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A paper presented at the 35th annual convention
of the American Institute of Electrscal Engi-
neers, Atlantic City, N. J., June 30, 1908..

Copyright 1908. By AILEE.

HIGH VOLTAGE MEASUREMENTS AT NIAGARA

BY RALPH D. MERSHON

In the autumn of 1896, the writer of this paper undertook an
investigation of the phenomena existing when transmission line
conductors are subjected to high alternating voltages. The work
was carried on near Telluride, Colorado, and extended over a
period of about a year. The zesults of this work were embodied
in a report made by the writer in 1897.*

Through lack of the necessary facilities at Telluride, the work
was not carried as far as seemed desirable and, after its dis-
continuance, I looked forward to taking it up again and
obtaining additional data. This opportunity offered in 1903,
and in the autumn of 1904, after the necessary apparatus had
been obtained, the work was resumed at Niagara Falls, and the
observations carried on more or less continuously until the
summer of 1907.

In the meanwhile, Professor Harris J. Ryant read before the
Institute his paper bearing on this subject and embodying the
results of investigations made by him of some of the points I
had intended to cover, and a number of others which my
facilities would not admit of closely investigating.

The present paper has mainly to do with the results of the

*The investigation was undertaken for the joint interests of the
Telluride Power Transmission Company and the Westinghouse Electric
and Manufacturing Company. Part of the matter of the report was
embodied in a paper read at the Fifteenth General Meeting of the
American Institute of Electrical Engineers, June 30, 1898, by Mr.
Chas. F. Scott, entitled *‘ High Voltage Power Transmission.’

t See paper entitled * The Conductivity of the Atmosphere at High
Voltages,” read at the 184th meeting of the American Institute of
Electrical Engineers, Feb. 26, 1904.
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846 MERSHON: HIGH VOLTAGE TESTS [June 30

work carried on at Niagara Falls, but in the treatment of these
results, the work at Telluride and that of Professor Ryan will
necessarily be referred to and discussed.

The work at Niagara was made possible, in the first instance,
by the generosity of three men; Mr. J. E. Aldred, Mr. Frederic
Nicholls, and Mr. James Ross. Later, further support to the
work was contributed by Mr. George Westinghouse, and by the
African Concessions Syndicate of London. The major portion
of the expenses of the work at Niagara was defrayed by the
above contributors.

I desire to express my appreciation not only of the generosity
of these contributors, but also of the completeness with which
they entrusted the expenditures to my judgment and the kindly
patience with which they have awaited results so long deferred
by reason of the tedious, intricate, and often discouraging nature
of the work. It is to be wished that engineering investigation
might be more encouraged in a like manner and spirit. I hope
the results obtained will appear to justify the contributors in
this instance.

For convenience of treatment, the matter of this paper is
arranged under the following heads: Equipment; Results of
Measurements; Discussion of Results; Résumé and Conclusions.

EQUIPMENT

The line experimented upon at Niagara had a total length of
2000 feet, although, generally, only half its length was used. It
was supported upon wooden poles, spaced about 140 feet apart.
At first, the line wires were supported upon insulators, but it
was found that the loss over the insulators was so great, as
compared with the air losses, and so variable that if any
reliable results were to be obtained, it would be necessary to
find some other way of supporting the line conductors.
Finally, the line wires were suspended by means of paraffined
cords attached to the necks of the insulators. As long as
these cords were clean, the loss over them was negligible.
As soon as they became dirty, they were replaced by clean cords.
A portion of the line with the suspending cords is shown in Fig. 1.
This line will hereafter be referred to as the ‘ Experimental
Line ”.

In addition to the experimental line, use was made of a num-
- ber of cross-arms equipped with pins and insulators, similar to
those used on the experimental line. This miniature line had
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a total length of only a few feet, so that the air loss between its
conductors was negligible, the loss upon it being due to the
insulators only. This miniature line will be designated here-
after as the ** Dummy Line . It is shown in Fig. 2.

