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ABSTRACT. In this paper, thc results of mcasurements of power factor of a large
number of samples of mica of different qualities available in different parts of India are reported
and their suitability as clectrical insulants in electrical industry is discussed.

INTRODUCTION

Mica occupics a unique position as an electrical insulant amongst the raw
materials for the manufacturc of clectrical apparatus. Owing to many desirable
physical and chemical properties which it posscsses, its superiorilty over other
solid diclectries is but little doubted. In fact, mica, for its exceptional insulat-
ing properties, is considered an indispensable clement for the growth of elec-
trical industry, especially when a flexible insulating medium to sustain very high
electrical, mechanical and thermal stresses is necessary, although therc are
limitations to the size of picces in which it is available.

"T'his valuahle clectrical insulation is a crystalline mineral, which occurs in
various forms and is very widcly dispersed throughout the various terrestrial
strata. But it is relatively in fcw localities that the mica wused in
‘electrical industry is obtained in sufficiently large dimensions and quanti-
ties to be of any commercial importance. Such localities lie in India, Canada,
the United States, Guatemala, Argentina, Brazil, Madagascar, Tanganyika, South
Africa, Russia, Northern Australia and Norway. DBut amongst these countries,
India is the greatest producer of good quality sheet mica and at present provides
more than .80 per cent of the world’s demand of this important and unique
tiineral. With the growing enterprise for the manufacture of electrical appara-
tus in India, it is rcalised that the electrical properties of mica available in the
different localities of this vast country should bestudied with a view to ascertaining
their suitability for different service requirements,

. Tt is proposed to study in a series of investigations those electrical properties,
" wiz.,, power factor, dielectric constant (or permnitivity), dielectric strength
and resistivity, which are of importance to the electrical industry. It is also
interesting to enquire how these properties are influenced by variations of tem-
perature, humidity and frequency. Much work has, however, been done in the
past by alarge number of foreign workers in this direction. The results of the
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early investigators show wide variations from one another due to many experi-
mental difficultics.  But the recent works of Danpatt and Goodall (1930), of Lewis,
Hall and Caldwal (1931), of Hartshorn and Ruston (1939), and of Hackett and
Thomas (1941}, are very reliable and supply us with much useful information
reparding thesce propertics of mica in gencral. Little attempts have, however,
been made to carry out a comparison of the properties of different kinds of mica
produced in diflerent parts of India, Such information is expected to be of great
importance to the development of eleetrical industrics in this country. In the
present paper are reported the results of measurements of power factor of Indian
mica of different kinds available through the Geological Survey of India.

TIHE MI1CA OF KLLECTRICAL INDUSTRY

To the mineralogists, the following cight different varieties of mica are so
far known. They are—

(1)  Muscovite or potassium mica,

(2) Paragonite or sodium wica,

(3)  Zinwaldite or lithium-iron nuca,
(4) Lepidolite or lithium mica,

(5) Phlogopite or maguesium mica,
(6) Biotite or maguesium-iron mica,
(7)  Lepidomelane or ferric-iron mica,

(8)  Roscoclite or vanadium mica,

These different varieties are classified into two principal groups, namely,
the granitic group and the pyroxenic group, according to the nature of their
geological formation. The first four varieties belong to the granitic group
while the last four, to the pyroxenic group. The members of euch group are
different in chemical composition but they may, in general, be regarded as ortho-
silicates of aluminium with alkali metals (potassium, sodjum or lithium),
maguesium, iron and fluorine present in varying amounts. ‘I'hey are characteris-
ed by perfect basal cleavage, yielding readily very thin, strong and flexible
splittings. Amongst these varieties, only the muscovite and the phlogopite
mica find applications as electrical insulants and represent, therefore, the mica
of electrical industry. T'hey are available in abundance and in suitable sizes
for comnercial purposes. ,

Of the world’s known deposits of mica, muscovite occurs in a larger
number of countries than j dogopite. In fact, commercially important deposits
of muscovite mica are found in India, United States, Russia, Norway, Argentina,
Brazil, Tanganyika and Guategmala, while those of phlogopite mica only in
Canada and Madagascar. There are, however, many other countries in' which
cither of these two varieties or both are Zound to occur but they do not hold out
any commercial prospect. 4 \

The approximate chemical formula of muscoyite is given as KH:Al
(3i04)s  while that of phlogopite as KH(MgF); MgsAl($i0,);. Besides being
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almost chemically inert, these two varieties of mica possess many useful
wechanical properties, such as a high degree of flexibilit y, ciasticily, toughnuess,
hardness and ability to withstand heat, for which they are often preferred  to
other solid diclectrics for use in clectrical industry. They have, however,
important differences, which greatly affeet their suitability for particular con-
ditions of scrvice.  In fact, phlogopite is distinetly inferior to muscovite as
regards rigidity, hardoess, toughness and clasticity and does not also split so’
readily. But it is gencerally more flexible than muscovite and can withstand
higher temperatures. The surface of individual splittings of muscovite is
smooth whereas the splittings of phlogopite have a fine crinkled surface, which
is useful for certain purposes. But muscovite mica, because of its superior
electrical and many mechanical propertics, is more in demand than phlogopite
in clectrical industry.

Almost all the mica deposits in India belong to the muscovite varicly
with biotite in frequent association with it, the solitary exception so far known,
being a small occurrence of phlogopite in the State of Tiavancore in Madras.
‘I'he econonne sclection of the correct type of Indian mica for specific clginecring
purposes requires, however, a knowledge of their occurrence and classification,
besides an acquaintance with their electrical properties.

