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[57] ABSTRACT

A meter for measuring alternating electrical quantities. The

meter is particularly designed to-provide readings of different
ranges of these quantities on the same scale: An electrical cir-
cuit of the meter is provided with a pair of rectifiers which are -
connected in series, and a range changer coacts with one of
the rectifiers for connecting it into and disconnecting it from
the circuit when the range changes.

4 Claims, 4 Drawing Figures
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' '~ METER FOR MEASURING DIFFERENT RANGES OF
" ALTERNATING ELECTRICAL QUANTITIES

CROSS REFERENCE TO RELATED APPLICATION
"~ This application is a continuation-in-part of application Ser.
No. 810,510, filed Mar. 26, 1969 now abandoned, and enti-
tled METER FOR THE MEASUREMENT OF ELECTRI-
CAL QUANTITIES. i

BACKGROUND OF THE INVENTION

The present invention relates to nieters.

In particular, the present invention relates to meters for
- measuring alternating electrical quantities. ‘
. . The present invention is especially ‘concerned with meters
for changing the ranges of the electrical quantities, while
 utilizing the same scale. o

.+ As is well known; certain advanitages are to be defived from
devices which permit different ranges of an electtical quantity
to be read on the same scale. For exaniple, it is kilown to pro-
vide meters of this general type with a suitable switch enabling
the range of the meter to be doubled, for example. Thus, a
scale having graduations from 0 to 35, can be changed to 0 to
70. Such adjustmeiits of conventional meters does-not change
the internal resistance thereof, and thus the conditions of
-operation of the- electrical circuit of ‘the measuring system

. daes not change, However, such doubling of the range is ap-

- plicable only to instruments where linear scales are provided,
since the meters act on galvanometric constants which are dj-

- vided by two, three, etc., where the change is a linéar function
of the current which passes through the:moving coil of the ini-
strument. '

. In general, however, such linear scales are used-only in cir-
cuits which measure direct currents. Liitear scalés cannot be
used with alternating current ‘quantitics, because the opera-
tion of meters of this type depends not onily upon the efficien-

“cy.of the components -of the ‘meter but also upon root mean
square values. Thus, difficulties are encountered with meters
‘of this latter type in bringing about efféctive doubling, tripling,
or other multiples of the ranges. ,

In meters which have a moving coil and-which are designed

to measure alternating electrical quantities, alternating cur-
‘rent in particular, the current is rectified into a direct current
‘by-inserting into the electrical circuit of the méter, in ‘series
with the coil thereof, a rectifying device, such-as, forexample,
a diode. ‘

Thus it is clear that the reading is carried out on a non-linéar
scale. »

If, for example, the range is to be douibled, then it is known
to introduce into the circuit a'suitable resistor. However, the
result is that the meter will then operate with an unavoidable
inaccuracy inasmuch as the characteristic curve of the electri-
cal system resulting from the insertion of the resistor does not
coincide with the characteristic curve of the system without
the resistor. i S '

In other words, the circuit which includes the rectifier has a
characteristic curve determined by the relationship between

- the current and the voltage. When the circuit is altered by in-
troduction of an impedence, for example, there isa new curve,
or, more precisely, the original characteristic curve is altered
to a different configuration ‘and location reflecting: the riew
relationship between the currentand voltage.

Thus, if in-particitlar the case is.considered where the range
of the instrument is doubled, by introduction of -a suitable
range-doubling device, then the effect of altering the voltage-
current characteristic curve necessitate that the ‘readings be
taken from a scale which'is different from the scale used be-

fore ‘dotbling was effected. Completely.different graduations
are required for both cases. ‘The result is that the teading of

the “meter -becomes  undesirably “complicated since ‘an in-
dividual using the meter must exert:great care to make certain
that the proper scale'is ¢onsulted.
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2
SUMMARY OF THE INVENTION

It is-accordingly a primary object of the present invention.to
provide a meter which will avoid the above drawbacks.

In particular, it is an object of the present invention to pro-
vide a meter of the above general type capable of utilizing a
non-linear scale for different ranges in the measurement of an

"alternating electrical quantity.

A more detailed object of the present invention is to provide
a meter with a construction which will enable the range to be
changed in the measurement of alternating electrical quanti-
ties, while at the same time maintaining substantial coin-
cidence between the characteristic curves of voltage-current
relationships for the différent ranges.

