
the effect that i t  might be advantageous for 
colleges and uuiversities to demand that  a 
certain nunzber of adllliasion units, sag ten or 
twelve, bc confined to a small nnmber of sub- 
jects, say three or four, and that only a defi- 
nite minimum be made u p  of isolated sub-
jects. After much discussion, i t  mas votetl 
without dissent that tliese questions be re-
ferred to the constituent bodies for considera- 
tion and advice; and for tliat purpose the fol- 
lowing circular letter was later prepared by 
Dean Keppel and Secretary Furst  for sub-
mission to the members of the organizations 
wl~ose delegates constitute the National Con-
ferellcc Committee on Staudnrdq of Colleges 
and Secondary Scliools : 

I n  spite of the marked progress toward uniform- 
i ty in college entrance credits, this colnn~ittee is in- 
formed of certain recurring diniculties in admin- 
istration. It appears, for  example, from our gen- 
eral inquiry concerning the subject, that elemen-
tary algebra is  usually given more time than is 
represented by the unit and a half of credit given 
to  this subject, and tha t  eertain branches of his- 
tory are usually given less time than is represented 
by the nnit of credit that  they reccive. There is, 
on the other hand, a tendency toward a strictly me- 
chanical interpretation of the unit, even to the 
point of counting minutes, wlricli einphasjzes the 
letter rather than the spirit of a systern of merely 
approxiniate measures. 

The committee realizes the importance of recom- 
mending as few changes in the regulations as pos-
sible, but i t  believes that  it will be  of service if the 
organizations tha t  it represents will consider and 
report to  the committee their official judgment or 
the attitude of their members toward the i@olIowing 
suggestions : 

A. That the nnit credits assigned to the subjects 
of elementary algebra and history be modified so 
as to  represent more nearly the amount of time 
given to these subjects. 

B. That in certain subjects-as for  example, 
history-the amo~lnt of credit to be assigned should 
not be uniform in all cases but should vary with 
the time and attention given. 

C. That some distinction be  made between the 
amount of credit tha t  is given to  subjects taken in 
the  early years of the high school and those taken 
in  the later years. 

D. That there be adopted some uniform plan of 
limiting the number of subjects in which credit 
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may be gained in order that  continuity of work 
may be  secured in at least t e o  subjects. 

The cotnmittee having received many re-
quests for a uniform blank for the submission 
to the college of a statement of the sc21ool 
record, and it being understood that com-
mittees of the Association of C!oliegcs and 
Preparatory Schools arlcl of the College ant1 
University Presidents llssociation of Ycnn-
sylvania are already engaged in the prepara- 
tion of such a paper, i t  was voted that the 
subcommittee seek information on this sub- 
ject, consult with otl~cr committees, and rc-
port to the colnmittee a t  its next meeting. 

Cornmissioner Claxton aslied that  the Na-
tional Conference Committee undertalre the 
task of clefining many terrns which have come 
into use in modern education, school admin- 
istration, etc., and have not had certain and 
elem meanings assigner1 to them. It was 
agreed that the committee should undertake 
this work with the expectation that  some part 
of it, a t  least, could be successfully accom-
plir;Iied. It was accordingly voted that the 
subconlrnittee be instructed to take this sub- 
ject under consideration with a view t o  the 
extension of the field of the committee to the 
desired determination of definitions and tliat 
a report be inaclc a t  the next meeting. 

Oficers for the ensuing year were elected 
as follows: 

President, IIeadmaster Wilson Fa]-rand. 
Viec-president, Chancellor Sames $1. Kirkland. 
Secretary treaszhrer, Dean Frederick C. Ferry. 

The choice of the subcommittee was left to 
the president with the provision that he serve 
as its chairinan. The other members, as ap- 
pointed by Ilirn, are Chancellor Kirkland, 
Dean Fcrry and Dean Keppel. 