OCCURRENCE OF MICA IN INDIA

There arc many localities jn [udia where muscovite mica occurs in the
granitic pegmatites associated with mica schists, Bihar, Madras and Rajputana
are at present the three important mica-producing centres.  Amongst them,
Bihar is the largest and produces about more than 75 per cent of the total
production of mica in India. Madras comes next in importance while the
mica deposits in Rajputana have only recently been commercialiy exploited.
In addition to these three principal centres of mica deposits occurrences of
mica have also heen recorded in other parts of India.

The important mica centres in Bihar lie in the districts of Hazaribagh.
Gaya and Monghyr. Hazaribagh contains the best mica reserve in  India.
Kodarma in this district is the largest centre of block mica while Giridih claims
to be the largest centre for the finest class of mica split‘tings. Mica deposits
in Manbhum and Bhagalpur districts have been of late commercially exploited.
There are also occurrences of mica in Singhbhum, Palamau and Santal
Parganas.

It may be mentioned here that the present Bi field was included
within the province of Bengal till 1912,  Mica produ %l Bedt- was there-
fore called and in fact is still known commercially as Béngal mica. At present
Bengal proper does not produce any mica of commercial value, only a scanty
occurrence. of it having been recorded! in the district of Bankura some years
~ago. i

ety

'he’ chief wica deposits in Madras occur in the district of Nellore. ‘There
ar¢ a large ‘number of mica mines in this area. Deposits in other districts,
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viz., Nilgiris, Coimbatorc and Malabar, are not commercialiy very important,
Mica occurs also in the States of Travancore and Mysore. The most important
centre of mica mining in Travancore is Eraniel. Travancore mica is principally
phlogopite. Mica-bearing rocks in Mysore lie in the districts of Hassan, Mysore
and Sringeri Jahgir. An occurrence of mica is also recorded in Coorg.

The third important mica deposit in India occurs in Rajputana in Central
India. “T'he major part of this deposit falls within the British territory of
Ajmere-Merwara. There are however many States in Rajputana, nainely,
Jaipur, T'onk, Kishengarh, Sirohi, Udaipur, Shahpura and Jodhpur, where
deposits of good quality mica have been found and in some cases commercially
exploited. In addition to Rajputana, thcre are a few other States in Central
India, such as T'¢hri, Gwalior, Jhabua, Rewah and Jashpur, where occurrences of
mica have been also reported.

Mica deposits in the Central Provinces occur in the districts of Balaghat and
Bilashpur, and also in Nandgaon and Bastar States. Bul they do not appear
promising commercially. ‘The Patiala State and the Kangra district in the Punjab
as well as Carhwal in the United Provinces contain also good deposits of mica.,
In the newly-formed province of Qrissa, occurrences of mica have been found
in the districts of Sambalpur and Ganjam and also in the States of Mayurbhanj,
Bamra, Ganpur and Bonai.

It is next of importance to enquire into the classification of the mica
produced in the aforesaid localities.

CLASSIFICATION O TNDIAN MICA

Indian mica may iu general be designated after the name of the province or
iocality of its occurrence. It is however usual to classify the muscovite mica,
which is India’s principal production, mmto two main types according to its
colour, namely, ruby muscovite and green muscovile. ’l;he colour of ruby
muscovite varies usually from light brownish-red in thin splittings to dark
ruby-red in thick plates. (ireen muscovite varies from green to greenish-brown
and sometimes to dark in very thick plates. Besides these two types, white
and brown muscovite micas are also found in certain localities. Clear muscovite
mica of any kind is, however, colourless in very thin splittings. The special feature
of Bihar mica is its characteristic ruby colour. Green, brown and white micas
are also occasionally found in Bihar. Madras mica is characteristically of the
green muscovite¢ type with only one exception, namely, that of Kalichedu mine,
where pale ruby type is found. Rajputana mica belongs to both ruby and green
types. . |
According to quality, each type of muscovite mica may be further sub-
divided into various kinds, such as clear, stained, spotted, slightly stained,
heavily stained, slightly spotted, heavily spotted, stained and spotted, etc.,
depending upon the presence of impurities and inclusion in it. This method
of classification is also adopted in trade. ~
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In the present investigation different samples of mica of different kinds,
which could be secured from different localitics, have been tested for their

power factor, whosc knowledge is of fundamental importance for their use in
electrical industry.

PTOWER FACTOR

1t is well known that a perfect dielectric has only one electrical property,
namely, that of specific inductive capacily or permitivity. When a sinusoidal
voltage is impressed, the current that flows through it, leads the voltage in
phase by x/2 radians. But in none of the solid dielectrics this ideal phase
relationship between their current and voltage is satisfied. 1n fact, the phasc
difference between them is found to be slightly less than m/2.  T'his defect from
the ideal phase relationship is known as the ‘‘loss angle” of a dielectric while
the sinc of this angle gives a measure of its power factor. Thus if the loss
angle of the dielectric is denoted by 8, its power factor is given by sin 8,
When 8 is very small, sin 8 may also be replaced by tand. A knowledge of
the power factor gives at once an idea of the power loss in the dielectric.
The larger the value of power factor, the greater is the magnitude of the
diclectric loss. Hence the importance of power factor measurements  of
dielectrics for ascertaining their uscfulness in electrical industry is cvident.

