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xxx. SOURCES OF DIRECT CURRENT IN HIGH
SCHOOL LABORATORIES

B.C.Bft'UM
From Oklahoma Ci~ CoU~ae. Oklahoma Ci~.

Thf're ..rft a number 0; experiment' both in the laboratory and
in thf! ItcturtL-room that nil for dir'e\.'t currents which must be
st1'Oft~r than those which can be furni.m,,"CI by the ordinary prim­
ary battery. Since in rr:any schools there are praetic:ally no other
aoarces of direct c:urrent than that jast meationed. it was thought
that it would Dot be amia to can attelltioa 10 some of the metItcJct.
of procludna diftCt c:um:at and. along with the different methodI.
.... --thiaa of the e:cpeDII 1D9OIved fa eadL It sboaId lac
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said at the outset that it i~ not the purpose of this paper to do
Cl\\a" "';'h ~h(' "";.,.;U'y h:lt·~ry ~i"re practically a~l of the prindplc~

of elmridty <'an be demonstrated by its use The history and
devell)pment of electricity is ver~' closely rt'lated to its stur1y, anti
yet, u!=efnl as it is. it has its limitations. Both teachers and pupils
are constantly wi~hin«t for a SlOOt:! strong current to work with anti
it is to these that this paper is addressed.

Since practically everv school is provided with alttrnating cur­
rent it i!' natural that it should be looked to as a source of power.
To make this power availab·e. however. two important changes
are involved: that of rendering the current direct, and that of
reducinf[ the voltage to a value suitable for use in the laboratory.

Various devices have been made for this purpose. the most com­
mon being the motor-generator, the electrolytic rectifier, and the
vacuum tube recti fier~; the best examples of the last are the
mercury arc rectifier and the tungar rectifier. The so-called recti.
fiers are all alike in that they take the alternating current and trans­
form it into a unidirectional pututing current. A single rectifying
unit ~I~ows one pulsation to pass through and stops or strangles the
other, that is to ~ay. the current can pass in one direction but not
in the other. Wh"n both halves of each cycle are desired it is
necessary to combine two or more units.

Tn the case of the motor-generator we have an entirely differ­
ent type of change. The A. C. current is sent into an A. C. motor
which either by belt or shaft. turns the aro-ature of a D. C. generator
which deliven a current of practicaJly constant value. For alJ
uses, for durability. and for cost of up-keep, the motor-generator
set is the most satisfactory-the first CO'lt is practicaJly the only
cost. I f handled properly it will take care of the needs of a
laboratory for years and years. The cost of a set installed usually
runs from $:00.00 up to $l~.oo or more depending upon the capa­
city desired. For a majority of the smaJler high schools the price
is prhibitive; often times they have not much more than that to
expend upon their entire equipment. For this type of school the
electrolytic rectifier or Nadon Valve commends itself. Its COlt it
small and with little care it can be used al1110lt indefinitely.
The writer trade one for $3.00 which he u~ for ten yean. in
connection with classes totaling from 100 to ISO ltudentt each year.
The supply houses put out one that can be purdwed fOl' $25.00;
it is a little more conveoient thaD the bome-made type is lib"
to be.

The Nodon Valve consists of • Jead.aJuminam cell with nitable
electrolyte, usaaJly bicarboaate of .soda, wbicb 1Uow. die ,.....
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of the current in one direction but not In the other. If a 110-volt
direct curffllt be .ent through such a cell making the a:uminum
plate the tI&tbOde there is practical:y no resistance offered by the
cell but wben the aluminum plate is made the anode an entirely
differeot result is obtained. At the instant the circuit is dosed­
if' it Is a fresh-cell and there i. little resistance in the circuit-the
current rushes through with a strength of several amperes but
drop. to a fractional part of an ampere in three or four seconds.
With the dropping of the current there is a simultaneous rush of
the whage from less than 10 vo~ts up to a value near SO, and ~n

A.C.

.c.

ltIprel
lea thaa a mmute it reaches aUDOSl 110 whlch is practicaUy the
lame "fOltap it would show OIl open-.dra1it. .'

