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| INTRODUCT ION

H. L. Knowles! in some messurements of the dieclec=
tric constants of ethyl alcohol vapor showed that cer-
tain anomalies in his resultis could be explained by in~
ordinately high electrieal leakage acrogs the insulaters
of his text domdenser. However, ﬁhen he measured the |
direct current leakage it was far too low to account for
the diécrepaucias. le, of courase, assumed that the high
frequencylleakaga was 0f the same order of magnitude as
the direct current'leakage. Later 1nveét1gations have
ghown such agsumptions to be far from the facts.

Yager and Morgan® and others have shown that the
electrical conductivity of pyrex glass increases rapldly
with the freguency of the applied e. ms £f. They also
investigmtéd tre effect of water vapor on the surface
leakare and found that the leakage incressed very rapidly
with thevpéreent of ssturation of the vapof.

Experiments at hizh pressures by #. C. Poulter3 have
phown that ethyl alcohol behaves much the s2me as water

in its tendency to penetrate the surface layers of rlass.

(1) H., L. Inowles=--Doctor's Thesis and "Dielectric Con-
ston$ of Ethyl Alcohol Vapor and Possible Effect of Con-
ductivity"” (Jour. of Phys. Chem., Vol. 34, p. 2554, Oct.

1932)
(2) W, A, Yager snd S. 0., Horgan--"Surface Leakage of

Pyrex Glasg" Jour. Phys.- Chem,, 35 2026 (1931)
(3) T, C. Poulter and H. 0, Wilson--Phys. Hev., Vol. 40,
p. 877, June 1, 1932.
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Henece, it deemed probable that in the presence of alcohol
vapor and at high frequenriea the raaiativity of pyrex
might be very aiffarant than ite known d. c. values when
ary. |
. thefaqua seemed worth while to inveétigata ﬁhé‘
problem thoroughly and to chart the manner in which the |
volume and surface conductivities vary with frequency in
the presence of eﬁhyl'alcohal vapor. To accomplish this

purpoge the present research was instituted.



EEKPERIE&MW AL METHOD ‘

~ The gtandard procedure in all resistance measure-
ments is to use some form of "bridge". However, high
frequency bfiagaa are guite complicated arrsngements
and, due to the trangformers which muﬂﬁ be incorporated
in their design, they will net cover a very wide range
of frequencies. In the present problem a wide range was
more to be desired thanm high sccuracy. FKesults with less
than B% of error were considered good enough for this
purpose. Therefore, another form of cirecuit was employed.
The method finally decided upon was one snggeated by Js D,
Stranathan and one which prelimihaﬁy experiments showed to
be both reliable and simple.

The wiriﬁg arrangement is shown in figure l.

~

B ~ S
C&z C,
T ‘_;é — s R,
, ' G
()
L -
Pigure 1



By means of the coil T the circult was very loose-
1y coupled to the oscillator. O, is the test element
having a leakage resisﬂance Rye ©,, was a standard |
variable eapncity and r,, was a sf&naérd deoaaeureaist‘
ange ho#. : | | o

Tith switch S5 alogeﬁ and r;z set at some amall
value ry (generally zero) 9/3 was varied until the thermo-
gnlvanometer G indicatea thqt the circuit was tuned to
resonance. This aetting af the condengser was ‘designated
a8 Cl;“ The switch S was then openea and the cirecult re=-
tuned aﬁd‘rbz'varieé 80 thét when tuning was accomplis?ed‘
there was exactly the same current in G as before. In re-
tuning, the cépadity of the condenser C,, was increased fo

a value 0 and r,, was 1ncreaaed to a v&lue Tos.

Under the mecond conditions (S open) the total capac-

ity and equivalent resistance in the circuit were the same
as under the first conditions (8 closed) since the circuit
was tuned to the same freéuency in both cases and since
the current wae exactly the same in both cages (the coup=
ling and the inductance of course remaining constant).