T'he power factor or the dielectric loss of mica, available in different parts
of the world, has been the subject of a very large number of investigations.
As carly as 1912 Symons Walker (1012) made an attempt to estimate its value for
different kinds of mica. Since then the experimental technique and methods of
its measurement have been much improved and very reliabie data of its value are
available. Amongst the several investigators, Dye and Hartshorn (1924) estimated
the power factor of the muscovite variety of Indian mica known as Bengal
ruby, Madras green and Madras brown micas of dificrent qualities, namely,
clear, stained and spotted. But they used a method which does not admit of
great accuracy. Using a Schering bridge, Dannatt and Goodall (1930) obtained
very accurate data of power factor of ruby and grecn varietics of clear muscovite
mica as well as of amber mica and studied the eflects of temperature, stress and
frequency on their power factor over a range covering the working conditions
met with in electrical engineering practice. Unfortunately, these authors do not
explicitly mention the geographical origin of the samples of mica tested by
them. But jt is very probable that some of them were taken from India.
Lewis, Hall and Caldwell (rg31) carried out power factor test on a large number of
samples of micas, fairly representative of the major sources of the world’s supply
of mica. A few samples of clear and stained muscovite micas from India were
also included in their list. The method used by these authors for evaluating
the value of power factor was similar in principle to that employed by Dye and
Hartshorn. Very recently Hartshorn and Rushton (1939), have investigated the
power losses in mica subjected to the action of an alternating voltage at
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frequencies xo 1o 4,000 cyeles per second.  The variations of the losses witly
moisture content, temperature, frequency, voltage and thickness have been also
studied in detaii in the case of typical samples of clear ruby mica.

From abovc it is evident that an extensive study of the power factor of
mica available in different localities in India, which is the world’s largest source
of mica supply, is still wanting. To obtain the data of power factor within
reasonable accuracy, a proper choice of the method of measurement is essential
in addition to the careful preparation of the test condenser.

METITOD OF MEASUREMENT

A condenser is formed with the dicleetric under test as the medium between
ity electrodes and its power factor is then evaluated.  Scveral methods have been
devised for the purpose. Karlicr workers used wattmeter methods which
suffered fiom errors inherent in such deflectiona! methods. ‘I'hey wete not
suitable for measuretents at high voltages and the range of frequencies at which
stuch instruments could be used was also very limited.  Later on, several investi-
gators caleulated the value of power factor from nieasurements of the capacitance
and the equivalent shunt or scries resistance of the test condenser at a known
frequency by using several bridge methods.  Although the capacitance could be
measured with coisiderable precision, there was great uncertainty in determining
the cquivalent shunt or scries resistance because of the errois due to residuals
in a bridge nctwork. ‘To avoid these errors, a resonance-capacitance method
has also been used by a number ol workers. Very recently, Hartshorp and
Ward (1936) have devised a novcel and ingenious method for the measurement of
power factor of insulating materiais over a wide range of radio-frequencies.  This
method employs capacitance-variation in a tuned circuit with a thermionic
voltmeter as a detector of resonance. A cylindrical condenser of very small
range of capacily whose variation follows a simple lipear law is used to secure
sharpness of resonance. Power factor of the test condenser and hence of the
insulating material is obtained as a ratio of two capacitance rcadings. Thus
frequency is not involved in the calculation of power factor. 1t is this property
which enables the method to be employed over a wide range of frequencies. The
errors due to residual inductance and resistance even at the highest frequency
are eluninated by a careful design of the apparatus and by following a careful
procedure in making the mecasurcments. ‘

A simple but a very accurate bridge method of measuring power factor
when a precision condenser of negligible or known diclectric loss is available is
that devised by Schering in 1920. Since then it has been considerably modified
by several investigators to use it ever wide ranges of voltage and frequency but
is still known as the Schering bridge. 1In fact, it is used widely at present for
accurate measurements of power factor, Like all hridge methods, it consists
essentially of a Wheatstonc network. The source of e.m f. isan alternating
one either at power or any dasired higher frequency. ‘The pature of detector
employed depends upon the frequency at which measurement js to be made,
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Usually, a vibration galvanometer is uscd directly at power frequency while a
headphone at higher frequencies up to about 1000 cycles per second. Cathode-
ray and heterodyne null detectors arc employed at still higher frequencies and
are more sensitive null detectors than others. The electrostatic screening and
the Wagncr-earthing are the two notable features of the Schering bridge. The
former shields the bridge from the influence of external electrostatic fields while
the latter eliminates the errors duc to electrostatic coupling between various
arms of the bridge and due to earth capacities of the various parts of the
apparatus.
Many commercial forms of the modified Schering bridge are at present
R available.  One such commercial bridge manu-
N factured by Moessrs.  DBritish Physical Labora-
‘ tories, Itd., ILondon, which claims a high degree

3/
Y
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of precision for capacitance and power factor
measurements, bas been used in the present
imvestigation.

