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Herewith ' It presented the .second
Instalment of a erfe of article de-

signed to rive tbe motorist the knowl-
edge necessary to enable him to care
for and repair any and all jot the elec-

trical feature of hi car, no matter
what make or model It may be.

For the ake of the majority of

reader, whose knowledge of electri-
city Is more general than definite.
It ha been thought wis to begin with
the first principle of electrical phe-nomen- a,

tn order that owner may be
able to follow th circuit on the.elec-

trical system, of their cars with the
certainty that they are right. To the
Uy reader the first few IwtaUnenU

of thl erie. are the most Import-

ant, for without them wiring dia-

gram, trouble chart, and pairing
Instruction are almost Jf- -

The article, are reproduced by per-ttlssl-

from Motor
publication they have ben preparea

and DarwinMoretonby David renn
s. Hatcn.
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' cooling system of

the operation of the
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V shown In 5. In this case tne

four water-JaSet- s of. the differ cjj
lnders. the radiator, the pump and

wn. flr all in series. The

current of vatcr through e

- ent parts of the circuit at any Urn e is 1

1 exactly the same; just n iuu- -

returns to the pump as the
into the circuit. This method of cool-

ing Is not a good one, but is used here
of bearing out the se-ri- e.

for the purpose
circuit idea.r When the headlights tm motor cars

ocxpA. as shown in Figure 4,
w 1. . .

ihfT form a typical senes eiecuvi
MfMiit The current1, of. eiectncuy

through the iiTfcreiit parts of the cir-

cuit at any time Is exactly the same;

Just as much electricity returns to the
battery as the battery sends Into the
circuit The electricity Is not Consum-

ed In the lamps, but some or Its abil-

ity to light lamps is used. S ;
Resistance cf Series Circuit

Since the' resistance offered by a
pipe to the free flow of water through
it Increases with an Increase in the
length of the pipe, it Is evident that
the resistance of two "pipes connected
In series will be greater than the re-

sistance either pipe alone. If .the
two pipes are of exactly the aame size
and length they will, when connected
In series, offer twice the resistance to
the flow of water through them that
U offered by a single pipe. If tho
pipe, are ot the same site but of dif-

ferent lengths they will offer a com-

bined resistance eQual to that of a
.Ingle pipe of the same size but hav-
ing a length equal to that of the com-

bined lengths of the two pipes."
Two wires of the same size and ma-

terial will, when connected In aeries,
offer a combined resistance equal to
that of a single wire of the same site.'
but having a length equal to the com-

bined lengths of the two wires.
Any number of electrical resistan-

ces, such as motor car lamps, connect-e-d

In series might be thought of as
being equivalent to a number ot wires
of the same size and material, but
having different lengths, and the com-

bined resistance of any number of re
sistances In series la equal to the sumi
of the differentreslstancea; For ex-

ample. If the two lsmps in' Figure 4

have a resistance of 2 ohms each the
combination will have, a total resist-

ance of 4 ohms. In order, to get the
total resistance of the circuit the re-

sistance of the leads, 'switch, etc.,
.should be added to the resistance of
the lamps. '
Pressure Relation for a Series
Circuit ' : ,"

If 'pressure-gauge.- .- be connected
along a water pipe, as Indicated In
Figure 5, In which there Is a current
of water, the. difference In the read:
Ings pf.the different gauges will bear
the same relation ' to each other as ex
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ists between the distances between
the point, to which the gauge, are
connected. For example, tbe differ-
ence in the reading of gauges Gl and
G2 will bear the same relation to the
difference in the readings of gauges
G2 and GJ.as the distance between
GL and G2 bear, to the distance be-

tween G2 and 03. . If the distance be-

tween. G2 and 03, which we will rep-
resent by L2, fa' twice the distance be-

tween Gl. and G2, which we will rep
resent byLl. iben, the difference .In
readings of ,G2 and. G3 will be twice
Gl and G2. n , v.ip . wv- - .,

The reason for this relation may be
explained a. follows: "Since 'the. re-

sistance between v.the points" where
G2 and G3 are connected. will, be as
many times the resistance between
the points where Gl and G2 are con-

nected a. the length L2, is times the
length vLli . the pressure' between the
point, where G2 and G3 ar$ connect-
ed must be as many times the pres-
sure between the points where Gl and
G2 are, connected as L2 Is time LI.
in. order to produce the current In the
pipe, - The differences in pressure be
tween different points along a series
water circuit w 111 bear the same rela- -

Uon tQ each other as exist, between
the resistances between the points
where the pressures were measured.

