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I. IKTBODUCTION 

The possibilities of utilizing dielectric heating in aviation, 

plastics, paper, textile, chemical, shoe, automotive, marine and pro

cess industries are tne subject of mucn research in many of the large 

electrical manufacturing organiTatlons at the present date*. With the 

increasing use of dielectric heating as a means of cooking, drying, de

hydrating, sterilizing, curing, thawing and setting, the need for more 

information on the dielectric characteristics of many types of mater

ials becomes apparent. Food, grain, tobacco, glue, rubber and lumber 

are some of the substances that fall into this category. 

Considerable work has previously been done in the field of di

electric measurements. Sufficient information has been tabulated, in 

the handbooks and trie literature, to indicate the characteristics of 

most of the general types of dielectrics, fcore detailed information 

is available for most of tne materials that find practical use as in

sulation or dielectrics for condensers. However, for tne great many 

dielectrics tnat find little use in the practical world, there is very 

little specific information. It was with this thought in mind that the 

work represented by this paper was performed, 

"^estinghouse Electric Corporation, Radio Frequency Heating 
Reference Book, p. 3. 



The primary objective of the investigation was to present infor

mation on one of the materials in the higher freouency range, 30 to 200 

megacycles. The secondary objective was to determine the factors invol-

2 
ved in making measurements of th i s kind with the type 170-A Q-meter , 

and, from the invest igat ion, to make recommendations for improving the 

technique of measurements and trie design of the t e s t c e l l . 

The mater ia l used for the t e s t sample was Georgia pine. This 

wood was cnosen because i t represents one of the predominant indust r ia l 

woods of the s t a t e . Information on th i s mater ia l seemed desi rcble from 

the standpoint that d ie l ec t r i c heating might be employed in the future 

for drying the lumber. 

Since the data obtained ^ i th the type of instrument used would 

ass imila te some of the conditions incurred in the actual process of d i 

e l ec t r i c neating, the d e s i r a b i l i t y of determining the absolute values of 

the quanti t ies involved did not seem to warrant trie added care and work, 

Therefore, the expected accuracy of the data, plus or minus 20 per cent, 

with the type 170-A Q-meter was decided to be sufficient to indicate the 

general trend of the propert ies of pine for the frequency range involved, 

When consideration is given to the fact that the d ie lec t r i c propert ies 

wil l vary as a function of the moisture content, accuracies within these 

l imi ts seem reasonable. F inal ly , if more accurate information was de

s i red , the resu l t s of the invest igation should enable suggestions and 

recommendations that would accomplish tha t . 

actured by the Eoonton Eadio Corporation, Boonton, N. J . 
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II. DESCRIPTION OF APPARATUS USED 

3 
Previous work on soil samples by T. W. G. Richardson lead to the 

use of a modified co-axial type test condenser similar to the one he used. 

An attempt was made to increase the total capacitance and at the same 

time to reduce the stray capacitance. This was accomplished by choosing 

a lower ratio of diameter of outer to inner conductor, and by removing 

all tne polystyrene spacers from within the cell. 

The resulting cell consisted of a brass tube 2 ll/l6 incnes 

long witn a detachable lid. A bottom witn a l/2 incn hole for the exit 

of the inner conductor terminal was also made an integral part of this. 

The inner conductor, which was 1 3/4 inches in length, was rigidlv mount

ed in place by means of a polystyrene disk held to the outside of tne 

bottom piece by tne terminal connections. Connection to tne measuring 

instrument was made by banana plugs and receptacles. 

The test sample was cut from dry Georgia pine to fit the co-axial 

cell with little tolerance. In appearance, the sample resembled a solid 

cylinder witn a concentric hole down tne center. 

5 
Four coils for the measuring instrument were used to cover the 

frequency spectrum from 30 to 100 megacycles. These coils were wound 

of number 10 tinned copper wire. Coil forms were not retained because 

tne wire wes sufficiently stiff to nold its original shape. 