The general arrangement of the bridge is
shown in Fig. 1. ‘T'he ratio arm across which

the power factor condensct is connected has a

value of 30,000 ohms. The other ratio arm

R ~ %o J consists of four independent resistance units

of wvalues 30,000, 3,000, 300 and 30 ohms,
e These resistances  have suitable  mica  con-
densers 1 parallel in order to give a constant value of RC so that the accuracy
of power factor weasurement may be obtained over the entire range. All the
resistances are completely non-inductive and have an accuracy of 0.01%. The
dial connecting the two ratio arms indicates multiplying factors of values 1, 10,
100 and 1000, A high-precision variable air condenser which is employed as
a standard of capacity forms ome of the two remaining bridge arms.  This
condenser is designed to give a constant power factor with capacity and hence
it has a constant loss with frequency. Its dial consists of a worm drive having
no back-lash and its scale is direct reading in micro-microFarads from o to 1140.
Using the multiplying factors, capacities up to 1.14 I' can be measured in four
ranges, 'The capacity dial is accurate within +o0.19,. The power factor
standard consists of a variable condenser having a logarithmic change of capacity
with the angle of rotation. Its djal is also direct reading in % from o to 0.06
with an accuracy of +0.05%. The logarithmic characteristic of the scale cnables
to obtain good reading mnear the zero point. The bridge can be used on 50 to
10,000 cycles frequency range. The calibration of the power factor dials

corresponds to one kilo-cycle.

Supply to the bridge is taken through a transformer from a beat frequency
oscillator fed from an A.C. supply of 220 V. at 50 cycles and capable of giving
'a frequency range of 25 to 10,000 cycles per second within an accuracy of +71%.

3—1455P—11



86 S. Datta, ]. Sen Gupta and P. C. Mahanti

The balance indicator is a General Radio cathode-ray null detector of the
visual type which can be used with bridges operating at any frequency between
25 cycles and 20 kilo-cycles. It cmploys a tuned degenerative amplifier which
is entirely free from any electromagnetic or electrostatic pick up and does not
itself radiate any appreciable electromagnetic field. (ne of its advantages is
its ability to indicate, separately, the eflect of adjusting the resistive or reactive
controls of the bhridge. It indicates also whether one of these controls, selected
as desired, is off-halance in a positive or a negative direction. The bridge output
is applied to the vertical deflecting plates of the cathode-ray tube through the
amplifier while the bridge generator voltage is applied to its horizontal plates
through an adjustable phase-shifting network. An elliptical pattern is produced
on the screen when the bridge is out of balance. But on balancing, this is
reduced to a horizontal straight linc.  The obscrvable sensitivity of the detector
is about 200-300 microvolts at ro0o cycles.

As indicated by dotted lines in Fig. 1, sufficient care has been taken to
shivld completely each arm of the bridge including the condensers, resistances,
connecting leads, ete. The two windings of the transformer are electrostatically
shiclded from one another while the transformer itself is contained in a cast-iron
box which gives complete magnetic shielding against external fields.

PREPARATION OF TEST CONDENSER

1t has been mentioned in the previous section that for ascertaining the power
factor of a diclectric, a test condenser is prepared by inserting the sample between
two clectrodes.  But the value of power factor is liable to he greatly affected by
the naturc of such clectrodes because of the contact resistance and capacitance
of measurable amounts that exist in many cases. A proper choice of clectrodes
which would make intimate contact with the test sample is, therefore, very
essentinl.

A considerable amouit of information regarding the properties of electrode
contacts and their effects on the measurements of dielectric properties are now
available. Such information obtained previous to 1024 was summarised by
Hartshoin in 1926.  Churcher (1920) and his co-workers on behalf of the Electrical
Research Association undertook a detailed investigation into contact ecffects
between clectrodes and dielectrics and recommended electrodes of mercury or of
graphite (in the form of Aquadag) backed with metal plates for -obtaining best
results. It was also found that in certain cases graphite backed with mercury
gave better contact than that obtained with mercury alone. Later on, Hartshorn
and Ward at the National Physical Laboratory as well as Sharpe and O’Kane
at the Applied Electricity Laboratory of Liverpool University found independently
that although the results obtained in the above investigation were satisfactory
for measurements at power frequencies, errors in measurements at higher fre-
quencies could not be explained on the basis of the then knowledge of electrode
contact. This led them to undertake a further investigation into the subject
and they published their results (Hartshorn, Ward, Sharpe and O’Kane, 1934)
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jointly in 1934. They are of opinion that for general purposes metcury electrodes
are the most satisfactory for measurements of permitivity and power factor of
insulating materiais in sheet form, although a film of graphite between mercury
and test sample may improve the contact as previously noted by Churcher and
his co-workers. They have further found that thin tin-foil applied with a trace
of vascline as an adhesive is a good substitute for mercury.  Graphite clectrodes
backed with metal plates are casy to apply but should be employed with sufficient
care at audio frequencies and not at all at radio frequencies.

For measurements of permitivily and power factor of mica, several of the
early investigators preparcd the test coudenser by simply pressing two sheets
of tin foil into contact with the sample, one on cither side of it, without the use
of any adhesive. ‘There was, therefore, much uncertainty in securing intimate
contact between the sample and the electrodes. Others used clectrodes of
mercury. Unless special precautions are taken, air hubbles are apt to form on
the surface of the sample and so vitiate results. Tt may be mentioned here
that the usual method of floating the test specimen on mercury with an upper
mercury electrode is impracticable in the case of mica because of the thinness
and flexibility of the samples. Another method consisted in inserting the sample
into the gap of a parallel-plate air condenser of known dimensions. ‘This is also
not free from many serious objections. Dye and Hartshorn (1924) used both the
air gap and the mecrcury electrode methods. In the latter case, the mercury
electrodes were coutained in chonite dams and found to be very satisfactory.
Dannatt and Goodall (1930) employed electrodes of miercury as well as of graphite
in the form of Aquadag. They found that much of the trouble due to un-
certainty of contact between the sample and the electrodes was due to a filin of
contamination present on the surface of mica specimen. Considerable improve-
ment was effected by washing the surfaces with methylated ether just before the
application of electrodes. In the casc of graphite clectrodes this method of
treatment gave very satisfaciory results, But for mercury electrodes, more
claborate precautions were mnecessary in order to obtain consistent results,
Perfectly clean mercury had to be used and a somewhat tedious routine of washing
surfaces, first with methylated spirit and then with methylated ether and finally
drying them at 30°-40°C, wasevolved. In the opinion of these authors, careful
use of graphite electrodes gives accurate and consistent results. Lewis and his
co-workers. (Lewis Hall and Caldwell, 1931) used tin foils as electrodes and
linseed oil as an adhesive.