In accordance with the invention the meter provided for
measuring alternating electrical quantities has ‘an - electrical
circuit which includes first and second rectifier means which
are connected in series with each other and with a moving
coil. The second rectifier means, in the form of a diode, for ex-
ample, and in series with the first rectifier means, also in the
form of a diode substantially identical with the diode which
forms the second rectifier means, is placed by a range-chang-
ing means into or removed from the electrical circuit, when-
ever the range is changed. According to the invention there
are two possibilities. The second rectifier means may be sub-
stantially identical with the first rectifier means, or the second
rectifier means can be connected in parallel with'a resistor
connected into and separated from the electrical circuit by the
range-changing means together with the second rectifier
means so as to approach more closely characteristic curves of
voltage-current relationships which are substantially coin-
cident.

BRIEF DESCRIPTION OF DRAWINGS

'The invention is illustrated by way of example in the accom-

'panying drawings forming part of this application and- in

which:
FIG. 1 is a wiring diagram showing the circuit of a' meter ac-
cording.to one embodiment of the invention; .
FIG. 2 is a wiring diagram showing the circuit of a meter ac-
cording to a second embodiment of the invention;
FIG. 3 is a graph illustrating the characteristic curves; and
FIG. 4 shows a pair of meter scales, one used for measuring
direct or linear electrical quantities, while the other is used for
measuring alternating electrical quantities.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring first to FIG. 3, the graph illustrated therein has
the-absicissa provided with a logarithmic scale of voltages
while the ordinate has a logarithmic scale of current values. In -
FIG. 3 the straight line A is a curve representing the linear
function illustrating the relationship between voltage and cur-
rent when the meter is used in a direct current circuit. Under
these conditions if the voltage range is doubled, for example,
as'by insertion of a suitable resistor without altering the value
of the total internal resistance, there will be only a doubling of
the voltage constant without any change in the curve, so that
urider these conditions the range can be doubled, for example,
without any sacrifice of precision. ‘ ‘

The curve B shown in FIG. 3 is illustrative, on the other

‘hand, of a non-linear function of the relationship between the

voltage and current of a meter circuit which inclides a moving
coil. This curve B is determined in accordance with the inter-
nal resistance of the circuit diode which is used to rectify the
current as well as the resistance of the diode resulting from its

‘series connection with the meter. It is apparent, therefore, that

the scale of the meter cannot: have uniformly spaced gradua-

~tions: for reading ‘alternating current: values, and therefore a

scale.as shown'in FIG. 4 is provided for the meter. The lower
scale’G of FIG. ‘4 represents graduations for-direct current
readings, ‘and it ‘will be noted that these graduations .are
uniformly distributed along the scale. On the other hand, the
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scale G’ is the scale which is used for reading alternating elec-
trical quantities, in accordance with the curve B of FIG. 3, and
it will be noted that as the scale G’ progresses from the right
toward the left, as viewed in FIG. 4, the graduations which
correspond to those of the direct current scale G. become
gradually displaced at increasing distances from each other so
that the lines connecting the major graduations of the two
scales become increasingly longer from the right toward the
left, as viewed in FIG. 4. In this way the scale G’ takes into ac-
count the curvature of the characteristic of the diode. Thus,
while the curve B gradually approaches the curve A, there is
an initial compression at the lower part of the scale with the
difference between the curves A and B gradually diminishing
as the voltage increases so that for this reason the graduations
are crowded together at the lower end of the scale G, as com-
.pared with the scale of direct current values G, with these
graduations becoming gradually spread apart until they sub-
stantially approach the distribution of the graduations of the
scale G.

Assuming now that the range of the scale is to be doubled,
in the case of measurement of alternating electrical quantities,
then of course the ideal situation is achieved when the curve
for the doubled alternating quantities coincides with the curve
B representing the non-doubled quantities. In actual practice
whent the range is doubled the characteristic curve is altered,
and this altered curve is represented by the curve B in FIG. 3.
Therefore, the ideal situation is one where the curves B and B
coincide. The curve B’ with the conventional meters will differ
substantially from the curve B, as a result of the substantial
changes in the circuit resulting from the doubling of the range.
It.is for this reason that a completely separate scale is usually
required for readings with a characteristic curve B’ where the
range is changed, and of course all of the disadvantages result-
ing from the use of different scales for different ranges are
present, as pointed out above. With the present invention,
however, this disadvantage is avoided.

With the present invention when the range is doubled, in-
stead of a curve B’ which will be provided with conventional
meters there is provided a curve B’' which coincides with the
curve B, as indicated in FIG. 3:

This advance is achieved with the invention by establishing
for the doubled range the same conditions as those which ob.
tain with the original range. Basically, this result is achieved
with the invention by connecting into the circuit, when the
range is doubled, a second diode which is in series with the
first.

