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IntroductIon

This book is a collection of five years 
of monthly magazine columns about 
basic electricity, controls,  troubleshoot-
ing, house wiring, and life in the heat-
ing business.  There is lots of technical 
information, simply stated.  More fun, 
there are humorous glimpses into how 
people are, whether it’s a contractor 
trying to troubleshoot a furnace with-
out a meter (nope, ‘sin in the truck), or 
a wiring problem solved by the phone 
serviceman noticing my pet cockatiel 
(“you’ve got a bad bird”). 

Writing these columns has been like 
sharing a simple meal—the pleasure 
comes from the company gathered..  
I have gotten wonderful reader re-
sponses. I heard from plumbers who 
were delighted to finally learn how to 
wire a simple control circuit.  I heard 
from electricians who were furious with 
me for threatening their livelihood by 
educating heating technicians.   Wives confided that their husbands would 
never admit it, but learned a lot from my columns.  And both experienced 
and novice service technicians asked for more.

So here, in one place, is all of it—so far.



ElEctrIcIty
 

Learn About Electricity And controls 
My father was an electrician, my grandfather was an electrician - but I was a girl. That means I had to learn electricity like 
most folks in our business - as an adult, on my own and with lots of unanswered questions. 
I mention my family of electricians so that you don't misunderstand me. I like electricians, but I think we in the heating 
business need to do our own wiring of controls. 

Let me tell you a little more about myself. I'm a degreed technical trainer and writer. I've been working in the controls 
business for over 20 years. I've published three books about electricity, controls and troubleshooting especially for the 
heating industry. I am positively enthusiastic that plumbers and electricity can mix! 
Unfortunately, our industry has let electricians and engineers have custody of electricity. For a number of reasons, we've 
decided that electricity and controls are too difficult for us.

None of the following reasons, however, have to do with our ability.
 
Let's take a look: 
Electricity books are hard. 
Electricity classes don't relate to the work we do. 
Electricity classes have us do a lot of math, and that doesn't relate to the work we do either. 
We're water folks, and everyone knows electricity and water don't mix. 
The "water analogy" (that is, electricity's just like water, stupid) doesn't really make sense. 

As a result, we've agreed to let someone else (perhaps someone "smarter?") do the controls work. That's a mistake. Here 
are some reasons we shouldn't let someone else do the controls work: 
Electricians often don't know how to wire controls circuits either. 
Electricians don't understand controls circuits, and at the same time think themselves above it. 
If we're responsible for the job, we should do the job.
 
Why pay someone else? 

The fact that an electrician can't get it to work doesn't mean it's a difficult job. It just means the electrician doesn't know 
how to do it. 

A couple of years ago, I polled some plumbers who do hydronic heating and asked for the name of an electrician who 
does a pretty good job on controls. I called the electrician and asked to "buy" an hour of his time to answer any questions 
I asked. He was a little put off at first - suspicious about what I was really up to. But he got over it pretty fast when I offered 
to pay him his hourly rate to sit in his office and talk. What came out of the question and answer session is this: 

Electricians have no more training about controls than plumbers do (yep, scary thought). 
Electrician training is about pulling wires and applying code. 
Electricians don't think in terms of circuits - they pull wire from this point to that. 
Electricians don't think about electricity - they think about wire and code. 
Electricians know that if the wiring doesn't work, the problem is a bad control. 
Electricians know they know more about everything than the rest of us do. 
Here's the bottom line: Electricians have no more training about controls and controls wiring than plumbers do! 

Confused & Confusing 

What this means is that to be in the hydronic heating business, you need to learn controls and controls wiring. But how to 
learn? Electricity books are often difficult - needlessly so. 
I've given lots of thought to that problem, and I'm sure this is what's going on. There's a "tradition" of how an electricity 
book should be laid out. It starts with electron theory. You don't need to even think about electrons when you use an 
electric appliance or tool. So why would you need to think about them to wire a circuit? Besides, they're invisible. Thinking 
about what the electrons are doing is about as useful as needing to think about air molecules in order to breathe. 
Then electricity books move on to Ohm's Law. That means formulas, math and fractions. That's when most of us check 
out. It's too bad that a lot of us don't think, "Hey, I think this might be pretty much useless information." 

It gets worse. If we get through Ohm's Law by the skin of our teeth, low and behold, Kirchoff's Law is next. More formulas, 
more math and more fractions. But this is much worse because Kirchoff's law is about putting loads in series. 



Loads in series? As it turns out, one thing we most want to avoid in wiring controls circuits is putting loads in series. So we 
slog through pages of math and hours of boring classes to learn how to do math about something we should avoid doing 
on the job. This is totally nuts! 

Maybe, just maybe, we get past Kirchoff. Then, we get to something real - motors. While it's nice to know what's going on 
inside a motor, again, it's not what we really need to know. Being able to describe what goes on inside a motor doesn't 
help wire one in a control circuit. 

Above all this confusion rests the "water analogy." Its says electricity is just like water. Water flows; electricity flows. Water 
has a current; electricity has a current. Water can be pumped; electricity, in a sense, can be pumped. 
I had a major problem with this. While many electricity books smoothly move on to open circuits and closed circuits, 
I knew they were lying to me about something. With water, the water is "on" or "off" depending on whether the valve 
is open or closed. On = open and off = closed. Everyone just knows how this works. Whatever substance we're talking 
about, stuff flows when the valve is open. 

With little in the way of transition, however, many texts move on to electricity. Suddenly, "opened" means the light is off, 
and "closed" means the light is on. More has changed here than that the stuff is now electricity. And they're telling me this 
is just like water? It's not just like water - it's the exact opposite. 

Amazingly, every electricity guy I talked to professed that the water analogy is true, shaking their heads a bit that an oth-
erwise smart person couldn't understand this simple concept. 

But I finally got it. Know what you know, they say. And I'm in a position now to know that the water analogy is valid only up 
to a point. That point is where the flow is controlled. Water is controlled by valves. Electricity is controlled by switches. They 
don't work the same. 

A switch works like a drawbridge, not like a valve. Electricity runs on wires, not through wires (even though we have the 
very misleading terminology of electricity going through wires). So when the switch (drawbridge) is open, there is no path, 
and the electricity cannot flow. When the switch is closed, stuff flows. 

Once we get this straight, it's easy to understand a lot of other "mysterious" things about electricity. In upcoming columns 
I'll talk about why we put switches, but rarely loads, in series. I'll talk about the fact that a thermostat is just a switch. I'll talk 
about polarity, and why there is polarity on the primary side of a transformer, but not on the secondary. I'll talk about what 
voltage drop is, and how to use it to troubleshoot. 

The theme will always be the same - electricity and controls can be very simple. In our industry, they're like water and air - 
they should belong to all of us. Claim them as yours.

Engineers have custody of electricity. For a number of reasons, we've decided that electricity and controls are too dif-
ficult for us.



that's All there Is to It: Wiring And circuits
Wiring is so simple! Do you believe that? It can be. It should be.

Here's a common description of how to wire hydronic controls. Have you heard it? "Ya just grab a wire from all the stats 
and stick 'em on the secondary. Take a wire from the zone valves and stick 'em on the other side. Now you just connect 
the valves to the stats. That's all there is to it."

Wiring is so simple!

Do you believe that? It can be. It should be. But with this kind of description, it might be impossible. What's a "second-
ary?" "Stick 'em on the other side" of what? How would you "just connect the valves to the stats?" There's nothing incorrect 
about the description. But unless you already know how to do the job, the instructions don't make much sense.

Controls wiring isn't rocket science. It's not house wiring, either. I don't care how many electricians you've watched pulling 
wire, what they're doing isn't the same as wiring controls.

House wiring is about pulling wire and sticking the ends somewhere, just like the description up top here. Controls wiring is 
about making circuits. You could possibly end up with the same job done. But if you just stick the ends of the wire some-
where, it'll take a fair amount of luck to do the job right.

Think In Terms Of Circuits

The word circuit has the same root as the word circle. It's the same root as circus, too, for that matter. I remember learning 
in Latin class long ago that the circus was where they fed all those guys to the lions, which brings up a not-all-that-inap-
propriate victim image of how we sometimes feel about wiring.

When we make circuits we're making circles. Think of a rope with the ends tied together to make a circle. Now put a bug 
on that rope and let him run. If the bug can go all the way around in one direction (doesn't matter which direction) and 
end up back where he started without ever getting off the rope, that's a complete circuit.

The same goes for electricity. Imagine your little electricity bug running around that circuit. (By the way, he's running on 
the wires, not through them.)

In real life, the circuit probably doesn't look much like a circle. What we're really talking about here is the continuousness 
-- the ability to go around and around without stopping -- rather than the actual circle shape.

There are three components of a control circuit. Think back to a long-ago science or electricity class, and you'll probably 
recognize them -- they are power supply, switch and load.

Everything in a circuit is one of these three. Every control is either a power supply, a switch or a load. Each circuit must 
have at least one of each.

In your mind, make a circle of these three things -- in any order -- and connect them with wire. Now let's put real controls 
into the positions. In the power supply position, put a transformer. In the switch position, put a thermostat. And in the load 
position, put a zone valve. Simple as this seems, it's a very ordinary and real-world circuit.

Vision Into Action

Here's how it would look on the job. The transformer is in the equipment room, probably near the boiler. The zone valve is 
mounted in the equipment room, or in the baseboard in the living space. The thermostat of course is in the living space. 
Wire connects them all into a circuit.

Yeah, but what about all those other wires, and the zone valves and thermostats for the other zones?

Hold on. We'll get to that soon. But first, let's talk a bit about the transformer. There are two "sides" to a transformer. One 
side comes with wires attached to it. This side is called the primary. These wires get connected to electricity from the elec-
tric company. Wiring the primary is the equivalent to plugging it into a wall socket.

On the other side of the transformer are two terminal screws. This side is called the secondary. Line voltage (120V, for 
example) goes into the primary, and 24V come out the secondary. The sole purpose of the transformer is to step down 
electricity from line voltage to low voltage.



Now let's return to the zones. For each zone, there's the simple circuit of the transformer, a zone valve and a thermostat. 
Each zone has its own zone valve and thermostat. But we can use the same transformer for several zones. (You'll hear 
more about how many at another time.)

Still With Me?

Focus again on the transformer. Let's say we have three zones. A wire from the R terminal of each of the three thermostats 
goes to the transformer. Saying it another way, each wire connects the transformer to a separate thermostat. The wires 
from the three different thermostats all go to the same place on the transformer, which is one of the two terminal screws 
on the secondary side.

A second wire from the W terminal of each thermostat goes to its own zone valve.

The thermostat connects with one wire of the zone valve motor. It doesn't matter which. The second wire goes to the 
second screw terminal of the transformer. (Note that if there are four wires on the zone valve, we're talking only about the 
two that go to the motor. If there are three, we'd need a different thermostat entirely, and we're not talking about that 
situation right now.)

So, at the transformer, there should be three thermostat wires on one terminal, and three zone valve wires on the other.

But that may not be what you see! You may see only one wire on each transformer terminal. Here's what's going on. It's 
really hard to get three wires on one terminal. Even if you can get them on, you can't be certain they'll stay there. So we 
attach a separate wire to the transformer terminal.

To the other end of that wire we attach the three thermostat wires. That means that four wires come together. We twist 
the four, screw a wire nut over the connection, and call it a pigtail.

This is where a lot of folks get mesmerized and overwhelmed -- what are all these wires?! What you see when you look at 
the wire nut then is four wires, one to each of the three zone valves, and one to the transformer.

We end up with three simple circuits, which happen to share a transformer -- kind of like three kids sharing the same plate 
of food.

Technically, this is called a parallel circuit, but the job turns out the same if we think of it as three simple circuits that hap-
pen to share a power supply.

Let's Recap

Troubleshooting is where thinking in circuits really pays off. Let's say you get the job wired up and the heat won't come on 
in zone two. Right away instead of wondering what's wrong with the whole job, you can isolate the problem and check 
out the circuit that controls zone two.

Also, by thinking about the components of a circuit, you know that the power comes from the transformer, and not from 
anywhere else. You know that the thermostat is the switch that turns the circuit on and off. And you know that the zone 
valve is the load -- the motor that opens and closes the valve.

Let's recheck that original set of directions. Notice that it makes more sense now: "Ya just grab a wire from all the stats and 
stick 'em on the secondary. Take a wire from the zone valves and stick 'em on the other side. Now you just connect the 
valves to the stats. That's all there is to it."

When wiring hydronic-heating zones, whether you're using zone valves or pumps, you can get around thinking about 
circuits by using a zoning panel. Compared to the cost of labor and confusion, they're very inexpensive. The panel comes 
with the transformer. You just insert the thermostat wires into the thermostat terminals, and the valves or pumps into their 
terminals. That's it.

Troubleshooting is simplified, too. I call it the equivalent of a three-ring binder with subject tabs. If you put the stuff where 
the labels say, then you know exactly where it is when you come back to it later.

So the guy that said, "That's all there is to it," was right. It's just that you need to know a little more before that's the case.

 
 



 
Switches Is Just Switches 
How can a simple thing be complicated? Easy.

So far in this column you've read that you -- not an electrician -- should be doing your controls wiring. I have written about 
the fact that a control circuit is a simple thing. It is a "circle" of at least one of each of these three things: power supply, 
switch and load.

With a control circuit we're trying to make things go on and off at the right times. That's done with switches.

Everyone's used to the idea that you turn something on and off with a switch. Every control circuit must have at least one 
switch. Many familiar controls -- thermostats, aquastats, humidistats -- are simply switches. In fact, anything that contains 
the letters "-stat" is probably a switch.

If you come from plumbing, it may seem odd that a switch is closed when it's on, and open when it's off. That can seem 
backwards because with valves, open means that stuff flows, right? Closed means that stuff stops. Switching action is the 
opposite of valve action.

Inside A Simple Switch

A switch is like a drawbridge. Picture the drawbridge closed. There's a path for the electricity to flow on. Then picture the 
drawbridge open. There's a break in the path, and the electricity cannot flow.

Here's my electricity drawbridge fantasy. It's a glorious sunny day. The local track team made of fast, hot little electricity 
guys is out for its daily run. In fact, they're wearing tiny electric blue jogging shorts that glisten in the sun. Every day they 
start out and make a circuit through the town, crossing the bridge, back to where they started. They trot along effortlessly, 
hardly even varying their pace.

Then one day the bridge is up. They have to stop and can go no further. Until the bridge goes back down, they can keep 
jogging in place. Or they can sit down and watch the birds fly by. But they can't go around, and they can't go over the 
bridge until it closes. But as soon as the bridge closes, they start up again and complete their circuit back to where they 
started.

Well, if switches are like drawbridges, then they're pretty simple. Then along comes our electrician buddy, and he says, 
"OK plumber dude, you think you know so much, is that switch of yours a SPST or SPDT?" Isn't that how it goes? As soon as 
you think you know something, some guy's gotta point out that you don't!

What is this four-letter switch stuff?

Gone Fishing

Switches are sometimes identified with a four-letter code. S stands for single, D for double, P for pole, and T for throw.

You already understand single and double.

But before we go any farther, let's go back to the drawbridge. The drawbridge makes me think of a river. A river makes 
me think of fishing. And fishing makes me think of a fishing pole. The pole in a switch is a lot like a fishing pole.

A pole connects two points. If you hold one end of a fishing pole and your buddy holds the other, we're talking about a 
single pole. If you have two more buddies standing beside the two of you, and a separate pole connects them, you have 
double poles. There's no connection between the two poles. The pole situation is the same in switches. But in switches, the 
two poles have to connect or disconnect at the same time.

Keep thinking about fishing. Now let's talk about throws. You're holding the pole. When you cast, or throw, so that the pole 
connects you and your buddy, that's single throw. If you then cast behind and connect with another buddy, that's dou-
ble throw. The rule is that you can connect with one buddy or the other, not both at once. The same rule applies to poles 
and throws in switches.

Four-Letter Words

Put all of this together, and you have four possible combinations of poles and throws--SPST, SPDT, DPST and DPDT. Don't 
sweat these. In control work almost all our switches are SPST. That's the simplest type, just like a light switch. We turn one 



thing on or we turn that same thing off -- single pole single throw (SPST). Turning it on is making the connection, which we 
call the throw. Turning it off is removing the connection.

Let's talk about that in another way. The 1950s and'60s were an SPST world. When I was a kid, my grandma lived in an old 
wooden farmhouse with an old wooden porch and an old wooden screen door. On Sunday afternoons, the adults would 
sit inside and talk and talk and talk and I would get restless and b-o-r-e-d. Finally Grandma would say, "Why don't you go 
out and play on the porch?" I'd head for the door.

It was one of those floppy ones with the spring attached. I'd push the door open, go through it, let go, and it would slam 
shut with a "ka-whap." Hey, that's fun, my kid brain noticed. Let's do that again. From the outside, I'd pull the door open 
again, and let it go. Ka-whap. Next time I'd pull it open even farther. Ka-whap it would go, even louder. I'd keep that up 
until a grownup voice from inside yelled, "Stop slamming that door!" The switching action on that door was single pole, 
single throw. I applied power to open and hold it open. When I let go, I removed power and the spring slammed the door 
shut. That was a simple SPST world.

My own kids grew up in an SPDT world of doors. With air conditioners and airtight houses, the old wooden screen door 
with the spring became a thing of the past. Regardless of the season, the solid front door is to be shut. You open it, and 
(supposedly) you close it behind you. Power open, power closed. One throw to power it open. The other throw to power 
it closed. Instead of, "Stop slamming that door!" my kids heard, "Shut that darn door, will ya?"

Committee Meeting

Nearly all of the switches we use in control circuits are SPST. The switches are very simple. Yet switching can appear to be 
very complex. In fact, switching is probably what makes controls seem complicated. How can a simple thing be com-
plicated? Switching gets complicated because we often use many switches in a single circuit. That's because we want 
many conditions to be just right before the circuit can operate.

I think of switches in a control circuit as a committee. Each switch is in charge of making a particular decision. The ther-
mostat is in charge of deciding if heat is needed. The high-limit switch (probably an aquastat) is in charge of whether 
or not the temperature inside the equipment is too hot. The low-water cutoff is in charge of making sure there's enough 
water in the boiler.

Like in a company or a family, if there is just one decision-maker, it's easy to understand where the decision is coming 
from. But if there is a committee where all have to agree, it gets harder to understand how a decision got made.

Now picture those controls -- the thermostat, high limit and the low-water cutoff -- all standing in a row. In technical talk, 
this would be called in series. The question up for vote is, shall we bring on the burner? All three have to vote yes for it to 
happen: yes, there's a need for heat; yes, it's safe to bring on the burner because it's not already too hot in the equip-
ment; and yes, there's enough water in the boiler.

Ah, yes, one more piece of complexity. Ever work with a group of decision-makers when you don't know who they are or 
how many there are? That happens with controls too. And the bottom line is, once you figure out who they are, folks is just 
folks, and switches is just switches.

 
 



 
Series circuits
Or, why we don’t need all that math from electricity class.

Over the past year in this column, we’ve talked about the basic components of a circuit. Now let’s talk about how 
they’re wired together into a circuit.

If you have one of each of the basic components of a circuit (power supply, switch and load), there’s only one way to 
wire them — connect all three together in a circle. It doesn’t matter what order they go in.

When you add loads or switch components (one power supply, two switches and two loads, which might be a trans-
former, thermostats and zone valves), there are several different ways they could be wired together. How you wire them 
makes a huge difference in how the circuit performs.

There are several different names for circuit wiring configurations. The two that we commonly use in control circuits are 
“series” and “parallel.” Let’s look at the series circuit.

Series means a group of things strung together in a row. For example, the World Series is a string of baseball games. Series 
wiring puts controls together in a row.

A circuit might be a transformer, a thermostat and two zone valves (a power supply, a switch and two loads). In this case 
we say the loads are “in series.” Because of that, the whole circuit is a series circuit. The components can be in any order 
so long as one control is connected to the next, is connected to the next, and the last is connected back to the first.

Let’s take a moment to note that we think of basic controls, such as the ones just mentioned, as having two “sides.” Each 
has either two wires or two screw terminals coming out of it. (If you’re thinking of controls with more than two wires, forget 
about them and think of controls with only two.)

On the control, for the most part, it doesn’t matter which we call the “first terminal” or the “second terminal.” It’s just 
important to distinguish between the two. So, the second terminal of the first control is wired to the first terminal of the sec-
ond control. The second terminal of the second control is wired to the first terminal of the third control. And so on. For the 
last control, the second terminal is wired to the first terminal of the first control.

Recall from an earlier column about switches (“Switches Is Just Switches,” March 2003) that the switch turns the electricity 
on and off in the circuit. No matter where the switch is placed, it turns off the electricity to the whole circuit. That means 
that both loads are controlled simultaneously by that switch.

Picture a series circuit of power supply-switch-load-switch-load, and back to power supply. It might be tempting to think 
that each switch controls one load, and not the other. That’s not the case because any switch that’s turned off turns off 
the electricity to the whole circuit.

That brings up the fact that there are several disadvantages of series circuits for wiring controls. In control work, it’s usually 
a bad idea to have loads in series.

Wasted Math

If you’ve taken an electricity class, chances are you either dropped out or did a fair amount of math with fractions. Some 
of this math was probably about Kirchoff’s Law. Kirchoff’s laws let you do math to predict how loads in series will perform.

Whether or not you made it through the math, you probably noticed that you don’t often use it on the job. That’s be-
cause in control work, we almost never put loads in series. That math is for folks who do electronics — putting resistors, 
transistors and diodes in series to make all kinds of magic happen.

This doesn’t mean that series circuits are all bad for controls. We use switches in series to great advantage. In fact, the 
whole concept of safety controls is mostly about switches in series. We’ll look at that in a future column.

Let’s go back to loads in series. The classic example is, you guessed it, holiday tree lights. I’m talking about the inexpensive 
sort that we had up until a few years ago. When one burnt out, the whole string went out. That meant you had to figure 
which was burned out and replace it before any would work again. (I was one of those folks willing to sit down under the 
tree and try a new bulb in each socket. And of course it took all night because there was more than one burned out.)

The reason the whole string went out was that the filament in the bulb was like a switch. If it broke, it opened the circuit. 



Like an open (turned off) switch, it kept the electricity from the whole circuit.

Here’s a thought, just in case you’re wondering. Why wouldn’t the bulbs “before” the burned out bulb light anyway? The 
reason is that electricity has to complete the circuit and get back to where it came from before any load works. A break 
in the circuit is like unplugging the whole string of lights.

Today’s tree lights are not wired in series. They’re wired in parallel. But that’s a future column.

Path Of Least Resistance

Besides the fact that one burned-out (open) load disables the whole circuit, there are other disadvantages of loads in 
series. Let’s look further.

Imagine wiring a circuit of a power supply, a switch and two 60W light bulbs. Turn on the power, turn on (close) the switch, 
and the bulbs come on. But something’s wrong. Those don’t look like 60W bulbs. They’re dim. They look like, maybe, 30W 
bulbs.

And that’s exactly what they represent. When bulbs are in series, they have to share the available electricity. Since there 
are two bulbs of the same wattage, they each get half of what they need.

The same thing would happen if the loads were something other than light bulbs. None of the loads would get as much 
electricity as they need to behave right.

Let’s go a step farther. We’ll replace one of the 60W bulbs with a lesser wattage bulb. Let’s make it a 25W bulb. Power the 
circuit, close the switch and what do you suppose happens? Take a moment and guess.

Some of the possibilities are: both bulbs are the same brightness as each other because each gets half of the electricity, 
or the 25W is brighter, or — my personal favorite — the 60W is brighter because “the big guy always wins.”

And what we see is (tah-dah) none of the above. We see that the 25W bulb is on and the 60W bulb is off. Wait a minute! 
That can’t be. Remember the holiday lights? When one’s out, the whole string should be out.

If we look closer at the 60W bulb, though, we can see a tiny bit of light across the filament. When we cup a hand around 
the bulb, we feel heat, which means the bulb’s on. And, if the 60W bulb were truly out, when we unscrewed it, nothing 
would change. But when we do unscrew it, the 25W bulb goes out. That, too, proves that the 60W bulb has electricity go-
ing through it.

What’s going on here is explained by the simple statement, “Electricity, like water and children, takes the path of least 
resistance.” Most of the electricity will go through the 25W bulb because it’s easier. That makes the 25W bulb its normal 
brightness.

But in order for the circuit to work, a little electricity has to go through the 60W bulb. It’s not enough to make it bright, but 
it is enough to create some heat and a slight glow across the filament.

This is a third illustration why we don’t put loads in series in control circuits. Depending on the relationship between the size 
of the two loads, one of the loads can look like it doesn’t work at all. If you’re into troubleshooting by replacing parts, you 
could replace that larger load as many times as the supplier would put up with your returns, and it still wouldn’t work.

 



 

Parallel Vs. Series circuits
Or, the difference between an electrician and a controls tech.

I bet you already know this: there are two types of basic circuits — series and parallel.

The heating industry doesn’t do much with loads in series. But switches in series are the “safety committee” that makes 
sure the equipment fires only when conditions are safe.

We use parallel circuits for both loads and switches. Let’s compare series and parallel circuits.

All of the components in a series circuit are wired together one right after the other. The circuit might consist of power sup-
ply, switch, load, switch, load, and back to power supply.

A parallel circuit could be made up of exactly the same components, but wired together differently. And the resulting 
performance of the circuit would be entirely different.

Loads In Parallel Vs. Loads In Series

In a series circuit, two loads have to share the available electricity. That means that two 60W bulbs each get only half the 
electricity they want. They would look like 30W bulbs. It also means that if one bulb burns out, they’re both out.

Furthermore, it means that if there’s a higher wattage load, it gets very little electricity. It would be quite dim because 
electricity prefers a path of less resistance — the lower wattage bulb. The lower wattage load gets almost all the electric-
ity it wants and is bright.

Here are a couple of ways of looking at this that might help to understand it.

One is that when loads are wired in series, they are like kids in a family all sharing the same platter of food. There’s only so 
much food, and no one gets quite enough. However, in circuits the big guy doesn’t win. The little guy (lowest resistance) is 
closest to getting all he wants. That’s because he wants less.

Another way to look at a series circuit is that the electricity has only one path. It must go through all the loads before it 
can be where it wants to go — back to where it came from. The electricity just gets plain tired going through all those 
loads, so many of the loads look kinda tired, too.

In parallel wiring, the electricity can choose among several paths. Each path has just one load. That’s a lot easier for the 
electricity. Each load gets all the electricity it wants, so two 60W bulbs wired in parallel are fully bright.

Here’s why.

Think of a parallel circuit with two loads. Imagine it as being two simple circuits that happen to share a power supply.

First wire a simple circuit of the power supply (the electricity coming from the wall outlet), a wall switch and a 60W light 
bulb. Finish the circuit by bringing a wire back to the power supply. This is defined as a simple circuit.

Of course the bulb is fully bright when you close the switch.

Now add a second simple circuit, using the same power supply. Just ignore the first circuit, but use its power supply to 
make a second circuit of power supply, switch and load. The fact that these two circuits share a power supply changes 
their definition from two simple circuits to one parallel circuit. Again, a parallel circuit is two (or more) simple circuits that 
happen to share a power supply.

With a parallel circuit, unlike a series circuit, performance doesn’t depend on how many loads there are or what the 
relative wattages are. Each load gets all the electricity it wants because it has a direct path to the power supply, without 
going through any other loads.

In low-voltage (24V) control work there is a limit to how many loads you can put in the parallel circuit. That’s because the 
power supply is a transformer, and a transformer has a limited capacity. The capacity is expressed as a VA rating.

Think of the VA rating as a contents label. If a bottle says 12 oz., you can expect to get 12 oz. out of it. If a transformer is 



rated at 40 VA, you can expect to get 40 VA out of it.

You can figure how many loads you can put on a 40 VA transformer just like you’d figure how many cups you can expect 
to fill with a 12 oz. bottle. Divide the capacity of the cup (let’s say 6 oz.) into the capacity of the bottle (12 oz.). You get 2 
cups.

To figure loads on a transformer you need to take one additional step. Loads are rated in A (amps) rather than in VA (volt 
amps). To get VA, multiply the A rating of the load (let’s say the zone valve is .32A) by the voltage of the circuit (24V) and 
get 7.68 VA. Now, like the bottle and cup, simply divide the 7.68 VA into the 40VA of the transformer and get 5.2. That 
means five zone valves of .32A each could be wired to the 40VA transformer. Fewer are fine. More is asking for trouble.

House Wiring

You can guess that house wiring is always loads in parallel. Every ceiling light is wired so that it has direct access to the 
power supply without sharing with any other loads. That’s true even if the loads are physically very close together.

An example is four or five bulbs above a bathroom vanity. They’re in a row like holiday lights, but they aren’t dependent 
on each other. Each light is fully bright. If one burns out, the others are not affected. The loads are in parallel with each 
other, sharing both a power supply and a switch.

In house wiring, electrical outlets also each have their own private access to the power supply. One way to think of an 
outlet is that it becomes the power supply for whatever we plug into it. Another way to think of it is that it’s just a connec-
tion point and, electrically, is nothing at all. It’s waiting for a load and switch — think of a table lamp — to be plugged 
into it.

Each ceiling light may have its own switch. Wires in the wall are going from the power source coming into the house, to 
a wall switch, to the ceiling light, and back to the power source. Each ceiling light and switch combination has its own 
private connection with the power source. Each wall outlet also has its own access to the power supply. Again the outlet 
is just a connection waiting for a load and switch combination to be plugged into it.

Switches In Series Vs. Switches In Parallel: When we call a circuit series or parallel, the assumption is that we’re talking 
about loads. But series and parallel also can apply to switches. Think about this. The simple circuit portion of a parallel 
circuit can have more than one switch. If there are two switches, they will be wired either in series with each other, or in 
parallel with each other.

The fact that house wiring is loads in parallel helps to explain why electricians sometimes aren’t comfortable with wir-
ing controls. Control wiring frequently involves more than one switch controlling a load. (Recall the safety committee of 
switches in last month’s column.) Those switches may be in series or they may be in parallel.

Switches in series is the safety committee scenario. All of the switches must be closed before the load can get power. 
Switches in parallel means that closing either switch allows power to flow to the load. It’s possible for one circuit to have 
some switches in series, and some switches in parallel.

Wiring Transformers — Series, Parallel Or ...?

Sometimes the job calls for more VA than one transformer delivers. For example, if you have six zone valves of 7.68 VA 
each, and your transformer is 40VA, you can’t put all of the zone valves on one transformer. You need a larger transformer 
or two transformers.

If you use two 40 VA transformers, how should you wire them together? The simple answer is that you don’t need to. Just 
put three zone valves on each. That keeps the job simpler to install and troubleshoot. Plus there’s the advantage that 
if one of the transformers fails in the future, the other three zone valves will still have power to provide some heat to the 
building.

If you’re set on wiring the transformers together, they must be wired in parallel. That means that a terminal on one trans-
former must be wired to the identically labeled terminal on the other.

We’ve just looked into a major difference between a competent electrician and a controls technician. The electrician is 
thinking about parallel circuits. A controls tech has to be able to distinguish between series and parallel.

The tech knows that putting loads in series is a bad idea. He knows that switches in series means that all the switches must 
be closed before the circuit works. He knows that switches in parallel means that any one of the switches make the circuit 
come on.



And the tech knows, if the circuit doesn’t work, to check out the wiring rather than blaming the controls. That’s because 
the wiring makes all the difference.

 



 
It’s Picture time:  Wiring diagrams
It’s always great when there are more pictures than words, right?—except when those pictures are wiring diagrams.

 Do you know how to read a wiring diagram?  If you don’t, you have a lot of company.  Most people don’t—even peo-
ple in the heating business.  Wiring diagrams can look complicated.   

But if this were your wiring diagram, you could easily read it:

(Insert from Quick & Basic Hydronic Controls, p. 21, fig 5 at the top of the page.

The fact is, a “real” wiring diagram can be nearly as easy, once you learn what the pictures (symbols) mean.  A wiring 
diagram is just pictures! And all of those lines are just connecting pictures together.  Back row boys, this was made for you!

A wiring diagram is made of circuits.  Each circuit --no matter how simple or complex—is made up of a power supply, a 
load, and one or more switches.  What about all those other things? you may wonder.  What about valves, thermostats, 
limits, zoning panels?  Every one of those is either a power supply, a switch, or load.  

Let’s try an animal analogy.  There endless types of dogs: collies, labs, spaniels, mongrels.  How are you going to classify 
them?  If your only classifications are dogs, cats, and birds, you don’t have to worry about it.  They’re all dogs.  The same 
is true for controls.  It doesn’t matter for now if it’s a thermostat, a limit, or a relay terminal—they’re all switches.  Dogs be-
have like dogs, not like birds.  Switches behave like switches, not like power supplies.

There are three types of symbols in a wiring diagram:  power supplies, switches, and loads.  

Let’s start with the power supply.  

There are two different types of power supply—line voltage (usually 120V) and low voltage (24V).  Boilers, furnaces, and 
air conditioners run on line voltage.  Their controls usually run on low voltage.  There’s a different symbol for each type.

This the symbol for a line voltage power supply:

It’s easiest to just  accept  this as the symbol for where line voltage comes from, and let it go at that.  But many of us want 
to know a little more.  So here’s what this symbol is about.

There are two arrows pointing the same direction.  What are they pointing to?  Intuitively, we want them to point a direc-
tion for the electricity to go.   But if you try to make sense out of that idea, it just doesn’t work.
 
I’ve asked many engineers and no one knows for sure why that symbol is the way it is.  My electrical engineer buddy Mike 
said he never thought about it—that’s just the way it is.  But when pressed about what it might be, he said he thinks the ar-
rows represent the male side of a connection.  They’re like the plug on the end of the toaster cord.  They show where the 
circuit plugs in.

But plug into what?  Before I got Mike’s conjecture, I made up my own explanation.  It works, too.  Those two arrows are 
pointing to where the electricity comes from—the power plant.  In real life, the connection is simply going to be to where 
electricity enters the building.

Sometimes, but not always, the two lines from the arrows have “L1” written on one, and “L2” on the other.   L1 is the “hot 
side” or “hot leg.”   L2 is “neutral.”

Even though they’re not always labeled, in real life it can be important to know the difference.  L1 is the wire that can hurt 
you, and L2 isn’t.   The switch in the circuit (coming up soon here) should be placed in the L1 leg because we need to be 



able to turn off the hot electricity before it gets into the circuit. 

.If the circuit is low voltage (24V) rather than line voltage the power supply will be a transformer. 

Notice that the two arrows are still there from the line voltage symbol.  That side of the transformer is connected to line 
voltage.  The left side of the transformer is low voltage (magically “transformed” inside the transformer).  This second side 
is called the “secondary” and it is the source of electricity for a low voltage circuit.

The second symbol found in a circuit is a switch.  Here are symbols for a switch.  A switch may be shown either “open” or 
“closed.”  Open is just like a drawbridge.  That means it’s off, because there’s no path for the electricity to go on.
 
(Insert from Quick & Basic Electricity, p. 27, insert fig  10)

A load is the third and final part of a circuit.  A load makes it difficult for the electricity to pass through.  Thus the symbol for 
a load usually is some sort of squiggle, symbolizing that there is resistance to the electricity’s passing through.  This resis-
tance, of course, is what changes electricity into another form of energy, such as heat, light, motion, sound, or magne-
tism.

Here are some symbols for loads:

When the load is a motor, you just have to imagine the squiggle inside it.

When we put the three symbols together with lines, we have a complete circuit! 

This diagram shows the same thing as the picture of the light bulb circuit at the beginning of this column.

Here’s a low voltage circuit, where the a transformer is the power supply, the thermostat is the switch, and the zone valve 
is the load.



Wiring diagrams For Series And Parallel circuits
More visual stimulation to help wire circuits.

Figure 1

In last month's column you learned about wiring diagrams for a simple circuit. A simple circuit is the building block for 
more complex circuits.

Series Circuit - Switches: As you know, a series is a group of similar things strung together. For example, the World Series is a 
string of baseball games. In a circuit, we can put switches in series or we can put loads in series. For a series circuit to work, 
the electricity has to get through everything in the circuit and back to where it started.

In control work, a series circuit can be either a great thing or a bad thing. It depends on whether we're putting switches 
in series or loads in series. Switches in series is great. In the controls biz we try to avoid loads in series - they just don't work 
right.

Let's look at switches in series (see Figure 1).

All of the switches must be closed before the electricity can get to the load.

Often in controls, we have switches in series. That's because switches frequently function as a safety committee. Each 
switch stays closed unless its safety condition is violated. Examples of safety switches are a pressure switch, a flame roll-out 
switch, a low water cut-off or a high limit.

Power can't get to the load unless all safety conditions are met. The thermostat can be in series with the safety switches. 
Just like many other committees, no action can be taken until all parties agree. That means that even though there may 
be a call for heat (thermostat switch closed) the burner can fire only if all the safety switches are closed.

This brings up the importance of using a wiring diagram. The wiring diagram that comes with a boiler shows all the safety 
switches. If you're troubleshooting and there's an open safety switch that you don't know about in the series, no amount 
of replacing the other safety switches or thermostat will fix the problem. The wiring diagram will show you exactly how 
many switches exist.

Series Circuit – Loads

Figure 2

 

We can put loads in series, but we don't usually do that in control work. That's because loads in series don't behave right. 
The reason is that they have to share electricity. For example, two 60W light bulbs in series are only as bright as 30W bulbs. 
Figure 2 is a drawing of loads in series.



The typical electricity book and electricity class spends a lot of time on loads in series. That's where you do all that math. If 
you ever suspected the math and loads-in-series part of the class had nothing to do with your heating or air-conditioning 
work, you were absolutely right.

The classes include loads in series because it's key to electronic circuits. Many schools think the purpose of an electricity 
class is preparation for electronics. In electronics, much math can be done to figure out the right combination of resis-
tors, transistors and diodes to make a circuit to get the desired magical outcome. In heating and air-conditioning control 
work, we use electronic devices, but we don't design itty-bitty electronic circuits. That means the only thing we need to 
know about loads in series is "don't do it."

Parallel Circuits

Figure 3

Instead, we wire loads in parallel. Notice that the components stay the same as in a series circuit. Only the wiring chang-
es. (See Figure 3.)

Notice that a parallel circuit is merely two simple circuits that happen to share a power supply. Just ignore the shaded 
portion of the circuit to see that each of the two loads can get electricity from the power supply without the electricity 
going through another load. If these were 60W light bulbs, both would be fully bright.

Figure 4

 
This is the kind of wiring that's used in house wiring. For example, the row of lights you find above a bathroom vanity is 
wired in parallel. All the bulbs are fully bright. Also, when one bulb burns out, the others keep working.(See Figure 4.)

Notice there's just one switch shown in this circuit. Also like the bathroom vanity lights, in this case one switch turns on all 
the lights.

It's easy to add switches so that each light can be switched alone. But the switch must be placed in the circuit so that it 
controls only that light.

In a "real life" drawing, a parallel circuit with a switch for each load looks like this.

Figure 5



 

Zone valves are an example of loads wired in parallel, with a separate thermostat (switch) for each load (zone valve). 
Just image each of the loads in the drawing above as a zone valve. Each switch will be a thermostat. The power supply 
will be a transformer.(See Figure 5.)

It may simplify your zone valve wiring to think of each zone valve and thermostat combination in this way. You may refer 
back to my column in the December 2003 issue of PM to figure how many zone valves you can put on a transformer.

 

 



Where does the Extra Electricity Go?
There's always time for questions in class.

So, I've never asked anyone this, but I've always wondered: Where does the extra electricity go?" Paul asks.

We're on break from a class. Paul and I are the only ones left of a bunch getting some air before going back inside.

"Extra electricity?" I reply. "What extra electricity?"

"You know, like when the light bulb doesn't need all the electricity in the circuit. Where does the rest go?"

"I'm still not getting this," I say.

"Well, if there's enough electricity for a 100W bulb, where does the extra go when you put a 40W in its place? Or why 
doesn't the 40W bulb burn up?"

"Oh-h-h-h. Great question! I never thought of it that way before."

Just before break I'd been teaching about loads. Electrical loads (light bulbs, motors) are consumers of electricity. A load 
eats up electricity and turns it into another kind of energy: light, heat, motion (as with a motor), sound or magnetism.

Earlier, I'd taught that electrical wiring is like a train. The electricity train leaves the power plant full of snapping hot elec-
tricity. When the train gets to the light bulb or motor, it "unloads" all the energy. The electricity train is then empty.

Yet the train has to return to the power plant to get more electricity energy to take to the load. The train coming from the 
power plant is called "hot" or "L1." The train returning to the power plant is called "neutral" or "L2." This is why there are two 
wires to the light bulb instead of just one.

The hot wire is the one that hurts you. The neutral wire doesn't. Don't get too confident about this, though. You don't know 
which is which, even though they may be labeled, unless you test with a tester. Never use your fingers or best guess.

"There isn't any extra electricity," I say in answer to Paul's question. "That's because each load 'draws' only the amount of 
electricity it needs. You know the term 'amp draw'? That's the amount of electricity the load needs.

"That's measured in amps. For example, the amp rating or amp draw of a common zone valve is .32A. It's printed on the 
end of the valve. You might think of it as a measurement of the valve's appetite. And it's a little like the amount of water 
that fits into a pipe. Under normal conditions, only so much flows through. How much depends on the capacity of the 
pipe. How much electricity depends on the size of the load."

Paul thinks for a moment. "OK. So you don't really have extra electricity. Then what's going on when someone fries a con-
trol? You know, lets the smoke out."

"That could be a couple of things," I answer. "It might be too much voltage. Just now we were talking about amps - the 
capacity. Voltage is the push or pressure of the electricity. If a control is made for 24V of electrical pressure and you give it 
120V, it's kinda like blowing up a balloon with an air compressor for tires. It blows up, all right."