The following conductors were used.

ALumiNux CONDUCTORS

Circular mils Nm& m:x:d dohun"gdt:r

inch inch

10500 1 0.1025 0.1025
20740 1 0.144 0.144
34600 1 0.186 0.186
51529 1 0.227 - 0.227

41800 19 0.0469 0.2345

42910 7 0.0783 0.2349

41750 37 0.0336 0.2352

103850 7 0.1219 0.3657

208200 7 0.1728 0.5184

CopPER CONDUCTORS
10420 1 0.1021 0.1021

The various types of insulators with which experiments were
made are shown in Fig. 3 and will be referred to hereafter by
the letters designating them in the ‘illustration.

Two single-phase, 100,000-volt transformers were used, each
having a capacity of 10 kilowatts. The endeavor was made
to have the iron of these two transformers as nearly as possible
identical as to loss, etc., for reasons which will be apparent from
the description of the method of measurement employed. The
two transformers were immersed in oil in the same boiler iron
tank. They were of the core type, and had ground shields
between the high-tension and the low-tension windings. The
windings had taps for connecting the transformers, when de-
sired, for polyphase transformation. The transformers had a
number of special low-voltage coils, the use of which is explained
below.

The power for the measurements was obtained from a surface-
wound, single-phase alternator of the old 133-cycle type, belted
to an induction motor and driven at about one-half speed.
This machine gave very nearly a sine wave under almost all
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conditions. The intention was to run it at 60 cycles, but
instead it was run usually at about 73 cycles.
The wattmeter made use of was one especially constructed

Fic. 1

for this purpose. It is shown in Fig. 4. It consisted of the
regular Weston wattmeter movement and shunt resistance
enclosed in a suitable wooden box, and an external field coil
which could be slid over the wattmeter movement or away from



1908] MERSHON: HIGH VOLTAGE TESTS 849

it, so as to give an instrument of considerable range. The field
coil was enclosed in a suitable wooden frame. This field coil
consisted of two identical windings, the wires being wound
side by side, so that the magnetic axes of the two windings
would as nearly as possible coincide. In addition there was
supplied with the wattmeter an extra field coil exactly like the
one used with the wattmeter. This extra field coil was used as
an air transformer, as described later on.

The type of barometer, thermometer, and sling psychrometer
recommended by the United States Weather Bureau for the
measurements of barometric pressure, temperature, and relative

Fic. 2

humidity, respectively, were made use of in observing the
corresponding weather quantities. '

In addition the various necessary voltmeters, ammeters, etc.,
as indicated in Fig. 5 were employed. One of the ammeters
was used in the high-tension circuit. It was mounted on an
insulator and its movement was shielded from electrostatic
action by a tin-foil shield inside the case and attached to one
terminal.

In addition to the above apparatus, we had for a while, the
use of an oscillograph. Voltage curves were obtained by
connecting the oscillograph to the D test coil in place of the
voltmeter of Fig. 5.
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The apparatus was all housed in a cheap- building of corru-
gated iron, the outside of which is shown in Fig. 2.

The method of measurement employed was that devised by
me and used at Telluride. In it the iron-loss of one transformer
is balanced against the iron-loss of both transformers in such a
manner that no iron-loss reading appears on the wattmeter,
with the result that the wattmét_,er records only the losses in the

B

Dy

el

high-voltage circuit of the transformecr feeding the line. By
this method of measurement the only correction which it is
necessary to make in the wattmeter reading is to subtract from
such reading the I? R loss in the high-tension coil of the trans-
former feeding the line.