The circuit as shownlin figure 1 18 not exactly that
which pertained in actual practice. In reality there was
a small leakape between A rnd ﬁ_nuraas‘the insulators both
4inside the condenser C,; and across the hard rubber blocks
uged to mount the leadq to the test element. There wag
algo a small cnpacitygh;tweén the leads and distributed
in coil T. Since such cépacibiea are, for the most part,

.



in parallel they could be taken care of by the eapacity
Cp, in figure 2. The leakage in this part of the circuit

is shown in figure 2 ag Lo

B __-s
T C/,ZZ_ C, C. .
| | == F R, = Rt
I c
A
Figure 2

4 any leakage resistance R

Ag shown by Moreeroft,
may be considered ag an equlivalent geries resistance r
where the energy dissipated by the total current in ®
is the same as th~t dissinated by the leakage current
in R. Thus, in the procedure described above, the
change in reslstsnce 1 , was equ‘ivnient to thre laakage
resistance K.

To devéloy the actual relationship between r and,Rt;~

- Let x reactance of 024- Cy,

a:
Xy = rea.ctaz;ca of Gt

and X1 = reactance of Ci + U1, where Cy is the

(4) Morecroft-- Experimental Radio Engineering p. 100



capacity of C,, when the eircuit 1s tuned with 3 closed
and Gy is the capacity when the circult ts tuned with 8
open. Also let 2, be the impedance of the eirecuit from
A 'qo B when tuned with S cfloseﬁ and Zg the impedance when

tuned with S opens Then in complex algebrsa we may write

2, R, SjX
or Z = '-j Rz& _ sz""-Rz ‘_: szg“ijxz.

Now for all frequencies used Ra>> Xy} X, Wasg never larg-
er than & x 105 while rough measurements showed Ry to be

greater than 10% ohme. Trerefore equation (1) ma;ﬁ be

,writteﬁ
XL . . s ’ p ; ‘ . T N
2 R, | o | | AL )
) ' . ) g ‘ ' ___ xz ) ¥
The real part of (la) L= 18 the

‘equivalent series resistance between A ard B in the "sec-
ond" case and Xy is the equivalent reactance.
In a similar manner we may write
TR | | /
L = = + - P — -+ — ’
Z Rz , T\)t "JXI; - X¢

/

To simplify this expression let
(o Lt _» [ / g

A = + — »
D Rz R and s = 23 % + TiXe .
| R, Re ‘X
Thue D= =5 and - S = t .
R,+ R+ X+ Xe

. Yo



_ —gS+D

/ /
_—-—-+—_.——
D ~js —jsD

Then since

Nk

7 = _1.5 ___J_l___ \SZ_D__J"S..D‘2

7 ~fS+D .D+J5 D2+ 8> (2)
s?.D ' ; |

The real part —————-g must be the equivalent series

reasistance., ‘
. 2
ind from Egquation (1) the resl part of 4y is _3<_21._73&£_
| +X
(not making the approximation). 2o
S X e et
Therefore P4+ S k"“i‘R)z(z ‘= rz 1: =r. (3)
. x: R,
To further simplify let P = I+
: R+ X7
Then from (3) —Slf,ﬁ = D*+S”
. S8* oo
or D>~ ~ S*p+ S : from which

2pD = Szi(s“”f’y s (- 4E)EL

Expanding the parenthesis by the binemial theorem we have

2pD = *"“’("L”—“f $-4) ket 3N Erpt
2 5% Z:3-8¢  +tT°777

2pD= st sY(i- —§:— 7;—"— +-"“) (4)

P ig of the order of a few ohms while 8 is of the order

of 2 thousand ohms, Therefore we may neglect terme con-
taining F/s in higher powers than the second. If we

take the negative sipgn before the parenthesis we have

2/01):2(01 ) or _D:-IO.
That is, since D= _7?2;7%- , R, Rl'=‘5> Re+p R,
t .
from which  R,(R,-@) = FR
or thL.jf'Rz.—ﬁP{‘}: 71%75 and since

~lo-



© s of the order of a Pow ohms while Ry is of the
order of a megohm |
| R, =  sapprozimitely p- 18)
However, when resistances of 10,000 ohms or less were
placed in parallel with R, the current in G dropped to
aeros Therefore, in the present circumstances Ry was mnob
the smll value that is mathematically possiblo.
Going back to Equation {4) =nd taking the positive
gign before the parenthesie 2f’:D =28'— €p2 {neglecting

torms c¢ontaining higher powers of f° /S than the gecond)