In preparing the test condenser iu the present investigation due considera-
tions were given to the fact that, since a large. number of samples had to be
tested, the electrodes should be so chosen that they would admit of easy mani-
pulation without sacrificing accuracy. From this point of view it was decided
to use thin tin foils as electrodes with a trace of linseed oil as an adhesive.
Extreme care was taken to prcpare a test-piece before applying the electrodes
to it. From each block of a given sample of mica under test, several thin pieces
approximately 2 cm. by 1cm., were cut or split. They were then carefully
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examined and any loose layer, if present, was removed from theni, . T'he average
thickness of cach piece was measured with the help of a dial gauge. ‘T'o minimise
the cffect of comtact resistance, pieces of thickness less than 2 mils were rejected.
Before fixing the electrodes the surfaces of cach piece were first carefully cleaned
with melhylated spirit and linsecd oil spread over them. With a clean and dry
cloth, the oil was wiped out from cach face. ‘T'he slight trace of oil that still
remained over the faces helped the thin tin foils to adhere to them. “T'hus thc
presence of any air pocket between the surfaces of the test piece and the electrodes
was avoided. A somswhat similar process was adopted by Lewis, Hall and
Caldwell, who found that the effect of introducing two films of oi! of unknown
thickness into the test condenser is not very appreciable on the values of
power factor.

EXPHRIMENTAL PROCEDURE

The method of substitution was employed for measurements which were
made at the room temperature varying from about 30°C 1o 36°C on different days
during the period of investigation. A standard ait condenser was connected to
the unknown or fourth arm of the bridge. ‘I'he ratio of the resistances in the
ratio arms was kept fixed at a definite vaiue throughout the operations.  Balance
was obtained once with the bridge standard condenser alonc in the third arm
and then with the test condenser connected across it. It is well known that
dnder the above conditions of balance, we have,

firstly, C/Cs = Rg/Ry e (1)
and P=¢a = P393, o (2)
and secondly, C/C + Cr = Ry/Ry (3)°
and p=¢r = p'a=¢y, e )
where Cand ¢ = capacity and power factor of the standard air condenser’
respectively ; ,
C. and (/. = capacity of the bridge standard condenser before and after
substitution, respectively ;
(e = capacitly of the test condenser ;

¢, = constaml power factor of the bridge standard condenser ;
¢y == power factor of the test condenser ; '
g~y und ¢'y -9, = difficrence of power factor of the balancing arms of the
bridge, before and after substitution, respectively ;
and Rg/ Ry = ratio of resistances in the ratio arms of the Dridge.
From equations (1) and (3) alad from (2) and (4), we have
C’l = Cs - Clb e (5)
and , ¢r = ¢« = ¢ — ¢y w0 (6)
But assuming ¢, to be negligible in comparison to ¢, we get

P = g — g, ) e (7)
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It is evident fromn cquations (5) and (7) that the capacity and power factor of
the test condenser can be obtained directly from the difference of capacity and
power factor dial readings of the bridge before and after substitution,

In actual practice, the ratio of the resistances in the ratio arms of the Dridge
was kept fixed at unity and the standard air condenser was given a suitable value
which was kept unaltered during the two operations. Hence C.and ¢ were
maintained also constant. Balance under cach condition was obtained: by
adjusting the bridge standard condenser as well as the power factor standard
condenser at the maximum input of the bridge and at the maximum gain of the“
dctector. After cach balance, Tthe capacity and power factor “dial readings
were noted.

From cach sample of mica, several test condensers were prepared as described
already and.the values of their factor were mcasured on diffeient days. The
power factor of each test condenmser was found 1o be substantially constant.
‘The slight variations, wherever noticed, may be attributed to variations in the
room tempcrature and atmospheric humidity. Incidentally, it may be mentioned
here that the effect of humidily on power factor while considercd to be toou
small by Dannatt and Goodall (1030) was thought to be of appreciable magnitude
by Hartshorn and Ruston (1939): In the present measurenients, we have not,
however, made any careful study to asceriain any correlation between power factor
and humidity but hape to undertake this investigation in future.

A few test readings were also taken with the bridge in order 1o check the”
experimental accuracy of the measuring systemn. We know that if 9 is the
small effective series resistance in the condenser, the power factor is given, by
1oc.  Using a standard condenser and non-inductive resistances of known.
values, the change in power factor could thus he calculated véry readily. ‘I'his
change was also ascertained from the difference of the power faétnr dial readings
of the bridge. | The deviation i each casc was found to be within i,c].s%."
‘I'his order of accuracy may bc cousidered fairly tolerable in the present series
of measurcments which aimn mainly at a comparative study of power factor of
the different kinds of mica available in the different parts of this country. It
may be mentioned further that the series resistances used with the  standard
condenser were assumed to be truly non-inductive. Presence of any inductance
would, however, increase the cflective capacily. DBut this effect, if present at
all, can legitimately be overlooked at the frequency of one kilo-cycle per second. «
I'his is borne out by the obscrved data which are in all cases less than 'their
calculated values. 'The presence of any series inductance effect would have
influenced the observed values in the opposite sense. ‘The effect due to the
presence of self-capacity of nou-inductive resistances is also negligible at the
above frequency.