The diagram of connections is shown in Fig. 5. One of the
transformers, designated as the ‘ Power Transformer " is used tc




1908] MERSHON: HIGH VOLTAGE TESTS 851

feed the line in the usual way; the other, designated as the
“Balancing Transformer” is idle except as to its use for balancing
purposes. As will be seen from the diagram each transformer has,
in addition to its regular low-tension and high-tension windings,
two auxiliary coils, designated as C test coil and D test coil; from
the D test coil are brought off a number of leads. The voltmeter
and the voltage circuit of the wattmeter are connected to the
leads of the D test coil of the power transformer. The D test
coii is so located as to give, as nearly as possible, a voltage read-
ing which will be always proportional to the voltage across the
high voltage terminals. In the case of the balancing transformer,
the D test coil is idle. The C test coils of the two transformers

Fig. 4

are connected in series with a small auto transformer between
them. With this method of connection, it will be apparent that,
provided the auto-transformer does not have an appreciable vol-
tage across its terminals, the magnetization wave of the balancing
transformer will, if the iron of the two transformers is the same, be
exactly identical with the magnetization wave of the power
transformer; for, since the C test coil of both of the trans-
formers is close to the iron, the voltage induced in the C test
coil of the power transformer will be one dependent only upon
the flux wave in the iron of this transformer, and will be inde-
pendent of any reactions which there may be in any of the wind-
ings of the transformer. The result is that the C test coil of the
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" balancing transformer has impressed upon it a voltage exactly
corresponding to the iron flux wave of the power transformer,
and this condition will hold, no matter what load be put upon the
power transformer. This being the case, it is evident that the
current flowing in the circuit made up of the two C test coils
and the auto transformer is proportional to and in step with
that component of the main current, 4.e., the current supplied
by the generator to the low voltage terminals of the power
transformer, which corresponds to the iron loss of both trans-
formers. Hence any current taken off of the auto transformer
will be proportional to and in step with this iron loss compon-
ent; and the value o: the current in the secondary circuit of the
auto transformer relative to the iron-loss component of the main
current will depend upon the ratio of transformation employed
in the auto-transformer, which ratio will hold through all ranges
of voltage and all conditions of load on the power transformer.

As has been previously explained, and as is shown in the
diagram, the field coil of the wattmeter is double. Through
one of the windings of the wattmeter field coil and through one
of the windings of the other coil mentioned above and designated
in Fig. 5 as the ““ Air Transformer "', passes the main current
to the low voltage winding of the power transformer. The other
two windings, or secondaries, of the wattmeter field coil and
the air transformer respectively, are connected in series, but in
the reverse sense, so that the equal voltages induced in them
oppose and neutralize each other. If the air transformer were
not used, the voltage of the secondary of the wattmeter field
coil would disturb the adjustment of the circuit including it.
The circuit including the secondaries of these two coils is con-
nected to the auto transformer previously mentioned in such a
way and with such a ratio that there will pass through this
circuit a current of sufficient magnitude and in such a direction
as to neutralize in the wattmeter field coil that component of
the main current fed to the power transformer which accounts for
the iron loss in both transformers. It will be evident that by
careful adjustment, not only may the wattmeter be made to
read zero when there is no power delivered to the line from the
power transformer, but also that it may be made to give no
indication of the iron loss in the power transformer when the
transformer is delivering power.

The other instruments and connections of Fig. 5 sufﬁcwntly
explain themselves. The balancing transformer need not nec-
essarily be a transformer, but may be a reactance, the iron of
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which has the same characteristics as that of the power trans-
former and which is worked at the same induction as the power
transformer. ’

REsSuLTsS oOF MEASUREMENTS

The endeavor was made to get some sort of a resistance for
use on 100,000 volts, the value of which would remain practically
constant, and which would not have a large charging current,
so that by putting it across the terminals of the transformer,
taking the wattincter reading, and at the same time reading
in the high voltage circuit the current taken by the resistance.
the wattmeter reading might be checked by calculating the C* R
loss in the resistance. We were not successful, however, in
finding any resistance which would answer for this purpose, and
had to be content with the check readings described below.

In order to find out what effect, if any, the charging current
of the line would have on this combination of wattmeters and
transformers in the matter of producing errors in the reading,
numerous sets of readings were taken of which the following
are fair samples.

