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Standard Test Methods for
Relative Permittivity (Dielectric Constant) and Dissipation
Factor by Fluid Displacement Procedures *

This standard is issued under the fixed designation D 1531; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope 2. Referenced Documents

1.1 These test methods provide techniques for the determi- 2.1 ASTM Standards:
nation of the relative (Note 1) permittivity and the dissipation D 150 Test Methods for AC Loss Characteristics and Per-

factor of solid insulating materials by fluid (Note 2) displace- mittivity (Dielectric Constant) of Solid Electrical Insulat-
ment. ing Material$
D 374 Test Methods for Thickness of Solid Electrical Insu-

Note 1—In common usage, the word “relative” is frequently dropped. lation?
Note 2—The word “fluid” is a commonly used synonym for “liquid” atio . L . .
and yet a gas is also a fluid. In these test methods the words fluid and D 618 Practice for Conditioning Plastics and Electrical

liquid appear as synonyms, but the word fluid is also used to show that  Insulating Materials for Testirfg
liquid is not all that is meant. D 831 Test Method for Gas Content of Cable and Capacitor

1.2 Test Method A is especially suited to the precise Oils® o
measurements on po|yethy|ene sheeting at 23°C and at fre- D 924 Test Method for DISSIpatlon Factor (Or Power FaCtOf)
guencies between 1 kHz and 1 MHz. It may also be used at and Relative Permittivity (Dielectric Constant) of Electri-
other frequenciésand temperatures to make measurements on _ cal Insulating LiquidS
other materials in sheet form. D 1711 Terminology Relating to Electrical Insulation

1.3 Test Method B is limited to the frequency range of E 1 Specification for ASTM Thermometérs
available guarded bridges. It is especially suited to measurey Terminology
ments on very thin films since it does not require determination | wil . ) ) ]
of the thickness of the specimen. The test method provides an 3.1 Definitions—Definitions are in accordance with Termi-
estimate of the thickness of thin films which is more accuratd!0logy D 1711. 3 _
and precise than thickness measurements obtained by other3-2 Description of a Term Specific to This Standard:
means. 3.2.1 compatibility, n—A fluid is considered compatible

1.4 Test Method B is also useful for measurements ofVith a test specimen if, during the time required to complete a
polymer sheeting up to 2 mm thickness. test of the specimen in the fluid at the specified temperature and

1.5 These test methods permit calculation of the dissipatioffeéduency, the calculated permittivity of the specimen does not
factor of the specimens tested. _change by more than 0.1 %, and the dissipation factor change
1.6 This standard does not purport to address all of theiS less than 0.0001.
safety concerns, if any, associated with its use. It is the4
responsibility of the user of this standard to establish appro- , ) .
priate safety and health practices and determine the applica- 4-1 Test Method A- The single fluid technique:
bility of regulatory limitations prior to useFor a specific ~ 4-1.1 Measurements are made with a fixed-plate, two-

. Summary of Test Methods

precautionary statement, see Note 3. terminal self-shielded test cell assembly. By two measure-
1.7 The values stated in Sl units are to be regarded as tfgents, one with the cell filled with the fluid (which in this case
standard. is a liquid) only and the second one with the solid specimen

immersed in the liquid, a change in capacitance is determined.
This capacitance difference is used with the approximate
thickness of the specimen, the plate spacing, and the precisely

1 These test methods are under the jurisdiction of ASTM Committee D-9 Nnown permittivity of the quuid to calculate the permittivity of

