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DEFINITION OF SYMBOLS USED

Diameter in irches of inner conductor of co-axial test cell.
Diameter in inches of outer conductor of co-exial test cell.
Capacitance in farsds.

Total ecuivelent air capacitance in micro-micro farads of tne
test cell,

Calculated alr capacitance of tiie portion of the test cell en=
closing tae dielectric sample, 1.535 micro-micro farads,.

Stray capacitance of the test cell in micro-micro farads.

Total equivalent capscitance of the test cell with wood as the
dielectric.

Readineg of the tuning condenser dial with only toe resonating
coil in tne eircuit.

Reading of the tuning condenser diasl with tae empty test cell
in the ecireuit.

Reading of the tuning condenser diel witn the dielectric sample
in the circuit.

Dielectric constznt of sample.

Dielectric constant of Georgia pine.

Loss factor of dislectric sample.

Loss factor of Georgia pine.

Correctad value of the loss fector of Georgia pine.
Freguency in cycles per second.

Inductance in henries.

Length in inches of test cell.

Power factor of empty test cell.

Power fector of dielectric sample.

Corrected power factor of dielectric sample.
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DEFINITION OF SYMBOLS USED
Rﬁtio of the equivalent parallel resistance to tae reactance of
a coil or a condenser 2t resonance.
Reading of the (-meter dizl with only thne coil in tne circuvit.
Reading of the Q-meter dial with the emvty test cell in the circuit.

Reading of the Q-meter dial witn the dielectric sample in the
circuit.

Bouivalent € of the emntv test cell.

Emuivalent Q of tae Georgia pine samvple.

Corrected eaquivalent Q of the Georgia pine eample,
Eouivalent parallel resistance of sample,

Equivalent per=1lel resistonce of the empty test cell.
Boauivalent parzllel resistance of the Georgis nine sample.

Corrected equivalent parallel resistance of the Georgia oine
sample,

Volume resistivity in oanms-centimeters for Georgiz nine.

Corrected volume resistivity in omms~centimeters for Georzia pine.



I. INTRODUCTION

The possibilities of utilizing dielectric heating in eviation,
plastics, paper, textile, chemical, shoe, automotive, marine and pro=
cess industries are tne subject of much research in many of the large
electrical manufacturing organizations at the present datel. With the
increasing use of dielectric heating as & means of cooking, drying, de=
nydrating, sterilizing, curing, thewing and setting, the need for more
information on the dielectric characteristics of many types of mater—
igle becomes apparent. Food, grain, tobacco, glue, rubber and lumber
are some of the substances that fall into this cateszory.

Considerable work has previously veen done in the field of di-
electric measurements., Sufficient informeation nas been tabulated, in
the handbooks and the literature, to indicate the characteristics of
moet of the general types of dielectrics. MNore detailed information
is available for most of the materials that find practical use as in-
sulation or dielectrics for condensersgs. However, for the great many
dielectrics that find 1ittle use in the prectical world, there 1ls very
little specific information. It was with thig thought in mind that the

work represented by this paper was performed.

IWestinghouBa Electric Corporation, Radioc Frecquency Heating
Reference Book. p. 3.




The primary objective of the investigation was to present infor-
mation on one of the materials in the higner freouency rasnge, 30 to 200
megacycles. The secondary objective was to determine the factors invol=-
ved in making measurements of this kind with the type 170-A Qﬂnatara ,
and, from the investigation, to meke recommend=tions for improving the
technique of measurements and tae design of the test cell.

The material used for the test sample was Georgia pine. This
wood was cnosen because it represents one of the predominant industrial
woods of the state. Information on this material seemed desirzble from
tae standpoint that dielectric heszting mignt De amployed'in the futvre
for drying the lumber.

