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WARNING.....

Below is a change from the printed version you will receive by
US Mail... This announcement of the 2009 National Show is
the correct one! Same city, different date and hotel.
ATCA 2009 National Show
Park Ridge Hotel
Valley Forge, PA
Exit 327 off of the PA Turnpike
August 21,22
www.starwoodhotels.com/parkridge

Show Hosts:
		
		
		
Nearby

Pat & Roy Basci Show details of registration
Art Bopp
and hotel booking will be in
Mike Davis
the March newsletter
businesses and attractions include:

King of Prussia Mall
Enjoy eight anchor department stores, over 365 retail and boutique shops as
well as an IMAX theater.
(610) 265-5727
Distance from hotel: 2.1 miles
Liberty Bell
Experience one of the most popular attractions in Philadelphia.
Distance from hotel: 20.8 miles
Philadelphia Zoo
Visit the variety of animals at the Philadelphia Zoo.
(215) 243-1100
Distance from hotel: 17.3 miles
Valley Forge National Historical Park
Walk the historical gounds of Valley Forge National Park.
(610) 783-1077
Distance from hotel: 0.6 miles
Philadelphia Premium Outlets
150 OUTLET STORES
Find impressive savings at Adidas, Ann Taylor, Banana Republic, BCBG
Max Azria, Brooks Brothers, Calvin Klein, Coach, Cole Haan, DKNY, Gap
Outlet, Guess, J.Crew, Michael Kors, Neiman Marcus Last Call, Nike, Polo
Ralph Lauren, Puma, Sony, Tommy Hilfiger and more.
Phone: 610-495-9000
15 miles from hotel
Address change?? Send it to: ATCA, P O Box 1252, McPherson, KS 67460
Send all ads to: ATCA, PO Box 910, New Castle, IN 47362 Email ads
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ATCA Website
Password

W

hat can you find by
g o i n g
t o
atcaonline.com? The
Members Only section has a color
version of our newsletter with
extra pages that are not found on
the printed version. In addition, a
current membership directory which
includes known email addresses can be
downloaded as a microsoft excel file.
When entering the Members Only
section, you will be asked for either a
login or user name depending on which
internet system you are using and then
a password. The login/username is atca
in lower case.
The February password
will be chuck

2009 VIRGINIA REGIONAL
TELEPHONE SHOW
SATURDAY, FEBRUARY 28,
HOLIDAY INN - PATRIOT
$59 per night....800-446-6001
3032 RICHMOND ROAD
W I L L I A M S B U R G , VA
SHOW HOURS WILL BE FROM 8
AM TO 1 PM on Saturday.
Registration: $10.00 for ATCA members.
Spouses, children and non ATCA member guests
— no charge. Tables: $10.00 for the first and $5.00
for each additional. On Friday evening (5-7 pm)
there will be a meet and greet gathering in the Back
9 Bar and Grill at the Holiday Inn - Patriot. Pizza
provided by the host. Cash bar.

Contact: Russ Cowell

757-258-5308 or
105 Woodmere Drive
Williamsburg, VA 23185

to j.huckeby@comcast.net
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Dick Erickson #23
namrebos@sbcglobal.net
949 369-9499
For sale
Circa 1898 william gray
6 foot 2 inch floor standing quarter sawn oak silver Dollar pay telephone
with original finish on
wood. Top box is western
Electric type 72 in black
walnut dated 1882, 1894,
1885, 1890 and 1893. The
Following original parts
include western electric
seven digit transmitter
And american electric co.
Glass mouthpiece with
w/e threads mounted on a
Original round base cobra
cast arm. Western electric
long pole outside Terminal
receiver. Tombstone porcelain sign with operating
instructions.
Bell shaped metal logo
with all early 1880’s and
l890’s patten dates.
Western electric magneto
and crank. Gray hinged
vault drawer with lock and
Key by corbin. Coin gauge
reads nickel, dime, quarter,

Gary Goff’s
So. Cal. Telephone Show

Saturday, March 7th, 2009
Show Time: 8a to 1p (those with tables
may enter at 7:30am)
Placentia Presbyterian Church, 849 N.
Bradford, Placentia, CA
(located about ½ mile east of I57,
south of Yorba Linda Bl.
Take Yorba Linda off ramp, east to
Bradford, right ½ mile south to church,
just beyond Madison.)
Admission is $2 per person, table charge
is $10 per table, paid in advance. Mail
table fee to: G.Goff, 3805 Spurr Cr, Brea,
CA 92823
There will be a silent auction at 11:30a
so bring those items you would like to
donate to the clubs or sell for yourself.
For more information, contact Gary @714
528-3561 or 714-928-6352 or email: gdgoff@gmail.com

ATCA REGIONAL
SHOW

Springfield, Ohio
May 15, 16, 2009
Clark County Fairgrounds

half dol., Sil dol.
Each of the five different coins deposited in the telephone offers the Operator five distinct sounds of bells,
gongs and bell gong combinations. This magnificent rare
original piece of early americana has been in a Private
collection nearly 4 decades.
Asking price $25,000