3 
Richardson, T.W.G., "A Determinat ion of t he E l e c t r i c a l P r o p e r t i e s 

of S o i l in tne S t a t e of Georgia" . Thesis^ G-eorgia School of Tecnnology, 
1947. 4 

See F igure 3 . 
5Boonton Radio Corpora t ion , I n s t r u c t i o n s and feanual of Radio F r e 

quency Measurementa for Q-fceters. pp. 4 , 8 . 
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And due to tne f^ct tnat any type of material placed in the f ie ld of 

tue coi l was found to lower tne Q considerably, shielding was not em

ployed. Tiie Q of tne coi ls were found to range from 375 to 260 at the 

lower end of tne respective ranges. Attachment to tne measuring c i rcu i t 

was made d i rec t ly to tne co i l terminals. 

The t:fpe 170-A Q-raeter was tne instrument used for making the 

measurements of tne Q end tne capacitance of the t e s t ce l l and wood 

sample. Fundamentally, tue pr inciple of operation of the Q-meter in

volves inser t ing a known freouency and voltage in series with a coi l 

and a condenser, tuning the c i r cu i t to resonance and measuring the 

Q across tne condenser by means of a vacuum tube voltmeter cal ibrated 

d i rec t ly in Q. Tne meter nas a b u i l t - i n o s c i l l a t o r variable in f r e 

quency from 30 to 200 megacycles. Pour terminal binding posts are pro

vided for the connection of an external coi l and a condenser. A low-

loss tuning condenser with a cal ibrated dial from 11 to 67 micro-micro 

farads is bui l t in the meter =;nd connected d i r ec t ly across tne external 

condenser terminals. A cal ibra ted frequency d ia l is provided for adV-

jus t ing the o s c i l l a t o r . 

Tne frequency dial is cal ibrated within plus or minus 1 per cent 

accuracy, while the Q reading meter nas a general accuracy of plus or 

minus 10 per cent . However, tne l a t t e r is s function of fu l l scale 

reading. Thus, for low Q readings tne accuracy may be somevhat lowered. 

The tuning capacitance has an accuracy of atsproximately .5 micro-micro 

farad. Generally speaking, if sufficient care is taken the accuracy 

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

In making the measurements, the coil covering the selected fre-

ouency was connected to the Q-meter, the oscillator adjusted to the de

sired frequency and the circuit tuned to resonance by the tuning capaci

tance, At resonance tne Q, and tuning capacitance readings were taken as 

Q, and C, . The empty cell was taen placed across the tuning condenser 

terminals and the circuit aspin tuned to resonance Dy tne tuning conden

ser. Tne Q anc tne tuning capacitance readings, in this case, were 

called Q2 and C2 . After removing tne lid of the test eel] and in

serting the dielectric sample, tae circuit was resonated for the third 

time by adjusting the tuning condenser. The readings obtained were de

signated Qj and C3 . From taese three sets of readings all of the de

sired properties of the dielectric sample were calculated.^ 

The Q of the empty cell, Q A , the Q of tne test sample, Q w , the 

equivalent parallel resistance of tne empty cell, H A , the equivalent 

parallel resistance of the test sample, R w , the equivalent capacitance 

of tne empty cell, C* , and the equivalent capacitance of the test cell 

witrx the dielectric sample, C* , were calculated from t-ie following 

f o rmulas: 

Q A - (C,-Q Q,Q?_ 
G (Q, - Qz) 

Qw - fc-Ca) Q,Ch 
C, (Q>-Q3) 

wBoonton Radio Corporation, Instruct ions and Manual of Ra.dio 
Frequency Measurements for Q-Meters, pp. 6 ,7 , IS . 

( i ) 

( 3 ) 



.: 

* A - '• 51 /or Q, ©2 

f C, rcj,-Q2) 

f?w 7.59 /0s Q, (J3 

f C, (Q, - <?3) 

CA Z (c, - o 
Cn z (C ' C j ) 

( 3 ) 

( 4 ) ' 

( 5 ) 

( 6 ) 

Witn tne information from taese calculations, it was then possible to 

find tne power factor of tiie empty cell, PfA , tne power factor of the 

test sample, Ffw , and tne resistivity of tne test sample , rw , from tne 

additional formulas: 

Fi w - -7T- ( 8 ) 

rw = l ^ ^ _ ( 9 ) 
in *>/« 

wnere, / i s tne length of the co-axial t es t sample and % is tne ra t io 

of outer to inner conductor i r tne t e s t c e l l . 

