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ATCA Website Changes

ith the unveiling of a new look to the ATCA Website, a feature has been added which many have been looking

forward to; the ability to choose one’s own password to the members only section. When you go to
the ATCA webpage, you will notice that the login is found on the bottom right of the page. This will take you
to the login page as seen below.

Since the login is data base driven, you must use the email address that is found contained in the ATCA records (as seen in
the directory of the May newsletter). It must be typed in lowercase. The temporary password is ATCA1971. Once logged
in, YOU choose your own password! Please also update your information.
For those that have not provided an email address, a temporary email has been assigned to you. It is your ATCA membership
number @atcaonline.com. Again, once logged in, you will provide your current email address, a password and any other
missing information.
If you change email addresses in the future, please log-in with your old address and change it to your new one on the data
base.
If you are unable to log in to the new webpage, Chuck Eby can lookup your login information as contained in the data base
if you email him at chuck@atcaonline.com

Check our website at www.atcaonline.com
While there, you can also get the info you will need to register for the National Show
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

to j.huckeby@comcast.net
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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: Pat & Roy Basci
		
Mike Davis
		

The Hotel

Don’t forget to book your room for the 2009 ATCA National show. We have a website link
provided just for us at http://www.starwoodmeeting.com/Book/ATCA The room rate is $89
per night which will include a free “buffet breakfast” in the hotel restaurant for each person
in the room and for each day of your stay. (you must give your name and room number to the
server). If you want to call to reserve or if you have any problems doing it on the website, the
number is (888) 627-8264, ask for the ATCA or Antique Telephone Collectors Association rate.

Register Now!!
ATCA & TCI members who stay at the hotel will get their first table at the
show free, please register soon. This offer is for one table per room, the
table will be in the name as the room is registered in. If you share a room
with another member please just one free table! There will be a reception on Friday from
5-7 PM. in the hotel restaurant. The cost is only $10 which is subsidized by
our sponsors and a cash bar will be provided. You must register before the
show for the reception. The show will start after that. On Saturday
morning we will all be able to get together at the buffet then at 8 AM the
show will be open and run until 5 PM with a lunch break and an auction in
the middle of the day. Registration for the show is $20 for members or
nonmembers, guests (non telephone collectors) are free. If you stay at the
hotel your first table is free and all additional tables are $10 each. If
you aren’t staying at the hotel your first table is $20 and each additional
one is $10 each. Registration information is at www.actaonline.com .
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Mark is back with some great Signs of the Past

H

Happy Hunting.... Mark Redmond, ATCA # 875
cell 610-772-5709
Turn your signs into cash.... call me

ere we have a super rare 6 inch across sign.
This is the Conestoga Tel & Tel Co from
Birdsboro, Pa. There are only three of these
signs that I know of and I now own two of them. All
three look like they were never in service. This was
an independent company using a bell close to the
Bell System logo . This most likely meant they had
connections with the Bell System. The art is a littleodd
as the bell is different and the sign is a little off center.
I speculate that these signs were madeby a local sign
maker and not by a big company. They were made
probably around 1915-1920.
Now It is not every day that I buy a dupe of a sign I
already own. These days if I buy a dupe it is usuallya
sign (bad pun again) that I have forgotten what I have.
Not in this case. I might forget where I put my car
keys but never that I own a cool sign like this. Some
club members sayto never buy a dupe of anything
unless you intend to sell it. I do not prescribe to that
principle. Something rare is something rare and you
should never pass on something rare if you can afford
it. I would rather have two rare dupes than 5 common
pieces. As they say “One night in Paris is like a year
any other place”.

FLASH...... I just bought the below sign.... I consider it the best sign in my collection.... I think you
will agree.....

JULY 2009
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Robert Schindler
Belltech@comcast.net
360 734-6543
WANTED
C.O. splicer’s stool! I want one with the
words BELL SYSTEM stamped in the
wood. Has a hand hole in the top, is aprox.
13”x13”x13” with tapered legs and made
of oak! Please contact me if you have one
and would like to sell it to me.
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. Western Electric vacuum tubes,
transformers, speakers, horns, and literature
wanted also. WE 111C repeat coils. Please
let me know what you have for sale.
Steve Hilsz
jydsk@tds.net
For Sale:
Kellogg Switchboard & Supply handsets,
new old stock. These are the same ones used
on the #1000-series “red bar” telephones,
but they are equipped with a 4-conductor,
rubber coiled handset cord. Restore your
#1000 telephone in style. $10 each plus
postage, while they last.

