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Springfield, Ohio
The Springfield show offered an
unusual venue for us. We had 85 tables
of telephones and antiques that attracted
many buyers. I know several of the collectors had the best sales of any show.
One collector was really surprised when
he sold nearly $2000 before 7 AM on the
first day... and not to other collectors but
buyers.
We also had a few collectors
who had their regular booth in the antique
market since they had already paid a year
in advance for their space. Based on the
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Allen Rockefeller

Just about 10 years ago, my wife had an old bakelite telephone she had at an antique
shop stored away at her parent’s house.
Well, she dug it out of storage, handed it to me and said “honey, make it work”. That’s
all it took. I started surfing the web looking or a similar phone & possibly some sort of
wiring diagram. I came across the ATCA website which gave me the help I neededrestoring
this old phone. Before long, I joined the ATCA. This opened a whole new world for me.
I was hooked and in no time, I hada room full of phones! I’ve attended many ATCA
shows as well as regional shows over the years which I recommend to everyone. You
can pick up just about anything you need from parts to whole phones as well as making
great friend in the process.
I recently created an ATCA Facebook page on the internet to help gain exposure and
keep the interest going. Facebook is the latest and greatest forum out there these days (just
ask your kids). And the internet is by far the best means of keeping the club active.
I’ve served as Vice-President in the past and I’m currently running for ATCA
President this year. If my fellow club members nominate meas President of ATCA, I
will work hard on increasing club membership and addressing any issues & concerns
that come my way.

While I can’t place the exact date of my first interest in phones – my mom says that
from the time I could crawl I was playing with phones. As a teenager, I collected phone
parts by digging through the trash at the Lawrenceville Virginia central office. With little
knowledge of what I was doing, I started putting small telephone systems together. I also
installed phones for friends; this was back in the days before deregulation when I played
cat and mouse with the telephone company repairman. My tinkering with phones sparked
my interest in electronics and kept me in school. I graduated in 1982 with a bachelor’s
degree in Electrical Engineering Technology.
My career has been a mix between Defense contracting and telecommunication.
I’ve worked for ITT Telecom and Comdial on digital telecommunication equipment.
Today I am a Manager of Systems Engineers for Northrop Grumman Corporation. My
team is responsible for steering and navigation systems that guide US Navy ships around
the world.
As an ATCA member since the early 90’s, I have served on the board of directors, as
Jay Neal
vice president and president. ATCA, to me, is more than a collection of phone enthusiasts;
it is a collective body of knowledge that every member has an obligation to contribute to.
Technology is evolving exponentially, and the challenge we face, is to preserve telecommunications history, it rests in our
hands – now more than ever. I ask for your vote and your active participation in ATCA.
Vice President
(vote for one)
I have been into antique telephones since about the 6th through 8th grade. Living in a
rural Western Colorado town where my uncle’s business was right next to the Mountain Bell
Offices and my cousin and I got to know most of the local telephone repair and installers in
the area, all three of them. . My cousins and I got interested in the vintage telephones and
equipment that was becoming available cutover in the mid 1950’s. The line man convinced
us that the magneto systems would be best if we wanted to hook up some telephone. We
scrounged up a bunch of surplus bell batteries, battery boxes and WE 315 ringers(didn’t
know any classifications then) and with the technical help of these installers, my cousin
and I picked up magneto telephones and candlesticks when they were being pulled out of
service. in about 1957, the subscribers could purchase their magneto wall phones. When I
got all of the wall phones home, my cousin and I had wires strung in the trees in the small
town from his fathers business to my dad’s business and at one time we had 11 magneto
phones up and working, no switch board, we used rings as the signaling devises. I still
have most of the phones I had back then. Basically, I got interested in telephones through
Bennett Young
the back door and still retain a strong interest in vintage telephones, thanks to the decent
folks from Mountain Bell.
I have been a member for around 6 years, #3880. I went to one show in Abilene prior
to becoming a member. It has been very rewarding, and I have made some good friends, some folks I have rubbed wrong,
and I do apologize to them, I will never get into a Kryptonite argument again, but I have learned mainly to be diplomatic,
but drop off the wagon like everyone else once in a while.
My main interest is pre 1956 Western Electric telephones. I do live in an area where there are few ATCA members and
making it to telephone shows is long traveling for me, I do make the Kansas and California shows when I can, has not been
any in the Colorado since I have been in ATCA, but most of the collectors are east of the Mississippi, so I do understand. I
do know a lot of restoration techniques and I help members on techniques where I can, especially with filling techniques,
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paint and wood restoration. I have other hobbies where I must be able to use fillers, Mig Welders and so forth. I have given vintage phone talks to schools, Lions Clubs,
retired Military Officers Associations(a rather boring bunch, they like golf), and once to the Telephone Pioneers. My strong areas is restoration of items and I readily admit
I am not a telephone technician, I am a vintage(me and the phones) collector.
All clubs like to maintain members and spread the hobby and I do like seeing this activity continue, I give talks and provide displays in my home area on telephones
when I can and do get some positive results. Again, I am into vintage telephones. Additionally I do see a distinct difference on the chat channels currently, we have a lot
of former telephone professionals that talk mainly about shop talk(I usually try to follow, but since I have never worked around a lot of the operator assist and dialing
equipment, I get lost in the acronyms and specialized language), and unfortunately I notice less talk about vintage telephone collecting. I hope we can keep this balanced,
for there are collectors and restorers and there are technical folks that work in the telephone industry. We need both, but a balance is something that I would like to see.
Anyway, we have a fun club and we do have to follow manners on that Chat channel. I have messed up some early on with some decent fellows, but diplomacy is much
better than ego contests.

Bio not submitted by publication deadline.

Jim Stettler
Board Member
(vote for two)
Hi, I’m Roy Basci. I started collecting phones in 1971 after I saw an old movie from the 1920’s on television. I became a member in
1976 (#380), I’m not a phone company employee or engineer. An antique dealer showed me Ron Knappen’s ad for ATCA and I hesitated
for five years before joining the club.  I  realized that we had a 300 set in our house as an illegal extension for many years.  The first phone
I bought was a 102 which I was able to wire up very easily and the rest is history.
My wife, Pat, and I regularly attend the phone shows. I am always available to share information and have brought numerous pieces
from my collection to shows. Members have contacted me by phone or email for help with their phones.
As a Board Member I am happy to join my fellow Board Members in discussing possible solutions to problems and offer advice to
make the club more successful. I have, and will continue, to encourage corporate sponsors for the yearly National Show. This year my wife
and I obtained a corporate sponsor donation of $2,000.00 for the show. I am proud to be a Co-Host of the National show in Pennsylvania
this year and hope to see you at the show.

Roy Basci

Hello, let me introduce myself, I am John Infurna, I live in Phoenix, Arizona. I have been a collector of telephones since I was 12
years old, and am pushing 50 now. Currently, I work full time on repairs, and reproductions of rare Early W.E. Phones, and have a pseudo
collection of the same. I have repaired and have made and sold parts for literally thousands of telephones and restoration projects over the
years, and like they say, “If you do the thing you love, and manage to eek out a living, you will not work a day in your life.” I, am however
very meticulous about what I do, and it shows in the fi nal product. I consider the phones I make as My own “Tiffany lamps” and hope they
will go on way beyond me and will be appreciated long after I am doing the ‘Dirt Dance.’
Thank you for your time.