Paul smiles. "Well, what's going on when you burn a thermostat? That happens with 24V."

"That's because you 'shorted out the load.' A short means giving the electricity a shortcut so it doesn't have to go through 
the load. Electricity is lazy. It'll avoid the work of going through the load.

"A common way we accidentally short out the load is to let the bare wire ends of the two zone valve motor leads touch 
each other when the circuit is powered. Instead of going through the motor, the electricity goes from the end of one lead 
to the other. But it's still looking for a place to spend its energy. The thermostat anticipator will do.

"The anticipator is just a winding of tiny wire. It's a load whose purpose is to create a little bit of heat inside the thermo-
stat. It can't handle all the electricity in the circuit if the real load doesn't take any. So if you short out the load, too much 
electricity goes through the anticipator and burns it. If you look at a burned thermostat, you'll see that the burn is at the 
anticipator."



All Good Questions

"OK," Paul says. "That makes sense. And what's going on when you burn a transformer?"

"That's yet another situation. It's an example of trying to pull too much electricity, or amperage, out of the transformer. 
That happens when the amp draw of the load or combined loads is more than the transformer has to offer. The image 
I have of that is of zone valves sucking electricity through from the transformer. It turns out that with an ordinary 40VA 
transformer and ordinary .32A zone valves, the transformer can handle no more than five zone valves pulling electricity at 
once. If there are more, and they all pull at once, the transformer secondary burns."

"What about if there's no transformer, like house wiring?"

"House wiring is line voltage, and there's no transformer. What happens when you plug in too many appliances in your 
kitchen or lamps in your living room? We've all seen it - the circuit breaker or fuse blows.

"A circuit breaker and a fuse have the same function. If the loads try to pull too much electricity, the circuit breaker or 
fuse opens, or breaks, the circuit so no more electricity can flow. Each operates as a switch. Remember, a switch is like a 
drawbridge. Open means that traffic or electricity can't flow.

"A fuse is a one-time switch. If too much electricity tries to go through it, the metal inside melts and creates an opening in 
the electrical path. It's a one-time disposable switch. Use it once and replace it.

"A circuit breaker is more like a light switch. When things are right, the switch is closed. Like when a drawbridge is closed, 
the traffic, or electricity can flow. When the loads try to pull too much electricity through it, though, the circuit breaker 
switch opens.

"No more electricity can flow unless a person goes to the circuit breaker panel and re-sets, or closes, the circuit breaker. 
A circuit breaker can be opened and closed many times. However, if the same one opens again and again, something's 
wrong with the circuit and you need an electrician to fix it."

Paul agrees. He continues, "That circuit breaker is a good idea. Why don't they put them on transformers?"

"There are transformers with circuit breakers built into them - for exactly that reason. When you make a mistake, the circuit 
breaker opens instead of burning the transformer. This kind of transformer costs just a little more, but the forgiveness is 
worth it!"

"I know it's time to go back in, but one more thing," Paul says. "Before lunch you talked about how to figure how many 
zone valves you can put on a transformer. How does that go again?"

"First, a transformer comes with a VA rating. 40VA is common - and it's written on the transformer. VA means volts multiplied 
by amps.

"When you look on a zone valve, though, it doesn't have a VA rating. It has voltage (24V) and amps. The amp rating var-
ies from valve to valve, so you have to look. But let's say this one is .32A.

"Multiply 24V x .32A and you get 7.68VA.

"Now divide 7.68VA zone valve into 40VA transformer, and you get 5.2. Round that back to five zone valves. That's the 
maximum. You might want to stick to three or four just to be sure.

"But if the zone valve has an amp rating of .8A, it's a completely different story. Multiply 24V x .8A and you get 19.2VA. 
Divide the 40VA transformer by the19.2VA zone valve and you get only two zone valves."

"Oh, I see," Paul agrees. "Put five of those big boys on the transformer and the transformer dies."

"Right!"

 



Grounding 
Whether for safety or operation, knowing when to ground is essential.

Wha'd ya mean?" says Bubba the plumber-recently-turned-heating-tech. "How come you're tellin' me I gotta ground that 
boiler ignition? I know better - my power saw works just fine without a ground, and it's bigger!"

Bubba's right about one thing. His saw does work without a ground. It might be better if it didn't because it's not safe. 
Bubba doesn't care about that one way or another.

But the boiler ignition often doesn't work without a ground. Though, sometimes it might. What's going on here?

Inside out as it may sound, the smaller the electricity, the more we need a ground for operation. If the boiler ignition con-
trol runs on millivoltage, the issue isn't safety. It's all about getting the thing to work.

With the power saw that runs on 120V house wiring, it's the other way around. It doesn't need a ground to work. The 
ground is necessary to keep people safe and alive.

So we're talking about grounding for two different reasons. Let's look at the more familiar house wiring grounding first, and 
come back to controls.

House Wiring Ground

To understand the grounding of line voltage - or house wiring - let's review some very basic rules of electricity:

    * There must be a complete circuit. Electricity needs a way into the light bulb and a way back to where it came from - 
the power plant.

    * Electricity is just as happy to go into the earth (called earth ground) instead of back to the power plant.

    * Electricity is lazy and is always looking for the easiest way back to the power plant or earth ground.

    * If electricity can't find a proper path to the power plant or ground, you'll do just fine as a path to ground. (Ouch!)

When things are going right with house wiring, electricity comes in by way of the "hot" wire, goes through the load (light 
bulb, power tool, etc.) and goes back out through the "neutral." If electricity doesn't make it back through the neutral, 
I hope we've given it an alternate path through a "ground" wire. The ground wire goes literally to a stake in the earth, 
where electricity is safely absorbed into the ground. That's why it's called "earth ground."

Before the days of plastic pipe, a water pipe could be used as the path to ground instead of an actual stake. But plastic 
pipe and Teflon tape have made that undependable.

The ground wire keeps us humans safe because it's an easier path to ground than through us. If there's no ground, 
though, we're fair game. The reason that standing in a puddle of water or on a metal ladder is dangerous is that water 
and metal are great paths for electricity to get to ground, and we can help it along.

When Is A Ground Needed?

A ground is needed only when something goes wrong and there's stray electricity. Sometimes electricity can hop off its 
prescribed circuit. Let's say that inside a lamp the hot wire somehow touches metal. Going through the light bulb is a lot 
of work for electricity. If there's an opportunity, it's a lot easier to jump off the circuit and try another easier route. If it does 
and there's no grounding, when you touch the lamp - zap, you're the electrical conductor.

The same loose wire situation could happen inside a wall switch or receptacle. The loose wire touches the metal box, and 
the electricity is on the loose and looking for where to go next. If you make yourself available, you'll do just fine.

However, if the circuit is grounded, the electricity prefers the ground wire over you. Good choice!

Why Isn't Grounding Everywhere?

Before the 1960s, grounding house wiring wasn't required. So in buildings where the electricity was put in before then, you 
see wall receptacles with only two slots. It's possible but unlikely that those receptacles have since been grounded. It's 



easy to test to see if it is grounded, and we'll talk about that in a bit.

Most folks don't understand grounding, so the situation of the older two-slot receptacle and a modern three-prong appli-
ance plug becomes simply a matter of making three prongs fit into two holes.

"No problem, man," Bubba crows. "I got two ways around that!"

Bubba's first choice is to grab his pliers and remove the third prong from the plug. "That's a no-brainer," he brags. "I don't 
know why everybody doesn't just do that."

If someone's watching, Bubba's second choice is to use an adapter. A lot of us innocently think an adapter is a safe solu-
tion. It certainly allows the three-prong plug to fit in the two-slot outlet. But it can be misleading. Even though the ground-
ing prong is in the adapter, the appliance may not be grounded at all.

Here's where the adapter can fall painfully short.

    * If the receptacle isn't grounded, it's still not grounded when you use an adapter.

    * If the receptacle is grounded, the adapter still needs to be connected to the receptacle. Just plugging it in doesn't 
do the job.

The chances of both of these conditions happening are slim. So while the adapter lets you plug in the appliance, ground-
ing is often an illusion. And certainly if you just keep an adapter in your toolbox or permanently on the plug, it's not giving 
you any safety.

There's an easy way to test the two-slot receptacle for grounding. Get a two-wire neon receptacle tester. They're cheap 
and available in hardware stores. With the power on, and the cover still on the receptacle, insert one probe in the short 
slot. Put the other on the screw in the middle of the receptacle, removing any paint first. If the tester glows, the recep-
tacle is grounded.

If it doesn't glow, try putting one probe in the long slot and the other probe on the screw. If the tester glows, the recep-
tacle is grounded, but hot and neutral polarity are reversed. More on that another time.

If the receptacle tests as grounded, then you can safely use the adapter. But you have to permanently attach it to the 
receptacle.

To attach the adapter to the receptacle, remove power from the outlet, remove the cover plate screw, plug in the 
adapter in the receptacle, put the screw through the ring on the adapter, and replace the screw into the cover plate. 
Turn the power back on.

Grounding Controls

Here's the only way to know whether or not you need to ground a control - read the installation instructions. If the manu-
facturer says to ground, then do it! It may be for your own safety, which you may or may not care about. But you do have 
a responsibility to make things safe for the end-user or the next technician.

However, grounding is essential for some controls to operate. In the case of boiler ignition, grounding is required to prove 
flame before the valve will fully open. Here's how it works. Since flame conducts electricity, the presence of a pilot flame 
can be used to complete a circuit. The brain in the electronic module is waiting for an electrical signal that there's flame 
before it'll fully open the valve. Since the signal is tiny little millivoltage, a ground from the module to the pilot burner (not 
to earth ground) is needed to keep the signal going to the module.

Most 24V controls don't need a ground. But what about line voltage controls? They do if they are a load - that means a 
user of electricity. A thermostat isn't grounded because it's a switch. But a circulator pump should be.

"Not so," says my friend Ed. "I've been putting in circulator pumps for years and I've never needed a ground. But just for 
the heck of it," he adds gracefully, "let's take a look."

Ed rustles around in his files and comes up with installation instructions. "Let's see here," he ponders. "It says ... Well, I'll be. It 
says it's supposed to be grounded."

 



outlets, Switches, Polarity And Grounding
A short stroll through house wiring history.

Imagine back to the early 20th century. Home electrification in America was a new and somewhat frightening idea. 
What mixed feelings folks must have had — you could have electric lights, but you had to have wires running through 
your house. That stuff could catch your house on fire! But compared to kerosene lamps, it was easy to choose electricity. 
At least you didn’t have to trim wicks and clean globes.

I remember the wiring in my grandmother’s house. In the far corner of the attic there were porcelain spools on the wall. 
They held the fabric-covered electrical wiring that came into the house from outside. I’ve since learned that this is called 
“knob and tube wiring.”

Grandma’s house had some old outlets and switches as well as some new. The old were more interesting because they 
were different from any I’d seen anywhere else. Most of her wall switches were today’s rectangular flip-on-and-off type.

But there were a couple in out-of-sight places — in the stairway to the basement and the stairway to the attic — that 
were round. This kind of switch had a twist handle. A twist to the right turned the light on, and to the left turned the light 
off. For a kid, it made a seductively loud snapping sound in both directions. That kind of rotary switch was installed before 
the l920s.

There were old-fashioned outlets in Grandma’s house, too. These earliest receptacles screwed into wall-mounted light 
sockets. How versatile! You could screw in either a light bulb or a receptacle to plug in something else. Either/or, not both.

Modern Outlets

Speaking of wall outlets, have you noticed that modern outlets have slots of different sizes? Early outlets had two identical 
slots. That’s because electrification wasn’t yet polarized.

Polarization means going to the trouble to keep the “hot” and “neutral” sides of electricity separate. Here’s why that’s 
important. Electricity comes from the power plant “hot.” It’s packed full of energy and looking for some place to spend it. 
It’s like the legendary cowboy on payday: If it doesn’t find something constructive to do, it’ll tear things up.

Hot electricity is the stuff that can hurt you. The constructive place for hot electricity to spend its energy is on a load.

A load is a consumer of electricity’s energy. The load — such as a light bulb — turns the electricity into some other form of 
energy. The light bulb turns it into light and heat.

After electricity goes through the load, its energy is all gone. Going through the load has changed it from hot to “neutral.” 
Electricity leaving the load can’t hurt you any more.

Have you noticed that on most plugs, one prong is bigger than the other? Most outlets are that way now, too. You can 
put the plug into the outlet only one way. The short outlet slot is hot electricity. The short plug prong leads to the “hot” side 
of the load.

Ah-ha! They’re matched, and electricity goes where we need it to, not somewhere harmful.

The two-different-sized slots polarized outlet started appearing in homes in the 1920s. Wall switches were evolving as well, 
but flip-on light switches were a ways off.

Push button wall switches were used until the l940s. There were two buttons on the wall plate, one above the other. Push 
one to turn the light on, and the other to turn the light off.

Versions of the flip-on light switch started to appear in the 1930s. The kind we use now appeared in the 1950s.

And Then There Were Three

Back to wall outlets. In the 1960s, a third prong began to be put on the plugs of heavier appliances. So a third slot started 
to appear in home outlets. This third prong is for grounding (see my February 2005 column).

As with everything electrical, things may not be what they seem. It is easy to assume that everything is as it should be, but 
testing is a better idea.



It’s easy to test a three-slot outlet for both polarity and grounding. You can use a simple three-prong tester that you plug 
into the outlet. It has three little lights. And there’s a guide that tells you what the lights mean. For example, if you have 
two yellow lights, it means the outlet is correct.

The tester also will tell you if you have an open ground, open neutral, open hot, or if hot and ground are reversed, or if hot 
and neutral are reversed. If it turns out your outlet isn’t correct, you could get a home repair book and try to fix it yourself. 
But I highly recommend you get an electrician. Why not spend a little of your money instead of a lot of your time, and 
make sure that it’s done right? After all, we’re talking about safety, not frills.

Most recently the GFCI receptacle has become required in certain places in the home. GFCI stands for ground-fault cir-
cuit-interrupter. GFCIs are required where there’s likely to be water. That includes bathrooms, kitchens, garages, unfinished 
basements, crawl spaces and outdoors. The GFCI senses any tiny change in current and instantly turns off the power. You 
have to reset it to get power back.

Here’s a tricky thing about GFCIs — you may have some that look like ordinary outlets. That’s because a GFCI can be 
wired to protect everything forward from it in the circuit.

I ran into this when my downstairs bathroom outlet stopped working. Not bothering to do adequate troubleshooting, I 
replaced the outlet. The new one didn’t work either, of course.

Later I discovered that my upstairs GFCI outlet also didn’t work. “What’s going on here?” I wondered. But this one was 
easy. I pushed “reset” and that fixed it. The amazing thing is that my downstairs outlet worked then, too. I guess Grandma 
was right — if you leave some things alone, they fix themselves.

Alas, most things don’t fix themselves. But some things are easier to fix than we might think. Updating circuits doesn’t 
always require re-wiring. For example, often GFCI outlets can be installed with ungrounded wiring, and give even more 
safety.

And when it comes to actually doing the work, weigh your money vs. your time and safety and consider an electrician.

 



three Wires & two Wires
A mysterious caller asks a question and Carol answers.

The phone rings.

“Hey, I want you to do something for me,” said a louder-than-usual gruff voice. “I saw your column in PM magazine. Send 
me some of those free books and tapes.”

I chuckled, certain that this was one of those guys who like to kid around. “Well, the books and tapes aren’t exactly free.”

“No, I mean it. How you gonna sell anything if you don’t give anything away?”

“I see your point. But the stuff’s not free.”

“Well then, I didn’t want it anyway. But you gotta help me get something straightened out.”

“What?”

“You’re gonna tell me how to use a three-wire thermostat with a two-wire valve.”

“A three-wire thermostat with a two-wire zone valve?”

“You’re not listenin’ to me. I got this situation...”

“OK, I’m all ears. Tell me about it.” I glanced at my watch. Lots of things to do today. This was looking like it could take 
awhile.

“I need to make this three-wire thermostat work on this two-wire zone valve.”

“Why?”

“Listen to me. You obviously don’t understand consumers these days. They don’t want to pay for what they don’t need. 
He doesn’t need another thermostat. I just sold him a new zone valve, and he doesn’t want to pay for anything else. He’s 
not made of money, you know.”

I was wondering how he got this mismatched valve and thermostat.

“OK. Tell me this. Did you replace a three-wire zone valve with a two-wire zone valve?”

“I already said yes.”

“Could you tell me why?”

“I couldn’t find any three-wire zone valves, so I sold him a two-wire.”

I paused, trying to absorb this.

“You with me?” he barked.

“Yes, I’m here. And so you’re trying to make it work with the existing three-wire thermostat?”

“You got it.”

“Did you offer him a new stat?”

“Nope.”

“Maybe your customer would like a new modern thermostat, and you could put in a two-wire.”

His voice had steadily gotten louder and louder. By now he was shouting at me.



“I already said he doesn’t want to waste his money!”

I took a deep breath. “Hey, just a minute. I can help you with this. But before we go any further, would you please lower 
your voice?”

“I’m always loud. That’s how I am.”

“Well, for this phone call, could you lower your voice a bit?”

Silence. Silence. Click.

I was stunned. He hung up because I asked him, very nicely in fact, to lower his voice? Well, that was a first. I felt relief that 
the phone call was over, and I could go back to what I was doing, not that I remembered what it was at the moment. At 
the same time a felt disappointment — I wouldn’t get to give the answer and feel all good inside because I helped some-
one out. And yes, I’ll admit, I felt a little residual fear. The rep in me was saying, “What if he doesn’t buy my product?” Wait 
a minute, I reminded myself; he only wanted stuff for free, so that part’s irrelevant.

But I still want to give the answer. So here it is.

Yes, you can use a three-wire thermostat with a two-wire zone valve. Let’s look at how each operates.

Down To Business

A two-wire zone valve is “power open/spring close.” That means that when you give it 24V through its two motor wires, 
the valve opens. When you remove the 24V, a spring closes the valve. If there are four wires, use the two that you can fol-
low to the motor. Ignore the other two, which are for the end switch.

The purpose of the two-wire thermostat is to let 24V flow to the zone valve if there’s a call for heat. It’s a two-wire because 
only two wires go to it. One wire connects the thermostat R terminal to the transformer. The other wire connects the ther-
mostat W terminal to the zone valve. Another wire completes the circuit between the zone valve and the transformer. It’s 
a perfect set-up. A call for heat causes the thermostat’s internal switch between R and W to close. This lets electricity flow 
from the transformer to the valve motor, which causes the valve to open. Then hot water can flow to the area that needs 
heat.

When there’s enough heat, the thermostat switch opens. Remember, a switch is like a drawbridge: open means it turns off 
the flow of electricity, like an open drawbridge turns off the flow of traffic over the bridge. No electricity to the zone valve 
means the motor doesn’t hold the valve open. A mechanical spring closes the valve.

Now if you have a three-wire thermostat, you have three terminals and a wire for each: W, R and Y. Picture R in the mid-
dle. There’s an internal switch between R and W. There’s another between R and Y. When one switch is open, the other is 
closed, and vice versa. This means that when you turn one thing on, you turn the other thing off. This, by the way, is called 
single pole, double throw (SPDT) switching.

This three-wire switching is used in a three-wire zone valve. Instead of power open/spring close, the operation is power 
open/ power closed. It’s like the door inside your house: you have to push (power) it open, and also push it closed. It’s 
one or the other, and neither happens without power.

So if you put a three-wire thermostat on a three-wire zone valve, the thermostat switch between R and W closes on a call 
for heat. This allows electricity to flow to the valve motor, which opens the valve. When there’s enough heat, the switch 
between R and Y closes. This allows electricity to flow to a different part of the valve motor, and the motor closes the 
valve.

Here’s why you can use a three-wire thermostat on a two-wire valve. The three-wire thermostat has two switches in it, and 
you can use only one. That’s the one between the R and W terminals. Don’t wire anything to the Y terminal. Even though 
there’s an internal switch between R and Y, you don’t have to use it.

And here’s why you can’t use a two-wire thermostat on a three-way valve. A three-wire zone valve must be controlled by 
two switches, one to open it and one to close it. A two-wire thermostat has only one switch, and that’s not enough.

Most thermostats are two-wire, and a few are three-wire. And there are some that can be either. The classic electro-me-
chanical mercury bulb is the T87 round. When the thermostat alone comes out of the box, it’s a two-wire. There’s R and W 
and that’s it. There’s a heating back plate available. Put that on the back of the thermostat, and then there are three ter-
minals. This isn’t the same as the thicker heat-cool subbase that allows you to do both heating and air conditioning. The 



heat-cool subbase has four terminals: R, W, Y and G. There are three switches: R-W for heating, R-Y for the air conditioning 
compressor, and R-G for the fan.

And there are some brand new electronic thermostats that can be any of the above. Nothing needs to be added. You 
just go into a simple installer setup and tell the thermostat what you want it to be. Change your mind? Just reset the stat.

So, yeah, in answer to my phone caller’s question, that’s how you use a three-wire stat to control a two-wire zone valve. 
But I want to talk about something else. Why assume that homeowner doesn’t want an updated thermostat? Why not 
show him one designed for this century instead of last. Sure, customers don’t want to waste their money. But getting 
something new, something that looks good and does fine things, now that may be the best offer they got this week!

 



the Human Electrical circuit
Carol has more fun in class with the Back Row Boys.

They say that most people greatly fear public speaking. In fact, they say it comes in second only to death for what peo-
ple fear most.

That’s not me.

My idea of a really great time is a room full of folks who don’t know much about controls or electricity. I show them how 
circuits go together. I can see lights snapping on — in people’s heads and on the demo boards. And I’m possibly glowing 
more than any light bulb because of my delight in the learning going on there.

But I tell you, recently I was really nervous about an electricity class. I have three major tools: a battery-powered pink 
plush pig, a collection of homemade you-wire-‘em-up electricity demo boards, and a projector to show my slides. I 
thought any class was absolutely dependent upon these three things — plus the people, of course. Not having these tools 
would be like, well, trying to eat spaghetti without a fork. How would I even begin?

As you may expect by now, I had an opportunity to find out. What I learned is that you don’t need any pictures or dia-
grams to teach electricity when you have people. Folks learn about circuits better and faster when they or their buddies 
are playing the parts of the circuit.

I had thought everyone hates group role-playing. I was sure that techies hate it worse than anyone else. It turns out that 
techies love being a transformer, or a thermostat, or best of all, a valve. Oh, yeah! I’ve done it with four classes now, and 
it works.

Learning As A Group

I learned this when the slide projector didn’t show up for class. Sometimes I bring my own, but more often the projector 
comes with the training room. This time it didn’t. Eventually it was clear that it wasn’t going to. And the class had to hap-
pen anyway. That meant I couldn’t show any slides. What was I going to do, pass them around the room?

Of course I could have drawn circuit diagrams on the board at the front of the room. But I know that if I turn my back to 
draw, the Back Row Boys settle in for a nap. Can’t have that. I’m gonna use those boys.

We were well into the class. I’d already explained that a circuit is always made up of a power supply, a switch and a 
load, and that they all have to be connected together in roughly a circle.

“Hey, let’s build a circuit,” I announced. “Who wants to be a power supply? You?” I looked at the fellow who had asked 
at the beginning of the class if we were going to talk about transformers. He nodded.

“C’mon up here then. Stand, uh, how about here? You’re a transformer — a power supply. In low-voltage circuits the 
power supply is a transformer.” I pulled one out of my supply box and handed it to him.

“Here’s your transformer.” He took it.

“Now, who wants to be a switch?” I looked at a skinny kid in the back row. He grinned, looked at his buddy, shrugged, 
and loped to the front of the room. I handed him a thermostat.

“Like we said earlier, a thermostat is a switch, right?”

“Uh ... right.”

“Let’s have you here beside the transformer. Now we need some connectors.” From the supply box I pulled out a handful 
of colorful insulated wires with alligator clips on both ends.

“Let’s use these alligator clips. Connect the transformer and the thermostat together.”

With considerable fuss, the three of us got it done.

“So, what else do we need?” I asked, looking at the class.



“A load,” someone said.

“Who wants to be a load?”

“He does,” laughed two guys sitting on either side of a fellow with muscles enough for two people.

He shot a glare at each of them, paused, and slowly stood up. He lumbered to the front of the room and crossed his 
huge arms. I was betting on lots of tattoos under that work shirt.

He took his place beside the thermostat.

“This valve’s for you,” I said, looking way up at his broad face. “A valve is a load. It uses electricity to open the valve.”

“Thanks,” he grunted.

To him and the thermostat kid I said, “Here are your alligator clips. You two go ahead and connect the thermostat and 
the valve together.”

Eventually they did.

“Do we have a complete circuit?” I asked the class.

I heard a tentative, “Yeah.”

I heard a stronger, “No.”

I heard, “Ya gotta finish the circuit.”

“We have the three parts of the circuit,” I said. “What do we need to make it a complete circuit?”

“More alligators!”

“Well, yes, more alligator clips. What are we going to do with them?”

“Connect the valve with the transformer,” someone said.

“Right.”

It was then evident what had to happen. The transformer and the valve had to move toward each other, in front of the 
thermostat, in order to make the connection. There were snickers from the performers’ buddies. I heard “paybacks!” from 
someone in the circuit. Slowly the three parts of the circuit moved into a circle.

And it was then clear, as it never could have been with a picture, how a circuit goes together.

More Human Circuits

A few weeks later I was teaching a similar class. I had everything I needed, including my choice of projectors. I used my 
slides, but when we got to the complete circuit, it just wasn’t as much fun as it had been with real guys playing the parts. 
Clearly it was time for volunteers to come to the front of the room to be a transformer, a thermostat and a valve.

Since it went so well, I decided to take it further.

“Do we usually have just one zone valve in a hydronics system?” I asked, looking at our human circuit in the front of the 
room.

“No,” someone answered.

“Then let’s add another zone valve to this circuit. When we add a valve, we need to add another thermostat to control it. 
Let’s have a couple more volunteers.”

This time, because everyone was having fun, including the guys at the front of the room, volunteers came eagerly. We 
figured out who was the thermostat and who was the valve.



I said, “Notice I didn’t ask for a power supply. We’re going to use the transformer that we already have up here. When 
more than one load share a power supply in the pattern I’m going to show you, it’s called a parallel circuit.

“Second valve and second thermostat, let’s wire you together. Now finish your circle with the transformer.”

Of course there was a lot of shuffling around while the two valves and two thermostats figured out how they could all 
connect with the transformer.

“Think of it like this: we want to have two circuits of thermostat, valve and transformer. But you both use the same trans-
former.

“It doesn’t matter what shape you circuits are in,” I said. “You can have one circuit to the right of the transformer and one 
to the left. Or you can have the second circuit circle around the outside of the first. Electricity doesn’t care. All that mat-
ters is that there’s a path for electricity to leave the transformer, go separately through each valve and each thermostat, 
and get back to the transformer.”

With lots of laughing and horseplay, they did it.

From there we went on to figuring out how many of these circuits you can put on a transformer.

At the end of the class an old-timer came up to me.

“You know,” he said, “I have no idea how many classes I’ve been to in my life. But I gotta say, that was the best way to 
explain circuits I’ve ever seen.”

 
 



Wires, cords And cables
Learning the basics of electricity through everyday items.

A couple times in the last year, a neighborhood kid has come to my door looking for work.

“Er, uh, hi. My name’s Sam,” he said, looking at his over-sized shoes. “If you need someone to, er, do your yard work, I can 
do it.”

He handed me a sheet of paper. It was a nicely done flier listing his yard- tending credentials. The flier was clearly a result 
of somebody being able to use a computer.

“And, uh, you know, if you have a dog, I can walk your dog, too.”

“Well, Sam, I don’t have a dog, and I mow the yard myself to get the exercise. But do you do data entry?”

“Sure!” Sam looked right at me and his eyes were bright. Then he paused, looked down, and said, “Um, what’s that?”

“Do you ever work on a computer?” I asked

“Well, yeah, sure. All the time.”

“Data entry is just keyboarding. Want me to show you?”

“Well, yeah, cool. Sure.”

I brought him into my home office to show him what I needed to have done. I thought this was going to take awhile since 
it took me agonizing months to learn the tedious process I was going to show him. I was prepared to be very patient. I 
showed him once, figuring I’d have to go through it a couple more times.

“Got it!” Sam exclaimed after the first time through. “That’s it? Cool. Let me try it.”

And he slid himself into my place at the computer and took off as if he’d been doing it his whole life.

Well, heck, considering he’s only about 12 or so, he has been doing it his whole life.

When he finished and was getting ready to leave, he commented on the electricity training boards piled on the desk 
near him.

“What are these things?” he asked.

“They’re for people to learn how electricity works. You probably know all about that, right?”

“Well, um, no, not really.”

Amazing. He takes to computer stuff like the proverbial duck to water, and he doesn’t know electricity!

Sam asked, “What are all these wires for? Don’t you just plug something in to make it work?”

“Not quite,” I answered. “When you plug in a cord, you’re actually plugging in two wires. Look at this,” I said, picking up a 
lamp cord.

“What you see looks like only one wire. But there are two wires inside — one to bring the electricity in to the light bulb, and 
another one to take the electricity back out. Electricity that goes in to the bulb has to have a way to get back out.”

I continued. “What you’re seeing when you look at the outside of a lamp cord is a cable. A cable is an insulated covering 
with wires inside.”

“How many wires?” Sam asked.

I answered, “For something you’re going to plug into the wall, there is a wire inside the cable for every prong on the plug. 
This lamp has a two-prong plug, so there are two wires. Have you ever noticed that one prong is bigger than the other?”



“Er, no, I guess not,” Sam answered.

“Well it is,” I continued. “The smaller prong brings the electricity in to the lamp. Inside the cable, that prong is connected 
to the ‘hot’ wire. That’s the wire with the energy to light the light bulb.

“The larger prong takes the electricity back out of the lamp. It’s connected inside the cable to the ‘neutral’ or white wire.

“Now look at the edge of this lamp cord. One edge is smooth and the other has a little slot in it going the full length of the 
cord.”

“Cool,” Sam reacted.

“The slotted edge is supposed to be connected to the larger neutral prong. The smooth edge is to be connected to the 
smaller hot prong. If you replace a plug, paying attention to this detail insures that the lamp switch controls the hot leg 
and no one gets shocked.”

Sam said, “Yeah, like I’m gonna be doing that any time soon. My mom would think I was going to kill myself.”

“Look over here at the computer cord. It has a three-prong plug. So, there are three wires inside the computer cord.”

“Cable,” Sam corrected me.

“Good job! You’re right. The third wire is for grounding.”

“What’s that?” Sam asked.

“That’s an extra wire to take the electricity back out of the computer — kind of like in case it gets lost, it has another way 
to go home.”

Sam asked, “So back to the lamp, is the on and off switch connected to the wires in there?”

“Exactly,” I replied. “Like I said, one end of the hot wire is connected inside the plug to the smaller of the two prongs. The 
other end of the hot wire goes to the lamp switch. Then another piece of black wire continues from the switch to the light 
bulb.

“When the light is on, that means the switch is closed. Here’s what that’s like. Have you ever seen a drawbridge?”

“Well, yeah, on cartoons. When they have knights and horses and stuff.”

“That’ll do. When the bridge is closed, you go across it. Same for electricity. When the bridge or switch is open, it can’t go 
across. It has to wait for the switch to be closed.

“The switch is put in the hot wire so we can keep electricity from going into the lamp if nobody wants the light on. You 
don’t want ‘hot’ electricity going to the light bulb and just hanging out there waiting for the switch to be turned on. 
Someone could get hurt.

“There’s no switch for the neutral wire because it’s just taking the used up electricity back to where it came from. But you 
must be getting tired of this. Have you had enough?”

“Naw. If I go home I’ll just have to watch my little brother. Maybe I can use this stuff for a science project next year. Hey, 
are you paying me for this part, too?”

“What makes you think you’re getting paid at all?” I said, joking. Sam looked horrified. “Sorry, Sam, I guess that wasn’t 
funny. Of course you are.” He looked considerably relieved.

I went on. “So every time we use electricity, there are three parts that go together in what we call a circuit. There’s always 
something that uses the electricity to do something. In the lamp, of course it’s the light bulb. Then there’s always a switch, 
because what good is the thing if you can’t turn it off and on?

“And there’s where the electricity comes from. We call that the power supply. You can just think of the power supply as 
the outlet where you plug in the lamp or the computer.”

Sam asked, “What if my dad’s using his laptop on a plane? It isn’t plugged into anything.”



“Then the power supply is the battery inside the laptop.”

“Oh, so like my iPod’s got a battery,” Sam said. “So does it have a circuit?”

“You bet. You tell me what the parts are, like I just told you.”

Sam began. “So OK, like the battery’s the power supply. We got that. Cool. And the thing that turns it on is the switch, 
right? And, and the other part, that’s gotta be the load. What’s the load in the iPod?”

I thought. “Well, I don’t know exactly. But it’s whatever’s in there that makes the sound come out.”

“Oh, man, I just remembered,” Sam interrupted. “I gotta get home ’cause I think I left my iPod out where my little brother 
can get it. Oh, man, I gotta go!”

“OK, Sam, so you’ve been a little over an hour. What’s your hourly rate?”

“Well, when I baby sit, Mom’s s’posed to pay me $5 an hour. But this computer stuff is kinda high-tech, don’t you think, so 
maybe, do you think ...”

“How about I double that for this hour then? And are you available for more high tech data input next week?”

“Sure,” Sam said, heading out the door. “And I’ll let you pay me to listen to more of that electricity stuff, too.”

 
 



Wall outlets & Service Panels
The real power supply in a building is a matter of human perspective.

I love to talk about the fact that everything in a circuit has to be a power supply, a switch or a load. They’re connected 
together with wires. There must be at least one of each. And I just can’t get enough of the fact that every last thing in a 
circuit is one of these, and nothing else.

But what’s going on when some things seem to be more than one of these functions? Is a wall outlet a load or a power 
supply? Is a service panel the power supply, or a bunch of switches?

 

First, here’s a quick review of what the three parts of a circuit do:

    * A power supply is where the electricity comes from. In a flashlight, the power supply is the battery. In a house it’s ... 
well, is it the wall outlet, or the service panel, or the utility company’s power plant, or all three? We’ll see.

    * A switch turns the electricity on and off, whether it’s the flashlight switch or a room’s wall switch.

    * A load is the consumer of electricity, such as a light bulb or the motor in your electric drill.

Now back to the question of what is the function of an outlet or a service panel. The answer is: It depends on your per-
spective. Yep, you may have thought electricity is a hard and fast science. But a person’s perception is a factor. Here’s 
why.

Is a wall outlet a load or a power supply?

A wall outlet is in two different circuits (see Figure 1). It’s the exact same wall outlet, but its function is different depending 
on the circuit you’re looking at.

Look at the circuit on the left side of Figure 1. The power plant is the power supply, the service panel is the switch, and the 
outlet is the potential load. I don’t mean “potential” here as in “potential electricity.” What I mean is, the outlet is where a 
load, such as a lamp, can be plugged in. So in this circuit, the outlet is a “load waiting to happen.”

On the right side of Figure 1, the circuit consists of the same wall outlet, the lamp switch and the lamp bulb. In this circuit, 
the outlet represents the power supply.

So, the part that a wall outlet plays in a circuit depends on which circuit you’re looking at. Your perception is the key to 
the whole thing. Of course, electricity doesn’t care what we call any of it. But correctly naming the function makes a dif-
ference in our understanding of what’s going on.

What the real power supply in a building is also is a matter of human perspective.

The wall outlet is the power supply when we plug in a lamp. The lamp contains both the load (the light bulb) and the 
switch, and we need only the power supply to complete the circuit.

Or we can take one step back and look at the service panel as the power supply. That’s where the electricity enters the 
building.



Yet, the ultimate power supply, where electricity is made, is the utility company’s power plant.

Switches In The Service Panel

Although we often think of the service panel as the power supply, it is actually made up of switches. The purpose of these 
switches is safety. A building is wired with a number of circuits. Each has a switch in the service panel to turn it off for ser-
vice disconnect or if an unsafe condition arises. The switch opens (turns off) if the circuit is overloaded or shorted.

The switches in the service panel may be fuses or circuit breakers (see Figure 2).

In buildings wired before the 1960s, the service panel is a fuse box. A fuse is a one-time, disposable switch. It’s like a paper 
cup — use it once and replace it.

The maximum amperage (A) of the circuit is marked on the fuse box, and the fuse should match. If you overload the 
circuit by trying to get too much electricity out of it, or if there’s a short in the circuit, the fuse “blows.” That means the thin 
piece of metal inside the fuse burns or breaks. The resulting opening turns off the circuit.

When you look at a blown fuse, you can see the reason the fuse failed. If it’s blackened, there was a tiny explosion in the 
fuse because of a short in the circuit. A short is a massive overload. If the fuse is burned through, the action was slower 
because of an overload in the circuit.

Either way, the fuse has to be replaced for the circuit to work again. It should be replaced with a fuse of the amperage 
that’s marked on the fuse box.

It may be tempting to replace the fuse with one of a higher amperage in order not to have it blow again. That’s a bad 
idea. The fuse should be the weakest part of the circuit so that it burns, or “blows,” before anything else. It’s better to 
have a burned fuse than a sizzling wire deep inside the wall.

The reason that putting a penny or other piece of metal in a fuse socket works (and should never be used) is that the 
metal is a path for electricity. It closes the switch. It defeats the safety factor; that’s the reason for having a fuse in the first 
place. The heavier metal won’t break if the demand on the circuit is too great. The circuit can overheat, and there can 
be a fire.

There are often two 60A main fuses. If there are “odd” things going on with the building’s electricity — such as half of the 
lights being dim, or the dryer drum turning, but with no heat — a simple solution may be to replace both of the 60A fuses, 
even though one looks all right.

More recently wired buildings have circuit breakers instead of fuses. Each circuit breaker is a switch that stays closed un-
less the circuit is overloaded or shorted. When there’s an overload or short, the circuit breaker switch opens. That keeps 
electricity from flowing into that circuit until someone resets, or closes, the circuit breaker. Circuit breakers are often la-
beled, such as “kitchen and family room,” or “upstairs bath and bedrooms.”

What if the circuit breaker keeps opening? Then something’s wrong in the circuit. Perhaps there’s a short in the wiring, or 
in something that’s plugged into the circuit. For example, when I’m teaching a wiring class, if someone mis-wires a train-
ing board, it can open the circuit breaker. Then we don’t have any electricity until we find the breaker box and close the 
opened circuit breaker.



Another situation that will open the circuit breaker is too much load, or amperage, plugged into the circuit. Each appli-
ance or light has an amp rating. If it’s a 15A circuit and I plug in appliances and lights that exceed that, the circuit break-
er will open.

But wait a minute! Light bulbs don’t have amp ratings. Tune in next month for a simple solution.
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Volts, Amps & Watts
Unraveling the confusion behind measuring electricity.

The words volts, amps and watts -- or voltage, amperage and wattage -- float around in the world of electricity. In this 
column we’ll look into what they mean to you, besides the feeling, “Geez, I never could keep that stuff straight.”

Before we begin, volts or voltage is abbreviated as V. Amps or amperage is A. Watts or wattage is W.

They’re really just terms of measurement. No one has any confusion about the measurement terms inches or gallons or 
pounds. They, too, are just different measurements.

Voltage

Figure 1

My favorite analogy for electricity coming from the power plant is an electricity train. (see Figure 1). This “train” is loaded 
with electricity that’s full of “hot” energy. The hot electricity coming from the power plant is pressurized. The measurement 
of the pressure is voltage.

Ordinary house wiring is standardized at 120 volts (V), called line voltage. This is the voltage you can expect to have in 
your house, plus or minus 5 percent. It may not be actually 120V. If you use a meter to test the voltage in a wall outlet, 
you’ll find that it can vary by time of day or the season of the year, but rarely more than by a few volts.

For example, in many locations voltage may be lower in late afternoon in the summer when demand for air conditioning 
peaks. In the mountains of Colorado, it may be lower in the winter because of the demand of ski lifts. But there isn’t any 
significant demand for air conditioning in cool high mountains. These slight voltage differences don’t affect the perfor-
mance of lights or appliances.

Sometimes you hear of 110V or 115V. These simply represent “standard line voltage.” Over the years, standard voltage 
has moved up from 110V to 120V.

There’s also 240V for large appliances. An electric water heater or clothes dryer is standardized at 240V. Over the years 
this standard has grown from 220V, to 230V, to 240V. This 240V electricity is available at the service panel. Pairs of red and 
black wires are usually used for 240V.

If you’re curious about the voltage in the building where you are, it’s simple to measure. An inexpensive voltmeter or 
multimeter will tell you. Simply set the meter on V for voltage, and AC for alternating current. That may be represented on 
your meter as V~. The squiggle stands for alternating current (AC). The setting you wouldn’t use is V DC or V with a straight 
line or dashed line over it. Those settings are for direct current (DC).

Amperage

Voltage is a measurement of pressure. Amperage is a measurement of flow, or how much.

Every circuit has an amperage, or amp, rating. Amperage rating is also called current rating. The rating is limited mainly 
by the size of the wire. A larger wire can carry more amperage, like a larger pipe can carry more water.



An ordinary 120V household circuit is rated at 15 amps (A). Circuits also can be 20A or 30A. There also are 240V circuits 
rated from 30A to 60A.

If you try to get or “pull” too much amperage from a circuit, there is a switch in the service panel that will open (switch 
off) to turn the circuit off. Depending upon the age of the building, the switch is either a fuse or a circuit breaker. We have 
this safety precaution because trying to pull too much amperage can make the wiring heat up and cause a fire.

More amperage requires heavier wire to carry it. Wire is measured by the term “gauge.” The smaller the gauge, the larger 
the wire. It’s the same idea as shotgun shells, where 12 gauge is larger than 20 gauge.