Thanks to Graham Barnes,
ATCA # 1978 for sharing
these three nice sticks.
We have all seen Chicago pots like above BUT did you notice the rare fluted
glass mouthpiece.
Below is a very nice Dean Electric and an Ercisson with a Wonderphone transmitter.

JULY 2009
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Mike 2958.
520-625-1608
letaphnman@yahoo.com
1. Stromberg Carlson common battery wall set in oak. $250. Very nice.
2. Kellogg manual grabaphone. $175
3. Federal manual grabaphone $175 4.
Connecticut manual grabaphone $175
5. Metal mounting plate for a Gray Coin
collector. I believe this would go behind a
wood wall set making the collector sit on
top of the set. It is not marked Gray so it
may have been made by a phone company
or maybe even Dan Mac. $20 6. Western
Electric NOS orange rotary butt set. $20
7. NOS cord for western plastic rotary
butt sets complete with drop clips. $5 8.
Stromberg Carlson brass bottom receiver.
No ear cap. $20 9. Western Electric
number 22 payphone lock. No key. $10
10. Fancy silver cover for 500 type set’s
from the sixties. This one is very heavy
and may be pot metal and is not like any of
the thin snap on covers you may have seen.
It also has the G handset cover. $25 11.
Transmitter face plates. Some are complete
and some not. 1 Julias Andre brassed out.
1 Tri State Tel and Tel brassed out. 1 SC in
black and one in nickle. 1 Kellogg brassed
out. $7 each or all 5 for $25 12. Western Electric 1500 in beige. This set is near
mint and includes a matching four prong
jack and long mounting cord. $75 13.
Western Electric 1500 in beige. This is an
earlier model with the charcoal dial cover.
The dial cover has a chip missing above the
three and the color is slightly faded. There
is no mounting cord. The handset cord is
great. $50 firm. 14. Western Electric
1500 in blue. This one is faded to a deep
turquoise color. The cords are good. $50
15. Western Electric 354 in ivory. The
case and handset have some fading but
are in excellant condition with no cracks
or chips. There is a slight hairline in the
receiver cap which seems to be the norm
for these. The cord is a straight cloth type
in original condition with no frays. This
phone has a new cord mounted in the back
with a modular end so you can use the
phone. $150 16. Northern Electric three
slot payphone in chrome. This one has a
touchtone dial and is wired to work. It is
mounted on a backboard like the western’s
were. $250 firm. 17. Western Electric
533A metal wall phone. $50.00 18. 6
different W.G.M. lavender colored insulators. $8.00 each or all six for $40.00 19.

JULY 2009

Lavender Whitehall Tatum number one
type. Chip on top. $5.00 20. Very nice
Corning Pyrex 662 carnival glass insulator. $15.00
All prices are negotiable unless otherwise
noted. All final sale prices are plus any
shipping costs and insurance. I will do my
best to keep the costs as low as possible.
Pictures and any information needed on any
of these items available on request.
Larrykolb@comcast.net
(703) 754-3832
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.
Dave Gruger 2768
870 257 2801
dgruger@centurytel.net
A 90 year old gentleman contacted me about
some old phones that he wanted to sell.
Yesterday, I drove with him to a storage
locker to look at what he has. He has around
50 small wooden boxes and 12 wooden long
boxes. He got these phones 40 years ago in
a government sale. He said that they came
from CCC camps. I’m not sure about this as
some of the boxes are marked USFS which
I assume is US Forrest Service. Some of
these boxes are missing a brass bell or two
and a couple that I opened had a receiver
and transmitter loose inside. Most all have
magnetos. They are AE, WE and Kellogg. I
think the long boxes are mostly Stromberg.
I didn’t open more than a few as the space
was limited in the storage locker. He also
has a box of 6 or 8 Red Bar Kellogg wall
and desk phones, a couple of 102 non dial
sets. Another box with several gray Bakelite
or plastic Connecticut desk sets. There were
also 10 or 12 extra gray handsets. He said
that there may be another box or two hidden
under others in the locker? He wants to sell
these phones as a lot and not individually.
If you want these phones, they are located
in northern Arkansas and I can put you in
touch with the gentleman. I will help with
the loading. It will be up to you to do your
own dickering with him on the price.