John Infurna

Hello all, my name is Jim Engle and I am running for the ATCA board of directors. I started collecting telephones back in the 1980’s
when I was an installer for Cincinnati Bell Telephone. I was a phone booth cleaner, payphone repairman- installer, a residence installerrepairman, inmate telephone switch installer and finally project/inmate telephone system manager.

Jim Engle
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I joined ATCA in 1987 and attended my first telephone show in 1998; I have been hooked ever since. I have served on the telephone
club board of directors in the past and hosted many telephone shows in the past. I no longer work for the phone company, I am half owner
of my own phone company now. I am interested in being on the board to continue to promote what I think is one of the most interesting
hobbies out there; it is also important to me to preserve the history. Last but not least I am interested at maintaining a code of ethics among
the telephone collectors. I hope you will consider me for the ATCA board.
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NORTH WEST REGIONAL SHOW
Bellevue, Washington
Saturday, June 27, 2009
8 AM - 1 PM
Bellevue School District Office • 12111 NE 1st St • Bellevue, WA 98005
Admission is $2 per person, table charge is $10 per table, paid in advance.
Mail table fee to: Bill Geurts 1205 Rooster Rd., Walla Walla, WA 99362
Directions: Bellevue School District Offices 12111 NE 1st St., Bellevue, WA 98005 From I-405 to Bellevue, take
the NE 8th St exit going east. Continue on NE 8th past Bellevue Nissan to 120th (Lamps Plus on the corner). Turn
right (south) and pass the school bus parking lot, Best Buy, and Home Depot. After passing Home Depot look to
the left for the Eastridge Corporate Center. Turn left into the complex (there’s a small sign) and drive up to the
high side of the parking lot. Turn left. The Bellevue School District is the building that is furthest left.
Contact billgeurts@gmail.com billgeurts@gmail.com for more information.
Springfield Show
Postage: ..............................................$32
Table rent: ........................................$150
Room: ............................................$1488
Security: ...........................................$200
Income:
donation from Knappens.....................128
Tables & registration.........................1472
Show loss...........................................270.
If the show goes on next year, I will charge
for the first table and then the show will
finish in the black. Thank you to all who
were willing to try this new venue.
Many were very happy with finds in the
antique show area, including a very expensive string phone, hotel sets with terminal
tops for only $100 each, and many desk
and stick phones.

Valley Forge National Show
Friday, 5PM is the reception $10 per person
covers food, ice tea and coffee. Cash bar.
Friday 7PM the show room opens
Friday 10PM the show room closes
Saturday, free buffet breakfast to all who
stay at the show hotel.
Saturday, 8AM the show room opens,
coffee will be provided.
Saturday, approx. 12 noon the auction
begins
Saturday 5PM the show room closes.

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.
I am interested in buying a Eiffeltower
phone in restorable condition thanks
Ekkehart Willms

Antique Telephone Collectors Association 2009 National Show
August 21-22, 2009 - Park Ridge Hotel in Valley Forge, PA
Name:______________________________________________Member Number__________ or Not a member
Address:__________________________________________City, State, Zip________________________________
Phone:_____________________ Spouse/Guest (no reg. fee)___________________________________________
You can receive your first table FREE if you are staying at the Park Ridge Hotel. Only one table per guest room and only for the
*Please write full names legibly. You MUST wear name badges to enter the buffet and show.
person who the room is registered under. If not staying at Park Ridge, first table is $20. ALL additional tables are $10.
Are you staying at the Park Ridge Hotel?		
Yes
No
(Rooms are only $89 per night and include buffet breakfast)

Registration ($20 pp, guests are free).....................................................................................$________
Tables- First table (circle one)..................................................................................................$20 or FREE
Add’l tables _____X $10..............................................................................................$________
Friday Reception ($10 pp)........................................................................................................$________
TOTAL ....................................................................................................................................$________
Mail registration form and check payable to: ATCA, P.O. Box 1252, McPherson, KS 67460

JUNE 2009
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Lester Burgess
716-795-9373,
lburgess9515@roadrunner.com
for sale
Ad: Selling my collection, let me know
what your looking for, haven’t had time
to inventory yet. 102s, 202s, 302s, metal
wall phones, AE phones, parts. If you are
in the Buffalo area, you will have some
fun searching through my stuff. I can email
pictures.
Roger
765-823-6248
rkbc@cox.net
for sale
As some of you know Dave Hart passed
away and Roger Newell is selling off his
collection with Dave’s wife blessing. Roger
and I went to Popular Bluff, Mo. and pick
up most all of his collection and brought it
back to Salina, Kansas.
There are a lot of long pole receivers, pony
receivers, one transition W.E. pony rec.
Also some 2 box phones, some tandems,
faceplates, coin collectors, some 202’s,
102’s, candlesticks and other parts and
pieces.
Contact Roger if you have any questions.
P.S. He will also be putting items on ebay
for sale with Dave’s wife’s permission.
Jim Barr
I have a glass jar that has a spout and
the name WESTERN ELECTRIC NEW
YORK embossed on the side. It is 6” tall
and the bottom is 4 1/2” wide and 3 3/4”
wide on the top. The top rim is roughed up
but I rub my hand over it without getting
cut. Price is $85.00 plus shipping. Pictures
are on the lists picture page.
John Dresser
I am in need of a couple of Western Electric
back cups with the hole for a grommet and
external connector. If you have any cups
with patent dates stamped in it and they are
available please drop me a line. I would be
especially interested in cups that have the
patent dates on the outer stamping. I can
use one with the candle stick back and a flat
back for the wall phone bracket set arm.
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Jon Kolger No. 561
6906 Meade Drive
Colleyville, TX 76034
(817)-329-5262
jkolger@gte.net
WANTED:
Looking for unusual acoustic “string”
telephones, particularly those with magnetosignaling and/or speaking/listening tubes.
Also seeking primitive, homemade acoustic
telephones, the stranger the better. Wanted
to buy acoustic telephone literature such as
catalogs, flyers, instructions, etc... What do
you have?
Mike Davis #2022
30 Ring Lane
Levittown, NY 11756
(516) 735-9765
mvtel@verizon.net
www.geocities.com/mikesvintagetelephone
For Sale
AE metal body space maker $40.
Original WE 211/212 space saver brackets
in good condition $15 each or 2 for $25.
Western Electric, Kellogg and Stromberg
non dial candlestick telephones complete,
clean and overall good condition $138 each.
Take 5 or more for $125 each.
Wanted
   Early Western Electric & Automatic
Electric payphones.
Gray payphones
and parts.
Ron Christianson
P O Box 43
Cave Junction OR 97523
Home 541 592 4123
Wireless 541 287 0169
Email ron@museumphones.com
Website http://www.museumphones.com
WANTED:
Viaduct transmitter for Paddlephone. Will
buy or trade.
Harry
For sale:
Ericson magneto phone from about 1900.
I have throughly cleaned and polished it, it
looks incredible! The faults are some paint
missing, I decided not to try painting it, I
figured it was better original, nickel plating
is thin in some spots and there is a small
piece missing from the wood crank handle.
Original cloth cords in good shape. I tested
the magneto with a meter and it works. I
do not have the knowledge or equipment
to test further so I am offering it for display
only, non working.