The t e s t cell capacitance can be considered as being made up of 
g 

two par ts in p a r a l l e l , Cc , and C0 . 0o i s the stray capacitance and 

Cc is the a i r capacitance of tne portion of tne tes t ce l l occupied "by 

tue d ie lec t r ic sample. In tae remaining portion of tn i s paper the ca

pacitance Cc wi l l he called "the act ive capacitance". 

7 
Dawes, C. L., A Course in Electrical Engineering. Vol. I. p. 10. 
8 
Feldman, C. B., "Optical Benavior of Ground for Snort Radio Waves" 

Froc. I.R.B.. Vol. 21, p. 765. 1933. 



Tne active capacitance can "be calculated directly from the general form-

Q 

ula for tiie capacitance of a co-axial condenser: 

Cc r -jhlL HHf/m. ( 10 ) 

where, % is the ra t io of outer to inner conductor. The s t ray capaci

tance could tuen be calculated from: 

- (cA - ce) < 1 1 ) 

Final lv, tne d ie lec t r i c constant, g^ , and tne loss factor , e ' , of 

the tes t saffple were calculated: 

e _ cw- Co ( 1 2 j 
r 

e„ = (e„)(Pf„) ( 13 > 

These last two quantities completed tne calculations. tfowever, 

it was found in making the calculations for tne equivalent parallel 

resistance of tne test cell tnat tne losses of tne empty cell caused 

tne calculated equivalent parallel resistance of the sample to be in 

error. It then became necessary to correct tne values for Rw by taking 

into account tne losses in tne empty test cell. With a corrected R w, 

it also became necessary to correct Q w , Pfw and e^ . In carrying out 

the correcting of H w , it was assumed that tne original calculated value 

for E w was actually the equivalent resistance of the empty test cell 

and the sample in parallel. 

9 
Ware, L. A., and Reed, H. R. , Communication Circuits, 

New York: John Wiley and Sons, Inc., 1944. p. 16. 
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The corrected value for the equivalent pa ra l l e l resistance of tae ssmple, 
/ 

R w , was found by: 

Kj - ***** ( 14 ) 

Similarly, the corrected values for the Qw , Pf^ ard e^ were obtained: 

Qw' = J|LJSW ( 1 5 > 

^ v v 

P-C - — I - ( 16 ) 
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IV. DIFFICULTIES ENCOUNTERED 

In gene ra l a t f requencies above 10 megacycles , cons ide rab le a t t e n 

t i o n must be g iven to many e f f e c t s t h a t a r e commonly neg lec ted a t the 

lower frequency ranges .10 S t r a y coupling from nearby c i r c u i t s , d i s t r i b u t 

ed and s t r a y capac i t ance , con t ac t r e s i s t a n c e and sk in e f fec t a l l must be 

minimized. P o r t i o n s of l i g h t i n g and power c i r c u i t s , c o i l s and shor t 

c i r c u i t e d l e a d s , power cords to equipraent and many o ther ob j ec t s may form 

resonant c i r c u i t s which w i l l a f f e c t tne measuring c i r c u i t to a g r e a t extent . 

In the s u b s t i t u t i o n method, which was employed in t h i s i n v e s t i g a 

t i o n , many of the sources of t r o u b l e cancel or do not en te r in to tne c a l 

c u l a t i o n s . This wes t r ue in the case of t a e c o i l s used for t n e resonant 

c i r c u i t . The c o i l s possessed the usual d i s t r i b u t e d capac i t ance , contac t 

r e s i s t a n c e and sk in ef fec t but due to the technique of measurements t ae se 

f a c t o r s c o n t r i b u t e only i n d i r e c t l y to tne accuracy . Since tne c o i l Q 

was measured fo r each freouency, these f a c t o r s did not en te r in to the 

c a l c u l a t i o n s . However, with inc rease in con tac t r e s i s t a n c e or skin-