Mike Davis 2022
30 Ring Lane
Levittown, NY 11756
mvtel@verizon.net
(516) 735-9765
For Sale (see photos)
Western Electric 462 factory (WE)
painted gold with propper dial and handset
cord, $200 including shipping. Western
Electric 211 space saver, complete and
in good condition, $75. I can deliver to
the National ATCA show In August (-$10
each).

Wanted
early payphones and parts. I need so
Gray and Western Electric coin relays and
parts.
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Technical Corner
By Mike Zyla, Philadelphia, PA, June 29, 2009, mzyla@mmzdesign.com
Long-Lines Transmission
Analog to Digital Transition
Part Five
Last article, we finished discussion of the three primitive elements of
electrical circuits: resistors, capacitors and
inductors. Before we move on, I would
like to answer some questions from readers.
1) If capacitors and inductors have resistance, what is the formula for calculating
resistance?
2) I am told that voltage and current
lead or lag each other in inductors and capacitors. There was a slogan called Eli the
ice man. Can you go into this?
3) How do time constants relate to frequency?
4) Can you cover tuned circuits?
Resistance, Reactance and Impedance
From the last two articles, we
learned that inductors and capacitors have
“resistance” that is dependant on frequency. It is not proper to use the term
“resistance” for inductors and capacitors,
because “resistance” does not convey the
dependence of an inductor or capacitor to
frequency.
Engineers usually use the term
“impedance” to specify the resistance to
current flow through a circuit element that
varies with frequency. Since the resistance
of resistors does not vary with the frequency of the waveform of current through
the resistor, then Resistance = Impedance.
Fig. 1 plots voltage and current on and
through a resistor.
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Capacitive Reactance
A capacitor has reactance that
changes with frequency. There is little, if
no, resistance between the two terminals of
a capacitor because, as you recall, a capacitor is two plates separated by a non
conducting dielectric like air. See here:
Note voltage and current waveforms are in perfect sync with each other.
Given this perfect tracking of voltage and
current in a resistor, we say resistors are
linear with respect to voltage / current
tracking. The term “impedance” can carry
TWO pieces of information with respect to
a circuit element’s ability to impede current flow. These two parts of impedance
are “real resistance” and “complex resistance”. Real resistance is just that, real. It
is expressed in ohms, and is literally the
kind of resistance you would expect from a
resistor. That is, it is the type of resistance
where voltage tracks current perfectly, as
in Fig. 1.
Complex resistance is the resistance to current flow caused ONLY by the
inductor’s or capacitor’s resistance to current flow where voltage and current IS
NOT perfectly in sync or perfectly tracks
each other, as in Fig. 1. In order to eliminate confusion about which resistance is
complex and which resistance is real, we
use the term “reactance” to describe an inductor’s or capacitor’s resistance to current
flow that is subject to the time dependencies of charging and discharging, i.e. frequency dependant. Fig. 2 shows a current
and voltage waveform that does NOT track
with each other and are definitely NOT in
sync with each other.