Vern Potter #1435
2940 S. 500 E.
S.L.C, UT 84106
(801) 486-6794 after 7PM
email KERMIT801@WEBTV.NET
Wanted and info needed
The WE 354 and 554 wall telephones
used a wood back board to give more support for the mounting of the phone. The
354 used a #172 A, witch came in Black
and Ivory, as these were the only colors
made. The WE 554 used a #172 B. As
far as I know these were made in all the
early colors of the 554’s, The next one
made was a plastic one, #172 C. It is my
understanding that these were made in the
later colors and some of the early colors.
I am looking for the 172 B (wood) in the
color of Ivory, Dark Gray, Dark Blue, Yellow. In the 172 C (plastic) in Light Blue.
I could use a few of the 172 B (wood) in
Black too.
Info wanted.
When did the change take place from the
wood “B” to the plastic “C” ? It has been
my guess that it took place with the addition
of the Lighter colors. But I have found a
wood “B” with the factory painted color
of the Light Beige. So now I am not sure.
Does any one have a BSP or other info that
would give a date for the change ?
Steve Hilsz
PO Box 429
Salome, AZ 85348
(928) 859-3595
jydsk@tds.net
The price to bring your rotary dial to life
is still six dollars plus major parts and
postage. All brands repaired.
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New Members:
Gus Boucher, 4419
5505 Crooked St
Broadalbin, Ny 12025
518-882-6040
Gbouchercsi@Juno.Com
Bob Knell, 4420
5838 Old Stone Mountain Rd
Stone Mountain, Ca 30087
770-921-5530
Bk1937@Bellsouth.Net
George Pires, 4421
36 Hastings Ave
Croton-On-Hudson, Ny 10520
914-862-4001
Gpires101@Aol.Com

Ray Feierstein, 4413
413 W. Ajax Peak Road,
Oro Valley, AZ 85737
520-531-9724
sanrays@msn.com
Mark A Bernet, 4414
37 Wygant Road
Cream Ridge, NJ 08514
609-758-5705
mabgc@verizon.net
Jeff Oberg, 4415
P.O. Box 62
Eagle, MI 48822
USA
517-712-1302
emsi@att.net

Erik Johansen, 4422
27 Wenham St.,
Danvers, MA 01923
USA
978-407-9672
Rogersjetboat454@netscape.com

Michael Pope, 4416
1690 Fork Bixby Rd
Advance, NC 27006
336-940-6990
mpope2005@peoplepc.com

Kenneth  Stubblefield, 4423
155 Loblolly Ln.,
Lexington, TN 38351 U.S.A.
731-968-3077
stubblefield53@bellsouth.net

John Street, 4417
805 Colonial Ave
Williamsburg, VA 23185
757-342-1290
N4KAJ@aol.com

Donald Strout, 4424
267 Belmont St
Worcester, MA 01604-1650
508-757-6256

Manuel Amaro Perez, 4418
940 W. Kumquat Place
Oxnard, CA 93036
805-486-2488

Michael Barlow, 4410
Hunton Cottage Gallowstree Road
Peppard Common ,
Henley-on-Thames, OX RG9 5JB
United Kingdom
+44 118 972 3733
Michael@barlow1234.freeserve.co.uk
David Anderson, 4411
Box 1985
St.Paul, Alberta T0A3A0
Canada
780-645-3687
danders1@netkaster.ca
Walter Harpen, 4412
1004 Rose Circle
Park Hills, KY 41011
859-581-0737
gharpen@zoomtown.com
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Richard Fasig, 3538
Address: 610 East Douglas Street,
Bloomington, Il 61701
USA
Phone: 309-828-3332
Email: Dick.Email@Verizon.Net
Lester Burgess, 3354
Address: 9515 Somerset Dr
Barker, Ny 14012
USA
Phone: 716-795-9373
Email: Lburgess9515@Roadrunner.Com
Marty Brooks, 1731
850 N. Anderson St
Elwood, IN 46036
Don Mathis. 674
1706 Maux
Houston, TX 77043
713-468-4772
Jeff and Becky Grimm, 2252/A
104 Goldfinch Lane
Asheville, NC 28803
828-274-9192
jeff.becky@charter.net
John Hutchison, 243
35-16772 61st Ave
Cloverdale, BC V3S 4P2
Canada
hutchs@shaw.ca

Renewals:
Terry Dobratz
Address: 2963 E. Co. Rd. S.,
Beloit, Wi 53511
USA
Phone: 608-365-5610
Email: Mrspoolcabinet@Yahoo.Com
Ell Bennett, 4132
Address: Po Box 607
Manhattan, Mt 59741 Us
Phone: 406 284 6622
Email: Ecbennett@Bresnan.Net
Jim Paycheck Atca # 4040
L17ajp@Verizon.Net
Torey Malatia, 3737

6

EDUCATIONAL

Technical Corner

By Mike Zyla, Philadelphia, PA, May 30, 2009, mzyla@mmzdesign.com
Long-Lines Transmission
Analog to Digital Transition
Part Four
Last article, we reviewed DC circuits, and went on to circuits containing
capacitors. In this article, we will cover
inductors. After covering inductors, we
will have essentially completed discussing
the basic circuits: RESISTORS, CAPACITORS and INDUCTORS.
Remember, I am available to help
you understand these three basic circuit
types via email or phone. Just send me a
note to mzyla@mmzdesign.com and I’ll
get back to you.
Also, having covered resistors,
inductors and capacitors, let’s use R, L and
C to easily refer to these components, we
can then discuss TUNED CIRCUITS,
which are combinations of R L and C.

ance of a transmission line which in turn is
characterized by the transmission line’s resistance, capacitance between the wires
and the inductance of the wires; 6) Singing,
which is a deleterious effect due to, in part,
mismatch and undesirable coupling between two transmission lines of a four
wire transmission line, or reflection of energy back into a transmission line due to
mismatch of a two-way two-wire, or fourwire transmission line (this is a somewhat
simplification, but will do for now).
This is just a sampling of the various theories associated with transmission
lines.
Review Resistors

