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T
he original dynamo was an AC that a helical coil of copper wire. c th
rather than a DC machine . How- c rwi sc nonmagne tic . wo uld be ha ve
e ve r, a lternating curre nt seemed identically to a bar magnet when an

10 be significantly less useful than di· e lec tric current (lowed through it. T his
reel current. One cannot charge a bat- work uuractcd the attention of Andre
tcry, conduct electrolysis. or electroplate Marie Ampere. who showed that there
with alternating current. Arc lights opcr- is a physical attraction between wires
ale poorly on AC and welding is rcn- carry ing curren ts flowing in the sa me
dered more difficult. Furthermore. the d irectio n and a repulsion be twee n wire
behavior of c ircuits e xcited with alter- . , . it dicarrying curren S In Oppt>SI e If CC-

nating current was profound ly more tions. T his is very cas)' to prove ex
difficult for investigators in the early

perimentally. The apparatus of Fig. 1
1800s to understand .

is eas ily made from a couple of screw
Probably the most puzzling ite m was

the fact that Kirchho ff' s Law was no t eyes a nd a leng th of stiff copper wire .
T he stro nger the curre nt. the fa rther

obeyed.
the bai l will swing our.

In the circuit similar 10 Fig . 3 of Part
Note that the batter)' polarity can heI and equation 1-6 . the value of i was •

·1 1 h I" reversed without changing the result.not nccessan y eq ua to t e sum 0 I I +
. .. fact.! 11 II si nce the c urrent in both the stationary
1

2
+ ... 1ft : In ac t. It was usua y srna cr.

. loop a nd the bail arc reve rsed. A smallIn a series circ uit, E was no t neccssur-
·1 I ' E E E· I· t transformer with a lamp in se ries 10I Y cqua 0 I + 2 . . . + n: In act. It
was usually smaller. too . In addition. limit the current ca n he substituted for
current would see m to flow in circuits the battery and will also do the same
where there was no connection. It is thing. The ang le of the bail w ill he pro
not hard to imagine that it wou ld take a portional to the absolute value of the
cons idera ble amount of investigation average current. By abso lute value we
to ex pla in this behavio r; mean without regard to algebraic sign.

In 1820. Hans Christian Oersted If the a lgebraic sign is incl uded. of
foun d that an e lectric curre nt flowing course. the average current is zero since
in a wire would deflect a compass. In you have as many positive as negative
the sa me year. Francois Arago fo und cycles.
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E lect romagnetic ind uctio n

In 1829. Joseph Henry wou nd a
layer of insulated wire on a Ucshapcd
iron core and fou nd that it made a very
powerful magnet whe n energ ized. The
illustratio n in Fig. 2 shows the electro
magne t with a significant addition.
Hen ry found that whe n the switc h was
cl osed. there was litt le or no sparking:
however, when the switch was ope ned.
there was a large and vigorous spark
much more energe tic than could be ob
tained fro m the batte ry alone . In 183 1.
Michae l Faraday fou nd that a second
wind ing no t e lectrically connected to
the fi rst wou ld show an e lectrica l im
pulse when the battery was firs t con
nected and also whe n the c ircu it was
ope ned. Th is is termed electromag
netic induction. A c ha nging current in
the primary c ircuit ind uces a voltage in
the secondary

To duplicate the e xperiment. it is not
necessary to \vind a lot of wire. al
though this could he done using a large
iron nail. Sma ll. cheap trans fo rmers
(for e xa mple. 12 V. JOO mA o utput)
arc often made with the "E" and " I"
core pieces not interle aved. If yo u PI)'
open the meta l frame. the " I"' will fall
o ff in one piece . With a sing le D cell.
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Stored energy

In both the inductor and the capaci
tor, the energy is taken up relatively
slowly and the spark is evidence of the
sudden release of the stored energy. In
lhe inductor, the energy is stored in
building the magnetic fie ld. This is a
fonn of kinetic energy and quite analo
gous to the action of a hammer. You
store energy of motion swinging the
hammer, and the hammer imparts the
energy to a nail in the few milliseconds
that it takes for the nail to stop the
hammer head. The energy stored in the
ind uctor is:

device used was the "condenser" or
Leyden jar. The Leyden jar was a glass
jar with foil on the outside and the in
side with no electrical connec tion be
tween them. There was usually an
insulating cork with a rod Slicking
through that contacted the inside foil.
With an electrostatic generator you
could "charge up" the jar-and the
spark that ensued when it was dis
charged was much more vigorous than
what could be obtained from the elec
trostatic generator alone.