Under nearly all conditions, because there is no “real resistance” inside a
capacitor, just two plates separated by an
insulating dielectric, a capacitor’s ability to
impede current flow can be fully characterized by its reactance.
The symbol for reactance is X.
So far, here is what we have learned:
R is “real” resistance
X is reactance (or complex AC resistance)
A resistor only has R
A capacitor only has X
Stated again, recall that resistors
have constant resistance that is independent
of the waveform impressed across or
through the resistor. This means if the current through a resistor varies, the voltage
across the resistor varies directly with the
waveform of the current through the resistor and follows Ohm’s Law E=IR.
If a DC current through the resistor is constant, then so is the voltage across
the resister. If there is an AC current
through the resistor, then the AC voltage
across the resistor varies directly with the
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AC current. Note I could have said it the
other way: if there is a constant voltage
across the resistor, then the current through
the resistor is constant. If there is an AC
voltage across the resistor, then the AC
current through the resistor changes directly with the AC voltage across the resistor. Finally, the tracking of voltage and
current through and across a resistor is instantaneous. There is NO delay between
the voltage and current waveforms.
Inductive Reactance
The situation is different for an
inductor. An inductor is (most usually) a
coil of wire wound around an iron or air
core. The wire itself, ignoring any magnetic field that may build up around the
wire, has real resistance, R. It’s the kind of
resistance associated with, for example, the
hot wires inside your toaster.
Now let’s talk about the magnetic
field that builds up around the wire. Anytime an electric current is passed through a
piece of wire, in addition to the heat generated by real resistance, there is also a magnetic field that builds up around the wire.
This field is strong enough to deflect the
pointer of a compass if the energized wire
is placed close to the compass. Remove
the electric current, and the compass needle
is not affected by the wire for all practical
purposes.
Any time we build up (apply an
electrical current in the wire) or collapse a
magnetic field (remove the electrical current) around a wire, TIME is needed to expand or collapse the field. The reasons
why time is needed were superficially covered in the last two articles. Because there
is a time element, we say voltage and current does not track, and the change of voltage, compared to current, or the other way
around, is NOT instantaneous! There is a
delay of one over the other, similar to Fig.
2. In order to expand or collapse the magnetic field, energy is needed to do this
work.
A resistor impedes current flow
because some of the electric current flow is
converted to heat due to the resistance of
the resistor. Work is also performed when
an electrostatic field accumulates or deaccumulates on the plates of a capacitor.
This work also, like the resistor, impedes
current flow. Likewise, work is performed
expanding and collapsing a magnetic field
in an inductor.
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We said earlier that a resistor’s
voltage and current waveforms track instantaneously. Voltage multiplied by current is power. This power is the work performed in the resistor (the work is all defined in terms of heat). In an inductor or
capacitor, the work performed is expanding
and collapsing a magnetic or electrostatic
field, not necessarily all of the work is
converted to heat. Some of the work is
consumed moving electrons across plates
or causing magnetic fields to grow and
contract. This work doesn’t always result
in just heat.
We said a resistor only has real
resistance and that a capacitor nearly always has only reactance. But for an inductor, there is the real resistance of the
wire, ignoring the inductive magnetic field,
and then there is the complex resistance,
which is reactance, coming from the work
of the magnetic field expanding and collapsing. And so an inductor has resistance
AND reactance. We are now here:
R is “real” resistance
X is reactance (or complex AC resistance)
A resistor only has R
A capacitor only has X
An inductor has both R and X
R is real resistance that can cause heat, for
example, and X is complex resistance that
can cause expanding and collapsing magnetic or electrostatic fields. The R part of
components have the voltage and current
waveforms perfectly and instantaneously
tracking, but the X part of components DO
NOT have tracking current and voltage
waveforms. If an inductor was perfect,
there would be no real resistance, just reactance (complex AC resistance).
Impedance
Remember from the last two articles, that I also introduced the term “impedance”. Impedance is also the effect of
causing a resistance to the flow of current
through a device.
For a capacitor or inductor, as we
previously noted, simply stating resistance,
in ohms, is not necessarily sufficient! This
is because the term “resistance” does not
convey the relationship of an inductor’s or
capacitor’s time dependant reactance (AC
resistance) with frequency! Again, the
term “resistance” customarily applies to re-

sistors, and the term “impedance” OR “reactance” customarily applies to capacitors
and inductors. Some readers may know
that the impedance of a capacitor (not so
likely) or inductor (always) has “real” resistance and “complex” resistance, and this
precisely is what impedance is all about.
Impedance: Involves X and R
Reactance: X only
Resistance: R only
Resistor: Z and R are the same (No X)
Capacitor: only X
Inductor: has X and R, or has Z which is
A function of both X and R
Who ever chose the term “complex” knew what they were talking about,
because the calculations for complex resistance (frequency dependant resistance,
or reactance) is, indeed, complex, and it is
beyond the scope of this article. Let us all
know, however, that for a resistor, impedance is equal to resistance, And for a capacitor (sometimes) or an inductor (always), impedance is the combination of
real resistance and complex AC resistance
(reactance).
Here is, in Fig. 4, a circuit that
uses capacitors and inductors.

There is an AC or undulating current voice signal arriving at the input terminals. The input circuit needs 24 volt
battery feed back to the source of talking
signal, so the battery is shown feeding the
input circuit through an inductor. Remember, inductors oppose changes in current.
The talking going on at the input terminals
is AC, or is AC impressed on DC, or is undulating DC changing current. In any case,
the talking is undulating, changing current,
and so the inductor is there TO PREVENT
the changing, undulating, maybe AC talking signal from BEING SHORTED OUT
by the battery. Without the inductor, the
battery’s nearly zero internal resistance
would short out the input terminals, and
there would be NO changing current, to be
further processed by our circuit, thus no
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talking would be going on at the input terminals. See here:

The important fact is the constant
current (not changing, talking current)
DOES continue to go through the inductor
and DOES appear at the input terminals as
battery feed. The inductor does NOT impede the non-changing battery feed current
from flowing, it only impedes the changing
part of the current from flowing to the zero
internal resistance battery and thusly being
shorted out.
The exact SAME conditions apply
at the output terminals of our circuit; the
output terminals need 48 volts battery feed.
And the talking signal from the input needs
to be sent to the output terminals. Dismissing how the talking gets to the output
from the input, just for a moment, we know
that if the output inductor was not part of
the output circuit, there would be no talking going on at the output. Once again,
this is because the nearly zero internal resistance of the output battery would short
out any talking going on at the output terminals of our circuit.
I trust it’s clear what the inductor
does in this case on input and output battery feed.
Now let’s look at how the input
talking ends up at the output. But first,
note that the two batteries have different
voltages. If you just connected the input
terminals to the output terminals without
the capacitors, you would cause a whole lot
of current to flow, maybe causing a fire.
This happens because the two batteries are
significantly different in their voltage. The
higher voltage battery would want to
charge the lower voltage battery, and there
is no significant amount of resistance to
limit the current flow. Here’s how the circuit would look without capacitors.
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The voltage difference, about 24
volts would readily flow as shown, and
cause a very high current to flow, and
maybe a fire. Look at the difference between Fig. 4 and Fig. 5. In Fig 4, the capacitors prevent the constant voltage difference, about 24 volts; from flowing between the two battery-feed circuits. Remember, capacitors try to oppose or impede a change in voltage. So once these
capacitors charge up to the voltage difference between the two batteries, everything
is stable, and there is no shorting of the
batteries.
Since the two battery feed circuits
are constant voltage battery feed circuits,
there is a constant 24 volt difference. Constant voltage presented to the capacitors?
Yes, so no opposition or impedance! See,
we are becoming electrical engineers.
However, the talking going on at
the input and output terminals IS changing
in voltage (and current). Probably a
smaller changing voltage, as compared to
the value of either battery, but changing
none the less. So when this changing voltage is presented to the capacitors, the capacitors try to impede the change. This
impeding of the change is truly a LOW resistance, so the changing, talking signal is
easily passed through the capacitors from
the input to the output of our circuit.
When the capacitors try to impede
a change, they have reactance, expressed in
ohms. Let’s say the reactance is a few
ohms at talking frequencies (300 Hz. To
3,000 Hz.). Well, for coupling the talking
signal from input to output in our circuit, a
few ohms or a few tens of ohms is quite
fine, given that the input and output external loops probably are around 600 ohms
total resistance each (loop plus equipment
like a station set or an FX line circuit). 2
to, say 10 or 15 ohms compared to 600
plus 600 ohms is very small.
Let’s summarize. The inductors
provide constant current battery feed without shorting out the talking, changing current. There should be little inductive reactance or impedance to the feeding of bat-