For wire, No. 14 gauge could be used for 120V, 15A wiring of light fixtures and outlets. For a 240V, 40A electric range, No. 
8 gauge wire could be used. Wiring problems are often related to too small a gauge wire being used, probably with the 
intent of saving money.

You can tell by looking at an outlet what its voltage and amperage limitations are. Figure 2 shows some common ones.

Wattage

Figure 2

 
Many loads are rated in watts (W). An ordinary light bulb might be 60W. A household appliance might be 1,500W. Watt-
age is simply volts multiplied by amps.

W = V x A

If an electrical device has only an amp rating and you want to know its wattage, simply multiply the amps by the voltage 
(most likely 120V).

The Difference Between Watts & VA

But wait a minute. If wattage is volts multiplied by amps, then what’s VA? Both are figured as volts x amps. I asked several 
engineers, who were very gracious and sent me pages and pages of small-print explanations and charts. Despite all the 
explanations, it still comes down to

W = V x A and VA = V x A

So you know what the answer is? Watts and VA are the same!

Perhaps the determinate of whether a device is rated in amps or watts is whether it is a resistive or an inductive load. Re-
sistive loads, such as light bulbs, are rated in watts -- a 60W bulb. Inductive loads, such as motors, generally have an amp 
(A) rating -- a 3A electric drill, a 13A radial arm saw, a 0.3A zone valve, etc. Multiply the amps by the volts and you have 
both watts and VA. Call it whichever you want, the number’s the same.

Of course, there’s the confounding fact that small, motorized household appliances, such as mixers and hair dryers, are 
rated in watts. So maybe the deciding factor is where the motor is used: the house gets watts, the workshop gets amps. If 
you know, let me know!

Regardless, it’s easy to translate the amps to watts. The electric drill is 3A x 120V = 360VA or 360 watts. The zone valve is 
0.3A x 24V = 7.2VA or watts. You might try the math for a 0.8A zone valve.



Figuring Circuit Capacity

For the low-voltage zone valve circuit, a transformer is the power supply. Its capacity is measured in VA. To figure how 
many zone valves you can put on a 40VA transformer, divide the transformer’s 40VA by the zone valve’s 7.2VA. That 
means you can put five 7.2VA zone valves on a 40VA transformer if there’s nothing else on it.

Now let’s look at the capacity of a house circuit. Maybe you wonder if you can safely plug in a new appliance. Or you’re 
finding that your circuit breakers or fuses keep going out. Here’s what you can to do figure the circuit capacity. Look on 
the circuit breaker or fuse box for that circuit and get the amp rating. Let’s say it’s 15A. Multiply that by the circuit’s volt-
age (120V, unless it’s a dedicated heavy appliance circuit). That gives you 1,800W. To give a margin of error, let’s assume 
just 80 percent of that. Multiply 1,800W by .80 and you get 1,440W.

If there are loads that have an amp rating rather than watts, multiply amps x volts to get watts. Now add up the wattage 
of every load (fixtures, plug-in lamps and appliances). If the total is less than 1,440W, you’re in business. If it’s more, you 
need to remove loads until it’s less.

And in case you’re wondering, when a device such as a radial arm saw is rated in horsepower, 1hp = 745 watts.

  

 



Wall outlets

A look inside the walls.

I grew up in a house under construction. Every day for the first 18 years of my life, I looked at the wiring in the unfinished 
walls. It was nice to have the wires. They were fat, black and rubber-coated. Because they ran horizontally through the 
2x4s, they made a convenient place to hang things — towels in the bathroom, school awards and prizes in the kitchen, 
crayon drawings in the kids’ bedrooms.

My dad was an electrician, but he never explained what was going on with the wires. Maybe that’s because he under-
stood it so well he couldn’t imagine it needed explaining. Or maybe he thought, “You take this wire from here and put it 
there — what’s to explain?” Anyway, looking at the wiring in the walls every day completely mislead me about electricity.

If you could see inside your walls, you’d see what looks like one wire connecting wall outlets to switches to ceiling lights 
(see Figure 1).

What you’re seeing isn’t a wire — it’s a cable. Inside the cable are at least two wires. In the 1950s when my dad wired our 
house, there were just two wires in the cable. Grounding appeared in the 1960s and added another wire. In the drawings 
here, we’ll pretend we’re back in the ’50s and, for simplicity, do without grounding.

Wiring Wall Outlets 

Figure 2.

 

Electricity can flow through the outlet and, at the same time, around it. Grounding wires are omitted for drawing clar-
ity. Note: This drawing shows continuous wires. In modern wiring, for safety, a wire nut connection is required in the white 
neutral wires.
Figure 2. Electricity can flow through the outlet and, at the same time, around it. Grounding wires are omitted for draw-
ing clarity. Note: This drawing shows continuous wires. In modern wiring, for safety, a wire nut connection is required in the 
white neutral wires.
When you look at a drawing like this one, it gives no clue that at the same time electricity can go through the first outlet, it 
can also go around that outlet to the second. The next drawing (Figure 2) shows what the wires inside the cable look like 
with the outside cable covering stripped away.

The Complete Circuit

On the left side of the drawing, the cable is connected to the service panel (as it is shown in Figure 1). The service panel is 
ultimately connected to the power plant. So we can think of the service panel as both the power supply and the switch 
for the circuit with the first outlet. In this case, think of the outlet as a load, or potential load. (Read my November 2005 PM 
column.)



Notice that the two wires in the cable are black and white. Black is “hot.” It carries to the load the electricity that’s full of 
energy. White is neutral. It carries back to the power supply the electricity after the load has used the energy.

The complete circuit for the first outlet is the power plant as the power supply, the fuse or circuit breaker in the service 
panel as the switch, and the outlet as the potential load. Until we plug a lamp or appliance into the outlet, there’s no 
real load, and no electricity flows through the circuit. When we plug in a lamp, the light bulb is the load. Then the outlet is 
simply the connecting point where the light bulb load joins the circuit.

Terminal Screws 

Figure 3.

 

Cable and outlets with grounding wire (black and white wires omitted for clarity).
Figure 3. Cable and outlets with grounding wire (black and white wires omitted for clarity).
If you look at the outlet without its cover, there are four terminal screws. As you look at an actual outlet in your wall, don’t 
touch any wires or terminal screws, because some of them can hurt you.

“Terminal” means ending. The terminal screws are where the wires end, or connect. On the left side are two silver termi-
nal screws. These are for the neutral (white) wires. On the right are two brass screws. These are for the hot (black) wires. 
The screws on each side of the outlet are connected to each other by a brass strip: brass screw to brass screw, and silver 
screw to silver screw.

A two-wire cable from the service panel at the left brings a black and a white wire to the first, or left, outlet. The white is 
attached to the top silver terminal. The black is attached to the top brass terminal.

A second two-wire cable connects this first outlet to a second outlet. From the second cable, the white wire connects 
to the bottom silver terminal of the first outlet. The black wire from the second cable connects to the first outlet’s bottom 
brass terminal.

Finally, the wires at the other end of the second cable attach to the second outlet. The white wire goes to the top silver 
terminal. The black wire goes to the top brass terminal.

Electrically, two things can happen at the same time. If there’s a lamp or appliance plugged into the first outlet, elec-
tricity comes in the black hot wire, goes through the lamp or appliance that’s plugged in, and leaves through the white 
neutral wire back to the service panel.

At the same time, whether or not there’s a load plugged in to the first outlet, electricity can move on to the second out-
let. Electricity moves from the service panel to the top black terminal of the first outlet, and along a connector between 
the two screws on the same side to the second terminal of the first outlet. It then moves on to the second outlet.

If there’s a load plugged into the second outlet, electricity goes from the black wire, through the load, through the white 
wire back to the bottom silver terminal of the first outlet, through a connector onto the top silver terminal of the first outlet, 
and back to the service panel.



Figure 4.

 

Black (hot), white (neutral) and copper or green (grounding) wires together.
Figure 4. Black (hot), white (neutral) and copper or green (grounding) wires together.
Outlets are often called duplex outlets because they are in pairs, like duplex apartment units. The number of duplex out-
lets is limited only by the amp rating of the circuit. (For circuit amp ratings, see my December 2005 PM column.)

If the wiring was done in the 1960s or later, the cable also contains a third wire, which is a grounding wire of bare copper 
or insulated green. It is connected to a green screw on each outlet, or to a grounding screw in the outlet box. Here is an 
illustration (Figure 3) of how the grounding wiring would look without the black and white wires.

And here is a drawing of the black, white and grounding wiring all together (Figure 4). This is how the wiring might look if 
you looked inside an outlet wired within the last 40 years.

When you look at any wiring, it might look like a bowl of wire spaghetti. But stop and think about what you now know. 
Then you can begin to make sense of what the electrician does.



Inside the Walls—Wall Switches and Light Fixtures
Carol has published her fourth book about electricity and controls.  It’s Quick & Basic House Wiring:  An Easy Guide to the 
Wiring inside Your Walls.   So that you can better wire your own controls circuits, the book and this column explain what 
the electrician does with normal house wiring.

Recently I wrote about wiring wall outlets.  This time I want to talk about wiring wall switches and light fixtures.   If you’ve 
ever looked at an installed wall switch, you might see that there are two black wires attached to it, and no white.  Or you 
might see a black and a white.  Or there might be a black and a white with a black mark on it.   Does it make a differ-
ence?  And if so, what is the difference?  Let’s find out.

Again, whenever you look at wires in the walls or drawings of them, what you’re seeing is the cables that contain the 
wires.  It appears that there are a few big fat wires.  Actually what counts is the smaller wires inside the cables.    

When you’re looking at cables, it appears that there’s one wire coming from the service panel, and none going back.  
The fact is that inside the cable are at least two wires.  For simplicity’s sake, I’ll talk here about two wires, even though in 
construction done in the last 40 years, there are three—one for grounding.

In figure 1 the small insert at the top shows how the wiring would look inside the wall for a wall switch and a light fixture.  
The larger drawing at the bottom of the figure is how the wires actually look with the outer covering of the cable stripped 
away.  Notice that there is a black wire and a white wire.  The black wire is for “hot” electricity, and the white wire is for 
neutral. 

Figure 1.  Wall switch in a circuit—power supply, switch, load.  The switch is in the hot leg.  Grounding wires are omitted for 
drawing clarity.

Wiring switches and loads
A switch is connected in a different way from a wall outlet.   Only the hot wires are connected to a switch.  That’s be-
cause the switch “breaks only the hot leg” of the circuit.  Remember that “breaks” means “turns off,” or creates an open-
ing like the drawbridge. 

The neutral leg doesn’t need to be broken, or turned off.  That’s because it carries used-up electricity back to where it 
came from.

A wall switch has three terminals screws.  Look at the pair of terminals on the right side of Figure 1.  One terminal is for the 
hot electricity to come in, and one is for it to go out.  If the switch is closed (turned on), the electricity passes through the 
switch as if the switch weren’t even there. 

 If the switch is open (turned off), it stops the electricity.  

Figure 1 shows how switch wiring looks if the switch is installed between the power supply (service panel) and a load (ceil-
ing light) .   Notice that there’s a complete circuit of  the service panel as power supply, the wall switch as switch, and the 



ceiling light bulb as the load.  (Another way to look at it is that the power plant is the power supply, the service panel is 
the first switch, the wall switch is the second switch, and the light bulb is the load.)

There are wires from two different cables coming to the switch .  The black wire from each cable is connected to one of 
the terminal screws.  The white wires from the two cables are connected to each other.  They aren’t connected to the 
switch at all.  Electrically this means that the used-up neutral electricity in the white wire goes around the switch, and 
back to the service panel.

In Figure 2 the switch and the load (light fixture) are wired together in the reverse order, with the load  before the switch.  
Electricity doesn’t care which order they’re in.  But the wiring is different.

Figure 2

Figure 2.  Wall switch and fixture circuit—power supply, load, switch.  The white wire is coded black. Grounding wires are 
omitted for drawing clarity.

Here’s what’s different from Figure 1.  The switch always needs to be in the “hot leg.”  That usually means it will  have two 
black wires connected to it, and no white wires.  But a cable has only one black and one white wire.  When the switch is 
“at the end of the run,” only one black and one white wire are available.  In that situation, the electrician uses the white 
wire as if it were black, to bring power to the switch.  This white wire is usually marked with a strip of black tape or a black 
mark to designate that electrically it’s a black wire.  Sometimes the white wire doesn’t get marked black, however.   So 
you must assume that every wire, no matter the color, is hot if it’s connected to a switch.

Grounding the switch and fixture

The grounding terminal is the third screw on a switch.  See Figure 3.   The grounding terminal stands by itself and is bare 
copper or colored green.   Older switches aren’t grounded.   More recently, the grounding wire is wired to the switch like 
to an outlet.  If the switch box is metal, the grounding wire is connected to both the switch and the box.  A “pigtail” is 
used to make the connection.  A grounding wire is also attached to the light fixture.

Figure 3.  Grounding a wall switch and fixture.



Wall switch, fixture, and outlet together in a circuit 

A wall outlet can be in a circuit with a wall switch and a fixture.  See Figure 4.   The fixture is switched by the wall switch.   
The outlet operates  separately from the switch and fixture because the two loads (outlet and ceiling light fixture) are 
wired in parallel.

Figure 4.  A circuit including a wall switch, fixture and outlet.  Grounding wires are omitted for drawing clarity.

Switched outlet

Some outlets are switched.  See figure 5.  The National Electrical Code requires a switched outlet in any room that doesn’t 
have a fixed ceiling light.   You can have both a switched and an un-switched outlet in the same outlet box by removing 
the connector tab between the two brass terminals.

Figure 5.  A switched outlet, in a box with a non-switched outlet.  Grounding wires are omitted for drawing clarity.

Now you have an explanation of what’s going on in the walls with wall switches and fixtures.  The most important thing to 
remember is that, except for grounding wires, every wire connected to a switch is hot—even if it’s white.  

 

 



the Mystery unveiled — three-Way & Four-Way Switches
Three-way switches — two switches controlling one light.

Figure 1. Switches in series. 

Here’s the switching scenario. You turn on the light at the bottom of the stairs before going up to bed. Once you get 
upstairs you turn the same light off from a switch at the top of the stairs. For years, maybe your whole life, you take it for 
granted that either switch turns the same light on or off. Then one day you try to help a buddy wire one in the house he’s 
building. Whoa, this isn’t your ordinary light-switch wiring situation! Neither of you can figure out how to make the wiring 
work. That’s because it’s not just the wiring. Three-way switches are special switches.

These switches at the top and bottom of the stairs are called three-way switches, even though there are only two of 
them. If you look closely at them, you’ll see that there’s no on-off marking like you find on a simple switch. That’s because 
either position can be on or off.

“Three-way” means that there are three components in the circuit — two switches and the light(s). And there are three 
switch terminal screws inside the switch.

If there are three or more switches controlling the same light(s), they are called four-way switches — more on those later. 
Let’s first look more closely at three-way switches.

The circuit has to be wired in a special way, and not the way you might think. It might seem that two simple on-off switch-
es and a light could be wired together one after the other. (See Figure 1.) This would be simple series wiring.

Figure 2. Switches in parallel. 

 

But simple switches wired in series won’t turn on the light unless both switches are turned on. What we want for the stair-
way is for each switch alone to be able to turn the light on or off, regardless of the other switch.

Simple switches in parallel won’t work either. Wired that way, either switch could turn the light on. But to turn the light off, 
both switches would have to be off (See Figure 2.)



Three-way switches are installed in pairs. Each switch has three terminal screws — a darker common (C) and two travelers 
(T). The two traveler screws are interchangeable with each other. Different manufacturers put the common and traveler 
screws in various positions. For example, the terminal screw patterns in Figure 3 are electrically the same. This common 
terminal is connected to the black hot leg coming from the service panel.

There are two possible paths for electricity to take through a two-way switch. It’s like a “Y” in a road; inside the switch, 
electricity goes from the single common terminal to either of the traveler terminals. Electricity will choose the direction 
where the switching position is closed. Either path takes the electricity to the next switch. There it again has two possible 
paths through the switch.

Figure 3.

 
These different terminal screw patterns are electrically the same. Three-way switches can be wired in three different con-
figurations — the two switches before the light fixture, the light fixture between the two switches, or the light fixture before 
the two switches (see Figure 4).

Notice that there are three cables in each layout. A two-wire cable (black and white wires) always comes from the ser-
vice panel.

A three-wire cable (black, red and white) always connects the two switches. Each of the two traveler screws on the first 
switch may be connected to either of the traveler screws on the second switch.

Depending upon the layout, the third cable may be either two-wire or three-wire.

Notice that, as with loads anywhere, there is always a black (hot) and white (neutral) wire connected to it. If you see 
two white wires, one is white coded black. That’s because the cable doesn’t always give you the colors you need. So if 
you have a white but need a black, you may designate the white as black by marking it with a piece of black tape or a 
black marker.

Four-Way Switches

Figure 4.

 



Three three-way switch layouts. Grounding is omitted for drawing clarity. 
Some rooms, such as a kitchen or living room, have more than two entrances. For these we use four-way switches. Four-
way means three or more switches. It’s easy to move from the three-way switches we just looked at to four-way. Just add 
a four-way switch between the two three-ways. In fact, you can add as many four-way switches as you need.

Figure 5.

 

Inside a four-way switch. 
A four-way switch has four terminal screws as in Figure 5. The screws are in pairs. The pairing may vary by manufacturer, so 
it’s important to look closely at the switch for which pair together. For our purposes here, we’ll pair the upper two screws 
with each other and the lower screw with each other.

Here’s a layout for three switches and a light fixture (Figure 6). It’s a three-way switch layout with a four-way switch insert-
ed between the three-ways.

Figure 6.

A four-way switch inserts between the two three-way switches. Grounding is omitted for drawing clarity. 
So now when you overhear those Monday morning conversations, “Man, I was trying to wire up a three-way switch this 
weekend, and wow, I just couldn’t get the thing to work,” you’ll know what’s going on. The trick is you gotta have special 
three-way switches. Then the wiring’s easy.

 
 



Everything Is Electronic
Electronics let us do things that would otherwise be impossible.

Joe hates electronics. “Gol’dern new stuff. How can you fix it if you can’t see how it works?”

Joe Jr., a generation younger, loves electronics. “Heck, Dad, the self-diagnostics tell you what’s wrong, so there’s nothing 
to figure out. But really, Dad, something else is usually the problem, like the wiring. I’m just the kid around here, but if you 
want to know how electronics work … ”

Frankly, Joe doesn’t want Joe Jr. to explain how electronics work. He just wants the new stuff to go away. Then he can 
get back to the days when he could spend an afternoon fiddling with things until he got all the pieces apart and back 
together again.

It looks like Joe isn’t going to get his wish. Electronics are here to stay, even in the not-always-so-progressive plumbing and 
heating biz.

A few weeks ago, I attended a tankless water heater class. I was astounded. Kyle, the manufacturer’s rep and trainer, 
said, “If you’re here to learn how to install a water heater, you might as well go home. This isn’t a water heater — it’s a 
computer.”

I looked around the room at 39 pairs of muddy plumber boots, and thought, hmm, there’s going to be a stampede for 
the door.

But everyone stayed. Maybe the promise of food kept them in their seats. Maybe they were just tired at the end of a long 
day. Or perhaps the industry is changing.

Everything’s Changed

The world has changed. Cars are electronic. Appliances are electronic. And yes, the plumbing and heating business is 
slowly becoming electronic. Like with the tankless water heater, the manufacturers aren’t giving us any choice. As rep 
Kyle said, “If your idea of a water heater is still the old-fashioned ‘barrel on a campfire,’ this new stuff may not be for you.” 

As I was listening to Kyle, I had a chance to think, “Well, what are electronics, anyway? Just how are electronics so differ-
ent from ‘not-electronics?’”

The difference is what’s done with the electricity. With old-fashioned electricity, you start with a particular voltage, say 24 
volts, and wave form, say alternating current (AC), and keep that. All you do to control the circuit is turn the electricity on 
or off with a switch.

In electronics, both can be changed. An amplifier circuit changes voltage to adjust volume. In a variable-speed DC mo-
tor, the waveform is changed.

But these differences aren’t what matters to us practical folks. We want to know what it does. What’s it good for?

Electronics are useful because there are no moving parts to maintain. There’s not much heat to dissipate. They don’t take 
up much space. And even though electronic gizmos can be pricey, compared to electro-mechanical alternatives, they 
are inexpensive to manufacture.

Electronics let us do things that would otherwise be impossible. The “computer” controls of the tankless water heater can 
bring on just enough flame to add just enough Btus to keep the water at set point. With a conventional water heater, we 
have one size flame, and it can be either on or off. Temperature swing (called differential) is probably an uncomfortable 
15 degrees.

But let’s return to Joe’s predicament. He’s let electronics remain a mystery even though they’ve been around most of 
his life. It’s been half a century since words such as “solid state” and “transistor” (remember transistor radios?) appeared. 
And there are other words that we use all the time without thinking about what they mean: LED, DIP switch, thermistor, 
semiconductor and microprocessor.

Lingo



Let’s just go over what these words mean to show how un-mysterious electronics is.

Solid state, as in solid-state circuit, simply means no moving parts. It’s in a state of being solid.

A semiconductor is a material that conducts electricity under certain conditions. Back in elementary science we learned 
that metals conduct electricity and rubber and glass don’t. Semiconductors are choosy about when and how they con-
duct.

Silicon is one of the materials that’s best for making semiconductors. Thus Silicon Valley is the home of big semiconductor 
businesses.

When you look at an electronic “board,” or printed circuit board, there are lots of bead-like pieces all over it. As a group 
there are called semiconductors. Individually, they are resistors, transistors, thermistors, diodes, SRCs, and triacs. Each has 
a special function. On the board, they are wired together into circuits, similar to a circuit that we’d make to wire a ther-
mostat, zone valve and transformer. Of course electronic circuits are tiny. That’s how we get to words like “microelectron-
ics” and “microprocessor.” 

Let’s take the mystery out of these little critters and look at what they do:

An electronic resistor looks like a bead with colored rings on it. Those colors are code for the amount of resistance each 
has. Like in old-fashioned electricity, a resistor “resists” the flow of electricity to cause desired things to happen.

A thermistor is a resistor whose resistance varies as the temperature changes. It can communicate temperature by 
changing the resistance it reports.

A transistor is a three-legged resistor that can use low voltage to vary power into higher voltage circuits.

A diode looks like a resistor but has only one colored ring. It allows electricity to flow only one direction.

A light-emitting diode (LED) creates light as the electricity flows through it.

A DIP switch is often found in electronics from the 1980s and 1990s. DIP stands for “dual in-line package.” That means 
there’s a line of tiny two-position switches. The switch positions you select help tell the microprocessor what it’s supposed 
to do.

SRCs and triacs are electronic relays.

When the printed circuit board is connected to other devices, it becomes a module or a microprocessor.

The devices that bring in information, or data, are called inputs. In the heating business, typical inputs are temperature 
from a thermistor and flame current from a flame sensor.

The module expects or “looks for” certain kinds of information from the inputs. When it receives or “sees” the correct infor-
mation, it creates electrical output. 

Output allows other devices to be turned on or off. Typical output in the heating business would be to open a fuel valve 
once the module has “proven” that there’s a need for heat and that all of the safety conditions have been met.

The module turns input into output by using mathematical formulas called algorithms. The result is called logic.

Because a module or microprocessor seems mysterious, it often gets blamed when there’s a problem. Manufacturers say 
tens of thousands are replaced needlessly every year.

The module is just the “thinker.” It’s completely dependent upon having good input. That means that all the devices giv-
ing it information need to be working correctly. It’s also dependent upon the output devices being functional.

But the most frequent problem a module gets blamed for is in the wiring bringing information into it or out from it. Do you 
know the word intermittent? That usually means the wiring looks solid, but somewhere a connection is loose.

No matter how simple we make the subject of electronics, Joe’s still right. He darn well doesn’t have to learn anything 
“new,” even though it’s been around more than 50 years. Joe thinks that with all these changes, he just might hang up 
this business after all these years. He thinks maybe he’ll just stay home and watch his new giant flat screen TV. By golly, no 
one can make him use electronics!



 



Scared of Electricity
Sometimes a patient, private Q&A session is the best way to explain away the fears of common jobs.

I’ve been teaching electricity and controls to the employees of one of the best heating contractors. For weeks now I’ve 
been hearing from the owner, installation supervisor and the employees: “Ya gotta do something about John. John’s 
scared of electricity.”

John agrees: “I’ve always been afraid of electricity. I’ll always be scared of electricity. No one can get me over this. I 
even bought an electricity book at Home Depot, but I haven’t read it yet.”

During the class when we were wiring low-voltage circuits, one of the wires popped off John’s board. I watched as he 
grabbed the loose wire and was about to put it back on the terminal.

“Whoa, John!” I cautioned. “Un-power the circuit first.”

John looked up at me, puzzled. “Huh?”

“Turn the electricity off to that circuit,” I repeated, “before you put that wire back on.”

“Why?”

“Like I said before — because you can get hurt.”

“Oh.”

Maybe this is why John’s afraid of electricity.

After that, the supervisor asked me to work with John alone.

John and I agreed to meet at 6:45 Thursday morning. We sat down and I was thinking, “I can’t just start with, ‘So, I hear 
you’re afraid of electricity.’” I don’t think a person can just say that to a guy and expect very good results.

So I fell back on an old standard beginning — an open-ended question. “So what’s bothering you about electricity?” I 
was afraid I’d get silence. What then? But John jumped right in.

“I’m always going to be afraid of electricity. Nothing anyone can do about that. I just hate the feeling of that stuff going 
through my fingers and arms.”

“Me, too,” I added, but I don’t think he heard me.

John continued. “I don’t have any problem with the low-voltage stuff. Can’t get hurt with that. Here’s where I have a 
problem: Lots of times they want me to mount a switch and an outlet on the outside of the boiler or furnace. And then 
they want me to wire it up to electricity.

“Now, there’s a black wire and there’s a white wire. I get it that the black wire is hot. Here’s what I don’t get: Sometimes 
they tell me to wire in a black wire and a white wire. But other times they tell me to wire in two black wires and run the 
white wire around it. Why is it sometimes one way and sometimes another?”

“Ah,” I replied. “I can see why you’re confused. The switch, of course, is a switch. The outlet is a load. Switches and loads 
aren’t wired the same as each other. Even though they’re about the same size and shape when you look at them, electri-
cally they’re very different.

“But let’s start back at the difference between the black wire and the white wire. If the wiring has been done correctly 
— and you can’t count on that without checking with your meter — the black wire brings ‘hot’ electricity into the circuit. 
‘Hot’ means that the electricity is full of energy ready to become another kind energy — heat, light, motion, sound or 
magnetism.

“A load changes electricity into one of those other kinds of energy. So a load might be a light bulb, a motor, a speaker or 
a magnetic coil. The rule is that the wire bringing the hot electricity to the load is black.



“After the load, the electricity is empty of energy. But it still has to get back to where it came from. It’s like a train — after it 
delivers its load, the empty cars still have to return to where them came from.

“To return the empty electricity from the load, we use a white wire. It symbolizes that the electricity is ‘neutral,’ and no 
longer hot.

“So for an outlet, since it’s a load, you’d use a black wire to bring in the hot electricity and a white wire to take out the 
neutral electricity.”

John asked, “How do you know which wire to put where?”

“There are two ways. Notice that the slots on the outlet are two different sizes. The black wire goes on the screw terminal 
near the shorter slot. That screw terminal is usually brass so that’s your second clue. The white wire goes on the side with 
the longer slot. That screw terminal is usually silver.”

“Wow, that’s pretty easy,” he said. “But what about this? There are two screws on each side. Do I have to put a wire on 
both of them?”

“Nope. Notice that on each side there’s a piece of metal connecting the two screws. That piece of metal is called a 
‘jumper.’ It takes electricity from the screw terminal where you put the wire to the terminal that the jumper is connected 
to.”

“Why two terminals on each side then?” he asked.

“There are two reasons. The second set of screws of the same color makes it easy to add other things onto the circuit, 
such as another outlet. We can talk more about that later.

“The other reason is that sometimes the top and bottom outlets need to be wired separately. An example is when one 
of the outlets is controlled by a wall switch. In that case, you’d remove the jumper between the two terminals and wire 
each of the two outlets separately – one in a circuit with a wall switch and the other wired so it’s powered all the time. 
Then you’d have two different black wires coming to the two terminals on one side and two different white wires coming 
out of the two terminals on the other side.”

“OK.” John said. “I got it about the outlet. I wire it like a load because it’s where loads plug into a circuit. Light bulbs and 
motors are loads. They change electrical energy into some other kind of energy. But what about the switch?”

“A switch does not use electricity. If the switch is closed ('turned on'), it let's electricity pass as if the switch weren't even 
there. If the switch is open ('turned off'), it stops the electricity. So we want to put the switch in the electricity’s ‘roadway’ 
so it can stop it or let it through.

“If you had your choice, would you want to stop the electricity in the black wire or the electricity in the white wire?”

“That’s easy,” John smiled. “You gotta stop the hot electricity before it gets to the load so the switch goes in the black 
wire.”

“That’s right. That’s how it’s supposed to be done. But you can’t count on it and you have to check with your meter to be 
sure. (See my column, “The Human Electrical Circuit,” in the May 2005 issue of PM. Click on “Archives” along the left-hand 
side of www.pmmag.com. Free registration is required to view archived editorial.) But if you do the wiring yourself, you put 
the switch in the black or ‘hot’ wire.

“OK, I got that,” John said. “But they said I should put a black wire on each of the two terminals on the switch. Where do I 
get two black wires when there’s only one?”

For a moment I didn’t understand. Then I got it. “Oh! I see. You’ll be inserting the switch into the black wire. That means 
you — after making sure there’s no power to the black wire — cut the black wire. Then you have two ends of the black 
wire. One goes on one switch screw terminal and the other end goes on the other terminal. It doesn’t matter which one 
goes where.”

“What happens to the white wire?”

“Nothing. You don’t do anything with the white wire. It just goes around the switch.”

“OK. I think I got this. I have a black wire and it’s going to be connected to hot electricity out of the electrical panel. But 



it’s not connected yet, because I don’t want to get hurt. And I have a white wire that’s going to be connected to neutral 
at the panel. Both of these are going to the furnace or boiler. But instead of me going right to the unit, the boss wants a 
switch and an outlet on the outside.

“So I mount the switch and the outlet. Then I bring in the black wire to the switch. I check one more time to be sure it’s 
not connected at the box. I cut the black wire and put each end of the cut on one of the screw terminals on the switch. I 
bring the white wire around the switch, but I don’t connect it to anything.

“Now I wire in the outlet. I bring the black wire from the switch to the brass terminal screw of the outlet and I wire it in 
there. That’s the side with the shorter slot of the outlet, which means it’s hot.

“Next I bring the white wire to the other — neutral —side of the outlet. That’s the side with the silver terminal screw and the 
longer slot.”

“That’s it, John.”

“OK, now I have another question while we’re at it. They keep wanting me to wire in an attic fan.”

“Well, in theory, adding an attic fan is a lot like adding another outlet. We can talk about that next time.”

 
 



Why the Electric chair Is Ac ... And other Mysteries
Understanding how electricity goes from start to finish helps you better understand the comfort business.

We have been talking about thermostats and the fact that the heating business is really the comfort business. A thermo-
stat is one of the three components of a basic control circuit (power supply, switch and load). Now let’s look at another 
of the three components — the power supply.

I want to talk about transformers. In any low voltage circuit, the transformer is the power supply. But first ...

My dad was an electrician. His idea of a great family vacation was to put us in a car with no a/c in August and visit power 
plants while driving cross-country from Ohio to Arizona. What I remember most about these trips is that they were hot.

This isn’t complaining. I’m just saying, boy, do I ever know where electricity comes from. I don’t think a lot of people know 
that. Actually, I don’t think many people care. But, to understand controls, it helps to know where electricity comes from.

Electricity comes from power plants, which are big places, usually far away. Or electricity comes from batteries, which are 
little things nearby. Power plant electricity is called AC, which stands for “alternating current.” It’s called that because in 
the electricity lab there’s a device called an oscilloscope, which to me always looked like my grandma’s old radio with 
the big knobs.

The oscilloscope has a screen with a graph paper-like grid on it that shows what electricity looks like. AC makes a sine 
wave, which is a squiggle that alternates equally above and below a base line. Thus, we have alternating current.

Battery electricity is called DC, for “direct current.” On the oscilloscope, it makes a straight line. Direct, get it?

AC/DC
So now you know the difference between AC and DC, if you didn’t already. If you see the notation VAC on a wiring dia-
gram, you know it means volts alternating current, not vacation or vacant or vacuum.

In controls circuits, we almost always use AC. That’s the stuff that comes out of the wall socket or the service box.

There’s an interesting story about how AC came to be the standard. Allegedly back before there was a national stan-
dard for electricity, Misters Edison and Westinghouse were locked in a competitive battle. Edison was fighting for AC, and 
Westinghouse was pushing for DC.

Edison, ever the inventor, came up with the perfect device to prove his point — the electric chair. He invented the elec-
tric chair to use DC. Then he argued that AC was preferable because it didn’t kill people like DC did. (And we think com-
petition is ruthless now!)

As it turns out, DC wouldn’t have worked in our cross-country distribution system anyway.

Power plants make “huge” amounts of electricity to distribute over huge distances. As it travels toward its destination, it is 
“stepped down” several times along the way by transformers. The gray barrel-like things we see hanging high on electric 
poles are one type of transformer. We use a very small one for control circuits. More on that soon.

Electricity from the power plant is called “line voltage.” When we get it, it has been stepped down to voltages such as 
240, 220, 120 or 110. By the time it gets to us it’s called “house current.”

Line voltage has polarity. You may be familiar with the “hot leg” vs. the “neutral leg” of line voltage. The hot leg hurts to 
touch, but the neutral leg doesn’t. The terminology is “L1” for hot and “L2” for neutral.

Here’s what’s going on: Picture an electricity train coming from the power plant. The train is full of big, powerful electricity. 
That’s the hot leg.

When the electricity train gets to its destination, the electricity is unloaded and used in lights and motors and things. The 
electricity energy is transformed into another form of energy (light, motion). Now the electricity train is empty of energy, 
and it has to go back to the power plant to be reloaded. The electricity train going back is the neutral leg.

Line voltage, though, doesn’t work really well for control circuits. The big reason is that comfort issue I keep talking about. 



Low-voltage controls make it possible to control within that two-degree temperature range, which is the definition of 
heating comfort. Of course, there are line voltage controls, but the temperature swing is bigger, which means less com-
fort.

Stepping Down

So in the quest for comfort, we transform line voltage to low voltage using a small transformer to “step down” from 120V 
to 24V. This is called a step-down transformer. Transformers also come in “step-up” versions, but we don’t have much use 
for them in our business.

The device for changing between AC and DC, by the way, is called a converter. We don’t use that much either.

A transformer consists of two “sides” and a “core.” On a brand-new transformer, the side with the wires hanging from it is 
the “primary.” Like kids go to primary school first, electricity first goes to the primary side of the transformer. The primary is 
made up of a coil of wire. It’s wound many times around a spool, or bobbin, like a spool of thread. The electricity simply 
enters one end of the coil, goes around and around, and leaves.

What the primary accomplishes is to create magnetism. Hold that thought.

The middle, heavy part of a transformer is called the core. A transformer is one of the things left in the world that really 
is better the heavier it is. Heavier means more iron, and more iron means more ability for the core to transfer magnetism 
from the primary side to the secondary side of the transformer.

The other side of the transformer is called the secondary. When new, this side usually has just two screw terminals, no 
wires. There’s a coil of wire on the secondary side, too, but there are many fewer windings. There are actually about one-
fifth as many. This difference is how voltage gets stepped down.

Let’s say there are 500 windings on the primary side. If the line voltage coming into the primary is 120V, those windings 
transform that into 120 volts worth of magnetism.

The iron core transfers that magnetism for the secondary to pick up. On the secondary there are one-fifth as many wind-
ings, say 100. Even though 120 volts worth of magnetism are available in the core, the secondary can only pick up one-
fifth of it. To see how much voltage that is, divide 120V by 5 and you get 24V. This is called a ratio of 5:1.

Did you ever wonder why line voltage seems to end in nice round zeros (110, 120, 220, 240), and then it goes to 24V for 
low voltage? It’s because 120V divided by 5 is 24V.

Transformers come in a lot of different shapes and sizes. For low-voltage control circuits, we need a transformer that will 
take whatever line voltage we have available and turn it into 24 volts. So if there’s 120V available, we want a 120V pri-
mary. If you want to be ready for any situation, a “multi-tap” transformer lets you use a variety of different line voltages by 
selecting the correct wires on the primary.

The second sizing factor is “VA,” which amounts to how much 24-volt electricity you can get out. A transformer has a rat-
ing of say 20VA or 40VA. The total VA of the loads you connect to the transformer must not exceed the VA rating of the 
transformer.

Most of us have a bit of the rebel in us and sometimes we just have to push these limitations. What happens if you exceed 
the VA rating? Why does it seem like sometimes we can get away with it and sometimes we can’t? Tune in next month for 
the answer to that mystery.

In the meantime here’s a transformer joke: Why do transformers hum?

Answer: Because they don’t know the words. 



controls

A thermostat Is Just A Switch
You could replace a thermostat with a light switch, and the heating equipment would never know the difference.

One day long ago, when I was newer in this industry than I am now, I was sitting in the well-appointed office of a large 
homebuilder. I was there because the heating contractor had told me that the reason he was putting in the cheapest (in 
both meanings of the word) thermostat was because the builder told him to. The builder had just told me that he went 
with whatever the heating guy recommended.

As I began my pitch, "Well in that case, we can do what's best for the homeowner ... " he interrupted.

"Stop! The homeowner doesn't care what thermometer's on the wall."

Thermometer. Thermometer? A thermostat is not a thermometer. A thermostat is a switch!

That's right. A thermostat is a simple switch. When I teach, I even have the class repeat, "A thermostat is just a switch. A 
thermostat is just a switch." No matter how fancy the stat, its function is a simple turn-it-on, turn-it-off switch.

You could replace a thermostat with a light switch, and the heating equipment would never know the difference. (The 
people would certainly know the difference. We'll get to that in a moment.) But when you're thinking about a control cir-
cuit, you can substitute the simplest switch you can imagine into your thought process in place of the actual thermostat.

I say this because thermostats are greatly misunderstood. Some folks, such as that builder, think they're much less than 
they are. But other folks, such as some in our industry, think they're much more than they are. In terms of the parts of a cir-
cuit, a thermostat is not a power supply (as in "I know this stat's no good because it's not putting out any power"). Neither 
is a thermostat a load (as in "How much power does that stat pull?").

So as far as what a thermostat does in a circuit, it is either on, calling for heat (closed switch, letting power through so the 
equipment can come on), or is it off, not calling for heat (open switch, not letting power through to the equipment).

Too Hot, Too Cold

The reason we use a thermostat rather than a wall switch is to automate the temperature control and to keep the tem-
perature consistently comfortable.

With a wall switch, someone would have to notice that heat is needed and flip the switch. By then the room would be too 
cold. Then the heat would run until someone realized it was too hot. The too hot, too cold situation is called temperature 
swing, or in every day people terms, "This place is never comfortable."

The switching happens between the screw terminals that are either on the thermostat or the wall plate that comes with it. 
The heating terminals are marked with the industry standard R and W.

R means "red." A considerate installer will use a red wire to connect this to one of the transformer terminals. (Experts say it 
doesn't really matter which.)

W means "white." The considerate installer will use a white wire to connect this terminal to the "TH" (for thermostat) terminal 
of the load, if the terminals are marked, as they are in a gas valve or ignition module. If they aren't marked, as in a zone 
valve, either one will do.

The R and W thermostat terminals are just like the two screw terminals on a light switch. The switching action happens 
between them, inside where you can't see it. When there's a call for heat, the thermostat closes the connection between 
R and W.

If a thermostat has only R and W terminals, it is "heating-only" or "two-wire." Most thermostats today have at least four ter-
minals: R, W, Y and G. This is called "heat-cool" or "four-wire." You can always use just the two heating terminals of a four-
wire stat.



The Y (yellow) terminal is for an air-conditioning compressor, and the G (green) terminal is to bring a blower up to high 
speed for air conditioning. A four-wire stat has three switches inside it: R-W for heating, R-Y for the compressor, and R-G for 
the high-speed fan.

Sometimes an electronic thermostat also has a C terminal. If the C terminal is present, it must be wired to the transformer 
in order to power the clock of a setback thermostat. Other terminals, such as O and B, are for accessories, and you can 
ignore them.

Comfort Level

How does the thermostat switch get opened and closed? This is where automation comes in, even if it's an old-fashioned 
(read that as nonelectronic) thermostat.

Bring out your recollection of scientific principles. What does metal do when it gets colder? Right. It contracts. And of 
course it does the opposite, expands, when it gets warmer. Inside the thermostat is a piece of metal, called a bimetal. It's 
called bimetal because it's two (bi = two, as in bicycle = two wheels) different kinds of metal sandwiched together.

These two metals move at a predictable rate when temperature changes. In inexpensive snap-action-type thermostats, 
the movement of the bimetal itself causes the switching action. These are inexpensive because it takes many degrees of 
temperature change before the heat comes on or off.

The amount of temperature change that happens before the heat turns on or off is called temperature swing. Less is 
better. The industry definition of comfort is that people don't notice any temperature change in the room at all. It's been 
found that for most people that's less than two degrees. Two degrees! That's not much. Since we're very much in the com-
fort business, we need to use a thermostat with a temperature swing of less than two degrees.

We can still stay within the two-degree temperature range with an electro-mechanical thermostat, provided a mercury 
bulb is added to the bimetal. The bimetal is coiled to about the size of a quarter. A mercury bulb is fastened on the out-
side end of the coil. The thermostat switch is inside the mercury bulb.

