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CHARACTERISTICS OF ADMITTANCE TYPE OF
WAVE-FORM STANDARD
BY FREDERICK BEDELL

ABSTRACT OF PAPER
It is generally agreed that a sine wave of electromotive force
at generator terminals and on transmission lines is best. A sine
wave is now specified as standard by the Standardization Rules
of the Institute, but the present methods for prescribing allowable
limits and for determining how near an actual wave is to a true
sine wave are verv unsatisfactory. The Standards Committee,
through a sub-committee, is studying the subject in order to
ascertain whether a standard can be specified that will be more
suitable in its characteristics and more practical in its application. As a contribution to this study, the characteristics of a
certain type of standard are here set forth.
It is hoped that various points of view and much information
may be brought out in discussion, which may be on the general
subject and not limited to the particular phase discussed in the
paper.

INTRODUCTION
in
certain
LTHOUGH
respects a departure from a sine wave
A
tA of electromotive force at generator terminals or on a
transmission-line may not be objectionable, it has been found
that in most respects such a departure is objectionable to a very
high degree; the sine wave is, therefore, the generally recognized
standard or ideal that all desire to see approached more and
more closely as the art of electrical engineering progresses.
The troubles that are caused by a departure from a sine wave
depend to a considerable extent upon the frequency of the harmonic or harmonics which are present in the wave in addition
to the pure sine wave of fundamental frequency. For example,
harmonics of a certain more-or-less low range of frequencies
cause trouble in the parallel operation of machinery, while
harmonics of a somewhat higher range cause trouble by inductive
interference with neighboring telephone circuits. In penalizing
therefore, a departure from a sine wave, it becomes necessary
either to penalize all harmonics equally, or to endeavor to make
the penalty fit the crime and to prescribe different penalties to
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the various harmonics, which are present in addition to the fundamental, according to their frequencies.
The present Standar'dization Rules of the Institute, after
stating that the sine wave shall be considered standard, specify
the manner (Rule 406) by which the so called "deviation" from
a sine wave shall be measured. This measure of deviation has
been found generally unsatisfactory, not only because it involves
expensive special apparatus (commonly an oscillograph) and the
services of a man expert in such work, but also because even in
the hands of an expert the numerical results are not directly
obtainable, being found only, after a kind of cut-and-try or juggling process.
On account of these objections to "deviation" as a practical
measure of wave distortion, there was introduced Rule 17*,
which defines distortion factor without specifying the numerical
value that will be allowed. It was doubtless felt that experience
was needed before specifying such a numerical value; but experience has shown objections to a distortion factor as defined
in Rule 17, as will be pointed out later. Meanwhile the objecttionable "deviation" rule, which all hope may soon be superseded, still persists.
The question of a standard for wave shape has been discussedt
before the Institute on several occasions, and during the past
year has been the subject of study of a sub-committeet of the
Standards Committee. This paper describes certain work done
in connection with the work of this sub-committee. It is not
intended to be complete, nor to present conclusions, nor to
commit the members of the committee in any way. Its object
is to bring the matter to the attention of those interested, with
a view to obtaining, through discussion or correspondence,
different points of view and, so far as possible, to ascertain all
the facts bearing on the matter. It is felt that to attempt to
*Rule 17. The Distortion Factor of a Wave. The ratio of the r.m.s.
value of the first derivative of the wave with respect to time, to the r.m.s.
value of the first derivative of the equivalent sine wave.
tA Proposed Wave Shape Standard, by C. M. Davis, TRANS. A. I. E. E.,
p. 775, Vol. XXXII, 1913; discussion, pp. 831-845. Three papers on
Irregular Wave Forms, by F. Bedell and others, presented at Deer Park,
1915, TRANS, A. I. E. E.. Vol. XXXIV, p. 1135.
1 Messrs. L. W. Chubb, F. M. Farmer, H. S. Osborne, L. T. Robinson
and F. Bedell, Chairman. Aid in the preparation of this paper, and in
experiments not here reported, has been obtained from Messrs. A. Bailey,
R. Bown, G. E. Grantham, W. G. Mallory and P. T. Weeks.
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standardize wave form with our present knowledge would be
premature. There are so many sides to the question, and the
interests involved are so diverse, that it is only through wide
spread interest and discussion that all the facts and all the
aspects of the case can be brought out. The scope of this paper
is limited to the characteristics of a certain type of standard but
the discussion may be more general.
ADMITTANCE STANDARDS
Of the various factors that have been discussed before the
Institute for defining the distortion of an alternating wave, the
differential distortion factor, (which is the distortion factor of
Rule 17, as given above) meets the requirements of a commercial
standard perhaps better than any other.
For practical purposes this factor can be defined in terms of
the admittance of a condenser as follows:
(Condenser Admittance Standard.) The distortion factor of an e.m.f.
wave is the ratio of the admittance of a condenser supplied with that wave
at its terminals to the admittance of the same condenser when supplied
at its terminals with a sine e.m.f. of the fundamental frequency.

The objections to the condenser standard are three-fold:
First, the wave form of the alternator under test may in some
cases become distorted by the condenser used in making the
test on account of resonance between the condenser and the
inductance of the armature. (This resonance would be for some
particular harmonic component of the alternator wave and this
component would be unduly magnified so as to distort the
e.m.f. form.) Second, the penalizing of lower harmonics is too
little and of higher harmonics is too great. Third, for accuracy
the condenser circuit must contain capacity only; hence any
resistance or inductance of the ammeter used to measure condenser current introduces error.
These objections, however, can all be eliminated, if certain
modifications are made in the definition of the standard and in
the method of test; in this way a more practical and a more
desirable working standard can be obtained. There are several
ways in which these modifications can be made, leading to several
possible wave form standards that will now be discussed.
As is well known the admittance of any circuit, or combination
of circuits, containing inductance or capacity varies with the
wave form of impressed voltage and with the fundamental frequency, so that, for a given fundamental frequency, the ad-
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mittance of a specified circuit is an indication of the wave form
of voltage impressed at its terminals and may be taken as a
measure of wave distortion.
A general definition of distortion factor, in terms of the admittance of some standard circuit, is, accordingly, as follows:
(General Admittance Standard.) The distortion factor of an e.m.f.
wave is the ratio of the admittance of a specified standard circuit supplied
with that wave at its terminals to the admittance of the same circuit
when supplied at its terminals with a sine e.m.f. of the fundamental
frequency.