4401 South Charleston Pike
(Exit # 59 off of I-70, go north 1/2 mile)
Same weekend as the Springfield Antique
Show Extravaganza
http://www.springfieldantiqueshow.com/

over 1500 dealers set up....
over 15000 buying public... great
opportunity to sell phones and to
make contacts to buy
Send $25 for registration and a table to:

John Huckeby
additonal tables
ATCA
$10 each
PO Box 910
Set up is 7 AM
New Castle, IN 47362 Friday

Ray Kotke Telephone Show
Mason, Michigan - Saturday, April 4th, 2009
8:00AM to 2:00PM
Cobblestone Events Center
Mason Antique’s District
205 Mason Street, Mason, Michigan 48854
Social reception Friday, April 3rd, 6pm - 10pm
Complimentary refreshments & pizza
Registration /Admission - $10.00
Tables - $10.00
Contact Ray Kotke - e-mail: kleenax@gmail. com
Telephone: 517-230-6730 Eastern Time

ATCA SHOW 2010... Farmstead Inn Shipshewana,IN... Aug. 6 & 7
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Technical Corner

By Mike Zyla, Philadelphia, PA, January 20, 2009, mzyla@mmzdesign.com
Long-Lines Transmission
Analog to Digital Transition
Part Two
At last count, I have received 26
emails regarding Part One of this series of
articles. Here is the condensed feedback,
comments and requests, ranked in order of
similar requests: a) need pictures and
drawings; b) more detail on why high voltage has less transmission line loss than low
voltage; c) go through amps, volts and
ohms again with pictures; d) get into loading coils and how it reduces loss even
without amplifiers and repeaters; e) please
cover transposition in more detail and why
it is needed; f) what is balance; g) what are
repeat coils and what are retard coils and
are they different from induction coils; h)
what’s the difference between the mechanical repeater and the vacuum tube repeater; i) why not just increase the transmitter current higher and higher until your
voice can be heard coast-to-coast; j) explain in more detail why the resistance of
capacitors and inductors vary with the frequency, and what happens when they are
connected together.
Well, I honestly wondered if there
would be any feedback or comments on
the first article, and I thought I might be
emphasizing the basics way too much.
Apparently, I hit a few sweet-spots where
interest was high.
Many readers told me to stay on
the basics before I get into the details of
transmission circuits and systems. I will
cover the basics with much more pictures,
and try to answer all those questions. I
also appreciate the many readers who
shared their stories with me.
Last month, we talked about the
volt (V), ohm (R), amp (I) and power (P).
We will review these four quantities and
then use this knowledge to answer a question or two posed by our members about
transmission line loss and basic DC circuits.
Recall we mentioned last month a
high voltage, low current transmission line
suffers less power loss when compared to a
low voltage, high current transmission line.
The specific application referred
to last month was the improvement gained
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in voice transmission distance when the
sending telephone is equipped with an induction coil. Remember, the induction coil
is a step-up transformer that steps up the
voltage from the transmitter on its way to
the long line transmission circuit. We will
answer this question by using the formulas
for V, R, I and P.

flow of electricity. Think of a wire as being a pipe filled with marbles. The marbles
can be thought of as electrons and the pipe
is the conductor or wire.

Ohm’s Law Review
Recall voltage is a force; more
specifically an electro-motive force, meaning it is electrical in nature rather than a
force associated with, for example, a steam
engine or a rocket engine. Without a force,
no work can be done. No steam, no work,
No electro-motive force, no electricity to,
for example, light a lamp (which, when lit,
represents work being done).
We can get voltage (electromotive force) from a battery. Here is a battery and its electrical symbol:

The marbles or electrons in the
wire are not flowing. If we were to push
(i.e. a motive force) a marble into the left
side of the pipe, we could expect all the
marbles to move from left to right inside
the pipe, and the rightmost marble in the
pipe would fall out.

Now let’s draw a circuit diagram
with a voltage source, a piece of wire and a
switch. Here is the symbol for a switch:
Note there’s a positive and negative terminal to the voltage source. Most
single cell batteries have a voltage of
around 1.5 volts. As we start to draw circuit diagrams, we’ll allow the voltage to be
whatever we need, like this:
Here is the circuit diagram of the
wire, the switch and voltage source. Note
the switch is open, meaning not allowing
the flow of electricity:

In figure 1 and Figure 2, we have
voltage, but there is no electrical current
flowing, as the battery or the voltage
source is not connected to anything, or
even to itself. In order for the electricity to
flow, we need to connect a wire from one
of the terminals of the voltage source to the
other terminal.
Before we connect these terminals
with a wire, let me give an analogy for the