Take a look sometime -- you can see the little switch terminals in there. As the room temperature changes, the bimetal 
moves, and that movement causes the mercury to move as the bulb tips. A cooler temperature causes the bulb to tip so 
the mercury covers both terminals of the switch. That "makes" or closes the switch, which brings the heat on.

That's an explanation of how a thermostat does its switching. As you might expect, there are several other factors that en-
ter into doing it well. Folks in the heating business have usually heard these terms. Most aren't quite sure what they mean 
or how to use them.

It turns out they are a very inexpensive, non-time-consuming way to deliver a top-notch heating comfort system. Some of 
these are cycle rate, temperature swing and the anticipator.

All of this brings up the question, "Are we in the emergency service call business or are we in the comfort business?" 



 

 

Anticipation
It’s still a good idea to know how to tune an anticipator.

Anticipation is such an interesting word. It has an implication of excitement, possibility, maybe even thrills.

The classic mercury-bulb thermostat comes with an anticipator. Hardly anyone in the business really knows what to do 
with it, but at least you could count on anticipation if you ever wanted to figure out what an anticipator did.

An anticipator simply is a not-so-straightforward means to get non-electronic — such as mercury-bulb, bi-metal, electro-
mechanical or analog — thermostats to control the cycle rate.

Every thermostat has a cycle rate. The purpose of cycle rate is to keep a room’s temperature even — never noticeably 
hot or cold, even though sometimes the equipment is on and sometimes off.

Electronic thermostats have a cycle rate adjustment option built into them. That’s much better, but less fun for the few 
who know what to do with an anticipator.

For example, this recently appeared on “The Wall” at the HeatingHelp.com Web site: “I’m going to sorely miss analog 
’stats like the T87. I could tune the anticipator to match the characteristics of individual heating systems. Once the heat-
ing system is cleaned and balanced, tuning the anticipator to the individual system creates minimum cycle times for 
good heat distribution.”

Classic Round: The T87 thermostat the contractor mentions is the classic round thermostat. It, like many rectangular non-
electronic thermostats, uses a mercury bulb to respond to temperature change. It’s an old technology, but the tempera-
ture control is quite satisfactory. However, the industry isn’t losing a function by losing anticipators. Let me assure you that 
in terms of function and appearance, “analog ’stats like the T87” have not changed. On the outside they look the same. 
On the inside they still control the same.

The difference is that what was mechanical is now electronic. But since plenty of mercury-bulb thermostats still remain in 
place, let’s make sure we know, like our contractor friend on The Wall, how to tune the anticipator.

Most thermostats come out of the box set for six cycles per hour. That’s ideal for the majority of heating systems because it 
keeps the temperature within the industry comfort standard of no more than two degrees of temperature swing.

A cycle is on-time plus off-time. Divide a 60-minute hour by six cycles and you get 10 minutes for each cycle. That means 
the equipment has the opportunity to come on every 10 minutes if there’s a need for heat.

The boiler will run for as much of the 10-minute cycle as is needed to reach the thermostat set point. The heat will then 
turn off for the remainder of the cycle. If there’s no need for heat at the beginning of the cycle, the equipment doesn’t 
come on.

This standard cycle rate applies to hydronic baseboard heating and forced air furnaces of less than 90 percent efficien-
cy. The standard for cast-iron radiators and high-efficiency furnaces is three cycles per hour — 20 minutes per cycle. The 
standard for electric heat is nine cycles per hour.

The idea is that the longer it takes the equipment to emit all its heat, the longer a cycle should be. Of course the longer 
the cycles, the fewer there are in an hour.

Adjusting Cycles: Cycle rate adjustment with electronic thermostats is very simple. In most cases, you don’t change any-
thing because the thermostat comes set for six cycles per hour. If you have cast-iron radiators, a 90-plus furnace or elec-
tric heat, then go into installer setup and adjust the cycle rate accordingly to three.

But cycle rate adjustment for a non-electronic thermostat requires understanding what to do with the anticipator. Exactly 
what does an anticipator look like? When you open a mercury-bulb thermostat, you can see a small device with tiny 
numbers on it. The numbers are in decimals: 0.2, 0.3, etc. These numbers are tenths of amps. Behind the numbers, you can 
see a winding of wire that’s thin as thread. This winding is a resistor that creates a small amount of heat inside the thermo-
stat whenever there’s electricity going through the thermostat. In fact, sometimes an anticipator is called a heater.

The heat from the anticipator makes the thermostat think the room is a little warmer than it really is. Because of that, the 



thermostat turns off the heat just a little early. Then the heat left over in the fin tube or in the furnace blower compartment 
can be used to reach set point. If the anticipator didn’t trick the thermostat into turning off early, the leftover heat would 
cause the room to overheat every cycle. Then the people would notice temperature swing and there would be wasted 
energy.

So how do you set cycle rate with the anticipator? And what are those little numbers for? Remember, the numbers are 
tenths of amps. To get the standard six cycles per hour, you set the pointer on the anticipator to match the amp rating of 
the load.

The load is the device that the thermostat controls. In a hydronic system, it’s usually the zone valve or zone pump. In a 
furnace, it’s the gas valve or oil primary, plus the ignition system.

Amps And Loads: Most mercury-bulb thermostats come out of the box with the anticipator set to match the amp draw of 
a gas valve since that’s the most common load. But if your load is a zone valve, for example, you should set the anticipa-
tor to match the amp draw of the zone valve. Depending upon the manufacturer, that amp draw can range from 0.3 
amps to 0.8 amps. Find the amp draw printed on the load itself.

You might think tenths don’t matter, but they do for the anticipator. Here’s why: If you have cast-iron radiators, you may 
want to set the cycle rate to three cycles per hour for greater comfort. To get three cycles per hour with an anticipator, 
multiply the amp draw of the load by a factor of 1.2.

So if your load were a 0.32 amp zone valve, to get three cycles per hour instead of six, you’d set the anticipator for 0.38 
rather than 0.32. To get the nine cycles per hour recommended for electric heat, use a factor of 0.8 times the amp draw 
of the load.

An area of debate is what the cycle rate should be for infloor radiant heating. As I suggested above, recommended cy-
cle rate is related to how quickly the heat is dissipated. Because of the large differences in the mass and heat resistance 
of various floors, there isn’t one rule. The mass of a poured floor varies depending upon its thickness. Completely different 
still would be staple-up under carpeting.

So, unless you have experience that says otherwise, I suggest you start out with the thermostat at six cycles per hour. That 
means if it’s an electronic thermostat, don’t mess with the cycle rate adjustment. And again, if it’s a mercury-bulb stat, to 
get six cycles per hour, set the anticipator to match the amp draw of the load.



What, no Mercury?!
Mercury bulb thermostats have been ‘mandatory equipment’ for decades. Chances are, however, you’ll never miss 
them now.

There’s lots of lamenting that the age of mercury thermostats is coming to an end. But I think it’s a positive step forward 
with not much lost at all. Mercury-free models look the same on the outside so you won’t get customer complaints. On 
the inside they work even better at temperature control, and the price is about the same.

When I was a kid, mercury was a cool thing to play with. Can you imagine! Now mind you, this was the 1960s, when folks 
thought spraying DDT promoted life and seatbelts were a Communist plot. So in context, it’s not crazy that among my 
toys was my own little jar of mercury.

Not all kids had mercury, but once they played with mine, they wished they did! I took my mercury to school for sharing-
time only once. Everyone took the mercury out of the jar and rolled it around in their hands. My mercury was ruined by 
dirt from all those little hands. That’s OK, though, because my — ironically, safety-freak — electrician dad got me some 
more.

Today there’s not much debate that mercury-on-the-loose is a bad idea. Yet there is grumbling about the end of mercury 
bulb thermostats. I want to talk about why mercury bulb thermostats are being phased out, why they have been great, 
why their going away isn’t a big loss, and how you can responsibly discard mercury thermostats for free.

Before Electronics: First, let me explain how we got mercury bulb thermostats in the first place, and why we hate to see 
them go away. Back in the days before electronics, there was a problem making the switch in the thermostat sensitive 
enough to heat change that it could keep the temperature within just a degree or two of set point. That couple of de-
grees, by the way, is what’s known as “temperature swing.”

The heating industry standard is that for people to feel comfortable (and we are in the comfort business) the temperature 
can’t vary more than 2 degrees. That’s also known as “plus-or-minus-one-degree.” A nonmercury bulb, nonelectronic 
thermostat may operate at plus or minus 5 degrees — a temperature swing of about 10 degrees. That might be OK in the 
garage, but certainly not in the living room.

The temperature sensor in a non-electronic thermostat is a bimetal. A bimetal is two different metals sandwiched together 
under the principle that various metals expand at different rates. The two chosen metals create a predictable movement 
of the bimetal caused by change in temperature. The movement of the bimetal causes the switch in the thermostat to 
close and open. The switch closes, and the heat comes on. The switch opens, and the heat goes off. So simple! Such a 
big temperature swing, because it takes a lot of heat to get that chunk of bimetal to move!

What we needed was a metal that would move with a tiny bit of temperature change. Now think more about the prop-
erties we need inside the thermostat. The material needs to be metal so that it can conduct electricity and serve to close 
the switch. It would also be useful if that metal were liquid at room temperature. Is there such a thing? You betcha — it’s 
mercury.

So here’s what the thermostat manufacturers did. They kept the bimetal. But on the end of the bimetal they attached a 
glass bulb containing mercury. Inside the bulb, they also put the switch that turns the heat on and off.

The bimetal senses a degree or two of temperature drop. Because metal contracts when it cools, it moves a bit, but not 
enough to close a switch. However, its tiny movement is enough to tip the mercury bulb, and all of the mercury flows to 
one end of the tube. That’s the end where the switch is. The mercury flows to cover both terminals of the tiny switch, and 
the switch is closed. The heat comes on. When the mercury flows in the other direction, the heat goes off.

Electronics: Why do away with a great thing? Because for about the same money, we now can get even better temper-
ature control from many electronic thermostats.

Notice that I didn’t say all electronic thermostats. Temperature control accuracy varies among manufacturers. But if you 
stay with the manufacturers who made mercury bulb thermostats, you’ll have great temperature control with their elec-
tronic thermostats, too.

Now, what are we going to do with those millions of installed mercury bulb thermostats as they’re replaced? Dispose of 
them responsibly and for free. If you’re a contractor, take the whole thermostat, any brand, to a thermostat distributor 



who’s participating in the national recycling program. There are lots of these distributors. You can find them on the Web 
at www.nema.org/trc.

Or if you’re a contractor with seven or more technicians, or if you’re located in a rural county, you can get set up to re-
turn on your own for a one-time fee of $15. The program picks up all other costs, including replacement shipping contain-
ers. There’s no paperwork and no tracking.

This recycling is done by the Thermostat Recycling Corp. TRC was established in 1998 by three major mercury bulb ther-
mostat manufacturers — Honeywell, White Rodgers, and General Electric. NEMA stands for the National Electrical Manu-
facturers Association. It was founded in 1926 to provide a forum for the standardization of electrical equipment.

There is something else lost with the passing of the mercury bulb thermostat besides mercury. Tune in next month to find 
out why that’s going to be OK, too!



 

Switches In Series: the Safety committee
Switches in series are what control circuits are all about.

Many different controls are switches. Think for a moment and see how many you can come up with. (For a review of 
switches, you might want to look online at www.PMmag.com for my March 2003 column, "Switches Is Just Switches.")

Here’s what comes to my mind. There’s my favorite switch — the thermostat. There’s the switch portion of the relay (more 
on relays in an upcoming column). And there are all of those switches called limits — high limit switches, low limit switches, 
aquastats, low water cut-off switches, flame rollout switches and more.

Think of switches in series as a highway with a number of drawbridges. If you’re going to travel the entire road, all of the 
drawbridges have to be closed. If even one is open (same as a switch in open or “off” position), you can’t complete the 
journey. (Note: For electrical circuits, the highway is a circle, not a straight line. Electricity’s destination is to get back to 
where it started by completing the circle.)

I also think of switches in series as a “safety committee.” The committee is constantly voting on the issue of whether or not 
to bring on the burner. All committee members must vote “yes” before action is taken — it’s not a majority vote.

As in real life, each member of the switch safety committee represents a special interest. Only one is interested in whether 
there’s a need for heat in the living space. That’s the thermostat. It will close when there’s a call for heat. If all the other 
committee members are closed, the burner will come on.

The high limit is concerned only about boiler temperature. As long as the water temperature is below the limit’s set point, 
then the high limit switch will stay closed. The high limit is a normally closed switch; if conditions are normal, it will stay 
closed and let the boiler function. If the water temperature gets too high, the high limit switch opens.

Its action can be described as “opens on temperature rise.” When open, it keeps the boiler burner from firing to prevent 
the water from getting any hotter than it already is.

Another limit switch is a flame rollout switch. It, too, is normally closed. So long as there’s no flame in the wrong place, the 
switch stays closed. The switch opens if it senses flame where it shouldn’t be. This shuts down the burner, even if all the 
other switches remain closed.

A low water cut-off is normally closed unless it senses that the water level is too low. If the water level gets too low, the 
switch opens and prevents the burner from firing.

You get the idea — when everything is normal the safety switches remain closed. Then the only switch that actually turns 
the burner on and off is the thermostat. The thermostat is in series with the limit switches. When the thermostat has a call 
for heat, it closes. When it, in addition to all of the other switches, is closed, the burner fires.

Fun In Class

Everyone enjoys a good role-play in a training class, right? No? I know why not. Those role plays are traditionally about 
interpersonal relationships. Never a comfortable topic.

Well, have you ever role-played switches? No, never tried it? Here’s how it might go in a class of mine.

Let’s say I’ve been teaching from the front of the room for about an hour. Fascinating as the subject of wiring controls is, 
perhaps a few students are drifting a bit. It’s time to stir things up.

As I take a few steps toward the back of the room, the Back Row Boys sit up straight. And they do it fast, really fast. Some 
of them sit up for the first time since the class started.

As I meander to the back of the back of the room, the rest of the class wakes up too. They sit up straight and turn in their 
seats, eyes following me to the back of the room. They’re curious as all heck: “What’s going to happen to those schmucks 
in the back?”

They’re thinking both, “Oooh, do they ever have my sympathy,” and “Cool, are they ever gonna get it now!”



Here’s what happens next.

I say, “I need some volunteers. We’re going to have a safety committee meeting!” The Back Row Boys have nowhere to 
hide, nowhere.

“C’mon. No volunteers?” Back Row Boys are rarely volunteer material, but they know what’s coming next.

“OK then, you three,” I say, as I point to the middle of the back row. “Please stand up. This won’t hurt.”

They stand up. Awkwardly. Stiffly. Looking very tall, and knobby, and sheepish.

“Just stand in a row, shoulder to shoulder.”

A student voice behind me, toward what recently was the front of the room, pipes up.

“Oh, man, she’s gonna make you hold hands!”

The three standing Back Row Boys start shuffling.

I say, “No, no, it’s nothing as bad as that. You’re going to be switches.” To the one closest to me I ask, “What’s your favor-
ite switch?”

“Whaaat?!” you can see him wondering. “My favorite what?”

“Switch. What’s your favorite switch?” I answer, knowing he’s never considered that possibility before.

“Here, I’ll help,” I offer. “Do you want to be a thermostat?” I could ask if he wants to be an earthworm, and he’d agree 
just to move on with this and sit down as soon as possible.

I motion toward the second guy. “What switch do you want to be?” He’s been standing there wishing he’d paid more at-
tention to the switch portion of the class so that he’d know the name of one.

I’m going to rescue this one as well.

“Would you like to be a high limit switch?”

“Sure,” he’s relieved to answer. Everything about him is saying, “Anything you say, ma’am, just get me outta here.”

I continue. “And you?” motioning to the third Back Row Boy.

He’s no better off than the first two except that he has a better idea of what the topic is.

“Switch,” I repeat. “Would you like to be a flame rollout switch?”

“OK. Flame rollout switch,” he agrees, shrugging his shoulders.

Ah, now we have the safety committee. Time to make it work.

“That’s right, stand side by side, face me and the class. Put your hands right up next to your shoulders, like a goal post. 
There. You’re all open switches. In fact you’re open switches in series. Cross your arms in front of you. Now you’re closed 
switches in series.

“Thermostat — if we don’t need heat, are you open or closed?”

“Open.”

I put my arms in goal post position, and he does also.

“High limit switch, are you normally open or closed?”

“Closed.”

He’s onto the game, and keeps his arms in closed position.



“Flame rollout switch, are you normally open or closed?”

“Closed.” He too keeps his arms in closed position.

“What’s it going to take to get the burner to fire?” I ask the class.

“Close the thermostat,” several respond.

“What’s it take to close the thermostat?” I ask.

“Call for heat,” someone says.

The thermostat guy closes his arms.

“Uh-oh,” I exclaim, “now the temperature is too high in the boiler. What happens?”

The high limit guy opens his arms.

“And then what happens?” I ask.

“Burner shuts down,” someone answers.

“Until when?” I ask.

“Until the temperature drops and the high limit closes.”

“Right! And what normally causes the burner to turn off?

“End of the call for heat and the thermostat opens.”

“Absolutely. Safety committee, thanks for your help.”

The Back Row Boys lunge for their seats, relieved.

Safety committee dismissed. Time for a break.

 



 

Aquastats
It’s no mystery that an aquastat is a control that goes with a boiler.   If you don’t know much more about it than that, 
though, you have a lot of company.   There seems to be confusion about exactly what an aquastat does, and especially 
about finding a replacement when one fails.

An aquastat does the same thing as a thermostat.  But an aquastat senses and controls water temperature, whereas a 
thermostat does air.  In hydronic heating we use both--the aquastat to control boiler water temperature, and the thermo-
stat to control room temperature.

There are two parts to the word—aqua and stat.  Aqua means water.  Stat means switch..  An aquastat is just a switch 
that turns the boiler on and off to maintain the right water temperature.

An aquastat is made up of only three simple parts: a switch, a temperature-sensing element, also called a bulb, and a 
capillary tube that connects the two.  The bulb and capillary tube are filled with a temperature-sensitive substance called 
fill.  The bulb is inserted in the water.  As the fill in the bulb is heated by the water, it expands through the tube and exerts 
pressure on the switch.  Pressure changes cause the switch to open or close, which turns the boiler off or on.

An aquastat usually comes with the boiler.  You don’t need to know much about it until it fails.  Then the problem can 
be finding a replacement.  Perhaps you can’t find a direct replacement because the part number on the old aquastat 
doesn’t match anything available at the parts distributor.  

That may happen because the aquastat that comes with the boiler has a part number unique to that boiler manufac-
turer.  It’s likely that a trade, or generic, replacement will work.  But how can you tell what’s a suitable replacement if the 
numbers don’t match perfectly?  You’re stuck with matching the specifications.

Here’s what you need to know to match specifications:  bulb type, capillary length, operating range, differential, applica-
tion, reset, and switching action. Hold onto your plumber hats—we’ll look at these one at a time.  Here we go!

Bulb type.  There are only three bulb types:  
-An immersion bulb is placed directly into the boiler water.  It’s often put in a metal sleeve called a well.  A gray sticky sub-
stance called conductive compound is often put in the well along with the bulb to assure heat transfer.
-A strap-on bulb is mounted outside the boiler, often on a supply pipe.  It’s easier to install, but temperature sensing may 
be less precise. 
-A remote bulb has a capillary tube several feet long so that the bulb and the controller can be apart.

Capillary length.  If the bulb is remote, the capillary tube has to be long enough to get to the controller.  No, you can’t 
stretch it.

Operating range.  The temperature you want for the boiler water must be within the operating range.  An example of a 
range is 100 to 240 degrees F.

Differential.  This is the difference in degrees between the highest and lowest allowable boiler water temperature.  If you 
tried to maintain an exact temperature, the boiler would be turning on and off all the time.  The bigger the differential, 
the less often the boiler will fire, and it will run longer when it does.  A differential will be either
- Fixed, for example 10 degrees.  You don’t get to choose.
- Adjustable, for example 10 to 25 degrees.  You get to choose within that range.

Application.  An aquastat serves one or more of these functions:
- high limit—the aquastat turns off the boiler if the water temperature reaches the high limit setpoint, even if there’s 
a call for heat
- circulator control—the aquastat turns on the circulator if boiler water temperature reaches this temperature.
- low limit—if the water temperature drops to this point, the aquastat will bring on the burner to heat the water, 
even if there’s no call for heat from the room thermostat.

reset
- automatic—after high limit is reached, the burner can come on again as soon as the water temperature drops.
- manual—a person has to come and push the controller reset button to get the burner to function again after a 
high limit.  This is for extra safety.



Switching action.  Every switch has a switching action.  For a detailed explanation, see my column  “Switches Is Just 
Switches” in the March, 2003 issue of PM Magazine.  Keep in mind that “make” means that the switch makes contact, 
completes the circuit, and “turns on” whatever it’s controlling.  “Break” means the switch breaks contact and “turns off” 
whatever it’s controlling.
-“contacts make on temperature rise”—as the temperature rises, the switch turns on the equipment.  This is the action of a 
circulator control.  When the temperature rises to the setpoint, the switch closes (makes) to turn on the circulator.
-“contacts break on temperature rise”—as the temperature rises, the switch turns off the equipment.  This is the action of 
a high limit.  When the temperature rises to the setpoint, the switch opens (breaks) to turn off the burner
-SPST—the switching action of most aquastats is the same as an ordinary household light switch.  You can turn one thing 
on or off.  
-SPDT—the switching action of a few aquastats allows you to control two things at once.  As you turn one on, you turn the 
other off, and vice versa.

If this make/break, rise/fall stuff makes your head spin, try thinking of how the temperature is controlled in your home or 
office.  In the winter, the thermostat “makes” on temperature fall.  That is, when the temperature falls to the thermostat 
setpoint, the switch inside the thermostat “makes” contact and turns on the heat.

In the summer, the thermostat “makes” on temperature rise.  When the temperature rises to the thermostat setpoint, the 
switch inside the thermostat “makes” contact and turns on the cooling.

Single function aquastats.   High limit, low limit, and circulator control are all separate functions.  You could have a sepa-
rate aquastat control each.  The household comparison is that you can have a thermostat for heating, and a completely 
separate thermostat for cooling.  But it just makes sense to control both with the same thermostat.

Multiple function aquastats.  Why have a separate control for each function when you could have them all in one?  Mul-
tiple function aquastats come especially designated for high and low limit, high limit and circulator control, and high limit, 
low limit, and circulator control.

Triple aquastat relays are an aquastat, a relay, and a transformer all in one box.  When you look inside the controller, you 
can see that there actually is one of each control.  This is a multiple function aquastat. 

Electronic aquastats  do the same thing as the old fashioned type.  A difference is that in the bulb is an electronic therm-
istor.   Instead of a capillary tube, a wire is used to send a signal from the thermister to the switch.

Now you know a lot more about aquastats.  They’re just on and off switches, whose job is to control water temperature.  
How simple can you get!
 



Aquastat relays — What’s A differential Anyway?
Finding some answers to your frequently asked questions on aquastat relays.

When you go to Dan Holohan’s Web site, www.heatinghelp.com, and click on The Wall, there’s a section called Ask Carol 
about Controls. One of the subjects that comes up often is aquastat relays, such as the L8124 and L8148.

An aquastat relay is a combination of three controls. As its name suggests, it’s an aquastat, a relay and a transformer. All 
three components are mounted together in what looks like a gray painted brick, with a skinny copper cigar hanging out 
of the back on a very thin copper tube. The cigar is the temperature-sensing element of the aquastat.

The purpose of the aquastat relay is to provide a place for most of the controls in a boiler system to be wired together. 
Take the cover off and you’ll see pairs of screws that are labeled, for example, T-T, C1-C2, B1-B2 and L1-L2. These are 
called terminal screws. The label tells you what to wire in there. For example, the T-T terminals are where you’d connect 
the two wires from the thermostat. The C terminals are for the circulator. The B terminals are for the burner (oil burner or 
gas valve). The L terminals are for line voltage (120V). What this means is that you don’t have to think about the circuits at 
all. It’s a kind of plug-and-play, invented years before we had that terminology.

The circuits that connect everything are inside the aquastat relay where you can’t see them. The aquastat relay makes 
sure that everything goes into the right place: the aquastat, the relay, the transformer, the thermostat, the circulator, the 
burner or valve, and line voltage.

What the circuits do is this: You wire in line voltage electricity (about 120V) into L1 and L2. As you know, some things 
connected to the aquastat relay are line voltage, such as a circulator. And some things are low voltage, such as the 
thermostat. With the circuits inside the aquastat relay, line voltage goes directly to the line voltage devices. Line voltage 
also goes to the primary side of the transformer in the aquastat relay. The transformer changes 120V into about 24V. The 
T-T terminals and the low voltage gas valve, if there is one, are provided with 24V low voltage. As long as you wire each 
device to the right terminals, it will get the correct voltage without you even thinking about it.

Inside the aquastat relay, if the thermostat calls for heat, normally the burner and the circulator are brought on. Simple 
enough. You could just about wire that yourself. But here’s something special the aquastat relay does. If there’s a call for 
heat and if, according to the aquastat, the water’s already hot enough, the relay keeps the burner off and brings on only 
the circulator. We don’t need to heat the water if it’s already hot enough. Circulating the already-hot water can satisfy 
the call for heat.

There are two questions I get most often about the aquastat relay. The first is, “Why aren’t the parts replaceable 
(aquastat, transformer, relay)?” I decided to find out. I asked Chip Troost, who is the product manager for that control at 
Honeywell. Chip has been there, well, pretty near forever, and he knows the whole story.

Chip says, “The L8148 and L8124 are safety controls that go through rigorous testing to assure they are wired correctly and 
perform to specifications. Allowing parts to be changed in the field, without the test equipment to assure proper perfor-
mance after the parts were changed, could put the homeowner, service company and the manufacturer at risk. This is 
the same reason we do not recommend the use of rebuilt controls. They have not been tested to the rigorous require-
ments in the Honeywell engineering and manufacturing documentation.”

A second frequent question is, “When I look at an aquastat relay, how can I tell what the differential is?” The answer is, 
you can’t.

Chip says, “Historically, the differential has not been specified on the product label. I have no idea why. The OEMs (boiler 
manufacturers) typically specify a differential that meets their particular appliance design specifications, and perhaps at 
one time that was seen as proprietary information.”

What is differential anyway? Chip says, “Well, first you need to specify what control you are talking about. For a high limit-
type control where the device is carefully calibrated to switch off (open the switch) at a specified maximum tempera-
ture, differential is the ‘difference’ between when the control opens the switch to stop the heating of the boiler, and the 
temperature where the switch turns back on because the boiler water has cooled below the set-point minus the differen-
tial.

“For instance, let’s say the boiler limit control is set to 180 degrees F and the differential is 20 degrees F. When there is a 
call for heat and the water temperature is, let’s say, room temperature, the control will turn on the energy source (gas, oil 



or electric) and continue to allow the boiler to heat until the water reaches 180 degrees F. At that time, the switch opens, 
turning off the energy source. The boiler water begins to cool. When the boiler water temperature drops to 160 degrees F 
(180-degree F set point minus 20-degree F differential), the switch will close and the boiler will begin to heat again.

“The differential is important to reduce fast cycling, which will wear out the components and reduce energy efficiency. 
Too large of a differential can cause lack-of-heat complaints when the water temperature drops too low.

“Controls can be calibrated to both the Make (closes switch) temperature and the Break (opens the switch), depending 
upon the application and what is being controlled. For instance, cooling controls typically are calibrated to Make at a 
specified temperature, and the differential is subtracted from the Make temperature. Thus, if it gets too warm, the system 
turns on and cools until the temperature drops below the Make temperature minus the differential. Too wide of a differen-
tial results in energy loss and complaints of over-cooling.”

Finally, I asked Chip if electronic aquastat relays are coming. He says they’re already here for the oil industry. “The new 
L7224 and L7248 series of electronic aquastats provide all sorts of diagnostics that were formerly only available on com-
mercial-grade equipment. Communication capability provides for remote monitoring and system diagnostics before the 
service technician is even dispatched to the home.”

And back to the “What’s the differential?” question, Chip says, “With electronic aquastats, you can read the differential 
setting from the display along with other important settings and operating status.”

So, I guess electronics aren’t all bad, are they?

 



Loads, Zone Valves And transformers
The number of zone valves you put on a transformer depends on the situation.

A load is the user of electricity. Loads come in many familiar forms such as light bulbs, motors and doorbells. A load 
changes electrical energy into another form of energy, such as light, heat, sound, motion and magnetism.

The heart of a load is almost always a coil of wire of some sort. Electricity travels rather effortlessly along a straight wire. But 
when the wire is coiled, electricity has to work to get through. It’s a little like when we take a walk. Moving along a side-
walk doesn’t take a lot of effort. But if we come to a twisty path going uphill, we’re suddenly working a lot harder. In fact, 
like electricity, we can create a lot of heat (illustrated by sweat) when we work hard. Since a load is usually a coil, I like to 
think of it as a spiral staircase for electricity. Running up a staircase creates heat.

In a wiring diagram, a load is usually shown as a squiggle. There’s the spiral staircase idea again. There are lots of variet-
ies of squiggles, but the idea is to show the resistance that electricity comes up against as it goes through the load. An 
exception is the motor symbol, which often doesn’t show the squiggle. But you can mentally draw it in.

Zone Valve
A load we see very often in hydronic control circuits is the motor of a zone valve. A zone valve has two completely sepa-
rate parts. There’s the body, where the water flows through. And there’s the powerhead, where the electricity goes. Of 
course the motor is in the powerhead.

Let’s look at the valve body for a moment. The opening inside the valve is the port. The amount of water than can flow 
through the valve is called the flow rate, or cv rating. The definition of cv is “gallons per minute (gpm) at a pressure 
(called pressure drop) of 1 pound per square inch (psi) at 60 degrees F.” A typical flow rate is 3.5 cv. That means that at 1 
psi and 60 degrees F, 3.5 gpm can flow through the valve.

Of course there are larger capacity zone valves. The same valve with a larger port can be larger capacity. But no matter 
how large the port or capacity, the valve can have only as much water going through as the external piping will allow.

A valve is also sized by the diameter of its pipe connection, such as 1/2 inch or 3/4 inch. Different-sized valves may be 
identical on the inside, depending upon their cv rating. Different-sized pipe connected to them, though, may make a dif-
ference.

Close-off rating is a measure of a valve’s ability to close against water flow. The rating is given in psi. If the flow of the 
water is stronger than the close-off rating, the valve can’t close smoothly or completely. The close-off rating depends 
a lot upon the valve’s type of closing mechanism. For example, the turning action of a cartridge is much stronger than 
the swinging-gate action of a ball or flapper plug. The most common cause of close-off problems, though, is oversized 
pumps.

The electrical part of the valve is called the operator or powerhead. It contains the valve motor. In zone valves up to 
about 1 inch, the powerhead and the body are contained in the same unit. Larger valves may have a separate motor, 
sometimes called an actuator. When the motor is separate, a linkage may be required to connect it to the valve body. If 
it is a “direct coupled” actuator, no linkage is needed.

Regardless, no water comes in contact with the electrical portion of the valve. When you look at an ordinary zone valve, 
notice that wires go only to the top part of the valve and water goes to only the bottom part.

A typical zone valve is a two-way, straight-through valve. The water comes in one side and leaves the other. Nothing 
much happens in between. The valve serves as a gate that opens and closes.

Mixing valves are three-way or four-way valves. Water of different temperatures comes into the valve, mixes together and 
leaves the valve at a desired temperature.

A diverting valve is also a three-way valve. The water enters the valve from one direction and leaves in two separate 
directions.

Zone valve noise or water hammer is usually caused by one of two situations. One is the “bigger is better” approach to 
pump sizing. An oversized pump is likely to cause noise when the valves try to close, especially if only one of several valves 
has been opened.



The other common cause of water hammer is valves installed backward. If there’s an arrow on the valve body, it’s point-
ing the way the water is supposed to go. When analyzing an existing job, don’t forget the possibility that the water is not 
going the way you think it is.

Making The Circuit
Now let’s put a zone valve in a circuit. Remember that, for a circuit, we need a power supply, a switch and a load. The 
zone valve is the load. The switch is probably a thermostat. Each zone valve has its own thermostat. The power supply is a 
transformer.

One transformer can be the power supply for more than one switch (thermostat) and load (zone valve) combination. The 
much-debated question is, “How many zone valves can you put on one transformer?” Some say three. Some say five. 
Some say seven or more. How many do you think?

The answer is, “It depends.” It depends on the VA rating of the zone valves and transformer. A transformer comes with a 
VA rating. Let’s say ours is the very typical 40VA. “VA” means volts multiplied by amps. Think of VA as a measurement of 
capacity like ounces. So let’s say the transformer is like a pitcher that holds 40 ounces of any liquid (your choice!). That’s 
a given — it’s just how much it holds. Now the question is how many zone valves can we “fill” with that 40VA transformer. 
Let’s go back to the pitcher. How many glasses could we fill with the pitcher? It’s easy to see that “it depends” upon the 
size of the glasses. Let’s say that the glasses will each hold 8 ounces. The math then is simple. We’ll just divide the 40-
ounce pitcher by 8 ounces. That gives up five glasses that can be filled.

Wait now. What’s the VA rating of a zone valve? That number isn’t given anywhere on the device or in the literature! But 
we can handle this. V = volts and A = amps. We know the zone valve is 24V. And we can look on the zone valve or in the 
literature and find the amp rating. Let’s say the amp rating is 0.32A. When two letters are side-by-side like VA is, we multi-
ply the two. So 24V x .32 A = 7.68 VA for one zone valve. Divide the 40VA transformer by the 7.68 VA zone valve, and we 
get 5.2 valves. Rounded down to a whole valve, the answer in this case is that five zone valves can be used on one 40VA 
transformer.

Some of you may have some yeah-buts about that:

    * “Yeah-but, aren’t you supposed to have a margin of error?”

      Yes, it’s good not to cut things really tightly. However, unless the wire runs are extremely long, and if you’re sure there’s 
nothing else wired to the transformer, it’s OK.

    * “Yeah-but, what if there’s already something else on that transformer, like maybe a door bell?”

      You have to subtract the VA of that something before you figure how many zone valves.

    * “Yeah-but I’ve been using six zone valves and they work just great. Then you haven’t yet met up with the ‘coldest, 
darkest night’ factor. Why do transformers wait until the middle of the coldest, darkest night to go out?”

      Because that’s when all the zones finally all call at once. Until then, only a few have called simultaneously.



control circuits As A Foreign Language
Control circuits are a foreign language for many of us. Relays compound the problem considerably. Although relays add 
more than their share to the complexity of a circuit, they’re worth it. They serve as a voltage translator.

The complexity of relays comes from several facts:

    * A relay often has two different voltages going through it at the same time.
    * A relay is both a load (the coil) and several switches.
    * When a relay has power, it tells lies.

Again like a foreign language, with relays it helps to know the rules. But even after you hear the rules, it still takes much 
practice to apply them. My estimate is that most of us need at least three exposures before relays really make sense. 
Whether this is your first, second or third exposure, this is going to help you get there.

Two Different Voltages

As you know, each circuit can have only one voltage. But in control systems, we often have two voltages. The equipment 
— the circulator for example — is line voltage (somewhere around 120V). The controls, though, are usually low voltage 
(around 24V).

Why not simply match the voltage of the controls to the equipment? Of course there are line-voltage controls. Why do 
we use low-voltage controls instead?

Some of the reasons for using low-voltage controls are:

    * Low voltage is safer.
    * In some localities, nonelectricians aren’t supposed to work on line voltage.
    * Low voltage allows tighter temperature control, which means more comfort for the user.

Let’s start with the comfort issue. What business are we really in — the emergency business or the comfort business? You 
may answer, “Both.” I think we’re in the comfort business. When your customers call you in the middle of the night with an 
“emergency” no-heat call, their emergency is about the fact that they’re uncomfortable. They may be panicked about 
getting more uncomfortable. This is fine because it means you can charge accordingly (that’s more money, right?). But 
even though you respectfully treat it as an emergency, it’s still a comfort problem.

Line-voltage controls can’t keep the temperature in the living space within the “comfort zone.” The industry standard for 
“comfort” is a temperature swing of no more than a two degrees. That’s sometimes stated as “plus or minus one degree.”

We have some good reasons for putting low-voltage controls with line-voltage equipment. However, it’s just a fact that 
we can’t put a low-voltage control in the same circuit with line-voltage equipment. So how are you going to get the two 
to “talk” to one another? If we think of voltage as the language of the circuit, the thermostat and the equipment speak 
different languages.

We need a translator. A relay is a voltage translator.

To understand the translator idea, we need to look at the parts of a relay. A relay consists of one coil and a number of 
switches. You know that every control must be one of three things: a power supply, a switch or a load. A relay is tricky — 
it’s two of these. The relay coil is a load. The switches, of course, are switches.

The coil and switches can be different voltages because there’s no physical connection between them. The only relation-
ship between the coil and the switches is magnetism. When we apply electricity to the coil, the coil creates magnetism 
inside the relay.

The magnetism causes each switch to change position. If a switch was open before electricity was applied to the coil, 
the switch closes. If the switch was closed, it opens.

Not all of the switches are necessarily the same. Some can be “normally open,” and some can be “normally closed.” 
More on that in a minute.



Yes, indeed, translating voltage is what a relay lives for. It translates a message — “turn on the heat” — from a low-voltage 
thermostat to a line-voltage circulator.

Here’s how it works. Let’s start with the thermostat since that’s where the call for heat comes from. In the thermostat cir-
cuit, the thermostat is the switch. The power supply is a 24V transformer. The load is the coil of the relay. Period. That’s the 
circuit.

You know that a load always changes electricity into some other form of energy. In this case, the coil load changes 24V 
into magnetism.

Our second simple circuit is a line voltage. The power supply is house current, the load is the circulator motor and the 
switch is a relay switch.

Here’s how the communication goes between the circuits: The thermostat closes on a call for heat. The thermostat is a 
switch in a 24V circuit. That allows electricity to flow to the relay coil. The relay coil changes the 24V into magnetism inside 
the relay. The magnetism closes the normally open relay switch. That now-closed relay switch is in the line voltage circula-
tor circuit. The closed switch allows line voltage house current to flow to the motor and bring on the circulator.

With the relay as voltage translator, here’s the simple thing we accomplished: The low-voltage comfort-providing thermo-
stat brought on the heat in the heat-providing line-voltage equipment.

The same thing happens with air-conditioning. But then we’re using a contactor to translate between the low-voltage 
thermostat circuit and the line-voltage compressor circuit.

The Politics Of Power

A relay often isn’t what it says it is. Kind of like politics. When a relay gets power, it tells lies.

On the top of a relay are a number of switch terminals. Between the terminals you’ll find some printing. There might be 
the letters “N.O.” or “N.C.” N.O. stands for “normally open.” N.C. means “normally closed.” Normally is when there is no 
electricity going to the relay coil, as in when the relay is still in the box. N.O. means that those two terminals form a switch 
that is open (turned off) if there is no electricity applied to the coil of the relay. Did you get that?

As soon as there is electricity to the relay coil, the switch labeled N.O. (open) is closed. The switch says it’s one thing, but 
it’s actually the opposite. It lies.

The same principle goes for terminals labeled N.C. An N.C. switch is closed as long as there’s no power to the coil. As 
soon as the coil is powered, the N.C. switch is open.

There can be both normally open and normally closed switches on the same relay. Sometimes the normally open/nor-
mally closed designation is shown by a symbol rather than letters. The open switch symbol means normally open, and the 
closed switch symbol means normally closed.

Voltage & Switching Specifications

A relay has specifications for voltage and switching. The voltage rating applies to the coil. If it’s a 24V relay, you can’t 
apply more than 24V to the coil. Well, of course you can, but the coil won’t live through it. However you can put the 
switches of a 24V relay in line voltage circuits. Sometimes the switch terminals are made so that you can even use them 
for millivoltage.

Switching is shown as SPST, SPDT, etc. This is the same as with any other switch. SPST (single pole, single throw) is usually all 
we need. That means the switch closes to turn the circuit on, and it opens to turn the circuit off. SPDT (single pole, double 
throw) means that each switch can turn one thing on while turning something else off, and vice versa. (See March 2003 
PM issue for more about these designations.) You can always use an SPDT as an SPST. DPST (double pole, single throw) 
simply means that there are two switches available rather than one. You can choose to use just one of them.

 



 

controls & House Wiring

Believe it! House wiring and controls wiring are the same critter.

If you understand basic house wiring — what the electrician does — you’ll be better at wiring your own boiler controls.

You’ve heard me say many times that you should learn to do your own low voltage controls wiring. That’s because 1) it’s 
not all that difficult; and 2) you can’t always find an electrician who knows how to do it for you.

Many folks, both electricians and not, think that house wiring and controls wiring are way different critters from each 
other. I’m here to tell you they’re the same. They’re both about wiring together a power supply, at least one switch, and 
load. They get wired together in a circuit. That means you take a wire from the power supply to the switch, from the 
switch to the load, and from the load back to the power supply. That’s all a circuit ever is. Period.

Now, a few years ago I hired an electrician to sit in his office. He thought it was a great deal since it was January and 
darn cold outside. He also thought I was nuts to pay for that. But I got my money’s worth. I needed to find out how house 
wiring was different from controls wiring. For 60 bucks I confirmed my belief — they aren’t all that different, but everyone 
thinks they are.

What the electrician told me boils down to this: “We electricians take wire from here and stick it there. We think about 
pulling wire, not about making circuits. And we know code. That 24V stuff is for sissies — if it can’t hurt you ...”

But believe me, when an electrician takes a wire from here and sticks it there, he’s making a circuit. I’ll tell you how in a 
moment.