Since the data obtained Eitn the type of instrument used would
assimilate some of the conditione incurred in the actual process of di-
electric neating, tne desirability of determining the absolute values of
the quantities involved did not seem to warrent tne added care and work,
Therefore, the expected accuracy of tane data, plus or mims 20 per cent,
witn the type 170-A Q-meter was decided to be sufficient to indicate tane
gencral trend of the properties of pine for the frequency range involved.
When consideration is given to the fact that tae dielectric properties
will vary as a function of the moisture content, zccuracies within these
limits seer remsonable. Finally, if more accurate information was de=-

sired, the results of tae investigation should enable suggestions and

recommendations that would accomplish that.

Eﬁannfactured by the Boonton Radio Corpcration, Boonton, ¥. J.
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II. DESCRIPTION OF AFPARATUS USED

Previous work on soil samples by T. W. G. Richardson3 lsad to the
use of a modified co-axial type test condenser similar to the one he used.
An attempt was mede to increase the total capacitance and at the same
time to reduce the stray capacitahce.. This was accomplished by choosing
& lower ratio of dismeter of outer to inner conduector, and by removing
all the polystyrene spacers from within the cell.

The resulting cell? consisted of a brass tube 2 11/16 incaes
long with a detachable 1id. A bottom with a 1/2 inca hole for the exit
of the inner conductor terminal was 2lso made an integral part of this.
The inner conductor, which was 1 3/4 inches in length, wes rigidly mount-
ed in place by means of a polystyrene disk held to the outside of the
bottom pilece by tne terminal connections. Connection to the measuring
instrument wes made by banana plugs and receptscles.

The test sample was cut from dry Georgia pine to fit tns co-zxial
cell with 1ittle tolerence. In appearance, the sample resembled a solid
cylinder wita a concentric hole down tae center.

Four coils for the measuring inatruments were used to cover the
| frecquency spectrum from 30 to 100 megacycles. These coils were wound
of pnumber 10 tinned copper wire. (oil forms were not reteined because

the wire was sufficiently stiff to hold its origins1 shape.

3
Richardson, T.W.G., "A Determination of the Electrical Properties
of S0il in the State of Georgial, fThesig, Georgis School of Technology,
1947,
See Figure 3,
SBoonton Radio Corporation, Imstructions znd Manusl of Radio Fre-
quency Measurements for Q-Meters. pp. 4,E.




Fig. 2



.ﬁ.nl‘i due to tae fuct tnat any tyve of materizl placed in the field of
the coil w=s found to lower the Q considerably, snielding was not em-
ployed, The Q of the coils were found to range from 375 to 260 at the
lower end of the respective ranges. Attacament to tne messuring circuit
was made directly to the coil terminals.

The type 170-A Q-meter was the instrument used for making the
measurements of the Q snd the cavacitance of the test cell and wood
sample. Fundementally, tne principle of operation of the G-meter in~
volves inserting a Jmown freouency snd voltage in series with a coil
and a condenser, tuning the circuit to resonance and measuring the
Q across tne condenser by means of & vacuum tube voltmeter calibrated
directly in Q. Tne meter nas a built-in oscillator variable in fre-
quency from 30 to 200 megacycles. TFour terminal bindine posts are pro-
vided for the connection of an externzl coil and 2 condenser. A low-
loss tuning condenser with a calibrated dizl from 11 to 67 micro-micro
faraeds is built in the meter =nd conrected directly across tue external
condenser terminals. A calibrated freouency dial is provided fqr adm-

Justing the oscilletor.

The frequency dial is calibrsted within plus or minus 1 per cent
accuracy, while the Q rezding meter aas a general sccuracy of »luse or
minus 10 per cent, However, the latter is & function of full scale
reading. Thus, for low Q readings the sccuracy mev be somevhat lowered,
The tuning capacitance has an aﬁcuracy of avproximately .5 micro-micro
ferad. Generally speaking, if sufficient care is tsken the accurscy

may be considerably improved from these values.
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III. METHOD OF MEASUREMENTS