FREDERICKC. FERRY, 

h'PECI141; ABTICLEB 

TITJE " MULTIPLE UNIT " SYSTICM A S  A SOURCE OF 

CJ,ECTRIOITY FOR 1,ABORATORIl~S' 
THE problem of furnishing electricity, 

adapted to physiologic and pharmacologic ex- 
1 From the pharmacoIogy laboratory o f  the 

Northvestern University Meaical. Srhool. 
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perimental work, has been satisfactorily 
solved in but few laboratories. Very little on 
the subject is found in the literature and the 
need of a practical metliod which is compre- 
hensive and can be intelligently adopted, is 
becoming apparent. With this in mind the 
writer presents a brief discussion of the 
sources of electricity suitable to laboratory 
use, with special reference lo what he terms 
the (( multiple unit " system. 

Dry batteries are extensively used chiefly 
because of their compactness, ease in handling 
and apparent cheapness. Rut they are not 
dependable, since they polarize easily, the cur- 
rent is not constant and the supply is limited. 
Because of this much time is often lost i n  
getting apparatus to work properly. I n  addi- 
tion the cost per year is usually a considerable 
item. Yet in spite of these inconveniences 
they still remain the common source of elec- 
trical supply. Wet batteries have the same 
disadvantages as dry cells. They are also 
clumsy and hence little used. Storage cells 
are fairly reliable but their bulkiness and 
expense make them undesirable for student 
worlr. 

The direct electric lighting current is an  
excellent source. A suitable resistance wire 
is ,attached in  series to this as a rheocord from 
which sufficient current may be tapped off a t  
various points and led to different instruments. 
The principle involved is well known, although 
i t  appears that but few physiologic or phar-
macologic laboratories are utilizing it. This 
shunt rheocord system has the advantage of 
being absolutely reliable. The current is of 
unlimited supply and the voltage or amperage 
can be either made constant or varied a t  will. 
This î s important in the stimulation of tissues 
with the direct current, where graded amounts 
are desired. Such an  outfit mag be made com- 
pact, accessible and inexpensive; i t  requires 
little care and will last indefinitely. 

The installation of such a system involves 
several important considerations. 

First, Source.-Preferably, a direct 110-volt 
current should be used. 

Second, Amperage Carried.-This is deter- 
mined largely by (a) the amount of current 

necessary to make any instrument work prop- 
erly, (b)  the internal resistance of each, and 
(c) the number of instrumcnts to be used and 
their effect upon the line amperage when 
shunted into the line resistance. Most induc- 
toria of American make operate best with a 
current of .5 to 1 ampere and 1.5 to 2 volts. 
The EIarvard coil has an illternal resistance of 
about .5 ohm, but this may riqc as high as 1 
ohm with the interrupter in series if the con- 
tact points of the latter are poor. The 
Stoelting make No. 7090 has 1.5 ohms, and 
2 ohms or more with the interrupter. Signal 
magnets all work well with 1.5 to 2 volts and 
.5 to 1.5 amperes. Their resistance ranges 
between .5 ohm and 3 or more ohms (Stoelting 
No. 5'05'6-.5 ohm; IIarvard-3 ohms). An 
induction coil in series with a magnet requires 
a 2 to 3 volt and a .4 to 1ampere current. An 
average resistance of all the instruments is 
about 1.5 ohms. Practically, the above amper- 
ages may be decreased within certain limits if 
the voltages are correspol~dingly increased, 
and vice versa. Individual needs will deter- 
mine the number of instruments to be used. 
In this laboratory accommodations are pro-
vided for sections of thirty-five students each, 
and a maximum of sixty-five instruments is 
permitted. 

Great increases in the line current must be 
avoided, and in order to determine the current 
necessary to keep this rise in  the line amperage 
below any desired maximum, say 15 per cent., 
i t  is of advantage to keep in mind the follom- 
ing formulre: 

The current in amperes (i) equals the 
potential in volts (e) divided by the resistance 
in  ohms (r). 

The conductance of two wires in  parallel 
equals the sum of the two separate conduct.- 
ances, conductance being the inverse of re-
sistance. 

The amount of current passing through 
each of two wires i n  parallel is inversely pro- 
portional to its resistance. 
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The amount of current passing through 
two wires in parallel equals the sum of the 
t.wo separate currents. 