Electrical and Electronic Insulating Materials and are the direct responsibility of
Subcommittee D09.12 on Electrical Tests.
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the specimen. The dissipation factor of the test specimen is 5.2 Dissipation Factor—Normally, polyethylene has a very
calculated from measurements of the cell with the liquid alondow dissipation factor, and a test specimen exhibiting an
and with the specimen immersed in it. Precision and accuracgbnormally high dissipation factor would be suspected of
are made high by limiting the proportion of fluid to solid, containing impurities or being contaminated. The reproducibil-
limiting the difference in permittivity between the fluid and the ity of dissipation factor by this test method is somewhat better
solid, and designing the cell so that both the stray capacitanddan that obtainable with the more conventional methods, but is
and the sensitivity limit of the measuring instrument are verylimited by the sensitivity of commercially available measuring
small relative to that part of the capacitance due to theapparatus.
specimen. Also, due to its bulk, the measuring system i
insensitive to mechanical and thermal disturbances. Since it & APParatus
not necessary to know the thickness of the specimen accurately6.1 Measuring Circuits—Any low-voltage bridge or
and it is not necessary to apply electrodes, there is an overdgsonant-circuit method conforming to the requirements of Test
saving in testing time. Methods D 150 is suitable when the parallel substitution
4.2 Test Method B-This is a two fluid technique that uses method is employed. A capacitance sensitivity and readability
a rigidly constructed, fully shielded, temperature controlledof about 0.01 pF and a dissipation factor sensitivity and

cell. readability of at least 0.00001 is needed. One means for
4.2.1 The fluids are: obtaining this sensitivity at 100 kHz and above is by using
4.2.1.1 Two liquids, or commercially available resonant circuit apparatus and high Q
4.2.1.2 One liquid and a gas such as air or nitrogen. coils (500 minimum).

4.2.2 Observations of capacitance and dissipation factor 6.2 Leads and ConnectorsLow-loss coaxial connectors
from the four following conditions are used to compute relativeand leads are recommended for connecting the cell to bridges
permittivity, dissipation factor, and the thickness of the speci€quipped with guard circuits for frequencies from 1000 Hz to

men: 1 MHz. Terminate the guard as close as possible to the cell.
4.2.2.1 Without a solid specimen but with a single fluid in 6.3 Arigid lead construction is necessary for connecting the
the cell, cell to unguarded circuits including resonant circuits. Such
4.2.2.2 Without a solid specimen but with a fluid different construction stabilizes stray capacitance. Bare #10 AWG (2.5
from that in 4.2.1.1, mm dia) copper is suitable if rigidly mounted and maintained
4.2.2.3 With a solid specimen and with the single fluid ofin the same position throughout the tests. At frequencies of 1
4.2.1.1, and MHz and higher, lead resistance and contact resistance become
4.2.2.4 With a solid specimen and with the different fluid of important because they affect dissipation factor measurements
4.2.1.2. of 0.0001 or less. Contact resistance can be minimized by use
of bright solid copper clips for connections. Such clips should
TEST METHOD A—LIQUID DISPLACEMENT be small in size to minimize the effect that placement of the
METHOD USING A SINGLE FLUID clip has on the measured capacitance. Take care to keep the
1 variations in capacitance between leads and surrounding ob-
5. Significance and Use jects to less than 0.01 pF during measurements.
5.1 Permittivity. 6.4 The measuring cell in which the test specimens are

5.1.1 Polyethylene and Materials of Permittivity within 0.1 immersed in the liquid is shown in Fig. 1. It is a two-terminal,
of that of Polyethylene-Since the permittivity of benzene or 1 self-shielded type cell consisting of a rectangular 6.35 #m (
¢St silicone fluid is very close to that of polyethylene, thesein.) thick gold-plated brass center electrode having parallel and
fluids are recommended for highly accurate and precise testinftat faces, each 58.06 én9.00 in.?) in area. This electrode is
of polyethylene or other materials with permittivity close to supported by 5 polytetrafluoroethylene post insulators, and is
that of polyethylene. These properties of the test method makecated midway between two gold-plated brass electrodes
it a suitable tool to determine batch to batch uniformity of awhich form an integral part of the walls of the cell. The
polyethylene compound in order to meet precise requirementstandard spacing between the plates is #5205 mm (0.060
of high capacitance-uniformity and capacitance-stability in= 0.002 in.); however, other spacings may be used to accom-
electronic apparatus. It also serves as a means to detatibdate test specimens of thicknesses other than 1.27 mm
impurities, as well as changes resulting from prolonged expof0.050 in.), such as 1.6 and 3.2-mriid and ¥s-in.) test
sure to high humidity, water immersion, weathering, aging,specimens. The center electrode slides in grooves and can be
processing treatments, and exposure to radiation. removed readily to permit easy cleaning. The cell is equipped