As an experiment, take a 9-volt tran
sistor battery, an analog voltmeter with
a 10 or 12 volt scale, and an electro
lytic capacitor with a J()(X) or 2000 JlF
rating (of course. with a 9 or more volt
rating). Touch one of the capacitor
leads to the battery, and connec t the
other to the battery through the volt
meter, observing polarity. The voltme
ter will initially jump to a 9 volt reading
(it may even overshoot a bit) and then
the voltage reading will taper off,
eventually winding up at zero. The ca
pacitor is now charged, and its voltage
is equal to the battery voltage so the
voltmeter reads zero.

Short the capacitor with something,
and you will see a suhstantial spark. If
you short the capacitor on a piece o f
printed circuit board. it may even blow
a hole in the foil. Note that shorting the
battery itself will not make a visible
spark. The capacitor stored energy
from the battery over a period of time
and released it in a much shorter pe
riod- therefore the vigoro us spark .

Fig. 2. The electromagnet and etearomag
netic induction. When the current is estab
lished in the primary circuit. energy is
stored in the magnetic field. When the cur
rent is interrupted. this energy is dissi
pated in the form ofone or more arcs.

Fig. 1. When the cift'uit is dosed. a "V "
cell will drive about an ampere through
the cift'uit and the bail will kick. out
sharply.

you can investigate the magnet proper
ties and the primary sparking. With an
analog voltmeter on the other winding,
you can investigate the induction. The
analog meter is specified because it
shows transient voltages better, You
can see how far the needle kicks,
whereas a digital meter just flashes
digits too fast to follow.

You really do not need a switch. You
can open and close the c ircuit just by
touching the wire to the battery, How
ever, if you are holding both s ides of
the circuit when you break it, you can
get a rousing shoc k even with j ust the
1.5 volt battery. The spark voltage is
many times higher. We will get back to
this shortly.

Capacitance

Another property to be investigated
is capacitance. When people were work
ing with sta tic electricity, a standard



d irectio n. Refe rring to Fig. 3 , let LI S as
sume tha t we have a vector one unit
long pointing cast. If we app ly the op
erator "i" once, the vecto r is no w
north . App lying the operator a seco nd
time leaves the vector west. But west is

equa l to m inus cast . Thcrcforc. j "j orr
is eq ua l to a min us one and j = "';::j 
and the re is no suc h number !

Charles Prote us Steinmetz worked
in the Ge nera l Electric laboratories in

Schenectady, New York . He was fond
of say ing that there is nothing more
imag inary about imag inary numbers
than there was about the dista nce he
tween A lbany and Schenectady,

Referring to Fig. 4, a nd de fini ng +
as cast and -i as north , we sec that we
co uld describe the dis tance as -9 + j 12
m iles .

Furthe r, us ing: the Pythagorean thco
rem we call comp ute the straight-line
di stan ce as:

The firs t of these desc ripti ons is in
rectangu lar or Cartesian coordi nates
and the second w ith a len gth and an

an g le is in po lar coordi na tes. When
vectors have to he added or subtracted.
they arc mos t e as ily done in recta ngu
lar coordinates. Vector mul tip lication
and d ivis ion arc most easily do ne in
polar coordin ates.

A nothe r use fu l re lat ions hip is
Eu ler 's equation. Whe n we describe a

vector such as the one above as 15
m iles/ 126 .X7 degrees we sec that this
is rea lly a shorthand way 0 [" describing
Euler's equat ion as sho wn in Fig. 5.
Eu ler' s eq ua tio n is a way of transform

ing between coordi nate systems .

where

v = V *sin(w*t) vo lts
"(2-X)

Ji st \/ 1 ( 9'~ 9 ) + ( 1 2 * [ 2 ) J 15
m iles

and
ang le = I XO - arcta n ( 1219) I XO 

53. 13 = 126.X7 degrees

Back to components

Now let us consider some AC cases.
O ur instanta neous AC vo ltage is de
scribed as:

hut Q is eq ual to the integra I o f i"d.

where

Q = charge in coulombs

whe re

C is capacitance in farads

d id = ElL amperes per seco nd, ,
(2-2 1
where
E = vo lts
L is inductance in henrys