S s  an illustration, a rheocord, taking 2 
amperes from a 110-volt main, has a resistance 
of 55 ohms (formula 1)  and 2 srolts drop for 
each ohm. Shunt in a 1.5 ohnl signal magnet 
on this line at  two points, A and B, between 
which there are 2 ohms and consequently 4 
volts. The intervening resistance becomes by 
formula (8) .85 ohm and is therefore reduced 
1.15 ohms. The total line then has a resistance 
of 53.85 ohms and a current of 2.04 amperes 
(formula 1). Between A. and B the voltage 
becomes 2.04 X .85 or 1.75 (formula 1) and 
the solving of equations from formula (3) 
and (4) shows the line amperage so divided 
that -85 ampere passes through the line and 
1.15 amperes pass through the instrument. 
Accordingly, the magnet receives a current 
of 1.75 volts and 1.15 amperes, which is suffi- 
cient. But. should twelve such instruments 
be connected to similar sections of the line, 
the resistance would be reduced 1.15 ohms for 
each section and 13.8 ohms for the twelve sec- 
tions giving the line a resistance of only 41.2 
ohms and a current increased to almost 3 
amperes (formula 1).  The point is that the 
shunting in of too many instruments on a 2 
ampere system would raise the amperage be- 
yond the safe carrying capacity of the wire. 
The danger in this case is eliminated by using 
3 or 4 instruments only, which can be operated 
across 8 or 10 ohms of resistance. Thus two 
parallel 32-candle-power lamps connected in 
series with 10 ohms of wire will furnish about 
2 amperes and will operate instrument cir- 
cuits of 1.5 or more ohms. Sereral such 
systems are required for large classes and the 
total amperage supply is necessarily high. 

Figuring with greater amperages on a single 
line, it is found that an 11-ampere line will 
accommodate sixty-fi-ve instruments on sepa-
rate shunts and keep the rise in amperage 
below 15  per cent. This is easily determined: 

on a 10-ohm line carrying 11 amperes, let 
there be between two points A and B a poten- 
tial of 2 volts and a resistance of .I8 ohm, each 
ohm having a drop of 11 volts. With a 1.5 
ohm instrument shunted in, there is found a 
resistance of .I6 ohm (differing by .02 ohm 
from the original -18 ohm), a potential of 
1.76 volts, and a current through the instru- 
meilt of 1.2 amperes. Sixty-five instruments 
averaging 1.5 ohms each, even when shunted 
in  simultaneously on separate sections, give 
a total reduction of 1.3 ohms, and leaving 8.7 
ohms in the line allow the passage of 12.6-
ampere current, which is an increase of 15 
per cent. above the normal. But, as less than 
twenty machines ordinarily are operating at  
any instant, there can be a resistance not 
reduced more than .4 ohm, a current not 
greater than 11.5 amperes and hence an amper- 
age rise not over 5 per cent. 

Tlt i~d,Resistor Csed.--Yost of the electric- 
ity passing through a line is transformed into 
heat energy and the temperature of the con-
ductor rises until the heat generated by the 
current equals the heat dispersed per unit of 
time. This heat rise, other things being equal, 
varies to a large degree inversely with the 
amount of radiating surface, which again is 
determined by the size, length and resistivity 
of the wire as well as its actual resistance. A 
large heat rise reduces the radiating surface 
necessary, and for a short wire a high resistiv- 
ity must be used. For a moderate heat rise as 
150" F. the radiating becomes pro- s ~ ~ r f a c e  
portionately larger and a correspondingly 
moderate resistivity is demanded on a short 
line carrying 5 or more amperes, Compara-
tive resistances of resistors range between 1 
and 65 times that of copper. For a 2 ampere 
system ordinary carbon lamps and any wire 
of high resistance as B. & S. No. 18 "Ni-  
chrome" is satisfactory. I n  the "lfultiple 
Unit " system, which, carrying 11amperes, has 
10 ohms of resistance and is allowed an arbi- 
trary heat rise of 160" F., the resistivity for 
a line made as short as possible for compact- 
ness is found to be about twenty times that 
of copper. As an example Xo. 15 B. & S. 
18 per cent. German silver wire 19 times as 
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resistant as copper and carrying 11 amperes 
will give a heat rise of about 160" I?. Tile 
length is less than 200 feet. I n  selecting wire 
for conditions other than those given al~ove, 
the different wire capacity tables may be con- 
sulted for various lieat rises, lengths, etc., that 
are easily obtained from wire manufacturers. 
The choice will lie nlainly with iron, 18 per 
cent. and 28 per cent. German silver, '' climax " 
and nickel-chromium wires or tlieir equiva-
lents given under various trade names. Their 
resistances arc, rcspcctivcly, seven, twcrlt,~, 
thirty, fifty and sixty times that of coppcr. 