Going back to an earlier article,
we learned about the resistance of a wire
conductor. The resistance of a wire makes
the wire imperfect, and causes some energy
sent through the wire to be lost in the wire
Topics We Can Cover with an underitself. The loss due to the resistance of the
standing of R, L and C
wire is dissipated as heat, which may be
very negligible, but nonetheless it is a loss.
Here are some topics we will Thus, a certain percentage of the power
cover once we complete the discussion of sent into a transmission line is lost, and
R, L and C: 1) Loading, which uses the only the remaining energy is delivered to
capacitance between the metallic two-wire the far-end termination of the transmission
circuit and inductance , either part of the line.
wire or added to the circuit, to TUNE the
The resistance of a wire is stated
upper end of the bandwidth of a two-wire in ohms. When we send power down a
voice circuit; 2) Transposition, which takes transmission line or wire with some
into account the inductive and capacitive amount of resistance, we need to apply a
coupling between two two-wire metallic voltage of, say 48 volts. The applied voltcircuits; 3) Transformers, which are com- age energizes the transmission line with the
posed of two inductive components mutu- (for example) 48 volts. At the far-end of
ally and intentionally coupled together to the transmission line, there is a termination
form a circuit that passes power from one which has load resistance. The load resisside of the transformer to the other side tance at the far-end termination completes
while preserving DC isolation between the the circuit and causes electrons to flow
two circuits; 4) Characteristic Impedance, from the source voltage supply, through
of a two-wire transmission line (Impedance one wire of the transmission line, through
is a way of describing resistance combined the load resistance, back through the other
with capacitance and/or inductance). You wire of the transmission line, and back to
can say that impedance is kind of like “AC the voltage source. Here is the picture:
Resistance”); 5) Match or Mismatch or
Balance or Imbalance, of a transmission
line connected on one end to a “near-end”
source of power (voice) and connected on
the other end, which would be the “far
end” termination, in some kind of receiving
device (channel bank). Match and Balance
are effected by the characteristic imped-
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In this circuit we have an applied
voltage on the left of the transmission line,
then the perfect transmission line with no
resistance associated with its wires, and at
the far right, we have the load resistance.
If the voltage is 48 volts, and the load resistance is 48 ohms, we can use Ohm’s law
to calculate the current flow (electrons
flowing through the circuit).
E=IXR
48 = I X 48 ohms
I= 1 amp
Now here is a picture of a nonperfect transmission line:

In this circuit, we have an additional resistance due to the resistance of the
wire. You see three resisters. Resistors in
series add together. If the two resistors
were each one ohm, and the load resistance
was still 48 ohms, then the total resistance
seen by the source is now 50 ohms. The
new current is NOT one amp as calculated
above. The new current is:
E= I X R
48 = I X 50
I=0.96 amps, or
I=960 milliamps
I have always wanted to say this,
“The student can calculate the voltage delivered to the source and the voltage across
(or lost) the transmission since the current
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and resistance are known”. Now that I’ve
got this out of my system, I’ll do it for you:
line:

Voltage across the transmission
E=IXR
E = 0.96 amps X 2 ohms
E (transmission line) = 1.92 V
And:
E = 0.96 amps X 48 ohms
E=0.96 amps X 48 ohms
E(load) = 46.08 V

Looks like the two voltages add
up to 48 volts! They should!
Review Capacitors
A capacitor is two pieces of material that conducts electricity, like copper or
aluminum, separated by a dielectric. A dielectric is an insulating material that does
not conduct electricity, like air or paper.
Here is the picture of a capacitor:

And here is a picture of a capacitor as part of a complete circuit. Complete
means there is a continuous path from the
voltage source, through all external circuit
elements and wires and back into the other
end of the voltage source:

There are several very important
concepts to understand about the capacitor
in the above circuit. First Concept, just
like a fresh battery has a fresh charge, a
capacitor can have a charge. And just
like a good battery, when you draw a
variable amount of current from the ca-
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pacitor, the capacitor wants to keep its
voltage constant. Referring to Figure 4,
this circuit really is a continuous circuit, at
least for a while when the voltage source is
turned on. This is true even though there is
air separating the two plates of the capacitor. Some might say this circuit IS NOT
continuous, since there is an “air insulator”
in the circuit (between the capacitor
plates), and the air has nearly infinite resistance, and so the circuit is discontinuous
or “disconnected”. Then, some might say
there is NO current flow, since the circuit
is not complete, because the air is an insulator.
In fact, these people would be
right if the circuit was examined under
“steady-state” conditions. Steady-state
means examination of the circuit after a
long time has expired AFTER the battery
was hooked up to the circuit. Once the capacitor charges up to the same voltage as
the voltage source, no further current flows
in the circuit!
Let’s assume the two capacitor
plates are very large in width and length.
Thickness does not count as much for this
discussion. Also know that the wire connecting the circuit together has very little
cross-section area. Know that the wire is a
very good conductor of electricity and has
little cross-section area. And finally know
that, although the two plates of the capacitor are very large and are good conductors
of electricity, the “air” between the plates
is a very poor conductor.
Knowing all this, here is what
happens when the voltage source is connected to the circuit. Since the voltage
source has a positive and a negative terminal, the voltage source’s electrical potential, will cause the two plates to CHARGE
UP to the potential of the voltage source.
Let’s say the voltage source is 48 volts, and
let’s say there is no charge of electrons
between the two plates of the capacitor.
That is, the capacitor has never been
hooked up to a circuit.
Now let’s hook up the 48 volt
supply. What happens very quickly right
after the 48 volt supply is connected is the
two plates of the capacitor become
“charged up” to 48 volts. The plate connected to the positive terminal of the voltage source becomes charged positively
with respect to the other plate, and the plate
connected to the negative terminal of the
voltage source becomes charged negatively
with respect to the other plate.

This has to be true, because if you
connect just two wires to the two terminals
of the 48 volt voltage source, and drag
those two wires 100 feet away from the
voltage source, you would be able to
measure 48 volts with a voltmeter at the
end of those two wires. If we all accept
this fact, then if you connect two large
plates, separated by air, to the two far ends
of the 100 foot wire, the plates would also
have 48 volts between them. It has to be.
Now let us consider the relative
difference between the cross sectional area
of the wires as compared to the cross sectional area of the two plates of the capacitor. Here is a picture, Figure 5, showing
this comparison:

The wire that would be connected
to the plate has a small cross sectional area,
and the plate, obviously, has a larger cross
sectional area. The wire conducts very
easily because it has little resistance, and
so electrons will flow through the wire efficiently. But once the electron flow meets
with the plate, the electron charge, or static
charge, must spread out along the plate in
TWO directions, length and width, which
accounts for a large cross sectional area as
compared to the cross sectional area of the
wire.
The Second Concept to note
about capacitors is that the spreading out of
the charge over the area of the plate
TAKES MUCH MORE TIME than does
the spreading out of charge on the small
cross section of area in the wire. And it is
the factor of time which makes the capacitor different from a resistor.
A resistor has no plates separated
by a dielectric, and has no great difference
in cross sectional areas of the internal
components of a resistor. Like a wire, a resistor CONDUCTS electron flow. But unlike a resistor, a capacitor does NOT conduct electron flow, ONCE THE STATIC
CHARGE BETWEEN THE PLATES
MATCHES THE CHARGE of the voltage
source. Once matched, no further current
flows! The only time current flows in a
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simple circuit shown in figure 4 is when
the charge is accumulating or deaccumulating on the plates of the capacitor.
Recall from the last article, that
the time factor has a waveform shape:

In figure 6, the top waveform
shows the source voltage waveform being
applied to the capacitor and then being discharged by a load resistor. Here is the circuit that accomplished the waveform in
Figure 6:

