you go? And some people will tell you, you go all the way to daylight. You go as far as you can go, because the FCC says you can't put anything out there beyond what's licensed to you. Well, that's not feasible because most people don't have a spectrum analyzer that can go that high. So, what's the answer?

So, if you don't know, harmonics are, are positive integer multiples of the fundamental frequency, right? 

And for the vendors in the room, I apologize because I put this slide together because there's the physicist view of what a harmonic looks like, there's the vendor's view of what it looks like, and then there's the broadcaster's view, right?

So, the physicist says it's going to be there at some lower amplitude than the fundamental, and it's going to go on infinitely. Now, the manufacturer says, “Doesn't exist,” and they give you documentation, and they say, you know, in the design, and they test the design, and they say it doesn't exist.

And you go out and you measure it, and you get 10 transmitters, and seven of them are perfect. One of them is a little bit flaky, and two of them just won't pass at all.

Now, it's a function of non-linearities in the system. It's happening at the low level, right? It's in the exciter or in a power supply, a rectifier, but it's also a resonance that occurs.

And that's where, if you're a musician, you kind of understand that when I say harmonics, you may think about the neck of a guitar or a banjo, and you can kind of understand when I say resonances, what can happen. But we have to suppress this.

And you know, our buddies at Dielectric make fabulous filters, but you don't get a lot of love at three times the fundamental in the filter. You get a little bit, but we just call that insertion loss, really, because you're not getting real filtering out there, because they couldn't build a filter that that broadband, that's that effective.

So, here's my answer, and take it for what it's worth. I'll give you a money back guarantee. Coaxial line is only operating in a coaxial mode up to a certain frequency, and then it becomes waveguide. Okay?

So, it's only operating in a coax mode to a certain frequency, and that frequency is a function of the size of the line. So my rule that I taught the guys that I work with is you look at the size of the line, you figure out what the maximum frequency in a coaxial mode is, and you look at the channel that you operate on, and that's how you determine how far out you're going to make the harmonic measurements.

So, for a TV station that's operating in a UHF band, four or five allocation, 2F0, 3 F zero is plenty. That's two times fundamental, three times fundamental, that's plenty.

But if you're operating a channel seven, and it just happens to be in six-inch line, for some reason, look how far out it goes.

977 Megahertz is max frequency in that line.

Channel Seven, if you don't know, is 177 megahertz, you start multiplying that out. You say, “Huh, I've got to go a pretty a pretty good distance, especially if I'm in three-inch line to cover all of that.”

And you say, “Well, does it really matter?”

Well, it does if you're in aeronautical radio navigation or land mobile because that same channel seven, 5 F0, 6 F0, and 7 F0, you can't—

I had a revision to the slide that didn't get incorporated, but there's some pretty important stuff happening in that frequency spectrum, right?

So, if you're putting something out, you have to assume that it's making it to the antenna. You can't really make an assumption about the antenna, because we can't measure that, right?

Dielectric or ERI can tell you, “Yeah, it's not going to make it through the antenna.” But if I can't measure it, I can't sign off on that.

But what I can sign off is it's not coming out the other end of the coax, right? Because it's in a waveguide mode, it won't couple out. So, that's my solution to the question.

I can't give you a definitive answer, because nobody that I've met in my career can give me a definitive answer of how far out to measure. So, I'm telling you my reasoning on this is, that's how we do it.

Okay, real quick about directional couplers. This is like a 45-minute section of my normal class. The important thing about the directional coupler is that coupling value. You have to know how much energy is going to on that let's just say it's an in connector on there. How much energy is going to be on there before you put a power meter on it, or a deviation monitor or something, whatever it is that you're about to plug in, you have to know if it's a low enough signal that you're not going to burn up the input on that piece of equipment.

We're not talking about input impedances like an oscilloscope that's a Megaohm or, you know, an old Heathkit vacuum tube voltmeter. We're talking about a 50 Ohm input impedance. So that device is going to see every bit of that energy. So, you have to make sure that it's a low enough level.