A measurement was taken on the experimental line. (The
loss in this case is accompanicd by a large charging current.)
A reading was also taken on the dummy line.  (In this case
there is practically no charging current.) Then a reading was
taken on the experimental line and the dummy line together.
Assuming constancy of wave form, absolute accuracy would
result in the sum of the separate readings being equal to the
reading taken on the two lines together. The following is a
typical set of readings, taken on the dummy line and an
experimental line, consisting of 42,910 cm. 7-strand* aluminum
cable, spaced at 55 in.

Exper. Line | Dummy Line Dummny
Kilovolts only (A) only (B) and (A)+(B) | Error Error
watts watts Exp. Line watts per cent.

80 138 54 209 102 +17. +8.13
70 92 39 140 131 9. +6.43
60 64 25 97 89 8. +8.24
70 102 49 152 151 1. +0.66
70 108 42 158 148 10. +6.33

70 104 39 158 143 15. +9.5
Averageermr'— +6.55

*Throughout this paper the word “strand " is understood to mean

* wire,” in accordance with common usage.
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The above is considered very satisfactory. It must be re-
membered that the readings on the line are always more or less
unsteady, due to the variation of line loss, especially if the
measurement is taken above the critical point. This accounts
for the considerable variation in the error. The average error,
however, can be accounted for in another way. As will be seen

N—/\
RVARY

EXPERIMENTAL LINE AND DUMMY.

f\

EXPERIMENTAL LINE ONLY.
— /\

DUMMY ONLY.

FIG. 6.

later, the loss over the insulators is very sensitive to change of
wave form, being greater for sharp wave forms. During the above
set of measurements, the wave form was quite different when the
experimental line was connected to the transformer from what it
was when the experimental line was disconnected. The oscillo-
graph curves in Fig. 6 (corresponding to 70 kilovolts) show this.
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The first of them is the wave form with the experimental line and
dummy line; the second is the wave form with the experi-
mental line only; the third is the wave form with the dummy
line only. There is no difference between the first and second
because the wave form is controlled by the charging current
and the dummy line has no measurable charging current. As
will be seen, the distortion of the third wave form is in the
direction to account for the error. That is, the wave form when
the dummy line and experimental line are measured together
is the same as when the experimental line is measured alone,
and is sharper than when the dummy line is measured alone.
Again. the experimental line was connected to the power
transformer, and readings taken with the voltmeter (see Fig. 5)
disconnected from the D test coil, and with it connected to the D
testcoil. The difference in the two readings should be equal to the
C? R loss of the voltmeter calculated from the reading of the volt-
meter and its known resistance. The following 1s a set of such
readings at a number of voltages. The line used consisted of
51,529 cir. mil solid aluminum conductors, spaced at 84 in.

Watts Difference = | Calculated
Line measured V.M. Error Error
kilovolts V. M. loss loss watts per cent.
V.M.on | V.M, off

90 130.5 121.0 9.5 11.6 +2.1 +22.1
80 98.5 89.5 9.0 9.1, + + 1.1
70 75.0 68.5 6.5 7.0 + .5 + 7.7
a0 56.0 51.0 5.0 5.1 + .1 + 2.0
50 42.0 38.0 4.0 3.6 — .4 —10.0
Average error| = + 4.6

This set of measurements was a pretty severe test of the
method of measurement, and is really unfair to it because we
were here measuring by the method of differences, a quantity
which is less than 10 per cent. of the two quantities involved,
and an error in the two quantities measured of opposite sign and
of only 1 per cent. would more than account for any of the errors
obtained. It would have been much better to have had the
voltmeter loss and the line loss approximately equal; the D
test coil had not sufficient capacity for this. But, even leaving
these facts out of consideration, the result is not bad. As in
the previous case, the variation in the line loss probably accounts
for the variation in the amounts of the errors, although to a
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less extent, inasmuch as the readings could be taken with the
voltmeter or and off much more quickly than the changes could
be made in the preceding case. It is to be noted that whereas
the previous set of readings is only a relative check, the latter
set furnishes not only a relative but an absolute check on the
accuracy of the method of measurement, since the loss in the
voltmeter was accurately known.

