
SENATE .... No. 330.

In Board of Gas and Electric Light Commissioners
Boston, May 29, 1895,

To the Honorable Senate and Bouse of Representalh

Chapter 97 of the Resolves of 1894 is as follow,

Resolved , That the Board of Gas and Electric Light Commissioners be
requested to investigate the workings of the meters now in use by the
various electric light companies, and report their findings to the next
General Court.

In reply we have the honor to submit the following

The Board has entertained some doubt as to the method which
the Legislature intended it to pursue under this inquiry. We have
no facilities for the careful testing of meters in actual use, and the
expense of examining any considerable number through the em-
ployment of a competent expert would be too great to be covered
by any available appropriation. It would seem, moreover, that
the purpose of the resolve might be fully met by a careful inquiry
into the principles involved in their construction and operation,
and the presentation of such facts and suggestions as such inquiry
may reveal

The use of meters in the sale of electric current for light has
increased rapidly since 1890, apparently due to an increasing con-
fidence on the part of both customers and companies in the greater
fairness of this method as compared with contract rates, which
must be dependent upon the character of the installation and the
number of lamps in it, rather than upon the lamps in use or the
actual service rendered.

The returns show in round numbers 14,500 meters in use in
1894, and the increase since 1891 has been fully 125 per cent

Commomuraltl) of illaooatljuocltß.
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In all electric meters the attempt is made to determine the amount
of electricity used by the consumer by observing the chemical or
mechanical effects produced by the current while passing through
it according to well-known and unvarying laws. Meters in this
State are thus divided readily into two classes, the chemical and
mechanical.

The chemical meter was the earliest in use, and is now almost
exclusively employed upon the Edison system of distribution, for
■which it was originally designed It is perhaps the simplest of all

in its construction. In the upper or lower part of a shallow box
of well-seasoned hard wood, specially treated to expel air, prevent
warping and maintain a high insulation, are one or two flat bands
of German silver wire, soldered at each end into a clasp communi-
cating directly with the binding posts to which the line conductors
are attached. Each box contains, according to the size and char-
acter of the meter, two or “ four” bottles or plain glass jars with
stoppers of cork. Each bottle is supplied with two plates of
commercially pure zinc, covered with amalgam and separated by

Fig. 1.
A, German silver band. G. Rubber distance piece.
B, B. Spools, shown in part. D, D, D, D. Rubber bolt heads.
C, C. Bottles. H, H, H. Wires leading through bottl
F, F, F, F. Clips. K. Key for sealing.
E, E, E, E. Zinc plates.
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pieces of hard rubber, to which the plates are fastened with rubber
as a step and support. Terminals
plate extend upward through the

bolts, the bottom piece serving s
of fine copper rod from each ]
stopper to such length that they may be firmly grasped by copper
clips, which are fastened to the back portion of the meter box.

When the meter is in use the zinc plates are immersed in a solu-
tion of sulphate of zinc of a definite density.
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From these clips a line of fine insulated copper wire, mostly
coiled upon a wooden spool, leads to either end of the German
silver band, and, with the zinc plates and solution, constitutes a
circuit of high resistance. The size of the German silver band
and the zinc plates and the amount of fine wire upon the wooden
spool vary with the size or capacity of the meter, the last-named
variation being effected by either changing the number of spools
or the quantity per spool. All other parts are the same for all
meters, as is also the density of the solution. The preceding illus-

trations of a meter of this class will aid to an understanding of the

A, A. Zinc pi;
B. Rubber distance piece.

C. C. Rubber bolt heads.
D. Cork stopper.
E, E. Copper termini
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description given. Figure lis an interior view of this meter, and
Figure 2, upon a larger scale, shows the arrangement of the bottle
and its contents.

These meters are designed for use upon either two-wire or three-
wire circuits, but only for continuous currents.

The essential measuring device in this class of meters consists
of the zinc plates in the solution of zinc sulphate. It is evident
that only a small portion of the current is actually passed through
the measuring device, owing to its high resistance, the greater
portion by far passing through the flat wire bands to the con-
sumer’s lamps. It is clear, however, that, if the main circuit and
bottle circuits be so constructed that the entire current will always
divide between them, in precisely the same percentage, the current
passing through the main circuit to the lamps will sustain a con-
stant ratio to that passing through the zinc plates, and one can
easily be found when the other is known. This relation between
the two parts of the circuit is effected by making the resistance in
one part an exact multiple of that in the others, since, with other
conditions unchanged, by a fundamental law the current always
varies inversely as the resistance. The reason for the combina-
tion of the spool of fine wire in circuit with the zinc plates and
solution is to preserve constant the resistance of the circuit in
changing temperature from whatever cause. The passage of the
electric current tends to raise the temperature of a conductor;
this would decrease the resistance of the solution and would in-
crease that of the wire, and the proper combination, which makes
the two changes exactly compensatory, it will be readily seen, will
maintain the combined circuit ■without change.