And if you can remember 310, 20 and 30, and you look at the at the sticker on the directional coupler—

And by the way, if there's no sticker on it, you can't use it, right? And if everybody participates in ABIP inspections, I guess. I hope so.

If there's no sticker on, and the ABIP inspector comes in and if they're worth their salt, they're going to look at that and say, “What's the coupling value?”

And you say, “Well, it's on the sticker.”

And if there's no sticker, then you're going to have the hard questions about, you know, children's programming and all the other stuff that they get on you about, because you missed the question on the directional coupler.

Okay, let's talk about filters for just second. Generally speaking, four types of filters. Generally speaking, the people in this room are only going to use two of them.

So, a high pass filter. I use it every day. Like I said, block the fundamental signal. Measure those harmonics, right? Most of the time I'm trying to get rid of the harmonics, so I'm using a low pass filter that's generally built into the transmitter.

But if the one that's built into the transmitter is not enough, you can call your buddies at Dielectric, and they'll sell you one that certainly will be enough. And we've had to do that in a couple of cases where we just couldn't figure out why the harmonics were there. No problem. We just filter them out. A bandpass filter is the one we're going to spend some time talking about. That's your channel filter. That's what's going to keep you right with the FCC and make sure that you're not putting anything out, that you're not licensed to put out.

Bandstop filters, we used to call them notch filters. I still have one in my truck. The problem with the notch filter is you have to have a spectrum analyzer that has a tracking generator in it, or a network analyzer to set the notch and then measure the insertion loss.

Okay for TV and radio transmitters, generally, there's two different types of band pass filters, a reflective filter and a constant impedance filter. The top one is a reflective filter. Your transmitter output goes through this filter, and the filter is tuned to your channel, to the bandwidth that you're licensed. And then it goes out, and it goes the antenna.

Anything that's in-band that goes out and then comes back, is coming right back through the filter, because it's in-band.

Anything that's out of band… Like, if you're on a candelabra tower, you've got somebody in another aperture that's close frequency, and that comes down your line, it won't make it back past the filter because it's out-of-band.

Constant impedance filters are two of those same filters, but they're just fed with a hybrid. So, they split the signal and send it. They split it and phase it properly, send it through the filtering elements, and then put the signal back together, phased properly. So that they get perfect addition, near perfect addition at the output and near perfect cancelation at the reject.

Okay, so here's what it looks like. The green signal is your incident, and the red signal is reflected. Anything in-band going out, it's coming back.

This is a constant impedance filter, and don't get wrapped around the axle about the phase relationship. Just understand, you know, in in my world, when we say 90 degrees, quarter wavelength, whatever, that's kind of the magic number, right? That's what the— if you're in Maine or Connecticut, or New Hampshire, and you're building RF stuff, this is what they talk about at the bar.

You know, this is simple stuff, but basically what's happening when we had transmitters that were very, very sensitive to changes in the impedance on the output, we had to do something about it, and that's kind of beyond what I can get into and talk about here in the next eight minutes. But these are the different types.

Now, the beauty of this is, and again, Dave, I didn't know this when repack started. What I'm about to show you, I think this is the most fabulous thing I've learned in the last 20 years!

If I take that reject load off of this configuration, and I, instead of calling them a ballast port and a reject port, let's say I call them a narrow band port and a broadband port. The narrow band port is the channel that I'm filtering through this system. And FM does it all the time. They just built a nine-channel, eight- channels, a big system for Farnsworth peak in Salt Lake City, and then, for Cedar Hill in Dallas. 

They do the same type of deal where the narrow band port is the channel you're putting in. You pull that reject load off the broadband port, and you stab another channel in it, and you can do an upper adjacent or a lower adjacent channel. And you can combine them together and get a combined output into one piece of transmission line and one antenna. As long as the antenna is broadband enough to accommodate both signals, that's a pretty big deal, right? You don't have to go buy a combiner if you already had this on site, you know. 