Circuit Thinking

 

First, take a fresh look at how house wiring looks.

In Figure 1, if you start at the service panel and trace any of the lines (each presumably a wire), it looks like Sparky’s right 



about what he’s doing. There appears to be one wire from the service panel to the ceiling light and wall switch, and 
none coming back.

The error in this is the presumption that each line is one wire. Actually, that line represents a cable. In that cable are at 
least two wires. (In modern times there are at least three, but for this discussion we’re going to disregard the third wire, 
which is the grounding wire.) A cable can be something as simple as a lamp cord — from across the room it looks like one 
good-sized wire. But if you take it apart, there are two wires in there.

Here’s a note for you folks who have a chance to teach electricity to newbies. It looks like one item. They think of the 
cord as something like a garden hose. You plug it into the outlet, and the stuff comes out — be it water to the garden, or 
electricity to the lamp.

The idea of having a second wire to take the electricity from the lamp back to where it came from is completely new. 
You’re going to have to show them and probably explain more than once what’s going on.

In Figure 2 you can see how house wiring would look if you could see the wires inside the cable and lamp cord. 
 

 

In the drawing, notice the ceiling light circuit. There’s the wiring for the same kind of circuit that we use in controls wiring — 
power supply, switch, load and wire back to the power supply.

It’s the same circuit as we’d use in a typical low voltage controls circuit (Figure 3) where the power supply is the transform-
er, the switch is the thermostat and the zone valve is the load.

A table lamp is another basic circuit. But before we look at that closely, I want to say something about the power supply.

Think of power supply as a “food source.” Your own food source, depending upon your perspective, can be your refrig-
erator, or the grocery store, or the farmer’s cow. It’s all the same milk, coming through a distribution channel. It’s the same 
for electricity. The power plant, the service panel and the wall outlet can all be called the power supply. They’re just dif-
ferent points in the electricity distribution channel.

So let’s look at a table lamp’s circuit. Remember, we always need a switch, a load and a power supply. The lamp itself 
has both the switch and the load (light bulb). Plugging the cord into the wall outlet completes the circuit to the power 
supply. One way to describe the circuit is wall outlet, lamp switch, lamp bulb and back to the outlet. Anther way to de-
scribe it is service panel, lamp switch, lamp bulb and back to the service panel. In this case, the outlet is just a connection 
point. Still another way to describe the same circuit is power plant, lamp switch and lamp bulb.

So you see, house wiring and controls wiring are the same! There’s always a circuit. And the circuit always connects a 
power supply to a switch to a load and back to power supply. Wow, this is easy.

 

 



TROUBLESHOOTING
troubleshooting With Wyoming Jack
A last-minute phone call and Carol saves the day.It was late Friday afternoon. The phone rang, and I looked at my 
watch. It said about five minutes before five. That was back when work days were supposed to be eight to five, and the 
concept of 24/7 had yet to be discovered. What the heck, I thought, there can’t be much going on this time of day. I’ll 
take this one last quick call. Wrong-o.
The voice was big and rough.

“This is Jack up in Casper. Wyoming. I’ve been workin’ on this boiler all week, and I gotta get it goin’ before the weekend. 
Think you can help me?”

“Well, I’ll try,” I replied. “What’s the problem?”

“Bad module,” he declared. “You know, ignition module. The gray box. I’ve replaced it twice already and they’re all junk. 
You think you can find me a good one?”

“Well, you know, the problem may not be the module. Manufacturers say that 80 percent of the modules they get back 
on warranty have nothing wrong with them. Usually the problem is wiring —”
Jack jumped in. “I said I got some junk here and I need you to help me.”

I could see there was nothing to do but flow with the bad module theory.
“Jack, let’s check it out. What voltage do you have going into the module?”

“The what in the what?”

“What voltage do you have —”

“Enuf!” he interrupted. “I got enough.”

Enough? I thought to myself. I said, “OK, you have enough. But humor me for a moment. How much is it?”

“Now, how would I know something like that?” he cackled.

“Do you have a meter?” I asked.

“Shur, I got a meter.”

“Could you take a voltage reading?”

“Nope.”
I was a bit stunned by his directness. Then I recovered.

“Well, why not?” I asked.

“’Sin the truck.”

What? I wondered. Oh, he said it’s in the truck.

“Could you go and get it?” I asked.

“Nope.”
“Jack, just in case you can’t find your meter when you do go look for it, may I suggest a couple things about buying 
one?”

“Sure, can’t hurt.”



“You can get a cheap meter for about 10 bucks.”

“That’s all? I thought they were expensive.”

“Not like they used to be. Of course, depending on how fancy you get, you can pay a lot. But you need just a simple 
one.”

“Well,” he said. “They’re really hard to use, anyway, aren’t they, readin’ where that itty bitty needle is on all those itty bitty 
numbers?”

“That’s how it used to be. Those old ones were a challenge. But that’s not what we use these days. Those old ones were 
analog, and that’s not the kind you want to buy. Now we use digital. They’re easy.”

“Hold your horses, there,” Jack broke in. “I thought digital was always more complicated?”

“Not so with meters. Digital is easy because it gives you the reading in nice big numbers right there on the meter.”

“Well, is digital more expensive?”

“A little, but worth it. You can get a nice digital meter with everything you need for under $50.”

“Well, 50 bucks is a fair amount of change!” Jack exclaimed.

“How much you going to be spending on beer this weekend?” I kidded.

“OK. Ya got me on that one,” Jack conceded.

I continued. “The other reason to spend the 50 bucks is that they don’t break so easily as the $10 analog model. So it’s go-
ing to last longer.”

“Where do I get this thing and what do I ask for?” Jack asked.

“Ask your plumbing and heating supplier for a simple digital meter with volts AC and continuity. That’s all you need.”

“And then what do I do with the thing?” Jack asked.

“For now, ignore everything except for AC voltage setting. On the meter there will be a letter ‘V,’ for voltage. And it’ll 
probably have either the letters ‘AC’ beside it or a squiggle above it. Either way, that’s for alternating current. If there are 
two Vs, pick the one with the squiggle above it. Or instead of that, if there’s a V-A-C, you know, like the first three letters of 
‘vacation,’ pick that setting.”

“OK,” Jack agreed. “What’s that mean?”

“Both of those mean AC voltage, or Voltage, AC. AC stands for ‘alternating current.’ That just means it’s house current, 
the same stuff that comes into any house or building.”

“OK, I got it — Sparky’s stuff,” Jack commented.

I looked at my watch. “Yeah, electrician stuff. There might be a couple different number settings for volts on the meter. 
You just pick the biggest number there. That’ll protect the meter.”
Silence.

“Jack?”

“Got it.”
I continued. “Now, you said you already replaced the module a couple times this week. Those modules came in boxes, 
right?”

“Yep.”
“Do you still have one of the boxes?”

“’Sin the truck.”

“Right,” I said, thinking the chances of there actually being a box in the truck were a little better than there being a me-



ter.

I went on anyway. “Inside the box is a set of instructions. Did you see them?”

“You mean all that paper in there?”

“Exactly. Inside those instructions, there’s a chart called a troubleshooting chart. It tells you what to do with the meter to 
find out what’s wrong with your ignition system.”

“Uh, OK, I guess.”

“No kidding. This will work. But Jack, this is really, really important. You have to start at the very top of the chart and go 
step-by-step. You can’t start in the middle, even if that looks right to you.”

“Why not?” Jack asked.

“Because you can get the wrong answer that way. And Jack?”

“Yeah?”|

“You can’t skip steps.”

“Even if I know that’s not the problem?”

“Right. Because what you know isn’t the problem might actually be the problem. Sometimes it’s different than you think.”

“What’s this chart look like again?”

“Jack, do you have a fax machine in your office?”

“Uh, I don’t exactly have what you could call an office. But my daughter-in-law’s got a fax back at the house.”

“Perfect. I’m going to fax you a troubleshooting chart, just in case you can’t find it in that box in your truck.”

“Yeah, that’s a good idea,” said Jack. “I was wondering about that.”

“And Jack, I know the weekend’s about to start.” (And none too soon, I was thinking.) “One more thing — if you drink a 
couple beers before you start working with the meter —”

“Yeah?”

“Don’t do that. That’ll kill the meter.”

 



Why I Spent My Summer In My Basement
Troubleshoot properly to avoid wasted time and energy.

I spent the summer in my basement. It wasn’t the coolest spot -- actually the rest of my house was colder. That was the 
problem. I was troubleshooting my air-conditioning system. Where I live, in Colorado, heating and air-conditioning equip-
ment is in the basement. Troubleshooting took all summer because I did it wrong.

I was doing it wrong just like anyone might. I didn’t follow a troubleshooting process. I skipped all around. I made assump-
tions. I replaced parts. I took advice.

Troubleshooting is a process. You have to start at the beginning and do all the steps without skipping any. If you do that, 
you’ll find out what’s wrong. If you don’t, you’ll just waste a lot of time.

Here’s how I set myself up to spend my summer troubleshooting in the basement. See if it sounds familiar. You wethead 
hydronics folks are going to be tempted to say “serves ya right” for having forced air, but hey, it came with the house.

I had added forced air zoning to my heating and air conditioning system. Like hydronic zoning, it makes it possible to de-
liver different amounts of heat (or cooling) to different parts of the house. I can’t blame my troubleshooting problems on 
zoning. I have to blame them on my not following the troubleshooting process.

My zoning system worked fine at first. There are six zones -- a truly over-zoned home. Any one can call for heating or cool-
ing whenever it needs it. The dampers for that zone open, while all the others close. The dampers and thermostats for 
those six zones are wired into two electronic zoning panels, three zones on each. The panels are wired together so that 
they think as one brain.

All was fine until the lightning storm. After the storm, when any one of the first three zones called for cooling, that zone plus 
the last three zones cooled. When any of the last three zones called for cooling, nothing at all happened.

Aaagh!

Getting Started

I called the 800-number technical hotline. They had me check lots of voltages with my meter. Everything checked out.

“Well, bad news,” they concluded. “You need to replace the number one panel.”

I remarked, with a big sigh and a chuckle, “So it took us an hour to get where most of us would like to start anyway -- just 
change the electronic panel!”

Here’s a routine you’ll recognize. I drove to the supply house, picked up a replacement panel, and killed a couple more 
hours talking to people I know. I got back to the job, labeled all those wires on the panel with masking tape, removed all 
those wires from the first panel, re-wired all those wires to the replacement panel, crossed my fingers, turned the power 
on, and voila, nothing had changed.

Hum.

So I removed all the wires from the replacement panel, re-wired them back to the original panel, and put the replace-
ment panel back in the box. That about killed the day.

Next day, back to the hotline. “Hummm. Let’s check those voltages again. Yep. If it’s not the first panel it’s just gotta be 
the second panel. Replace it.”

Sooo, bigger sigh this time, because I really knew how much time this was going to take. But if it’s what I have to do ...

I drove to the supplier again, but they didn’t have that panel. I drove to a second supplier, got the panel, took it to the 
job, labeled all the wires on the second panel, unwired the second panel, rewired onto the replacement panel, crossed 
my fingers, held my breath, turned on the power, and nothing had changed.



You know what I did next and how I felt about it. Another day killed.

Out The Window

By now I’d completely forgotten everything I may have ever known about good troubleshooting process. I started asking 
for advice. I asked everybody, and I got a lot of sympathy. The consensus was to change the transformers.

I got two new transformers. I remembered the rule to never work alone with line voltage if at all possible, so I reviewed 
with my teenaged daughter what to do should she find me electrocuted (here’s the wooden broom handle. Touch me 
only with this, and call 911). She threatened to leave home until I got my sanity back.

I shut off the basement circuit breakers, went to the basement, found everything dark, went back up and turned the cir-
cuits back on, and returned to the basement to find the trouble light and a long extension cord. I plugged the cord into 
a non-basement circuit, shut off the basement circuit breakers again, and followed my shaky trouble light back to the 
basement. This stuff takes forever!

Down at last to the task of changing the transformers. I labeled wires, changed the transformers, and rewired them to the 
panels. I turned on the circuit breakers, applied power to the panels, held my breath, looked heavenward, and -- ta-dah! 
-- nothing had changed.

Out of ideas and advice, I continued to control my cooling by blocking registers with piles of books.

Many weeks later I was having a phone conversation with my troubleshooting zoning-guru friend John. We were com-
miserating about how really strange this problem is. And we realized -- finally -- that I didn’t start at the beginning of the 
troubleshooting process.

So I got on my cordless telephone headset with John in California on the other end of the line, and here’s what we 
asked:

    * Is there a call for cooling? (Is the thermostat switch closed/turned on?) Yes.

    * Is there at least 24 volts (V) coming into each of the two panels from the transformers? Yes.

    * Is the system working properly? No.

    * Do the panels work properly with nothing attached to them? Don’t know.

Don’t know?!

You mean I did all this changing of parts and I don’t know if the panels work?!

OK. One more time I made sure all the wires were labeled, and removed all of them from the panels. (Oh no, oh no, oh 
yes.) Moving on ...

    * I put 24V back on the panels. I checked to make sure it’s still 24V. It is.

    * The LEDs on the panels showed that the panels are powered. (LED means light-emitting diode. In electronics a diode 
is a component that makes sure electricity can go only one way in a circuit. A light-emitting diode makes light as well.)

    * I connected the zone 1 thermostat to the panel.

    * I connected the zone 1 motor to the panel.

    * I asked, on a call for cooling from the thermostat, does the motor activate? Yes.

Let’s pause for a minute here. The problem all summer was that when any one of the first three zones (all on the first 
panel) called for cooling, cooling was also delivered to all three zones on the second panel, even if they didn’t want it.

    * I connected the first panel to the second panel, and called for cooling for a zone connected to the first panel, in 
order to see what happened on the second panel. Nothing. That’s good.

      So I had new and important information. When everything was removed from the panels except power, the zone 1 
stat and the zone 1 motor, both panels worked properly. This told me that I didn’t have a bad panel or transformer. (Wish 
I’d known that at the beginning of the summer!)



    * I added the zone 2 stat. Both panels still worked.

    * I added the zone 2 motor. The LEDs on the second panel went crazy -- just like they’d been doing all summer. They 
flashed green and red and even kinda pink. Then they settled down to showing cooling for all three of those zones.

So the problem was isolated. There was something about the zone 2 motor that made the second panel go nuts.

The problem had to be that zone 2 motor. Luckily I had a spare. John got off the phone, and I ran to the garage to get 
my spare motor.

It was about 10 p.m. -- hardly the ideal time for working with tiny screws in tight spaces. But you know that. Just about the 
time I dropped the second screw from the old motor, I noticed a damaged spot on the insulation of the wire coming into 
the motor. It looked like the wire might be shorted. This was in a place that I never would have seen if I hadn’t been trying 
to get positioned to remove that motor.

Could that be it? Was that little piece of damaged wire the cause of a whole summer’s worth of problems?

You can imagine how I wished I’d seen that damaged spot before I removed (and lost) those two motor screws.

To end a long story quickly, I cut out the shorted section of the wire and, just for good measure, replaced the motor. I 
held my breath, crossed my fingers, turned on the power, created a call for cooling on the first zone, and yes! the system 
worked perfectly.

Whatta shame. All that parts changing and wiring and rewiring, all because I didn’t find -- or even look for -- a damaged 
wire.

 



A Main Suspect In troubleshooting
This culprit may be the cause of your visit almost half of the time.

Of all the things that can be wrong when you’re troubleshooting, there’s one that is the culprit, oh, at least 50 percent of 
the time. One thing. And it’s so simple that we usually wait until last to even look at it. Isn’t that amazing? Fifty percent of 
the time this is the problem, but we don’t look at it until every other possibility is exhausted. That could be days of investi-
gative work before looking at the obvious.

If you hired a private eye at a mere $60 per hour at eight hours per day for two days, that’s almost $1,000. So you hire this 
private eye and $1,000 into the job he or she says, “Ya know, I’ve looked at everything imaginable and there’s only one 
thing left it can be. I don’t really want to dig into this, because it’s not my favorite thing to check out — frankly, that’s why 
I saved it to last — but since there’s nothing else left, I’ll have a look.”

What could this mysterious 50 percent-of-the-time problem be? I’m not telling you yet. I’m going to tell you a story first. 
Maybe you can guess.

A Holiday Service Call

One holiday morning I picked up my phone — probably to do some catch-up work; after all, it’s a holiday and I can get 
ahead of the game if I sneak in a little work before the kids get up and wonder what we’re doing today. The line was 
dead. I have three lines in my house (isn’t this just a ridiculous state of affairs we’ve gotten ourselves in — three phone 
lines in one house!). I tried the second line — it was OK. I tried the third. Silent.

I certainly couldn’t get through a holiday with just one working phone line, so I called the phone company. Frankly, I was 
surprised that they answered at all. I was even more surprised when they said they’d have a technician there that day. 
(Yeah, right.) A few hours later, he arrived.

“What’s your problem, lady?” the tech, whose shirt said “Bob,” asked.

“No dial tone on lines one and three. Both of the phone lines are dead.”

I grew up in the days when we feared the phone company. They could bust you for having unauthorized extension 
phones. The rumor was that they could do even worse things to you if you had other “unauthorized devices,” such as an 
answering machine. A lot of years have passed since then, and I have numerous devices attached to my phone lines 
(fax, answering machine, heck, a couple of computers — none of which I even pretend to understand how they work on 
the phone line and, admittedly, rarely think about because most of the time they “just work”).

So I have a lot of devices, authorized or not, and I was figuring that this phone company guy was going to start in say-
ing that the problem was my stuff, which would make the problem my problem and, “That’ll be a hundred bucks for the 
service call. Good luck on figuring it out; call someone else if you can’t.”

But that’s not what happened.

He started exploring.

Immediately he found my bird. Well, the bird’s pretty obvious from the start. He lives right in the middle of the house — on 
the bar between the kitchen and the family room. His cage is about 3 ft. x 3 ft. x 3 ft. He prefers to sit on top of his cage 
rather than inside it, and that’s fine with me, because he’s a little quieter there. All in all, though, he’s obnoxiously noisy 
and messy. Gotta find that thing a new home.

His wings are clipped, but that doesn’t mean he’s not mobile. From the top of the cage he watches the cats. I imagine 
that from the top of the cage, the cats look like big furry targets. Sometimes, for no reason that I can figure, he just jumps 
down for a cat. His aim is lousy. He usually lands in front of the cat. Heck, I don’t know, maybe that’s where he wanted to 
be. Then he crouches low, flaps his wings and hisses. The cat just stands there. It’s a cat-bird standoff. The bird hisses and 
flaps some more. The cat looks confused, and walks a wide arc around the bird. The bird looks annoyed.

A Tech With Experience



Technician Bob was an older guy, said he retired from somewhere else and was working for the phone company now. 
Looking at the bird, he said, “My wife and I have one of these cockatiels. It just showed up one day, sitting on the front 
porch railing. My wife knows birds a little. She put out her finger, and the bird just climbed on. We put signs all around the 
neighborhood and watched the paper for a lost bird ad, but nobody ever claimed him. We call him Bud. Where’s the 
basement? I’m going to check out your phone lines down there.”

I have the bird because my son’s girlfriend gave it to him. Of course the girlfriend is gone. And the son’s gone to college. 
And I have the bird. Birdie. Gotta find that bird a new home.

I could hear Tech Bob poking around in the basement. After what seemed like a long time, he came back upstairs.

“What are those panels down there? Looks like they have something to do with heating. I’ve never seen anything like 
that.”

“That’s my zoning system,” I answered. “It lets me keep different parts of the house different temperatures. Actually, the 
way it works out, since the upstairs is usually hotter than the downstairs, it lets me keep all of the house the same tempera-
ture if I want to. But now that the kids are away most of the time, it lets me shut off their rooms entirely.”

“Well, it doesn’t have anything to do with your phones. I was just wondering. I’ve seen a lot of wiring and done a lot of 
troubleshooting, but I’ve never seen anything quite like that.”

And back to the basement he went. He was gone another long time. The only thing that was giving me any hope at this 
point was that he said he’d done a lot of troubleshooting.

Birdie was raising heck as usual: “Pretty Bird. Pretty Bird. Wolf whistle. Tsk, tsk, tsk, tsk. Pretty Bird.” He flapped his wings from 
the top of the cage. Feathers flew, as usual. Whatta mess. Gotta find that bird a new home.

You’ve Got A Bad …

Finally. Tech Bob came back up from the basement. He stood in the middle of the kitchen floor. He studied the bird.

Finally, he said, “I found your problem. You’ve got a bad bird.”

“Well, yeah,” I said. “I know that. But what about my phones?”

“See that phone wire next to the bird cage?”

Sure enough, the phone cable runs from the wall outlet along the counter next to the birdcage. The cord was covered 
with Birdie beak-shaped indentations.

“Oops,” I said. “I never noticed that before. That’s a mess.”

“Yep,” he continued. “When your bird bit the phone cord, it shorted together your phone lines. That’s why they don’t 
work. Like I said, you got a bad bird. Get yourself a new phone cord, keep the bird away from it, and you’ll be all set.”

Whenever I’m tempted to start a troubleshooting job with, “It’s gotta be a bad . . .,” I remember the bad bird. It might 
have been a bad bird, but the problem was a wiring problem.

(Bob the Tech must have had a bad bird, too, because I never got a bill for that holiday service call.)

 



 

Meters & troubleshooting
Don’t fear the meter — it’s an essential tool.

A multimeter is an essential tool for working with controls. It’s as expected for a professional heating guy to have a meter 
as it is for a doctor to have a stethoscope. Digital electronic meters are very different from the old-fashioned analog items 
that were expensive, fragile and hard to read. For under $50, you can get a nice digital meter that will let you easily test 
for AC voltage and continuity. That’s all you need for basic control circuit testing.

For a little more money, you can add more features, such as testing for amperage. And, of course, for a lot more money, 
you can add a lot more. But it’s not at all necessary.

Digital electronic meters are fairly durable, certainly more so than their analog predecessors. Most important, though, 
digital meters are easy to read. You get your number right there in front of you with no guessing.

How To Use A Meter

Sometimes we need to use a meter to find out what’s going on in a circuit. I know there are plenty of old-timers who size 
up a circuit by the sensation in their hands or fingers. But go ahead, be a wimp — use a meter. If nothing else, it’ll save 
you a lot of time.

A meter is called a multimeter because it has multiple functions. With one device you can measure volts (V), amps (A), 
and ohms (Ω). Depending upon the meter, you can measure volts and amps for either alternating current (AC) or direct 
current (DC). You select the function you need.

In control circuits, we primarily use alternating current. These functions will be marked either AC or ~ (the AC squiggle)

Voltage

Voltage is indicated by the letter “V” on the meter. We call the voltage part of the meter a voltmeter. Set your meter for 
the highest possible AC voltage setting. You may think you know what voltage to expect, but using the highest setting 
protects the meter. After the meter tells you what the voltage is, you can move down to the range that the voltage falls 
into.

On your meter you’ll find two leads or probes. One is black and one is red. For our purposes it doesn’t matter which you 
put where. Make absolutely certain that your fingers touch only the colored, insulated part of the probes. You can get 
shocked if you let your fingers stray onto the metal tips.

If you’re new to using a meter, or if you’re using a meter you don’t know well, begin by measuring things you already 
know; for example, a house wall outlet.

Often we’re most interested in confirming that there simply is voltage (Yep, we got power!) rather than exactly how 
much. To check for line voltage coming into an electrical outlet, put one lead in each slot.

The voltage you find in the outlet should be something around 120 volts. The actual voltage delivered by the utility can 
vary depending on time of day, time of year, or location. When there is a greater overall demand (e.g., during high air-
conditioning demand), your voltage may be lower.

When checking a transformer, we want to know whether or not there is approximately 24V coming out on the secondary 
side. If there isn’t, then we would check the primary side of the transformer for voltage going into it.

As the voltage going into your transformer primary side goes up or down, so does the voltage coming out of your trans-
former secondary.

Continuity (Resistance)

Perhaps you’ve watched your buddies take a meter from the case, touch the two probes together, and make the meter 
beep. The beep is the meter’s way of saying, “I found a path to send out electricity and get it back.” This is called conti-
nuity.



The purpose of a continuity check is to confirm that there’s a path for electricity to follow. It can be critical to know if 
there’s a break in a wire, or in the winding of a motor. The continuity check can also confirm that a switch is closed, or 
that a load is good.

To check continuity, put the meter on the continuity setting, or set it for ohms (Ω), which measures resistance. The Greek 
omega symbol is used because the letter “O” (for ohms) looks too much like a zero.

Before taking any measurements for continuity or resistance, you must remove all power from the circuit. That’s because 
the battery inside the meter supplies the power for these functions. If you have other power in the circuit, you can dam-
age the meter.

Amperage

We use the ammeter meter function less often in troubleshooting. A multimeter that will test AC (not DC) for amperage 
costs a bit more, especially the clamp model. But read on and you may find it worth the money.

We use the ammeter to determine the amp draw of the circuit after the circuit has been running a few minutes. For ex-
ample, we use this measurement to set the thermostat anticipator for ideal room comfort. (Match the anticipator to the 
amp reading for the industry standard six heating cycles per hour.)

Every load has an amp draw, or amp rating. You can find the amp rating printed on a load itself, on its box and in the 
product data sheet. Finding the amp draw of a circuit can be as simple as adding the amp ratings of all the parallel 
loads. But if you don’t know what all the loads in a circuit are, you need an ammeter to find out.

To isolate a problem load, you can allow only one load to come on at a time to see which load is overdrawing the circuit 
— for example, the burner, the fan or the humidifier.

In controls work you can expect the amp draw to be in tenths of an amp. It’s easiest to use a digital meter that measures 
in decimals. And the lock feature is a blessing. You can lock the reading from a hard-to-see place and bring it back to 
where you can read it.

There are two ways to measure amps with a meter. The easiest is to use a meter with a clamp either built-on, or as an at-
tachment. Place the clamp around any wire in the circuit to get the amp reading. Make sure it’s just one wire.

If your meter doesn’t have a clamp, you must place it in series with the circuit. That means you must break the circuit and 
put the ammeter in it.

Sometimes the easy way to get the ammeter in series is to place the probes on the terminals of a switch, such as the ther-
mostat. The ammeter there will have the effect of closing the switch.

If your meter won’t measure tenths of an amp, make a coil of 10 turns of a piece of normal thermostat wire. Put the 
clamp portion of the meter through the coil. Put the ends of the coil in series with the circuit. Divide the meter reading by 
10 to get your final circuit amp draw.

There’s just no excuse not to have a meter. If your level of investment has to be in the $10 range, there’s something for 
you. You can buy a cheap nondigital (analog) meter at your neighborhood electronics store. It’s relatively fragile and is 
harder to read, but it’ll give you voltage and resistance (continuity) readings. And that’s really all you need to get started 
troubleshooting. 

 



 

How to use A troubleshooting chart

 
Troubleshooting charts help you start at the beginning and not skip steps.

Ah, the troubleshooting chart. Eyes glaze over. Naps begin. But that’s just because most folks don’t know how to read 
them. If they did, well they’d be absolutely enchanted with all the information available in such an organized way!

Techies are often very linear thinkers. Linear means straight line, cause and effect. We like it when we can be certain: “This 
happens, then this happens, and only then does this happen.” Doesn’t that sound like the perfect world? Doesn’t that 
sound a lot easier to deal with than, “There are a lot of things going on all at once and we’re not sure why”?

A troubleshooting chart transforms you from the squirmy uncertainty of random parts-changing to a world of clear think-
ing. It was made for technicians! That’s why it’s the way it is.

So for all of you who haven’t yet learned the joys of the troubleshooting chart, let me explain how it works.

A troubleshooting chart is a flow chart. It shows a sequence of steps in a particular order. There are a few simple rules: You 
must start at the beginning. You may not start in the middle, even if that seems like the right place. You may not skip steps, 
even if you think they’re silly. Although we mostly don’t like rules, these are a small price to pay for getting to the right 
answer with a minimum of pain.

Here’s a fun nontechnical troubleshooting chart. It certainly isn’t an example of the best way to be, but it gets a chuckle 
out of most of us. Try it to see how a troubleshooting chart works.

In a troubleshooting chart, the pattern is:

      1) A question or statement.
      2) A choice of yes or no.
      3) An action to take or a new question, depending upon the yes or no choice.

Start at the top. Here we go.

The first question on this humorous chart is, “Does the thing work?”

You choose “yes” or “no.”

Choosing “yes” takes you to the action, “Don’t mess with it,” and on down to the final resolution, “No problem.”

Choosing “no” takes you to a new question, “Did you mess with it?”

The answer “yes” takes you to a piece of information (“You fool”) and to a new question, “Does anyone know?”



Again there are two possible answers to the question. Those lead in two possible directions. The answer “no” leads to an 
instruction, “Hide it,” and to the final resolution, “No problem.”

Choosing “yes” for the question leads down an entirely different path. There’s the piece of information (“You poor fool”) 
and a new question, “Can you blame someone else?”

If you can answer “yes,” you move on to the resolution, “No problem.”

The answer “no” leads back to “You poor fool,” and back to “Can you blame someone else?” and so on in a pattern 
called an infinite loop. You just keep going around and around. A real troubleshooting chart shouldn’t have any infinite 
loops in it. But seeing it in this one feels a little like real life, doesn’t it? The lesson is that you can’t get out of the loop until 
you answer the question “yes.” Then you can move on to “No problem.”

Let’s go back up to the top of the chart and take the remaining path — the “no” answer to “Did you mess with it?”

Following the “no” answer is the question, “Will you get in trouble?”

A “yes” answer to “Will you get in trouble?” takes us to the piece of information “You poor fool.” We’ve already seen the 
rest of that path.

Moving back up to the “no” answer to “Will you get in trouble?” there’s only one piece of information, “Forget about it!” 
and that moves directly on to “No problem.”

The method of using a real troubleshooting chart is the same. You have to start at the beginning. The answers you give to 
the questions determine where you move next in the chart. Eventually the chart leads you to the resolution of the prob-
lem.

Using A Troubleshooting Chart

One of the biggest troubleshooting challenges in the heating business is electronic burner ignition. The challenge doesn’t 
come from the controls themselves, which usually aren’t the source of the problem.

The troubleshooting problem comes from the fact that electronic systems don’t necessarily “think” the way we humans 
do. When we try to use only our human “logic,” it’s easy to get the wrong answer.

A classic is when the gas burner won’t light. There’s a pilot, but the valve won’t open to light the burner. Human logic says 
if there’s gas for the pilot, then there’s gas available for the burner. If that gas won’t come out of the valve, then it’s gotta 
be a faulty valve.

Replace the valve. The system still doesn’t work. Human logic says then the problem has to be the ignition module. Re-
place that. The system still doesn’t work.

Manufacturers say that of the products they take back on warranty, the majority have nothing wrong with them. They 
take them back to earn your good will. What they can’t do for you is replace the time (translate “money”) you spent 
replacing something that wasn’t defective.

Let’s take a moment and consider why changing parts sometimes works. Many of the problem jobs, especially on new 
installations, are faulty wiring. If you change enough parts enough times, chances are you’ll eventually get the wiring right 
— even if you never knew that it was wrong in the first place.

Following a troubleshooting chart lets us see the logic of the system. That’s called the “sequence of operation.” It’s not 
only that we may not know how things are normally supposed to work. It may also be that they work differently than we 
would have assumed.

The chart also keeps us from forgetting steps. It may say something as simple as “Turn it on.” On the one hand we may 
think, “Duh, what a stupid thing to say.” On the other hand, I’ve embarrassed myself more than once by forgetting that 
step. That’s why we start at the very beginning.

And the chart keeps us from making assumptions. For example, we may assume that, of course, there’s a call for heat. It 
can save hours of time, though, to have the troubleshooting chart ask, “Call for heat from thermostat?” Having to answer 
“yes” or “no” is a painless reminder to check the thermostat just to be sure.

Keeping in mind the fun of the troubleshooting chart I gave you, pull out a troubleshooting chart for a control or other 



equipment that you work with. Does it look different now?

troubleshooting outlets And Switches
Testing for power is easier than you may think.

When something electrical doesn’t work, it’s so tempting to leap to difficult solutions: it must be a bad switch; or better 
yet, the motor’s probably burned out. But why not start with the easy questions: “Is the thing plugged in?” “Is the switch 
turned on?” I know this is simple stuff that any idiot can figure out. But so often we become the idiot by not checking “Is it 
turned on?” and “Does it have power?”

A few years ago I woke up to a cold house. I leaped to the dramatic conclusion that I had a bad gas valve. I spent all 
day looking for the right replacement, only to find out when I went to remove the “bad” valve that the switch was in the 
“off” position. I’ll never know how it got turned off. But turning it on sure solved the problem.

But never mind the gas valve. Let’s think about ordinary wall outlets. What if you have power, the switch is turned on, and 
whatever you plugged in still doesn’t work? Give in and do the easy thing — plug it into a different outlet. And if it still 
doesn’t work? Then ask whether or not everything else in the house or building is working. If nothing else is, or half is, you 
may have a power outage from the utility. It’s odd how big a relief it is to learn that no one around you has power either. 
It’s more than “misery loves company.” The crisis of “Oh, no, I’ve got a problem” suddenly changes into “Those guys at 
the utility have a problem.”

If the buildings around you have power and you don’t, the next place to go is your service panel. That’s the circuit break-
er box or fuse box. Before touching it, listen first for a sizzling noise. If there is, stay away and call an electrician. Otherwise, 
open the box and look for any circuit breaker that’s “off,” or a damaged or loose fuse. Turn the circuit breaker on or 
replace the fuse with one of the same amperage.

By the way, circuit breakers and fuses are just switches. A fuse is a one-time switch. Use it once and throw it away like a 
paper cup.

Testing A Wall Outlet

Let’s say you’ve done all of the above and you’re pretty sure you have a bad outlet. The simplest way to test an outlet is to plug in 
something that you know will work if there’s power, but we’ve already done that, right? You can do basic troubleshooting with just a 
few inexpensive tools that are available at hardware stores. Some of these are a three-prong outlet analyzer, a neon tester, a conti-
nuity tester, a pen-type mini-voltmeter and a multi-meter.

An ordinary outlet is sometimes called a duplex — like a duplex house. That word duplex is a clue — the top and the bottom 
aren’t always the same. Especially in a kitchen, the two outlets can have two different fuses or circuit breakers. Never assume that 
if one doesn’t have power that the other doesn’t.

Here’s another thing you know perfectly well but may forget in the excitement of troubleshooting. An outlet is sometimes turned 
on and off with a wall switch. Make sure the wall switch is on. And with a duplex, one outlet may be switched and the other not.

Testing A Three-Slot (With Grounding Slot) Outlet

The easiest way to test a three-slot outlet is with a three-prong outlet analyzer (see Figure 1). You don’t have to take anything 
apart. You simply plug the analyzer into the outlet. A combination of lights tells you if the hot, neutral and grounding wires are con-
nected correctly, are not connected, or if they’re reversed.

You can also test a socket with a neon tester, a multi-meter, or a pen-type voltmeter. Whichever you use, make sure that 
you touch only the insulated part of the device’s probes, never the metal tips. Touching bare metal can always be dan-
gerous, and at the least not feel very good.

If you’re using a multi-meter, turn it on to the “volts AC” setting for the highest voltage. Volts AC may be indicated by a V 
with a squiggle above it.

To test for power with any of these tools, put one probe in the short (hot) slot of the outlet and the other in the long (neu-
tral) slot. The neon tester should glow. A voltmeter or multi-meter should give a reading around 120V, plus or minus a few 
volts. If you see nothing, there’s no power at the outlet. That means that either the power is shut off at the service panel, 



the outlet is defective, or there is a switch, perhaps a wall switch, that is off.

To test for polarity, put one probe in the short (hot) slot of the outlet. Put the other probe in the grounding slot. You should 
see a glow, or a reading. If not, put one probe in the long (neutral) slot and the other in ground. If you get a glow or read-
ing, it means that hot and neutral are reversed inside the outlet.

To test for grounding, with the probes positioned as for testing polarity, if the device doesn’t glow at all, the outlet isn’t 
grounded. That’s possible even if there’s a grounding slot in the outlet. Someone could have replaced an old nonground-
ed outlet with one that is grounding-capable, without installing a grounding wire. Or the grounding wire could be de-
tached. On an old steel pipe conduit system, the conduit serves as the grounding, and there is no grounding wire.

Testing A Two-Slot (Probably Ungrounded) Outlet

Of course you can’t use a three-prong tester in a two-slot outlet. You’ll need to use a neon tester, multi-meter or pen-type 
voltmeter. To test for power, use the same procedure as for the three-slot outlet.

Although the two-slot outlet doesn’t have a grounding slot, it’s still possible that it’s grounded. Here’s how you test for it. 
Put one probe in the short (hot) slot, and touch the other probe to the screw in the middle of the cover plate. Make sure 
there’s no paint on the screw, and that the screw isn’t plastic. If the tester glows, the outlet is grounded.

If the tester doesn’t glow, put one probe in the long (neutral) slot, the other on the cover screw. If the tester glows, the 
outlet is grounded, but the polarity is reversed. If the tester doesn’t glow in either position, the outlet isn’t grounded.

If the outlet tests as grounded, then you can safely use a grounding adapter on it so that you can plug in three-prong 
appliances. But you have grounding to the device only if you permanently attach the adapter to the outlet. Otherwise, 
even though the grounding prong is inserted into the adapter, it’s not connected to the grounding in the outlet.

To attach the adapter to the outlet, turn off power from the outlet at the service panel by turning the circuit breaker off or removing the 
fuse. Test the outlet for power (above) to make sure there’s no electricity. Remove or loosen the cover plate screw, plug in the adapter in 
the outlet, put the screw through the ring on the adapter, and replace the screw into the cover plate. Turn the power back on.

Testing A Switch

You can test a switch with either a continuity tester or a multi-meter set on continuity or ohms.

You must first turn off power at the service panel or fuse box. That’s because either of the testers uses its own battery to 
send a small amount of electricity through the switch. It’s harmful to the tester to have any other electricity there. Getting 
electricity back confirms that there is a path through the switch. That means that the switch is good.

The continuity tester is the easiest to use. Turn off power at the service panel. Then with a screwdriver, remove the switch cover 
plate. Test the tester itself by touching its tip to its clip. The tester lights. Now put the switch in the “on” position. Attach the clip to 
one of the screw terminals on the right side of the switch. Touch the tester tip to the other screw on that same side. If the switch is 
good, the tester lights.

You can do the same process with a multi-meter. Again, make sure you’ve removed power from the switch circuit. Set the meter 
for “continuity” if the meter has that setting. Otherwise, set it for ohms (Ω). When you touch the two meter probes together, the 
meter will make a beep sound. Now, make sure the switch you’re checking is in the “on” position. Touch a probe to each of the 
two switch terminals on the right side of the switch. The meter beeps if the switch is good.

If the switch doesn’t test good, it needs to be replaced. Either call an electrician, or consult a home wiring book for how to 
replace it.

Safety

Basic electrical troubleshooting is easy and safe if you pay attention to what you’re doing and follow the rules:

    * Troubleshoot only when you are fresh and alert. Like with using power tools, that means no intoxicants lately.

    * Figure out ahead of time what you’re going to do and how you’re going to do it.

    * Don’t touch any metal for any reason, even if you think there’s no electricity there. This includes all wires, screws and water pipes.

    * Don’t have water anywhere near your work.



    * Like with scuba diving, have someone nearby who can get you help on the very outside chance you get yourself in trouble.

• If you’re not sure of what you’re doing, call an electrician. 

 

HEATING SYSTEMS

When Wet Heat dries out
Home humidification is a multimillion-dollar business — and it should be ours.

Every year at about this time the humidity inside the house drops. We blame it on the cooler weather and get ready to 
suffer the consequences. The consequences are cracked lips, dried-out skin, perhaps bloody noses, maybe cracked 
wood floors or furniture.

As winter sets in and clamps down, we might even experience a little electrical shock (oooh) as we reach for a light 
switch, or a little electrical snap (aaah) when we start to smooch our sweetie.

None of this is very comfortable to live with (What business are we in? The comfort business!). None of it is necessary. And 
with America’s ever-growing appetite for comfort, it’s a business opportunity! Home humidification is a multimillion-dollar 
business and a big chunk of that ought to be ours.

I can just hear you saying, “Yeah, but I’m not in the humidification business, so there.”

Well, you’re in the water business, and what’s humidification but water. If you’re not in the humidification business, maybe 
you ought to be. Let’s take a look at some reasons you may not be in the humidification business if you’re in the hydronic 
heating business:

    * Hydronic heat is wet heat — it doesn’t dry out the air.

    * There’s no way to humidify with hydronic heating.

    * Humidification doesn’t work.

    * Humidification wastes water.

    * You can’t humidify with hard water.

    * Humidification means water running down the windows.

    * Humidification is too expensive.

Now, let’s talk about why you might want to reconsider your beliefs.

Belief No. 1 — Hydronic heat is wet heat.

I’m going to challenge a hydronics industry sacred cow. We’ve all said it until we believe it, “Hydronic heat is wet heat.” 
But it isn’t when we’re talking about room humidity. The water in the pipes certainly is wet, but there should be no con-
nection between water in the pipes and the air.

We’re not heating with an open vat of water steaming on the stove. If we’re humidifying the air with the water in the 
pipes, there’s not going to be water in the pipes for long.

We like to put wet heat up against “scorched air” from a furnace and conclude that, of course, wet heat has more hu-
midity. That’s faulty, nonscientific thinking! Here’s why.

Heating — no matter how you do it — is what dries the air in a house.

As the temperature of the air rises, the air gets drier. The same amount of temperature increase, whether by boiler or fur-
nace or wood stove, is going to cause the same amount of dryness. It’s all about relative humidity.