e f f e c t , tne Q of the c o i l dropped causing tne Q reading witn t h e d i e l e c t r i c 

sample in the c i r c u i t to be a t the lower end of tne s c a l e . This had the 

e f fec t of reducing t^e accuracy of t ha t p a r t i c u l a r reading and t h e r e 

s u l t i n g c a l c u l a t i o n s . Also, s i nce the con tac t r e s i s t a n c e was found to 

be a funct ion of tne p r e s s u r e of contac t wi th the binding p o s t s , d i f f i 

c u l t y in making re-check meesurfments was p r e s e n t , 

1 0 Har t enorn, L. , Badio-Frequency Measurements by Bridge and 
Resonance Methods. Few York: John Wiley and Sons, I n c . , 1941. p . 192. 
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This could not be eliminated but could be overcome by replacing the coil 

in question and experimenting witn the pressure of the contacts until 

the original Q reading was obtained. 

The measurements were conducted witnin an enclosed screen-wire 

ooota remote as possible from external fields. During the initial stages 

of the measurement process, however, difficulty was experienced in obtain

ing a reliable reading over a small band of freouencies. Apparently at 

this narrow band some external object in the booth was resonating and 

affecting the resonant Q of the measuring circuit. Tnis, of course, 

resulted from not having the coil shielded, ^he trouble was removed t>y 

changing the position of trie Q-meter. The physical realization of this 

difficulty came wnen it became impossible to edjust tae circuit to reson

ance witn out tne Q indicator drifting around rapidly and erratically. 

Another difficulty present was the inability to construct a coil 

from the wire used with sufficiently higti Q to bring the Q readings well 

up on tne scale when the dielectric sample was in the circuit. This also 

limited tae upper range of frequency for tae measurements. The coils 

wound for freouencies above 100 megacycles were found to have sufficient

ly low Q that readings could not be taken wit a tne dielectric sample. 

In conjunction with this was tne inability to secure a low enough ratio 

of diameters, inner 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 being able to read tae Q..The ratio was therefore in

creased until the Q reading with tne test sample appeared on scale. 



V. SOURCES OF EEEOR AKD ACCURACY EXPECTED 

The accuracy of tne Q-meter c a l i b r a t i o n i s approximately p lus 

o r minus 10 pe r cent up to 100 megscyc l e s . I 1 However, s ince t he accuracy 

i s a funct ion of t n e fu l l s c a l e va lue , Q read ings a t tne low end of tne 

s c a l e probably have an accurecy of 20 per c e n t . Low Q readings were 

c h a r a c t e r i s t i c of tne wood sample throughout the measurements. Thus, 

i t 1B be l ieved t h a t one of the major sources of e r r o r in tne va lues fo r 

power f a c t o r and r e s i s t i v i t y i s due to the low Q read ings . There i s 

peruaps one compensating f a c t o r due to the f a c t t n a t tue change i n Q„ 

when tue sample i s i n s e r t e d , appears in tne formula fo r c a l c u l a t i n g the 

Q of tne s a m p l e . ^ Witn l a r g e r cnanges in Q, t n i s f a c t o r causes l e s s 

d e v i a t i o n in t he c a l c u l a t e d va lue . Therefore , f o r low Q read ings of 

t n e sample, t ne change in Q i s l a r g e . Tnis decreases the e r r o r so 

t h a t i t i s o u i t e pos s ib l e t . ia t the o v e r a l l accuracy might s t i l l approach 

30 pe r cen t . 

Other f a c t o r s r e l a t e d to tne power f a c t o r and the r e s i s t i v i t y 

a r e l o s se s of t h e empty c e l l , su r f ace r e s i s t a n c e , a i r fi]m between 

e l e c t r o d e s and sample, and l o s s e s in the e l e c t r o d e s . 1 3 The combined 

e f f e c t s cause tne accuracy of tne power f a c t o r and the r e s i s t i v i t y to 

be f a i r l y low. 

xBoonton Hadio Corpora t ion , op. c i t . , p . 32. 
1 2 I b i d . , p . 12. 
l ^Ha r t shom, L . , fiadjo-Freouency Measurements by Bridge and 