Here is the same circuit but with
the switch closed, allowing the flow of
electricity:
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I’ve included arrows to show the
flow of electricity, which occurs when
electrons travel from the negative terminal
of the voltage source to the positive terminal of the voltage source. Like the marbles, when you push an electron into the
wire near the negative terminal, an electron
comes out of the wire and into the positive
terminal of the voltage source (simplistic,
but adequate for our purpose of learning).
Note the voltage can be any value,
and our wire and switch effectively shortcircuits the voltage source. If the voltage
source has sufficient strength, the wire, and
maybe even the switch can become hot to
the touch, because a great deal of the electrons are flowing in this circuit. There
simply is little resistance impeding the
flow of electrons.
These flowing electrons pass
through the atoms that make up the wire
(like copper atoms) and the resultant friction of the electrons with the atoms causes
heat (again, simplistic but adequate). If the
voltage source was a battery, it would be
soon discharged. This excessive work produces no value to us other than a dead battery and a hot wire.
Recall we talked about resistance.
Resistance of a wire or of the filament of a
light bulb, just for example, can be used to
limit the flow of electricity to a reasonable
value. Let’s take our previous circuit and
place a resistor in series with the voltage
source and the switch:

terminal of the switch to the positive terminal of the voltage source. The resistor
limits the flow of electricity in this circuit.
So just how much flow of electricity do we
have in this limiting circuit?
The flow of electricity is measured in amps. Think of it as a measure of
the flow of so many electrons in a given
time. The flow is usually stated as current
(like the current flow of a river) and is expressed in amps (A).
The resistance to electricity is expressed in ohms (R). Resistance can be
very low, like a thousandth of an ohm to
many millions of ohms.
Ohm’s law is a formula that
brings voltage, current and resistance together. The formula is as follows:
V=I*R
Expressed with words as “Voltage
(V) is equal to current (I) times resistance
(R). Let’s take a one volt voltage source
and connect it to a one ohm resistor. The
wire we do the connecting with has no inherent resistance of its own, for this example. Using ohm’s law, we can find the current, in amps that flow in this circuit:

V=I * R
1= ? * 1
Of course, the answer has to be
one amp. What if we increase the voltage
to five?
5=?*1
The answer is five amps, because
five volts equals five amps times one ohm.
If we increase the resistance to five ohms,
and keep the voltage at five volts, the current goes down to one amp.

Here we have, once again, a complete circuit. Electrons are flowing from
the negative terminal of the voltage source,
through the wire that connects the source to
the resistor, then through the resistor, then
from the resistor through the wire to the
right hand terminal of the switch, through
the switch, and then from the left hand
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5=1*5
You can see how resistance limits
the current flow in these examples.
Earlier, we said a lamp bulb’s
filament has resistance. Here is the circuit
diagram for a light bulb:

Note the only change was to substitute a lamp for the resistor. A lamp is a
resistor, with a filament chosen to have a
certain resistance that does cause quite a
bit of friction. So much, in fact, that it
glows! Also note the lamp’s resistance is
one ohm. The current flow in this circuit is
one amp:
1 Volt = 1 Amp * 1 ohm
And if this bulb is rated to operate
at an input voltage of one volt, then the one
amp of current flowing through the lamp
will produce the lamp’s rated light output.
Now let’s put two lamps in series.
Note I have used the symbol Ω for ohms,
and the symbol V for volts:

This is a fairly simple circuit
showing two resistors in series (well, actually bulbs, but incandescent bulbs are resistors).
When resistors are hooked together is series (the end of one resistor
connects to the beginning of the next resistor), the total resistance presented to the
source voltage (in this case) is the sum of
each resistor in series. In this case, the total resistance is two ohms.
OK, one volt, two ohms. Let’s
find the current, I, in amps, that is flowing
in this circuit.
V=I*R
V=1, and R=2, therefore, I (amps) has to
be one half.
1 = 0.5 * 2
The equation is satisfied. Now,
how much voltage is across each resistor?
Well, the current through each resistor is ½
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amps, and the value of each resistor is 1
ohm. Let’s solve for V across each resistor
(bulb). V is unknown (for each of the
bulbs), I is ½ amp and R (for either one of
the bulbs) is 1 ohm.
? = ½ amp * 1 ohm
The answer is ½ volts. Since both
lamps have the same resistance, and since
the current flowing through the lamps is
the same, the voltage splits equally between the two lamps.
Power
Our first article also mentioned
power. We said Power is equal to Voltage
times Current.
P=V*I
Let’s go back to an earlier circuit.
We’ll remove the switch for clarity, and
because it isn’t necessary to analyze the
circuit. The circuit, again, will have a one
volt source and a one ohm resistor. We
will use the power equation to solve for
power consumed by the resistor, which
would be the power supplied by the voltage
source.