tery current, because battery feed current
does not change. But there should be lots
of reactance or impedance to the talking. If
you, the engineer, were to specify this battery feed inductor, you would want the
“real” resistance to be low, and the reactance to be high. Why low resistance?
Because a higher “real” resistance would
cause a higher voltage drop across the inductor’s “real” resistance, taking some
voltage and current away from being applied to the circuit attached to the input
terminals.
Now for the capacitors. Since
there is negligible, if no, “real” resistance
in a capacitor, you need only specify the
reactance. For the given range of talking
frequencies, you would want low reactance.
Having gone through this example, I think anyone having followed to this
stage in our articles could grasp how an
intercom or ring-down or tie-line KTU
might be designed. Our example circuit,
contains the essence of these KTUs. Had
we not trudged through those first articles,
especially those discussion L’s and C’s,
I’m not sure we could have analyzed the
previous example as clearly as we just did.
Let’s now consider the terms used
in defining resistance, reactance and impedance.
R is “real” resistance
X is reactance (complex AC resistance)
Z is impedance
For a resistor: Z = R and X=0
For a capacitor: Z = jX
For an inductor: Z = R + jX
(+ and j here is Complex Algebra)
(Complex Algebra not Covered)
______
For just a magnitude of Z, |Z| = √R2 + X2
Z, X and R are expressed in Ohms, and for
X and Z, if and only if you ignore the time
delay inherent in reactance. Let me say
this differently. If you ignore the time delay effects of charging and discharging a
capacitor or inductor, it’s OK to say a capacitor or inductor has, let’s say, 547 ohms
at a certain frequency. Note I said, at a
certain frequency.
As an engineer or an avid telephone collector, one must decide if the delays associated with reactance matters or
not. Should these delays matter to me? In
a previous article, I demonstrated that the
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current through an inductor has a delay associated with it, because there is a “time”
associated with the buildup of the magnetic
field, which, when it cuts across the coil of
wire comprising the inductor, it creates a
counter EMF which opposes the change of
current through the inductor.
Likewise, with a capacitor, there
is a delay associated with the change in
voltage across the capacitor, because there
is a time needed to move the electron
charge across the plate’s square area.
Again, should these delays matter? If you were designing oscillators, for
example, the fact that L’s and C’s have
delays is precisely what would be needed
to cause an oscillator to work. On the
other hand, if you needed a capacitor to
pass AC signals and stop DC from passing
through, you would not care about the delay.
Inductive Reactance Formula
Here, finally, is the formula for
calculating the magnitude of the reactive
part (complex resistance) of the impedance
of an inductor:
XL = 2!FL
Where X is the magnitude
(amount of reactance, expressed in ohms,
without regard to the time delays associated with the charging and discharging of
the capacitor or inductor), ! is 6.28, F is
frequency, in Hertz, and L is inductance in
Henries. XL is small at low frequencies
and large at high frequencies.
For steady DC (frequency zero), XL is zero
(no opposition), proving that inductors pass
DC but block AC.
Capacitive Reactance Formula
Here is the formula for calculating
the magnitude of the reactance of a capacitor:
XC = 1 / (2!FC)
Where X is the magnitude
(amount of reactance, expressed in ohms,
without regard to the time delays associated with the charging and discharging of
the capacitor or inductor), ! is 6.28, F is
frequency, in Hertz, and C is capacitance in
Farads. Xc is large at low frequencies and
small at high frequencies. For steady DC
which is zero frequency, Xc is infinite (to-
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tal opposition), proving that capacitors pass
AC but block DC.
Reactance Examples
Here are some real-life examples.
A 1µF capacitor (µ or micro means one
millionth) has a reactance of 3,200 ohms at
a 50Hz signal, but when the frequency is
higher at 10kHz (10,000 Hertz or cycles
per second) its reactance is only 16 ohms.
A 1mH inductor (m or milli means one
thousandth) has a reactance of only 0.3
ohm at a 50Hz signal, but when the frequency is higher at 10kHz (k means thousand) its reactance is 63 ohms.
Capacitive Transient Behavior
If a DC voltage to be impressed
across a capacitor is held constant, then the
voltage across the capacitor eventually becomes equal to the voltage being impressed
across the capacitor. In the following figure, Fig. 7, prior to closing the switch, the
capacitor’s voltage is assumed to be zero
because it’s not charged up and it’s been
sitting for a long time. The source voltage
supply is assumed to be always constant.
Obviously, no current flows when the
switch is open.

When the switch is closed, current
will flow. Initially, at the time the switch
is first closed, a large amount of current
flows, because there is a large voltage difference between the voltage source and the
“pre-switch closure” zero volts across the
uncharged capacitor. However, as the capacitor starts to charge up, the voltage difference between the capacitor and the
source becomes less. When the voltage
difference is less, then less current flows.
Eventually, the capacitor will
charge up all the way to the same voltage
as the voltage source. When the voltage of
the capacitor is equal to the voltage of the
voltage source, there is no difference in
voltage between the capacitor and the voltage source. Consequently, no more current
flows. By the way, the resistor is in the