Resonance Methods. New York: Jonn Wiley and Sons, I n c . , 1941. p . 193 ff. 
Har tshorn, L- , Ward, W. H. t Sharpe, B. A . , and 01Kane, B. J . , 

"The Effects of E lec t rodes on Measurements of P e r m i t t i v i t y and Power 
Fac to r " , J o u r n a l of The I n s t i t u t i o n of E l e c t r i c a l .Engineers. Vol. 75. 
1934. p . 730. 
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The primary source of error in calculat ing trie d ie l ec t r i c constant 

comes from tne choice of the t e s t cel l capacitance. Since the approx

imate accuracy of the tuning condenser dial ca l ibra t ion is plus or minus 

.5 micro-micro farad, the accuracy of the values for tne t e s t c e l l capaci

tance could be expected to be 10 to 15 per cent . If the t e s t ce l l capao-

itr-nce could be increased to approximately 20 micro-micro farads with the 

t e s t sample inserted, the accuracy would be of the ord^r of 2 to 3 per 

cent . However, as previously mentioned when the tes t ce l l capacitance 

was increased by decreasing tne ra t io of the outside diameter of tne 

inner conductor to tne inside diameter of tne outer conductor, the Q 

reading witn trie sample was off sca le . 

Other factors involved in the accuracy of tne d ie lec t r i c constant 

would be tne coupling between tne coil and tne t es t ce l l , tne f ie ld d i s 

t r ibu t ion of tne s t ray capacitance portion of the t e s t c e l l , power l ine 

s t a b i l i t y snd body position during tne measurements. These things are 

believed to be of minor importance compared to tne source of error men

tioned in tne above paragraph. 

Tne resu l t ing overall accuracy of tne values of the propert ies 

of Georgia pine is believed to be plus or minus 15 to 20 per cent.*-5 

1T?hese figures are based upon the fact that the t o t a l a i r 
capacitance of the t e s t ce l l was approximately 4 micro-micro farads, 

i5Cixeck uieasurements with paraffin indicate the va l id i ty of 
tnese f igures . See Chapter VI. 



T^e results of tne investigation are illustrated graphically in 

Figures 4, 5, 6, 7, 8 end 9. Figures 4 and 5 snow the characteristics 

of tne Georgia pine sample. From these grapns, it can be seen that the 

dielectric constant experienced very little departure from the mean 

value, 2.36. The rise in the power factor and loss factor, in the range 

froin 80 to 100 megacycles, is believed to result from tne lower value 

of Q for tiie coil used in tais range. This lower Q is associated with 

a smaller change in Q wnen tne sample is in tne circuit &ud a resulting 

greater error in the calculated value of Q for the Banrjle, As has been 

previously discussed, the lower coil Q results in a lower Q reading witn 

the sample in the 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 tne same range as pine, a portion 

of that range of freouencies was covered in "both cases. 

Measurements were conducted in the range of 30 to 40 megacycles 

for the spruce sample. Curves illustrating tne results of this work are 

shown in Figure 6. Generally speaking, the conditions surrounding the 

measurements for pine applied also to spruce. Tne dielectric constant 

came out to he 2.26 compared to 2.36 for tne pine. 

Paraffin was used as a means of checking tne results of the work 

on pine. Since paraffin is very stable and 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. This compares 

favorably with the values tabulated in the literature and in the hand-

16 
books, most of milch range 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 as a base, the accuracy would 

be within 11 or 12 per cent. This would indicate that the results for 

pine would also fall within these limits. Validity of tnis statement 

is further enhanced by noting the comparable values of the tuning capac-

17 
i tance reading-1-' for pine and paraffin. I t is to be pointed out tha t , 

sincfi tne readings are approximately the same, the value of the d i 

e l ec t r i c constant should be nearly tne same. The l a t t e r i s apparent from 

the r e su l t s , 2.36 compared to 2.46. If the d i e l ec t r i c constants are 

approximately the same, th i s means that any source of error due to f ie ld 

d is t r ibut ion would be essen t ia l ly the same for paraffin as pine. Thus 

the resul ts snould contain comparable er rors . 