Early Transmission Lines
Now we can look at a long line
transmission circuit, the kind that presented
many obstacles to early long lines transmission engineers. I am going to draw the
entire circuit. But first, let’s gather some
data.
Assume early transmission engineers used 16 gauge copper wire which had
a resistance of about 0.00473 ohms per
foot. One thousand feet of this wire would
have a resistance of 4.73 ohms. A transmission line for telephones would have a
carbon transmitter at one side and a receiver at the other side of the transmission
line. There would also be a battery in series with the transmission line, the receiver
and the transmitter.
This telephony application has
two components, namely the constant DC
current flowing in the circuit when no one
is talking, and the AC talk signal generated
from the undulating function of the carbon
transmitter. We’re getting ahead of ourselves, but know that the AC talk signal
component “rides over” the constant DC
component of the circuit.
We have to remember the question being answered is, “need more detail
on why high voltage has less transmission
line loss than low voltage”. To prove high
voltage transmission has less loss over a
transmission line than low voltage, we
need only look at the DC component of the
circuit. Here is the basic diagram of what
we are dealing with:

mission line will need to be 3 watts, and,
second, the load resistance is 12 ohms.
Let’s make one more assumption. We will
set the resistance of the transmitter in the
circuit to be zero. In other words, the
transmitter has zero internal resistance.
Here is where we now stand:

How many known quantities do
we have? Answer, two: 12 ohm load resistor and a power burned in the resistor needing to be 3 watts. It should be clear there’s
one quantity we need to calculate: the
voltage needed to burn 3 watts in a 12 ohm
resistor.
Now, we can take these equations:
P = V * I, and
V=I*R
and derive the many combinations of equations, solving, for instance, voltage when
given watts and ohms. Rather than work
through all the calculations, here are all the
combinations:

Calculate the current through the
resistor first.
V=I*R
1=?*R
The current is one amp. Now apply the
power equation.

And here is the schematic, shown
with a perfect (lossless) transmission line:
How do you use this? Simple. If
you need to solve for V, voltage, check the
quadrant associated with V, and you’ll see
the three options for the solution. Since we
know P and R, the only option is:

P=V*I
?=1*1
The power is one watt. One watt of power
is supplied by the voltage source and one
watt is consumed by the load, which is the
resistor. There is no other resistance in this
circuit, because we are assuming a perfect
voltage source and perfect wires connecting the circuit together.
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V = P*R
We can use more real life numbers in our proof, so we’ll make some assumptions. First, the power delivered to
the load resistance at the end of the trans-

The other two options in the V
quadrant require that current, I, be known.
Now we can solve for V. I’ll use my cal-
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culator. The answer is, V = 6 volts. Double checking this calculation, we can find
the current flowing through the resistor:
V=I*R
6 = ? * 12
Answer: ½ amp. Now see if the desired
power is burned in the resistor:
P=V*I
3=6*½
One half of six volts certainly
equals three watts. It works!
Now we still need to develop
this article to prove that high voltage, low
current has less loss in a transmission line
than high current, low voltage. To do this,
we need to change our circuit to include a
real transmission line:

Here we have a real circuit. The
transmission line has resistance. Since I
am writing this article, I’ll set the length of
the transmission line. I will declare a
length of transmission line wire such that
the total outbound and inbound conductor
length has a total resistance of four ohms.
Here is the circuit with a real transmission
line:

This is proof that ½ amp through
a 12 ohm resister burns 3 watts in the resistor.
OK, the current through the loop
is ½ amp. The loop is a series circuit consisting of a total of 16 ohms, 4 ohms in the
loop and 12 ohms in the load resistor. In
order to see that ½ amp flows in the loop
(and load), we need to find what voltage is
needed to make this happen.
V=I*R
? = ½ * 16
V = 8 volts
The answer is 8 volts. Recall,
when we had a perfect transmission line
with NO resistance, the voltage need was 6
volts. Now, this new value of 8 volts is
applied to two resistances! It is applied to
the 12 ohm load resistor, and, it is applied
to the 4 ohms of loop resistance. We also
know that the current is ½ amp. Let’s find
out what power is burned in the loop and
what power is burned in the load (we already know this, but we will do the calculation again):
V=I*R
V Loop = ½ amp * 4 ohms, Loop
V Loop = 2 volts
V Load = ½ amp * 12 ohms, Load
V Load = 6 volts
Let’s once more check the load
power dissipation:
P Load = V Load * I Load
P Load = 6 Volts * ½ Amp
P Load = 3 Watts

Once again, we need to find a
voltage such that the power burned in the
12 ohm load resistor is three watts. Here
are the variables we know: Total loop plus
load resistance is 2 + 2 + 12 = 16 ohms.
We also know that a current of ½ amp
flowing through a 12 ohm resistor burns
three watts of power. Go to the equation
wheel and find watts when given ohms and
amps:
P = I2 * R
3 = (½* ½) amps * 12 ohms
3 = ¼ amps * 12 ohms
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This checks correctly. Now we
can see how much power is lost in the
transmission line. Remember, any power
lost in the transmission line is wasted; it
doesn’t end up at the load! Total power
required is the sum of the power burned in
the load plus the power burned in the loop.
P Loop = I2 Loop * R Loop
P Loop = (½* ½) Amps * 4 ohms
P Loop = 1 Watt
P Total = P Loop + P Load
P Total = 1 Watt + 3 Watts
P Total = 4 Watts

Here is the fully notated schematic:

The lost power in the transmission
line is one watt out of four watts or 25%.
This is a great loss. We also lost two out
of eight volts in the transmission line. It
needs to be stated again.
We’ve lost one out of four watts.
The supply voltage is eight volts, of which
two volts are across the loop and six volts
are across the load. How can we reduce
transmission loss?
We already have a proposal. Increase the voltage and decrease the current.
As engineers, we can change the source
voltage, and we can change the load resistance. What can’t be changed is the loop
resistance, because the loop construction is
constrained by costs.
If we could lower the loop resistance, there would be less voltage drop on
the loop, but management has said “do not
increase loop costs? We also can not
change the power needed at the load resistor, as we need to keep this constant in order to prove that high voltage, low current
transmission is more efficient.
For those readers thinking that it’s
not fair, in this comparison, to be allowed
to change the voltage; recall last month
there is available an induction coil that can
be used to step up the voltage at the sending end of the transmission line, at reasonable cost. Also, it is well known that loop
costs nearly always swamp circuit costs,
due to labor and commodity market prices.
Use of electronic large scale integrated circuits in the design and manufacturing of telephone equipment is significantly less costly than use of metal-based
circuits and systems. Just consider the size
and weight of a mechanical switching system as compared to an electronic switching
system.
Let’s start designing the higher
voltage, lower current system. We’ll start
by setting the source voltage to ten times
more than the previous circuit, namely 80
volts. I could have picked any voltage
greater than the 8 volts used in the first example, above. I am truly guessing at this,
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but 80 volts is a reasonable voltage and is
reasonable to achieve, then and now. Here
is how the circuit will now appear, with
known and unknown quantities appropriately noted:

There are several ways to start the
design. Here’s how I would do it. I would
start with a perfect transmission line,
meaning no resistance, and then find the
resistance needed to burn three watts at the
load with 80 volts applied from the source.
From the equation wheel:
R = V2 / P
R = (80 * 80) / 3
R = 2133 ohms
Let’s check this with another
equation from the wheel:
I=V/R
I = 80 / 2133
I = 0.0375 Amps
Checking if the amps and volts
cause the 3 watts to be burned at the load:
P=V*I
3 = 80 * 0.0375

The loss is a little less than two
tenths of one percent. When I get numbers
like this, I essentially say the design is
complete.
To be 100% accurate, the power
delivered to the load is actually 100% less
the transmission loss of 0.187% or greater
than 99.98%. This slight reduction in delivered power to the load is caused by adding four additional ohms to the total resistance presented to the 80 volt voltage
source.
With this knowledge, an engineer
could go back and adjust the resistance of
the load slightly downward to slightly increase the overall loop current to get a load
power consumption of exactly three watts.
I could have gone through this iterative
calculation, or I could have solved for loop
current given two separate variables of
load power and loop resistance. These calculations are slightly more complex and
wouldn’t change the fact that increasing
voltage and reducing current vastly reduces
transmission line losses.
Without going through this iteration, we can find the other values for the
loop:
V Loop = I Loop * R Loop
V Loop = 0.0375 amps * 4 ohms
V Loop = 0.15 Volts
Here is the final circuit design:

It checks! We now have a loop
current of 0.0375 amps, a source voltage of
80 volts, a load resistance of 2133 ohms
and a load power consumption of 3 watts.
What would be the power lost in
the four ohms of loop resistance? From the
equation wheel:
P = I2 * R
P = (0.0375 * 0.0375) * 4
P = 0.005625
The power lost in the loop (4
ohms) is five thousands of a watt, or more
precisely, 5.625 milliwatts! In terms of a
fraction, the loss in the transmission line is:
P Loop / P Total
0.005625 / 3.005624
0.00187
0.187%
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This is very busy. The percentages of loss are so low; they are in fact
much lower than the specification tolerance
of all of the components that make up the
voltage source. Also, the percentages are
much lower than the specification tolerance of the wire itself, meaning that if you
buy a length of copper wire, it’s resistance
per unit length, as shipped from the manufacturer, will vary much more than the
slight offset percentage of the loss of
power in the transmission line.
The final design:

The use of a high voltage, low
current approach versus a high current,
low voltage approach minimizes resistance losses on a long line transmission
system.
Internal Resistance
Soon we will be discussing balanced versus unbalanced transmission
lines, transposition, echo and cross talk. I
wanted to touch on the subject of internal
resistance. Earlier in this article, I mentioned using a perfect transmitter when we
were discussing low voltage versus high
voltage transmission lines.
I didn’t want to add complexity to
that analysis. However, as we move forward, we will need to discuss the internal
resistance of voltage and current sources;
as well as the internal resistance in induction coils, transformers, repeat coils and
loading coils.
Up to this point, we used a voltage source to drive a transmission line and,
at the other side, drive a load. It needs to
be said that a voltage source is not perfect
in that it does have internal resistance. In
fact, all, real sources have some practical
internal resistance. This is because the
source is built with wire and other materials that do have resistance.
A perfect voltage source will have
its output voltage stay constant regardless
of how much current is drawn from the
source. If you take this to the extreme, as
we short circuit the voltage source with
zero resistance, than the current output will
be infinite. It has to, because the voltage
stays constant.
Of course, in real life, voltage
sources do have internal resistances. If you
short circuit these practical sources with a
perfect wire of zero resistance, all of the
voltage in the source will be applied across
its internal resistance:
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Notice the bulb with the higher
resistance has the higher voltage drop.
We will return now to the real
voltage source with its internal resistance
now included in the loop.