The principle upon which the meter works is that the current
which passes through the zinc sulphate solution will there transfer,
by well-understood electrolytic action, from one plate to the other
a quantity of metal exactly proportionate to the current, that is,
tlie same amount for every ampere hour. It is found that under
the conditions existing in the meter one ampere hour of current
passing between the plates will remove from one and deposit on

the other 1,224 milligrammes of zinc, and at the same ratio for
different quantities and periods.

This class of meters contains no device for the automatic regis-
tration of the amount of energy or current consumed. It can only
be ascertained by careful manipulation and computation at the
office of the company. Before these zinc plates are placed in the
meter they are carefully weighed and their weight recorded, to
the thousandth part of a gramme. At the end of a given period,
in usual practice not more than one month, the bottles containing
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D, D. Aluminum

the plates are removed from the meter, in exchange for others con-
taining clean plates, and returned to the station. The plates are
there removed from the bottles, separated, and again carefully
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weighed. The difference in the weight of the same plates before
and after using shows the amount of zinc transferred from one
plate to the other, and thereby the amount of current is computed.
The plates, after being thoroughly cleaned, polished and amalga-
mated with mercury, are ready to be replaced at the proper time in
the meter box. Companies using this meter generally reckon the
consumer’s bill in lamp hours, and to ascertain its amount the
difference in weights of the plate, represented in milligrammes, is
multiplied by what is known as the bill constant; this is first de-
termined by careful calculation, based upon the eleccro-motive
force and the resistance of lamps in use, and represents the amount
that ought to be charged for each gramme or milligramme of
deposit for each particular lamp at a certain stated price per lamp
hour. It is readily seen that when this figure is once determined,
it need not be changed until a change is made in the price per lamp
hour ; that is, it need not be separately computed for each bill.

The mechanical meters in use in this State are of two types,
commonly known as ampere meters and watt meters. In both
these types there is a registering dial similar to that of the gas
meter, showing the amount used by the customer. Of these, the
ampere meter is adapted for use only upon alternating currents.

The construction of this meter and the principles upon which it
works may be understood from the following description and
illustrations :

In the central part of the meter, supported by a metallic frame,
are two coils of insulated copper wire, with their terminals con-
nected to the binding posts which secure the wires from the trans-
former. Within these, which may be called the primary, and at
an angle with them, is a closed coil of bare copper wire, called the
secondary. This is securely fastened to the meter frame at the
back by a screw passing through a slotted arm, so that it can be
placed at the proper angle to the primary. Inside the secondary
coil is a horizontal, thin, metallic disc, carrying an outer ring of
iron, and mounted upon a vertical steel spindle which is connected
at its upper end with a train of recording gears and equipped near
its lower extremity with a set of four aluminum vanes. This
spindle has a slightly rounded base which rests in a jewelled
socket. These meters are made in several sizes, having capacities
from five to two hundred amperes. They are adapted for use
upon circuits of fifty volts or more, except the five-ampere meter,
which is not to be used on less than one hundred volts. The
meters of different capacities are alike in size and general appear-
ance. The size of the wire, however, in the primary increases,
and the number of turns of the same decreases with the increase
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in the meter capacity, and there is also a variation in the gearing
and dials. The iron ring within the secondary coil also varies in
thickness according to the number of alternations in the circuit
upon which the meter is to be used. Figure 3 shows this meter
with the cover removed, Figure 4 the spindle and attachments and
Figure 5 the secondary coil.