Dae to the low-loss charac te r i s t i c s of paraffin, r e l i ab le data 

on the loss factor could not be taken. Calculated values for the con

duct iv i ty resul t ing from the data taken are p lo t ted to show th i s point 

in Figure 7. Reference to th i s figure snows that tne conductivity is 

zero a t three points and assumes random values at other poin ts . 

iDAttwood, S. S., E lec t r i c and Magnetic F ie lds . 
Hew York and London: Jonn Wiley and Sons, I nc . , 1941. p . 57. 

Zinowlton, A. B., Standard Handbook for Elec t r ica l Engineers. 
New York and London: kcG-raw-Hill Book Company, Inc . , 1941. p . 356. 

17 
See Figure 6. 
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The inability of measuring the loss characteristics evolves from the 

very small change in Q, when tne paraffin is inserted into the circuit 

as has previously been discussed. 

The information illustrated in the curves for air, pine and 

paraffin in Figure 8 suggests a rapid metaod of getting an accurate 

indication of the dielectric constant of many materials. 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 many materials would be 

possible. All that would be necessary would be to cut the samples to 

the given dimensions, take three or four readings of tae tuning capaci

tance versus frequency and plot these values on the set of curves. If 

tae curves were sufficiently close togetner, immediate indication of tae 

value of the dielectric constant would be given. This would eliminate 

tne tedious process of calculations. 

The mean values of tae results, believed to hr.ve rn accuracy of 

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

Pine Spruce Paraffin 

e 2.36 2.26 2.46 

e' .115 .105 
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VII. CONCLUSIONS 

From the results of the investigation, the technique and design 

could be improved to give expected accuracies in the range of 5 to 10 

per cent. 

i s The design of a new pa ra l l e l p la te t e s t ce l l A O with large area 

compared to the spacing would be the f i r s t s tep. Correct design of 

tn i s condenser would involve minimum d ie l ec t r i c loss , lead inductance, 

electrode loss and contact res i s tance . This could be accomplished by 

using c i rcu lar brass or copper p la tes , spaced by three cyl indr ica l d i 

e l ec t r i c pieces of low-loss cha rac te r i s t i c s , witn large f l a t s t r i p s 

of s i lver -p la ted copper for connection to the Q-meter. Air pockets 

at the surface of the d i e l ec t r i c could be excluded by polishing the 

para l le l p la tes and coating the surface of the sample with a very thin 

coat of petroleum wex or other low-loss mater ia l . Experimentation with 

the s ize of tne d ie lec t r ic sample would be necesecry to find the optimum 

area so tne Q readings would appear on scale . 

If tne area of the sample was neld considerably smaller than the 

p a r a l l e l p l a t e s , the f i e ld d i s t r ibu t ion would be unchanged with insert ion 

of the sample. This would mean that the s t ray capacitance would not 

change witn d ie lec t r i c material or frecruency, and should remain essent ia l ly 

constant. 

Hartshorn, op. c i t . p . 183 ff. 
Hartshorn, Ward, Sharpe and O'Eane, op. c i t . 
Boonton Radio Corporation, op. c i t . p . 14 
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Under this condition greater accuracy could he expected for the dielectric 

constant, Mgking the capacitance of trie test cell a large part of the 

total capacitance of the resonant circuit would "bring the order of accuracy 

of the capacitance readings to 2 to 3 per cent. The portion of the capaci

tance occupied by the sample could De calculated directlv from the general 

capacitance formula for a parallel plate condenser. 

Improvement in design of the coils to be used with the resonant 

circuit could take place "by using silver-plated copper tubing in the 

smaller sizes. The optimum shape for the highest Q would he a coil with 

a winding lengtii approximately one third the diameter.^ with coils hav

ing considerably higher Q than the ones used in the experiment, the accuracy 

of the calculated values of tiie Q of tne sample should be considerably 

increased. This improvement would take place from the fact that the Q 

readings witn tne sample would be much higher on the scale and also 

because tne change in Q would be larger. As a final step the connection 

of tiie coils to tne Q-meter could be made in mercury cups. This could 

be accomplished by threading a small section of tubing so tiiat it could 

fit directly onto tne tnreads 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 sections of tubing. These cups formed 

by the open top of the tube sections and t.ie Q-meter terminals could then 

be filled with mercury to give intimate contact. With this arrangement 

the overall accuracy could quite easily be 5 to 10 per cent. 