Recall plaid-suited weather reporters on TV. They talk about the “relative” humidity. So, what does relative mean? Rela-
tive to what? Humidity is measured relative to the air temperature. One way to think about it is that air gets bigger as it 
becomes warmer. Warmer air wants to hold much more water than cooler air does. In fact, warm air is a water hog. It’ll 
gobble up water from anywhere. But first, how did the air get dry?

Let’s go outside first thing in the morning when it’s cold out there. That dew or frost on your windshield — where does it 
come from? When the air is cooled at night, it has to give up water. It gets wrung out, kind of like a sponge. The water has 
to go somewhere, so it collects on the nearest surface, the most bothersome of which is your windshield. It’s also on the 
lawn and almost any other surface outside.

In the course of the morning, some of that cool air comes into the house. Even if you aren’t actively heating, it’s still 
warmed by the surroundings in the house. As the air gets warmer, its capacity to hold water increases. It becomes mighty 
thirsty. The warmer it gets, the thirstier it gets. That’s the relative part. Humidity measurement is the percentage of water in 
the air to the amount it wants to hold.

Back to the TV weather report. Let’s say they tell us that the relative humidity is 40 percent. Hey, that’s nothing to worry 
about because the heating industry standard for the “comfort zone” is in the neighborhood of 40-50 percent.

But whoa, back up. What about that word relative? If the temperature outside is 30 degrees F and the humidity is 40 per-
cent, that same air when heated to 70 degrees has a relative humidity of 10 percent. That’s right, 10.

Of course if you had a completely open hot water heating system, such as an open pot of boiling water, that would 
add water to the air. But our hydronic systems don’t expose the water to the air. The water is carrying heat to a convec-
tor, which in turn gives up its heat to the air that comes in contact with it. The water goes back to the boiler without ever 
touching the air. And the air, when heated, gets mighty thirsty.

Thirsty air is a desperate hombre. Like a dirty-handed, low-down horse thief in an old western movie, it will steal any and 
every chance it gets.

Belief No. 2 — There’s no way to humidify with hydronic heat anyway.

True, you need to have a way to distribute the humidity, and air ducts are the best way.

In the old days there weren’t any air ducts in a hydronic house. But now air conditioning or second-stage heating is often 
installed in addition to hydronic heating. There’s nothing practical or inexpensive about this at all. It’s all about comfort. 
Somebody’s going to get that work to add humidification — it might as well be you.

Belief No. 3 — Humidification doesn’t work.

Of course humidification works. But most of us have some experience that says it doesn’t. What makes it look like it 
doesn’t work is that we usually don’t add enough humidity to make a difference.

You buy a portable plug-in humidifier and place it next to your lounge chair in front of the TV. But you still wake up every 
morning with cracked lips and a nosebleed. Darn thing don’t work!

Here’s an analogy for you — if you plopped one little electric heater next to your TV room lounge chair, would you expect 
the bedroom to get warm?

Belief No. 4 — Humidification wastes water.

So when did we decide that saving water was more important than convenience, comfort or popular practice? Have 
you really heard much about folks not using their shower, dishwasher or toilet in order to save a few gallons a day?

Belief No. 5 — You can’t humidify with hard water (and everyone’s got some amount of hard water).

The term “hard water” means that there are dissolved minerals in the water. Harder water means that there will be more 
mineral deposits left in the humidifier. Always with humidification, someone needs to clean out the humidifier or change 
the pad once or twice a year. It’s normal maintenance.

Belief No. 6 — Humidification means water running down the windows.

Remember the explanation of what happens to the water in air when the air is cooled? The water comes out, just like 
wringing a sponge. The water collects on cold windows and metal window frames because that’s where the air gets 



cold.

But, with today’s multipane windows and nonmetal frames, windows aren’t so cold anymore. There are also humidifiers 
that “temperature compensate.” As the temperature drops outside, they deliver less humidity so there’s less humidity to 
collect on cold single-pane windows.

Belief No. 7 — Humidification is too expensive.

Since when do folks mind paying for comfort?

You might consider the humidification business. After all, it’s water, and water is your business. And comfort? That’s your 
business, too.

 
 



combustion Analysis
Combustion analyzer hints, tips and tricks.

I admit it — it takes me at least three times through most new technical material before I get it. I can say that because 
I’ve been a technical trainer a long time. I think that’s what it takes for most of us, whether we like it or not, and of course 
we don’t.

My third time through basic combustion analysis was taught by a rep named Steve Duggan. He taught me the first two 
times, too. So it’s not that the presentation or the material were any different than they had been before. It just finally 
stuck.

I’m excited about what I learned in his combustion analysis course. It comes down to some very simple measurements 
that are easy to get when you have a combustion analyzer.

Combustion analyzers used to be expensive and difficult to use. Now they’re easy and are priced reasonably for a busi-
ness expense and tool. What the numbers meant used to be a mystery. With the help of instructions that come with the 
analyzer, manufacturer’s data and a rule of thumb from Steve the rep, the numbers make sense.

Data from the combustion analyzer can help you quickly troubleshoot. It allows you to adjust a boiler or furnace for great-
est efficiency (oxygen/carbon dioxide percentage and flue temperature), and safety (carbon monoxide level). These 
numbers can help keep you out of trouble.

About Combustion

Most of the heat we create comes from burning fuel. We put fuel and oxygen together in a process called combustion. 
The result we get is heat (which we take credit for) and other products of combustion (which we’d prefer to ignore). The 
days of ignoring the products that go up the flue may be coming to an end because of concerns about efficiency and 
safety.

A combustion analyzer looks a lot like a multi-meter. You just hold it in your hand. To sample the flue products, attach a 
probe to the analyzer and insert it into the flue. The probe tip has a built-in temperature sensor and has a hose connect-
ed, through which the sample is drawn. The display will tell you what’s going on inside the flue.

As instructor Steve points out, you simply set the dial to “flue test.” You drill a hole in the flue, about 1 foot above the boiler 
and at least 1 foot away from any elbow, but below any source of dilution air such as a draft hood bonnet. Be sure to 
plug the hole before you leave.

Upon powering up the analyzer, a 60-second countdown begins. It is recommended that this be done outside of the 
building where the test will be done. The unit’s pump will run and draw ambient air for 60 seconds to clear the probe hose 
and the sensors. Turning the unit on and clearing it outdoors will enable you to then walk into the mechanical room with 
the analyzer running and know whether the room is safe by checking for carbon monoxide.

To perform the combustion test, let the appliance run for a couple of minutes and then insert the probe into the flue, at-
tempting to get the tip as close to the center of the flue as possible. If the pump has been turned off, turn it back on, and 
within 30 seconds you will see readings on the screen.

Once the proper adjustments have been made and the combustion is within specifications, you can press the Save but-
ton. This records the real-time readings for printing or copying later.

There are a number of results that the analyzer will give you. According to Steve, the most useful measurements are oxy-
gen (O2), carbon dioxide (CO2), carbon monoxide (CO) and stack temperature.

How To Read The Results

The results appear as numbers on the screen of the analyzer. What do they tell you? The best way to interpret the num-
bers is according to the specifications given by the equipment manufacturer. Of course, you don’t have this paperwork!



It’s likely that you can get equipment specifications from the manufacturer’s Web site. If you don’t have information from 
the manufacturer, here are some general guidelines from Steve:

Carbon monoxide is bad stuff. It kills people. Code often allows 400 parts per million (ppm), but to be safe you wouldn’t 
want to see any more than 150 ppm. Seeing above 150 ppm would be a red flag to double-check the combustion. High 
levels of CO suggest that there’s not enough O2 for the amount of fuel being burned. Or, conversely, there’s too much 
fuel for the amount of O2. Besides being deadly, high CO levels indicate that there isn’t complete combustion and fuel is 
being wasted.

Depending on the appliance, you can generally adjust air, fuel or both. If you find high levels of CO, you’d either increase 
the O2 or decrease the fuel until you find a safe CO measurement in the flue.

Oxygen naturally makes up about 21 percent of our atmosphere. Generally, we need 10 cubic feet of air to burn a cubic 
foot of natural gas. In a flue, as reported by the combustion analyzer, you would want to find approximately 6 percent to 
8 percent oxygen on an atmospheric natural draft boiler or furnace. This is excess O2 that is left over from the combustion 
process.

Carbon dioxide is typically a calculated number based on the detected amount of O2. CO2 is a normal byproduct of 
the combustion process. A 7 percent to 9 percent range on the analyzer is typically desirable on the natural draft prod-
uct.

These are approximate ranges and you should always comply with the appliance manufacturer’s recommendations. 
The guidelines above are for natural and propane gas. Fuel oil guidelines are different. These numbers also can change 
based on the type of burner used on the equipment. Mechanically mixing air and gas allows for lower O2 levels and typi-
cally better efficiency.

If pictures are helpful, take a look at the combustion graph on page 70. Notice how the levels of oxygen, carbon dioxide 
and carbon monoxide vary as we approach “ideal combustion” (where we want to be with a boiler or furnace) and 
“perfect combustion” (perfect to get all the energy out of the fuel, but dangerous because there is no excess air). You 
can see the effects of “fuel rich” and “air rich” along the bottom of the graph.

There are a couple of visual flame indicators, too. If your flame has a blue cone with orange flame above, it’s probably 
OK. Pale yellow indicates a possible lack of air and presence of CO. If the flame lifts off of an atmospheric steel tube-type 
burner, you may have too much primary air entering the burner.

The flue test also tells you stack temperature, which can be another indicator of proper combustion. If, for example, the 
manufacturer says to expect a stack temperature in the 400-degree F range, and the analyzer is showing you 250 de-
grees F, you know there’s a combustion problem.

There are other areas the analyzer can give you information. The UEI Eagle analyzer that Steve uses can read two pres-
sures (gas and draft), two temperatures and allow you to perform a furnace heat exchanger test. The analyzer also will 
give you the difference, known as ∆T, for pressure and temperature.

The combustion analyzer also can be used to test carbon monoxide levels in a living space. It will automatically test at 
two-minute intervals over a 30-minute period and record the results.

A combustion analyzer can be paired with a hand-size infrared printer, so you can print your results. This is useful for limiting 
your liability by documenting the conditions when you finished the job. It also adds credibility to our profession by allowing 
us to provide exact data to the customer about the service provided. And don’t forget to charge accordingly. You’ve 
proven that you’re worth it!
 
 



to condense or not to condense
If you can’t justify reducing the return water temperatures, review your boiler choice.

What’s all this debate about condensing vs. noncondensing boilers? It seems to be like so many topics — religious, politi-
cal — that everyone has an opinion and just knows he’s right. Why is he right? Well, because he is, that’s why.

I like to find reasons that are more data-based. But first, I must point out two things. One is that the reason to consider 
using a more expensive condensing boiler is expected increased efficiency. The second thing I want to mention is that 
some of the additional efficiency depends upon the controls, especially outdoor reset. I’ll deal with that in an upcoming 
column. But for now, let’s talk about whether to condense or not to condense.

Whenever there’s combustion (which, after all, is what a boiler is for), there is condensation. The important factor is where 
the condensation happens.

When we have combustion in a boiler, we always have flue gases. Flue gases cool, and when they cool, the water vapor 
in the flue gases normally condense into water. When there’s condensation, heat is released and — here’s the important 
part — the heat that’s released is free!

Traditionally, we let the free heat go up the flue. But if the conditions are right, we can capture that heat and keep it in 
the boiler heat exchanger. On the other hand, condensation does not always occur. If the flue gas temperatures are high 
enough as it leaves the stack, and the atmosphere has a low humidity and high enough temperature, the moisture in the 
flue gases will not condense.

If we, however, add that free heat to the system, we can call it increased efficiency.

So that gets us to Principle No. 1: Condensing flue gases in the heat exchanger increases boiler efficiency. And that im-
mediately takes us to Principle No. 2: Condensing flue gases somewhere other than the heat exchanger, such as in the 
flue, lets the heat escape and does not increase efficiency.

In other words, if your customer pays you more money for a condensing boiler and you let the flue gases condense in the 
flue, you have wasted your customer’s money.

However, we also have to contend with Principle No. 3: If you let flue gases condense in the heat exchanger of a non-
condensing boiler, you damage the boiler or the flue. This also wastes your customer’s money.

Power To Decide

Maybe you didn’t know that you have the power to decide where flue gases condense. Maybe you haven’t even 
thought about flue gases much, other than to hope they just safely go away. I’ll bet you thought — as I did — that the 
technology of the boiler determines whether there’s condensing, and that there wasn’t an issue.

Here’s an example of just that.

Jeff installs a condensing boiler. He knows that condensing means that liquid — a fairly high-acid water (approximately 
4.5 pH) — comes out as a product of the efficient combustion. He sees a small amount of water coming out of the boiler, 
so he takes that as proof that the high-efficiency boiler is working. Sure, there’s condensation. The question is, where is the 
condensation happening? If it’s happening in the flue, there will be evidence of condensation, but the free heat goes up 
the flue. No improved efficiency!

It turns out that condensation is going to begin to happen wherever the flue gases drop to about 130 degrees F. If you 
have a condensing boiler and you want to get full efficiency, you need to get the temperature to be about 60 degrees F 
or less in the heat exchanger. If you have a noncondensing boiler, you need to be sure that the flue gases don’t get that 
cool.

Noncondensing boilers use vent materials that will not last if the flue gases condense in the vent. So you don’t want the 
flue gases to condense even in the stack of a noncondensing boiler.



The idea is simple enough. The question is, how do you control that? This turns out to be simple, too. The temperature of 
the return boiler water can control the temperature of the gases. Cooler return water makes for cooler flue gases in the 
heat exchanger.

But wait a minute! Wait a minute on two things! First, when you set the aquastat, you’re controlling the temperature of the 
water leaving the boiler, not the temperature returning. So how are you going to control the return temperature, if you 
don’t have a boiler that controls return water temperature?

Second, there are 100-year-old guidelines that say water temperature should be a lot higher than 130 degrees F for the 
classic applications:
# 160-degree F supply water for cast-iron radiators.
# 180-degree F supply water for copper fin tube.
# 190-degree F supply water for fan coils.

That takes care of the water leaving the boiler. The rule for return water is that it should be 20 degrees cooler than when it 
left the boiler. So we knock 20 degrees off any of the temperatures listed above, and we’re still well above 130 degrees F.

It gets worse. We can figure that the flue gases leaving the heat exchanger are about 7 degrees hotter than the return 
water temperature. So if the return water is 140 degrees F, the flue gases are 147 degrees F.

This is somewhat determined by the boiler’s design, water flue rate and firing rate. You can have flue gas temperatures as 
much as 140 degrees F to 150 degrees F higher than return water temperatures in some boilers.

We can argue at length about whether you could or should lower the supply water temperature. But take a moment to 
think about where the recommended water temperatures came from. They’re from about 100 years ago when central 
heating first became the rage. Buildings were different then. They were leaky. They weren’t insulated. Windows were 
single-pane. R-values hadn’t been invented yet!

Also think about this. The assumption behind those recommended water temperatures is that the outside temperature is 
somewhere around zero, varying from north to south. That means that your boiler is ready to deal with low temperatures 
all day, every day. The other temperature assumption is that you are going to heat the inside to 72 degrees F. Depending 
upon the situation, this, too, may not be realistic.

Besides lowering the temperature of the water leaving the boiler, another way to reduce return water temperature is to 
increase the difference (∆T) between the supply and return water. We won’t go into that here, but, of course, there are 
ways that can be done.

Regardless, for this conversation about condensing boilers, here’s what it comes down to. If you can’t decrease the re-
turn water temperature to the low 120s — enough to get the flue gases below 130 degrees F — you give up the increased 
efficiency of a condensing boiler. In a condensing boiler, if your flue gases remain above 130 degrees F, count on your 
efficiency percentage rating dropping from the mid-90s to the high-80s.

If you can’t justify reducing the return water temperature enough, you might be better off recommending a less expen-
sive noncondensing boiler to your customer. But if you’re working with a condensing boiler, remember that whether it 
condenses or not — whether it’s highly efficient or not — is in your hands as the guy who determines the return water 
temperature. 
 
 



outdoor reset control
For the graphic, I suggest a graph from a Honeywell product piece.  Go to http://customer.honeywell.com.  In the bot-
tom right corner, enter T475 in the little white box and click on the arrow next to it.  On the next page, click on the pdf for 
product literature.  Scroll down to Fig 3 on page 4.  That’s the graph I suggest you use.  It would be good to remove the 
letters A, B, and C from the graph if you can.   I’ll ask Honeywell for permission to use it.

What’s outdoor reset control?  It sounds like maybe it’s a weather control to “reset” the  temperature outside when we 
don’t like it.  That could be a handy device, but alas, that’s not what it is.

Outdoor reset is a weather-responsive control rather than a weather controller.  Based on changes in outdoor tempera-
ture, it automatically adjusts boiler water temperature.  Wow, watta concept—if the temperature is colder outside, it 
takes more heat to overcome its effect inside the building than if the weather is warmer!  Outdoor reset is the same as 
turning down the boiler water aquastat in the spring and fall—automatically.

We set up heating systems as if it’s always the middle of the coldest, darkest night, no matter what the weather is doing.  
That results in wasted energy (and money), and in the discomfort of being too hot.  This outdoor reset must be some new 
complicated electronic thing!

Actually, outdoor reset has been around for a long time.  The “Sarcotherm Weather Control for Hot Water and Radiant 
Heating” may have been the first.  It’s from the 1930s. (Great name—Sarcotherm Weather Control.  It does sound like it 
can control the weather, doesn’t it?)

I think outdoor reset has remained fairly obscure until now because of our heating industry’s commitment to delivering too 
much heat—the “just in case.”  With outdoor reset we can still size systems for “just in case,” and still reduce the amount of 
heat produced when it’s not needed.

What has made outdoor reset a topic of conversation now is concern for energy conservation and the advent of the 
condensing boiler.  The advantage of a condensing boiler is it’s energy efficiency.  But your customer gets nothing from 
that boiler except added purchase price unless you can get the return water cool enough to condense in the boiler.  
Having outdoor reset sends out cooler water when the weather is warmer.  Cooler return water insures that the boiler will 
condense when the weather is mild--60-70% of the time.  That can raise the boiler’s efficiency from 89% to 92-94%.  

How does outdoor reset work?

An outdoor reset controller measures temperature at two places at once.  It has two sensors, one outside the building, 
and one in the boiler water.  As the temperature gets warmer outdoors, the controller decreases the boiler water tem-
perature accordingly.  Installing outdoor reset can be very straight forward.  

 If you choose one of the simple controllers, you just dial in the desired maximum and minimum boiler temperatures and 
the minimum expected outdoor temperature.  This outdoor temperature is what’s known as “design temperature.”  It’s 
the normal low temperature for the last 3-5 years.  It’s not the lowest temperature that anyone can remember ever hear-
ing about, and it doesn’t include wind chill.  

You can also get simple outdoor reset control that allows for domestic hot water.  And you can use a night setback ther-
mostat with it, provided you allow a couple hours for the boiler to recover in the morning.

What’s reset ratio?

Understanding how to select reset ratio has been one of the barriers to outdoor reset being widely used.  Hardly anyone 
understands what it is.   The fact is, you probably don’t need to do anything with it.  The simpler controls don’t even allow 
for to adjust it.

But the advantage of using an adjustable reset ratio is that you can tell the controller what much you want the boiler 
water temperature to increase in relation to the outdoor temperature drop.   A ratio of 1:1 means that for every degree of 
drop outside, you get a degree of increase in the boiler water temperature.  

The first number represents outdoor temperature.  The second number is boiler water temperature.  A ratio of 1-1/2:1 



means that a 1-1/2 degree outdoor temperature fall results in a one degree water temperature rise.   A ratio of 1:1-1/2 
gets a 1-1/2 degree water temperature rise for each degree of outdoor temperature fall.

Reset ratio pitch

Each of these reset ratios can be plotted on a graph.  The result of each will be a straight line at an angle.  The angle 
represents how much boiler water temperature increase you get for a degree of outside temperature drop.    In a ratio 
with the same amount of outdoor temperature change, sixty degrees of boiler water temperature increase will make a 
steeper “curve” (called that even though it’s a straight line) than will thirty degrees of boiler water temperature change. 

Deciding what reset ratio to use

The reset ratio you choose depends upon the temperature range required by your heating system.  For example, if your 
job is radiant floor heating in concrete, your temperature may be 90-120 degrees F.  That 30 degree range would indicate 
a flat curve.   For a baseboard temperature of 120-180 degrees F, the curve would be steeper.  A staple-up floor job might 
have a range of 110-140 degrees F.  That’s still a thirty degree flat curve.  So the reset ratio would be the same as in con-
crete, but the boiler design temperature is higher.

Relax—it’s adjustable

A beautiful thing about outdoor reset is that you don’t have to get it exactly right the first time.  It’s adjustable!  It’s 
tweekable!  In fact, to get the best performance, you will probably be doing some fine adjustments.   So if you set your 
range for 90-120 degrees F and there’s not enough heat, no problem.  All you need to do is adjust the range up a few 
degrees to 95-125 degrees F and see how that works.

At the same time, you can count on newer controls being able to self-adjust.  Look out—they may be smarter than us!  
For example, we can expect controls that learn which zone needs the most heat and adjust the temperature range and 
pitch to that zone.

Overcoming objections

Outdoor reset is a way to help your customers who aren’t ready to replace their old boiler save on energy bills.  However 
some contractors believe they can’t use outdoor reset with non-condensing boilers.  In fact, the only limitation is that the 
return water temperature must be hot enough not to condense in the heat exchanger.  You can control that with the 
minimum boiler water temperature that you choose.

Similarly, there’s a belief that outdoor reset can’t be used with baseboard.  The only limitation, again, the minimum return 
water temperature required by the boiler.  Otherwise, outdoor reset might add to comfort by preventing overheating in 
the spring and fall.

There is also an objection that outdoor reset can’t be used with domestic hot water.  This one is easy to overcome, too.  
Select a control with domestic hot water override.  When there’s a call for hot water, the boiler temperature bumps up to 
satisfy the hot water demand.

In summary

Outdoor reset is an essential part of advanced boilers.   It makes it possible to have only as much stand-by heat as  the 
weather demands. This increases energy efficiency and comfort.   And outdoor reset makes it more likely to have the 
cool return water temperatures required for condensing boilers to perform up to efficiency expectations.

 



 

Modulation
My friend Dennis Bellanti loves to try heating systems in his home. He added insulation back when that was the new big 
deal. More recently he’s installed a modulating condensing boiler. He swears that of all the things he’s tried over the 
years, this has done the most to reduce his fuel bill and to increase his heating comfort. And he gives the modulating gas 
valve the most credit for his great energy conservation results.

Sorry oil guys, I’ve found that there’s only a small amount of modulation done with oil, and that’s commercial, so this is go-
ing to concentrate on gas.

The important part of modulation is that if you need just a little heat, you burn just a little gas. If you need a lot of heat, 
you burn a lot of gas. And the valve will vary the amount of gas for any demand in between. Modulating can go down 
to as little as 25% of full firing rate in American boilers, and as little as 1% in European boilers. Most condensing boilers can 
modulate down to 25% of full firing rate. Some American condensing boilers will vary the firing rate in 25% increments 
while many of the European boilers will vary the firing rate in 1%. This is quite different from a traditional valve where you 
either burn enough gas for the coldest night, or you burn none at all, with no possibilities in between.

Of course the step-opening valve has been around for a long time. But it’s quite similar to a standard valve, with an inter-
mediate position called “low fire” before going to fully open “high fire.”

Modulation’s ability to deliver just a little heat of course means energy savings. But my favorite part—and the part that is 
forgotten by lots of folks who like to measure things and collect data—is that Dennis says his house is also more comfort-
able than it’s ever been. The temperature is constant because the boiler can deliver a little heat all the time. There’s no 
temperature swing that comes from traditional on-off heating. And constant correct temperature is the industry definition 
of comfort. What business are we really in? The comfort business of course!

Conventional gas valves

It’s easier to understand what’s special about modulating gas valves if we first look at how a conventional valve works. A 
conventional valve is either full-on or off. There are negative consequences both for fuel economy and for comfort. It’s 
like driving your car or truck either with the accelerator at full throttle, or standing on the brake. It’s going to be a rough 
ride. And it will cost extra fuel.

The way the conventional gas valve works is that when there’s a call for heat, the gas valve fully opens, (provided the 
situation has been proven safe), and fills the burner with gas which is lit by a pilot flame, spark, or hot surface ignitor. The 
valve stays fully open and the burner operates fully until the call for heat has been satisfied. Then the valve closes and 
the burner flame disappears until next time. In the old standing pilot systems, the small pilot flame is always burning, heat 
needed or not.

With a good thermostat, this system can keep the room temperature within plus or minus one degree from thermostat set 
point. That’s within the definition of comfort. But still, it uses the gas full-on, full-off.

What is modulation?

To continue the automobile idea, the accelerator can give the car modulation. If you want to go faster, you depress the 
accelerator only enough to get the speed you want. But you would rarely deliver all the fuel that’s possible. To make the 
automotive system better, we can add cruise-control, where we just set the speed, and the control smoothly maintains 
that speed.

Similar to setting the speed on cruise control, we set temperature on a modulating heating system. For more speed, the 
automotive systems delivers more gasoline. For more heat, the modulating gas valve delivers more gas to the burner. We 
don’t have to think about anything—the controls just do it. The result is a smoother ride (more comfort) and greater fuel 
efficiency (saves money).

In addition, modulation provides what is called full stoichiometric combustion. That means all of the fuel is burned com-
pletely, and that of course means highest fuel efficiency.



How does modulation work?

I asked my friend John Cueva, combustion engineer at Honeywell, just how modulation works. This is amazing—modula-
tion is controlled entirely by air, even on a boiler! As the temperature of the air returning to the boiler varies, so does air 
flow from the blower. The more air, the more gas, and that varies the firing rate of the burner. Pretty simple.

The modulating valve has a constant 24V signal, so unlike a conventional gas valve, it is constantly powered, not 
switched on and off to open and close based on availability of 24V. The valve is modulated by the amount of air from the 
blower so that the valve maintains a 1:1 ratio of gas to air. If there’s more air, then the valve will allow more gas. If there’s 
more gas, then more BTUs come from the burner. All of the air and gas is mixed before the mixture goes to the burner. 
There’s no secondary air source.

A venturi tube is the mechanism for mixing gas and air. A venturi tube is two pipes, one within another. Air is drawn down 
the center pipe. That happens because a pressure differential is created by a restriction in the pipe. If there is a 2-inch 
pipe, and we put in a washer to restrict it to 1-inch, pressure builds on the back, and creates high pressure. As the air 
comes out of the restricting washer, there’s a negative pressure, creating a space that want to be filled.

At the same time, gas goes through the pipe that surrounds the air pipe. There are holes in the air pipe downstream from 
the restricting washer. The air’s negative pressure sucks gas into the air stream.

The amount of air going into the venturi tube is controlled by a blower. As the demand for heat increases, the blower runs 
faster and makes more air available. The venturi tube is set up to mix a 1:1 gas to air ratio, regardless of the amount of 
air. So as the amount of air increases, so does the gas. The result is that increasing and decreasing the fan speed controls 
amount of gas for the flame, which determines how much heat comes from the burner. An integrated controller monitors 
inlet and outlet temperatures.

The result is wide range of firing rates and quick response to heating demands. That in addition to heating, the boiler can 
provide domestic hot water quickly with no storage tank.

For the guys who like to noodle around the details, there’s lots of debate about what part of a condensing boiler makes 
it efficient. Is it the condensing, or is it the outdoor reset, or is it the modulating gas valve? Dennis Bellanti is sure it’s the 
modulating valve, which lets his heating system constantly deliver heat--as much or as little as is needed right then.

 

 



Soldering
Keep the following lessons in mind when grabbing for your solder iron.

I was fresh out of college with my third degree, this time in something I could get a job with — industrial technology. So 
when I got my real, professional job as a factory technical trainer, I was rarin’ to go.

“You know how to solder?” demanded my new boss, the chief industrial engineer. He was talking about soldering small 
electrical controls — thermostats, transformers, limits, valves, printed circuit boards — not pipe joints.

“Uh, well, no I don’t.” There sure weren’t any college courses in that. And I hadn’t had to solder in my two years on night 
shift assembly in the terminal strip and fuse block factory.

“Well, you better learn,” he responded, “because you’re the solder trainer. The guy who’s been teaching wants out of it. 
He’s a time study guy. You’re the trainer now, so it’s your baby.”

“Where do I learn?” I asked.

“Go to Larry’s soldering class, I guess,” he grumbled, and walked away.

I soon found out that Larry held a soldering class, oh, about once every 15 years.

So I learned to solder electrical components from the gals in the factory. Most had been there longer than it had been 
since the last class. I watched and asked questions. I listened to them complain that there was never a class. “Oh, there 
will be,” I assured them, “soon as you get me trained.”

So here’s what I learned and what I taught when I held monthly soldering classes for new-hires:

The purpose of soldering is to make sure there’s a path for electricity to flow through when a wire is connected to a termi-
nal.

Solder looks like bright silver wire on a spool. Actually it’s about 97 percent tin. It used to be combined with lead. Now it’s 
combined with a small amount of silver and copper.

You have a soldering iron, which looks a lot like a screwdriver with an electrical cord coming out the end of the handle. 
The idea is for the solder iron to be hot enough to melt the solder.

The tip of the soldering iron can be various shapes. It’s usually a point for small electrical connections, so that you can get 
the heat in exactly the small right place. For bigger connections, though, the tip can be shaped like a screwdriver. You 
can use the flat of the blade to transfer a lot of heat to a larger surface.

In the middle of the solder is a core of “flux.” The purpose of flux is to clean the surface being soldered before the solder 
goes on. The trick of good soldering is to get the flux to melt onto the connection before the solder gets there. If the con-
nection is dirty — with lubricants, corrosion or even fingerprints — solder may not stick. Flux smells like burning pine pitch — 
not all that bad at first.

The right way to solder is to first heat the metal that’s to be soldered. You want the solder to connect the wire both to the 
screw and to the terminal that the screw’s screwed into. So here’s the thing: you touch the solder iron tip to all three of 
those things at the same time — the wire, the screw and the terminal.

Hold the solder iron tip alone there for just a second or so, until the metal starts to heat, but certainly not until it gets red. 
Now, touch the end of the solder only to the connection. Don’t touch the solder to the solder iron. The reason is that if you 
touch the solder to the iron, the flux burns onto the tip of the solder iron and doesn’t get to the wire or terminal.

It’s In The Flow: The goal of soldering is to get the molten solder to flow. Molten solder will follow heat.

So, heat the joint, touch the end of the solid solder to the hot joint, keep the solder iron on the joint, remove the solid sol-
der from the joint, and pull the puddle of solder to cover the whole joint.

The edges of a completely flowed solder joint blend, or feather, into the metal. There isn’t a rounded edge.



Don’t drip. It’s a lot of fun to melt solder directly onto the tip of the iron and let it drip onto the connection. That’s the 
wrong way to do it because:

    * The flux, whose purpose is to clean the joint before the solder hits it, heats to boiling point and evaporates before it hits 
the joint it’s supposed to clean. It also fills the air with smoke.
    * Instead of landing on the metal freshly cleaned by flux, the solder lands on whatever is on the surface of the metal — 
probably lubricants from the manufacturing process. Everyone knows that nothing sticks to lubricants.
    * When the liquid solder hits the cold metal joint, it instantly cools where it lands, without flowing to cover the joint thor-
oughly. This is called “cold solder.”

The purpose of solder is more for electrical conductivity than for strength. So it doesn’t take much to get the job done. 
You should be able to still see the outline of the wire in the joint, though it should have a fine coating of solder over it.

Multistrand or stranded wire is made of several small wires twisted together. Its purpose is flexibility. Soldering stranded wire 
is a special challenge because solder easily travels upwards among the little wires. This is called “wicking.” The problem 
with wicking is that solder defeats the purpose of the flexible wire. So don’t let the solder go very far up the wire.

Have you ever read transformer specs and seen the word “tinned”? Tinned means that the ends of stranded wire have a 
coating of solder on them to fasten the ends of the wire together. This keeps the wire from fraying. It’s easy to tin your own 
wires — just heat the end of the wire and touch the solder to it.

Tinning is also a way to prepare a new solder iron tip.

Have you ever looked at the underside of a printed circuit board and wondered how anyone had the patience to solder 
all those little connections? Well mostly no one does. The soldering of printed circuit boards is done on a machine called 
a wave solder. There is a vat of molten solder. A conveyor moves printed circuit boards along the surface of the solder so 
that the underside of the boards touches the solder.

Personal Payoff: Here’s where being the solder trainer and knowing some techniques really paid off. It was January in 
Minnesota and we were having a cold snap — something like 10 below in the middle of the day, with the sun shining. My 
Dodge Tradesman van wouldn’t start because the battery cable connection had snapped.

Ah, it was a perfect time to put soldering principles to the test. I got out my biggest soldering iron and plugged it in the 
garage outlet next to the engine heater. This iron usually heated up really hot and fast, but this time it was in slow motion. 
About the time I was ready to give up, there was that familiar smell of the flux starting to melt. Then there was the little 
sizzle of melting flux, and finally the lovely silver flow of solder over hot metal. Soon the truck was running.

Not far into my career as the solder expert, my boss came to me and asked a new question. “Do you know now to silver 
solder?”

“Afraid not.”

“Sometimes it’s called brazing. Do you know how to do that?”

“Nope.”

“Well, you’d better learn because you’re the silver solder trainer.”

So, I went to the silver solder production line. I watched and asked the operators questions. After a while, the supervisor, a 
rough-around-the-edges gal with a gravely voice, came up and growled, “Are you one of them new lady engineers?”

“No, I, um, I’m a ...”

“I don’t care what you are,” she interrupted. “I just wanted to tell you, your zipper’s down.” And she stomped away.

It turns out the same principles apply to brazing as to regular soldering, but with a torch and liquid flux applied with a small 
brush. Sounds a lot like soldering pipe, doesn''t it? Heat the metal first. Don’t get it too hot. Apply the flux. Apply the solder. 
Use the heat to draw the solder into the joint.

And make sure your zipper’s up.



threads

 
When things fit together, why do they sometimes leak?

How much have you thought about the threads on the controls you work with? I was in a test lab recently, and the engi-
neer, Joe Beagen, was pointing out that there are NPT threads on an air eliminator.

“Wait a minute,” I said to Joe. “Say that again.”

“What again?”

“About the threads.”

“I said the threads are NPT.”

“Doesn’t NPT just mean it’s threaded?” I asked.

“No,” Joe said. “NPT stands for National Pipe Tapered. It’s a tapered thread so that when we tighten the joint, it makes a 
metal-to-metal seal. You still might use Teflon tape to make sure it doesn’t leak, but tapered thread really helps.”

I knew all threads weren’t the same. I’d learned that from an aged workbench I’d bought at a farm auction long ago. 
I thought I’d found a treasure of spare nuts and bolts. With the many little drawers full of nuts and bolts and screws and 
washers, I should have been set for life. But was I ever wrong. None of the nuts fit on any of the bolts. Even when they 
looked the same size, they wouldn’t go together.

That’s the same auction where I bought 10 buckets, and when I got them home, found that every last one of them had a 
hole.

But the point is something that we all know very well — not all threads are created equal. How does it work, that so many 
things do fit together? There’s a story there. But when things fit together, why do they sometimes leak? There’s a story 
there, too. Let’s take a look.

Figure courtesy of http://www.engineeringtoolbox.com/npt-national-pipe-taper-threads-d_750.html.
Screw History

Screw threads were invented a long, long time ago. The idea seems to have been first recorded by Archimedes, a third-
century B.C. mathematician. That’s a really long time ago. By the first century B.C., screws were common enough, roughly 
cut from wood or filed by hand into metal. The ancient Greeks and Arabs documented what they knew about screws. 



Leonardo da Vinci left sketches on how to cut screw threads by machine. There’s evidence that screws were used to 
fasten suits of armor. (Whoa! I guess there was no getting out of your armor in an emergency!)

In the 16th century, screws appeared in German watches. But here’s the crazy part — screws were cut by hand until the 
18th century. There was no standardization. Even with the Industrial Revolution when screws were machine-made, parts 
didn’t fit together unless they were specifically made to do so!

Standardization came painfully slowly. In the mid-1800s, England standardized on the Whitworth thread. This thread had 
rounded rather than pointed crests (top of the thread) and roots (bottom of the thread). The angle between threads was 
55 degrees.

Twenty years later, the United States also standardized — on something else entirely. The American Sellers standard had a 
60-degree thread angle, enough to make a difference. This became the American National Standard.

Thread incompatibility was enough of a problem during World War II — especially in building and repairing airplanes — 
that the two countries plus Canada were motivated to standardize. The result in 1948 was the United Screw Thread. This 
incorporated the compromise of the American 60-degree thread angle, and the English rounded thread crests and roots. 
(Visit the following Web link to view a graphic portrayal of the angle and crest form of American and English threads: 
www.sizes.com/tools/thread_american.htm.)

Pipe Threads

Pipe threads evolved similarly to screw threads. The American Na-tional Standard for Pipe Threads was developed in 1882 
by Robert Briggs, and was originally known as Briggs Standard.

Two general thread types have been approved. It includes two general pipe threads: tapered and straight. The tapered 
threads became known as National Pipe Taper (NPT). The straight is known as NPS.

For any of you non-plumbers like me, let me explain what tapered means. At first I thought “tapered” had something to 
do with the slant of the threads. Not so. Tapered means that the diameter of the pipe or fitting where the threads are 
starts out smaller at the beginning of the threads and gets larger by the end of the threads. Both the male pipe threads 
(MPT) and female pipe threads (FPT) are tapered.

On the other hand, “straight” is just as it sounds. The diameter remains the same from the beginning to the end of the 
threads.

The advantage of tapered threads, or NPT, is that they can be used for sealing as well as joining the two components. 
Straight is good only for joining.

As you know, ordinary NPT doesn’t provide a perfect seal. A sealant compound — pipe dope — or Teflon tape must be 
added for a no-leak seal.

However, there is a modified thread called Dryseal American National Standard Taper (NPTF), which needs no sealant or 
tape for sealing.

Here are some NPT characteristics:

    * The taper from the beginning to the end of the thread is 1/16 inch for every inch. That can also be expressed as 3/4 
inch for each foot, or as 1 degree and 47 minutes.
    * Thread crests (tops) and roots (bottoms) are flat.
    * The angle between threads is 60 degrees.
    * The number of threads per inch depends upon the diameter. That’s called “pitch” (more on that in a moment).

NPT Thread Sizes

Now here’s another amazing piece of information for a controls-person-who-is-not-a-plumber. Thread sizes are based on 
the inside diameter (ID). That’s where it counts, because that’s where the flow is. For example, “3/4-14 NPT” means 3/4 
inch inside diameter, 14 threads per inch, with the NPT characteristics above.

As you can see in the chart, you can expect this 3/4-14 NPT to have an outside diameter (OD) of 1.050 inches.

Pitch

The number of threads per inch is called “pitch.” For NPT, there are a standard number of threads per inch. In the chart 



above, notice that 1 inch NPT, 1 1/4 inches NPT, 1 1/2 inches NPT, and 2 inches NPT all have 11-1/2 threads per inch.

Why some things look like they fit but don’t: Some threads seem like they’re interchangeable, but they aren’t. For ex-
ample, NPT tapered threads don’t fit well with NPS straight threads. Here’s another mismatch — NPT and ISO (International 
Standards Organization) threads look similar, but NPT threads have a 60-degree taper angle and the pitch is measured 
per inch. ISO threads have a 55-degree taper angle, and are measured in millimeters. So the pitch is different.

Why some things fit but leak: There are many standards besides the NPT. For example, the British Standard Pipe taper (BSP) 
has descended from the English Whitworth standard. It has an angle of 55 degrees and a 1 in 16 inch taper. The NPT has 
a 60-degree thread angle. Both have 14 threads per inch in the 1/2- and 3/4-inch sizes. They’ll connect. But because the 
thread angles and the crest and root tolerances are different, there can be leakage, called “spiral leakage.”

So, this “spiral leakage” is why threads leak even if they’re tapered. The solution is to use a sealant. Like Joe the engineer 
says, NPT helps prevent leakage. And you may still need the tape.



the new Market For Solar
Solar heating is more similar than different from what we already do with hydronics.Solar. Solar heating. For some folks 
those are political fightin’ words. For others it’s hope for the future. Those of us who were around in the late-1970s and into 
the 1980s can remember solar as an energy laughingstock. Now it’s once again becoming an exciting idea.

Solar heating may be what in-floor radiant was 20 years ago. It’s an old idea come back to a new life; an idea that has 
“failed” in the past because of misapplication, but if used with technical smarts has great potential. When I first came 
west in 1987, only a few folks, and only in Santa Fe, N.M., were talking about in-floor radiant heating. Half of those were full 
of horror stories about how it had failed back East — leaks inside concrete, not enough heat, too much heat. The other 
half couldn’t say enough about the great new technology. And look at it now.

A Bit Of History: By accounts from those who were “there” during the heyday of solar in the 1980s, the solar heating craze 
wasn’t really about technology or energy savings. It was all about tax credits. Bruce Faul, now a rep for Shamrock Sales 
in Denver, was a contractor back then. He says you could pay your $7,000 in taxes to Uncle Sam or you could pay it to a 
contractor for a solar heating system.

Unfortunately, some smooth “gold chain guys” spoiled the industry. They were fast talkers and didn’t know much about 
technology. But they knew how to sell tax credits. The tax credits were about energy savings. But the energy savings were 
hard to document, and probably weren’t about solar energy.
Energy savings were most likely generated by the installation of a night set-back thermostat to reduce nighttime tem-
peratures, and an intermittent pilot retrofit kit to do away with a gas-consuming standing pilot in the supplemental heat 
appliance. Many say that the energy savings could have been accomplished with just these controls, without the solar 
collectors, piping and tanks.