This meter is essentially an induction meter. The entire cur-
rent to be measured passes through the primary, and an alternat-
ing field of force is developed in the direction of the axis of that
coil. At the same time an alternating current is induced in the
secondary, and this induced current develops another field of force
in the directionof the axis of the second coil, and therefore at an
angle to the primary. These two alternating fields of force com
bine to produce a resultant field ; but as the alternations of the two
are not coincident in time, that is to say, as one lags behind the
other, the direction of the maximum effect of the resultant field is
constantly shifting or moving in a circle, producing what is termed
a revolving field. Within this field, and controlled by it, is the
disc and iron ring. It is apparent that the speed of the disc and
spindle will depend upon the strength of the torque produced by

Fig. 4,
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this field, and this in turn is foun
turns in, and the number of amper

1 to vary with the number of
is flowing through, the primary
same quantity of current flow-s. It will thus be seen that the

through the primary of a large meter will give with the fewer
d to the spindle, and thereforeturns less torque and a lower s;

the registering gears must be adapted to that speed, and vary in
meters of different capaciti

It has been found as a fact that for the same alternations th
torque exerted is approximately proportional to the square of t
current. In order that the velocity of the spindle shall vary as the

current, the insertion of a resistance bearing the same relation to
the speed as the torque to the current is necessary. This is the
object of the vanes upon the shaft, whose motion is against the
resistance of the air. As this varies in almost exactly the same
ratio, the disc may be said to revolve as nearly as possible propor-
tional with the strength of the current.

The dials are constructed to read in ampere hours, and since in

alternating fifty-volt circuits one lamp takes approximately one
ampere and on one-hundred-volt circuits one-half, ampere, the
reading in amperes may assist the consumer in some measure to
judge of the correctness of his meter.

The other type of mechanical meter in use in this State is known
as a watt meter. That is, it is designed to show not only the

current used in amperes, but the entire energy consumed in watts;
that is, in the product of the volts multiplied by the amperes.

These meters are designed for use upon either alternating or
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continuous currents, and for any voltage. The following descrip-
tion and illustrations exhibit its construction and method of opera-
tion. Figure 6 shows this meter with the outer cover removed.
Figure 7 shows the armature complete.

Fr 6.

C

Attached to the upper half of the meter frame are two vertical
coils of insulated copper wire, with their terminals extending to
the binding posts, which receive the wires carrying the current.
In the centre of the meter and extending its full height is a verti-
cal steel shaft or spindle, resting upon a jewelled bearing, which

,n turn supported on a spring. Attached to this spindle and

B. Armature coils. E. Spindle.
A. Field coils. E. D. Retarding magnets.

pind

!, C. Copper disc. F, F. Wires leading through armature coil.
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near its base is a horizontal di ic of commercially pure copper,

Near the top of the spindle and
is a hollow frame of polygonal
of insulated fine wire, and form-

about five inches in diametc
revolving in the clear of the coil
outline, wound with a set of coil
ing a sort of hollow armati Above this armature, upon the
shaft and insulated from it, is silver commutator to which th
armature windings are attached Two light springs of copper,

iter frame, bear upon the com-supported from the back of the m

mutator and constitute the brushes. Long single lines of insulated
fine wire connect these brushes, one with the positive the other
with the negative side of the circuit which passes through the
meter. One of these wires is wound many times around a card of
indurated fibre or upon wooden spools, and placed in a frame at
the back of the meter; the other forms a coil of many turns within
one of the main coils. The horizontal copper disc is placed be-
tween the poles of permanent steel magnets, two or three in num-
ber, according to the size of the meter. Motion is communicated



1895.] 330 11SENATE —No.

to the registering gear by an endless screw at the upper end of the
spindle.

The regular sizes of these meters are for fifty, one hundred, two
hundred or five hundred volts. The two-wire meters are made for
fifty, one hundred and five hundred volt currents, and in several
sizes, with varying capacities as high as twelve hundred amperes
and as low as a full load of ten, five and three amperes respec-
tively. The three-wire meters are for currents of two hundred
volts, and vary in capacity from seven and one-half to one hun-
dred and fifty amperes. The size of the wire and the number of
windings in the large coils, the number of coils, the length and
size of the wire on the armature, the strength of the permanent
magnets and the registering gear vary with the variations in sizes
of the meters and according to the work to be done. The makers
of this meter believe that the best results are attained by a rela-
tively low rate of speed in the spindle and its attachments, in no
case exceeding fifty revolutions per minute. This makes neces-
sary such a construction of many of the larger sizes that the dials,
which are governed by the armature revolutions, register only a
definite fraction of the entire energy used. The multiplier neces
sary to determine the full amount is called the meter constant, and
is always marked upon the dial plate. In the smallest sizes
the speed necessary in the armature makes the dials register
double the energy used, and the constant in these meters is there-
fore the fraction one-half.