In making the measurements, the coil covering the selected fre-
cuency was cornected to the Q-meter, the oscillator adjusted to the de-
eired frequency end the circuit tuned to resonance by the tuning cepaci=-
tance, At resonance tae Q and tuning capacitence readings were taken as
Qi and C, . The empty cell was taen vlaced across the tunine condenser
terminals and the circuit azain tuned to resonsrce by tane tuning conden—
ser, Tne Q and the tuning capacitance readings, in this case, were
called Q, and O, . Aftver removine toe 1id of the test cell and in-
serting the dielectric sample, tae circuit was resonated for tae third
tirr;e by adjusting the tuning condemser. The rezmdings obtained were de-
signated Q, and C; . From tnese three sets of readings e11 of the de-
gired properties of the dielectric sample were caleulated. €

The Q of the empty cell, Q,, tne Q of tne test sample, Qw , the
equivalent parallel resistance of the empty cell, R, , the equivalent
parallel resistance of the test sample, R, , the equivalent czpacitance
of the empty cell, C, , and the equivalent capacitance of the test cell

with the dielectric sample, C, , were calculated from tae following

formulas:
Q 555 (Ct- C!) Ql Q i
% Ca (Q; - Q?;.) ( ! )
C, (Q| i 03)

5Boc.‘::}.ton Radio Corporation, Instructions and Manvel of Radio
Freouency Measurements for Q-Meters, pp. 6,7,13,




Ry = 159 10° Q@ @.
? £ G (- Q) ‘E)
Rw = 159 70° Q,Qs .
F G (-9 R
Ca = (C-0) (5)
Cw o (6, = Gyl | (6)

Witn the informetion from taese calculations, it was then possible to
find the power factor of the empty cell, Pf, , the power factor of the
test sample, Pf,, , and the resistivity of the test aamnle7, ry » from taoe

additional formulas:

- I
P, 2 an (7)
P{w = Qlw ( 8)
YT o bq ' (%)

where, f is tae lengta of tihe co-axial test sample and b/a is the ratio
of outer to inner conductor in tahe test cell.
The test cell capecitance can be considered as being made up of

two parte in parallel, C, , and C, .8

Co 1s the stray capacitance and
Ce 1s the air cavacitance of tne portion of tane test cell occupied by
tae dielectric sample., In tae remaining portion of tais paper the ca=-

pacitance Cc will be called "the active capacitance".

7Dawes, C. L., A Course in Flectrical Engineering, Vol. I. p. 10.

BFeldman, C. B., "Optical Benavior of Ground for Short Radio Waves!,
Proc. I.R.E., Vel., 21, p. 765. 1933,
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Tne active capacitance cen be calculated directly from the general form-

ulag for tue capacitance of & co-axial condenser:

P _ 612
c Z MHEF/in. (10)

where, b4 is the ratio of outer to inner conductor. The stray capaci=

tance could then be calculated from:
o = (Ca - C) ( 11 )

Finallv, tae dielectric constant, €, , and the loss factor, e“: , of

the test sample were calcul-ted:

. Lw=- G (12 )
€ = 2
€ = (Bu)(PL) L 383

These last two quantities comrleted tae calculetions. However,
it was found in making the calculations for tae equivalent parallel
resistance of the test cell taat thne losses of the empty cell caused
tne calculated eguivalent parallel resistance of the sample to be in
error., It then became necessary to correct tne values for B, by taking
into account tne losses in tne empty test cell, With a corrected R‘:, ’
it also became necessary to correct Q. , Pf, and e; . In carrying out
the correctdng of R, , it was assumed thzt tae original calculated value
for R, was actually tae eguivaler:t: resistance of the empty test cell

and the sample in parallel.

g'ﬁ'are, L. A., and Reed, H. R., Communicetion Circuits,
New York: John Wiley and Sone, Inc., 1944, p. 18.
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The corrected value for the eouivalent parallel resistance of tae szmple,
!
R,, , was found by:
I3 % Rw Fa