The solar equipment itself and the installations often were substandard and didn’t last long. End-users didn’t understand 
that there was maintenance involved. Those who bought a house with solar already installed were clueless about what 
the apparatus even was, let alone how to keep it running.
What About The Future? This time around, the industry can be more based on professionalism and technology. Today, 
solar is not sold on only reducing energy costs. The appeal now is based on concern for the environment and the future 
inherited by children and grandchildren. Solar equipment is expensive and expensive to install. It has a long return on 
investment.

This is one reason why the United States is not a leader in solar. Experts say that solar is used much more worldwide than in 
North America. Guess the largest user of solar. Ready? It’s China. Second is Europe.
Solar heating is more similar than different from what we already do with hydronics. Just imagine a solar panel rather than 
a boiler as the first stage of heating water. That’s the difference. What’s the same is that you have a heat source, hot 
water storage tank or tanks, a piping distribution system, pumps, and controls that determine how hot the water is and 
where the pump puts it.

Although some products are unique to solar because of their temperature range or capacity, their function is the same 
as with a conventional boiler system. You heat a fluid, and when it’s the right temperature you pipe it to where it gives off 
its heat.

Solar Controls: Picture the controls on a conventional boiler: expansion tank, air eliminator, system fill valve, sensors, freeze 
protection, relief valve, a controller or two. Exactly the same functions are used on a solar system. Some are the same as 
with a boiler; some are specific to solar.

The expansion tank needs to be a lot bigger than for a boiler. That’s because the temperature changes with solar are 
much larger. With a boiler system, you’re dealing with relatively small temperature changes. With solar the changes might 
be as extreme as hundreds of degrees in an hour.
The air eliminator would be the same as on a boiler, usually 1 inch or 1 1/4 inches.
The system fill valve is one time, not constant. Oops, it shouldn’t be constant with a boiler system, either, should it?
Sensors are located on the roof to sense collector temperature, and in the storage tank or tanks.
The controller is similar to what could be used on a boiler. Remember that the simple definition of a controller is a device 
that measures temperature and causes an action based upon temperature change. For example, falling temperature in 
the common controller called a thermostat causes a switch to close, which allows electricity to flow to bring on a burner.

Another common boiler and water heater controller is an aquastat. It has two settings. One is the setpoint, which is the 
ideal temperature of the water in the tank. The other setting is the differential. That’s the number of degrees the tempera-
ture in the tank will be allowed to fall before the burner comes on to reheat the water. Typical differential is between 10 
and 15 degrees F.



A solar controller also works on a differential. The controller measures the difference between the fluid in the solar collec-
tor and in the collection tank. When the difference is greater than the differential setting, the controller closes a switch to 
bring on a pump. The pump then moves the hotter water in the collector to the storage tank.

Like with a boiler system, we often call the fluid “water.” We really mean any heat transfer fluid used to absorb and give 
off heat. It could be glycol. But solar equipment manufacturers specify the fluid to be used in their equipment so that we 
don’t put in a fluid that will harm the equipment or piping, for example something that is too acidic or just plain dirty.

Also like boiler controls, modern solar controls are more complex than just an aquastat. For either a boiler or solar, the 
modern controller is an electronic box that does several things at once. For example, the solar controller can have a 
number of sensor inputs so that it can control water going to several different collection tanks of different temperatures.

That makes it possible to provide water to domestic hot water, a pool and even some living space heating. The controller 
also makes it possible to integrate the use of solar with a boiler, so that the end-user doesn’t come up short on hot water 
or heat.

Too Much Heat: One of the surprising challenges of solar heating is too much heat — in the summer. Solar collectors col-
lect year-round, whether we have a use for the energy or not. In the winter, when less solar energy is available, we have a 
higher demand for heat, and can use every bit of solar energy that is collected.

In July and August, however, unless the collector is covered, it absorbs much more energy than there’s a use for. The 
problem the system designer faces is to not size the collectors bigger than the energy that can be dissipated in the sum-
mer. Besides the seasonally constant demand of 15 to 25 gallons per person for hot water, the summer heat can be used 
for a pool. An innovative use is also replacing the heat in the ground water when it has been depleted over the winter by 
a ground-source heat pump.
Because we’re in the comfort business, and because comfort means having the heat we want whenever we want it, a 
solar system doesn’t do away with the need for a boiler. Solar means that the boiler can be used much less, as a back-up 
rather than as a primary heat source. Solar does not reduce the cost of a heating system. It mostly increases it.

But for energy-conscious customers, using less fossil fuel can be much more important than saving money. You and the 
solar business can help them do it. For checklists for a solar project, check out the Web site www.retscreen.net. To find out 
the status of federal and state tax incentives today, try www.energytaxincentives.org or www.dsireusa.org.

However, if you’re curious about solar, give yourself a head start and remember that the controls do the same thing as on 
a boiler system — just sometimes bigger and at a larger temperature range.  
 

 



OUTLOOK ON LIFE FROM THE HEATING BUSINESS

Sometimes You Just need A nap
Working with controls and a puppy-in-training have more in common than you think.

Trapper, a 45-pound, 5-month-old yellow Lab puppy, went with me to the Radiant Panel Association convention in Sac-
ramento this spring. As you would expect, there are many things to be learned traveling with a puppy. It turned out that 
those things weren’t at all what I expected. But not surprisingly, several apply to controls:

    * Things are not always what they seem to be.
    * People often read one thing and see something else entirely.
    * You can’t do your job very well if someone’s stepping on your tail.
    * Sometimes you just need a nap.

Here’s the scoop on the pup. Trapper is a puppy-in-training for the organization Guide Dogs for the Blind. My friend Patrick 
and I are raising Trapper. For the next year or so our job as volunteers is to expose Trapper to every situation we can find, 
so that when he’s a guide dog, nothing will surprise him.

That means we can take him everywhere people go -- restaurants, bars, movie theaters, the passenger compartment of 
airplanes, and even RPA conventions.

Ready For Anything

Just like with controls, there are certain things I expected to happen when I took Trapper on this trip. I was ready for it; I 
had my “tools.” That means I had plenty of plastic bags for poop pickup. I had a variety of chew toys for keeping him en-
tertained on the plane and in restaurants. I had three different kinds of collars and three different types of leashes in case 
Trapper decided to exhibit challenging behavior.

I had my paperwork ready, too. There was a certificate of Trapper’s immunizations if anyone asked. I had documents that 
proved that Trapper really is a guide dog, and a phone number to call to prove it.

And I had the final credential: the bright green with bold white print “puppy coat” that Trapper always wears in public. It 
says, “Guide Dogs for the Blind -- Puppy-in-Training.” This coat is magical, like a police badge. Folks who might normally 
resist just smile and let us in.

Nevertheless, I expected trouble at the airport and I was ready for it.

Just like a controls job, there were plenty of incidents. And just like a controls job, the incidents weren’t at all what I ex-
pected -- not even close.

I was most nervous about security screening. I went though the screening machine first. Trapper and then Pat were be-
hind me. I’d carefully removed every piece of jewelry and every coin from my body, and I got through without setting off 
the metal detector. But for some reason, I’d assumed the screeners would understand that the metal on the dog collar is 
just metal on a dog collar, and would be cool about it.

Well of course they weren’t cool about it. But here was a bigger surprise -- instead of inspecting the pup, they went after 
me. They put me in that “feet 2 ft. apart, arms horizontal out to your sides, don’t you dare move” position, and they found 
every rivet in my jeans with that wand. Meanwhile, the 45-pound pup was bounding like a yo-yo from the leash in my 
helplessly extended hand.

When they finally finished with me, one inspector demanded, “Is he OK?”

“Yes, the dog’s fine,” I replied, thinking that it was I, not the pup, who had endured the ordeal.

“No, is HE OK?” the inspector emphasized.

“He who?” I asked.



“The blind guy,” he responded.

“What blind guy?” I asked.

“The one with the dog,” he said, and pointed back at my friend Pat, who was still on the outside of the metal detector 
machine.

It was one of those moments that seem to take an eternity for the brain to process. It felt like when you burn your last 
transformer and it’s 10 p.m. on a Sunday night. What you see and what you know just don’t match up for a bit.

Finally I understood. “He’s not blind,” I squeaked. “We’re just training the dog.”

Back to my expectations.I was ready for objections from the rental car agent or the hotel clerk, and was prepared to 
make a pitch, complete with paperwork to prove it, why this particular puppy really is allowed in places that pets can’t 
go.

But there was no resistance, only huge smiles, questions like, “How old is he?” and even folks saying, “It’s so wonderful that 
you’re willing to do this!” Little do they know that it’s the rebel in me, not an altruist, that’s behind this work (yes, I can bring 
this dog in here).

But as always, surprises come in surprising places and ways, not in expected ones. If you think you’ll need a screwdriver, 
you’ll need a hammer. If you bring the whole toolbox, you’ll need a mop.

Puppy Surprise

I was working a booth as an exhibitor at the RPA show. Everyone needed a badge to enter the show, and since Pat was 
my guest, RPA gave him an exhibitor badge. Pat and Trapper came by the booth for a visit. Right after they left, two guys 
who’d been standing nearby came up to me and asked, “Who’s the blind guy with the exhibitor badge?”

When I recovered from that surprise, I couldn’t help but think how this incident was so much like reading (or not) the tech-
nical material. It’s so common to read one thing and see something else entirely. I’ve done it often enough myself. The 
installation sheet says 24V, but I see 120. Oops. The puppy coat says “Puppy-in- Training,” but folks see “Blind Guy with a 
Dog.”

We’re not done yet. On the weekend after the show, Pat, Trapper and I ventured into San Francisco. I wanted to ride the 
cable cars and see the cable car museum. At the museum, you can see the huge wheels pulling the cables that pull 
the cable cars through the streets. And there’s historical information on the walls to read while you watch the wheels go 
around.

I was reading a display. To my amazement, a woman, rather rudely I thought, wedged in between me and the display.

I kept reading by stretching around her. Then she suddenly turned around, looked into my face, and asked, “Do you want 
me to read this to you?”

At first I thought she was being sarcastic, and that she was expressing irritation about my trying to read around her. Then 
another one of those slow realizations soaked in -- she thought I was blind. She was sincerely offering to help. She’d 
stepped between me and the display because she assumed I couldn’t read it anyway.

What an excellent lesson in “things aren’t what they seem to be!” She wasn’t rude. I wasn’t blind. And a puppy-in-training 
wasn’t attached to a blind person.

Trapper dealt with everything like he’d seen it all before. If nothing else, I was sure that getting on and off the cable cars 
would be a problem. But he hopped on and off the huge cable car step like it was the easy entry into the house.

By the third time we had it down for sure, and I relaxed about the whole thing. But instead of jumping on like he had be-
fore, he balked, yelped and refused to move. I shoved him and he yelped again. There was a problem I was causing but 
didn’t know about. I was stepping on his tail! He couldn’t have jumped up if his life depended on it. Again there seemed 
to be a real- world similarity here -- you can’t get your job done if someone’s stepping on your tail.

As in real life, there was too much to do in San Francisco. We walked and walked, and climbed hills going up and hills go-
ing down. There was so much left that we hadn’t seen.

Standing on a street corner trying to decide, shall we try to find Chinatown? Or shall we try to climb the crookedest 
street? I looked down at Trapper. Once again he was out for a nap.



You know, the pup’s right about this, I thought. Sometimes it’s time to stop. No matter how much opportunity is before 
you, or how much you should get done while you can, sometimes you just need a nap.



Hands on!  the Back row Boys
There's a special kind of guy that comes into a classroom and heads for the back row.  Our industry is full of them.  No 
matter how many other seats there are, he's going for the back row.  If the back row's full, he'll grab a chair and drag it to 
the back row.  I fondly call these folks "The Back Row Boys."  Whether or not anyone know it, they're one smart bunch.

I first got to know the back row boys when I taught college industrial technology.  My class was made up of guys whose 
dad  had said," You're goin' to college, Boy, and ya ain't gonna be no jock."  The next easiest thing to major in after phys 
ed was supposed to be industrial arts, otherwise known as shop, so there they were in the back row of my class.

My only knowledge of the back row was from the front.  In elementary school the boys in the back had their hands on ev-
erything.  We girls found them intolerable.  If there was something to touch, they touched, regardless of constant warnings 
to "Keep your hands to yourself."  Probably because they were constantly touching everything, their hands were unbear-
ably dirty.   Why couldn't they just stop that? we front row students--and the teacher--wondered.

On into high school, the back row boys were:
Dumb
Pimply
Dirty, especially greasy hands and muddy boots
Suspected of making nasty comments and snickering among themselves 
Otherwise, non-communicative
Jabbing and poking each other when awake
Otherwise, asleep

Not much is expected of the back row boys.  But as the teacher I learned fast that the back row boys have expectations 
of school.  The big one is that they get left alone.  So long as they're reasonably quiet back there, they get to do what 
they want.  What they want to do is to be left alone.  They don't have much use for the stuff that happens in classrooms.  
That's for the smart kids and the teacher in the front of the room.  The back row boys are in class for the duration, and not 
for much else.

The problem with my industrial technology class was that there was no one in the front of the room except the teacher.   
From the front, there was me,  then six rows of empty seats, and then two exceptionally tight rows of back row boys all 
crammed as tightly as possible against the gray cinderblock back wall.  The ones that got there first got to tip their chairs 
back against the wall, angle their gimme hats (John Deere, CAT) down over their eyes, prop their muddy boots up on the 
student desks and settle in . . . for the duration.

Since there was no one else in the front of the room, I went to the back.  Chairs thudded to the floor.  Mud popped off 
boots as feet came down off the desks.  Hat bills popped up.  "What're you doing back here?" cried the alarmed expres-
sions of the back row boys.  It felt like I'd walked into the men's restroom.

"There's no one up there," I said. "So I guess we're going to have class back here."  I've never been in the back of the 
room.  What goes on back here?"

A few grumbled, "Nuthin'."

Nuthin was what they expected, and nuthin was what they expected teachers to expect of them.  They never had been 
and never would be good at school stuff--reading, writing, spelling, math.

Revelation time.  When I moved in with the back row boys I learned why they can't stop the hands stuff.  Hands-on is how 
they think. 

It's known that different people learn best through different senses.   Many learn mostly by seeing.  Some learn best by 
hearing.  A few learn by touching and doing..

Think what it would do to "normal" seeing and listening students if they aren't allowed to use their eyes and ears in class.  It 
seems that something similar happens to the back row boys when they can't use their hands to learn.

When the back row boys got into the shop, they changed.  Their hands knew what to do without being told, told by 
either the teacher or by the brain of the person they were attached to.  Here's what I learned about the back row boys in 
the shop:



- They think with their hands.  They begin by feeling the project, or by reaching for a tool, thus looking like they're not 
thinking
- They may not talk while they're thinking--thus looking like they're not thinking
- They may not explain the conclusion they reached, thus looking like they're not thinking
- They may pay a lot more attention to things than to people, so other people don't know what they're thinking, if at 
all 

As a society and as individuals we have a bias that the back row boys aren't very smart.  They're often not specially tal-
ented in "readin' and writin',"  But, as shows up in the shop,  they're often brilliant in that hand-on stuff, that fix-it stuff,  and 
that "don't make me read about it, just let me get my hands on it" stuff.  These folks are what our industry is made of.

Fortunately, the people who study intelligence (as in gifted and talented children) are not biased against the hands-on 
folks.  Analysts of smart people recognize seven different types of intelligence:

Linquistic--writing, reading, telling stories
Logical-mathematical--interested in patterns, arithmetic problems, strategy games, experiments.
Bodily-kinesthetic--gain knowledge through bodily sensations.  Often athletic, good at crafts such as woodworking
Spatial--think in images and pictures; like mazes & puzzles
Musical--often singing or drumming to themselves; aware of sounds that others miss.
Interpersonal--good at communicating with others; seem to understand others' feelings and motives
Intrapersonal--often shy; aware of their own feelings; self-motivated.

(Source:  Howard Gardner, Multiple Intelligence: The Theory in Practice.  NY:  Basic Books, 1993.  Or search the internet for 
"types of intelligence.")

It's said that it's rare for a person to be high intelligence in all areas.  Someone especially high in one area will most likely 
be quite unremarkable in other areas.   Think, for example, of the surgeon who has no idea now to make his home toilet 
stop running. 

-----That's our back row boys isn't it--the ones who are happiest touching and doing.  If not, they appear to be entirely shut 
down.

I've come to believe that the sign of a good mechanic is the hands.  If a person starts out by reaching for a tool or by 
touching the components, my bet is that this is a good thinker.   If  he stands back and just looks,  I'll bet his knowing nod is 
a fake.  If he asks for the instructions, I figure it's a lost cause.

There are at least a couple problems with the fact that the back row boys often represent our industry.

1) The general public (our customer) may have the same assumptions about the back row boys as I had before I 
joined the back row, so the public may not be all that confident that one can fix his problem

2) The  back row boys often don't communicate verbally all that well.  That means they may prefer not to communi-
cate with the customer,

3) We in the industry tend to undervalue our back row boys.    That means

- It may show that we don't think they're all that smart
- We probably get what we expect, rather than what they really can do
- We don't invest as much as we could or should in their development .

The plumbing and heating business is full of back row boys.   Maybe are you are one.  If not, you most certainly work with 
one.  Let's give you, your employees, and our industry credit for being really, really smart.  Hands-on!

 

 



the Big Mouth up Front
Can 'Why?' really mean 'Tell me more?'

So I just out and asked him, "Why are you so darned argumentative?"

And he said, "Because that's how I learn."

"Learn?!" I replied, stunned. "You argue with people so you can learn?"

"Yep, that's how I learn. Always have. Have to admit it's caused me some trouble. But that's what I do."

It was after a class. A bunch of us were in the bar, standing in front of one of those huge stone fireplaces - one with 
so much mass that when it's not fired up and giving off too much heat, it's literally stone cold and sucking every bit of 
warmth from the rest of the room.

This plumber was one of those guys built like a wall. Thick. Sturdy. Wide face. Arms crossed over his barrel chest most all 
the time. Wild hair with eyebrows to match. I bet his grandpa and dad looked just like him.

My turn. "Well, doesn't that make it awfully hard on the person you're trying to learn from?"

"Never seemed that way to me. I just want to find out what they know."

"Well, I'll be," I thought. This is a completely new perspective. Here, all this time, I thought argumentative people were 
being - well, all kinds of not-nice things, difficult-on-purpose things. But something as innocent as "trying to learn" never oc-
curred to me.

I came from an extremely quiet family and community. No one argued unless they were at their absolute wit's end. 
No one raised their voice unless they were really angry. That's the kind of angry that comes from holding it in for weeks, 
months, maybe even years. Then out it comes. Boom.

So a raised voice, an argumentative voice, where I come from, means that damage is meant to be done. It means you 
can only get hurt from going up against it.

In the farm school where I grew up, learning went one way. The teacher taught, and the students kept buttoned up. 
Same with parents. Dad said it once, and the kids understood. Or else. Right now. No questions asked.

So what's this stuff about putting up an argument in order to learn?

Seeing Things Anew

Time to try on a new perspective. Let's try a shift. Let's reposition argument to discussion. Just take out the loud volume 
and the argumentative tone of voice, and it's just a discussion, right? I can do discussion - sometimes all day.

So I've been experimenting with my own reactions. Instead of believing, "This is an argument, and it's got to be stopped, 
or at least controlled," I've been saying to myself, "This is an invitation to teach. I'm sure he wants to learn."

Wow. What a powerful shift.

Once the possibility sunk in that argumentative-ness is just another learning style, my whole perspective of interacting with 
people changed. This includes all kinds of folks - students, customers, family, friends, strangers. With each person that I 
thought was being difficult, I tried on the idea that they were just trying to learn something. Each objection is a request for 
information.

From a student "Why?" might not mean "I disagree!" It might mean "Tell me more."

There's Always One In The Bunch

As sure as every class or employee meeting has the silent back row boys, there's also "the big mouth up front." He's inevi-
table. Instead seeing him as a troublemaker, let's try him out as an eager learner.



"Hey, I got a bone to pick with you!"

I'm trying to get set up for the class. I have a couple things on my mind, such as where's the extension cord and what 
happened to my slides.

"You do? What's that?" I say politely, hoping that will end it. Of course it won't. This is just the beginning. This is his way of an-
nouncing that he's the one. Every class has one, and he's the one.

"Yeah, you know, you blah, blah, blah ..."

The rest of the room already knows this guy. And they know what he's going to do. Sometimes they look forward to it with 
relish.

"Oh boy, is he ever going to work you over!" they seem to be thinking. "He eats instructors alive! You better know your 
stuff." That almost used to intimidate me.

Some gentle members of the class feel sorry for the instructor, and try to warn me ahead of time. A kind person takes me 
aside.

"You know, ole Al ain't as mean as he acts. Don't let him get to you. I've been working with him for years, and his bark ain't 
as bad as his bite."

I've had many ideas of why the big mouth is the way he is. I've thought that his game is "stump the instructor," but even 
when I know all the answers, he still has more challenges. I've thought his agenda is to disrupt the class. I've decided he 
just has to be the center of attention, no matter how sick of him everyone is.

These may all be part of what's going on, but the explanation I like best these days is that arguing is just how this guy 
learns, and his annoying behavior is simply evidence of his eagerness.

Seeing it that way sure makes it easier on me. Whoa, he's not working against me - odd way to show it - but he's working 
with me.

And you know, in that light he adds a lot to the class. He adds energy. He makes the rest of the class focus. They can't 
wait to see how I handle what they think are his attacks. He's my straight man.

I can look at customers the same way. You might try it, too. We all fear the argument from the homeowner, "Your price is 
too high." To many of us, that objection means "You blew it, your competition gets the job." But what if the customer is re-
ally asking for information: "Tell me what's so special that makes it worth that much money?"

Our answer, "Well I guess I can lower my price," is an answer to a different question.

I've been thinking about the argumentative learner for about a year now. Different people have different reactions to a 
situation that seems argumentative. Some take him on and try to win. Some duck and hide. Some change the subject. 
Some try to answer all his objections with the belief that there's an end somewhere.

But seeing argumentative-ness as a way to learn changed how I see the world. The world isn't full of conflict. It's full of 
people who want to learn.

Well, maybe it's not perfect. But it's a fresh perspective. And that's worth something, too.

 



 

training Adults & technicians 

Adults learn differently. Adjust your training accordingly.

We're all teachers at one time or another, whether we get in front of a class or not. Every owner, service manager and 
senior technician has to be a trainer. And, oh boy, it's not an easy job!

Whose fault is it when techs are hard to train? Sure, they're inexperienced. They have a short attention span and are 
easily distracted. Can you do anything about that? Probably not. What you can do something about is how you teach 
them. Instead of wishing they were different, in fact, blaming them because they aren't different, how about starting from 
where they are? There's more than one way to teach.

Most of us have only one model for teaching - how we were taught as kids ourselves. Does anyone think that was particu-
larly good? Did anyone love school? Why then would we perpetuate the old ways of teaching? It just hasn't occurred to 
us to do it any other way. We haven't allowed ourselves to think of alternatives. But since instructors and students all agree 
that the old-fashioned way doesn't work, why not try something else?

First, let me clarify what I think of as the old-fashioned way. That's when whoever is teaching tells the supposed learner 
what he's supposed to learn. It's expected that the learner hears the material once, remembers it perfectly, and uses it 
whenever the occasion comes up. If the learner doesn't get it the first time, the instructor tells him the same thing again, a 
lot louder. Perhaps the instructor throws or kicks something to make sure the information sinks in.

I propose that we approach training our techs by using established principles of intelligence and how adults learn. I think 
this may even be more important for an instructor to think about than the subject matter itself.

Types Of Intelligence

You may remember my January 2004 column "The Back Row Boys," where I listed seven types of intelligence that the 
experts have identified, and the fact that no one is great at all of them. Usually a person is remarkable in just one. We 
expect our techs to be great at hands-on fixing things. That means they probably aren't going to be good at words or 
abstract theories, or interpersonal relationships. That's OK!

It also means that we need to teach them in ways they can learn. If they're good at hands-on, that's also how they learn 
best. Giving them a device and letting them mess with it will work a lot better than lecturing them about it.

Let's look at how this might apply to teaching basic electricity. The reason we teach it is so the tech can wire a circuit. But 
we start the class with electron theory. We follow that with lots of math. Why do we do that? Only because it's the way 
we've been taught. Other that that, there's no good reason.

I propose that starting an electricity class for hands-on guys with theory and math is about as useful as starting a rocket 
science class by teaching how to crochet. It just doesn't apply to the skill to be learned. And, it requires a kind of thinking 
that the learner doesn't identify with.

Adults bring many things with them to the learning experience. Some are useful, some aren't, but there they are anyway. 
You can take advantage of what adults bring with them to make life easier on yourself as an instructor, and to make 
learning easier for the student. Here's what adults bring:

    * Lots of life experience, and a need to have that acknowledged.

    * Expectations.

    * Distraction of other things going on in their lives.

    * Possible bad experiences with traditional education and authority.

    * A tendency to take errors personally and a preference to avoid risk.

    * A need to keep their self-esteem intact.

Let's look more closely at the list. Even the 18-year-old kid - perhaps especially the kid - believes he has significant life 



experience. Regardless of how little you value his experience, it's there to work with you or against you. What does he 
know? Ask him! Even if what he knows isn't useful to you, he needs to have it acknowledged.

Expectations come in many forms. It doesn't matter if his are the same as yours-he has them. Finding out what the learner 
expects doesn't mean you're going to try to measure up. But it does let you now what you're working with.

Distractions are always going on. Adults are masters at looking like they're paying attention, when the mind is somewhere 
else entirely. This means that if you're doing all the talking, the trainee is very likely thinking about something else. Part of 
your training challenge is to keep the learner "engaged." Ask a question. Get his hands busy.

Adults have possibly had bad experiences with education and authority. That transfers directly to any teaching you do 
that looks too traditional. The trick is to change the learning experience. Asking the learner to guess an answer rather than 
telling him. Let him discover with his hands how something works.

Adults have a tendency to take errors personally and to avoid risk. If we don't know it already, it's a first-class opportunity 
to make a mistake. Who wants to be caught doing that?

Adults need to keep their self-esteem intact. Everyone has a strong sense of pride, even those we think don't deserve it. 
I'm not saying you should tip-toe around, trying to never offend. But if you can help preserve someone's positive sense of 
self, you're much more likely to teach him something. People shut down when they feel bad, and that means they're not 
learning anything.

Principles Of Adult Learning

I'm not convinced that adults learn all that differently than kids. But I do know that the way we were taught as kids (lec-
ture, theory) doesn't work for most of us. According to experts who study learning, successful adult training must be based 
on the following ideas:

Hands-on and practical, not theoretical. That means that basic electricity should not start with electron theory. It would 
be a lot better to start with an ordinary actual device that has a simple circuit.

Straight-forward and how-to, relating to immediate need-to-know. Remember when you first learned to use a computer? 
Did you remember anything that you didn't take home and practice right away?

Tied to what they already know; information in conflict with what they "know" won't be learned. The tech "knows" that 
there's no purpose for paperwork. It's just a waste of time when he could be getting on to the next call. Until he "knows" 
that you use it to bill the call and replace inventory, he may never fill it out.

It can take three to seven exposures for a new idea to be learned. Repetitious advertising is a good illustration of the fact 
that it takes many exposures before an idea sticks. Often the instructor thinks, "I told him once, so now he knows."

Multiple learning media (e.g., hands-on, videos, drawings, play-acting) are preferable. The fact is that telling someone 
even many times often doesn't work: "I've told and told him, and he's just not getting it." Find ways of teaching that aren't 
just "telling 'em."

Peers learn well from each other. We often think that the expert is the best teacher, but that's not necessarily true.

Teaching someone else is a good way to learn. It's often said that there's no better way to learn something than to teach 
it. That's true because when you're teaching, the gaps in your knowledge become very clear. That doesn't mean it's com-
fortable!

Since teaching someone else is a good way to learn, let the learner also teach it. And while we're at it, you can get 
started now learning a new way to teach. Spread the word that the old "tell 'em" style isn't the way to teach technicians. 
Technicians don't need theory and lecture. They need hands-on learning.



 

Is It Spare Parts or Junk?
Rule of thumb: If you can’t find it in 15 minutes, it’s junk.

I was traveling with Steve, a plumbing distributor rep. As we pulled into the yard of Aesop’s Plumbing and Heating, there 
was an all-too-common view — junk everywhere.

Most visible were the old vehicles. There was a 1972 Dodge Tradesman van with an oddly shaped customized window 
in the side door, license plates 1984. All visible tires were flat. There was a 1980 Volkswagon Rabbit, with the label “diesel” 
hanging crookedly under the hatchback window. And there was a 1984 Toyota Camry, 1989 plates, front-end smashed, 
hood jutting into the air.

Anybody’s yard might have old cars and trucks. But a plumbing yard has more interesting items: a vintage Maytag wash-
er; an ancient boiler, rusting pipe attached; an aqua blue toilet and matching sink, 1950s vintage, I’d guess; any number 
of water heaters, rusting; a large bird cage, the door hanging open, no bird.

“Why do they do this?” I sighed to Steve.

“Do what?” he asked.

“Leave junk everywhere. It makes the whole industry look bad.”

“That’s not junk, Carol,” he said. “That’s spare parts.”

Ah, yes. I knew that. One person’s junk is another’s spare parts.

We all have it. Whether you call it spare parts or junk, I bet there’s some — maybe a lot — around your place, too.

The problem with junk when you’re in business (you are in the plumbing and heating business, aren’t you?) is that it costs 
you. It might be costing you money, but there’s also the cost of the space to store your junk. Even if it’s your side yard, you 
could be using that for something else. There’s intangible costs of moving around it, or moving it to get to something else.

At the very least, it costs you in image, and image is an important part of being in business, right? Even if it’s inside where 
the public doesn’t see, the junk is still there for you and your employees to deal with.

But I’m pretty sure that yours, like mine, isn’t junk, but rather “spare parts.” It’s going to come in handy some day. If we get 
rid of it today, tomorrow we’ll be sorry. But really, what is the difference between spare parts and junk?

Junk Collector

My father was a collector of spare parts. He worked for the electric utility. During the 1960s, the company was shutting 
down a number of small local power plants, including those along the Scioto and Olentangy rivers. After the shutdown, 
employees could take home whatever was left. To Dad, every nut and bolt had a potential use. But most items were big-
ger than that. The back yard filled up. The basement filled up.

For a long time there was a heated debate at home about what these things were. Mom insisted, “This bringing home 
junk and more junk has got to stop.” Dad maintained that it was all parts he had a use for. They compromised. If it was 
labeled and neatly stored on a shelf, either in the shed or in the basement, it was parts. Otherwise it was junk and had to 
go. Dad lovingly labeled it all, including paint cans with the letters “MT”—empty. And I agree. There are times when an 
empty paint can is just what you need, provided you can find it.

But I think Mom was on to something. Perhaps it’s the labeling and organized storage that makes the difference between 
junk and spare parts. Or at least it’s the knowing where the items are. If you can put your hands on what you’re looking 
for in 15 minutes or less, it’s parts. Much more rummaging that that, it’s junk.

Not long ago. I was hanging around the A&A Trading Post, one of the best hardware stores ever. It’s one of those places 
with the sloping and creaking wooden floors that make you expect an old geezer in overalls to come shuffling out from 
some corner and ask, “Whatcha lookin’ for?” The A&A has everything, and it has a crew of old geezers that knows exact-
ly where to find that odd part you need for any job, carpentry, plumbing or electrical. There are a lot of old-guy custom-
ers, too.



Here’s what I overheard.

Old-guy customer: “Why that’s highway robbery! You want $1.19 for that fastener? Why, I got four just like it at home that 
didn’t cost me near that.”

Old-guy employee: “I got no doubt you do. But you don’t know where yours are, do you?”

Old-guy customer, taking the fastener: “All right, ya got me there. Gimme that darn thing. I’ll pay your thieving price.”

Comes In Handy

Here’s another way to look at this. This past summer I stopped at the settlement of Wiseman, Alaska (pop. 30), on my way 
to the Arctic Ocean. Resident Jack Murphy gave us a guided tour. He’s lived there since he was 5 years old. There are 
only a handful of year-round residents, including Jack’s mother who lives in her own cabin and chops her own wood for 
heat. Jack’s two grown children moved to the big city — Fairbanks (pop. 30,000) — which is good, Jack said humorously, 
because his one-room cabin wasn’t big enough for all of them.

Jack doesn’t mind giving walking tours of the settlement. Even though there are streets, they’re more like one-way trails, 
mostly gravel with potholes. The houses are small, and feel as if they’re all sharing one huge meadow for a yard. The sum-
mer grass and small vegetable gardens go on and on without the division of any fences.

Jack was proud of the fact that he’s one of the few year-round residents, and said that about half the houses — all small 
log cabins, some ancient and sagging, a few obviously bolt upright and brand new — were owned by summer people. 
Who would have thought, summer places above the Arctic Circle!

Now here’s the important part. Jack said with a chuckle that the way you could tell a year-round home from a summer 
place is the junk around the house. What do you think? Which place has the junk?

The year-round residences are all surrounded by what looks like junk, but is really spare parts.

In the summer, you can take the gravel Dalton Highway 275 miles to the nearest major city of Fairbanks. The rest of the 
year, there’s no way in or out of Wiseman except by snowmobile, dog sled or show shoes. So self-sufficiency is essential. 
And that means spare parts, even if they look like a yard full of junk.

Here’s another interesting Alaskan take on spare parts. In the three years it took to build the Alaska pipeline, they had 
more than $175 million in spare parts, enough to strain the supply capabilities of companies like Caterpillar. You probably 
don’t have that much tied up, but you might want to take inventory of your spare parts. And if you can’t find that part 
within 15 minutes or so, you might want to inventory your “junk.”



My Arctic Vacation
Heat flows to cool, wherever you go.

I like to take my vacation in places where most folks don’t go: Africa, Guatemala, and this June, the Arctic Ocean.

I was thinking about you plumbing and mechanical folks the whole time, because I saw things that you would’ve loved. 
How about 800 miles of 48-inch diameter, 1/2-inch-thick pipe — that’s 19,000 truckloads — with 108,000 welds holding it 
together! It’s the Alaska Pipeline. More than half of it is above ground; that means you can see it, touch it, and feel the 
heat.

The heat, more than the pipe, made me think of you. It was the principle of heat transfer that brought you to mind — the 
rule that heat moves to cool.

That principle is what makes hydronic heating work. The heat of the burner moves to the cooler water. The heat of the 
water then moves to the cooler living space air. Giving up its heat, the water cools. The cool water goes back to the 
boiler and picks up heat again from the burner. And on and on.

The word “arctic” makes us think of cold — extreme cold. You’d expect the main interest up there would be getting heat. 
But as it turns out, too much heat is more of a problem, whether in buildings or the pipeline. Much effort goes into getting 
rid of heat.

The place where I actually touched the Arctic Ocean was Prudhoe Bay, on the northern coast of Alaska. I got there by 
way of 358 miles of gravel road, driving north for two days from Fairbanks. The mountain and tundra scenery was gor-
geous. The temperature was unseasonably cool in the high 30s, the wind wicked, and the port-a-potties few. In all those 
miles between Fairbanks and Prudhoe Bay, there were probably no more than 20 other vehicles, and even fewer build-
ings. Most of them were pump stations for the pipeline. Five of those pump stations had refrigerated foundations.

Prudhoe Bay exists because of the oil fields that feed the Alaska Pipeline, which takes oil 800 miles across Alaska south to 
the port of Valdez. No one permanently lives at Prudhoe Bay. There are no private homes or schools or kids or pets. Peo-
ple go there only to work. In the winter, 1,500 people work there, drilling oil or supporting the operations. In the summer, 
the number of people drops to 1,000, doing maintenance to prepare for the winter work.

The only thing to do there is work or sleep. Folks work 12-hour days, seven days a week. Work may be days or nights, but 
it doesn’t matter, because it’s always dark in the winter. You thought you had it bad! But once a person gets a job, he or 
she keeps it until retirement. Why? Because it pays extremely well, and to balance out all those weeks of work, there are 
the weeks off, when they go home for, depending upon the job and the company, three to six weeks at a time.

Down The Pipeline

The reason drilling can be done only in the winter is that the ground — called permafrost — has to be frozen if it’s going to 
support anything. When thawed, it’s a marsh, so anything of weight sinks. There, -40 degrees F is good weather for work.

Because the permafrost needs to be kept frozen, and because buildings and pipelines generate heat, refrigeration is criti-
cally important in the Arctic. Who would’ve thought! But no matter where you are, heat moves to cool, and heat moving 
into the permafrost causes it to become muck. Besides building refrigerated foundations, a large part of the pipeline is 
also cooled.

It’s evident how a building would generate heat, but a pipeline? In Prudhoe Bay, oil comes from an average depth of 
9,000 ft., down where things are hot. Since heat moves to cool, especially if the temperature is 40 below, that heat wants 
to move. But there are two reasons for slowing that movement way down. First, as you now know, the permafrost must 
stay frozen. Second, the oil has to stay warm in order to flow the length of the 800-mile pipeline.

Where the ground isn’t critically sensitive to heat, the pipeline runs underground. But for more than half of the pipeline, 
the permafrost will thaw, even with insulated pipe. So for 420 miles, the pipeline runs above ground.

Even with elevated pipe, transferring heat to the ground is still a problem. The 48-inch-diameter pipeline is supported by 
18-inch-diameter H-shaped steel supports. Of the 78,000 vertical supports that extend into the ground, 61,000 are fitted to 
dissipate heat above ground to keep the permafrost below the pipeline frozen.



This heat transfer is just like hydronic fin-tube heating — the tops of the supports are fitted with finned aluminum radiators 
to dissipate heat. The supports in the ground are filled with ammonia refrigerant — the same technology that was used 
in old-fashioned refrigerators. The refrigerant is vaporized by the oil’s heat. The refrigerant rises, carrying the heat with it. 
Above ground, the heat in the refrigerant moves by way of the aluminum radiators to the much cooler outside air. I’ll say 
it’s cooler — a range of 40 degrees F below in the winter to 40 degrees F above in the summer. Because heat moves to 
cool, heat can be removed from the ground whenever its temperature is greater than the temperature of the air.

This is the same heat transfer principle as modern air conditioning and refrigeration, but it doesn’t require electricity.

Back in the employee housing where I stayed, there was some heat transfer going on as well. The housing was a dormi-
tory: two single beds per room, toilets and showers down the hall, and very, very warm. The outside temperature was 
somewhere in the 40s, but inside was like any overheated institutional building. It was hot in the hallways, and it was hot 
in the sleeping rooms. You could open the window (an all-too-typical method of heating control everywhere), but if you 
wanted to block out the endless daylight in order to sleep at night, you had to close the window shade, which stopped 
the airflow from outside.

The problem was that no one had told the miles of hydronic fin-tube baseboard that it wasn’t winter any more. All of the 
radiator valves — in full view in the hallways if you knew what you were looking for — were set at three out of five, and 
some were set at five. No wonder it was hot in there. There probably wasn’t any boiler temperature reset, either.

So, I want to report that I did my hydronic-controls-person good deed for the summertime workers at Prudhoe Bay. I 
turned off many radiator valves that night before I went to sleep. In the morning, I overheard several comments that the 
temperature in the building sure was a lot better.

The definition of the Arctic Circle is the point where there is complete light part of the year, and complete dark the other 
part of the year. I found it delightful to wake up at 3 a.m. and see full daylight. Yet during the opposite part of the year, 
there’s complete darkness. Coping skills? Two of our tour guides had a solution I certainly hadn’t thought of: They work 
half the year in the Arctic (North Pole), which is light during our summer. And for our winter, they work in Antarctica (South 
Pole), where it’s summer.

I know a plumber who escapes our winter by working November through March in Antarctica, where it’s continually light 
and about 40 degrees F.

So, as the days get shorter this fall, and you think about escaping to Florida or Arizona, check out the Web site www.
rayjobs.com. When the page comes up, click on “featured opportunities” from the list on the left, and then choose “polar 
services.” Your winter getaway spot for endless sun might be Antarctica. I hear they hire plumbers.



 

Blue collar roots, White collar dreams
Are we living in limbo?

In the March issue of this magazine, there were three letters to the editor in response to my January column about “Back 
Row Boy” technicians. All three letters observed that the Back Row Boy syndrome applies to contracting business owners 
as well. What an idea! And this is a good thing!

Here’s a quick summary of the letters:

No. 1. Adams Hudson, a marketing consultant, says, “I finally figured out that the 78 percent of owners in this industry who 
started off as technicians were trained as ‘fixers’ themselves. Thus, to be a ‘fixer,’ you have to find something broken.” 
He sees a connection between this and his observation that contracting business owners seem skeptical, even abrasive, 
about new business solutions. (My company ain’t broke, so why would I want to fix it?!)

No. 2. Harry Parker, a back row maintenance guy turned instructor, writes, “Some darn good mechanics make over 
$60,000 per year. I wish I had kept a record of the number of people with master’s degrees ... who wished they had fol-
lowed my career track and not theirs.”

No. 3. Dave Morrison, from the supply side of the industry, says, “And while manufacturers and distributors bemoan the 
fact that contractors are not businessmen, it is important to realize they have skills that businessmen generally do not 
have.”

These letters make me think of a book I recently read, “Limbo: Blue Collar Roots, White Collar Dreams,” by Alfred Lubrano. 
The author points out that many of us were raised blue collar and “moved up” to white collar roles and professions. His 
premise is that although we frequently can “pass” as white collar, the blue collar roots keep showing through. This isn’t 
necessarily a bad thing. But it does put us in a state of limbo, because we don’t completely fit in either the blue collar or 
the white collar worlds.