And repack came along, and it happened to work for what you needed to do. You could put a second channel into that without buying anything. You buy a couple of adapters, switch them out, good to go, right?

Thought this was amazing, and this has always been there. It's like they designed it like this from the get go.

Okay, talking about filters, one of the one of the things that I always wondered when I first started, was… 

My first transmitter was an RCA TTU-110, and it had been installed for 15 years at that time. So, I've got all these questions, because I don't know anything, right?

And thinking there's this giant filter, it's a notch diplexer and all this stuff. You know, there's an aural signal that's not going back to the transmitter somehow.

And the first question that came to mind was, “Well, how do I know what the insertion loss of that filter is?” I'm going to tell you, if you're one of the younger people in your department at your facility, and you weren't there when your transmitter was installed, good luck figuring that out.

If you have a copy of the proof, it better be in the proof.

But if you don't know, you're not going to figure that out, unless you call someone in to sweep it and get that number.

Here's what we do now. You know, you can do it any way you want. The way we do it is we document all that, and this becomes a document that stays at the transmitter site, posted on the wall, copy of it in the proof, so that 20 years from now, if we're still operating that filter, somebody can look at it and say, the insertion loss of that filter is point 293 dB at this frequency. Does that make sense?

It's a critical number if you're getting ready to put a new transmitter in. Make sure that you're recording that somewhere.

Okay, ATSC 3.0, I'm I am one of you. I'm a broadcaster. I love what we do. I listen to terrestrial radio in my truck when I'm traveling. I watch television the old-fashioned way, with commercials. And I like the commercials.

The drug commercials get a little bit cumbersome at times, but I can sing that Wegovy song for you, if you'd like, if we have time afterwards. Yeah, exactly... 

So ATSC 3.0 is this new technology that's coming out. And as a broadcaster, you know, I just sat in a meeting in the other room. They were talking about, oh, you know, if you have a 3.0 transmitter that's or a transmitter that's 3.0 ready, you just buy some upstream equipment, put it on the air, boom.

I'm going to tell you something that you're probably only going to hear from the filter manufacturers and me, is you better make sure that your filter can handle it. Because if you have a DTV-era filter that was an 8-pole sharp tuned filter, you're not going to pass full bandwidth ATSC 3.0 through it. You can quote me on that. Everybody in the room write it down.

“If you've got a DTV era filter, and it was an 8-pole sharp tune filter, it's not going to pass full bandwidth ATSC 3.0.” You need to have someone come in and measure it.

Now, I said full bandwidth, right? Because this standard was written for international, is written for broadband. It was written for broadcast.

Broadcast in the United States were limited to what we call six megahertz, right? In the ATSC world, that was 5.38 megahertz. And this shows you that the people that write the standards have a sense of humor, because the 3.0 standard was written for 5.83 megahertz. 5.38, 5.83. So, you'd look and think it was a typo when you see it right? They just inverted a couple of numbers. 

No, it really is in the 3.0 system. It was written so that you could control the number of carriers, because this is OFDM, right? It's not an envelope. It's not an RF envelope that's modulated.

It's 6,913 individual carriers that are modulated. And at 6,913 carriers, that's 5.83 Megahertz.

If you're on Channel 14, you're not putting 5.83 megahertz through that filter, especially in Raleigh, North Carolina, where you're putting 71 kilowatts or so into that filter, it's not going to make it through. Critical on Channel 14.

And you remember when I showed you that, where, if you're putting a signal into the broadband port of a constant impedance filter, you have to reduce carriers, because the modeling— The smart people that do the modeling at ERI and Dielectric and Shively, and all the other places, they know that you could get voltage spikes in the output cavity of that filter, and it can't handle the full bandwidth.