Note the capacitor is alternately
charged through resistor R1 and then discharged through resistor R2. The charge –
discharge waveform is at the top of Figure
6. The TIME THAT THE VOLTAGE ON
THE CAPACITOR IS FORCED TO
CHAGE is shown in the middle of Figure
6. Remember, a capacitor tries, like a battery, to maintain voltage. And so if a bigger or smaller voltage is applied to the capacitor, it WILL CONDUCT current in an
attempt to maintain its own voltage. The
bottom waveform in Figure 6 shows that
current through the capacitor only flows
when the voltage on the capacitor is forced
to change.
This would make sense, because
when the circuit is at steady state, meaning
no attempt to change the voltage on the capacitor, the charge on the capacitor equals
the charge or voltage potential of the voltage source. Refer again to Figure 4. If the
voltage source is 48 volts and the charge
on the capacitor is 48 volts, there is, by
definition, no potential difference (voltage
difference), and if no voltage difference,
then no current flows!
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Again, 1) current only flows when
the charge on the capacitor is forced to
change, and 2) there is a time interval to
charge or discharge the energy stored in the
capacitor (its voltage), and 3) capacitors
want to act like constant voltage sources
(when an external circuit tries to change
the voltage on the capacitor.
Because all imperfect voltage
sources have internal resistance or because
the circuit designer wants to combine a resistor of some specific resistance value
with a capacitor in a series circuit, there is
a “time constant” associated with the resistor – capacitor circuit. We will cover
time constants in a future article.
Finally! Inductors
Just like I said when we started
discussing capacitors, I said, “Take my
word for it, understanding how capacitors
work is more difficult than understanding
how resistors work.” The same is true for
understanding how inductors work. But
we can be helped significantly if we think
of inductors as being similar to capacitors,
except: a) Inductors DO conduct current
when in steady state (unlike capacitors
which DO NOT conduct current when in
steady state); and b) inductors want to act
as constant current sources (unlike capacitors which want to act as constant voltage
sources). This is worth stating again, because all of the analysis we did in the last
article and in this article regarding capacitors combined in circuits with voltage
sources and resistors is “indirectly” applicable to analyzing inductive circuits.
I say indirectly, because as we just
stated, inductors act like constant current
sources (when affected externally) and they
DO conduct current when in steady state.
Do you remember in one of my earliest articles where I introduced the concept of
duality? Well, capacitors and inductors are
different but behave similarly when you
analyze their 1) steady state conditions, 2)
initial state conditions (where some external circuit attempts to change the energy
within the inductor or capacitor), and 3) the
time constant conditions where the inductor or capacitor needs TIME to change
their voltage (capacitors) or current (inductors).
There are several concepts that
make understanding inductors more difficult than understanding resistors. The first
hurdle is grasping the concept that an inductor is a conductor. Like a wire or a re-

sistor, an inductor does have resistance
when it is present in a simple DC circuit.
For those readers that have a
photographic memory and remember precisely the wording of my treatise on capacitors, last article, you will note that the
following text is nearly identical to the text
from the last article on capacitors. In fact,
the text that follows is identical to the text
on capacitors except I change the word capacitor to inductor; and I change the DC
steady state to from “insulating to “conducting!” As I said, inductors and capacitors are duals of each other. One conducts
at steady state (inductor), the other insulates at steady state (capacitor). One tries
to maintain voltage (capacitor) when effected by external events (circuit changes),
the other (inductor) tries to maintain current when effected by external events (circuit changes).
Take a look at the following circuit. It shows a voltage source, a battery,
which is connected to a resistor and an inductor, all hooked up in series.

In this circuit, it is necessary to
say the circuit is in a steady state condition.
In simple terms, steady state means it’s
been in the condition shown for a long
time. There is no action on our part to disconnect the series circuit, nor are we examining the circuit at the instant when the
circuit has just been connected together.
We have covered the battery in
previous articles. But here is the concept
of a battery.

Note that a perfect battery has no
internal resistance, but a real battery has
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some internal resistance, assumed to be
very low compared to the resistance of the
circuit it is connected to. In some places in
this article, I may want to refer to the internal resistance of a voltage source, but if I
don’t, we will assume the voltage source
internal resistance is so low compared to
the circuit it is connected to that we can
simply ignore its internal resistance.
OK, so we were talking about two
concepts that are important to understanding the nature of inductors. First Concept,
an inductor in a steady state DC circuit is a
conductor. Current does flow. This is because an inductor is made from wire.
(Remember a capacitor is two plates separated by a dielectric insulator).
Wire has inductance. Inductance
is the property in an electrical circuit where
a change in the current flowing through
that circuit induces a counter electromotive
force that opposes the change in current.
In my first article, I did discuss electromotive force and related it to voltage.
A battery has energy, and when
that energy is used to do something, the
battery’s energy is converted to a force.
When we talked about FORCING a capacitor’s voltage to change, we DID use
the word “force” properly. We are “forcing” the change of voltage on a capacitor.
Force is using energy to do work. Since
the battery is electrico-chemical, we take
the word electro and combine it with the
ability to do work, “force’. And when
combined together, we have the word
electromotive force
The Second Concept about inductors is
that an inductor when first connected or
disconnected from a circuit has TIME associated with its behavior. A resistor does
NOT have time associated with its behavior in a circuit. If you increase the voltage
across a resistor, more current will flow
through the resistor perfectly synchronized
with the change in voltage. There is no lag
in the current of a resistor when voltage
changes.
Look at the ohms law equation for
a resistor:
V=IXR
There’s nothing in the equation that even
hints that there is some time factor to consider. Change a factor in the above equation, and the other factors in the equation
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change with it - perfectly synchronized
with the change.
With an inductor, in a series circuit shown in Figure 8, if you change the
voltage (in the battery) or you change the
resistance of the resistor, the voltage across
the inductor and the current flowing
through the inductor WILL NOT change
in synchronization with the voltage source
change or change of resistance in the resistor.
Think of a flywheel. Let’s say it
is twenty pounds and supported by good
bearings. I think most of you know if you
increase the speed of a flywheel above its
steady state condition, there’s extra power
needed to increase its speed, and, once it
reaches the new speed, there is much less
power needed to keep it spinning at its new
steady state condition. Think of your car.
It uses a certain amount of power to keep it
going at a steady state speed, but requires
much more power to increase the speed
until you get to the new steady state speed.
I think you all can say there is a lag between the initial application of power to increase the speed, and the final attainment
of the new, higher speed.
If your car behaved like a resistor,
when you push down on the accelerator,
the car would instantly attain the new
speed, and your face would be perfectly
flattened against the head rest. I’m old
enough to remember those rocket sled
films.
Its part of Mother Nature’s world
that there are lags in time when attempting
to accelerate or decelerate a mass. Some of
you might say the electrons flowing
through a circuit have mass, so shouldn’t
they present a lag in time when you want to
increase the speed of the flowing electrons? The answer is yes and no, and it
very much beyond the scope of this article.
We will assume electron current flows at a
constant speed. We will be concerned
about how the amount of current flow
changes over a specific time frame when
examining the behavior of inductors.
Stay with me, we are going to use
the car example to understand time lag in
the flow of current through an inductor in
series with a resistor when the source voltage changes.
Imagine a car is traveling down a
road at 30 miles per hour. This car has two
speeds: 30 and 60 miles per hour. The accelerator pedal has only two positions, 30
MPH and 60 MPH – nothing in between,

nothing slower, nothing faster. Also imaging that the car has an engine that can
accelerate the car from 30 MPH to 60
MPH and if the accelerator pedal is released, the car will decelerate exactly the
same way it accelerates. If it takes so
many seconds to go from 30 MPH to 60
MPH, it will take the same number of seconds to decelerate from 60 MPH back to
30 MPH. Here’s the picture:

You see a road with a vehicle
traveling at one of two speeds. In the picture, I also show the accelerator pedal, and
remember it only has two positions: 30
MPH and 60 MPH, nothing else. Lastly, in
Figure 3 I show an un-plotted graph of the
speed of the vehicle. All three graphs are
plotted against time going from left to
right.
Here’s a figure of accelerator
pedal and speed plotted against time.
Which of the two speed curves are correct?