= —— 14
" (Ra - Ru) B

Similerly, the corrected values for tre Q, , Pf, ard 'e:\, were obtained:

"

Qu B Qu (15 )

Kw

; l
By & (16)
el - (Cw)(PL) (17 )
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IV. DIFFICULTIES ENCOUNTERED

In general at frequencies above 10 megacycles, considerable atten—
tion must be given to many effects that are commonly neglected at the
lower frequency ranges.lo Stray coupling from nearby circuits, distribut=-
ed and stray capacitence, contact resistance and skin effect all must be
minimized. Portions of lighting and power circuits, coils end short
circuited leads, power cords to equipment and many other objects may form
resonant circvits which will affect the measuring circuit to a great extent,

In the substitution method, waich was employed in this investige~
tion, many of the sources of trouble cancel or do not enter into tune cal-

culations. This wes true in the case of tiue coils used for tne resonant

circuit. The colls possessed the usual distributed capacitance, contact
resistence and skin effect but due to the tecuanique of measurements thnese
factors contribute only indirectly to the accuracy. Since tne coil Q

was measured for each frecuency, these factors did not enter into the
calculations. However, with increase in contact resistance or skin

effect, the Q of the coil dropred ceusing tne Q resding witn the dielectric
sample in the circuit to be at the lower end of tae scale. This hed the
effect of reducing the accuracy of tanat particular resding and the re-
sulting calculations. Also, since tihe contasct resietance was found to

be a function of tae pressure of contact with the binding posts, diffi-

culty in msking re-check messurements was present.

103artanorn, L., Redlo-Frequency Measurements by Bridge and
Resonance Methods, Wew York: John Wiley and Sons, Inc., 1941. p. 192,
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This could not be eliminated but could be overcome by replacing the coil
in cuestion and exverimenting wita the pressure of the contacts until
the original Q reading was obtained.

The measurements were conducted within an enclosed screen-wire
pootn remote as possible from external fields, During the initial stages
of the messurement process, however, difficulty was experienced in obtain-
ing a reliable reading over a small band of frecuencies. Avparently at
this narrow band some extermeal object in the booth was ;esOnating and
affecting the resonant Q of the measuringz circuit. Tnis, of course,
resulted from not having the coil shielded, <'he trouble was removed by
changing the position of tne Q-meter. The physical realization of this
difficulty came when it beceme impossible to sdjust tae circuit to reson-
ance witn out the Q indicator drifting around repidly and erratically.

Another difficulty present was tae inapility to comstruct & coil
from the wire used with sufficliently high Q to bring the Q readings well
up on the scale wihen the dielectric sample wae in the circuit. Thais also
limited tne upper renge of frequency for tae measurements. The coils
wound for freocuencies above 100 megacycles were found to nave sufficlent-
1y low Q thnat readings could not be taken witn the dielectric sample,
~In conjunction with this was tiae inapility to secure a low enough ratio
of diemeters, imnner to outer conductor, of the test cell to make the ac-
tive capacitance over emphasize the stray. The trouble, in this case,
resulted in not bteing abie to read the Q..The ratio was therefore in-

creased until the Q reading with the test sample eppeared on scale.
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V. SOURCES OF ERROR AND ACCURACY EXPZCTED

The accuracy of tne Q-meter calibration is approximately plus
or minus 10 per cent up to 100 megecycles.'l However, since the accuracy
is a function of tae full scale value, Q readings st tie low end of tae
8cale probably have an accurscy of 20 per cent. Low Q readings were
cagracteristic of the wood sample throughout the measurements. Taus,
it is Dbelieved that one of the major sources of error in tae values for
vower factor and resistivity is due to the low Q readings. There is
peraaps one compensating factor due to the fzact that the change in @,
when tue sample is inserted, appears in tne formula for calculating the
Q of tae sample.lg With larger cnsnges in Q, tais factor cesuses less
deviation in the calculated value. Therefore, for low Q readings of
tne sample, the change in ¢ is large. This decreases the error so
thaat it ie ocuite possible tuat the overall accuracy mignt still apvoroach
20 per cent.