5.1.2 Other Materials—The test method may provide ad- with an overflow pipe in order to maintain a constant level of
vantages for routine testing of materials with a poorer match irthe liquid with the test specimens either in or out. The cooling
permittivity between these liquids and the specimen than thaffect resulting from the evaporation of the liquid is small at the
required above, because of the ease of testing, and the diluti@pecified test temperature due to the large mass of metal and
of errors due to inaccurate thickness. Correction factors can tbe small area of liquid exposed to the air, so that under normal
calculated to account for the bias introduced by the permittivitytesting conditions the required stability of capacitance and
mismatch. Also, other compatible liquids of appropriate andemperature can be obtained without the use of a cpover.
known dielectric properties different from the two mentioned 6.5 Thermometer-An ASTM Engler Viscosity Thermom-
above are available. eter having a range from 18 to 28°C and conforming to the
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Plate assembly shall be a sliding fit in the cell subassembly; if necessary the polytetrafluoroethylene post insulators may be modified very slightly to accomplish this.
The tolerances on the component parts have been apportioned so as to provide a spacing of 1.52 = 0.05 mm (0.060 = 0.002 in.).

FIG. 1 Measuring Cell For Test Method A

requirements for Thermometer 23°C in Specification E 1 carfound generally satisfactory. However, in case of a dispute, dry

be used. the benzene as above, or measure the permittivity of the
o ) benzene, or both. The dissipation factor of the benzene shall
7. Standard Liquid Dielectrics not exceed 0.00001 during test. From 100 kHz to 1 MHz, the

7.1 Silicone Liquig—Use a 1.0 ¢St (& 10 ®m?s) silicone  dissipation factor of ACS reagent-grade benzene is consistently
fluid. The permittivity of the liquid changes with temperature less than 0.000005. The benzene can be used a number of times
and has to be measured to determine the exact value for eaoh until an increase in dissipation factor is observed.
lot of material. Use the three-termlnal_ measuring cells and Note 3—Precaution: Observe proper precautions due to the toxicity
proquureS.Of TeSt MethOd D 924 for this purpose. The Valueﬁnd flammability of benzene. Minimize benzene fumes from test speci-
of silicone liquid are quite similar to those of dry ACS grade mens by dropping the specimens in a beaker and covering it at once. A
benzene as shown in Table 1. The dissipation factor of 1.0 cSlortable hood placed near the cell will also remove benzene fumes.
silicone liquid is less than 0.000005 from 100 kHz to 1 MHz
and therefore can be considered zero over this frequency range.
The liquid can be used a number of times or until an increasg
in dissipation factor is observed.

7.2 Benzene-Use certified ACS reagent-grade (thiophene-
free) benzene having a permittivity as specified in Table 1 ag
the referee liquid. As the permittivity of a liquid is a function within the body of the specimen.

of temperature, measure the temperature of the cell to an 7.5 Avoid liquids that exhibit peaks in dissipation factor in

accuracy of+0.1°C both with the test specimens in and out. . o
The permittivity values shown in Table 1 are for benzene tha r)é?qisesng; 0.00005 in the frequency rang80 % of the test

has been dried over powdered calcium hydride for 3 months.
U.S. commercial certified ACS reagent-grade benzene has begn

7.3 Other liquids may be used. Those selected should have
permittivity which is approximately the same as that of the
pecimen, and is known precisely; that is to the fourth decimal
place at the test frequency.