ThIa pbeDOlllf.llOG was lint obIened .., WheatstoDe about ICV­

.., Jar. aao bGt DO use was made of it .til.approxi_te1y Wty
,.... later 'wheR Pollak aad· Groeb. each iadepencIaad,.
coac:dYed the idea of .... it to coaYert ... &1 carreat mID
.a dinct carnat. . With a siItaIe.cell ODe~•.• eljmJnated
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white the other passes through the cell and is made use of as ~

pulsating unidirectional current. With four cells it is possible
to recti fy both alternations thus making the capacity twice as
great. In this form, as shown in figure I, it was placed on the
market by a Paris firm in 1~04. In practically the same form the
Nodon Valve was manufactured and placed on the market in thi,
country two or three years later. While it has not proved to bt
what some of its ear:y supporters claimed for it there is neverthe­
less a distinct advantage in its use where more expensive devices
cannot be had. '

It is possible to get as much as eight or ten amperes at fifty or
sixty volts but that strength of current cannot be maintained for an
indefinite period without some method of cooling. In ten or fifteen
minutes the ordinary cctl will not heat suffidentl)· to cut down itc;'
efficiency materiaJJy but in an hour it probably will do so. 0"
smal1 cnrrents not exceedin~ an amper.: or two it is not necessary
to ~h'e it any attention even though the rectifier is in continl1ou~

use for two or three hour.;. Fortunately it is seldom that a heavy
current is wantf>d for cl very consid~rah~e length of lilDe.

One of the reasons for the lowering of the efficiency due to
the ri~e of temperature is that at the higher temperatures the .so­
called film on the aluminum plate tends to break down. The theory
is that \Vhfn the aluminum plate is ma1e the anod·~ electrolysis i:s
set u? which tends to cover the aluminum plate with a film ccn­
5i~fn! train")" of aluminum oxide. The length of time needed to
build this film depends ul'On current-intensity. If only a small,
fraction of an ampere is used it will require from fort)'-fhe min­
utes to an hour; with eight or ten amperes the film appears almost
instantaneously, the volt.lge across the cell r;s;n, a! h~s just been
mentionf'd, to eisrhty in thre~ ~econds. In l' few minutes th.. volta1e
reaches a maximum an6 the SCHaJled fUm is completed. The
theory offered by Nodon, and later up-held by Burgess and Ham­
benchen (If Wi!consm. is that the so-cal'oo stc.ppagc is due to an
ohmic resistance offered by the film. Wilson measured the resist­
ance of the cell and reported it something like 10.000 ohms. The
writer made several measurements and obtained values nnging
from 7000 to llOO ohms depending uf)l)n temperature of eltctro­
Iyte and general couditiollS of the cell. Guthe. Taylor and Inglis.
and Cook offered different theories. Cook'. theory is worthy of

.special meatioD. He held that the resistance of the cell was due to
a cosmter~ectromotiYe force set up by the biPI1 charted aaionI
coJledinc about the anode kIIcI not being alJowecl to diJcbarge on
accoaat· of the lICJDooCOGdudivitJ of the' film. This ... a IIIOte
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plau~ible thfOry than the former since its valve effect is evidentl7
ronnected with makinl{ of the aluminum-pJate the anode. wherea!t.
it it WfTC nothing mor,. than an ohmic resistance. the film would
not. "now'''''' rauage of the CUtrent practica1iy unhindered in the
opp<)fIite direction

The ef«t of the temperature of the el«troJyte upon the effi­
dency of the cefl was studied and observations were taken over a
('(\,uiderah1e length of time. varying conditions of cell and electro­
lyte. varying size~ and shapes of plates. and over a considerab!e
range of temperature. It was found that with an increase of tl.e
tf'~!ltrature there was a derided weakening of the film. TIllS re­
su'ted in slhtht'y increased current and in a sufficiently It'lwered
voltaat !'o that tl1e power efficiency fetl from a "alue of 50%·_·
uC'uary ·he hi~hest value obtainable wit~ the electrolytic rectifipr­
down to as Iowa value as 30%. Another factor introduced by the
hi ..h te""perature of the e~el'trolytc was the tendency for mer"!
of the' ,olutt' to flO into ~('llution. This solute crystatJized on lhc
plates when the temperature felt and the presence of these salts hat.
a tendency to de!'troy the valve effect.