Other factors related to the power factor and the resistivity
are losses of tae empty cell, surfesce resistance, air film between
electrodes and sample, and losses ir the -lectrodes.l® The combined
effects cause tne zccuracy of tae power factor and the resistivity to

be feirly low.

1IBoonton Radio Corporation, op. cit., p. 32.
121pid., p. 12.

13Hhrtshorn, L., Badio-Frecuency Measurements by Bridee end
Resonance Methods., New York: John Wiley and Sors, Inc., 1941. p. 193 ff.
Hertshorn, L., Ward, W. H., Sharpe, B. A., and O'Kane, B. J.,
iThe Effects of Electrodes on Measurements of Pemittivity and Power
Fector®, Journal of The Institution of Electric-1 Engineers, Vol. 75.
1934, p. 730.
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The primery source of error in calculating the dielectric constant
comes from taoe choice of the test cell capacitance. Since the approx-
imate accuracy of the tuning condenser dial calibration is plus or minus
.5 micro-micro farad, the accuracy of the values for the test cell cavaci-
tance could be expected to be 10 to 15 per cent.14 If the test cell cavac-
itence could be increased to approximately 20 micro-micro farads wita the
test esmple inserted, the accuracy would be of the order of 2 to 3 per
cent, However, as previously mentioned when tine test cell cspacitance
was increased by decreasing tae ratio of the outside diameter of the
inner conductor to tne inside diameter of tue outer conductor, the Q
reasding with tne sample was off scale.

Other factors involved in the accuracy of tne dielectric constant
would be the coupling between tne coil and tae test cell, the field dis-
trioution of tne stray capacitance portion of tne test cell, power line
stability and body vposition during tie measurements. These things are
believed to be of minor importance compared to tne source of error menw
tioned in the above paragraph.

Tane resulting overall accuracy of tae values of the vroperties

of Georgia pine is believed to be plus or minus 15 to 20 per cent.l®

l4ppese figures aré based upon the fact that the total air
capacitance of the test cell was approximately 4 micro-micro farads.

15Check weasurements with paraffin indicate the validity of
tnese figures. See Chapter VI,
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Vi. RESULTS

Tae results of the investigation are illustrated granaiczlly in
Figures 4, 5, 6, 7, 6 and 9. Figures 4 and 5 snow the characteristics
of tne Georgia pine sample. From these grapns, it cen be seen that the
dielectric constant experienced very little departure from the mean
value, 2.36., The rise in the power fsctor and loss factor, in the range
from 0 to 100 megacycles, is believed ito result from tae lower value
of Q for the coil used in this range. This lower Q ies sssociated with
a smaller charge in Q when the sample is in tne circuit esud 2 resvlting
greater error in the calculated value of Q for the sample, As has been
previously discussed, the lower coil Q results in s lower Q reading with
the sample in tiae circuit which further contributes to a reduction in
the accuracy.

In conjunction with the measurements on pine, a sample of spruce
and a sample of paraffin were investigated. While time did not permit
measurements of these materials over the same range as pine. a portion
of that range of frequencies was covered in both cases,

Measurements were conducted in the range of 30 to 40 megacycles
fo? the spruce sample. Curves illustrating tane rssults of this work are
shown in Figure 6, Generally speasking, tne conditions surrounding the
measuremente for pine applied also to spruce. Tne dielectric constant
came out to be 2.26 compared to 2.36 for tae pine.