Special cases arise according to the standard circuit specified.
A condenser standard (giving the differential distortion factor, 5)
and an inductance standard (giving the integral* distortion
factor, o) are seen to be special cases.
Any one of a limitless number of possible circuits might be
specified as a standard, and each would give a distortion factor
with certain characteristics of its own, as in the particular cases
of a and u.
Circuits that might be taken as standard can be classified
under two heads:
I. Simple Standard Circuit, in which resistance, inductance
and capacity (or any one or two of them) are arranged in series
and are given specified relations or values.
II. Composite Standard Circuit, in which the component
parts are arranged in other than simple series arrangement.
A simple standard has the obvious advantages of simplicity;
it is possible for the testing engineer to check up the standard or
to duplicate it with apparatus commonly available. The significance of the standard and the results obtained can be readily
grasped and the standard has, to a certain extent at least, a
rational rather than an arbitrary basis. A composite standard,
on the other hand, has the advantage that it offers a greater
range of possibilities in the weighting of harmonics of different
frequencies.
A simple standard itself offers great range in the weighting of
harmonics, as will be brought out later, but, if no one of these
possible weightings comes sufficiently near to the requirements
of the case, it may be preferable to abandon the advantages of
simplicity and to adopt a composite standard, provided that one
is found that is so distinctly superior in its weighting as to make
its adoption worth while.
*See Deer Park papers, loc. cit.
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A standard circuit consisting of resistance only would be impossible, for the admittance of such a circuit does not vary with
wave form. A standard consisting of an inductance only would
be impracticable (even were it desirable), for the admittance on
any commercial wave would differ so litti e* from the admittance
on a sine wave that the difference could scarcely be determined.
For the same reason, a circuit consisting of R and L, combined,
would be impracticable. Furthermore, a circuit consisting of
L and C with no resistance (were this possible) would be unsuitable as a standard, for it would prohibit absolutely the existence
in an alternator of an harmonic of a particular frequency; for
acceptance of an alternator, the allowable value for the harmonic
of the frequency at which L and C were in resonance would be
zero, as seen later in connection with the curve marked "R = 0"
in Fig. 2.
This leaves as possible the condenser standard, the R C
standard (which is the condenser standard with some resistance
added in series) and the R L C standard (which is the condenser
standard with some resistance and inductance added in series).
In all these cases the condenser is the predominant element,
that is there would be but a small difference between condenser
voltage and line voltage.
The condenser standard, without resistance, gives a chance for
error in measurement (due to resonance between the condenser
and armature inductance) as already pointed out. This error,
however, may be reduced and practically eliminated by the
introduction of resistance. We have, then, to choose between
the R C standard and the R L C standard, and the choice between
these two should be made after comparing the characteristics
of each. It is to be noted that the presence of R and -of C is
essential; whereas the inductancet is not necessary, being added
or not according to the characteristics that may be found
desirable.
The accompanying curves show the characteristics for various
standard circuits. The ordinates for each curve show the relative amplitudes that are allowed by the various standards for
*This difference is only a fraction of one per cent; thus, if the admittance of an inductive circuit on a sine wave is unity, it is 0.9952 on a wave
having a fifth harmonic of ten per cent in addition to the fundamental.
tInasmuch as the RC standard should be free from inductance, a
small error is introduced by inductance in the ammeter; with the RLC
standard this error may be avoided by including the inductance of the
ammeter as part of the inductance of the standard circuit.
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harmonics of different frequencies, it being assumed in all cases
that no more than one harmonic is present. The mathematical
relations on which these curves are based are given in Appendix I.
As a basis for comparison, a curve for the condenser standard
is shown by the dotted curve in each figure. The scale of ordinates is relative, the absolute values depending upon the specified
value for the distortion factor. Thus, for the dotted curves,
a distortion factor 1.12 allows a fifth harmonic equal to 10 per
cent, of the fundamental, a seventh harmonic equal to about
7+ per cent., etc., the allowable amplitude decreasing* with the
order of the harmonic. The fifth harmonic is marked for con-
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FIG. 1. RC standard, resistance being 1 2/3 per cent, 3 1/3 per cent
and 5 per cent of reactance of condenser at fundamental frequency. The
curves approach, Eno =5 E5 R (approx.) at infinite frequency. Dotted
curve is condenser standard.

venient reference. The value of the fifth harmonic, E5, for
different values of distortion factor, 8, are as follows:
E5 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12
a 1.02 1.03 1.045 1.06 1.08 1.10 1.12 1.145 1.17
The scale for the curves is thus determined in terms of distortion factor.
In Fig. 1, the solid curves show the characteristics of the
R C standard for three different values of R, namely, 12, 31
*The amplitude varies (approximately) inversely as the order of the
harmonic. If k is the order of the harmonic,
8 = (1 + k2 Ek')i . (1 + Ek2)1, as derived in Appendix I. The denominator (1 +Ek)4- differs from unity by less than half of one per cent,
if Ek is not over 0.10. Substituting unity for the denominator, we have
then, with an error of less than half of one per cent,
3 = (1 + k2Ek2)i, or Ek = (32 - 1) *. k. For constant 6, Ek accordingly varies inversely as k, the dotted curve being an hyperbola.
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and 5 per cent of condenser reactance at fundamental frequency.
These curves approach the limiting minimum value,

E00

= 5 E5 X' approximately.

The R C standard is practically free from the objections
given for the condenser standard and it is readily assembled from
apparatus commonly at hand. In this respect it is superior to
the R L C standard and, from the standpoint of practicability,*
is the most satisfactory working admittance standard. Whether
its characteristics are more or less desirable than those of the
R L C standard is a question to be determined; these latter
characteristics will now be discussed.
The current flowing through an R L C circuit at constant
voltage increases with frequency until resonant frequency is
reached and then decreases, as is discussed in various text
books.t In the case of a distorted wave, the current produced
by a particular harmonic varies in a like manner, a fact that has
been made use: of in the determination of the amplitudes of
the harmonics to which distortion is due. In the use of such an
R L C circuit as a standard, it is not necessary, however, to go
so far as to determine the numerical values of the harmonics
that may be present, but merely to make sure that the harmonics
do not exceed certain specified values.
The curves in Fig. 2 show the characteristics for an R L C
standard and correspond to the curves shown in Fig. 1 with the
addition of a certain inductance, so that L and C are resonant
at a particular frequency, in this case 1500 cycles. Except for
the inductance, the circuits for the curves in Figs. 1 and 2
are identical. It is seen that, in Fig. 2, the curves come to a
definite minimum (approximately 5 E5 R at the resonant frequency instead of at infinite frequency, as in Fig. 1; this min*With the possible exception of the effect produced by ammeter
inductance.
tSee, for example, Fig. 32, "Alternating Currents" by Bedell and Crehore, 1892.
ISee "Analysis of E.M.F. Waves," by P. G. Agnew, Bul. Bureau of
Standaids, p. 95, Vol. VI., 1909, where the use of a series RLC circuit
is described; for another arrangement, see articles by M. I. Pupin, Am.
Journ. Sc., pp. 379, 473, 1894. Resonant circuits have also been used to
determine harmonic currents that are present in addition to direct current in trolley circuits.
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imum value is determined by and is directly proportional* to
the resistance.
It will be seen that by selecting the values to be specified
for distortion factor, and for R and L in the standard circuit,
the characteristics of the R L C standard can be adjusted to a
wide range of conditions. The minimum of the curve, which is
the point of maximum penalty, has its position (i.e., the fre24
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FIG. 2. RLC standard; resonance at 1500 cycles. Resistance is 0,
1 2/3 per cent, 3 1/3 per cent and 5 per cent of reactance of condenser at
approx. (On 25fundamental frequency. E at resonance - 5 E6
cycle circuit, R is 1, 2 and 3 times reactance of condenser at resonant
frequency. On 60-cycle circuit, R is 0.41, 0.83 and 1.25 times reactance
of condenser at resonant frequency.) Dotted curve is condenser standard.

quency at which it occurs) determined by L; its relative value
determined by R. The absolute value of the scale, for the whole,
curve, is determined by the specified distortion factor.
It will be noted that no changes in the values of R L or C
affect materially any of the curves for the lower harmonics,

*This is very close to a true proportionality for all practical cases;
the departure from proportionality only occurs when the amplitude of
the harmonic is much more than is generally found in practise.
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the allowable values for the lower harmonics being determined
solely by the specified value for distortion factor. For the lower
harmonics, the dotted curve for the condenser standard is seen
to coincide practically with the solid curves of the R C and
the R C L standards. It is thus seen that the constants of the
circuit have a material effect only on the values of harmonics
of the middle and higher ranges.
Fig. 2 shows the effect of varying R when L is constant.
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FIG. 3. RLC standard, resonance at 900, 1500 and 2100 cycles.
Resistance is 3 1/3 per cent of the reactance of condenser at fundamental
frequency. Dotted curve is condenser standard.