7.4 Avoid liquids that dissolve any constituents of the
pecimen, result in swelling of the specimen, or are absorbed

Sampling

8.1 Take samples according to the applicable material speci-

TABLE 1 Permittivity Values for Dry Benzene fication, and observe the following precautions in handling.

Temperature,” C Permittivity Temperature, C _ Permittivity 8.1.1 Handle specimens with tweezers so that no finger-
223 ;;gg; ;gi ;;Zi prints or other contamination is introduced onto the specimen.
299 29794 93.6 59768 This precaution is very important for polyethylene, and is
22.4 2.2790 23.8 2.2764 expected to be very important for other materials also.
226 22187 24.0 2.2760 8.1.2 Note the handling precautions of Test Method B which
2238 2.2783 242 2.2756 | ; ‘ Y d maintaini
230 29779 a4 2975 relate to removing surface contamination and maintaining a

clean surface between sampling and test, not only to improve
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precision, but also to keep the apparatus and the liquid(s) cleatirectly from the original bottle or from a chemically-clean

(see Section 18). glass container equipped with a small glass tube, such as a
) wash-water bottle equipped with a rubber bulb. Fill the cell
9. Test Specimens until a small quantity flows out of the overflow tube into a

9.1 Mold the sheets of the material to be tested to aatch bottle.
thickness of 1.27= 0.12 mm (0.050+ 0.005 in.) (see 9.3) and 11.2.2 Balance or tune the test circuit and record the total
of sufficient size to cut two pieces 68.3 by 100 mm¥#i2 by capacitance(C+, in the bridge arm or resonant circuit. Then
3% in.) from them. These two pieces constitute a testconnect the grounded lead from the measuring circuit to any
specimen, but in the following text, each piece is referred to asonvenient location on the metal case of the cell. Accurately
a test specimen. The number of tests required for eaclocate the ungrounded lead so that it is about 25 mm above the
compound is as required by the material specification. center terminal of the cell. This lead should descend from a

9.2 Materials having thicknesses other than 1.27 mm (0.050ertical direction in order to maintain maximum clearance
in.) may be tested by changing the thickness of the centeffom all surrounding parts, including the thermometer. If
electrode so that the test specimens occupy approximatebaxial leads and connectors are used, disconnect them at the
80 % of the gap. For referee tests, use a 1.27-mm specimen gell end. Balance or tune the test circuit and record the
a 1.52-mm (0.060-in.) gap. capacitanceC ,. Also record readings of the conductanGs,,

9.3 Measure the thickness of each test specimen to thiae quality factorQ,, or the dissipation factob,,.
nearest 0.025 mm (0.001 in.) in accordance with Method A or 11.2.3 Attach the ungrounded lead by moving it downward
C of Test Methods D 374. Use the average of five determinato the center terminal, or plug in the coaxial connector, and
tions along the diagonals of the specimen, one near the centsgbalance or retune the test circuit. Then determine the capaci-
and one near each end in calculating the permittivity. Measureance C,, of the cell containing liquid alone, and the dissipation
the specimen under the same atmospheric conditions as dictor, D,, of the liquid. Specifically, record readings of
scribed in 10.1. measuring circuit capacitanc&; ,, and conductance(,,

o quality factor,Q,, or dissipation factoD,, for use in calcula-

10. Conditioning tion of C, and D, by equations given in 12.2.1. Normally, at

10.1 Unless otherwise specified, condition the test specifrequencies from about 100 kHz to 1 MHz, the value obtained
mens for 40 h in the Standard Laboratory Atmosphere o£50 for D, will be only an apparent value rather than the true value
5 % relative humidity and 23 2°C as described in Procedure because of lead and contact resistances.
A of Practice D 618. Store the liquid container and test cell in 11,3 Capacitance and Dissipation Factor of Cell Contain-
the Standard Laboratory Atmosphere for a sufficient length oing Liquid and SpecimeaWithout disturbing the position of
time for the temperature to equilibrate. The temperature of thehe ungrounded lead still connected to the center terminal,
specimens and the liquid should be exactly the same to obtaigarefully insert the two test specimens between the plates of the
the optimum degree of accuracy. test cell, using clean metal tweezers. Except as provided for in