Bourlh, Unit  Sysiem Installed.-The " indi-
vidual unit " system, as previously mentionetl. 
carrying 2 amperes, is applicable for a 
limited nurnher of certain instruments, partie- 
ularly those of higher resistance. Several 
such systems are necessary for class work. 
J ~ C ~ S O I I ' S ~unit " consi~ts" single system 
essentially of one large frame over which is 
strung the resistanre line, ancl has a capacity 
for a large number of instruments. This has 
in general all the favorable points of the shunt 
rhsocord syste~n, but the chief dra~v17aclc is 
that sucli a frame is situated at  one place 
from which all tapping wires must lead. I n  
class work this may incur confusion in iden- 
tifying individual tappings, and more espe-
cially necessitates the running of an excessive 
amount of wire from the frame to each table. 
Further, i t  is desirable that each machine, 
particularly inductoria, has its own sepnrate 
connection to the resistance board in order that 
its operating current may be varied at will and 
nlay not be affected by the working of any 
other instrument, as is the case when one or 
more are placed in  parallel wit11 it. The 
'hmultiple unit " systeni eliminates this ob-
jection to the "single unit" by dividing the 
latter into several sectiorial units connected 
in series and placing one section near each 
table. Confusion is avoided, exte~~sivc wiring 
unnecessary, a i d  quick variations of currents 
to individual instruments readily made. 

Biftlz, JIiscellaneous Details.-In general, 
these are for convenience and safety and con- 
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cerned with electrical rules and regulations. 
r 71he  main leads and the wires con~recting the 
sectiollal units should be insulated copper 
large enouyh to carry the desired curr13~lt 
(R. & S.  No. 16-6 amperes, No. 14--12 am-
peres and No. 12-15 amperes). All conl1c.c- 
tions are thoroughly fastened or spliced and 
soldered if necessary. 

Sectioaal or intlividnal units may be con-
structed to suit individual pr~ferences, the only 
require~nent being proper insulation of the 
bare wire. Striripi~lg the rcsistance line over 
woocien franies, even asbestos lined, is not 
always advigable because ol possible dangers 
from accidental ovcrlieating. Slabs of slate 
or stone are more preferable since they perinit 
ample insulation and protection. The resist- 
ant units in the anther's "nnlltiple unit' ' 
system are slate slabs 14 in. x 12 in. x 1 in. in 
size with a :-in. beveletl edge, a &in. hole 
near each corner for fastening unit to the 
wall being separated S'ronl it by 2-in. porcelain 
spools. One inch in along each long side a row 
of holes is drilled to fit 3/16 in. stove bolts, 
the lioles being 2 in. apart and so located that 
the wire whcn strung shall run in a zigzag 
manner. Through the holes bolts are inserted 
from the rear surface; a washer is placed on 
each next to the slate on the front surface; 
and the wire is strung tightly from bolt to bolt, 
each of which is finally tightened by a single 
washer and nut. The bolt ends should projeci, 
out free 4 in. so that spring clips 01the tapping 
wires may be easily attached where direct wire 
tapping is less convenient or not desired. Wire 
strands between bolts are 10 in. long and each 
strand produces approximately a .5-volt drop in 
the current. Thus s %-volt drop is obtained 
across four strands. If tappings are to be 
niade from the bolt ends only, the resistance 
wire may be coiled spirally, thus shortening 
the span of the strands and materially dimin- 
ishing the size of the units. 

Tapping wires are twisted flexible lamp cord 
of ten or other convenient length with ends 
numbered and all lightly soldered to prevent 
the strands fro111 breaking and with spring 
clips, fastened to one pair of ends, for attach- 
ing to the bolt ends or the resistance wire. 
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Tirto the tapping wires bctween tlie spring clips 
and instrument connections 4 or 1 ampere 
fuses, wl~icll "blow art" with 18 to 2& am- 
peres o l  current, nay hc iuscrtcd. Provision 
is made for connecting in series one or, in 
come t a p ~ ~ i n g  sets, two instruments. 