It may be added here that at Telluride, where a wire wound
resistance of 1,000,000 ohms was available, check readings taken
by means of it on the same method of measurement (but with
different apparatus) gave very close results.

It is believed that this method of measurement may be made
as accurate as is desired by taking the proper precautions, and
that the particular apparatus used in these measurements was
capable of giving results certainly within two or three per cent.,
and perhaps closer under favorable conditions.

This method of measurement offers a means of accurately
measuring losses in a high voltage circuit by means of instruments
in the low voltage circuit, thus eliminating the possibilities of
danger, and of error due to electrostatic effects, when instru-
ments are used in the high voltage circuit.

It should be borne in mind that in the line measurements the
loss is accompanied by a very large charging current; for instance,
in the case of the 60,000-volt reading of the first set of readings,
the line current was 0.038 amperes, corresponding to 2280 ap-
parent watts, whereas the loss was only 64 watts, so that the
power factor was only 0.028.

Readings were also taken to check up the accuracy of
voltage measurements obtained by a voltmeter connected to the
D test coil of the power transformer (Fig. 5). These check
readings were made by simultaneously reading a voltmeter
connected as described and a voltmeter connected to the other
transformer used as a voltmeter transformer with its high
voltage terminals connected across the terminals of the power
transformer. These readings show that the reading obtained
from the voltmeter connected to the D test coil of the power
transformer was practically identical with that obtained from the
voltmeter transformer whether a line was connected to the
power transformer or not.

"~ As an example of the advantage of taking loss measurements
by the method used instead of by reading power to the trans-
former with the line on, power to the transformer without the
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line, and taking the -difference in the readings; and also to illus-
trate the efficacy of the air transformer, the three curves shown
in Fig. 7 were obtained. One of these shows the result obtained
by the subtraction method; one by the balancing method with-
out the air transformer; and one by the method employed in
this work. The errors in measurement obtained by the sub-
traction method are due not only to the fact that a difference
is being measured and therefore the errors in the two measure-
ments subtracted may be superposed, resulting in a considerable
percentage of error in the quantity measured, but also to the
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fact that the charging current of the line produces more or less
distortion in wave form, so that the wave form impressed upon
the iron of the transformer when it is feeding the line is different
from that when the line is disconnected. The result is that
the iron loss on open circuit is not the same as the iron loss when
the transformer is delivering current to the line, which greatly
increases the subtraction error.

As has been mentioned previously, the measurements on the
experimental line were at first made with the line supported
on insulators. Measurements were taken in quick succession
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upon the dummy line and upon the experimental line. By
subtracting the loss over the insulators on the dummy line
from the total loss on the experimental line, a curve was ob-
tained which, presumably, represented the atmospheric loss.
This method of procedure was followed for sometime with appar-
ently concordant results, but after a while very considerable
discrepancies began to develop, and it was found that on differ-
ent days widely differing results would be obtained. Finally,
after a great deal of work, we concluded this was due to the
variation in the losses over the insulators, brought about by
varying weather conditions, and an endeavor was made to find
some way of eliminating the insulator loss altogether. This
was finally accomplished by suspending the line conductors
from cords, the cords being attached to the insulators, which
was found to be effective, so long as the cords remained dry and
clean. The course finally adopted was that of using ordinary
window cord boiled in paraffin for a few minutcs, as the satura-
tion with paraffin made the cord less liable to absorb moisture.
The cords were frequently tested by placing them all in parallel
across 100,000 volts (twice the voltage which they would ordi-
narily have, since on the line two of them would be in series)
and measuring the loss upon them. If they were in good con-
dition, the loss would not be more than three or four watts. If
they were not in good condition, they would show a larger loss
which would rapidly increase until they began to burn. Defec-
tive cords were always thrown away and replaced by new ones,
with the result that the losses due to the cords were kept so low
as to be altogether negligible.