LXPEKRIMENTAL RESULTS

Iables 1-1X ®contain the data of power factor of mica obtained from different
parts of India.  In Column 1 is given the designation adopted by the Geological
Sutvey of India for each kind and quality of mica as well as the name of the
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TanLE 1
Bihar Mica
Bengal Ruby Mica
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1 3
Designation . Average | Number of | S _I:?j\er faF'tpr S
a dk lour Quality ' thickness samples | Soread d
and colo (in mils) tested | oprea Average
i ; 0 %

e e | i [ U bt s e mamtaan
Ruby Red Clear | 4 6 0.0092—0.0106 0.0102
6 6 0.00y8—0.0110 0.0104
8 6 0.0094--0.0112 0.0106
C-—-Red Stained 4 6 0.0103—0.0238 0.0152
6 6 0.0101—0.0259 0.0186
8 8 0.0106--0.0257 0.0176
D—Red . | Stained 5 6 0.0192-—0.0300 0.0262
7 9 0.0182—0.0319 0.0251
9 7 0.0228-—0.0267 0.0249
A—Red Stained and 4 7 0.0116—0.0192 0.0T43
slightly  spot- 6 S 0 0I105-—0.0205 0.0152
ted. 8 10 0.0107—0.0210 0.0146
F-Red Stained and 4 7 0.0107—0.0203 2.0142
sligltly spot- 6 8 0.0140—-0.0185 0.0162
ted. 8 7 0.0102—0.0232 0.0128

Tanrg 11
Madras Mica

Designatio . Average | Number of ) »?oﬁ'er_{é(f?r o
o 11*“? " Quality thickness samples - -
and colour (in mils) tested Spread Ave:uge

o

Madras Green Clear 4 6 0.0102—0.0122 0.0114
6 6 0.0104—0.0124 0.0116
8 6 0.0102--~0.0126 0.0118
C—Green Stained 5 6 0.0160—0.0313 0.0329
- 7 6 0.0I§1—0.0316 0.0235
9 7 0.0174--0.0300 0.0258
D—Green ... | Stained 5 8 0.0255-0.0384 0.0320
7 8 0.0250—0.0400 0.0308
9 6 0.0278—0.0341 0.0309
A—Green Stained and 6 7 0.0232—0.0394 0.0288
slightly spot- 9 8 0.0203—0.0404 0.0274
ted 12 10 0.0180—0.0382 0.0307
‘T'—Green Stained and 4 8 0,0112—0.0174 0.0137
slightly  spot- 6 7 0.0120—0.0171 0.0146
ted. 8 7 0.0112—-0.0177 0.0158
M 177—Green (Pala- | Stained and 3 5 0.0297-—0.0357 0.0318
mani Mines, Nel-| spotted. 5 6 0.0282—0.0362 0.0320
lore). . 7 6 0.0265—0.0366 0.0319
M 242~ Green (Kan- | Slightly stained 3 6 0.0141—0.0272 0.0202
dali Mine, Nellore).| with  black 5 6 0.0152—0.0263 0.0200
metallic spots. 7 6 0.0134-—@,0265 0.0104
M 236~Green (Kali- | Stained and 4 5 0.0174—0.0188 0.0183
chedu Mining Co., | slightly spot- 6 5 0.0135—0.0218 0.0191
Nellore). ted. 8 6 0.0132—0.0234 0.0182

!
[




Electrical Properties of Indian Mica 91

‘TapLg 11T

Rajputana Mica

|
Power factor
. . . Average | Number of | o
Des:ggghon and Quality thickness | samples l"' ; ”;'”’”'{ e
our (in mils) | tested | Ypreac Average
; | Yo %
N o B _— ,; ,ﬁi
0.273—CGreen (Jaita- | Slightly stain- 3 | 5 0.0143~~0.0170 0.0170
ram district, Jai-| cd. 3 6 0.0147~0.0171 0.0165
pur). 7 5 0.0153:--0.0173 0.0167
6552 ~Green  (Jai- | Stained  with 4 5 0.0192—0.0219 0.0205
pur). black metallic 6 7 0.0175-0.0233 0.0208
spots. 8 7 0.015Q---0.0377 0.0227
N756—Green (Tehri, | Slightly stained 4 5 0.0183--0.0192 0.0186
Central India). with black me- 6 6 0,0181-—0.0191 0.0185
tallic spots. R 6 0.0178—0.0198 0.0187
K162~ -Green (Dan- | Stained  with 4 5 0.0180—0.028% 0.0220
latapura, Kishen- | black metallic 6 5 0.01g0—0.0281 0.0225
- garh). spots. 8 6 0.0177-~0.0328 0.0234
L333—Red  (U'dai- | Stained 3 7 0.01§1~0.0199 0.0174
pur). 5 5 0.0153—0.0108 0.0172
7 5 0.0158—0.0186 0.0171
N758—Red (Dod- | Stained and 3 5 0.0143—0.0247 0.0188
pura near Beawar). | slightly spott- 5 5 0.,0140--0.0280 0.0194
ed. 7 5 0.0151—0,0244 0.0193
N759—Red  (Shah- | Stained  with 4 7 0.0173-—0.0240 0.0208
pura’. metallic spots. 6 | 6 0.0166 --0.0226 0.020§
8 l 7 0.0163---0.0245 0.0206
TapLE IV
Travancore Mica
Designation Average Number of ﬂ_MI"gwer fm'tolr
S Quality thickness samples S N
and colour (in mils) tested ql’,fzad A"”:’g’
M 624 ~Red Stained  and 3 5 o.oz78«~o.0325; 0.0320
spotted. 5 5 0.0283—0.0386 0.0342
8 6 0.0202—0.0387 0.0318
1, 999—Red Heavily stained 3 5 0.0558—0.0886 0.0731
(Tippermalai and spotted. 5 7 0.0428—0.0884 0.0750
Mines). 7 7 0.0422—0.10I0 0.0772
R 41—Red Stained and 3 g o.o413-o.o8gg 0.9;31
eavily spotted, 0.0420~0.09 0.0735
heavily fp ‘é 6 0.0366--0.0056 0.0728
M a25—Red Heavily stained 4 7 0.0496—0.1150 ; 0.0800
(Phlogopite). 6 7 €.0494—0.1142 | 0.0813
. 8 8 0.0522—0.7082 i 0.0829
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Tanmg V