Paraffin was used as e means of cnecking tie results of the work
on pine. Since paraffin is very stasble ard tne value of the dielectric

constant is known, it proved a valuable aid.
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Measurements carried out from 30 to approximately 60 megacycles
gave a mean value of 2,46 for the dielectric constant. Thls compares
favorably witia the values tabtmlated in the literature and in the hsnd-
books,*® most of waich remge from 2.1 to 2.5. If 2.1 is taken as the
conservative value the results above would indicate an error of approxi-
mately 17 per cent. With a value of 2.2 a8 a base, the accuracy would
be within 11 or 12 per cent. This would indicate that the results for
pine would elso fall within theee limits. Velidity of tais statement
is further enhanced by noting the comparable values of the tuning capac—

itance raading17

for pine and paraffin. It is to be pointed out that,
since tne readings are approximstely the same, the velue of the di-
electric constant should be nearly the same. The latter is appsrent from
the results, 2.36 compared to 2,46, If the dielectric constants are
approximately the same, this means ths=t any source of error due to field

distribution would be essentially the same for paraffin as pine. Thus

the results should contein comparable errors,

Due to the low-loss characteristics of paraffin, reliable data
on the loss fector could not be taken. Calculeted values for the con-
ductivity resulting from the date teken are plotted to show this peint
in FPigure 7. Reference to this figure shows that tae conductivity is

zero at three points and zssumes random values at other points.

16pttwood, S. S., Electric and Masnetic Fields.
Yew York znd London: John Wiley and Sons, Inc., 1941. p. 57.
Knowlton, A. E., Standard Handbooi for Electrical Fngineers.
Yew York end London: MNcGraw-Hill Book Company, Inc., 1941. p. 35€.

17530 Figure &.
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The inability of measuring the loss characteristics evolves from the
very small change in Q when tae paraffin is inserted into the circuit
as has previously been discussed.

The information illustrated in the curves for sir, pine and
paraffin in Figure € suggests a repid metihod of getting an accurate
indication of the dielectric constant of msny materigls. If a set
of curves of tuning capacitance versus frequency for given dielectric
constant values were plotted with a cell of fixed dimensions, very
rapid checks of the dielectric constant of meny msterials would be
possible, All that would be necessary would be to cut the samples to
the given dimensions, take three or four readings of tue tuning cepesci-
tence versus frequency and plot these values on the set of curves., If
tae curves were suffici;ntly close together, immediste indicatlon of the
value of the dielectric constant would be given. Tais would eliminete
tne tedious process of calculations.

The mean values of tane results, believed to have cn accuracy of

withir plus or minus 15 to 20 per cent, are given below:

Pine Spruce Paraffin
e 2.36 2.26 2.46

el «115 .105 ——
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VII. CONCLUSIONS

From the results of the investig=tion, the technicue and design
could be improved to give expected accuracies in the range of 5 to 10
per cent,

The design of a new parallel plate test ce111® with large area
compared to the spscing would be the first step. C(Correct design of
tais condenser would involve minimum dielectric loss, leéd inductance,
electrode loss and contact resistance. This could be accomplished by
using circular bress or copper plates, spaced by tiaree cylindrical di-
electriclpieces of low=~loss characteristics, with large flat strips
of silver-plated copper for connection to the Q-meter. Air pockets
at the surface of the dielectric could be excluded by polishing the
parallel plates and coating the surface of the sample with & very thin

coat of petroleum wax or other low-loss material. ZExperimentation with

the size of the dielectric sample would be necess=ry to find the ovtimum

area B0 the Q readings would eppear on scale,

If the ares of the sample was neld considerably smaller than the

parallel plates, the field distribution would be unchenged with insertion

of the sample, This would mean that the stray capacitance would not

change with dielectric material or frecuency, and should remain essentially

constant.

184 rtshorn, op. cit. p. 183 £f.
Hartshorn, Ward, Sharpe and O'Hene, op. cit.
Boonton Radio Corporation, op. cit. p. 14



24

Under tais condition greater accuracy could be expected for the dielectric
constant, Making the capacitance of tne test cell a large part of the
total capaclitance of the resonant circuit would bring the order of accurecy
of the capacitance readings to 2 to & per cent. The portion of the capaci-
tance occunied by the sample could pe calculated directly from the general
capacitance formula for a parallel plate condenser.