Referring to the embodiment of FIG. 1, the meter circuit jl-
lustrated therein includes the moving coil § which in a known
way causes the scale pointer, schmetically represented in FIG.
1, to move along the scales G and G’ of FIG. 4. The circuit in-
cludes the diode D1 which functions when the range is not
doubled during the measurement of alternating electrical
quantities, so that through the diode D1 the characteristic
curve B of FIG. 3 is achieved. The circuit also includes the re-
sistor R2 and the terminals connected across a voltage source
of 2V, as illustrated, with these terminals connected to the
schmetically illustrated range changer 10 which is in turn con-
nected to the voltage source. :

In accordance with the invention the circuit also includes
the diode D2 connected in series with the diode D1. This
diode D2 is bypassed by-a bypass switch 12 mechanically con-
nected with the range changer 10, as schmetically represented
by the dot-dash line 14. The range changer 10 is shown in FIG.
1in 'the position it takes when the second rectifier means
formed by the diode D2 is connected into the circuit in series
with the first rectifier means D1, for the purpose of doubling
the range. Thus, at this time the range changer acts through
the connection 14 to open the switch 12. When the range
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changer is adjusted to provide the original non-doubled range,
the switch 12 is automatically closed so'that the diode D2 is
removed from the circuit, and thus at this time the circuit will
operate only with the diode D1. Thus, with the meter of the in-
vention the second rectifier means D2 is inserted into the cir-

cuit simultaneously with doubling of the range thereof and is
removed from the circuit simultaneously with return of the
circuit to its initial range. The characteristics of the diode D2
are carefully chosen so that when it is in the circuit the curve
B'’ will coincide with the curve B.

In the embodiment of FIG. 2 the second rectifier means D2’
may be assumed to have characteristics which will prevent the
curve B’ from coinciding with the curve B to the desired ex-
tent. In order to bring these curves into coincidence the diode
D2’ is connected in parallel with a resistor R1, and the bypass
switch 12’ of FIG. 2 corresponds to the switch 12 of FIG. 1
and is connected in the same way to the range changer 10.
Otherwise the embodiment of FIG. 2 is identical with that of
FIG. 1. Thus, with the embodiment of FIG. 2, when the range
is to be doubled, the range changer 10 will be manipulated to
open.the switch 12’, thus inserting the diode D2’ and the
parallel-connected resistor R1 into the circuit. On the other
hand, when the original range is to be used, the range changer
10 of FIG. 2 is manipulated to close the switch 12', thus
bypassing the diode D2 and the resistor R1, so that the latter
components are effectively removed from the circuit.

Thus, with the invention it is possible to use the single scale
G’ both for the original range, and for the doubled range, and
the same set of graduations will function for both purposes. Of
course, the characteristics of the second diode need not by
identical with that of the first, and if necessary the resistor R1
can be used to achieve the desired coincidence between the
curves Band B"',

In actual practice, the arrangement of the invention has
resulted in achievement of a coincidence between the curves
B and B" to such an extent that the deviation therebetween is
less than 0.5 percent. '

I claim:

1. In a meter apparatus for measuring alternating electrical
quantities and for reading different ranges of said quantities
on the same scale, a range changing means having input ter-
minals for accepting a signal under test and output terminals
to provide a signal within selected value limits, electrical cir-
cuit means including first and second rectifier means con-
nected in series with each other responsive to the output of the
range changing means to compensate for errors induced as a
result of changing ranges, meter means responsive to the out-
put of said electrical circuit means and means operatively con-
nected with said range changing means for rendering effective
or ineffective at least one of said rectifier means when said
range changing means is operated.

2. The combination of claim 1 and wherein said first and
second rectifier means are substantially identical,

3. The combination of claim 1 and wherein a resistor is con-
nected in parallel with said second rectifier means, for more
closely approaching coincidence between a characteristic
curve corresponding to operation with said first rectifier
means alone and operation with both of said rectifier means in
the circuit, and said range-changing means being operatively
connected both with said resistor and said second rectifier
means for connecting them together into or disconnecting
them together from said circuit.

4. The combination of claim 1 and wherein the meter means
includes moving-coil indicating means, and an indicator scale
coacting with said indicating means for giving readings of the
alternating electrical quantities, said range-changing means
coacting with at least one of said rectifier means for changing
the range of the quantities read on said scale.
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