Mysore Mica

T
I)(:ﬁi,.{l‘l'\tilf‘m | Average Il Number of — Power facto‘r
’ " ‘; (Juality | thickness samples S, !
and colour | (in mils) |- tested bp‘ll'lt ad ]‘ Av erage
N n
. : L T
. . l 1 ‘ :
M 620 -Green Clear 3 6 . 1| o0.0103—0.0164- . 09,0114
4 f | 0.0102—0.0177 0.011Q,,
5 8 1 0.0108-—0.0181 0.0118
|
TapLy VI
Orissa Mica '
i “ ' "
I, ’ .
Desipnation | i Average Nuuber of ‘ . EO“ er factor -
m.ulkmlnm i Quality I thickness samples | Spread ' Average:
] i n mils) fested | TR |AvEREe
) | i A ’ /0 \
B T i ,
M 8gq~Red | Stained l 3 5 ! 0.01.]2 ~0.0245 0.0197”
(Sambalpur) } { ] 6 | 0.0136--0.0261 v.0205
‘ | | 7 6 | vor2 0.0264 0.0207
| ' | ' '
! ’
Tank VII v
. P. Mica
| i
Designation ! I Average Number of § Power factor
'u'xdkc(. lour | Quality | thickness samples | Spread Averagpe
¢ ! ! | (in mils) tested l npres P t;,’ ag
| [ ' | /0 : %
U S p— -ﬁ-il-—_.__-_ﬁ_l, R S
T 581‘1——'(¥rc1m Clear | 3 5 i (1L.0307—0.0537 0.042%
(Garhwah. \ 5 5 i 0.0387—0.05606 0.0473
. - l b 6 I N 0245=0.070T 0.0420 .
i ! '
i
TAanLg VII1
Punjab Mics
: | ‘ Power factor
- . Average | Numberof ; __ __  *9"% o
Designation Quality thickness | samples 1 j
and colonr ‘ lin mils) | tested Spreat i A*’g/rage
! . ' [ ! 0
U f»{ e "”“ - et ‘”1' ' —_— .
1 306 ~Red b Stpined and i 4 ! 8 ‘ 0.0204~+0.0386 l 0.9094.
(North of l slightly spotted. | o 8 ; 0.02206--0.0365 j 0.2024
Patiala) | 0o 8 10. i, 0.0162—0.0553 i 0.0291
i i
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Summary of Results

Mica
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Pesiona 1 ; Power  factor
o . Designation an . g i
Sonrce . colonr Kind or quality l Average Spread
| % %
S - . - - - )
Bihat BRengal Ruhy Clear | 0.0104 0.0092—0.0112
C—Red Stained I 0.0173 0.0101 0,0250
D—Red Stamed ! 0.0252 0.0182— 0.0319
A—Red Stained & slightly spotted | o 0147 0.010§ ~-0.0210
F—Red Stained & slightly spofted \ 0.0144 o.om‘zwu.ozaz
1
Madras Muscovite Green. | Clear < 0 0116 0.0102~0,0126
C- Green Stained ! o041 0.0151- 0.0316
D— Green Stained © 00313 0.0250—0.0400
A-~Green Stuined & slightly spotted l 0.0204 0.0159---0,0460
I'—Green Stained & slightly spotted | 0.0144 0.0112—0,0177
Mi177—-Green | Stained and spotted 003y 0.0265— 00366
Mz42—Green | Slightly stained with biack | 0.0108 0.0134—0.0272
metallic spots.
M236—Green | Stained & slightly spotted 0.0187 0.0132—0.0234
Rajputana | 0273—Green Slightly stained 0.0165 0 0143~-0.0173
N756—Green Slightly stained with black | 0.0186 0.0178—0.01098
metallie spots,
6552—~Green Stained with black metallic | o.0216 0.0150—0.0377
spots
K16z —-Greon Stamed with hlack metallic | o.0227 n.0177—0.0328
! spots
i Li33—~Red Stained 0.0172 0.0151—0.0190
! N758 Red Stained and slightly spotted | o.0192 0.0140—0 0280
" N7s9 Rud Stained with ictallic spots 0.0200 0.0163—0.024§
Travancore | Mo24—Red ¢ Stained and spotted 0.0329 6.0202- 0.0387
R4r—-Rad ! Stained and heavily spotted | a.ny32 0.0366—.0,0062
Logg-—Red Heavily stained and spotted | 0.0752 0.0422—0 1010
Mas—Red Phlogopite, heavily stained 0 0815 0.0494—0.1150
I
Mysore M620- Green | Clear ERG & 0.0102—0.0181
Orissa MAag4—Red Stained [ 0.0203 N 0132—0.0264
v.p. 1581—Cireen Clear ! 0 0440 | 0.0245~0.0761
Punjal 1306 - Red Stained and slightly spofted | 0.0203 I 0 0162- 010533
| |

particular locality or mine of its occurrence contained within parenthescs.
has not been possible to supply the latter information in every case.