(It is understood that these vdlues are not absolute but are
relative to the value of C.) The intersection of the dotted curve
with one of the solid curves at resonance is due to the fact that
in this case the resistance had a value equal to the reactance of
the condenser at resonance, a relation discussed further in connection with Fig. 4.
Fig. 3 shows the effect of varying L when R is constant.
Three values are taken for L giving resonance at frequencies
of 900, 15QQ and 2100. A rapid rise in the curve after-the minimum
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is reached is objectionable in a standard, and this is seen to be
the more marked the lower the resonant frequency.
In Figs. 2 and 3, the value of R is specified in terms of the
reactance of the condenser at fundamental frequency, and accordingly is different for 25- and 60-cycles circuit. As a result, the
ordinates of the 25-cycle and 60-cycle curves are equal at resonant frequency; the amplitude of harmonic allowed is thus
constant at this absolute frequency, irrespective of the order of
the harmonic with respect to fundamental frequency.
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FIG. 4. RLC standard; resonance at 900, 1500 and 2100 cycles.
Resistance is equal to reactance of condenser at resonant frequency,
irrespective of fundamental frequency. Dotted curve is condenser stand-

ard.

Fig. 4 shows the characteristics of the R L C standard when
R is constant, irrespective of the frequency of the circuit, R
being equal to the reactance of the condenser at resonant frequency. Curves are drawn for three resonant frequencies. It is
seen that in each case, in Fig. 4, the curves closely follow the
dotted curve of the condenser standard up to the resonant
point. Up to this point, each curve lies just below the curve for
the condenser standard, thus imposing a slightly greater penalty
on harmonics through this range.
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Although it is more logical for the value of R to depend upon
fundamental frequency, there would be an obvious practical
advantage in having R constant, irrespective of fundamental
frequency, for all circuits. If R were made equal to the condenser
reactance at resonant frequency, there would be a further advantage that the resonant distortion factors thus defined differ little
in numerical value from the present (differential) distortion
factor, the solid and dotted characteristic curves, in Fig. 4,
following each other closely up-to the point of resonance, where
they intersect; resonant distortion factor is then a modification
of the distortion factor of the condenser standard. But such a
factor would be open to the objection already raised to the condenser standard, namely, that the lower harmonics are not
penalized enough or the higher harmonics are penalized too
E
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FIG. 5. RC standard; the same as Fig. 1 with scale changed so that
curves coincide at infinity. Resistance is 1 2/3 per cent, 3 1/3 per cent
and 5 per cent of reactance of condenser at fundamental frequency.

much. By increasing the value of R, the solid curves in Fig. 4
would be raised in the region of resonance in the same manner
as in Fig. 2.
It is to be kept in mind that any change in R affects only
relative values of the allowable harmonics at different frequencies,
provided the appropriate numerical value is assigned to the
distortion factor.
A comparison of Figs 5 and 6 with Figs 1 and 2 may make
this clearer. Each curve in Fig. 1 is drawn for the same value of
distortion factor, this causes the curves to practically coincide
at low frequencies (irrespective of the value of R) and to diverge
at high frequencies. The curves of Fig. 1 are redrawn in Fig. 5,
each for a different value of distortion factor, so that they coincide at infinite frequency and diverge at low frequencies. In a
like manner, the curves of Fig. 2 are redrawn in Fig. 6, with
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different values of distortion factor, so as to coincide at resonant
frequency.
From the foregoing studv it will be seen that an increase in R
decreases the penalizing of the high harmonics relative to the
low (or increases the penalizingf of the low harmonics relative
to the high), the absolute val-uLe of either high or low being not
necessarilyr a-Ffected.
It should be noted that an increase in resistance tends to
decrease the sensitiveness of mneasurement; thus, in Fig. 5 or
6, the distortion factor mighlt be changed from, say, 1.17, with
the smaller resistances, to about 1.05 and 1.02, respectively
with the larger resistances.
If a standard of the admittance tvpe is deemed desirable,
there are many points to be deciided before the exact specification
24
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FIG. 6. RLC standard; the same as Fig. 2 with scale changed so
that curves coincide at resonant frequency. Resistance is 1 2/3 per cent,
3 1/3 per cent and 5 per cent of reactance of condenser at fundamental
frequency, or 10() per cent, 200 per cent and 300 per cent of reactance of
condenser at resonant frequency.

of the standard can be determined. Some of these points are

as follows:
1. Shall the standard circuit be a simple circuit, as described
in this paper, or a composite circuit?
2. If a simple circuit is to be adopted, shall this circuit contain an inductance and, if so, how much; or, in other words,
what shall be the resonant frequency?
3. How much resistance shall the standard contain; should this
resistance be different for circuits of different frequencies, or
should it be the same for all frequencies?
4. What numercial value of the factor thus specified should
be allowed in acceptance of alternators?
5. What details and what load conditions conducting tests
should be specified?
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APPENDIX I
FORMULAS FOR DISTORTION FACTORS
An irregular voltage wave, composed of a fundamental E1
and harmonics E3, E5, E7, etc., has a r.m.s. value
E = (E12 + E32 + E52 +.. )
If Y1, Y3, Y5, etc., are the admittances of the standard circuit for the fundamental and for the several harmonics, respectively, the current taken by the standard circuit when subjected
to the irregular voltage E, is
I = (E12 Y12+E32 Y32+E52Y52+ ..) Y,
The admittance of the standard circuit on the irregular wave
is I/E; its admittance on a sine wave is Y1. The former divided
by the latter gives
E5 2 +
Y3
+
(
@1~~
E
*
Y, E3) 2+ (Y5
=
Distortion factor

Y,

(general)

1+

+ (E )2 +

+( E)

(y3 E3 )+ (Y4

E

...