The measurements with the line supported on insulators
were carried on for about eight months before the discrepancies
due to insulator losses became evident. The results obtained
during this period were worthless and had to be discarded. The
length of time which it took to discover thcse discrepancies and
their cause was due, first, to thc fact that so long as there
were no considerable variations in weather conditions, the dis-
crepancies were small and, secondly, because as the result of the
work at Telluride and that done by Professor Ryan, it was
thought that weather conditions, except precipitation, would
make no difference in loss whether between line conductors,
or over insulators, provided the voltage were left long enough
on the line to bring the insulator loss to a steady condition.

As soon as the difficulty arising from the insulator loss had
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been eliminated, results began to be obtained which were more
consistent, and it developed that, whereas, the work at Telluride
seemed to show that weather conditions, except precipitation,
would produce no difference in the loss, the weather conditions
had, on the contrary, a great effect upon the loss. At first this
result seemed to discredit either the measurements at Telluride
or those at Niagara; but, when fuller data had been obtained at
Niagara Falls, it was found, as explained later on, that the two
results were perfectly concordant. An immensz number of
readings were taken on different size conductors at different
spacings under various weather conditions. It was found that
the losses varied considerably, but they seemed to be more
affected by humidity conditions than anything else. Such varia-
tions in loss as there may have been, due to variations in baro-
metric pressure, were not apparent. If they existed, they were
masked by the variations due to humidity conditions. The
variations in barometric pressure were small.

An endeavor was made to connect the loss and its variation
directly with the relative humidity, but when the loss was
plotted against the relative humidity it was not apparent
that there was any definite law connecting them. A similar
negative result was obtained by plotting loss against absolute
humidity. The losses were then plotted against each of the
various elements having to do with moisture in the atmosphere
and also against combinations of these elements, with the idea
of discovering whether any simple relation could be found. As
the result of these trials it was found that if the loss were plotted
against the product of vapc: pressure by relative humidity,
what appeared to be a definite relation was obtained. All the
readings were then plotted in this way, and curves obtained for
different size conductors and different distances between them.
For convenience in reference, the product of the vapor pressure
by relative humidity will be referred to as the ‘‘ vapor product ”.

In order to give an idea of the closeness with which the results
followed the reiation found, two of the many target diagrams
from which the relation was obtained are shown in Figs. 8 and 9.
It will be noted that in some cases the points lie quite close to
the curve showing, apparently, a well defined law. In others,
the points are more erratic. This is especially true for points
obtained above the critical point or bend in the curve connect-
ing loss and voltage (see Figs. 10 to 15 showing loss-voltage
curves) because above the critical point, the loss is especially
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sensitive to any change in the conditions affecting it. The erratic
points were almost always obtained either when there was a
considerable amount of smoke apparent near the experimental
line or when the air temperature was within a few degrees of
the dew point, or when both conditions obtained. As both these
conditions are unusual ones, the points far from the curve were
given less weight in locating the curve. It will be noted also
that for high values of vapor product the points are few and
somewhat wavering. This part of the curve is not well located
by reason of the fact that the vapor product seldom rose above
0.50, and usually was much below this value, so that few oppor-
tunities offered for measurements at high values of vapor
product. In fact, the average vapor product for Niagara Falls
seems to be about 0.20.

There was another condition which tended to introduce an
error in the points of these cirves. The humidity measurements
were made near the ground and at only one point in the line;
that is, at one end. They did not, therefore, necessarily repre-
sent the average condition of the whole line. It would have been
better if humidity measurements had been taken simultaneously
at two or more points along the line and near to the conductors,
but our facilities would not admit of this without unduly pro-
longing the time and expense of the work.

Vapor product as made use of herein is the value obtained
by multiplying together the vapor pressure (in inches of mercury)
and the fraction representing the relative humidity (ratio of
the vapor pressure at the existing temperature to the pressure
of saturation at the same temperature).