10.2 If the effects of other environmental conditions are toSection 7, discard the liquid that flows out through the
be explored, such as exposure to high humidity, water immereverflow tube as the test specimens are inserted. Rebalance or
sion, weathering, or other treatments, measure the test speeetune the test circuit and determine the capacitaGgeand
mens as soon as practicable after removal from the particulahe dissipation facto), of the cell containing the combina-
environmental condition, allowing only sufficient time for the tion of test specimens and liquid. Specifically, record readings
test specimens to come to equilibrium with the temperature off measuring circuit capacitanc€,, and conductances »,
the liquid and the test cell. quality factor,Q,, or dissipation factorD,, for use in calcula-

10.3 If tests are made at a temperature other than 23.0°C,tidn of C. and D, by equations given in 12.2.1. If possible,
correction for the temperature coefficient of permittivity of the observe directly and record the change of capacitah€e of
polymer compound may be necessary. the test cell resulting from introduction of the test specimens.
Note thatAC is positive if the cell capacitance was increased,
11. Procedure or negative if the cell capacitance was decreased by insertion of

11.1 Air Capacitance and Dissipation Factor of Celitis  the test specimens.
not necessary to measure the actual air capacitance andil1.4 Remove the test specimens from the cell promptly to
dissipation factor of the empty cell in the determination of theprevent excessive swelling.
permittivity of the polyethylene test specimens. However, such 11.5 If other test specimens are to be tested immediately,
information is of interest from capacitance stability and con-add liquid until a small amount overflows and proceed to test
tamination standpoints. The recommended procedure for prews in 11.2 and 11.3.
paring a new test cell for use is to rinse the cell several times 11.6 Since the liquid is constantly being replenished by such
with warm distilled water followed by a few rinsings with a procedure, it may be used until the capacitance at any given
acetone and then benzene. After drying at about 50°C for abogémperature increases by 0.1 pF or until its dissipation factor
1 h, allow the cell to cool to room temperature. After this exceeds 0.00001. Empty the cell and refill it with new liquid
treatment the dissipation factor should be less than 0.00001 after testing moist or contaminated specimens.

11.2 Capacitance and Dissipation Factor of Cell Contain- .
ing Liquid Only. 12. Calculation

11.2.1 Fill the cell slowly with liquid, about 50 mL, either  12.1 Permittivity—Calculate the permittivity as follows:
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Kp =Ky + AC(t/t) X (1/C,) 1) ¢, = (KC,+ AC), or K,C, when AC is less than 0.5
If (K, — K)) is greater than-0.1, use the following equation: pF = effective capacitance of the cell with test speci-
mens and liquid,
Ky =K + ACAC T ) C, = capacitance reading, pF, of the measuring circuit at
C, X (tdt,) — (Ts’a) balance, after attachment of leads to the circuit
! terminals but before connection of the ungrounded
where lead to the cell terminal (see 11.2),
C, = 2x(0.0088542 Alf) pF, C, = capacitance reading, pF, of the measuring circuit at
K, = permittivity of specimens, balance, after connection of the ungrounded lead to
K, = permittivity of liquid at test temperature, the terminal of the cell containing liquid alone (see
AC = ( C,-C ;)=change of capacitance in picofarads 11.2),
when the specimens are insert&(is positive if the C, = capacitance reading, pF, of the measuring circuit at
cell capacitance increases, negative if the cell capaci- balance, after insertion of test specimens (see 11.3),
tance decreases), = total capacitance, pF, in the measuring circuit or
A = area of center capacitor plate, fone face), bridge arm at initial balance, before connection of
t, = average separation of capacitor plates, mm, and leads to the measuring circuit terminals (see 11.2),
t, = average thickness of the two test specimens, mm. Q, = quality factor of the measuring circuit at resonance
12.2 Dissipation Factor—Calculate the dissipation factor as before connection of the ungrounded lead to the cell
follows: terminal (see 11.2),
Q; = quality factor of the measuring circuit at resonance
Dp =Dy + (B — Dt/ &) after connection of the ungrounded lead to the
which, in cases wher®, is assumed to be zero, simplifies to: terminal of the cell containing liquid alone (see
D, = D (t/t) () 11.2), L
P c Q, = quality factor of the measuring circuit at resonance,
where after insertion of test specimens (see 11.3),
D, = dissipation factor of specimens, D, = dissipation factor reading of the measuring circuit at
D, = dissipation factor of liquid, and balance, before connection of the ungrounded lead to
D. = dissipation factor of combination of specimens and the cell terminal (see 11.2),
liquid. D, = dissipation factor reading of the measuring circuit at
12.2.1 Calculatdd, andD. by one of the following equa- balance,. after connection of Fh_e un.gro_unded lead to
tions, except that at frequencies from about 100 kHz to 1 MHz, tlhlezt)erar:wr:gal of the cell containing liquid alone (see
Eh%nn%fo 10 Gy, Qo 10 Qy, andDo to By, in the equations for D, = dissipation factor reading of the measuring circuit at
c ' balance, after insertion of test specimens (see 11.3).
Eq 5 when the measuring circuit is a direct-reading conduc-
tance meter or bridge,
13. Report