above circuit so as to limit the maximum
current that flows in the circuit. If there
were no resistor, than an excessive, extremely large current will first flow. That’s
because there is a very big initial difference between the voltage on the capacitor
and the voltage at the voltage source.
The important point is this: when
we discuss switch closure of a voltage
source to a resistor ONLY, there is NO, repeat NO voltage difference on the resistor,
that could supposedly and initially cause a
very high current, and then, “as the resistor
charges up” which is FALSE, because
there is NO charge up of a resistor, and
further, the resistor doesn’t then taper off
as the voltage of the resistor approaches
and eventually becomes equal to the voltage source!
I know this may be confusing, but
it’s important. If you close the switch of a
voltage source onto a resistor, the resistor
instantaneously changes to whatever voltage is applied to it. Of course, this assumes that the voltage source is a constant
voltage source. However, when you apply
a constant voltage source to a capacitor
(through a current limiting resistor, as in
Fig. 7), the capacitor initially appears as a
very low resistance (because it has no voltage charge on it) and then finally appears
as a very high, almost infinite resistance.
A resistor does NOT behave like this. A
capacitor DOES behave like this.
As you hopefully can see the instantaneous-behaving resistor has no time
lag, because as I said, its behavior is instantaneous. But the capacitor DOES have
a time lag associated with it. This time lag
exists because the capacitor “initially” appears as a low resistance (because its voltage is different from the voltage source)
and than later appears as a high resistance
because the voltage on the capacitor gets
closer and closer to the value of the voltage
source.
Inductive Transient Behavior
A similar behavior can be described for inductors. In the following figure, Fig. 8, prior to closing the switch, the
current through the inductor is obviously
zero, and there is no magnetic field generated within the inductor because there is no
current flowing in the circuit. The source
voltage supply is assumed to be always
constant.
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more counter EMF or counter voltage. The
counter EMF is existent ONLY when there
is a collapsing or expanding magnetic field.
There is NO counter EMF or counter voltage if the magnetic field is constant meaning not changing. A non changing magnetic field can be zero or can be any other
non-zero constant amount. The important
pont here is that the field is not changing,
Inductors have the exact opposite and if is not changing then there is NO
behavior as compared to capacitors. Ca- counter EMF!
Once the inductor's terminal voltpacitors store energy between its two plates
as an electrostatic field, created by the age has decreased to a minimum (zero for a
voltage between the two plates. Inductors "perfect" inductor), the current will stay at
store energy in a magnetic field, created by a maximum level, again set by the resistor
the current through wire. So while the and real DC resistance of the inductor.
Let’s say it slightly different.
stored energy in a capacitor tries to maintain a constant voltage across its terminals, When the switch is first closed, the voltage
the stored energy in an inductor tries to across the inductor will immediately jump
maintain a constant current through its to the voltage of the source voltage supply.
windings. Because of this, inductors op- As I said, it acts as though it were an openpose changes in current, and act precisely circuit, and will eventually decay down to
the opposite of capacitors, which oppose zero over time (eventually acting as though
it were a short-circuit).
changes in voltage.
The voltage across the inductor is
A fully discharged inductor has no
magnetic field because zero current flows determined by calculating how much voltthrough it. An uncharged inductor will age is being dropped across the resistor,
initially act as an open-circuit when at- given the current through the inductor, and
tached to a source of voltage through an subtracting that voltage value from the
appropriate current limiting resistor as source voltage supply to see what's left.
shown in Fig. 8. When the switch is When the switch is first closed, the current
closed, some current will flow. Initially, at is zero, and then it increases over time until
the time the switch is first closed, a smaller it is equal to the source voltage supply dithan expected amount of current flows, be- vided by the series resistance.
This behavior is precisely oppocause there is a large magnetic field created
by the inrush of current through the induc- site that of the series resistor-capacitor circuit, where current started at a maximum
tor.
As this magnetic field startsand capacitor voltage at zero. Here is a
“cutting across” the many turns of wire that plot, Fig. 9, of inductor voltage and curcomprises the inductor, a counter EMF rent.
(counter voltage) is created across the inductor. This counter EMF is opposite in
polarity with respect to the voltage source.
The inductor tries to maintain zero current,
dropping maximum counter EMF voltage
across its leads and the inductor’s counter
EMF (counter voltage) “counters” or “opposes” the voltage source trying to charge
the inductor.
Over time, the inductor's current
You can see how the voltage derises to the maximum value allowed by the
circuit (set by the value of the resistor and creases very quickly at first, then tapering
the internal “real” resistance of the induc- off as time goes on. Current also changes
tor’s wire). This is because the magnetic very quickly at first then levels off as time
field has expanded to whatever strength is goes on, but it is approaching maximum
allowed by the current limiting resistances. current while voltage approaches miniOnce the magnetic field has reached its mum.
Figure 10 is the plot for a capacimaximum, there is no more cutting across
the turns of the coil, and there is thus no tor’s behavior. Compare it the Fig. 9 for
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the inductor. Are they the mirror image of
each other? Note that you can see how the
voltage increases very quickly at first, then
tapering off as time goes on. Current also
changes very quickly at first and then levels off as time goes on, but it is approaching minimum current while voltage approaches maximum. See the wording of
these last two paragraphs. Are the words
explaining the mirror image, or duality, of
the behavior of inductors and capacitors?