In the electrical circuit the volt-
meter, measures the difference in
pressure between the point, along the
circuit to which the terminal, of the
voltmeter ' are connected. Thus In
Figure 6 there are two voltmeter, con-

nected so as .o measure the differ-
ence In pressure between two differ-
ent seta of. points. If the wire com-

posing the circuit is of the same ma-

terial and same size all the way along
the circuit, then the reading of the
two voltmeter. VI and V2 will bear
the same relation to each other as ex-

ist, between the lengths LI and L2.
If the length L2 ia twice the length

LI, then the resistance R2 is twice
the resistance Hi, and since the value
of the current in R2 exactly
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same as tne vaiue 01 tne curreni in
negUcting the current through.the

voltmeter. there will be twice a.
much pressure required to produce
this current In R2 as is required to
produce It In Rl, which w)ll result In
the reading of V2 being twice the
reading of VI. When the resistance
R2 is three times the resistance Rl,
then the reading of V2 will be three
time, the reading of VI, etc

The electrical pressure acting on a
part of the resistance of a series cir-

cuit bear, the same relation to the
pressure acting on some other part of
the same ' circuit as exists between
the resistance of the two parts. That
is, if two resistances are connected in
series and they have exactly the same
resistance, then the pressure acting on
each of them will be exactly the same
when there is a current of the same
value through them. If, however, two
resistances are connected In ' .eries,
and the resistance of one la twice that
of the other, then the pressure act-
ing on the one of lower resistance will
be one-ha- lf of the pressure acting on
the one of higher resistance.
Resistance. ,fcr Lamp.

If two lamps having different re-

sistance be connected In series, . the
pressure acting on one lamp will not
be the same as the pressure acting on
the other, lamp. The lamp of higher
resistance will have a higher pressure
acting on it than the one of lower re-

sistance. This relation accounts for
the fact that two lamp of different
candlepower and the same voltage
will not operate satisfactorily In se-

ries, because the one of lower candle
power, or higher resistance, will have
a larger ' part of the total-pressur- e

acting on it than the one of high can- -

Fif.
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dlepower, or lower, resistance.' Thu.
you cannot put a.6-vb- lt

headlight' In 'series with a
dashlight and oper-

ate them from, a 12-vo- lt battery, but
you can put two
headlight, of In . aerie, with a 12-vo- lt

battery, or one two-candlepo-

da.hllght and one er,

UHlIght In series witha 12-vo- lt

''battery. : Y
v A" six-vo- lt lamp may be operated.cn

a 72-yo- lt battery by connecting a
'in - .eries with, : the six-vo- lt

lamp. aXcnya. lAFigure; 7. v; The Re-

sistance in series with the lamp mast
be equal to ' the resistance X of the
lamp ixx order that the -- pressure over
the lamp be six volta, : or one-hal- f of
the total pressure: The pressure over
the lamp may be decreased by con-

necting more resistance In. series, or
increased by decreasing the amount of

resistance in series. This principle
s used by .onve companies in dim

miny the headlights, a. the decrease
In pressure' on the lamp decreases its
candlepower. . ' . -- '

Current Retation. In a Serlei' Circuit
The reader must always have in

mind that the current In every part
of a series circuit I exactly the ame

and that there I no accumulation or

electricity at any point along the dr-cul- t.

An ammeter connected at any

point in a series circuit will J?dicat.e
the ame current as long a there
no change to the value ot .resiat-anc- e

of the circuit or the total pres-

sure acting In the "circuit ;
If series circuit be opened at any

point by mVans of a switch if a lamij
thereburns a wire break

current in the circuit, andjn
ammeter connected in

o iprrt current regardie,

circuit. In amperes.
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sure over , the 'wiU repreient by fbe batto the total pressure. E.ofJhe thetery, minus' the pressure
lamp, EL, of -

ER equal. E minus LL
ER equals 24 minus 6

. ER equals 18 volts.
The value of the resistance, then,

I equal to the pressure acting cn the
resistance : divided by current
through the resistance, or '

R equals 18 divided by i. equala An
chms, -: .

r The resistance . of the lamp, if It
takes a current of two amperes, is
equal to.