Eq 6 for a resonance-ris€(meter) circuit, or
Eq 7 for a direct-reading dissipation factor bridge:

D = (G, — Gl C;
D, = (G, — Gyllw C,
Dy = C1(Qo — QIIC QQy
Dc = C1(Q — QICQQ;

®)
®)
(6)
(6)

13.1 Report the following information:

13.1.1 Identification of the polyethylene compound or other
material tested,

13.1.2 Frequency and temperature at which each test was
made,

13.1.3 Permittivity and dissipation factor of each pair of test

specimens tested,

Dy = C+(Dy — Dy)/C
D.= CT(DZ - DO)/CC

@)
@)

factor.

ing circuit at balance, before connection of the un-
grounded lead to the cell terminal (see 11.2),

13.1.4 Test apparatus employed, and
13.1.5 Liquid employed and its permittivity and dissipation

= conductance reading, in picosiemens, of the measurd4. Precision and Bias

14.1 The information in 14.2 and 14.3 relates to data
the cell term obtained with polyethylene.
conductance reading, in picosiemens, of the measur- 14 2 permittivity—This test method is capable of providing

G, =
with liquid alone (see 11.2),

G, =
ing circuit at balance, after insertion of test speci-
mens (see 11.3),

o = 2w times the frequency in Hz,

C = (C,-C,) =capacitance, pF, of the test cell with

ing circuit at balance, after connection of the cell g very high precision measurement. The repeatability is such
- 11.2), that when two consecutive measurements are made under
conductance reading, in picosiemens, of the measurigengical conditions on the same test specimens, the two values
obtained normally do not differ from each other by more than

+0.001 0.05 %). Likewise, when two tests are made on two

different sets of test specimens from the same molded sheet,
the precision usually is much the same as in the first case.

liquid alone (see 11.2), Interlaboratory tests have shown that the reproducibility at the
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same test frequency and temperature using different testing Vent

equipment and different supplies of benzene on the same

molded sheets is expected to be withi®.002 0.10 %). Nut
14.3 Dissipation Facto—Under the same conditions as Nut

stated for permittivity, the expected repeatability for dissipa- o

tion factor is such that values obtained for remeasured and

duplicate samples are expected to be closer th@r00005. L

% S/Iot for Screwdriver
e

il

f
oh
—

| nxeves

Under the conditions described, the reproducibility of theMetal Spacer %

dissipation factor values of interlaboratory tests are not ex- 44 v 7 Ch Is for wat
pected to differ by more thart0.0001 from the mean in the Teflon Insulator Z v ,anne_s water
vicinity of 0.0001. In general, the dissipation factor precision f f/ circulation

stated above can be improved five to tenfold by employment of
the most sensitive testing apparatus available. 2(a) Cross—Sectional and Schematic View

14.4 When the permittivity of the specimen is close to that
of the fluid, the bias is expected to be extremely low, since the
permittivity of the reference material (benzene) is precisely |_Groove-Slide Fit for U-Yoke
known.