Time Constants
In an earlier article, I introduced
the concept of time constants. Take a look
at the last two figures. Note how the
curves rise or decay fast and then slow
down as they approach their maximums or
minimums. Here’s a figure from an earlier
article I wrote about time constants:

I won’t say if the above figure
was an explanation about time constants as
applied to capacitors or inductors or the
pedal position of a car speeding up from 30
to 60 miles per hour. You’ll have to go
back to those articles to find out.
The important point I want to
make is that a time constant is really a
mathematical representation of the rise or
decay of a voltage or current waveform for
a series connection of a resistor and a capacitor, an RC circuit, or for a series connection of a resistor and an inductor, an RL
circuit. The RC circuit is shown in Fig. 7,
above and the RL circuit is shown in Fig.
8, above.
Here’s the theory. Take the rise
or decay curves shown in figures 9, 10, or
11. For any of these curves, separate the
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time into five divisions over time. Make
sure that the fifth and final division shows
the curves as having reached steady state.
Note that it appears that at least half of the
ultimate rise or fall occurs in the first division. Then note that at least half of the remaining curve occurs in the second division. Then note that at least half of the
next remaining curve occurs in the third
division (this is half of half of the ultimate
division). I think you see what I am
pointing out. It turns out that a mathematical theory exists in nature that characterizes the time constant behavior of RC or
RL circuits. (Contact me and I will supply
you with more information).
Here’s the math for an RL circuit:
At the 1st Time Constant, the current
through the inductor will increase to 63.2%
of the maximum current set by the source
voltage and limited by the series resistance.
At the 2nd Time Constant, the current
through the inductor will increase by
63.2% of the remaining current, which is
the current waveform that exists between
the second and fifth divisions.
At the 3d Time Constant, the current
through the inductor will increase by
63.2% of the remaining current, which is
the current waveform that exists between
the third and fifth division.
At the 4th Time Constant, the current
through the inductor will increase by
63.2% of the remaining current, which is
the current waveform between the fourth
and fifth division.
Finally, at the 5th Time Constant, the current through the inductor will increase by
63.2% of the remaining current, which is
the current waveform in the fifth division.
When five time constants have
expired, the waveforms have reached
nearly 99% of its travel, and very little of
the waveform is left. And in ten time constants, it’s nearly impossible to measure
any more travel of that waveform to its
maximum current.
The current through the inductor
will get closer and closer to the 100%
mark, but as you can see: 63.2% of what's
left, and 63.2% of what's then left, and then
63.2% of what’s then – then left, get’s us
close but never to a cigar. You can also
see the increasing current through the inductor is definitely not linear with time.
The current increase at the very beginning
is very rapid, and then gradually slows
down as the current begins to reach its
maximum value.
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Note I didn’t say anything about
the actual time; I just placed some equidistant tick marks along the time axis in
Fig. 8 and Fig. 9. It turns out this principle
is consistent and universal to RC and RL
circuits, regardless of the actual time involved.
Here’s the point. We just characterized the five-time-constant behavior for
current in an inductor. But wait, I said it’s
universal. The same five-time-constant
behavior applies to all four waveforms, in
Fig. 8 and Fig. 9! It doesn’t matter if it’s a
decaying or rising waveform, five time
constants pretty much does it.
For those thinking ahead, I can
now say that the element of time is related
to the value of the series resistance and the
value of inductance as follows:
TC = L/R
Where L is in Henrys and R is in
ohms. For example, an inductance of 1
Henry (1,000 milli-Henrys) divided by a
resistance of 1K ohm (1000 ohms) will
give us a time constant of 1.0 second. This
represents a time factor of 1 second per division, which is one second per TimeConstant.
With these values in mind, what
this means is that in one second the current
through the inductor will reach 63.2% of
the maximum current allowed by the
source, and the series resistance, and that in
about 3 seconds it will reach 95% of the
maximum current, and in 5 seconds it’s
pretty much done.
You are probably asking, what is
the time constant for an RC circuit. Here it
is:
TC = RC
Where R is in ohms and C is in
farads.
Next article, we will cover tuned
circuits and explore how current and voltage waveforms lead or lag each other in
time. Once we cover this, I will show how
all of this comes together in such applications as loading, transposition, balance and
termination.
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