6 divided by. 4. equals 1 ohms.
It 1 Interesting to note that In each
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of the above case, the! relation be-

tween the 'resistance of the lamp and
the resistance "to." be 'connected in
series with it is the same as the rela-
tion between tho pressure acting oa
the lamp and the pressure acting 0
the resistance in series with the lamp.

-- Since the lamp require, a pressure
of 6 volts, tne pressure acting on th
resistance to" be placed "'in series win
be the difference between the totl
pressure, or; 24- - volts, .and the pres-
sure acting on the lamp, or six volts,
which elves 18 volta--v 'The' resistance
that must - be ' placed ;.series.wttbL:
the lamp will beequamo as , many
lime the lamp resistance as. the pres-
sure which is to act dn the .eries

is times the; pressure acting
on the lamp. The pressure acting on
the series resistance in this case. Is

three times that acting on the lamp,
hence the value of "the eries resist-
ance must' be three times: the value
of , the resisUhce Of the lamp. Tne
resistance of the lamp is equal to the
pressure on- It divided 'by the current
through It or 6 divided by 4, .or 1

omhs. Hence the value of the series
resistance will be equal to 3 ; times

or 4fe ohms. v v; c

Pre.uire In Series 1 .'. ' ' "y
- If two pump, be connected as shown
In Figure 8, the pressure produced by

the other pump and the combined ,

pressures 'of the two pumps will act
upon the water circuit to which the
combination Is icsnnected. v Several
pumpi may be connected In this man-

ner, and the sum of the pressures pro-

duced hv the combination when they
' are producing' a pressure, in the same
direction around the. circuit win oe
equal to the total pressure acting in
the circuit Thus, if each of the
pump, indicated In Figure 8 is pro-ducei- ng

a pressure of 50 pounds the
total pressure acting, in. the circuit to
which the pump, are connected - will
be equal to the sum of two pressures,
or 100 pounds. - .'
' If the pressure prodnced ; by the

pumps is unnequal the total pressure
1b equal to the sum of the pressures,
just the same. For example,' if the
pumps are producing; pressure of 75
iid 25 pounds a square Inch, respec-

tively, the total pressure acting on the
circuit to which they are connected
will be equal to 75 plus 2E, or 100
pounds a square inch. " If two ; men
shove against a car in the same direc-
tion with a force of 100 1 and 125
pounds, the total force acting on the
car Is equal to the sum of the two
forces or 225 pounds.

Several electrical pressures may be
connected In a similar manner to the
pumps, a indicated in Figure 9, which
represents two dry cells In series. If
the pressure produced by each of the
dry cells acts in the same direction,
then the total pressure will be equal
to the sum, of the pressures of the two
cells, regardless of whether the pres-
sures produced by the cells are equal
or unequaHn value. , Thus, if lhe pri-s-sure- s

produced by the two dry cells
are 12 and 1.4 volts, respectively, the
pressure will be equal to 1.2 plus 1.4,
or 2.6 volts.
. If a number of ; equal pressures be
connected in series 60 that they all
act In the same direction tround Uie
circuit, then the total pressure will
be equal to the product of the number
of pressures connected together and
the value of one of the pressures. For
example, if six dry cells, each produc-
ing a pressure of .1.5 volta. be con-

nected series, then the total pressure
will be equal to six times 1.5, ; or: 9

volts. If ten men are all pushing on
a car In the same direction and each
is pushing with the same force, say
100 pounds, then the total force acting
on the car will be equal to ten times
the force of a single man, or 1000
pounds.
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Vln order that the pressure produced
by the pumps act In 'the same direc-
tion around a water circuit It Is n-j- .i ry

to; connect the t. sides of the
pumps of lower pressure to the sides
of higher pressure in regular order. If
pressure gauges be connected to the
circuit, as indicated, in Figure 8, it is
possible to determine the pressure pro-
duced by either of the pumps or any
combination by, observing the indica-
tions of the proper gauges. v. v.

For example, the pressure produced
by the pump PI is equal to the differ-enc- e

In the pressure before and be-
yond the pump, which may be determ-
ined by reading the gauges Gl and G2
and then subtracting the : lower read-
ing from the higher reading. The
pressure produced by the pump P2
may, in a similar manner, be determ-
ined by taking the difference In the
readings of the gauges G2 and G3.,Tho
pressure produced by each pump tends
to cause the water to flow through the
pump Itself from the terminal of lower
pressure toward the terminal of Jjlgh-- er

pressure, and through the water cir-
cuit to which the pump Is connected
from the terminal of higher pressure
toward the one of lower pressure. All
of the pumps will be acting fn the
same direction when the pressure
gauges on, say, the right hand side of
the different pumps all read higher
man tne pressure gauges on 'the left
hand side, or all of the gauges on the
left hand side read higher than all of
the gauges on the right hand side.