Figure 23 shows what I am talking about. The perfect voltage source is
shown on the left. In the middle, is shown
a real source with various internal resistances because all of the components in its
construction has resistance. On the right is
the symbol for a voltage source with a single resistor representing all of its internal
resistance.
Real voltage sources should, and
in most cases, must, have internal resistance that is much lower than the resistance
of the circuit it drives. For the curious
reader, there are constant current sources
that are applied to special circuits. In a
later article, we will discuss these constant
current sources in more detail. But for
now, we’ll keep concentrating on constant
voltage sources.
Connect the real voltage source to
a load, and you’ll notice something we’ve
already discussed earlier.

Remember earlier in this article
we showed two bulbs connected in series
with a perfect voltage source. We showed
the source voltage split equally between
the two bulbs because the resistances were
equal. The ten volt source is wired to two
bulbs, in series, with the bulbs having
equal resistance, and you can predict accurately that each bulb has five volts across
its filament (a resistor).
If the resistances of the two bulbs
are not equal, the source voltage splits
across each bulb proportional to its resistance.
Here’s proof the voltage divides
equally with equal resistances:
V=I*R
10 = I * 20
I = ½ Amp
V Bulb One = I * R
V Bulb One = ½ * 10 = 5 Volts
V Bulb Two = ½ * 10 = 5 Volts
ent?

Take a look carefully at Figure 24
and you might recognize this looks like a
voltage divider. Let me draw it in a
slightly different way:

What if the resistances are differ-

In Figure 27 we have a total loop
resistance of 30 ohms. Calculate loop current:
V = I * R Total
10 = I * 30
I = 1/3 Amp

Staring at this makes me think - if
the internal resistance of the voltage source
is very, very small compared to the load,
then it really doesn’t figure into the operation of the circuit.
We saw, when analyzing the
transmission line earlier in this article, how
the four ohms of the long lines wire – when
compared to the 2330 ohms of the load –
figured little in the operation of the overall
transmission line circuit.
But what if the source resistance
is close to the load resistance? Answer: if
you start drawing significant current from
the source, the voltage across the internal
resistance will become significant.
Here is a 10 volt voltage source
and a variable resistance. We’ll declare the
variable resistance can go from one-tenth
ohm to a million ohms. The voltage source
is perfect, meaning its internal resistance is
zero:

Now start drawing current by adjusting the variable resistor from 0.1 ohm
to 1 million ohms, and plot the voltage
across the variable resistor as a function of
resistance:

Now calculate each bulb’s voltage:
Looks like a voltage divider similar to our earlier voltage divider using two
bulbs.

V Bulb One = I * R Bulb One
V Bulb One = 1/3 * 10
V Bulb One = 3.33 Volts
V Bulb Two = I * R Bulb Two
V Bulb Two = 1/3 * 20
V Bulb Two = 6.66 Volts

FEBRUARY 2009

Clearly, the voltage is constant
across a wide range load resistance. This
voltage source is quite good. If it were a
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power supply, I’d say it has excellent regulation. If it were a battery, I’d say it has a
very low internal resistance. This perfect
voltage source can supply an infinite
amount of amps, so much so, that a perfect
short circuit could cause an ultimate calamity. Kind of like what happens when an
immovable object is struck buy an unstoppable object.
Now let’s use a less perfect voltage source – a real voltage source - with an
internal resistance of, say, one ohm:

We shall keep the same variable
resistance load, specifically a resistance
from 0.1 ohm to 1 million ohms. Here is
the plot of output voltage versus load resistance:

At low load resistance, where an
appreciable amount of current is drawn
from the voltage source, that internal resistance figures prominently. If we set the
load resistance to one ohm, the same resistance as the voltage source’s internal resistance, the voltage would divide equally between the one ohm internal resistance and
the one ohm load resistance. For most designers, this would be unacceptable for output currents around five amps.
Next month, we’ll see how this all
applies to the design of low echo, low distortion, low crosstalk, high bandwidth
transmission lines.

There were lots of insulators and porcelain signs

Both the tapered shaft and the pot belly sold. Bill Samek was not selling phones, just buying.

The Florida weather was much different than the -30 windchill in Indiana.
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Paul Linker puts the final touch on the Maitland Show

F

or several years Paul has invited the Maitland show attendees to
make the drive over to his house in St. Petersburg for a dinner on Saturday
night.
Sharon and I made the right decision this year making the senic 125 miles and
enjoying a great evening of food, fun, and fantastic phones.
Paul was happy to share stories of his phone finds as well as many stories of
unusual happenings on his trips from Chicago to Oregon. Paul is an attendant
on the Amtrac Train
System.
The spaghetti supper
hit the spot for all
and the homemade
key lime pie is making me hungry again
Character phones have not escaped him either.
as I type this.
As you can see from
these few photos, Paul has an extensive collection of candlesticks, desk
phones, Ericofons, and a few nice wood
phones.
If you are ever in the St. Petersburg area,
give Paul a call and you will find him to
Show host Paul Mikula explains to John Huckeby about
be a gracious host.
the special statury bronze color of this Western Electric 102.
It was a special order color.