) 2.
Thug D= S,o i and for the same renson given
2
above we may neglect -/9 in comparison with S/,o which
2 . :
leaves D= S/p '? 2 "0 (6)
, Ky K2 '
Remomboring that D= 37~  from (6)
R 7? _ 9(_" +-R ) ¢ 2
t2= /PATH or ﬁalx{mg for Rt we have
=S 7? S
R (R~ %) =
R, //O ‘ 7\)2 _ R, S? .
or = R.- 7 Re -8
Further transforming: R s’ /
v % Pfsr— R,
From wiich T = /5% — 7;2 e (7)
) _— X Xt " =
S8ince S= X X2 #nd since P= 1:+_-R¢§-—=~—r+r

we moy replace o and s by their values and obtain

o _[rer)(x+X) _{_ (r+r)-+—)i<~)2 L.
Rt xX: X; '

But %Q':wa and X, =(CI+CL)W'L.W1162'6 w -'-‘-' 277

times the frequency.

- .

’ 2' 2
Therefore %et=(r+r;)(ct+c,+q)w — R,

-]l = 4



. = 2 /
But from Equation (la) g = %z or &=L
: - R, 2z X

or -;%; =r'(c,+ q)zwﬁ

Therefore = <® (et v e) 4 B (et cr )= (cut cL)z]}

It will be shown in the next section that C,+C= G,

rense ;= «*fr(cr ) (e 0)2(a +c)]}

And therefore ‘7$;=I‘w (c:+ )" ey
. In other words

(8a)

where r is the aifférence in the settings of r, , for

the two cases (switch s closed and open).

TO0 SHOW THAT THE APPROXIMATIONS ARE JUSTIFIED:

If Ry and Ry, were infinite then D=°°' and
the capacitative reactance oi’ the circuit in the sec-
ond case wag X,= W « Also in the
first aaaa the reactance woultg be the imaginary part
of dquation (2) which is J;fs’ and since D= <0
this expression becomes just s. Since the 1lnductance
of the c¢ircuit remained unchanged for the two caees

and since the frequency wasg constant then the two ca=-

pacitative reactances were equal. Thus

S=X ' = __._{(_‘_)_(L_ .
2 but S X 1 %,
X, Xe Lo~ % Xy
Hence X, = Yﬁ? °r  x, X, X4 * %% X, Xg

»lgb



| RSV | _ A
and therefore "X~ ¥, T X, » But X, = @
and X, = 75;%.7;; ~ Putting in these values snd di-

viding out w we have Co+C = Ce+C,+C, o
Whence C,= C,+C,.

But mince D is not infinite the capacitative reactance
§

in the first case is not exactly S but iy ;. &
_‘DZ

To obtain an approxim-te value of S whenv it 1s at
its maximum value take the values of Cy, Cy and the
approximate Cy from the table of data on page 54 for
the 223 K. C. frequency end calculate x; and Xy %; 18

found to be approximately 1.8 x 10% while Xy 2.6 x 10%,

X .
Then §= X = Jo? ohms.

X, +X = ,
 As was tata:te‘d before when 10,000 ohms or less were
ghunted across the test element the current in G dropped
to a value too small to read. This meant that thg re~
gistance D was very large iix comparison to 10.000 ohmé.
However, let us use 10,000 ohms for the value of D as an
| approximation, ,Thusb the capaclitative reactance in the

S
first cage is —— e = , 778S.
708
Thus if we should caleulate D from the real part of

Equation (2) as
D= i the error in D would be approx-
: 2

imately 2%. However, the lowest value of D calculated
in all the experiments'waa greater than 1.5 x 105, rut-

ting this value back in the value for the reactance we

S
find the capacitative reactance to be 0° =.9998 S.
: o 2x10"

w]l 3=



Thug 1t ie seen that for the values used in this
series of experiments the parsllel resistsnce d41d not

change appreciadbly the equivalent.capacity.

EXPERIMENTAL VEQIFIC&@IOH OF METHOD
A number of preliminary experimente were run messur-
ing resistances of known values @t variounsg frequencies.