This meter is essentially an electric motor, driving a register
which counts its revolutions, and having its speed retarded by per-
manent magnets.

The field coils in this meter are one side of the circuit; that is
to say, one of the wires from the transformer or dynamo passes
through the field coils, and the other side of the lines passes through
the meter by the bar at the back without rendering any service
except to afford a convenient attachment for the fine wire circuit
which passes from one side of the line to the other through the
armature. Excepting the very small part of the current passing
through this wire, the entire current to be measured passes through
the field coils, and with a constant voltage, the strength of the
field affecting the armature, as in the meter described above, will
depend upon the ampere turns in these coils. The amount of
retardation of the copper disc is directly dependent upon the
speed ; that is, it increases regularly as the speed increases. The
result is that the speed of the meter shaft increases or decreases in
strict proportion to the load throughout the range of the mete
except possibly with the smallest loads.
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From a study of the construction and operation of these meters
it is apparent that what may be called the electrical portions may
be prepared and combined with the highest degree of accuracy and
will continue to possess this indefinitely. All these parts ar
submitted to electrical measurements with standard instruments
of great accuracy before being placed in combination, and the
same combination of electrical forces or currents must always

produce the same electrical results. To attain an equal degree of
accuracy under all conditions in the mechanical or moving parts,
if not impossible, is at least of far greater difficulty

Inertia and friction must operate in some degree to retard and
modify the electrical effects upon the moving parts, but no re-
cording device has yet been found practicable which did not
involve a mechanical train. By reduction in the weight of the
moving parts, by excellence in the finish of all bearings and the
adoption of special machinery for their manufacture, it is only fair
to say that these inaccuracies in a new meter have been reduced
to a minimum, so that their influence will be felt only in the lightest
loads

All meters of this type are tested at the factory by comparison
with standard instruments, and when sent out are believed to
possess a high degree of accuracy. A certificate of such inspec-
tion accompanies each meter.

no mechanical parts, may be said
fects, but it has no device whatever

The chemical meter, having
to be entirely free from these d(
for recording its action.

some method should be devised byIt has been suggested that
which these meters may be subjected to State supervision and
inspection.

The types now in use are so constructed as to make this exceed-
ingly difficult, if not impossible. Such a plan, to be of value, pre-
supposes that a meter, when tested and found correct, shall be so
sealed that no subsequent disturbance or rearrangement of the
parts upon which its accuracy depends can be effected without
detection. The meters described are but poorly adapted for this.

Meters are enclosed in metallic covers or cases, and a method
has been devised for sealing these after installation sufficiently to
prevent tampering with them by the consumer while in use.

In the watt meter this case must be removed in order to connect
the wires to the binding posts of the meter. When this meter is
prepared for shipment the spindle is raised from its lower bearing,
and the copper disc is carefully wedged between the poles of the
permanent magnets, and, in the larger sizes, the heavy field coils
are separated from the other mechanism.
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The chemical meter must have its bottles and their contents
changed as often as once a month, and, while the liability to error
in the manipulation of the plates and the necessary computations
may be reduced to a minimum by intelligent handling and carefully
prepared tabulations, it is doubtful if any method of government
attestation of them is practicable. It is estimated that about six
thousand of the meters in use are chemical meters.

The final adjustment of the ampere meter is made by bringing
the secondary coil to the correct angle with the primary. All
meters of this type are made and set for a certain number of alter-
nations, and if the local superintendent needs to use them on cur-
rents of different alternations, the relative positions of these two
coils must be changed.

The covers enclosing the mechanical meters are neither air nor
dust tight and, as foreign substances gather upon the bearings,
the tendency is to retard the meter, especially upon light loads.
Although such errors are against the company and in favor of the
consumer, yet this difficulty and the manipulation above described,
which seems especially necessary in practical use, go far to defeat
the purposes of any testing and sealing. It would doubtless prove
advantageous to both customers and companies if some practical
system of State supervision of these meters could be devised, simi-
lar to that now applied to gas meters ; but official endorsement of
any plan of governmental inspection and certification may well be
deferred until one may be devised which shall give greater assur-
ance of practical advantage to consumers than any which now
seems possible.

Respectfully submitted,

FORREST E. BARKER,
MORRIS SCHAFF,
CHAS. H. GIFFORD,
•,nd Electric Light Commissioners,Board of Oa.
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