Speed curve A shows an instantaneous increase in speed from 30 MPH to
60 MPH and tracks the accelerator pedal
position from the 30 MPH to 60 MPH position and back. I think we already know
this can’t happen. Speed curve B is more
reasonable. Note there is a lag of time
between the times the accelerator pedal is
moved from 30 MPH to 60 MPH. Once
this lag of time is finished, the car reaches
steady state speed at 60 MPH. Also, note
when the accelerator pedal is changed back
to the 30 MPH position, there is a lag of
time where the engine’s compression
causes the car to slow down. Once the car
slows down to 30 MPH, the car once again
reaches steady state speed. Again, the car
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has only two speeds, and the accelerator
pedal has only two speed positions, and the
deceleration time is the same as the acceleration time. The car simply can’t instantaneously change speed when the pedal is
pushed or released.
Let’s examine the time lag curve.

When the pedal is pushed from 30
MPH to 60 MPH, two states are seen. The
first is a change of state time lag prior to
reaching 60 MPH, and the second is attainment of the steady state speed.
The change of state time lag
shows the effect of increasing the car’s
speed by depressing the pedal from 30
MPH to 60 MPH. Why doesn’t the car
reach 60 MPH instantly? Because additional power (beyond that needed to maintain steady state speed) is needed to increase the speed. Once steady state is attained, only a small amount of power is
needed to maintain steady state. Also, the
laws of Mother Nature tell us you can’t instantly accelerate an object that has mass.
I want to point out the change of
state curve. It represents the time needed
to reach the faster speed. By deduction,
you can figure out how the change of state
curve also represents how much power is
needed to reach the new speed. When we
drive and we accelerate our car, we usually
press the accelerator pedal down by a large
amount, and then back the pedal back as
we reach the new, faster speed.
I won’t dwell on the car example
because it’s the curve I want to point out.
Here’s a little more detail.

I’ve taken the “lag” part of the
curve and divided it into five pieces. Note
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how the curve has a rather sharp increase
as it goes up in the first piece. In the second piece, the curve backs off a bit. In the
third piece, the curve backs off again. And
this is true for the last two pieces. After
the curve goes through these five gyrations,
you pretty much reach steady state speed.
Isn’t this similar to how we use the power
of our car to go from one speed to another,
faster speed?
Here’s how it looks over a few
cycles of acceleration and deceleration:

There’s a time lag getting to 60
MPH, then steady state, then a time lag
getting to 30 MPH, then steady state, then
a time lag getting to 60 MPH, then steady
state, then a time lag getting to 30 MPH
then steady state and so forth.
OK, we’ve been talking about
speed of the car. Now let’s imaging the
drive shaft in the car. It connects the engine to the tires through all of the drive
shaft components. The drive shaft, in particular, experiences torque. Torque is the
twisting action on the drive shaft. If we are
not accelerating or decelerating, there is
little torque exerted upon the drive shaft.
But when we do accelerate, or decelerate
using engine compression, there is torque.
Let’s now plot accelerator position, speed, and torque:

Note torque required to accelerate,
but no torque is required at the new steady
state speed (the car is perfect, no steady
state resistance). There is torque, in the
negative sense, required to decelerate, but
no torque required at the slower steady
state speed. The torque curve follows the
inverse of the rate of change of speed.

When we talk about inductors, the torque
can be considered the equivalent of current
flow, measured in amps.
Remember earlier, we said an inductor is a conductor in that the inductor is
made from wire. How many readers remember the old high school experiments
where we take a coil of wire and place it
near a compass? When current flows in
the coil of wire, a magnetic field is created,
effecting the position of the compass needle. In contrast to the inductor, a capacitor,
when charged, an electrostatic field is generated. In the capacitor, the stored charge
IS the charge associated with the electrostatic field. In an inductor, the stored
charge IS the energized charge associated
with the electromagnetic field.
I am not going to go into the theory of magnetism. It is too difficult a subject to discuss in this article. Suffice to
say; when NO current is flowing in a wire,
there is no resultant magnetic field
“around” the wire. But when current flows
in a wire, there is a magnetic field that “radiates” from the wire.
Magnetism is a force, an electromotive force, in materials such as iron,
nickel, certain alloys, and to a lesser extent,
copper and steel. The resultant magnetic
“field” is caused by movement of particles
that exert attractive, repulsive, or perpendicular forces on other materials or charged
particles.
It takes energy to make the magnetic field “expand” from the wire, and
once the magnetic field has “expanded”,
there is energy “contained” in that expanded magnetic field. The energy of the
expanded magnetic field, in steady state
conditions, is directly related to the energy
“sustaining” that expanded magnetic field;
the energy coming from the current flow
through the inductor.
Thus, the energy creating the expanded magnetic field is, more or less,
equal to the energy contained IN the magnetic field. So at steady state, energy in
equals energy of the magnetic field.
I know many of you out there are
going to throw everything, including the
kitchen sink, at me for this outrageous attempt to explain magnetism in an over
simplified way. Just keep in mind that
when a current produces a magnetic field,
when the current is removed, the magnetic
field collapses. The expansion and collapse are opposite to each other, meaning
apply current and the field expands OUT,
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then remove current and the field collapses
BACK. Out and back; in and out, up and
down, whatever, they are opposite. So to
for the current flow.
Let’s say current flows in an inductor from left to right and a magnetic
field is CREATED. Now disconnect the
current flow from the inductor, and the
magnetic field COLLAPSES. As a result,
the collapsing magnetic field causes a REVERSE current flow, say, now, from right
to left.
Stated another way, when a current flow is removed from an inductor, the
inductor creates a COUNTER electromotive force. This counter force attempts to
maintain the current flow in the inductor.
But, since the voltage source has been removed from the inductor, the collapsing
magnetic field’s counter force dies out
once the field fully collapses (or dies).
Many of you can recall when
connecting an inductive device to a voltage
supply, such as an inductive motor, that
when you unplug the motor, there is usually a spark between the plug and outlet.
That spark is, indeed, the counter electromotive force trying to maintain current
flow. That “maintaining” current flow is
the spark discharging into the higher resistance between the plug and outlet.
Lets try to put these concepts into
pictures. Here is Figure 8, again, but this
time, I’ve included a switch:

Note that a magnetic field is generated or expanded out from the inductor.
Again, it takes time for the magnetic field
to expand in three directions (from one linear direction of current flow in the external
circuit). The expansion of the magnetic
field “uses up” or “consumes” a certain
amount of energy in the circuit, and so
there is less energy remaining for the balance of the circuit, namely, the resistor.
This is the point: the use or consumption
of some energy to build the magnetic field
can be directly compared to a limiting of
current in the overall circuit. Stated another way, an inductor tries to resist a
change in current flowing through the inductor because energy (voltage and current) will be used to cause the magnetic
field to expand. Like a capacitor, it takes
time for the magnetic field to build up, because the magnetic field is expanding in
more than one dimension (it expands in
three directions, length, width and depth).
The change in current then builds up
slowly. The amount of resistance to current
flow, actually impedance to current flow,
to the buildup (or build-down) of current is
proportional to the rate of change of the
current. That is, the faster you try to make
it change, the more it resists. The current
builds up toward the value it would have
with the resistor alone because once the
current is no longer changing, the inductor
offers no impedance. The rate of this
buildup is characterized by the time constant L/R. Establishing a current in an inductor stores energy in the magnetic field
formed by the coils of the inductor.
Now let’s show what happens
when we open the switch:

Now let’s look at the current flow
when the switch is closed and then opened
repeatedly:

The curves in Figure 20 are important as they completely describe what
happens when an inductor is energized and
then de-energized in this circuit:

In this figure, the switch is open,
no current is flowing, and there is no expanded magnetic field in the inductor.
When a battery is connected to a
series resistor and inductor:
In this case, the magnetic field is
collapsing inward. Therefore, the current
flow through the inductor must be in the
reverse direction. This has to be so because it is logical. Current flow in one direction expands the magnetic field, therefore, by reason, a collapsing field results in
a current flow in the other direction. Because the switch is now open, once again,

JUNE 2009

the inductor tries to maintain current flow
by reversing the direction of current flow.
When the field was expanding, some energy due to current flow was used to expand the field, and now when the switch is
open, in a way, the inductor tries to put the
energy of the magnetic field back into the
circuit, the key word being “back”. This is
the COUNTER electromotive force we
discussed earlier. Some people refer to the
counter electromotive force as back-EMF.
Note once more the use of the word
“back”.
Because there is a lag of time to
expand or collapse the magnetic field, there
is, like the capacitor, a “rise time” and a
“fall time”.

In Figure 21, the inductor is energized via
voltage source through resistor R1. Then
the inductor is de-energized via resistor R2.
Stated in another way, we have a switch.
The common terminal of the switch is la-
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beled C. The switch is a two position
switch, meaning the common terminal is
connected to either terminal A or terminal
B.
When the switch is in position A,
the inductor is connected through resistor
R1; and then to the positive terminal of the
voltage source. The other terminal of the
inductor is always connected to the negative terminal of the voltage source and to
the bottom terminal of R2.
When the switch is in position B,
the inductor is connected to R2 and then to
the other terminal of the inductor.
Let’s follow this again. Suppose
the switch has been at rest for a long time
in position A. The circuit is as follows:
from the positive terminal of the voltage
source, through resistor R1, through contact arrangement A-C of the switch, and
then to the left terminal of the inductor.
When the switch is moved to position B, the circuit is as follows: from the
left terminal of the inductor, through the
contact arrangement C-B of the switch,
through resistor R2 and then to the right
terminal of the inductor.
The switch arrangement C-B is a
discharge circuit. It is a complete circuit
where any energy stored in the magnetic
field of the inductor is depleted by the resistor being “dropped across” the inductor.
The switch arrangement A-C is a
charging circuit whereby the voltage
source is connected across the inductor
with resistor R1 in series with the energizing voltage source circuit.
There is one concept where the
inductor is different from a capacitor. The
inductor has DC resistance. That is because the inductor is made from wire. Unlike the capacitor, the inductor must be
characterized by its inductance, which is
related to the resisting effect the inductor
has on changing current through the inductor. Many inductors have hundreds or
even thousands of turns of wire on a bobbin or an iron core. A bobbin is made from
non conducting material, so the inductance
of this inductor results from the turns of
wire alone. Inductance can be increased by
adding a metallic core to the coil of turns
of wire. The inductor can be drawn as
follows:
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Here we have the DC resistance
of the wire that comprises the inductor, and
we have the inductive “reactance” which is
like AC resistance.
Recall from our last article on capacitors, that capacitive reactance is a
measure of a capacitor’s “resistance to alternating current or pulsed DC current”.
We can’t really say a capacitor has DC resistance, because a capacitor in steady state
is an isolator, due to the dielectric insulating properties between the capacitor’s two
plates.
As shown in Figure 22, an inductor has BOTH DC resistance and inductive
reactance (AC resistance). The DC resistance (shown in the figure as “series R”,
sets the steady state current flow. The inductive reactive component of the inductor
is related only to the change of current
through the inductor.
Now take a look at figures 20 and
21 once more. Let’s say the inductor initially has no expanded magnetic field, so
the voltage across the inductor is zero. This
would have the switch in the B-C position.
When the switch is moved to the
energize position (A-C), the voltage on the
inductor will rise to the value of the voltage source and then stay there. This assumes that the DC resistance component of
the inductor is of such a value that it does
not “load down” the energizing circuit
comprised of the voltage source and resistor R1.
As the magnetic field is expanding, work is being done to move that magnetic field out from the inductor. As mentioned earlier, this work consumes energy,
and is seen in the overall circuit as a resistance to current flow. This reactive resistance to current flow happens only during
the time of expansion of the magnetic field.
Once steady state is reached, the effect of
the magnetic field expanding, the inductive
reactive component of the inductor, ceases
to exist because the magnetic field has
reached its limit.
Once steady state is achieved,
meaning the inductor’s field is fully ex-

panded or fully collapsed, there is no more
effect on current flow. Only the DC component of the inductor (series R) determines steady state current.
Now, when the switch is moved
back to the de-energize position (C-B), the
energy stored in the magnetic field of the
inductor is “bled off” by the resistor being
“dropped on” the inductor.
Let me redraw the curves in Figure 20 in a different way:

Here I show the curves as current
through the inductor, and the additional
volts across the inductor due to the magnetic field attempting to “counter” the effect of changing current. I say “additional”
volts, because there is a steady state DC
component voltage drop across the inductor due to the resistance of the wire that
makes up the inductor. These additional
volts are sometimes referred to as reactive
volts. Also note the current through the inductor.
When the circuit energizes the inductor, you can see, on the middle curve of
Figure 23, that the current is “resisted” for
a time. Then, once the magnetic field has
reached its maximum, there is no more resistance to a change in current and the current flow is now solely determined by the
DC resistance of the wire inside the inductor.
When the circuit de-energizes,
you can see on the middle curve of Figure
23 that there is a lag in the fall of current
due to the counter-EMF or back-EMF resulting from the collapse of the magnetic
field.
I will redraw the important part of
the middle curve in Figure 23:
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Here we see the effect on current
through the inductor due to inductive reactance that tries to fight a change in current. Note once more there is a lag in time
of some number of seconds or microseconds (depends on the value of the inductor’s DC and reactive components) where
the current eventually reaches steady state,
meaning either current is reduced to zero
amps or current rises to maximum when
connected to the voltage source.
I wonder if anyone has thought
about the word inertia. Inertia is the resistance of an object to a change in its state of
motion. Try to accelerate the car and you
face the inertia of the car. Try to decelerate the car, and once again, you face the inertia of the car. Inductors have current inertia. When you have a voltage source of,
say, 48 volts connected through a resistor
to an inductor, at steady state conditions,
the inductor’s magnetic field is at maximum. We should say here that the voltage
source is perfect and has no internal resistance. If the voltage source were to change
value, say to zero volts or 24 volts or any
other voltage, the fact that the inductor
stores energy causes the inductor to “fight
back” the change in current through the inductor.
I think this is a good time to see
how inductors are used to filter an unregulated or poorly regulated DC supply so that
a regulated DC voltage is produced.
Regulated and filtered DC is used, as we
all know, for talk circuits. Unregulated or
poorly regulated DC voltage is usually
used for lamps and relays. Figure 25
shows two plots of voltage over time.