A1l the resulte checked the known values to within 2%,

~l4-~



DESCRIPTION OF APPARATUS

1. The Test Element. The test el ement was built
qﬁite gimilar to that uged by Yager and Murgan5. Several
pleces were built exactly according to their design but
various difficulties caused the design to be simplified
somevhat, Among the difficulties encountered were the
loosening of the ribbon, injury to the surface dus to sand
blasting and high rasistagpe of ribbons that were final-
1y obtained. 1In its finaiffurm the test element consist-
ed of .a 5% inch length of rather thick wall pyrex tubine
2% inches in outside diameter. Into this tube was cut -
39 transverse greaves.‘ The s grooves were approximately
6 m. m. wide and about .3 m. mﬁyﬁeepfand were spaced
about 2.0 m. m, apart, In each groove was wrapped tight-
1y one turn of No. 30 copper wire. [Tvery:other turn was
connected to make one set smd the other turms in another
get, Copper was then eleotroyléted on the wires until
‘the grooves were completely filled. The conductors were
then nearly a millimeter in dlameter. This element was
mounted rigidly to ﬁhe top of the vapor chamber as shown
in figure 3.

The test element was ¢lezned with chromiec acid,rashed -

with a pure soap solution, then rinsed geveral times with

(5} Loc. Cit.,
-] 5w
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distilled water and finally with aleohol. The whole va-
por system was taken aown.anﬁ cleaned, along with the
test element, at enoh change of temperature. Ar iigat
lead seals were made gccpr&ing to the design described
by ?nowless; One cbn&ﬁcting iead was groundeé to the
brass vapar ch&mber while the other was led up through
the exhaustion tube to a tungsten rod sealed through the
tube wall. The outer(enﬁ of the tungsten rod was heavi-
ly brazed so that a clip connection to it would have low
| resiéﬁnnce.‘ In plape of the swibch § in figure 1. a 1ead
was merely clippe& to the tunpsten rod in order to close
the circuit. The clip was relensed to open the circuit.
The position of the clip (and len&) was changed very 1lit-
tle in the alosing and Openiny process in order to keep
the distributed capavity of the aystem as naarly constant
as possible.

2. The Vapor _ystem. The vapor chamber was immersed

1n an oil bath and its temperaﬁure held constant to .02% ¢
by an Aminao Thermo Hegulator.

~ The chamber wag. first pumped to a high vacuum and
\theh dried alcohol vapor was admatted to any desired pres=-
pure by means of the vapor system diagramed on page 17

figure 4., The system is similar to that used by MIes'7

and Knowles®. "Referring to figure 4: C is the vapor

champer, P the exhaustion port and M a mercury manometer
(6) Loc. Cit, o -

(7) J. B. Miles: Thys. Rev. 34 964 (1929)

(8) Loc. Cit,. .



with‘a,vacuum in the right hand tube., Carefully dried
and purified alcohol was kept in the tube Bs. And as 1t
was needed alcohol was evaporated from By and collected
in the cold chamber B;. By was kept st approxime tely
-80% C by using solid CO, in.a mixture of carbon tetra-
chloride and chlaroforam, ‘

The vaparvwaa intrbaucédyinto the vapor chamber in
the following mannert! Air which had been ﬁriéd by pass-
ing through calcium chloride and over phogphorus pent-
oxide is admitted at A, The inaréase in pressure forces
the alcohol in tube By up in b as far as.the heating
wires. Here it évaporates and passaé into the chamber C
antil the pressure in the chambex equals that in By, In
caloulating the pressure in the chamberfthe difference in
height of the alcohol surfaces iﬁ b and B) and the cap-
illary rise in b are taken into account,

3., The Electrical Regeiving Circult or Test Circuit.
The electrical circuit has been shown in figures 1 and 2
and partially described with the test element.. The vari-
able condenser G,, was a General Radio precision conden-
ger of 1;509t>xf; capacity which had been calibrated by
Stranathan and Inowles to an acouracy of #09@V¢f- The re~
sistonce ¥ was a General NHadio standard decade box whose
lowest setting was .1 ohm and whose calibration was good
to 1 of 1% up o 10° cycles. | 2