An international flavor is also
on some of the shelves
Every serious stick collector has one or
more of these on the shelf.

Did I already say he liked desk phones?
It is not hard to see that Paul Linker is a serious collector of desk sets
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Arthur P. Bloom ATCA #1783
PSTN 631-749-0100
C*NET 749-0100
wanted
Still looking for a white, new or perfect
condition, WE model 565HK tel set with
white 25-pair mounting cord. Non modular,
please. No repaints, please. Still looking
for WE speakerphone transmitters, model
666B, in red, pink, yellow and blue. Still
looking for NOS pink housing and handset
for a WE 500.
Dick Erickson #23
namrebos@sbcglobal.net
949 369-9499
FOR SALE
Rare chinese porcelain sign in bright red,
white and black with picture of 1930’s desk
dial telephone. Size approx. 10 1/2” X
20”. This sign will really stand out in any
collection. Free shipping and insurance.
Asking Price: $395.00
Walt Aydelotte
Email: aydelotte01@comcast.net
Phone: 609-818-1698
Cell:
609-217-9655
Web Page: www.waltsantiques.com
wanted
Could anyone sell me a Stromberg
Candlestick Dial with nice number card?
It can be Stromberg or North.
Any
Colored Desk Sets in AE, North, Stromberg
available? Not interested in 500 sets, just
the earlier ones.
Don Scott
223 Cherry Ave
Houston, PA 15342
724-745-8171
wanted
Does anyone have a wooden seat for a 1960
Western Electric indoor booth? Also need
a grill cover for above the door.
Billy Spears
spearswilliam@bellsouth.net
WANTED
I need a key to fit 10 H lock on Northern
Electric 3 slot paystation. Also looking for
the lower shute for a WE 233G paystation
this is the one that mounts in bottom just
above the coin box that the coil relay
fastens to.
Gary McKay
905-898-3999
buyanyphone2003@yahoo.ca
WANTED
2” X 2” eureka nametag plate. And 102
base plate bolts/screws.
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Russ Cowell ATCA 3065
105 Woodmere Drive
Williamsburg VA 23185
757-258-5308
for sale
In 1955 the Chesapeake and Potomac
Telephone Company of Virginia published
a small (4x7 inch) 28 page COLOR booklet
for use by Plant I&R technicians in making
sales while on customer premises. Eight
500 sets in the original colors are pictured
as well as four in two tone colors.
This reproduction is a neat and handy
reference for early WECo 500 sets, and
variants thereof, as well as other customer
premises equipment in the market place in
the mid-1950s. Collectors who purchased
copies have commented very favorably
about it. US$15.00 postage paid to the US
and Canada. Other countries -- US$16.00
Larry Kolb
Larrykolb@comcast.net
(703) 754-3832
for sale
Still have Dial Pulse to Touch Tone
converters for sale for your rotary phones.
Great for Internet phone service where the
service provider does not support dial pulse.
Easy to install, plug and play. No external
power required. The price is $47.00, which
includes shipping in the U.S.
JEREMY WALTERS #3334
121 Skyway Dr.
Vallejo, CA 94591
707-980-5961
jeremy.walters@sbcglobal.net
WANTED
Red handset for Kellogg DK500/DK591 set
from the 1950’s, Modular coiled handset
cords in -94 blue. This was a muted
blue used by Northern Telecom for their
Harmony, Solo/Silhouette, and Signature/
QuickTouch sets.
David Friedman #4367
mommabirdie@netzero.net
Wanted:
Coin Relay (P-11E964) for W.E. 3-Slot
payphone. Thanks for looking!
FRANK HAGENBUCH #2920
1045 Bonair Dr.
Williamsport, PA 17701
570-326-0932
fhagenbuch@comcast.net
WANTED
Vacuum tube type amplifiers manufactured
by Western Electric, Langevin, McIntosh
or Dukane. (Often used as program