W = (C*E!)/2 joules
(2-3)

E = Q/C volts
(2-4)

O n the other hand , the ene rgy s tored
in the capacitor is potent ial e ne rgy. It
is analogous to the energy s tored in a

spring whe n it is co mpressed or
s tretc hed . The ene rgy in the capaci tor
IS :

T he voltage across the ca paci tor IS

g ive n hy:

A little AC math

•

-==-•. xj2
EAST

EAST

=

'0'
C

WEST

EAST

WEST•

1
NORTH

', '0'

W = ( L *i! )12 joules or wa ll seco nd s
cqn (2-1)

whe re

L is inductance in he nrys
i is curre nt in amperes

1
NORTH

xJ :: ••---,-=:',-

Fig. J. The illlllgilla ry 0/'1'/"(/101" '~i ".
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If the ind uctance had been large

enough and you measured the curre nt

whe n thc connection was first made .

you wo uld sec that the curre nt sta rted

at zero and hui lt up slow ly. T he rate at

whic h the curre nt hui lds is:

r--------- ,

In order to go through some of the
subsequent exp lanations. it becomes
necessary to resort to some vector a l
gc hra. which sounds a li ulc more
fr igh teni ng than i1actually is. Suppose

SCHENECTADY th at you te ll the a ir tra ffic co ntro lle r

a'\ that you arc depart ing at 200 mph. You

!
:'-- haven't told h im where 10 find you . At
: \ the end o f an hou r yo u co uld he any-
, \
, , where 011 a ci rcle of 200 mile radius., ,

Kl : ''. However, if you tel l him that you arc
~ t \ ~ departing at 200 mph on a co urse of
N \~~ I} O deg rees . he will k no w th at at the.- ,, '<'.} ~

T , end of an hou r he will fi nd you at a

1,
\0"",y 126.er point 200 miles to the cast.

\ \ \ The latter is a vector quantity. You
__ __________________-( ~ know where it starts , how fust it is go-

L .. -9 MILES • ALBANY_ ing, and in which directio n. Q uantities
that have no di rection-such as dollars.
watts. temperature. and population-arcFig. 4. The \W' lor distance [nnn Albanv to
called scalars.Schcncctadv. lf I I'£' dt/ill!' The plus direc-

tion as east and the +j direction as north. One or the first thing s we ha ve to
then the minus direction is west and The _j find o ut abou t is the "i magi nary" op
directio/1 is south. The pcuh, 01" vector dis - crate r "J". Su ppose that we w ish to as
tw/('C'. is . 1) + j l 2 lIIiles, or 15/ 126.87" s ig n an operato r that will rotate a vee
miles, tor 90 d eg rees in a co u nte rc lockwise
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Fig. 5. Euler's equation. The symbol e represents the natural logarithm base, 2.7/8. The
lenn A~describes the location ofthe tip of a vector oflength A rotated through an angle 8.
(2·5) Ae'll = A cos 6 + jA cos (J

(2·6) Ae-JII = A COJ 8 - jA cos (J

(2-7) 8.6 L 35.54 " = 8.6<jJH '
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•..•,.
7 .. . .6<01 . --+j

d.=(V 1L)*sin(w*t)*d, 0 ,

and. rearranging.

Integrating gives

V "siruwt) = L'(di d)o , ,

Note here that we have substituted the
instantaneous voltage, and from (2-8):

~-
/

/
/

/
/

/
I

/
I I I /

00' 2.0' /280' 320"
HAD I HAD 6 RAe

I 2" RAD/
/

I
160"
"AD
.RAD

' v\cq,.
\ 9

\
I \ I

40" 80' " 120"
1!lAD ~RAD

\ ,
\ ,, ,

(2-9)
v = V *eiWl

c

Note that we could have written thi s :

V" is the peak AC voltage
w is angular frequency 2*p*f in ra

dians per second
f is cycles per second. or hem
t is time in seconds

Visit our Web Site to see and
actually try our Weather Stations:
www.peetbros.com

PEET BROS CO:'im~

1308-91)97 Dons M e., Denn. :"IJ 077 11
(twlW_ Cl _ .... -.

Put the weather
on your wall

The weamer Picture" is an eye-popping new
wa ll unit that continuously displays all the vi
tal weather da tu you've pre-selected. Big red
numerals are easy to read from acr oss the room.
day or night .