It will be noted from Equation (8a) (52t:='"FL—>
‘that for the snme Ry, ¥ is proportional to xg.' S8ince x

]9

|



is inversely proportional to the capaoity 1n the circuit
then ﬁhe tuning aoils should be of euch an 1nductnnce that
c would tune at a small value. Such oenditions make r as ‘
large as possible and therefare; make for greater accuracy.
For this reason it was best to aesign a separate coil for
each ffequency. “Theééfbre, for T)a number of coils were
wound on a wood frome ane foot aquare. The - number of
turns 1n the cails ranoeﬁ from 5 for Ho. 1 coll to 75 for
No, 6 coll. ﬁach containea only a aingle lager and in

the stIlef coils the ﬁurns were well'sﬁaééd;‘ The whole
frame was then maunted in a fixed position and each coil
connected into the eircuit as it~waa needed. Howevar, 1t
wag found that at the higher frequenciea th@ larger colls
abgorbed considerable energy‘even though‘they wéfe'not
connected. They thuu'affééteﬁ(tha distrituted cnpaciﬁ&

of the circuit.’ Therefore. this larze frame of coils was
used for the 1ow frequencies only while separate new coils
were wound for frequencies above 100 k, c. These new
coils were desipgnated as (1), (2) end {3). Later when
other frequencies were desired colls 7 and 8 were added.
This method of replacing the tuning coils for each fre-‘g
quency had the disa&vantage that it was 4 1ittle aiffi-
cult to set the coil in exactly the same poeition each
time. However, markinge were made on the table‘which |
made 1% posaibla to remove & Coil and replace it withput
changing the tuning of the circﬁit by as much as % ai- ,A' 
vision on the precision ¢ondenser. A variation of two

B0



divisions 414 not affect the accuracy of the reading by
as much ag 1%.

At first a thermo-glavanometer (Weston Model 425)
was used for &, Howover, when it was fonﬁd that the mag-
nitude of the current was affecting the resulté this in-
strument wes replaced by a Western Electric thermo-couple
and a Leeds and Horthrup type R galv#nnmeter. This latter
arrangement preved very slow in tuniﬁg, Therefore, a
more sensitive thermo-couple (W. E. Type 20 A D) with
a Weaton micro~ammeter (Hodel 501) was substituted. This
combination proved very satisfactory although 1t was still
much slower than the thermo~galvanomater;

4. The Oscillator. The oscillator was a modified
Hartley design ag showm in figure 5 ’Cl andﬁgz were
éach variable air condensers of i,eoq%¢u7f.vcapacity. Cy
which was connected in the circuit only when the 38.5 k.c.
frequency was &esiré& was & 5;009{¢&‘f. fixed capacity
miea condenser. Twe interchangesble sets of tunine coils
" were used at the ends of flexible leads so that the coup-
ling to the receiving circuit could be easily changed., The
tube was a #210. The 50,000 ohm grid lesk drew 2 grid cur=-
fent of about 8 m. a. when the tuha’was in operation. The

plate of the tube was supplied 36 me a. &% 600 volts by a

well filtered power supply.
The omscillator was quite stable and affer it had been

" in operation a few minutes the frequency drift was imper-
ceptible for nearly an hour.

baln
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The oscillator coupling coils were never closer
than 4% feet from the reééiving‘circuit and in most
instonces they were fturned at an aﬁgle of more than
BQ° to the receiving circuit coils, To test the coup=-
ling between the two circuits the oscillator current
was watched closely wkiie the ﬁufrenb in the test ciré
cult was changed from a maﬁimum to zero and back to a
maximume. [0 change whatever could be noted in the os-

ciliator current.