Y,

1 + E32 + E52 +

In this last equation, E1 has been taken as unity.
When only one harmonic of order k is present

Distortion factor =

1+

_V1

(Y,

Ek

+E

All the curves in this paper are determined by this equation,
by giving a constant value to distortion factor and determining
Ek for different values of k.
The preceding equations are general and apply to any standard
circuit. For the particular case of the condenser standard,
Y3/ Y1 = 3, Y5/ Y1=5, etc.; hence

V/1 + (3 E3)2 +(5 E52) +
V/1 + E32 + E62 + ..
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When only one harmonic is present,

V1 + (kEk)2
-\ 1

+ Ek2

This equation may be used in determining the dotted curves
in Fig. 1 to 4.
APPENDIX II
MEASUREMENTS
It has not been the object of this paper to discuss at length
experimental details, nor to bring up various questions relating
thereto. A brief statement concerning test nmethods will, however, not be out of place.
The admittance of a standard circuit, when supplied at its
terminals with the voltage under test, is readily determined
by ammeter and voltmeter readings. Unless an electrostatic
voltmeter is used, the ammeter should be included as part of
the standard circuit, the resistance and inductance of the instrument (unless negligible) being included in the specified
values of R and L for the standard.
The admittance of the standard circuit on sine-wave voltage
may be determined either by calculation or by voltmeter and
ammeter readings when sine voltage is impressed at the terminals of the standard.
In the former case, it is necessary to know accuratelv the
absolute values of R L C and frequency, and also the absolute
values of the current and voltage in the determination of admittance on the irregular wave. Great care is therefore necessary
to insure dependable results.
In the latter case the value of I/E on the irregular wave,
divided by IIE on the sine wave gives the distortion factor.
It is seen that in this case only relative values are necessary, as
the result is a ratio; fairly accurate results can be obtained even
with rather crude instruments, provided, of course, that the readings on the irregular wave and the sine wave are both taken with
the same ammeter and voltmeter.
A sine wave sufficiently pure for the purpose can be derived
from the irregular voltage wave by augmenting the fundamental
and choking out the harmonics. One way* for accomplishing
this that has been found satisfactory is to place in parallel with
the standard circuit a condenser C' having a capacity prefer-
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ably much larger than the capacity of the condenser
in the standard (say five times as large) and to place a
non-ferric inductance L' in series with the combination
of C' and the standard circuit in parallel. The inductive reactance of L' at fundamental frequency should be greater (say
at least 25 per cent greatert) than the capacity reactance of
C' at fundamental frequency. With suitable switches, the ammeter and voltmeter readings giving the admittance first on
the irregular wave and then on the sine wave are readily taken;
the ratio gives the distortion factor.
The numerical values of distortion factor with the R C or R L C
standard will differ but little from the value of differential
distortion factor 6, particularly when R and L are specified
with a view to making this difference small. To do this may
be worth while, in view of the fact that a is a constant of definite theoretical significance and of use in certain calculations.$
It may be pointed out that the measurement of 8 o- by the
split dynamometer method, referred to in one of the Deer Park
papers, is also practically a measurement of 8, inasmuch as the
value of o- is so nearly unity,-more than 0.995 in most cases.
(For this reason certain objections to the condenser or 8 standard hold as well for the a o- standard.) The dynamometer
reading varies as the product of the current in the two windings.
The current in one winding is derived through a condenser reactance and is proportional to 8/Cw; the current in the other
winding is derived through an inductive reactance and is proportional to L w. The product is proportional to a af and is
independent of frequency. The reading of the instrument is,
however, dependant upon voltage. By substituting suitable
resistances for the reactances, the reading of the instrument
with reactances in circuit divided by the reading with resistances
in circuit gives the value of 8 u- irrespective of voltage or fre*This is essentially the method by which a sine wave has been obtained
for the Ryan Cathode Ray Oscillograph; see TRANSACTIONS, A. I. E. E.,
p. 539, Vol. XXII, 1903.
The Davis method (loc. cit.) is a particular case in which C = 0.
The presence of C' reduces the size of L' and gives a resultant sine wave
with greater accuracy when the standard contains R and L as well as C.
tStrictly speaking. it must be greater than the joint reactance of C'
and C in parallel. It should be enough greater to make sure that it is
greater and to avoid instability of readings that may occur when inductive
reactance and capacity reactance are nearly equal.
ISee Mizushi paper, Deer Park, Loc. cit.
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quency. Variations of voltage and frequency even as much as
100 per cent have been found tolerable.
The dynamometer wave-form meter has been made more
sensitive by a differential arrangement, two dynamometers
being mounted on one moving system, the two coils of one
dynamometer deriving current through inductive and condenser
reactances, respectively; the two coils of the other, through
resistances. The simpler single split-dynamometer has, however,
been found by the writer to be sufficiently sensitive.
Theoretically the split dynamometer gives true values of
a o only when the two reactances have zero resistance, a condition that can be approached but not exactly obtained. By
putting resistance or resistance and inductance in series with the
condenser, it might be possible to make the readings of the
instrument approximate the distortion factor of the R C or R L C
standard, but these possibilities have not been investigated.
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DISCUSSION ON "CHARACTERISTICS OF ADMITTANCE TYPE OF
WAVE-FORM STANDARD" (BEDELL), SEATTLE, WASH.,
SEPTEMBER 8, 1916.
Joint Committee on Inductive Interference: The importance
of wave-form as a factor in determining the extent of inductive
interference with telephone service resulting from cases of
parallelism of power and telephone circuits, has been pointed out
on several occasions by this Committee and by others. Its
supreme importance from our point of view renders particularly
desirable the adoption of a suitable method of measurement
and the enforcement of the lowest practicable limiting value of
distortion of wave forms of rotating machinery measured by such
standard. We have had occasion to take this matter up with the
Standards Committee of the Institute and are glad to note the
interest manifested by the Standards Committee in undertaking
a study of the subject through the appointment of a subcommittee, whose Chairman is the author of the paper under discussion.
In principle, an admittance standard for determining the distortion factor of an e.m.f. wave appears to be eminently suitable
from our point of view and has a great advantage over methods
which require a tedious analytical or cut-and-try process. As to
the specific type and constants of an admittance standard and
the numerical value of the distortion factor which should be
taken as a limit, our present information does not warrant us in
making a recommendation.
The first and most difficult problem to be solved before
settling upon a particular circuit to be employed in measuring
the distortion of wave form is to determine the law expressing the
relative detrimental effects of different harmonics in a machine
wave-form under representative conditions of operation. This
involves, besides a knowledge of the variation with frequency of
the damage due to induced current in a telephone receiver
(physiological effect), a consideration of the distortion of wave
form of voltages and currents which takes place between the
telephone receiver and the rotating machinery of the power
system. Doubtless somewhat arbitrary assumptions will have
to be made in evaluating many of the facts, lines in the chain
between telephone receiver and generator. However, every
effort should be made to determine this law, in order that the