Nearly everyone would agree that “fixers” are a blue collar profession. And business ownership is ideally a white collar 
position. If 78 percent of our industry owners were first “fixers,” we have some significant limbo going on in our business!

True Blue

Let me start with myself as a limbo person. My dad was an electrician. I grew up with the electricians’ union (IBEW) having 
their monthly meetings in our basement. One of my first teen jobs was “manning” phones the summer they went on strike. 
My parents encouraged me to go to college and do better in life than they had. I got lots of degrees. I got a job doing 
white collar work at a major corporation. But despite the education, I still think in terms of “figure out what’s wrong and fix 
it.” If someone asks me what the problem is, I tell them — as directly as possible.

I learned from the “Limbo” book that what I always thought was an asset (figure out the solution and state it as clearly 
as possible) is a dead give-away as to my blue collar roots. The book suggests that a person raised white collar might be 
more likely to hedge on the fact that there even is a problem, let alone spit out a solution.

Here are some blue collar vs. white collar characteristics:

Blue Collar

    * Direct approach — calls it what it is.
    * Knows how to do the work.
    * Has a do-it-yourself approach.
    * Believes “you have to earn it.”
    * Believes rewards come from hard work.
    * Fears losing it all.
    * Figures out how to fix things (again, and again).

White Collar

    * Indirect approach — makes things agreeable.
    * Knows how to delegate the work rather than do it.
    * Finds people who can do it for him.
    * Believes he’s entitled to his place in life.



    * Believes rewards come from knowing the right people.
    * Knows there’s more where this came from.
    * Replaces with new things rather than fixing the old.

Where do you see yourself? Where do you see your company?

Lots of people in this business are living in limbo. Your folks wanted you to do better then they did. At the same time, the 
family you came from doesn’t want to see any arrogance about that.

“You go make us proud. And dontcha dare come home too big fer yer britches!” That’s limbo. When you win, you can’t 
win.

Let’s say your dad was a plumber. You grew up turning wrenches with him. Maybe he started a small business and left it 
to you. Before that, though, he said, “You don’t want to work like I had to. You go to college and get yourself a degree. 
Get a good job.” Maybe getting that “good” job wasn’t so great for you as it looked to dad. Maybe dad’s little business 
looked better as your limitations in the real world sunk in. Or maybe dad’s business needed to be rescued as he got older, 
and you were the one to do it.

Perhaps you worked for someone else and thought if this clown can be in business, I sure as heck can do it better.

Maybe you’re a technician today, thinking, “Someday I’m going to be the boss and do it my way.”

All of these scenarios add up to the same limbo, because like it or not, what we have is a blue collar fixer trying to fit into 
a white collar business owner world — trying to live in both worlds in exactly the same time. Here’s how it goes:

Owner: “I’ll be in my office working on that business plan. Don’t interrupt me unless there’s an emergency.”

Office help: “Sir, the field called with an emergency.”

Owner: “Can’t you see I’m busy with these business plans?!”

Office help: “Sir, there’s no one else to deal with this. The guys don’t know what to do.”

Owner: “OK, OK. When the bank calls, have ’em try me on my cell.”

Do you know anyone who could successfully schmooze a banker while standing in a puddle of dirty water — besides you, 
that is? (Oops, I’m wrong. This would never happen this way. If you’re true blue collar, you wouldn’t think you needed a 
banker anyway. Your values would say you have to do it all yourself.)

How Low Can You Go?

Unlike white collar roots, blue collar roots have the special dilemma of actually being able to do the field work. The skill 
seems like an asset until you consider:

    * Who’s minding the white collar part of the business while you’re out in the field?

    * How do your employees feel when you show up in your Superman suit? Certainly they’re relieved. At the same time, 
it may be tough on their self-confidence when you can do their job better than they. (You wouldn’t ever point that out to 
them, would you?)

    * Can you really do justice to two full-time jobs — blue collar Mr. Fixit by day, and white collar Mr. Business Owner by 
night?

It’s exactly this situation of straddling two completely different worlds that blows our cover when we are passing so well as 
white collar. We can be smooth. We can schmooze. We can figure out the politics. We can be cool — until the stress of it 
all builds up too high and, boom, we blow. We get really direct really fast with someone who really deserves it. Oops, says 
“Limbo” author, that’s those blue colors showing through — solving that immediate problem, with direct action, right now.

But limbo isn’t a completely bad thing. As the writer of the third letter to the editor said, contractors have skills that busi-
nessmen generally do not have. The author of the book sees it the same way. He says that knowingly or not, society highly 
values folks with blue collar roots and white collar dreams. Limbo-ers may not be completely comfortable in either world, 
but they — make that we — are honest (sometimes to a fault when telling it like it is), eager to work hard, and determined 
to succeed.

And while I’m at it, writing a column on this particular topic is rather limbo-ish, too, isn’t it?



Life on the technical Hot Line
You won’t find anyone who knows what you do to be willing to answer phones for customer support.

I answered the phone and heard a familiar voice. “This is Andy from Connecticut. Remember me? I kept calling until I got 
you. You won’t believe this.”

“Hi Andy. What am I not going to believe?”

“I called a technical hot line, and I’m amazed at what they didn’t know!”

“What they didn’t know?”

“Yeah, I know more than that guy did. That’s not how it’s supposed to be.”

Andy knows a lot. He’s one of those field guys that keeps thinking and experimenting, and thinking some more. So I asked, 
“What makes you think they’re supposed to know more than you do?”

“Well, they’re the hot line. They’re supposed to be the experts. Why don’t they hire people with some experience?”

“Well, gee, Andy, would you be willing to be a hot line guy?”

“Heck no. Not on your life. You couldn’t pay me enough to do that.”

“Andy, I’ll bet they can’t find anyone who knows what you know who’d be willing to do what they do. Tell you what, 
though. I’m going to see if I can talk to some hot line folks and find out what it’s like to work on a technical hot line.”

First I talked to Mike Bruce, who’s new to Honeywell as a supervisor on the residential hot line. He’s been on various tech-
nical hot lines for six years. What would you suppose is Mike’s background? He’s within one course of finishing his college 
degree in psychology. Maybe psychology helps!

I asked Mike what’s going on when the hot line knows less than Andy the contractor.

Mike answered, “Of course a contractor knows more about lots of things. Contractors have lots of field experience. We 
couldn’t find anyone who knows that much who wants this job.”

I relayed Andy’s frustrations to Mike. Andy had said, “I asked if I could wire the control this way and the tech guy said, 
‘The instructions say to wire it this other way. Or this other other way.’ I said, ‘Yeah, I know that, I called you to ask if it 
could be wired this other way.’ And he said, ‘Not that I know of. The instructions say ...’ That’s not what I wanted to hear. I 
wanted someone to tell me if my way would work and he couldn’t say. I want him to have the answers!”

Indeed the technical hotline guy does have the answers, supervisor Mike says, so long as they’re in the technical docu-
mentation.

I interviewed veteran commercial technical hot line supervisor Charlie Theis. I asked Charlie what the people are like who 
call in.

Charlie said, “We get calls from two extreme ends of the spectrum and not much in between. We get the folks who start 
out really negative; they’re mad about something. And we get the folks who are really happy and want to know some-
thing additional about the product.”

That sounded like dealing with more than just technical information, so I asked Charlie, “What is a tech rep selected for?”

His answer was surprising. “I need a rep who really wants to get through the call. I want him to answer the question well, 
but he also has to get on to the next call. There are always more calls waiting.”

Wait time was another of contractor Andy’s complaints. He’d had to wait for 20 minutes, he said.

“That’s right,” Mike Bruce says. “That can happen, especially if we’re staffed low. Tech reps stay one, maybe two years. 
It’s a burn-out job.”



A rep can’t be replaced instantly, either. Besides the time it takes to find and hire a good candidate, training the new rep 
can take from six weeks to a number of months.

“What takes so long?” I asked.

Charlie replied, “There’s a lot to this job. They have to get trained in product knowledge. And they have to get trained in 
what we call the soft skills.” That’s the ability to listen and hear what the customer means, not necessarily what their words 
say. That’s because many times people calling in don’t know the technical language.

Because of the “language barrier,” tech reps learn pretty quickly not to say, “See that green L-E-D?” because chances 
are the person on the other end doesn’t know what an LED is. Rather than trying to teach the customer the terminology, 
the rep learns instead to say, “See that little green flashing light in the upper right corner ...”

Where do tech reps come from?

Mike said there’s quite a variety. One has a computer background. One was doing troubleshooting for a satellite com-
pany. The third was in customer service in the printing industry.

The technical reps work very hard, according to Mike. The ability to get technical answers is perhaps the easiest part. 
More challenging is dealing with the tediousness of getting the same question maybe 10 times in a row and handling it 
each time as if it’s a fresh problem. If only the customer would open the manual ...

On that note, Elaine Hoffman, hot line supervisor at Uponor (formerly Wirsbo) says many of her customers start out the call 
with, “I did it just like you said in the book, but ...” Elaine’s most common question is, “I don’t have any heat.” Elaine defi-
nitely sees the humor in her job. She says the problem often turns out to be with other manufacturers’ equipment in the 
system, but the caller will say, but the tube is yours!

Elaine has a list of suggestions for the contractor to make a call useful and quick as possible. These are some of the basics:

• If possible, be in front of the equipment when making the call. Cell phones make this pretty easy.

• Try making a drawing of the system before phoning. The drawing alone often makes the problem evident, and can 
save a call.

• Bring your test meter along on the phone call.

• If possible, have a headset or speakerphone so your hands are free to work with the equipment and meter.

• Get the tech rep’s name before you finish the call — just in case you need to call back.

Since tech reps at Uponor deal with complete systems, their background is a little more systems-related. Most have at-
tended technical college. All have either hydronic or electronic experience. Even that, training takes about six months 
before they work on the phones. And where does a rep then start? On the hot line with homeowners.

Even with all the technical training, the big challenges still are about people. How do you handle a frustrated customer? 
Let ’em talk. What do you do with the guy who wants to talk on and on? Say you’re willing to bounce around some ideas, 
but could he send you an e-mail?

Elaine says her funniest question was from a wholesaler from Alaska who asked what to do about water frozen 20 ft. into 
a slab. When she asked why the contractor didn’t use glycol, the wholesaler laughed, “He was afraid glycol would get 
slushy.”

And her most notable question? “Can I keep manure liquid on a slab?”

Yes you can, and thank you for calling!



It's A circus, or Is It Your Business?
Hard work in circus life parallels the PHC business.

It's shortly before dawn. The rigs are packed and ready to hit the road. Diesel engines roar to life, clattering while driv-
ers make final adjustments in the bright slices of headlights cutting through the dark. The dogs have had their leak and a 
drink and are hopping one by one - wet from the morning dew - into their owners' trucks.

This could be any company of folks who work hard. Whatever the business, the people and the daily challenges are re-
markably similar. But this business is one you won't find in the Yellow Pages. This is The Circus.

One summer, not long ago, I traveled with the Culpepper and Merriweather Circus. It was The Big Top. It was Exotic 
Trained Animals. It was Trapeze Acts. It was a heck of a lot of work. And I was there on weekends to work as a big top 
hand and general gofer. Pay was in the form of all the experience I could soak up.

This particular morning I'm sitting high in the passenger seat of Heidi's semi truck, surrounded by a tangle of worn leather 
bridles and harnesses, a boa feather, and a tiny gauzy skirt for a show dog. Heidi is third-generation circus. This semi is her 
home, an RV of sorts. Hitched behind is her family: a stable of three ponies, a mule, a donkey, three horses, including the 
one for her dancing horse act, seven dogs, and a cat. Heidi has gotten all of her animals from animal shelters - some of 
the horses literally from the glue factory. They all work for a living - two shows a day, every day.

Heidi comes jogging toward the semi, yanks open the door on my side, and shouts above the engine noise to the huge, 
hairy dog with her, "In ya go, Buster!"

To my horror, Buster leaps onto my lap. He's wet from the dew. He smells like a - what else? - wet dog. Heidi slams shut the 
door, runs through the headlights around to her side of the truck and bounces up into the driver's seat.

"Let's hit it!" she grins, as she grinds the truck into gear. We laboriously pull in behind the Airstream RV belonging to the Hun-
garian family trapeze performers. The circus is on the road!

"Don't let Buster bother you. That's usually his seat." Buster's no more inclined to give up the seat than I am, and it looks like 
we'll share it.

It's summer, and I'm traveling with the circus through western Colorado. I didn't know what to expect, but this certainly isn't 
it.

Perhaps some people join the circus to escape their real life, but what I found was my life reflected right back at me. You 
know the saying, "Wherever you go, there you are." Well, there I was, still in the world of small family companies working 
very hard to make a go of it.

Yes, the circus is a lot like a plumbing and heating company. Or vise versa. You'll see what I mean when I describe the 
truly wonderful folks I found there.

Big Top Comparisons

Let's start with Heidi. Heidi grew up in the business. She doesn't give a lot of thought to whether she likes it or not; it's what 
she knows. She was literally born into her parents' dog and pony show. As a kid she saw the inside of schools only as a 
performer; she was home-schooled on the road. When the parents passed on, she inherited the show, and here she is. Do 
you know anyone like that in the PHC biz?

The Hungarian trapeze performers are another slant on the multigenerational family business. It's mom and pop and their 
twenty-something daughter and son. Mom's the trapeze star. No one would guess she's 45, but she says the work is kill-
ing her back, and she's going to have to get out of it soon. She wants her daughter to take her place, but the daughter 
fears that this isn't really the future she wants. Still, the dutiful daughter stays as the stunning perfect lady at the top of her 
brother and father's acrobatic act, and the fearless gorgeous girl in red that an elephant lifts high into the air, curled in his 
trunk.

Like the PHC business, some folks go to trade school to get started. Clown school is the circus equivalent of a vo-tech. It's 
a for-real school that teaches the skills of clowning.



As in any small business, regardless of training, circus folks don't do just one thing. And that goes for the clowns. Besides 
being an Uncle Sam clown with 5-ft. long, red-and-white striped, stilt-enhanced legs, Jason is the "advance guy." He's a 
little like a plumbing tech who sells. He works in towns ahead of the circus to sell the show. He pumps up sponsors, makes 
sure there are lots of posters in store windows, and hands out coloring books to kids on the street.

Just as important, Joey marks the way for the circus that is coming behind him. Ever wonder how the circus knows where 
it's going? Ever see a solitary paper arrow on a utility pole? The advance clown tacks up those arrows so the circus rigs 
know the way to their next location - usually the fairground of a small town.

Henry, another clown school grad, has gone into management. No more clowning around for him - now life is very seri-
ous. He sweats paying the bills, getting trucks fixed, and hiring someone to clean up after the elephant. Know anyone in 
this position in the PHC world?

The trip in Heidi's semi was a long one. We crept over Wolf Creek pass, high over the Colorado Rocky Mountains, at a 
speed so slow that it didn't even register on the speedometer. With the thin air and the elevation gain, it seemed that the 
truck might not ever make it. I admit I've always been impatient behind a truck lumbering up a hill, but being in one, shar-
ing a seat with circus paraphernalia, I was especially antsy to be done with the trip.

When we finally arrived at the fairgrounds, the physical work began. Putting up the big top tent is a huge coordinated ef-
fort of many manual laborers - and one elephant named Barbara. We unrolled canvas, toted tent stakes the size of fence 
posts, and heaved ropes. We worked hard. Barbara pulled up the center pole effortlessly.

Life's Lessons

At the bottom of any company are the unskilled workers: those who never intended to be there and are staying until they 
get enough money to go somewhere else. The circus has those, too. There was Bob, the skinny old bow-legged cowboy 
whose job it was to keep the grounds clean. And there was Bertie, the cook.

Bertie was a tough ole gal, with a voice like a crow, and an attitude that assured no complaints about her cooking. Her 
job was to keep the hands fed, and whether or not they liked baked beans and hotdogs on paper plates was never a 
question. Uncaring as she seemed on the surface, Bertie had a heart of gold. Here's how I found out.

My weekend bunk was in the cook trailer, Bertie's domain. I never felt like an intruder. It always seemed like she couldn't 
care one way or other if I was there.

I was supposed to catch up with them Friday night in the small town of Crede, Colo. I had no trouble finding the town. But 
my directions for finding the circus - "follow the arrows that the advance clown put up" - just weren't working. It was after 
midnight. I was at the fairgrounds, but couldn't find the circus. There were no lights out there. Wherever the circus was, it 
was bedded down for the night.

I slept in the back seat of my car.

Once the sun came up it was easy to find the circus; it was pretty much right in front of me.

I didn't think anyone would notice I was late, let alone care. After all, this is the circus. People move around all the time. 
Besides, with my comings and goings, they probably didn't even remember when I was coming back.

As I approached the cook trailer, I could see Bertie was dishing out breakfast beans onto paper plates. The hands looked 
grateful. I expected to be ignored. She usually looked right though me like she did everyone else. And here's where I 
learned something about how people look out for each other no matter where they are.

Bertie looked up from her pot, glared at me and growled, "Where the heck have you been? I was worried all night!"

Well I'll be ...



 
 

Where Are the newbies?
Continued education is the key to staying in the industry. There’s no debate about it — there is a shortage of new guys 
in our industry. We like to grumble and blame it on the new generation: “Those kids just don’t like to work. They just don’t 
have the skills.” I suspect though, that the exiting generation, whether now or 50 years ago, typically sees the next gen-
eration as a bunch of ungrateful lazy slobs.

“People from the whole spectrum complain that young people 1) don’t want to get their hands dirty; 2) think they de-
serve a wage of $20+/hour; and 3) don’t believe they need any education of the trade,” says Carrie Polk, managing edi-
tor of a family of regional industry newspapers. She talks to all levels of people — contractors, distributors, manufacturers, 
educators.

“At the same time,” she notes, “educators complain that contractors will hire only those with three to five years’ experi-
ence.” Where are employees going to get the experience when it seems that “contractors are too busy chasing a dollar 
to properly train employees or even send them to classes?”

One educator in New Mexico cited the issue of states and school districts cutting industrial arts from their course offerings, 
either because of lower funding or because of safety issues regarding the use of industrial equipment by minors.

So it looks like the would-be “newbie” to our industry needs to be resourceful to figure out how to get enough training and 
experience to be hired and stay in the industry.

Open Your Ears: One of my favorite “new guys” in the hydronic heating business is Shaun Anderson. Some of you may 
have encountered him signed on as “The Future” on Dan Holohan’s The Wall at HeatingHelp.com.

Shaun is proud of being the young guy in an established industry. He’s been in the heating department at Rampart Sup-
ply in Colorado Springs, Colo., for just a couple years. Everything’s new and exciting to him. He says, “I got started first by 
having the hunger and passion to want to learn.” 

Here’s what he does:
# Listens to the guys he works with and picks up their knowledge to get a feel for hydronic heating.

# Works weekends installing tubing and piping boilers to get a visual on things.

# Learns about equipment from local wholesalers and their employees.

# Reads Dan Holohan’s, Carol Fey’s and other industry experts’ books.

# Works with RPA for educational opportunities.

# Attends after-hours classes by manufacturers reps to learn about new products for plumbing and heating.

# Attends local mechanical contractors association meetings every other month to learn about code. Even though 
most of the meeting is talk about hot air, he learns a lot that applies to hydronic heating.

# Reads trade magazines, such as PM, to find out about future trends.

# Attends events sponsored by RPA, ASHRAE and ISH. 

He says, “I found there are a thousand ways to skin a cat, but whose is the best? With people talking about global warm-
ing, gas shortages and more houses having radiant installed, you would be stupid not to want to install a mod-con boiler. 
Even installing baseboard at high temps, you still would see high efficiency during the milder days.
“When we do a heat calc for custom homes, depending on location, we use -20, -10 and 0 degree design temps. If it 
never gets that cold, you never need 180 degrees F through your baseboard.”
On-The-Job Experience: I met Ruben Chinea when he called me from Yonkers, N.Y., to ask about a thermostat problem 
on a job. Hardly a kid at age 35, he’s a “new guy” to the hydronics industry. He says he read articles that our industry is in 
need of minorities — he’s Latino — and he’s very optimistic about his future here. He’s getting on-the-job experience and 
going to school specializing in HVAC. He comments that he learns a lot about controls because his tech school instructor 
brings articles into class from PM magazine.



Steve Lanyon owns Blue Sky Plumbing and Heating in Wheat Ridge, Colo. Steve is a believer in “bucket time” as one of 
the best ways for a new guy to learn. Bucket time is when you sit down in front of the boiler, using an upended bucket as 
a stool, and think about the situation at hand.

He says the hardest thing for a new guy is to calm down enough to think. “They want to just get on the radio or phone 
and call the shop for someone to tell them what to do.” When a guy calls in, Steve’s tempted to solve the problem for 
him. But the right thing to do is get the caller calmed down. He might tell him to go outside for a few minutes to get some 
fresh air. “Then come back in, sit down on that bucket, and think about how to solve the problem. That’s when they 
learn.”

Eternal Apprentice: John Madden of Georgia, Vt., claims he is “proof positive that old dogs can learn new tricks.” He 
calls himself the eternal apprentice, although his license reads master plumber. He says there’s no such thing as a master 
plumber; technology changes too quickly. He says training in our industry is as important as it is for doctors. “A heart trans-
plant is a common thing now — doctors learned that by constant training. We, too, are the guardians of people’s health 
and welfare.”

John gets much of his training by reading. Even though he thinks most of our industry doesn’t read, he believes they 
should, especially magazines where they can learn from the experiments of Hot Rod Rohr, and from the technical back-
ground of John Siegenthaler.

Madden also thinks contractors should start using computers to get information. “I can shoot off an e-mail to an expert 
and get a quick answer.”

As a result of interviewing many, many people in the industry, Carrie Polk is alarmed at the direction the trades are going 
— or not going. She says, “As an HVACR industry professional, I am shocked at the lack of cooperation between educa-
tors and the professionals who depend upon graduates to carry their trade through the next generation.”

 



What Business Are We In -- Emergency or comfort?
Providing comfort means paying attention to the anticipator.

If you're one of the folks who has to go on service calls in the middle of the night (the coldest, darkest ones, of course), 
there's no question about it -- you're in the emergency business. And that's not all bad. For one thing, it usually pays pretty 
well.

But think about it. Emergency is supposed to mean that someone's life or safety is in danger. Do people normally die or 
get seriously ill from their house getting down to, say, 50 degrees in the few hours before the normal business day begins? 
When you think about, why couldn't they just put an extra blanket on and wait until morning?

When someone calls and says, "Help! I have an emergency. My heat's out," I think they're really saying, "I'm a total wimp 
and I'm afraid -- I'm afraid that I'm going to be uncomfortable." No matter how you look at it, uncomfortable is not threat-
ening to life or safety. History says that humans survived just fine for lots of years before we had automatic temperature 
control.

The Comfort Business

Far beyond simply providing heat, our job is to deliver just the right amount at just the right time. And we can. The prob-
lem is we often don't, maybe because we don't quite understand how.

There are some special considerations about thermostats that can make a big difference as to whether or not you're 
delivering the most comfort possible. Doing it right rarely costs much more money or takes much more time. It's mainly a 
matter of knowing.

Almost everyone in the heating business has heard of the anticipator. The anticipator adds a tiny bit of heat during the 
heating cycle. It tricks the thermostat into thinking the room is just a little warmer than it is, so it shuts down just a little early.

Then the residual, or leftover, heat in the system finishes the heating to just the right temperature. But hardly anyone knows 
what it does or how to adjust it correctly.

In an electro-mechanical thermostat there's a dial with little numbers on it. The numbers all have a little dot in from of 
them, which means they are decimals. The numbers are tenths of amps. What you're supposed to do is (pay attention, 
now!) match the setting on the anticipator with the amp draw of the load in the thermostat circuit.

Every load (a valve, for example) has an amp draw. It's marked on the device itself. Let's say the zone valve says .32A on 
the end of it. If you set the anticipator at .32, you will then have maximum comfort for the people in the room.

But what does that do? The anticipator adjusts cycle rate. Cycle rate is how many times an hour the heating equipment 
has an opportunity to come on.

The heating industry standard for cycle rate is six cycles per hour. If you divide 60 minutes by six cycles, you get 10 minutes 
per cycle. Ten minutes is the standard heating cycle. A cycle is on time plus off time. Six cycles per hour is the industry 
standard because it's been found that this cycle rate keeps the room temperature within a two-degree temperature 
swing. That means the temperature may go one degree above setpoint or one degree below setpoint, but no more.

Remember that if the temperature stays within that two-degree range, most people don't notice a temperature change. 
That's the definition of comfortable. If it changes more, people complain: "It gets hot in here, then it gets cold in here -- it's 
never comfortable."

Military Precision

Let's look at the anticipator itself again. Notice that at one end is the word "longer" with an arrow pointing toward that 
end. As you adjust the indicator that direction, the cycles get longer. Longer cycles mean the heat is on (and off) for lon-
ger times. It also means it comes on fewer times per hour. Shorter cycles mean there are more per hour.

People can be quite opinionated about whether longer or shorter cycles are better. Here's a story to illustrate:

One day in early fall I received a phone call from a homeowner who growled, "I've been up all night for the last two 



nights timing your heating system. I've charted when it comes on and off, and it runs every 10 minutes. That's costing me 
money and you're going to do something about it." (Guess this guy's profession.)

Fortunately, I'd had a little customer service training, so instead of the many things I could have mentioned I said, "It 
sounds like you're really upset. But I'm curious. What's your profession?"

"I'm an engineer, and an Air Force colonel," he bellowed. Then he calmed. "Ah heck," he said. "I just retired last month. My 
wife's been away visiting her sister, I'm bored and I can't sleep at night."

Ah, this all makes sense now, I thought.

"Well, you have my sympathy," I replied. "The industry standard for your heating is to come on every 10 minutes if you need 
heat. That's six cycles per hour, and that'll give you the best comfort. How often would you like it to come on?

"I want no less than 20 minutes."

"We can do that. Do you have a heating contractor?"

He didn't have one, so I referred him to one who I know enjoys a challenge.

A few weeks later I got a call from heating man Jerry. "Thanks for throwing me to the wolves," Jerry said. "I went out to see 
that Air Force engineer. I reset the anticipator so he got his 20 minutes. But now I'm getting calls from his wife. She's saying, 
'Ever since you've been here, it gets hot in here. Then it gets cold. It used to be comfortable.'"

The engineer military man was happy because things are running to his standard. But his wife, who wants things comfort-
able, was no longer happy.

Jerry changed the cycle rate from 6 cph (10 minutes) to 3 cph (20 minutes) by multiplying the amp draw of the load by 
1.2. What happened to the comfort is a result of changing the cycle rate.

Picture a sine wave. When you reduce the number of waves over the same period, the waves not only get longer, they 
also must range higher and lower. So the temperature swing that was less than 2 degrees when the cycles were 10 min-
utes expands to 4-5 degrees or more when the cycles are 20 minutes.

Applications

When you increase the number of cycles, the temperature swing gets smaller. At first that seems like a great idea, but the 
down side is that rapid cycling is hard on the equipment. And people often find the frequent on-off cycling to be annoy-
ing.

There are appropriate applications for both longer and shorter cycle rates. Three cycles per hour is a good setting for 
huge, old-fashioned cast-iron radiators. That's because they radiate heat for a long time. Fin-tube baseboard is a much 
lighter mass and is just fine at six cycles per hour.

Nine cycles per hour is good for electric strip heat because electric heat dissipates quickly. Nine cycles per hour is the 
amp draw of the load times a factor of .8.

What about in-floor radiant heating? The jury's still out about that. Here's something incorrect that I often hear: "Just push 
the anticipator all the way to the end. You don't want an anticipator in there anyway because that floor's a really big 
mass." Now that you know about anticipators, you, too, can probably see a couple problems with this. The anticipator is 
there to provide comfort. In-floor heating is about providing comfort, so we certainly wouldn't want to take the anticipa-
tor out, even if we could.

But setting the anticipator to the end of the dial doesn't take it out. Depending upon which end you choose, it either 
makes the cycles extremely short or extremely long.

Furthermore, that floor isn't always a big mass. What if it's hardwood? What if the tubing is staple-up -- under, not in, the 
floor? What if you've just started a long heat cycle and the Colorado sun starts beating into a two-story southern exposure 
window? Hoowee, that's a lot to think about.

I'm a fan of staying with the six cycles per hour for in-floor, to at least see how it does. The reason is because six is the indus-
try standard for staying within a two-degree temperature swing, without cycling the equipment excessively. And six cycles 
per hour gives a chance for correction every 10 minutes.



 

that retail Stuff
When your customers shop retail, think of it as a lead to long-term service.

The subject at the distributor counter today is “contractor stuff” being sold at retail home handyman stores. Once again, 
perhaps as always, passions are hot. Water heaters and thermostats have been there for a many years, but each person 
makes his own discovery in his own time. This is what I overheard from a couple of contractors:

Chuck to Jim: “Wha’d’ya think about those thermostats in Home Depot! I tell you, I don’t know what the world’s coming 
to. Anyone can buy our stuff these days, and at low prices, too. How’s a guy to make a living?”

“Heck, Chuck, this has been going on forever. Remember when water heaters showed up?”

“Well, this is just something else. Looks like there’s no end to it. I can’t make any money when people are buying their own 
stuff, and then expecting me to put it in.”

“Why can’t you make money on installing a thermostat? Isn’t that the business you’re in?”

“Heck no! You’re dumber than I thought. I’m in the business of selling stuff. Boilers, furnaces, air conditioners, water heat-
ers. I make money on the markup I put on it. So when somebody buys it somewhere else, they’re taking money right out 
of my pocket.”

“Don’t you charge for installation?”

“Well, just my hourly rate. For no longer than it would take to put in a thermostat, it wouldn’t be worth the trip.”

“So you don’t charge for knowing how to put the thing in?”

“Everybody knows how to do that. They don’t wanna pay extra.”

“Chuck, how much does a sales lead cost you?”

“Heck, I don’t know. Guess I’d have to look it up.”

“I went to a class where they said it costs maybe $350 to get in somebody’s house. You know, Yellow Pages, or putting an 
ad in the paper. Let’s say you pay $700 for a newspaper ad. Two people call you because they saw your ad. That means 
it cost you $350 for each of those calls.”

“Never thought about it that way. That’s a lot.”

“So if somebody calls you out of nowhere to install a thermostat, that didn’t cost you anything. You got $350 worth for 
free.”

“No, I didn’t. It’s costing me what I didn’t make by not selling them the thermostat.”

“Well then, why didn’t they call you for a thermostat in the first place instead of buying one at the store?”

“I think they were just walking along and saw a sign that said, ‘Save money on your gas bill with a new thermostat. Put it in 
in five minutes.’ It’s a — whatcha call it? — an impulse buy.”

“So, even if they hadn’t bought the thermostat at that store, they wouldn’t buy one from you, right?”

“Not unless their heat went out. Now they’re expecting me to come out there and not make any money. That job’s not 
going to take any more than 15 minutes. That means we charge her the $55 minimum hour rate. But we should be getting 
that plus the 50 bucks profit I’d make selling her the stat.

“I got expenses. They probably expect me to warranty it, too, and I’m not going to.”

“What if you charged her $125 to install the stat? Or $150? Or $200. Would she complain?”

“Maybe not — she just wants it done. But that’s not how we charge!”

“Let’s try it another way. What’s a quart of motor oil cost you?”



“Shoot, I don’t know. I go to that quick lube place where they do it for you.”

“How much do they charge you for an oil change?”

“Oh, I guess about $30.”

“OK, let’s say a quart of oil costs $2. Times about five quarts, that’s $10 for the oil. Add another $5 for the filter. $30 for the 
oil change less $15 for the oil and filter is $15 for the work of changing the oil. How long does it take them to change your 
oil?”

“Oh, 15 minutes or so.”

“So 15 minutes is a quarter hour. Fifteen dollars times four is $60 an hour they’re getting for changing your oil. We’re paying 
$60 an hour to have some kid change oil! But my point really is, when you get an oil change, are you thinking about how 
much you’re paying for the oil and how much for the labor?”

“Heck no. I’m thinking about how I don’t have to get under that truck. I got better things to do. It’d take me half the 
morning messin’ around. Nobody changes their own oil anymore.”

“And almost nobody changes their own thermostat, either. You have the tools and the know-how to do it in probably a 
few minutes what it would take the homeowner all day to do, even if he wasn’t afraid of electricity. He’s paying to have 
a problem solved, not for a certain piece of your time.”

“I understand what you’re gettin’ at. But what’s that thing again about the $350 I’m getting for nothing?”

“That’s about what it costs you for an advertisement to get into somebody’s house to quote something. When they call 
you to put in the thermostat, while you’re there you can see if the boiler needs to be replaced, find out how old the water 
heater is, or sell ’em an anti-scald valve to protect their kids.”

“Well, heck, you stirred up a real hornet’s nest for me. I never thought before about how much those oil change guys 
charge, and now I’m thinking, $60 bucks an hour! Well, I’m worth more than that!”

After overhearing this conversation, I decided to test it with some real contractors.

Tony Oakman is the owner of Lee’s Heating, Air Conditioning and Refrigeration in Salt Lake City, Utah. He’s adamantly 
opposed to the general public being able to buy contractor products in retail stores. He says, “I have to be able to sell a 
humidifier for $450-$500. When people can see it for $125, they think the contractor is ripping them off. The part I’m pas-
sionate about is it erodes my integrity.”

Jared Corpron is operations manager at Lee’s. He says, “Homeowners have no idea what they’re in for.” He tells of folks 
who think installation is going to take half an hour and who, after four hours, give up in frustration and call him. He thinks 
homeowners lose perceived value of the product when they try to install it and it doesn’t work.

Scott Blashaw, service manager at Builders Heating in Denver, sees it differently. “It gets us in the door for a long-term rela-
tionship. It’s a lead. And it can bring referrals to friends.”

He thinks a water heater is about the worst, because the homeowner has to break into the gas line. “They don’t under-
stand flue pipe installation, pitch or load, how far from flammable material they need to be, whether they need single- or 
double-wall pipe. The buyer just doesn’t know, so he goes the cheapest way.”

Jared says, perhaps a bit tongue-in-cheek, that a water heater’s not as bad as other products. “They give up and call us 
sooner,” he says, “when they smell gas.”

Ah, yes, the little matter of knowing what to do about the gas, or the oil, or the water, or the electricity! That’s what sets 
our guys apart from the ordinary person. Too often we take our expertise for granted — in our small world it seems like 
everyone can plumb or tin or wire. But out there in the big world, there aren’t that many people who know how to make 
things work. And that’s why we have to stick up for ourselves when we’re providing our services. 

 



Pig Lady
People are transformed by the pig. And so am I.

If I’d been born a boy, I probably would have been an engineer.

I was born a girl, and I’m so glad, because I get to use a toy pink pig and stickers to teach the black-and-white, no-frills 
subject of electricity. I’m not sure that a guy could get away with that. I certainly don’t know one who would try.

I once tried starting my electricity class without the pig.

“Where’s the pig?” demanded a T-shirted plumber’s helper with big tattoos on even bigger muscles.

“I left it in the car. I thought maybe it was time to retire it.”

“Go git it. I wanna see the pig.”

So I got the pig and started the class off right — “What does this pig have in common with basic electricity?”

Long past seem to be the days when I could count on someone grunting, “Nuthin’” in answer to that question. It seems 
that people are transformed by the pig. And so am I.

Back in the early 1970s, I graduated from college with a Master’s degree in English literature. I thought I was going to be a 
college English instructor. Wrongo! What I got to be was (you name it) a telephone operator, a pizza maker, a waitress, a 
night school information agent, a Washington, D.C., secretary, and finally — whew, relief at last! — a factory worker. This 
went on for eight years while my parents were in dismay at the blatant waste of a college education.

I was worried, too, and assembling terminal strips and fuse blocks on the night shift for two years gave me plenty of time 
to think about my future.

What I learned was that I like technical things. I also figured out that no one had any idea how to teach a person how to 
do a job. And no one knew how to fix the machines.

I took a class in technical writing, thinking it might be a bridge between where I’d tried to be — writing and literature — 
and where I actually was — technical. I wrote my first technical manual: “How to Fix Hector,” the machine I ran at the 
factory. When the foreman wasn’t looking, I unofficially taught the new folks how to do their jobs.

Getting Started
I got into a technology program and earned another Master’s degree by teaching college industrial arts. That’s where I 
learned about “the Back Row Boys.” (See my January 2004 PM column.) I imagined that their dads had said, “Yer goin’ to 
college and ya ain’t gonna be a jock.” And they thought, “Cool, I’ll do shop.”

Even though I took a 10-week basic electricity class, I didn’t learn anything except that I didn’t get it. I had conceptual 
problems. Why, if there are two wires going to a power supply in a circuit, is there only one cord from a lamp to the outlet 
in the wall?

And then there was my problem with the water analogy. They used to explain that electricity is just like water. But if I close 
the faucet to turn the water off, why does closing a switch turn electricity on? And why are we doing endless math with 
fractions when we never use it when we wire in the lab? The instructor just looked at me in amazement when I asked my 
questions. I learned to keep quiet.

But I didn’t give up my questions. They, combined with the following experience, propelled me into teaching basic 
electricity: I was in yet another “basic electricity” class, this time in a distributor warehouse. I was in the back row of fold-
ing chairs along with a bunch of brand new heating technicians. The instructor put up a slide of a complex equipment 
diagram and asked, “Does everyone understand this?”

While most of us were still trying to focus on the slide, he removed the slide and announced, “OK then, since everybody 
gets this, we’ll move on.” And he did. Yikes!

Helpless, everyone in the back row had another donut and settled in for a long nap.



Whether in a schoolroom or in a warehouse, where did they expect you to learn what they expected you to know before 
you came to a basic electricity class?

Where did they think you would learn what you needed to know before the first page of the book?

What we needed was a class to prepare for basic electricity.

I had a theory: What if there were a class that was only about how things get wired together? No math, no fractions, no 
Ohms Law, no Kirschov’s Law, no electron theory. There would be an explanation of why a switch is not like a valve. There 
would be a demonstration showing that there are at least two wires in a lamp cord.

It helped that I like to teach — anything. I’ve taught college freshman English, technical writing, introduction to technol-
ogy, water aerobics, kick boxing, pizza making and juggling. I didn’t know much about any of those when I started, either, 
so why not electricity?

I put my eighth-grade son to work building simple electricity wiring boards using ordinary household switches and light 
sockets.

“But Mom,” he complained, “this is so easy.” Well, maybe for him, but not for us late learners.

When I pictured my class of new heating techs and plumbers, though, I saw potential resistance. They’d very well be 
thinking, or even saying out loud:

    * “I already know this easy stuff.”
    * “I already took three electricity classes, and I’m just not going to get it.”
    * “I always hated school, and this looks like school to me.”

So I needed a way to signal from the start that this wasn’t your normal electricity class.

What better way to loosen up a dead-serious subject than with a toy, maybe a toy with something electrical about it. I 
looked around the house. And there was my fourth-grade daughter’s pink plush pig. That would be suitably outrageous 
for a serious, guy-stuff class! And it was battery powered. It had a circuit in there.

Power Of The Pig
Now I have this thing about classes I teach: I don’t want anyone sleeping. But I’m different than some instructors on this. I 
think it’s my responsibility to keep things interesting enough that no one wants to sleep. How was I going to do that?

Well, the pig was a start. But I wanted people to participate in the class. If you’re talking and interacting a little, you’re 
thinking. So I needed a way to get people to participate.

How about a reward for participating? Since I had a pig theme going, I bribed some pig stickers from my daughter’s col-
lection. They were shiny, iridescent and in pastel colors. Perfect.

So this is how the first class started:

“Who in here already knows electricity?” I asked.

One fellow raised his hand.

“Glad you’re here. But I gotta let you know, this class is really for folks who don’t know anything. You can stay and help 
out, I’d love to have you, but if you’ve got something else to do, go with my blessing.”

He smiled and settled deeper into his chair. Guess he was staying. I handed him a pig sticker. He stuck it on his shirt.

I asked the question about who already knows electricity for two reasons. The first was to signal to the class that this really 
is a basic class. We weren’t going to try to keep up with the guy who knows the most. The second reason was to say to 
anyone expecting a more advanced class that we weren’t doing that.

And I gave him a sticker as a reward for participating. It turns out you can give out just about anything as a reward. Even 
paper clips work.

Then I moved to the pig perched on my slide projector.



“So, what does this pig have to do with basic electricity? Oh, I need to give you a clue.”

With much fuss, I turned on the switch, set the pig on the table, and let it take off walking, wiggling its tail, grunting and 
twitching its nose. The room full of ready-to-be-bored students was enchanted by the pig.

“I have more stickers,” I announced.

Someone said, “It has a switch.”

I followed the voice and gave that fellow a pig sticker. We continued this way until we also had established that the pig 
had a battery (a power supply) and so does a basic circuit. And the pig had a motor (call it a load or consumer of elec-
tricity) and so does a basic circuit.

Every circuit has at least one of each of these components, and everything in a circuit is one of these things. And nothing 
else.

After being in the class, folks would often ask if I had the material written out. I didn’t, but with all the education I had in 
writing and literature, I could picture writing a book. Dan Holohan was my test market. I called him, explained my idea 
about the book, and asked if he would put it in his book list.

He said, “Write the book!” And so P.I.G. Press was born and the Practical-Is-Good series now numbers four books.

Lots of years have gone by. The son who built the demo boards is now an engineer. The daughter with the pink pig and 
stickers is a college senior majoring in opera singing. She’s agonizing about what she’s going to do to earn a living. And 
well she might, because opera singing, like English literature, doesn’t come with an immediate career.

If fate had whispered in my 20-something English major ear, “You’re going to use a toy pink pig to teach electricity to 
plumbers,” I would have run the other way. I wonder what fate has in mind for my daughter, the would-be opera singer?

 