The systern may be briefly described as fol- 
lows: Tlrlc "multiplc uni t"  sybtem, used in 
the pharniacologg laboratory of the North-
western University Medical School consists of 
S sectional units, connected in series, strung 
with 10 ohms of No. 15 B. & S. German silver 
18 per cent. niclrcl alloy wire about 200 feet 
long. The 110-volt. 11-ampere current enters 
a t  the ~osi t ive  main, passes through a cartridge 
fvse and switch on an enclosed switchboard, to 
resistance unit No. I, to unit Ko. 2, so on 
e o n s e c ~ ~ t i r e l ~to unit Eo. 8,and back through 
the switch and a fuse to the negative main. 
A pilot light is connected in parallel across 
some unit to indic.ate when current passes 
througl~ the line. From varying points on any 
unit, double-fused flexible lamp cord may be 
led off t,o an indnctorium. Similarly, a signal 
magnet, or an induotorium with a signal 
magnet in series, may be connected. Each 
strand is 10 in. long and has a .5-volt poten- 
tial. Single ins t r~~mcnts  operate across a 3 or 4 
strand shunt (1.6 to 2 volts), two ir~qtrnrncuts 
in series operate ncross a Q to 6 sirarid shnllt 
(2 to 3 volts). ,111 instrument circuits take 
.5 t o  1.5 amperes, according to their resistance, 
while during the passage of the current the 
voltage drops froin .05 to .3 volt, due to the 
d~creased resistance across the shunt. It is 
wise to test each instrnment, beca~ise of pos- 
sible diflcrences in its resistance, with the 
volt-meter and tlic ammeter before using i t  
in regular work. The "multiple unit9' system 
is lilrpwisc admirably adapted not only for 
tissne stirnulation with tlre clircct currcnt as 
previously mentioned, but also for physiologic 
c~l~ernicnlmorlc as Ihr clctcrmination of copper 
in sugar analysis, ctc. The cost of such an  
outfit will rangr bct\vcen 5 and 15 dollars, in- 
c2lading ~uli ts ,  switcah box, wire and tapping 
cords. Sirice the operating expense is but a 
few cents per hour and the "system" is a 
permanent fixture, th t  avtual expcnse is much 

less t21an that of dry batteries, which must be 
frcqnently renewed. 

A few possible dangers are to be re~ncm-
hered. If the negative main he connected to 
the ground, as occurs with some power plants, 
"groiindi~rg" of the positive main from any 
point along tlw Tesistaace line rnay take place 
through a tapping wire, either directly by con- 
tact with water pipes, radiators, ete., or in-
directly through inst rulnents not insulated 
from stands which themselves are grounded. 
I n  either case tlie grounding wire and smj. 

ir~strurnent in series with i t  takes part of the 
line current whicll usually burns out the 
small fuses in the tapping wire but, if not, 
may be so large as to injure the instrument. 
Signal magnets, if not insulated, may "short 
circuit "by permitting the current to flow from 
one instrulnent to another, either through a 
common stand rod, or through metal writing 
levers touching a kymograph drum not corrred 
with tracing paper. This will prevent the pas-
sage of sufficient current through the instru- 
rnents wliich then do not work properly. With 
a 2-ampere system for 3 to 4 instrument 
capacity, only the last 8 or 10 ohms of the 
wire nearest the negative main should be used. 
This, as well as the fusing of the individual 
tapping wires, minitniees the danger. Like-
wise, it is preferable if possible to  have instru- 
ments operated on the negative side of a larger 
ampere line in order to reduce the seriousness 
of grounding. Students should be giron the 
following instructions to prevent these occur- 
rences. 

Firsf, alulays make snre that the line h a  no 
possible "ground" before the main current 
is switched on. 

Second, tap last frorrl a resistance unit when 
setting up an apparatus and disconnect fir.~f 
frorrl the unit when changing instruments or 
throngh using apparatus. 

Third, i n s ~ d a f esignal magnets and other 
electrical aplxiratns from metal stands by 
2iea~g rubber tnbing and keep tracing paper on 
drurns which arc in contact with metal writing 
levers. C. 1,.v. IIRSS 
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