relative interference-producing powers of various machine
wave forms may be known. Only through this knowledge can
improvement over present conditions be most economically
made. Given the law expressing the relative importance of the
different harmonics in a machine wave form, if the matter of
inductive interference is to govern (and we believe it to be the
most important consideration usually involved and the one
requiring the most rigid limitation of harmonics) the variation
with frequency of the admittance of the standard selected should
follow this law as closely as practicable. Though our present
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information on this subject is not complete, it indicates that a
standard penalizing the higher harmonics to a greater degree
(relative to low harmonics) than the condenser standard is
desirable. This apparently requires a composite circuit, rather
than one of the simple circuits described in Dr. Bedell's paper.
It seems to us that the disadvantages of a complex circuit are to
be regarded as of minor importance. If it is impracticable at this
time to determine the relative weights which should be assigned
to the different harmonics and to prescribe a composite circuit
which would weight the harmonics exactly as desired, we recom-
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mend the condenser standard as being far superior to the present
or "deviation" standard.
It is well to note the fact that the curves and discussion given
in the paper are based on the assumption of a single harmonic,
whereas several are usually present. Possible misinterpretation
of the plots on this account could be avoided by plotting "relative penalty" curves, which would apply regardless of the number
or amplitude of the harmonics present. In keeping with the
designation of the type of standard, the ordinates would be
directly proportional to the admittance of the circuit and the
curves for the condenser standard become straight lines. Fig. 1
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shows several curves plotted on this basis. They are approximately reciprocal to the curves given in the paper for circuits
with the same constants.
With respect to the five questions at the close of Dr. Bedell's
paper:
1. As discussed above, a composite circuit is probably desirable.
2. If a simple circuit is to be adopted, the inductance should
be such that the circuit does not resonate below 1500 cycles.
3. The resistance in the simple circuit should be as small as
possible.
4. The numerical value of the factor would have to be
determined after careful consideration of present practise and
opportunities for improvement in design. It is possible that
alternators of different types and ratings should be classified in
different groups and different factors specified for each group.
For example, small, slow-speed, high-voltage synchronous motors
might be allowed a greater factor than large turbine-driven
generators, for the reasons that the wave-form of an extensive
network is generally less affected by a small motor than by a
large generator, and the suppression of harmonics is more difficult
in the former than in the latter class of machines.
5. As it is the wave form under load conditions in which one
is primarily interested, and as this is different from the no-load
wave form, tests should be conducted, as far as practicable,
under conditions simulating those under which the machines will
operate. We realize the difficulty of so doing in many instances.
Apart from the consideration of an admittance standard for
determining the distortion of machine wave form, there may be
a field for an admittance type of standard in determining the
equivalent "noise-volts" in telephone conductors subject to inductive interference.
H. S. Osborne: Prof. Bedell has pointed out that the selection of a wave-shape standard involves two general problems:
1. What shall be the relative amounts permitted of components of different frequencies.
2. What numerical values shall be set under different conditions to the standard thus defined.
From the standpoint of inductive interference in telephone
circuits, the relative weighting of harmonics of different frequencies is of importance both in connection with the consideration of wave-shape standards and for practical use in the investigation of induced noise in telephone circuits, particularly in
considering the relative effect of different generators or other
electrical machinery in producing interference in a given parallel.
In considering inductive interference it is evidently the frequency, rathe,r than the order of a harmonic which is important,
and a component of a given frequency and magnitude is of equal
importance in a 60-cycle, in a 2&-cycle alternator and in a directcurrent machine.
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At the Deer Park convention of the Institute there were presented the results* of some preliminary work, done for the Joint
Committee on Inductive Interference of California, in determining approximately the relative amount of interfering effect of
given amounts of currents of different frequencies in a telephone
receiver. These results are reproduced in curve C of Fig. 2. The
amount of current produced in the telephone circuit by one volt
or one ampere in the power circuit is approximately proportional
to the frequency, and is represented by curve A in Fig. 2. Assuming the telephone terminal apparatus to be such that the same
proportion of currents of all frequencies pass from the line into
the telephone receiver, the relative interfering effect of one volt
or one ampere of different frequencies in power circuit can be
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represented by curve D in Fig. 2, in which each ordinate is the
product of the corresponding ordinates of curve A and curve C.
The work which has been done to date indicates that the
interfering effect of a compound wave shape can be represented as
the square root of the sum of the squares of the effects of the
sine components of the wave. An interference coefficient of an
alternating current-wave can be defined as proportional to
K= V -(VfDf)2
where Vf is the voltage component of the wave of frequency f,
and Df is the ordinate of curve D corresponding to that frequency.
By arranging a measuring instrument in a network so that the
readings of the instrument will be proportional to K a very simple
method is made available for determining approximately the
interference coefficient of a wave, thus avoiding a complicated
*See TRANS. 1915, Vol. XXXIV, page 1180.
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oscillographic analysis. The arrangement, beside having a
transfer admittance at different frequencies proportional to the
ordinates of curve D must have a high impedance at commercial
frequencies if it is to be used with ordinary potential transformers, must give a measurable current through the branch containing the measuring instrument, and must make allowance for the
impedance of the instrument, which must measure the effective
value of the current flowing through it, independent of frequency.
An experimental arrangement, worked out by Mr. H. W.
Hitchcock, which approximately meets these requirements
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is shown diagrammatically in Fig. 3, which also shows the
degree of approximation obtained. The particular form of
network here shown makes use of a suggestion made by Mr.
Chubb for a possible wave-shape standard. The measuring
instrument comprises a thermocouple connected to a d-c. milliammeter. The instrument is provided with a universal shunt for
the protection of the thermocouple against excessive currents.
The apparatus is provided with a switch by means of which the
meter can be connected across the line through a 10,000-ohm
resistance so as to measure the effective voltage at the terminals.
In most practical cases this is near enough to the value of the
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fundamental voltage so that it can be used as the fundmental
without excessive error.
The few results which have so far been obtained with this
apparatus are very encouraging. In the following table are given
two comparisons between the noise induced in the telephone
circuits in a given parallel when the paralleling power circuit was
supplied from different generators and the readings of the waveshape meter on the generators.
Reading of waveshape neter, milliamps. per volt