. In the other figures showing the relation between loss and
vapor products, the points themselves have been omitted.

In general, throughout this paper, the points representing
the actual readings are omitted, except in cases where it is
thought advisable to show the points in order to give an idea
as to the accuracy of measurements.

Unless otherwise stated, all values of voltage referred to
herein are effective, or square root of mean square, values.

This relation between loss and vapor product is made use of
to reduce to the same basis all the loss curves not taken under
identical weather conditions and between which comparison is
desirable. The value 0.20 was decided upon as being as nearly
as could be judged the average value of vapor product which
obtained at Niagara Falls, and the curves for comparison,
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except such as were taken under identical atmospheric condi-
tions (in which case, in general, no correction is made) have been
corrected to correspond to that value. On each of the curve
sheets is noted either the fact that it has been so corrected, or
else the atmospheric conditions under which the curves were
actually taken.

As an example of the closeness with which the points fall upon
the curves connecting loss and voltage, reference may be made
to Figs. 14 and 22. '

Pigs. 10, 11, 12, 13, 14 and 15 are curves showing for different
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sizes of conductors, the variation in loss as the distance between
the conductors is varied. In Fig. 14 is also shown the charging
current for the 103,850 cir. mil conductor at the various dis-
tances.

Fig. 16, 17 and 18 are curves showing the losses for different
conductors at the same distances.

Figs. 19, 20 and 21 show the losses for conductors having ap-
proximately the same area of cross-section, but different
strandings.

Fig. 22 shows the loss in conductors at different distances from
the ground.
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Figs. 23 and 24 show the variation in loss with frequency.
These curves are probably in error, as will be pointed out later
on. The oscillograph curves in Fig. 25 show the voltage waves
at the corresponding points marked X in Fig. 23.

Fig. 26 and 27 show the difference in loss between hard and
soft aluminum and between soft aluminum and hard copper.

Measurements on soft aluminum cable, weathered and un-
weathered, showed the loss to be practically the same in both
cases.

In addition to the measurements which were taken bearing
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on the loss between line wires, an extended study was made on
insulators. It was found that the loss over the insulators
varied with the weather conditions in the same way as the loss
between the line conductors, namely, that there seemed to be a
relation between the loss and the vapor product. In the case
of the insulators, however, the measurements coincided much
more closely with the line embodying the law of variation,
probably due to the fact that, the insulators being tested near
the ground, there was less chance for smoke in the air to affect
them than in the case of the cables some distance above the
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ground. This was also due possibly to the fact that the humidity
measurements were made beside the insulatois, whereas, as
previously mentioned, the humidity measurements for the line
were made only at one end of the line and near the ground
instead of near the line cables. When voltage was first applied
to the insulatcrs, th= loss was irregular and it was necessary to
keep voltage impressed upon them for sometime until the loss
steadied down and an accurate reading could be taken. The
readings were all taken on five insulators in parallel, the voltage
being applied between the necks of the insulators and the metal
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pins, although the curves are plotted for the loss over a single
insulator. The curves connecting loss over insulators and
vapor product are not carried above a value of the latter
quantity equal to 0.20 for the reason that readings could
not be obtained above this point without the expenditure of
a great deal of time.

Figs. 28 and 29 show for the various insulators, A, B,and C,
the relation between the loss and the vapor product. Fig. 28
is a target diagram showing all the points on the curves. In
Fig. 29, the points have been omitted. The insulators are
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designated by letters which correspond to those of the dimen-
sion photographs of the insulators previously given in Fig. 3.

The losses over insulators of different sizes were quite different,
as is shown by Fig. 30. These go only to 50 kilovolts as it was
not safe to go higher on the smaller insulators.

Fig. 31 shows the loss over the larger insulators, up to 100
kilovolts, when there was fog and drizzling rain, as compared
with the loss under ordinary conditions.