It
Colunm 2

gives the quality of cach kind of mica tested. To cairy out the test, the samples
were first grouped into lots according to their thickness. ‘I'he average thickness
of the samples of a particular lot and the number of samples included in it,
as well as the data of power factors spread and of average power factors of each
such lot are given jn columns 3, 4, 5 and 6 respectively. ‘The power factor
data have been expressed in percentage.

Finally, in Table I1X arc collected together for comparison the data of power
factor obtained fron1 measurements on the different samples, irrespective of their
thickness, for each kind or quality of mica tested during the present investiga-
tion. It may be noted that excepting one quality of phlogophite mica obtained

from Travancore, the others belong to the muscovite variety.
4—1455P—T7
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DISCUSSION

From ‘I'able 1X, it is casily seen that the average power factor of clear
muscovite mica, excepting that obtained from the United Provinees, is very small
although the green varicty of both Mudras and Mysore has a slightly higher
value than the ruby varicly of Bihar, kuown popularly as the Bengal ruby mica.
The clear g8r-green mica available at CGarbwal in the United Provinces
shows, howcever, a comparatively larger valuce of power factor, which is even
greater than that of the stained and spotted mica samples of other provinces
included in the present investigation. 1t may he voted here that the value of
power factor of clear muscovite mica of the different grades or varietics seems
to be of the right order of magnitude at the fregquency of our measurements.
Amongst the previous investigators, Lewis, Hall and Caldwell (1931) found the
spread of power factor for ciear Indian ruby mica to lie between o.o1 to 0,029,
Furthermore, Dannatt and Goodall (1930) have observed that although the power
factor of the green variety 1s about three ties as large as that of the ruby at
the power frequency of oo cycles per second, they have nevertheless nearly the
same value at o frequency of Soo cycles per sccond.  ‘I'his latter observation 1s
well supported by the present data.

It is difficult to compare the power factor values of the stained and spotted
wicas with those reported hy other investigators since the power factor is known to
be very much influenced by the amount of stain or spot present m the samples
under fest. It is also not known whether these investigators used micas of the
same localitics as used in the present measurements.  Very likely, they dids not.
It is, however, found from present data that the power factor of muscovite 1mica,
cither stained, spotted, or hoth, is higher than that of clear mica as has been
ohserved by several other investigators.  ‘I'he sample of phlogopite mica has a
still higher value of power factor.

The uses to which virgin mica is put are well known. It i1s used to
insulate small commutator scgmeunts, condensers, heating clements and wiscella-
neous punched parts and washers.  ‘I'he grade of mica suitable for condenser
insulation varies according to the service for which the condenser 1s designed.
For D.C. and general testing and standardising purposes, mica of particularly
high insulation is preferred.  For every high-voltage condensers, mica of the
highest clectric strength must be used, while, for high-frequency condensers,
low-loss mica is to be sclected.

Dannatt and Coodall (1930) have found that clear ruby mica possesses
outlstanding superiority over the green variety inasmuch as it has not only a small
power factor but also small variation of power factor and capacitance with tem-
perature as well as small change of power factor and permitivity with frequency.
These properties mark it as an almost ideal material for the insulation of preci-
sion condensers and allied apparatus.  ‘The clear green mica has also exceptional-
ly good insulating properties. In fact it is as good as ruby mica for high-
quality commcrcial insulating waterial.  The only point apainst its use in
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precision condenser s that its power factor varies, as has been noted already,
with frequency and probably attains a steady value ouly at very high frequencies.

The stained and spotted micas which have been put to test in the present
measurements show that the power loss in them is not very large and, in fact,
it s fairly tolerable. They are, therefore, not unsuited [or use in commercial
condenscrs of the Dubiliar types for vadio purposes where great precision is 1ot
warrantied. A fow condensers were actnally constructed  with some of these
wicu samples and put to service where they were found satisfactory  throughout
the year under varying conditions of temperatare and atmospheric humidity.
It is hoped that mote definite couclusions, regarding (e uses to which the stained
and spotted micas availabic in many parts of Tndia could be put, may be drawn
after our study of their different clectrical and phiysical propertics is complete.

Iu conciusion, the authors gratefully acknowledge their indebteduess to
Dr. C. 5. Tox, Dircctor, Geological Survey of India, {or supplying practically
all the mica-samples which ave heen put 1o fest in the present  investigation
and also for lus Kind interest and suggestions,  They also wish to acknowledge
then thanks to Prof. . N, Ghosh, ITead of the Department of Applied Physics,
Calcutta University, for allowing them all facilities to carry out the investigation
and for his helpful discussions and to Mr. S. . Chakravarti for his kind
cncourageinent.
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