^Hartshorn, op. cit. p. 151. 
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TABLE I 

TEST UiiTA FOR PINE 

C< C2 C3 

46.3 42.7 40.4 

43.4 39.7 37.4 

40.7 36.8 34.6 

38.3 34.1 32.0 

35.7 32.0 29.5 

33.6 29.8 27.5 

31.6 27.8 25.6 

29.8 26.0 23.7 

28.3 24.4 22.2 

67.5 63.9 61.8 

64.1 60.6 58.6 

61.0 57.5 55.3 

58.1 54.5 52.4 

55.5 51.8 49.7 

52.9 49.3 47.1 

50.5 46.8 44.6 

48.2 44.3 42.4 

46.2 42.5 40.3 

44.3 40.5 38.6 

42.4 38.7 36.4 

40.6 36.8 34.6 

<L J3^ Jk 
375 327 111 

375 324 105 

375 321 100 

372 316 96 

367 314 92 

363 310 89 

359 304 83 

356 299 81 

354 293 78 

363 336 142 

363 337 138 

365 336 133 

367 334 129 

369 333 125 

369 332 121 

366 330 118 

366 327 112 

365 325 110 

362 323 106 

360 320 102 

357 315 99 



TABLE I (Continued) 

C, C2 

39.0 35.1 

37.4 33.6 

35.7 32.1 

34.5 30.7 

33.3 294 

32.2 28.3 

30.9 27.1 

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 43.8 

46.0 42.2 

44.6 41.0 

-Si. -At 
33.0 355 

31.4 352 

29.8 350 

28.4 345 

27.3 343 

26.2 340 

25.0 337 

334 

331 

58.8 327 

56.8 327 

54.7 327 

52.7 327 

51.0 331 

49.2 331 

47.6 332 

46.0 331 

44.5 330 

43.0 328 

41.6 326 

40.2 326 

39.0 325 

J S J _ _SLa 
312 96 

309 92 

300 90 

298 88 

292 85 

289 82 

282 80 

279 

301 

300 132 

299 130 

299 127 

298 124 

298 132 

297 119 

297 117 

296 113 

293 112 

291 109 

289 106 

288 102 

288 101 



TABLE I (Continued) 