Southharnpton, Gen. No. 1

0.31

.................

Gen. No. 3 ................
Iowa Gen. No. 7 .................
Gen. No. 8 ...........

0.58
0.086
0.043

"1

Noise units in
telephone circuits
170
350
1700
800

The proportionality is seen to be very good.
The noise was in each case measured by the means regularly
employed by the Bell telephone companies, in which the noise
in the telephone circuits is compared with noise of fixed quality
and variable intensity from a standard source of tone.
The large variations in the interference coefficients of the
voltage waves of different generators and in some cases the very
considerable variation with load are indicated in the following
table. The last eight cases of this table, and the second comparison of the table given above, are taken from the results
obtained by the Iowa Inductive Interference Committee. I
wish to acknowledge the courtesy of the Executive Committee
in charge of this work, Mr. W. G. Raymond, Mr. John Drabelle,
Mr. R. H. Fair, in permitting the use of these results.
Number of
phases

Kv-a. capacity rating

3
3
3

200
300
300

Quarter
Quarter
2
3
2
3
3
3

Load kw.
150
145
350

250
100
150

50
100
50
45

200

100
120

250

50
50
300

0
0

Reading of
wave-shape
meter, milliamps. per
volt
0.30
0.59
0.24

0.070
0. 12

0.70
0.037
0.058

Remarks

Same rnachine as above

Same machine as above

0.52

0.086
0. 043

These few results warrant the expectation that an arrangement
similar to this will in the future give very valuable results in the
study of inductive interference.
In establishing a standard of wave shape the inductive effects
in telephone circuits are, of course, only one of several factors
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which must be taken into consideration. Such factors as the
effect of harmonics on the operation of power circuits, and the
difficulty in attaining a desired degree of reduction in the magnitude of voltages of any given frequency should be included.
Weighting the harmonics proportional to their frequency has the
advantage of simplicity, and excessive weighting of very high
frequencies could be avoided by having a constant weighting for
all frequencies above two or three thousand cycles. The R, L, C
standard described by Prof. Bedell, with the condenser predominant at fundamental frequencies with resistance equal to the
condenser reactance at resonance and with a high resonant point
can be made to very closely approximate a standard of this sort
for the frequencies commonly generated in electrical machinery.
To completely cover the field, it would, of course, be necessary
to establish standards not only for alternators; but for motors,
also, for d-c. as well as for a-c. machinery, and also for' converters,
rectifiers, transformers, and other electrical machinery. It is to
be hoped that it will be found practicable in time to cover the
whole of this rather extensive field.
L. F. Curtis: I would like to ask Prof. Bedell if, in order to
determine the order of the harmonic, as well as its amplitude, in
testing an e.m.f. wave, it would not be practical and desirable
to make use of as a standard, a resistance, inductance and
capacity, with, possibly, a variable inductance, calibrating the
u.nit to give a certain amplitude or allowable amplitude of wave
with varying positions of the inductance. It seems to me that
this standard, or, rather, piece of apparatus could be calibrated
with a sine wave to show the amplitude produced for different
positions of the inductance, and then showing with the wave in
question the additional humps or peaks induced by the higher
harmonics.
C. E. Magnusson: The manufacturers of electrical machinery,
and the operators of large systems, especially large central
stations should state their views. No doubt, the manufacturer
could give us accurate data as to the increase in cost of the generators for a reduction in the harmonics and an estimate of the
relation between these factors, would be highly desirable. The
operators do not, so far as I have been able to determine, appreciate quite as fully as the telephone people how much would be
gained if the harmonics could be largely eliminated. I think it
would be an interesting study to determine, for example, how
much energy is lost in induction motors by the presence of
harmonics, as only the wave of fundamental frequency produces
torque. All the harmonics produce heat, but no torque. With
the tremendous increase in the size of power systems and especially where a large number of central stations are combined together, it is of increasing importance that the wave forms from
the several machines and throughout the system, should be as
nearly of the sine-wave shape as possible.
L. W. Chubb: At the meeting last year at Deer Park, the
discussion by the Committee on Inductive Interference and by
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Mr. Osborne, showed that the low and very high-frequency
components of voltage wave shapes are of no consequence in
telephone interference, and that the great restrictions should
be in the range from 700 to 1500 cycles. The operator and designer must watch the lower distortional frequencies, and others
in the electrical industry are interested in the high harmonic
components. The restrictions which the telephone interests
wish to impose are the most severe, because the range of objectional frequencies falls within the range of the tooth harmonics in
the usual commercial machines.
The setting of limits on wave distortion of generators affects
the operating interests, the manufacturer of electrical apparatus
and the telegraph and telephone interests. To the operator, the
elimination of the low-frequency distortions is of direct importance because of the influence on losses and the paralleling characteristics. The elimination of tooth frequencies may influence
the cost of right-of-way for lines in the neighborhood of telephone
lines and the elimination of the very high harmonics (which
seldom, if ever, come from the generators) will preclude or reduce
the possibilities of oscillation and resonant breakdown trouble
in the connected apparatus. The purity of the wave, which he
will require, will depend upon the extra cost of machines, and the
gain in cost by using the same right-of-way, etc.
To the manufacturer, the lowering of distortional harmonics
is of little consequence. He must now guarantee the satisfactory
paralleling of machines, and can lower the higher frequency
distortions if the additional cost, which must be borne by the
customer, will be justified by the savings of the latter.
The telephone interests have everything to gain and nothing
to lose by close limits in wave shape, and it seems that they
should bear some of the burden of the problem, by installing
metallic balanced systems, which will greatly reduce the effects
of inductive interference. The many discussions and schemes
of measuring wave-shape distortion, and setting a standard, and
the continuance of the deviation standard indicates that a just
specification for wave-shape variation and its measurement is not
a simple matter.
In the present paper Prof. Bedell lays greatest stress on the
simple series full resonant circuit, which, after considerable
discussion by the committee, seemed to be the most practical.
Composite circuits have been considered, some of which give
better curves than the simple circuit, but the additional complication has made it seem inadvisable to use the composite if the
simple circuit will do. The simple series circuit can be made to
limit any given range of frequency, but to prevent the admittance
of high frequencies from falling off, and at the same time to
approximate 5 in the low-frequency range, it is necessary to have
the resonant point at a frequency higher than that which should
be penalized the most. This fault can be overcome theoretically,
by the composite circuit, which will follow 6 at the low fre-
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quencies, have resonance at any point in the worse range, and
limit the high frequencies almost as much as the resonant frequency. The circuit shown in Fig. 4 illustrates this. It resonates
at 1000 cycles per second, and limits the very high harmonics
almost as much as it does the resonant frequency. This and
other similar schemes are impractical, because the ordinary
electromagnetic ammeters have inductance and the thermal
meters are not accurate enough for the purpose. Besides, when
deciding whether an admittance standard is desirable, we must
decide whether the composite circuit, with more difficult testing
requirements and better penalties, or the simple circuit with
better testing and poorer penalty curves is the more desirable.
Generators do not have the very high harmonic frequencies,
and for this reason, (since the standard is primarily for the acceptance of machines), it will not matter whether the curve turns
up at high frequency, as shown in Figs. 3 and 4 of the paper.
If the curve is allowed to turn up, the simple circuit with resonance at about 1000 cycles seems to me to be the best, if suitable
limits can be agreed upon.
1Iz

L1
Ci
R2

FIG. 4

L1 = 0.02 henry
C1 =5 X 10-6 farad
R1 =50 ohms
R2=83 ohms

A = Ammeter

L. T. Merwin: The power man must recognize the fact that
the subject matter of the paper is to become of exceeding importance to him, not only on account of the increasing importance
of ind'uctive interference problems that are constantly arising,
but from the fact that our power systems are constantly becoming
more complex, and he will be face to face with some of the
problems involved in this paper.
In operating his system, however, he will not be so much interested in the form factor, as outlined in the paper, as he will
in its effects on some composite circuit or branch circuit with
reference to some particular harmonic that may be present in his
system. This will come from the fact that as the distributing or
transmission system becomes more and more complex, the
presence of harmonics will constantly be thrusting themselves
before him. No doubt but that the power man in the past would
have avoided many of the difficulties that have come up if he had
harmonics arising from his generators. I have a particular
instance in mind from past experience in a system in which I had
operating concern and at the time, while I realized in a vague way
what was happening, I was unable to diagnose my trouble in a
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satisfactory fashion. This system was a portion of the Nevada,
California Power Co., in the mining region of Goldfield, Nevada.
It so happened that whenever there was a disturbance due to a
short circuit on any part of the 6600-volt distribution system involving quite an extensive network, there was one particular span
in that system that always failed. I simply mention this as a matter of operating experience. It came to such a pass that whenever
there was a big disturbance on this system I immnediately sent one
gang of linemen to the Gold Wedge claim, where this particular
span was located, and usually it would be found on the ground.
Probably some of the power men here have experienced the same
thing. I simply diagnosed it in a general way, as owing to- a
resonant condition on that particular branch. The effect of
some harmonic was greatly magnified.
The subject matter of Prof. Bedell's paper, however, while it
covers a case of this sort, does not put it in the concrete form
that would be desirable from the operator's standpoint. He is
not interested so much in the numerical value of the wave form,
expressing the admittance of a great range of frequencies, as in
the numerical value of the admittance of a simple composite
circuit with reference to a particular frequency that might produce resonance in some branch of his network.
We power men will be forced to learn more and more of the
importance of the presence of these higher frequencies in our
system. The paper, however, I fancy, is more designed to take
care of a broader aspect of the question than that. That aspect
bears upon the problems of inductive interference which are
becoming more and more important as the investigations,
mutual and individual, of power and telephone companies
progress.