Improvement in design of the coils to be vsed with the resonant
circuit could take place by using silver-plated copper tubing in the
smgller sizes. The optimum shape for the highest Q would be a coil with
a winding length approximately one third the diameter.l9 With coils hav-
ing considerably higher Q than the ones used in the experiment, the accuracy
of the calculated values of the Q of tane sample should be considerably
increased. This improvement would take place from the fact that the Q
readings with the sample would be mucia higher on thae scale and also
because tae change in Q would be larger. As a final step the connection
of tiue colls to tne Q-meter could be made in mercury cups, This could
be accomplisned by threading a smell section of tubinz so that it could
fit directly onto the tareads on the solid brass binding posts of the
Q-meter. Suitable thumb screws could be attached to hold the coil rigid
with its terminals down in the sectiorns of tubing. These cups formed
by the open top of the tube sections and tae Q-meter teminals could then
be filled with mercury to give intimate contact., With this arrangement

the overall accuracy could cquite easily be & to 10 per cent.

198artshorn, op. cit. p. 151.
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Figure 10
Mersurine Circuit Corditions
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TABLE I

TEST DATA FOR PINE

o] C,
46.3 42,7
43 .4 39.7
40.7 36.8
38.53 34,1
35.7 32.0
33.6 29.8
31.6 27.8
29.8 26.0
28.3 24.4
67.5 63.9
64.1 60.6
61.0 57.5
58.1 54.5
55.9 51.8

52.9 49.3
50.5 46.8
48.2 44,3
46.2 42.5
44,3 40.5
42.4 38.7
40.6 36.8

Gy
40.4
37 .4
34,6
32.0
29.5
27.5
25.6
23,7
22.2
61.8
58.6
55.5
52.4
49 .7
47.1
44.6
42.4
40.3
38.6
36.4

54.6

375
375
375
372
367
563
359
306
554
363
363
365
367
369
369
366
366
365
362
360
357

Rz _Qa
327 111
324 105
321 100
316 96
314 92
310 89
304 83
299 81
293 78
336 142
337 138
336 133
334 129
333 125
332 121
330 118
327 112
325 110
323 106
320 102
315 99

28



TABLE I (Continued)

C, Ce
39.0 35.1
7.4 33.6
35.7 32.1
34 .5 30.7
33.3 294
32.2 28.3
30.9 271
29.8 26.0
28.8 25.0
64.3 60.8
62.3 58,7
60.3 56.8
58.3 55.0
56.7 53.1
55.0 51.4
53.3  49.7
51.7 48.1
50.2 46.4
48,8 45.2
47.3 453.8
46.0 42.2
44.6 41.0

_Ca
33.0
3l.4
£29.8
28.4
27.3
26.2

25,0

58.8
56.8
04.7
o2.7
01l.0
49 .2
47.6
46.0
44.5
43.0
41.6
40.2
39.0

Q. Q2
355 312
352 309
350 300
345 298
343 292
340 289
337 282
B354 279
331 301
327 300
327 299
327 299
327 298
331 298
331 297
332 297
331 296
330 293
328 291
326 289
326 288
3295 288

96
92
90
88

8

80

——

132
130
127
124
122
119
117
113
112
109
106
102
101



86
a7
88
90
91
92
93
24
95

TABLE I (Ccontinued)

C, Cz
43 .4 39.8
42.2 38.7
41.2 37.5
40.1 36.3
39.0 35.3
38.1 54.3
37 .0 33.2
36.0 32 .3
35.1 31.3
4.2 30.4
59.5
58.1 04.6
56.8
55.4 52.0
54.1
52.8 49.3
ol.7 47.0
49 .4
48.3 44,7
47.2
46.2 42.7
45.3

B
37 .4
36.3
35.2
34.2
33,1
32.1
31.0
30.1
29.2
28.3
54.1
52.6
51.2
49.9
48.3
47.2
46.0
44.9
43.7
42.6
41.6
40.6

325
325
324
323
322
318
314
312
312
313
264
267
269
270
272
273
276
277
278
276
273
272

Az 23
287 99
285 o7
283 93
281 92
278 g0
ans 88
270 85
268 83
266 8l
=66 80

103

253 103
102

254 101
99

256 98
o8

260 o7
237 95
92

202 91
88
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TABLE I (Continued).