amplifiers). Western Electric vacuum
tubes, transformers, speakers, horns, parts
and literature wanted also. WE 111C repeat
coils. Please let me know what you have
for sale.
www.oldphoneworks.com
www.houseoftelephones.com
1-800-843-1320
for sale
High quality reproduction receivers.
Accepts variety of magnets or U1 receiver
element. Only $19.95. Order online at at
www.oldphoneworks.com or call 1-800843-1320.
Cloth Covered Telephone
Cords. Available in Black, Brown, WE
Green, 302 Green, Red, Rose, Blue, White,
Pink, Orange. Custom made for AE, WE,
NE, SC, and Kellogg with correct lead
lengths and appropriate restraints. Choice
of cloth or vinyl covered inner conductors.
Custom orders accepted. Order online at
www.houseoftelephones.com or call 1-800843-1320.
Bruce Bianchi
mrlinefinder@verizon.net
wanted
1-Red AE 34 transmitter cap and spitcup
2-Mohogeney AE 34 transmitter cap
and spitcup
3-Ivory AE 34 handset
4-International candlestick transmitter.
(marked with a ‘C’ under mouthpiece
5-Kansas City transmitter used on stick
phones. 6-Modern Telephone name tag.
7-Ivory Kellogg 1100 redbar handset
8-Any and all parts for a Western # 9
potbelly
Robert Schindler
belltech@COMCAST.NET
I have a 56A “Daisy wheel” housing ( 3-slot
payphone), BUT need the actual porcelain
and black Daisy Wheel with the 3 acorn
nuts! Might someone have one in GOOD
shape, preferably with the Z/operator, that
they might be willing to sell me to complete
my 193G!
Steve Hilsz
PO Box 429
Salome, AZ 85348
(928) 859-3595
jydsk@tds.net
repairs
Don’t give up on your rotary dial just
because it’s sluggish or gives wrong
numbers. Repair is still just six dollars
(major parts additional) per dial plus
postage.
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DAVE MARTIN #278
6016 Sheaff Lane
Ft. Washington, PA 19034
215-628-9490
for sale
Receiver caps only from the later Leich
bakelite handsets. These caps fit W.E.,
Kellogg and A.E. separate receivers, so you
don’t have to buy reproduction caps again
$5 each 40 pieces available W.E., N.O.S.
five piece transmitter end for E1 handsets
$30 each
W.E. used flat bakelite discs
that cover the F1 transmitter element in the
E1 handset three for $10, 60 pieces available
W.E. used bakelite ring that goes between
the transmitter and the handset on E1
handsets three for $10, 25 pieces available
Transmitter caps and discs for the later
Leich handsets, three pieces for $10 50 pieces
Kellogg transmitter cups with
available
the short back extention for short transmitter
arms $5 each 30 pieces available
A.E.
N.O.S. transmitter elements, packaged 1
each, Signal Corps 4/57, three for $10 50
pieces available
W.E. E1 early handsets
without grooves, with bullet transmitter $50
each.
Joseph D. uhler #170
Box 126
Ingomar, PA 15127
724-940-4331
No tire kickers please
collection for sale
Wall telephones, lifetime collection. Various woods, styles and manufactureres. Approximately 35, all restored and in original
working condition. Will consider any fair and
reasonable offer from a serious collector.

“I had made up my mind,” Edison wrote,
“that, taking into consideration the time
and killing pace I was working at, I should
be entitled to $5000, but could get along
with $3000.” The money was paid by check
and Thomas Edison had never received
a check before, he had to be told how to
cash it. As the story goes, Edison took the
check to the bank and asked to cash it. Not
hearing the response very well from the
teller who actually asked him to endorse it,
he took the check back to the office unable
to cash it. The secretary herself was sent
back to the bank with him to cash it. He
asked for the funds in small bills.
He was a good son and sent money
to his parents who were in dire need. Later,
lack of money forced Edison to resume
his work for the Western Union Telegraph
Company. He invented a carbon transmitter
and sold it to the Western Union for
100,000 dollars, paid in seventeen annual
installments of 6,000 dollars. He made a
similar agreement for the same sum for the
patent of the electro-motograph.
One of Edison’s more important
inventions for us was in 1876 when he
invented the carbon telephone transmitter
.

The Original Bell System globe was being auctioned.
It did not reach its reserve of $750.

Thomas Edison took advantage of a spur of the moment situation. Edison was loafing through some of the offices in New |York’s financial district. He noticed that the head of a local brokerage firm was having a fit.
Edison quickly saw that an important stock-ticker in the office had just broken down.... Since no one in the crowd that had gathered around the defective machine seemed to have a clue of how to fix it, he pushed his way to the
front and was given an opportunity to see what was wrong with the stock
ticker.... He had a pretty good idea of what the machine was supposed to do.
After spending a few seconds confirming exactly how the stock ticker was
intended to work in the first place, Edison reached down and manipulated a loose spring
back to where it belonged. To everyone’s amazement the machine began to run perfectly.
The office manager was so happy, he made a quick deision. He offered Edison
a job right then and there. He offered Edison $300 a month to make all repairs as
needed to all machines in the office. This was more that Edison had been making and
not only worked there, but continued his many projects.
Not long afterwards Thomas Edison released the invention which started him
on the road to success. This was the improved stock ticker, and the Gold and Stock
Telegraph Company paid him $40,000 dollars for it, more money than he had expected.
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I still remember my first visit to
The Ford Museum and Greenfield Village
in Detroit. At that time when going through
the workshop of Edison’s, one could
still reach out and examine the Edison
transmitter that was lying on the table along
with various phones and parts of phones. I
asked the person working there that day if
she would hand me the phone and she did. I
took several closeup photos at the time and
examined the phone. Several years later
when I returned for another visit, all those
pieces were behind glass, and an arrest
would probably followed if I had tried to
examine them again.
Edison was awarded 1,368 separate
patents during his lifetime. He passed away
at age 84 on October 18th, 1931 - on the
anniversary date of his invention of the
incandescent bulb.

12