As to the penalizing of a generator on account of its wave-form.
As brought out by Prof. Magnusson, that penalizing will have
to take into account not merely the designs of the telephone and
power interests to avoid inductive interference, but must take
into account also the commercial aspect of the question. The
moment we begin to penalize generators the price will begin to
rise. Further, it has been hinted that the harmonics that produce troubles in inductive interference, have a fairly limited
range. If the third harmonic of a 60-cycle system does not
particularly interfere with communication, it would scarcely be
right or wise to put a penalty on its presence. If the 5th harmonic
and the 7th harmonic do not particularly interfere with the
transmission of speech and if by chance they are not of much
weight from the power man's standpoint, then why penalize a
generator on account of their presence. The power man can
avoid difficulties in his distribution system arising from the
presence of any of these harmonics, by a simple change of circuits. The introduction of inductance for instance, in any particular branch that is resonant to some particular frequency, will
immediately avoid difficulties that might arise. So it ;would
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seem to me that a simple or composite circuit that would by one
measurement give a form standard or a form value, should be of
such a nature, if possible, that it will not involve the frequencies
that are of no concern. Ultimately it will be up, probably, to the
telephone companies to definitely state what numerical value
should be assigned to the various harmonics in order that the
manufacturer may know what to avoid. My own, very superficial, investigation in the matter seems to indicate that in a
60-cycle system the 3rd, 5th, 7th and 9th harmonics are the
distressing ones in general. Now it might be that in some systems
the higher harmonics up as high as the 21st say, are the ones
that give the most trouble. I will admit that the means of investigation at my command are very crude but in the system
with which I am connected I do not find the upper harmonics
within the range of speech, present in any disagreeable degree.
I do find, however, that the third is decidedly present; the 5th,
7th and 9th can be readily heard and do interfere unless quenched
out in some way. As I have already said, it will be definitely up
to the telephone interests to state or put a numerical value upon
that range of frequencies that bothers them most. Then it will
be up to the investigator and the manufacturer to try to confine
his attention to this particular range.
L. J. Corbett: I want to call attention to the possible effect
of a long transmission line upon the wave form which may start
at the power house very true to a sine wave. At the University
of Idaho we are located on the end of a transmission line about
90 miles in length. During the past year we have taken the
wave form as it comes to us in our laboratory. I will not
guarantee the results because the wave form was taken by an
oscillograph by tracing on the screen, and was analyzed by the
twelve ordinate method. We found unobjectionable the 3rd
harmonic, the 5th and 7th were very slight, almost negligible, but
the 9th harmonic, was of far greater amplitude than the 3rd.
Now the inductance and capacity of that line, it would seem to
me would alter the wave form in the various parts of the circuit,
and I would like to hear from some of the men who are interested
in the operation of our long transmission lines as to whether they
have analyzed the curves at the various points of their linesat the power house and also at the various terminals or service
points. Mr. Merwin has, touched upon one matter which I have
had in mind-that it may be possible in a great many cases to
correct for some of these higher harmonics by quenching them
out by means of inductance, just as we do in connection with
lightning arresters. We can probably put in inductances which
will not materially alter the regulation of our line but which
will limit the harmonics to values which are not objectionable.
And in regard to the high-frequency harmonics-I think that
the present means at our disposal, that of taking the curve form
of an alternator and analyzing it, is about the only method that
we can use at tjes present time. Of course, the relative harmonic
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of a 25-cycle generator which will cause trouble in a telephone
circuit will differ from the relative harmonic of the 60-cycle
generator which has the same frequency, and as has been pointed
out, those frequencies within the speaking range are the only
ones which will cause trouble with voice currents. Those are
the ones which should be eliminated. With the apparatus which
is already at hand in the various power stations it seems to me
that the only possible method of correction is by some such
method as indicated, that of quenching out the objectionable
harmonics.
J. B. Fisken: Mr. Corbett has expressed a desire to hear from
the operating men as to what investigations they have made on
this question. As one operating man, I would tell Mr. Corbett
that I have made none. We operating men, I think, all agree
that we have harmonics. I think we all agree that, like the poor,
the harmonics will always be with us. If we could get rid of
them, we would be very glad to do so. The question of the
elimination of harmonics, to my mind, is purely a commercial
one. If the public will submit to paying such rates for service
that we can buy more expensive machines, then, undoubtedly,
the manufacturer can give us those machines. But, in the last
analysis, it is purely a commercial proposition. I thoroughly
believe that, for any reasonable expense we should endeavor to
eliminate the harmonics, but beyond that we can not go, and the
burden will be placed upon the telephone engineers of finding
some means of carrying on their business with those higher
harmonics running around loose. There is another feature of the
case that occurs to me. We might have an alternator designed
that would be entirely free from harmonics. We might have a
line designed that would be entirely free from harmonics, but
when the time comes that we have to change, possibly, our
scheme connections (and in an interconnected network that is
always possible), then is it not a fact that our former computations are practically of no value? In other words, instead of
operating a particular generator on a particular line, we may have
to operate that generator on a different line.
W. D. Peaslee: Unquestionably, if we can get a dollar per
kilowatt for energy for lighting purposes, we can generate electricity that has a sine-wave voltage with practically no harmonics, and we can give the telephone people lines with which
they can talk from one end of the continent to the other, and go
their way in peace. But it can not be done at the present rates,
under the existing conditions. It is very pleasing to see the
difference in the whole situation in the inductive interference
problem a year ago and today. The situation today shows that
cooperation is starting. At the present time, the telephone
people, I think largely because of the eternal dollar, have
"passed the buck" entirely to the power people. They make
the sweeping statement that all harmonics are very bad, and
that they should be penalized in proportion to their frequency,
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and, therefore, a million-cycle wave should be reduced to absolute
zero, putting the proposition flatly up to the power people in a
way that is impossible of commercial solution. I personally
know that it is possible to take a telephone line suffering
from inductive interference, and by proper tuning methods,
damp out one at a time the 3rd, 5th, 7th and 9th harmonics.
I know that you can take a telephone line and damp out these
harmonics for a distance of 70 miles, and do it successfully. The
telephone people assure us that these methods are not efficient,
and that it can not be done successfully. That is not true. I
know it is possible to take a weak telephone current, and, by
means of the audion amplifier, step it up to considerable proportions. I am firmly convinced that one of the solutions of this
problem will be wiping out these harmonics below the frequency
of the voice currents, and if in doing so, the attenuation of the
voice currents is very great; I see no reason why the audion
amplifier will not step up the pure wave, attenuated as it is,
and pass it on again. That is a point on which the telephone
interests are not giving us as much information as they should.
There is no question that their laboratories are working on this
matter, and that they have a great deal of valuable information,
but it is like pulling teeth from a cross cut saw to get any information from them.
The only possible solution of this problem is for the power
companies and the manufacturers, and the telephone people to
get together, and, to use a common expression, lay their cards
on the table. In that way we can get the best solution possible,
and I look forward to the day when this will occur, because of the
immense improvement in the situation at present over a year
ago.
Harris J. Ryan: There must be a standard of wave-form.
We have long since found such to be the case. In the standardization rules of our Institute, it seems to me, as I recollect now,
from the beginning virtually, there has been a standard of waveform but, as pointed out in the paper it is not satisfactory for the
easons there given.
It seems to me well to take into account a few of the very