It is poslIible to k~ep the tt'mperature down by means of a
COt'llin~ dcvire but for tllf' grtater amount of the work these high­
current Ions; runs are not neces!=ary and the use of the NOOon
VaIn in the ~ahoratory is not greatly impaired. Large currents
u"ed for short time!l and smail currents used for 10nK times cau~c

little or no lowering of the efficiency. The r«tifier will there­
for~ lend it~e1f wen to moet u~f's of direct current in il SIIIa'1 lawra­
tory. The only fare that neffl he gi"ctl it is thi\t of Hftmg the
plate4l out (If tht> !lQlution whf'n not in use and removing any exc~s

IOlut~ undfs$oh'ed at ordinary temperatures so that th~ tendency O)f
salts to crystallize on the IIlates is remoyed. Sodium bicarbonate
solution M'rves very welt as an electrolyte: the chemjca~ly pure salt
is not essential. It is nut nec.es..cary to renew it or change the solu­
tior "ery oftf'n as theft' i& r.racticaJly no breaking up of the com­
pound. In ract one chargt' was used for three years with little or
no apparent diminution in the efficieDC7 of the rectifier.

The writf'r's experience hu been that the use of the n:ercu1J
arc: it nth"' limited. While one can get stroaa currents at rathff
hl..h efficiencies from a mercul'J arc the cost is rather hip aDd. if
apense of balb reaewaJs is taken into c:oosideratioa. the cost IOOD

approaches that of a motor amerator set. whida.. for aD purposes.
. is much more satisfadOry. The meratI'J arc cannot operate 08

.-II atrreDb siDce conaiderab~e c:aneDt is required to maiataia the
arc. A few ,.,. .. witb the adveat of the -.me," the~
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arc rectifier enjoyed quite a popularity commercially but in recent
y"arc: it has for the most part heen replaced by the motor-generator.
Recent experiments, however, show that the mercury arc is particul.
arly fitted for high-tension rectification, and here in tum the large
currbersome and expensive rotary converters may be replaced by
the light and comparatively inexpensive arc rectifiers. This very
thin'{ is beinJ( done today successfully on some of the Swiss and
German electric railways.

The use of the tungar rectifier in the laboratory is also limited
since it operates best at sma~1 currents; it can be made to operate
on a few miJJiamperes. The prevailing type that is being put on the
market makes use of only one half of the cycle; this pulsating
effect makes the current hard to measure with direct current instru­
ments unless considerable reactance is put into the circuit. This,
of course. cuts down the out-put. A type that would deliver suf­
ficient current smoothed out with a reactance so that the current
could be read with a fair degree of accuracy would cost approxi­
mately as rruch as a motor-generator. For simplicity of operation,
however. it is almost ideal and it is particularly suitab~e for charg­
in~ secondary batteries. In the laboratory it can be used for smali
currents. and (or larger currents when the pulsating effect is no~

objt'Ctionable. The fact that it is a lamp ~"ck~t rtevice, compara­
tivdy li2ht and portab'e, one that can be hooked up anywhere, and
one that ie; free from any care when not in use, is one not to be
over-looked.

The COtTIl11on commercial electrolytic rectifier. a'though requir­
ing considerable care ~nd attention, uses both pulsations. With
sorre r('~ctr.nce in the circuit it gives a farily con-tant current. the
pul!tafing effect being almost negligibl~ except for currents near
eivht or ten amperes. On account of it, wider steady-current range
suitable for laboratory use. and especially on account of it. cheao­
ness, it .s recommended frJr use in th~ small high .chool. While
it is not ~.S convf"nient to m~ve about as the Tungar. it is neverthe­
les~ portahle and can be moved from laboratory to lecture room
as ocra!ion demands.

For the larger high school the motor-generator is much more
desirable. Although it is not portable the connecting wires can be
led to anv desired ooint. The current produced is practicall, con­
stant lin~ it 15 subject only to the slight fluetu.aUons of tM A. C.
YOlta,e.

. The question then r~tvet iuelf into one of expeme. If Aft

amount from $300.00 to ~.oo is avai'aole, inJtall a motor.pnera­
tor ad; if little t)r nothing is available. invest a cLJUar Of ttro fa
material and COIIItnId lUI d«trolytic rectifier.
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