Fig. 32 shows the loss over an insulator with a metal pin,
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over the same insulator with a metal pin and a metal plate in
contact with the lower petticoat of the insulator, and over the
insulator with the metal plate but without the pin, the various
arrangements of the insulator being shown in Fig. 33. It will
be noted from these loss curves that while the losses over the
insulator with the metal pin only and with the metal pin and
plate were the same, the loss over the insulator with the metal
plate only was considerably less than in the other two cases.
This curve was taken as having a bearing on the loss over
different size insulators, as will be explained later.
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Fig. 34 shows the variation in loss over insulators as the fre-
quency was varied, but, as in the case of the corresponding
curves for the line conductors, this curve is open to question as
will be explained later. The osciilograph curves in Fig. 35
show the voltage waves of the corresponding points, marked X,
of Fig. 34.

Fig. 36 shows the loss obtained on insulators with metal and
wooden pins. It will be noted in this case that the loss with
the wooden pin was greater. In order to demonstrate whether
an explanation hit upon for this fact was correct, one of the
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insulators, B, was mounted upon a curtain rod, which served as
a long wooden pin, and the loss measured over the insulator
with different lengths of pin by placing the lower terminal on
the curtain rod at different distances from the bottom petticoat
of the insulator. Under these conditions, with the rod wet,
the curves of Fig. 37 were obtained. It was necessary to wet
the wooden pin for the reason that when it was dry, the point
of maximum loss fell inside the insulator, so that the loss curve,
instead of beginning at a comparatively low value and rising
to a maximum and then falling off again, continually fell off

4
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as the length of the pin was increased. An explanation of this
will be given later.

An endeavor was made to measure the loss over insulators
when it was raining, but the loss was so variable, due to varia-
tion in the rate of precipitation and gusts of wind, that no
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-\
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satisfactory curve could be obtained. It was determined,
however, that the loss with a hard rain was less than in the
case of fog and drizzling rain, the curve for which is shown in
Fig. 31. The loss over insulators with hoar frost upon them
was also less than with fog.

" Tests were made on an insulator with increasing and decreas-
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ing voltage to see whether or not this made any difference in the
loss obtained. It was found that if a high voltage were first
applied to the insulator there was no difference in the loss curve
with ascending and descending voltage.

Measurements were made on a set of insulators, the metal
pins of which were not cemented in the insulators, and on another
set, the metal pins of which were cemented, to see if any difference
would be found. As long as the cement was wet, there was a
difference, but after the cement had sct and become dry, there
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was no difference. This being the case, all the subsequent tests
were made with the pins uncemented.

A number of readings were taken on broken insulators. These
readings were taken by first obtaining a loss reading on the
insulator intact, and then gradually breaking the petticoats
off, beginning with the inner one. The loss had not materially
changed with the two inner petticoats broken away, and the
upper petticoat still intact, but immediately ran up when the
upper petticoat was broken. These measurements were all
made on dry insulators,
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DiscussioN oF REsULTs

At Telluride, the measurements were all taken on lines carried
upon insulators; measurements were also made on a dummy
line having the same number of insulators and cross-arms as
the main line, and the atmospheric losses arrived at by subtrac-
tion. By this method concordant results were obtained, al-
though such method of measurement did not produce satis-
factory results at Niagara. The probable reason for this will
be explained later on. The Telluride results apparently demon-
strated certain facts and justified certain conclusions which were
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brought out in my report on the Telluride work. As the result
of the Niagara work, some of these conclusions have had to be
abandoned. In order properly to discuss the subject, it is
thought advisable to enumerate here the conclusions arrived at
as the result of the Telluride work. They are as follows:

(a.) Thatthereisa certain critical point in the curve connect.ng
loss and voltage at which the loss begins to increase very rapidly.

(b.) That the loss below the critical point is made up entirely
of loss over the insulators; and that the loss above the critical
point is made up of insulator loss plus a loss through the at-
mosphere.
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