voltage, the plots would show voltage going up from the zero voltage line and then
going down below the zero voltage line.
Alternating voltage has a waveform that
goes above and below the zero line.
The degree of unfiltered voltage
in plot B is plus or minus six volts. This
unfiltered “ripple” is sometimes referred to
as a 12 volt ripple. It doesn’t matter which
way we define the ripple: plus or minus 6
volts or 12 volts of ripple. What matters is
that this DC voltage with a 12 volt ripple
will be heard as “hum” in the phones connected to this unfiltered DC supply. This
assumes that the ripple frequency is around
60 cycles per second or 60 Hertz. If the
ripple frequency is of another frequency, it
may or may not be heard, depending on the
frequency.
Now let’s design a filter section
for a power supply. We will start out with
an unregulated DC voltage just as described in figure 21, curve B. It is a DC
voltage that is nominally +48 volts, but it
has a ripple of + or – six volts. This means
the 48 volt source actually goes as high as
64 volts and as low as 42 volts. Let’s assume that the unfiltered source of 48 volts
DC has no internal resistance.
Here is the circuit that is designed
to filter the rippled DC voltage source.
The filter circuit we designed is comprised
of one inductor and one resistor, plus a resistor at the output of the power supply
added to make sure the inductor has a discharge path when there is no load connected to this power supply. What we are
looking for is a filtered, non-ripple DC
voltage across the output terminals:

I have a final request. Can anyone identify the duality between capacitors
and inductors? How about I show all the
drawings from our discussion of capacitors
right here and see if you can see the duality:
Capacitor

Inductor

Charging a Capacitor

Energizing an Inductor

Plot A represents good filtered
and regulated DC voltage, shown as the red
line. Note this voltage is constant over
time.
Plot B is characteristic of an unfiltered DC voltage. It is truly a DC voltage because the voltage is always positive
with respect to the zero voltage line in the
plots. If the voltage were AC or alternating
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Look at the waveforms. We see
the rippled DC voltage before the filter circuit, and we see the filtered, non-rippled
DC voltage after the filter circuit. By the
way, I must say that the current requirements for the load connected to the filtered
output is low compared to the currents that
flow between the inductor, resistor and rippled voltage source.

Note the capacitor is an insulator
while the inductor is a conductor! At
steady state, a capacitor conducts no current. At steady state or instantaneous state,
and inductor is a conductor due to the series resistance of the inductor’s wire.
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Capacitor Charge / Discharge

Inductor Energize / De-energize

Capacitor Time Constant or Lag

The capacitor has available voltage to resist a change in voltage across its
terminals.
Inductor Time Constant or Lag

Note the duality between Figures
37 and 38, The capacitor filter in Figure
37 is across the power supply output because capacitors try to resist a change in
voltage, meaning we want a constant and
not rippled voltage at the output of the
power supply.
In Figure 38, the inductor is in
SERIES with the voltage source and
“bucks” or “resists” a change in current
flowing through it. This bucking action of
the SERIES inductor has a similar effect
for regulation as does a PARALLEL (at
output of power supply) capacitor.
Glimpse to The Future
How about this circuit as an even better
power supply:

Capacitor Waveforms

The inductor has available inductive inertia, which can cause a resistance to
current change through the inductor.
Note the duality between Figures
35 and 26.
Note it’s the capacitor voltage that
is effected by the time constant or time lag.
And it’s capacitor amps that flow only
during the time constant (oversimplification, but good for understanding).

Capacitor Used as Filter in Power Supply to Regulate a Rippled DC

Inductor Waveforms

Inductor Used as Filter in Power Supply
to Regulate a Rippled DC
Note it’s inductor amps that is effected by
the time constant or time lag. And it’s inductor reactive volts that changes only
during the time constant (oversimplification, but good for understanding).
Try to visualize the duality between Figures 33 and 34.
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It is made with resistors, capacitors and inductors. This is where we
worked to get to! It doesn’t take much
thought to “feel” that this power supply is
superior to an inductor-only, or a capacitoronly design. Those who built tube based
HiFi amplifiers remember when a choke
was placed in series with the power supply
filter and two capacitors were placed from
the hot line to ground, one on each side of
the inductor, creating a Pi-filter section.
You’ve got to believe that the time constants of the inductors and capacitors must
be designed so they work together. Yes,
this is the supreme goal, matching time
constants so the L’s and C’s PUMP each
other depending on where the rippled
waveform is.
Next article I will discuss an RLC
based power supply filter and show you
hoe the time constants are set to get maximum filtering capability for the power
supply. You will that if the time constants
are designed correctly, the Ls and Cs fill in
for each other.
Anyone that has read this far can
feel that we’ve covered all three basic circuit elements, resistors, capacitors and inductors. We are now ready to discuss the
use of all three of these circuits in increas-
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ing the efficiency of Transmission Lines,
which is the major intent of the series of
articles.
We are now prepared to
discuss, as I said in the beginning of this
article, these topics and more: 1) Loading,
which uses the capacitance between the
metallic two-wire circuit and inductance ,
either part of the wire or added to the circuit, to TUNE the upper end of the bandwidth of a two-wire voice circuit; 2)
Transposition, which takes into account the
inductive and capacitive coupling between
two two-wire metallic circuits; 3) Transformers, Loading Coils and Repeat Coils,
which are composed of two inductive
components mutually and intentionally
coupled together to form a circuit that
passes power from one side of the transformer to the other side while preserving
DC isolation between the two circuits; 4)
Characteristic Impedance, of a two-wire
transmission line (Impedance is a way of
describing resistance combined with capacitance and/or inductance). You can say
that impedance is kind of like “AC Resistance”); 5) Match or Mismatch or Balance
or Imbalance, of a transmission line connected on one end to a “near-end” source
of power (voice) and connected on the
other end, which would be the “far end”
termination, in some kind of receiving device (channel bank). Match and Balance
are effected by the characteristic impedance of a transmission line which in turn is
characterized by the transmission line’s resistance, capacitance between the wires
and the inductance of the wires; 6) Singing,
which is a deleterious effect due to, in part,
mismatch and undesirable coupling between two transmission lines of a four
wire transmission line, or reflection of energy back into a transmission line due to
mismatch of a two-way two-wire, or fourwire transmission line (this is a somewhat
simplification, but will do for now); 7)
Near End and Far End Echo Problems; and
more.
This is got to be more fun reading
than all this theory stuff. Please send me
comments an tell me if I am meeting your
desire for learning about electrical theory
as it applies to telephony.
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These things will be discussed in future
articles:
Transmission line as seen:

Transmission line as analyzed:

Wire has inductance so the analyzed transmission line shows how this inductance is distributed over the circuit.
Two wires that are close to each other, is a
capacitor. Albeit these “lumped or distributed capacitors and inductors are small in
value. Nevertheless, what we have is a
filter that consists of Ls and Cs so arranged
that the transmission has a loss curve.
We will continue the good stuff
next article. Thanks for the many, many
emails sent to me over the period I have
written for the ATCA. Your comments are
welcome, and they charge and energize me
to continue dedication to the club.
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