C, Ca
44.3 40.7
43 .4
42.5 38.9
41.7
40.8 37.2

_Ca
38.7
37.6
36.7
35.8
35.0

270
268
267
266
265

248

246

242



54
56
60
62
64
66
68
70

2.50
2.43
2.63
2.43
2.43
2,37
2.45
2..37
2.43
2.24
2.24
2.43
2.453
2.50
2.37
2.30
2.36
2.36
2.36
2.24
2.43

TABLE II

CALCULATED DATA FOR PINE

ey,

«125
121
124
119
113
.120
124
.122
123
#1117
116
.120
122
.120
«118
adikd,
123
121
122
.116
.128

_Pf,
5.00
5.00
4.70
4.88
4.63
5.07
5.11
5.12
5.05
5.2

5.19
4.93
5.00
4.80
4.95
4.85
5.20
5.15
5.19
5. 20

5.29

312
288
280
262
237
245
231
219
212
200
190
182
177
170
160
172
145
147
142
137
131

20.0
20.0
21.3
20.5
21.6
19.7
19.5
19.5
19.8
19.2
19.3
20.3
20.0
20.9
20.2
20.6
19.3
1¢.4
19.3
19.5
18,9
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2.36
2.56
2,36
2.43
2.43
2 .36
2.30
2.36
2.36
2.56
2.36
2.56
2.30
2.43

2.453

TABLE II (Continued)

1
Sw

.128
133
.125
127
«131
127
.145
.147
.14
.140
«145
.149
. 149
«157
« 157

Pf,,
5.44

5.18
5.29
9.22
0.40
5.40
6.29
6.21
6.05
5.99
6.13
6.33
6.47

6.45

6.49

126
l22
116
113
109
106
95
94
93
92
86

80
76
74

18.4
19.3
18.9
19.2
18.5
18.5
15.9
16.1
16.5
16.8
16.95
15.8
15.5
15.5
15.4

7
P M
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CORRECTED DATA FOR PINE

_Ra_
292

270
220
156
130
105
148
109

TABLE III

e
19.2
14.9
11.0
10.6
8.0
6.6
5.0

4.4

"
Sw

.101
114
.110
.104
«120
124
134
.150

4.9
5.1
5.7

6.5

333
258
200
184
139
115

96

76



30
32

36
o8
39
41
43
45
47
49
51
53
55
o7
60
62
64
66
68
70

TABLE IV
TEST DATA FOR CELL

Ca

5.6
3.9
3.7
3.8
3.9
3.6
3.0
3.7
3.7
3.7
3.7
3.9
3.6
3.9
3.8
3.9
3.9
3.6
3.6
3.8
3.9

292
275
285
277
251
270
269
227
233
217
220
206
176
171
167
156
149
131
128
135
130

35
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TABLE IV

(Continued)

3.8
3.5
3.4
3.0
3.5
3.6
3.5
3.6
3.6

3.6

123
118
114
109
105
100
157
143
141
148
134
125
114
120
109

36



CALCULATED STRAY CAPACITANCE OF CELL

TABLE V

Co

2.07
2.37
2.17
2.27
2.37
2.07
1.97
2.07
2.07
2.37
2.27
2.27
2.27
2.27
2.37
1.8%7
1.97
2.07
2.07
2.27
1.97

a7



TABLE V (continued)

B
72
74
76
78

80

84
86
88
90
o2
94
96
28
100

Co
1.97

1.97
2.27
2327
2.17
2.27
1.97
1.87
1.97
1.97
2.07
1.97
2.07
2.07
2.07
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