TEST METHOD B—FLUID DISPLACEMENT
METHOD USING TWO FLUIDS

15. Significance and Use

15.1 The use of this test method provides capacitance values
from which relative permittivity may be calculated with a
greater precision than from other methods which require a
precise knowledge of the thickness of the test specimen. This

Vent

Polytetrafluoroethylene - o=

is of benefit when testing very thin films in the order of 2 to 10 (Teflon)
pum since the thickness of such films is not easily measured 2b) Top View
with high precision. FIG. 2 Cell for Test Method B

15.2 This test method is applicable for research purposes,
for quality control, and purchase specifications.

15.3 Dissipation factor and permittivity obtained by otherments of Test Methods D 150 may be used. Transformer
techniques may require precise dimensional information relatratio-arm bridges are recommended because of the simplicity
ing to electrode placement, flatness, parallelism, distance Qffforded by the grounded guard. The precision obtained de-
separation, and so on. This test method does not require Suﬁénds upon the capacitance resolution (see Note 4) of the

precise data. . . _ bridge. Readability to 0.0001 pF is essential. The sensitivity of
15.4 Test Method B, unlike Test Method A, provides reli- the dissipation factor should be 0.00001 or smaller.

able permittivity values when used with a fluid with permit-
tivity that is not closely matched to the permittivity of the Note 4—The term resolution is used here to indicate a combination of
specimen. readability and absence of drift in the bridge readings over the time period
15.5 This test method can provide a reference value o?_f the measuremgnt._ For instance, Whe_n the bricige is re_a_de_lblg to 0.0001
permittivity (K(ref)) for the test specimen at a specific testIp|cofarads,handdol_:cn‘t E(z)eorgc,)gée tEeoretlcaI error in permittivity is half as
temperature (T(ref)) and specific frequency (f(ref)). The effects’ o¢ &> When it tOR0. pF oceurs.
of various parameters (such as voltage, pressure, humidity and16.2 Test Celi—The test cell is a guarded cell with a rigidly
exposure) can be studied using other electrode systems as mapunted electrode system. Sketches of the cross section of this
be appropriate or convenient. The measured effects of thesell are shown in Fig. 2(a) and Fig. 2(b). Fig. 2(b) is a
parameters on the capacitance can be used to calculate thehematic top view of the cell to indicate the grooves which are
changes in permittivity resulting from these effects. For ex-used to position the specimen holder. A photograph of the cell
ample, the ratio of the capacitance at a selected test conditi®howing the grooves appears in Fig. 3. The measuring elec-
to the capacitance at the reference conditions multiplied byrode has a diameter of 25.4 mm and the guard gap is 0.1 mm.
(K(ref)) provides a permittivity value for the selected testAll metal (brass) parts are gold plated to a minimum thickness
condition which is often more precise than that obtained byof 20 micrometres (see Note 5). (Replating is essential if the
other techniques. This also reduces the testing time to obtaislating is eroded or damaged.) The fluid volume approximates

such information. 25 mL. The cell housing is provided with channels for water

15.6 For supplemental information on significance of per-irculation to maintain close control of temperature of the
mittivity and dissipation factor, see Test Methods D 150.  specimen and the cell parts. Cleaning of the cell requires
16. Apparatus removal of ten machine bolts and disassembly.

16.1 Bridge—Any low voltage completely shielded capaci- Nore 5—Recommended plating is an underlayer of electroless nickel
tance and dissipation factor bridge conforming to the require1.3 um thick overlaid with a standard gold plate 20 um thick. Cells
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