C, S 

43.4 39.8 37.4 325 287 

42.2 38.7 36.3 325 285 

41.2 37.5 35.2 324 383 

40.1 36.3 34.2 323 281 

39.0 35.3 33.1 322 278 

38.1 34.3 32.1 318 275 

37.0 33.2 31.0 314 270 

36.0 32.3 30.1 312 268 

35.1 51.3 29.2 312 266 

34.2 30.4 28.3 315 266 

59.5 54.1 264 

58.1 54.6 52.6 267 253 

56.8 51.2 2 69 

55.4 52.0 49.9 270 254 

54.1 48.3 272 

52.8 49.3 47.2 273 256 

51.7 47.0 46.0 276 

49.4 44.9 277 260 

48.3 44.7 43.7 278 257 

47.2 42.6 276 

46.2 42.7 41.6 275 252 

45.3 40.6 272 



t C, 

96 44 .3 

97 43.4 

98 42 .5 

99 41 .7 

100 40 .8 

40 .7 38.7 

37 .6 

38 .9 36.7 

35 .8 

37.2 35.0 

%i gt JU 
270 248 84 

268 82 

267 246 80 

266 79 

265 242 77 



TABLE I I 

CALCULATED DATA FOR PIKE 

6 vv Q iv - t l y v *w .3jr_ 

2 . 5 0 .125 5.00 312 20.0 

2 . 4 5 .121 5.00 288 20.0 

2 . 6 3 .124 4.70 280 2 1 . 3 

2 . 4 3 .119 4 .88 262 20.5 

2 . 4 3 .113 4 .63 257 21.6 

2 . 3 7 .120 5.07 245 19.7 

2 . 4 3 .124 5 .11 2 3 1 19.5 

2 . 3 7 .122 5.12 219 19.5 

2 . 4 3 .123 5.05 212 19 .8 

2 . 2 4 .117 5 . 2 200 19.2 

2 . 2 4 .116 5.19 190 19 .3 

2 . 4 3 .120 4 .93 182 20 .3 

2 . 4 3 .122 5.00 177 20.0 

2 . 5 0 .120 4,80 170 20.9 

2 . 3 7 .118 4.95 160 20 .2 

2 . 3 0 .111 4.85 172 20.6 

2 . 3 6 .123 5.20 145 19 .3 

2 . 3 6 .121 5.15 147 19.4 

2 . 3 6 .122 5.19 142 19 .3 

2 . 2 4 .116 5.20 137 19.3 

2 . 4 3 .128 5»29 131 18.9 



TABLE II 

1. Qw ®w 

72 2.36 .128 

74 2.56 .135 

76 2,36 .125 

78 2.43 .127 

80 2.43 .131 

82 2.36 .127 

84 2.30 .145 

86 2.36 .147 

88 2.36 .143 

90 2.36 .140 

92 2.36 .145 

94 2.36 .149 

96 2.30 .149 

98 2.43 .157 

100 2.43 .157 

Continued) 

Ffw r w Q.w 

5.44 126 18.4 

5.18 122 19.3 

5.29 116 18.9 

5.22 113 19.2 

5.40 109 18.5 

5.40 106 18.5 

6.29 95 15.9 

6.21 94 16.1 

6.05 93 16.5 

5.95 92 16.8 

6.13 86 16.3 

6.33 83 15.8 

6.47 80 15.5 

6.45 76 15.5 

6.49 74 15.4 



TABLE III 

CORRECTED DATA FOR PINE 

t -8*. R* 6w Pfw 
i 

Eg 

30 292 19.2 .101 4.7 333 

39 270 14.9 .114 4.8 258 

49 220 11.0 .110 4.7 200 

60 156 10.6 .104 4.5 184 

70 130 8.0 .120 4.9 139 

80 105 6.6 .124 5.1 115 

90 148 5.5 .134 5.7 96 

100 109 4.4 .150 6.3 76 
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TABLE IV 

TEST DATA FOR CELL 

f Ca R* 

30 3.6 292 

32 3.9 275 

34 3.7 285 

36 3.8 277 

38 3.9 251 

39 3.6 270 

41 3.5 269 

43 3.7 227 

45 3.7 235 

47 3.7 217 

49 3.7 220 

51 3.9 206 

53 3.6 176 

55 3.9 171 

57 3.8 167 

60 3.5 156 

62 3.5 149 

64 3.6 131 

66 3.6 128 

68 3.S 135 

70 3.5 130 



TABLE IV ( C o n t i n u e d ) 
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C/» "w 

72 

74 

76 

78 

80 

82 

84 

86 

88 

90 

93 

94 

96 

98 

100 

3.5 

3.5 

3.5 

3.8 

3.7 

3.8 

3.5 

3.4 

3.5 

3.5 

3.6 

3.5 

3.6 

3.6 

3.6 

IS 3 

118 

114 

109 

105 

100 

157 

143 

141 

148 

134 

125 

114 

120 

109 



TABLE V 

CALCULATED STRAY CAPACITANCE OF CELL 

f Co 

30 2.07 

32 2.37 

34 2.17 

36 2.27 

38 2.37 

39 2.07 

41 1.97 

42 2.07 

44 2.07 

46 2.37 

48 2*27 

50 2.27 

52 2.27 

54 2.27 

56 2.37 

60 1.97 

62 1.97 

64 2.07 

66 2.07 

68 2.27 

70 1.97 
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TABLE Y (continued) 

f 

72 1.97 

74 1.97 

76 2.27 

78 2.27 

80 2.17 

82 2.27 

84 1.97 

86 1.87 

88 1.97 

90 1.97 

92 2.07 

94 1.97 

96 2.07 

98 2.07 

100 2.07 
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