So, what we do is full carrier reduction on Channel 14 and a C red  three on anything going into broadband port of a CIF (Common-source IP Framework). If you want to know more about that, you can come to my full class, and we'll talk about it.

This is what it looks like. We actually make the measurements during a proof of performance for ATSC 3.0, so that we can prove that when we say our occupied bandwidth is 5.83 MHz, we actually measure it. 

And then, if we know that we have to do carrier reduction, then we're going to measure that as well and confirm that we're getting the carrier reduction that we requested from the gateway scheduler. I know it's really, really quick. Any questions on any of that? Okay?

Protecting the investment. I got two minutes to go through this. But don't worry, because if you have any questions, you can go over there when they open the exhibit hall, and you can go to the Dielectric booth, and they can tell you more about it, because they are smarter on it anyway.

This is what we're all trying to avoid, right? TV, radio, whatever. We don't want this to happen. This is really expensive. And if you're if you're an FM station, you miss a couple of drive times. You miss an afternoon drive and a morning drive, you're losing money, right?

How do we prevent this? There is a device called an RF Hawkeye, and this is what I was telling you as a game changer. This is something that when I saw it, I couldn't believe it.

Because I'd go out and I'd sweep a transmission line, and it would be the middle of the night in winter in Milwaukee, and the line had cooled off, and I didn't see anything wrong. We put it back together, and we turned transmitter on, and it would shut down on high reflective power.

Because it was thermally dependent, the line would open back up, or the reflection would occur. Because the line cooled off, and then when it heated back up, it would happen. So, this is real time domain analysis. Sends a radar signal up the line, listens for it to come back at certain frequencies for UHF and other frequencies for VHF and FM. So, there's a solution for everybody.

Now, keep in mind it's out of band, so you can't put it through waveguide, and you can't put it through a filter. So, the coupling unit has to be beyond all waveguide and all filtering and combining.

So, in the next 40 seconds that I have left… Las Vegas, got a phone call one morning. I had just installed this RF Hawkeye a few weeks earlier. The chief engineer called and he said, “Hey, I've got a warning. It was a 101:2, and it— I'm sorry, it was a 101:9. It's a 101:2.

Now, anybody that's ever dealt with VSWR that's nothing, right? My transmitter is not going to see that. I'm not making that measurement on the reflectometer on the transmitter, right? We watched it for a couple of hours. It continued to rise. We said, “Turn the transmitter off. Turn the transmitter off.”

The Hawkeye said 43 feet. Tower crew went to 43 feet, broke the line apart, and that's what they found.
[photo of burned debris]

Yeah, let that soak in! That was a few thousandths of a VSWR point. We'd have never known until the line completely burned and sooted everything inside it. And they had to take it apart and swab it.

In this case, we replaced just the inners that were bad, and then, we went back on. We bought ourselves some time and replaced all the inners because we knew that the rest of them were probably aged as well. That's what it can do for you.

I can tell you, like one of the gentlemen said earlier, “We're running out of people,” right?

You don't have more people now than you had 10 years ago, probably at your facility.

Things like this are things that we need to look at as broadcasters and say, I need something like that to protect the investment, you know, protect the listener, protect the viewer, protect the investment. 

Questions? I'm out of time, but I guess if anybody has a question, nobody's trying to take the microphone away. So, anyone— I know it was quick. 

Yes, ma'am?

Audience: If we replace our inner conductor, can we use inner conductor from a different manufacturer than our outer conductor?

Rusty Mooney: 
Yes, let me answer that, because my bosses are in a room. 

Say, of course, we do, as long as the ratio is the same. You wouldn't have to, right, if you were in a pinch, but understand you need to mark it in some way. Because if it's one of those non-compatible sizes, you need to make sure that the next person that comes along knows that you did that, so that they don't get hosed in the middle of the night.

That's a good question. Anybody else? All right? Thank you, everybody.

Awesome. Thank you.

[applause]
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