broad elements in the matter. The telephone interest is endeavoring in a very strong effort to transmit fundamentals and
harmonics and to transmit them faithfully. On the other hand,
the power interest would gladly supply electric energy in fundamental form only, and discard the harmonics. Any extension or
amendment of our present definition of wave-form should be
undertaken with great care because of the important, deeply
rooted, widely ramifying factors.
R. W. Mastick: In regard to Mr. Peaslee's remarks conce ning the use of drainage devices applied to telephone circuits for
the purpose of filtering off the disturbing frequencies and the use
therewith of amplifying devices to again restore the magnitude
of the voice currents; Dr. Bedell has correctly said that it is
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vitally important in a telephone -circuit to transmit various
frequencies in their relative proportions, which are within the
range of the disturbing frequencies, in order that undistorted
speech may result. This statement in itself answers Mr. Peaslee's
suggestion, for if drainage devices are used, certain currents of
voice frequency which are identical with the disturbing frequencies will also be drained off. Therefore, even though an amplifying device be used, it is obvious that the relative proportion of
frequencies in the voice current will not be the same, hence
distorted speech will result. Again, consideration must be given,
even though such a scheme were feasible, to the number and complexity of telephone circuits in use, to which it would be necessary
to apply such a device.
Mr. Mastick's reference was to some very
L. T. Merwin:
crude experiments that I had been carrying on with our own
telephone line, which is on thie same supports as our 66,000-volt
conductors for a distance of approximately 70 miles. These
experiments consisted of the shunting out of the lower harmonics
that were particularly distressing; so much so, in fact, that it
made the use of our own telephone system for dispatching,
extremely inadequate. As a matter of fact it was almost nonusable until we had devised, after much stumbling, composite forms of shunts that would effectively shunt out the 3rd,
5th and 7th harmonics, and the 9th if it were so desired. It was
remarked that I did not find any harmonics above the 9th that
interfered in any way with satisfactory communication, and
that while talking with a particular operator of Swedish nationality it was observed that the intelligibility of his speech was
remarkably increased. Now that is an actual fact, and it can be
attested to by Mr. Peaslee and I think by Mr. Condit, the attention of both of whom I called to this peculiar phenomenon. I am
not in a position to say how my own voice sounds over this line.
I would like to emphasize a point brought out by Mr. Peaslee,
that it will assist in the solution of this problem very materially
if the telephone company freely divulge the results of their own
experiments as we discuss these problems with them.
Just a moment more on the penalizing of generators. If
transposition is effective when a power system is balanced both
for transverse and longitudinal induction, and if the parallelism
is a simple one, and by the means of these transpositions the
harmonics can be quenched out at very little cost, why should
it be necessary to penalize a generator if it produces these harmonics? It reduces again to purely a commercial problem.
It may be cheaper in some instances to take the standard form
of generators as we now have them and by a small expenditure
entirely eliminate the troubles arising from inductive interference
through transposition or other means.
Frederick Bedell: We are not in a position at present to
adopt a final exact specification for a standard of wave-form,
but with the material that is before us and with further study,
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certainly progress should be made. It seems that all are agreed
that several of the admittance standards discussed today are
superior to the present deviation standard. Now, whatever
standard is adopted, it will probably not have its numerical
values specified in the first instance so as to hold for all time.
With experience we will no doubt later have to modify the
specification of the standard; the best we can do at present is to
make a first approximation, agreed to by all as better than the
present standard, and later improve it. I believe that a simple
standard can be found that will meet the need for practical purposes. The simple standard has the advantage not only of
practicability but from the psychological standpoint it is more
desirable than a composite one. We know then what we have
got, for by experience we are all familiar with the characteristics
of a simple circuit. Even for those of you who are most accustomed to calculations with involved circuits there is something
in a composite circuit which makes it indeed difficult, if not impossible, to comprehend its characte;ristics at a glance. Even if
ultimately a composite standard were to be the more desirable, I
believe it would be unfortunate to adopt it in the first instance
and to try to swallow it all at once. How much better it would be
to put forth a simple standard which all can understand, and then
later modify it by shunts or what not, should we so desire. We
will have had the idea of a volt-ampere standard and a modification of that idea can then be readily accepted. But I believe that
the simple standard can sufficiently meet the situation and that
we should not try to get a law penalizing the harmonics, supposedly, with theoretical exactness down to the last dot. Such
theoretical exactness would be difficult to attain for the reasons
pointed out here today to the effect that wave form varies
in different parts of a system, and futhermore to the effect
that wave form at the same point of a system varies from time
to time with load conditions. Now these variations due to circuit and load conditions, which vary with time and space, are
not properly to be charged up to the generator. We want to get
at a pretty fair approximation of the penalty to put on the generator, but we cannot charge it with all the idiosyncrasies of the
line. Some of those who have been working on this subject have
seemingly thought that there was some ultimate exact law which
we could get at which would prescribe the precise penalty for
this or that harmonic, and that we should make every effort
to ascertain this with precision, and should then adopt a standard
which would fit it, not approximately but exactly. I believe in
accuracy so far as it is possible, but in this case if we can get the
general trend of the relationship between frequency of harmonics
and their deleterious effects and get a corresponding standard
that is easy for us all to use and to understand and to apply, I
think we will have done all we can do, at least for the present,
and possibly the results will stand for a long time. As several
of the speakers have pointed out, it is a matter involving the
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power operator, the telephone operator and the manufacturer;
their several points of view should be harmonized, weighed and
balanced and, if possible, a result obtained that meets the views
of all of the people concerned so far as possible. It has also been
pointed out by several of the speakers that it is an economic
or commercial question, and that is true. By paying more and
more money you can obtain better and better apparatus, and
better and better service, and there again it is a question of weighing and balancing the importance of cost versus service. Mr. Curtis
asked a question as to whether wave analysis could not be made
by an R, L, C circuit by varying the inductance so as to show the
amplitude of particular harmonics. This method of analysis has
been carried out and a reference on the subject has been given in
the paper. The method has been used, I believe, in recent investigations by the Joint Committee on Inductive Interference,
and I believe has also been used in the laboratory of manufacturing companies in the study of this problem. Mr. Merwin suggested that the telephone people should state definitely the numerical values that would be permissible for various harmonics.
This can hardly be done. If you cut a particular harmonic to,
say, half its value, it will improve the service; if you cut it to say,
one-fourth its value it will improve the service still more, and so
on; so it seems no matter how good, within practical limits, you
can get the wave form, the telephone service would still be improved by further improvement in the wave form. In other
words, it would be desirable to reduce the harmonic from the
telephone standpoint even beyond the practical limit. It does
not seem, therefore, that we can get at that in just that way.
We can get a standard which approximately gives the proper
law of penalizing; we should make it not too hard at first so it
wont be an undue hardship on any one; then, with the general
scheme standardized, the numerical values of the standard can
be adjusted little by little, so as to put on the screws gradually
from year to year, so that they will not pinch too much and yet
will bring the pressure where it seems desirable. It will be understood that, in the paper and in the discussion by the author and
by other persons on the subcommittee that have been dealing
with the subject, neither the Standardization Committee nor the
Sub-committee is committed in any way. It was the purpose to
have this open discussion so as to bring out the facts.