Available in 2 sizes. in an e legant brushed
aluminum 01'" solid teak frame. Teamed with
our famous Ul TI:'ifETER- Weather Station.
The Weather Picture System provides plenty of
data to sat isfy the ITIOSI dedicaled wearber buff.

For complete derai ls. wri te or call us
TOLL-FREE al I-KOO-L.:SA-PEET.

Wireless display now available!

k 

Siu ....... ft: IS U .II I. ·

Continued on page 36
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Thus•

i = - [V l(w*L)J*cos(w"'t) + constant
o

(2-11)

-V *cos(w*t) = V *sin[(w· t) - 901
o 0

(2-12)

i = [V,/(w'L)J'sin[(w ' l) - 90]
(2-13)

What thi s tells us is that the inductor
current lags the applied voltage by 90
degrees . In most AC problems we are
interested in the average results over
many cycles. and so we carry the (w*t)
term implicitly and simply neglect to
write it down. Also. we learned that the
operator "j" would rotate the vector by
90 degrees. Making use of both of these
conventions. we may rewrite (2- 13) as:

The constant can be neglected be
cause it pertains to transient conditions
and we are concerned only with
steady-state cond itions here.

Now, from the curves of Fig. S. we
see that:

ALL ENERGY
STORED IN
POTENTlAl

I<EIGHT)

All ENERGY
STOREO N
MOTION

• IONEOCI

---=---

and, rearranging.
V = L'(d /d ), ,
(2-10)

All ENERGY
STORED N
POTENTlAl

I<EIGHT)

And for the inductor. we noted 10

eqn (2-2) that:

Fig. 6. The pendulum.
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and prevention. With either type of ac
tivity, your club, the police depart
ment, and your community wins. You
can feel good about doing your part.
It's a great way to add value to your li
cense and your hobby. II may also he lp
protect our frequenc ies.

Make it a point to contact your local
police chief or commissioner and talk
with him about a joint activity with
their department. If they have any
questions about how well the opera
tion works, ask them to call Chief Rick
Chandler of the Dickson, Tennessee,
Police Department at (61 5) 446-5403.
He has been involved with our local
amateur radio group for several years.
There have been no complaints. Iii

QRH
cortUnuedJrom page 7

-I won't let a ftat tire gel me down!- Tom said,
without despair.

These appeared in the December 1998 issue
of Spurious Emissions, the newsrener of the In
dian River ARC, Roy Hill W6QCM, editor, and
were reprinted in the February 1999 issue of the
ARNS Bulletin. Fa

i = V/I-I/(j*w*C)] amperes
(2- 18)

Note that if Q is the in tegra l of cur
rent with respect to time, then dJd

l
is

current.
Taking agai n the liberty that for

most problems we are interested only
in long-term averages we may write
that for a capacitor:

Conclusion

Having seen some of the characteris
tics of reactive elements, next time we' ll
deal with some real circuits and discuss
power factor, power dissipation in an al
ternating current circuit, and the differ
ence between kilowatts and kilovars. fa

Note the similari ty and the differ
ences of the result for the induc tor and
the capacitor. Whereas the instanta
neous current in the inductor is given
by -cosfwvt), the instantaneous cu rrent
for the capaci tor is given by
+cos(w*t). Also, where the inductive
reactance is given by (j*w*L), the ca
pacitive reactance is given by -II
(j*w*C). We also see that inductive re
actance is directly proportional to in
ductance, whereas capacitive reactance
is inversely proportional to capacitance.
The reactances are usually referred to
as XI. and x, respectively.

An interesting case occurs in the
event that XL = -"c. If the two cjc
ments arc connected in parallel and
both arc theoretica lly pe rfect with no
losses, it takes no current on the main
line to excite a large current in beth
clements . T he case is simi lar to the
pendulum shown in Fig. 6 .

At the end orthe swing, all of the en- 1-----------------1
ergy is stored in the form of potential
energy like a capaci tor. At the bottom
of the swing, all of the energy is stored
in the motion of the bob, like the mag
netic field of the inductor. As the bob
continues its swing to the other end of
the travel, all of the energy is con
verted again into potential energy in
the capacitor.

In the paralle l circuit the ene rgy sim
ply sloshes back and forth between the
inductor and the capacitor. If no losses
existed in the ci rcui t, and the pendu
lum dissipated no power, both would
continue forever!
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