If some of the pumps are connected
in the circuit so that the pressure they
produce la opposed to the pressure
produced by the other pumps; then
the pressure acting in the circuit will
be equal to the-- difference- - between
the sum of the pressure acting In one
direction and the sum of the pres-
sures acting In the other direction. If
the sum of the pressures acting in one
direction I. exactly equal to the sura
of the pressures acting in the oppo-
site direction, then the pressure acting
in the circuit tending to produce a
flow of water will be equal to zero.--:

The direction of the pressure acting
in the circuit whea there are pres-
sures in both directions will corre-
spond to the larger sum. For example,
if six pumps are connected in such a
manner that the pressure produced
by two of them Is in the opposite di-

rection to the pressure porduced by the
remaining four, it is obvious that the
pressure acting in the circuit to which
the pumps may be connected is not
equal to the sum of the pressure pro-
duced by all six pumps, but It ls equal
to the difference In the sum pf the
pressures produced by the four pumps
and- - the sum of the pressure pro-
duced by the two pumps. ;

If each of the six pumps Is produc-
ing a pressure of 10 pounds the pres-
sure acting In the circuit may-b- e de-

termined as follows:- - The pressure
produced by the . four pumps will be
equal to the pressure produced by a
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pingle pumtv multiplied ' by four, or
10x4. or 40 pounds. The pressure
produced by the two pumps likewise
Is eqial to 10x2, or 20 pounds. '
Direction of Pressure

The pressure acting In the circuit
Is equal to the pressure In one dlrec
tion subtracted from the pressure in
the onposlte direction, or 402020
pounds. The direction of this pre
sure of 20 pounds will be the same as
the direction of the larger, sum of .

43
pounds.- - The same result could be ac-

complished by using two pump alone
, Instead of six, as the pressure of two
of tbe six pumps which are acting In
one direction is exactly neutralized by
the pressure of - the . two of 'the six
pumps ; acting in the opposite direc- -

uon. , ':,.-- l;
t It is , obvious that "If W men are
pushing on a car say, 'six, in a cer-
tain direction ? and four la an exactly
opposite" directlon-k- he force tending
to move the car is, not equal to the
combined forces produced by the 10

men, but It Is equal to the force pro
duced by the six men minus the force
produced by the four men, or 600
40Ts:200 pounds. The direction of this
resultant force corresponds to - tne
direction in which the six men are
jmshinff. ---'

In order that the electrical pressures
l Produced by several batteries may act
in the same direction around the elec
trical circuit it is necessary that the
terminal of lower electrical pressure
of one battery be connected to the
terminal of higher pressure of the
next battery; that is, that the negative
terminal of one battery be connected
to the pogUJve terminal of the ne.t
one. The (pressure produced by the
battery causes the electricity to paa
through tlie - battery itself from the
terminal bfc lower pressure, or negative
terminal, toward the terminal of
higher pressure, or positive terminal,
while la the part of the electrical cir-

cuit outside of the battery it causes
the electricity to pas from the ter-

minal of higher pressure toward, the
terminal of lower rresaure. . ; u

The action of a generator is exactly
the same as the battery, inasmuch a.
the currenl is from the negative to the
positive terminal within the generator
and from the positive to the negative
terminal through the circuit outside
the generator. If ; several electrical
pressures be connected in series in
such a manner, that part of them are
acting in one direction around ,the
electrical circuit and the remainder
in the opposite direction, the ' total
pressure acting in the circuit will not
be equal to the sum. of all the ditTer-en- t

pressure, but it will be equal to
the difference ia the sums of the pres-

sure acting la the s opposite ; direc-

tions. '

;..

- The difference In the sum of the
pressures acting In the two directions
around the circuit la called the effec--
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? (Continued on page 26) ; ,

When we kept a horse and outfit," -

says Gorge Anderson, a farmer, who
owns a motor car, "the first coat of
whkh exceeded the coat of our car.
the expense of maintenance of the
horse outfit wad more than $2 a day
ll&Uh um k V uu ft uw,m a.mm

"The horse had to be fed three
time a day. It had to be groomed and
exercised every day, whether we
wanted to use it or not. Trips to tne
blacksmith shop were frequent Hx--

it 4 ji .1pen9 wa , utfyrr-ruuius- -
, auucu iu

this was our cympathy for the poor
horse in very hot and very cold
weather. Thought of our own comfort
Iinauy leu ui 10 yun.uas & tiuunuu
Super-Six- . .

"Immediately our eye were opened
10 me sreaier ecouuuiy w. mo uunur- -

,

driven vehicle. It did not have to be
exercised. It cost nothing when not
in use. The upkeep was tar less for
a vastly greater amount of work than
that of the horse. The car waa al
ways ready to go anywhere at any
time and get us back home again,
regardless of distance, at fine speed.
Where formerly a drive was a
hardship- - for the horse and ourselves.
our Super-Si- x makes easy work of luo
miles, or even 200 miles, in a' aa).
And we ride in perfect comfort.

"When we see our neighboring mlllr-me- n.

butchers, flshmen and farmer
friends speeding about on their trad-
ing errands In motor cars, doins their... .
work quicaiy ana covering iu;,
greater territory in less time and with
less effort and expense than ever was
possible with horses, we congratulate
ourselves 'on buying our trusty auto-
mobile. We wish we had realized its
value long before we gave up our
horse, we cannot iook on me muuera,
practical, useful, reasonably priced .

automobile as a luxury. It has become
the farmer's necessity for,, work and
pleasure. Every farmer should own
one. , .

BATTERIES MUST

II AVE WATER TO

... PROVE SUCCESS

UAJM I wwillw w - ii -

tery With Human Being;
nvprhp.atinn an Evil -

Harry Henry, id charge of the local -

Wlllard storage battery service sU-tio-n,

claims that water Is Juat .as es
sential for battery healtn as ror we
health of a human being.

"This ls especially true In hot sum-

mer weather, - he says. "Neglecting
to keen the battery filled with pure
distilled water will shorten Its life
nnlrker than anything else.

"The solution Inside your storage
constant! evaporating. IfKattorv ia --. ' - .. . !

its level is permitted to reacna poun
below the tops of the plates, the upper
portion Is left exposed to the air and
useless as rar as iunnsums wuivi- -

energj is uumnucu.
"Overheating is one of the most

common battery evils, and Inasmuch
as we are having a great deal of hot
weather this summer," It pays to be
careful. While you .cannot see the
damage that Is being done to your bat-

tery plate It la going on, nevertheless,
and results in considerable expense
later. .

" :':
.

--in hot weather a person needs
plenty of pure water to keep mm m
good physical condition, it is Just
the same with a battery. Pure water
has a cooling and refreshing effect and
by keeping your battery filled at regu-

lar Intervals yoa can avoid a battery
bilL" .r-'doctor - :

. . . . . . ' . . a. 'jL A. A.

f IF YOU DESIRE TO -

SPEED UP DO NOT

- Watch the expressions on the

t iaces ot a uiwruis -

f street car slowly starts up and
f blocks their crossing- - perhaps f
f for four seconds. Mother frowns; t--f

the children kick the footrest in
4-- raga; the impressions of a row of

gritted teeth are along father's
4 Jaw and he shakes his flat as
f if he had Just heard that his cash- -

ler had uneaked away .from f
f his office with $1,875,943.52. ; f
f Why this hurry, good people!

4--. When you drove a buggy j 15 f
ago you were .well . con- -

trt rft--a nr ... tin. Tor i wry or T
three minutes to permit the horse

4-- to Bwitch a fly. . -
High-spee- d men and. women.

--f your place is on the race track, f
t truvjiic roau? are , lur. wuwrisu

net for speed nuts. We are
a whole, series of nice

speedways all over the country
4-- for you. Here you may hit it up. 4
4-- chasing your UlHIght to-- yourt4-4--

heart content, and people, may.4-4--

pay to see it. . 4--

All tipw moJorista should coa- - 4--

4 aider what, a mule-heade- d, dan- - 4-4- -

gerous fool ia the speed fan. He 4-4- -

has no place of glory. Each day 4--

he becomes i.ure unpopular. Let's 4
4-- push him off every road! 4--

4 4- - f 4 4 4- - 4,4- - 4 4v 4 4 4 4 4