BB



' CALIBRATION OE AN*@FAT‘US

The priﬁcipal c&librétion néceééary waé the deter=-
mination of the frequencies used ana,thé e#aluaﬁing of'
C; for each of the coils used in ‘the test ocircuit,

A wavemeter was available which covered the desired
range of freguencies but anomalous results soon eauéea
the accuracy of this instrument to be suspected. A
standard wavemeter whose calibration had been checked
within the pastrfour months was available for freqﬁencies
down to 425 k. C. o
~ For the lower frequencies a temporary wavemeler was
made up from the coils of the cl& wavemeter and a pre-
cision condensers This meter was then dalibrated and
afterwards designated as the "New wavemater"} The cal-
fbration wae made in the following manner: A radilo ge;
ceiving set was set up in the samé room with the oscilla»\
tor and tuned to some brosdcasting station whose frequene
cy was known. The oscillator was then‘tunea to some fre=-
quency which wag known approximately. Then 2 slight
variatioﬁ of this tuning would cnuse one of the upper
harmonics of the oscillator to beat with the frequency of
the broasdcast station. This beating was easily heard in
the receiving seb. | ‘ | |

With the oscillator tuned to zefc beat the WaVameter
reading was baken. Then by 1owering the frequency of the
oscillator the next higher harmonic began ta‘beat'with the

broadeast frequency. This'prabedure was repéated with

w2l w



several consecutive harmonics and with two different
broadecast stations whose frequencies differed widely.
then when /?? wag plotted against the capacity of the
wavemeter condenser a Qtrnight line was obtained. If

the numbers of the hnrmonio& wers not guessed correctly,
the points taken from ona station 41d not lie on the game
line with those taken from another stntion nor were the
lines strictly straipht. However, after 2 few trinls

the right numberg of the harmonics were found and tms
the frequencies known accurately.

Prom the slope of the line thus obtained along with
1ts intercept on the capacity axis {which gives the dis-
tributed capacity in the wavemeter eircuit) the cali-
bration eguation may be written /;2 = S(C+A)
where S is the slope of the.line.ana A the intercept.

17
From this equation f.= /EYZIZT' [c+ A

Such calibration curves sre dhown On pAges 45 and 45
It 1s seen thet the test ciroult with the ewitch S
open is the same as 2 wavemetér cireuit. “Also since the
disfriﬁutaa capacity far each coil rad to bé measured the
test circuit itself wag calibrated (for each of the lerger
“eoils) in the manner aescribea'abava. Thus there was less
likelyhood of errors being introduced than 1f a waveneter

had been calibrated and C; measured from the wavemeter

readings. oy
It 1g algo seen from Equation (8a) R~ 33—
| ~25e



that the value of Rf_&epeﬂﬁs upﬁn the capacity of the
condenser Cp, and ﬁpon the}ffequaﬁgy;'ﬁith a giver coil
in the test circuit the condenser will tune at the same
getting for the same fiaquéney*"And since, ns mentioned
above, the coils could be removed and replaced without
changing the tuning, once the cayacity setting C, is ac-
curately determined for a given frequenéy then that fre-
quency could be obtained at any time by varying the o8~
dillator frequency until the test Gircuiﬁ again tuned
with the capecity Oge

The frequency was determine&}&ccuratelyvnat only
once but several timea to make ere the calibration of
the test ciremit had not chanped. After all other data
were taken "check points™ were made on each of the coil
cnlibrations. All of these “check points" were found to
lie very Giosely on the curves originally detormined.
Thus the«frequenéies were determined and set each time
with an error of less than 1%. The reason for the odd
values of frequencies was thal even valgea on the old
wavemeter turred out to be at error and since some val-
uable dats had been taken it was thbught beast to go on
uging the same frequencies although they were 0dd.

The distributéa éa@acity for each ¢011 woag measured
in 8 manner similar to that described for the wavemeter.
7ith the desired coll in thé tept circuit the condenser
Cp2 waalvaried until the circuit was tuned to the fre-

quenay of the oscillator. The value of G, , which tuned

“2f=



the circuit was : raaordeﬁ along with the frequency to which:
it was tuned, If the atandard wavemeter wag used to de- !
termine the freqneney‘f? = K(CS'*A) where k ig
the czlibration cunatant far t%e wavemetar, c 18 the ¢a=-
pacity in the wavemeter candenser anﬁ A im the distr1b~
nted capacity in the wavemeter circnit. mhe values of
C,z wore then plotked g abéﬁssaa agnirstf;}ﬁzt or, when
‘the wavemeter was uaaﬁ to determine £, the values of C,z
were plotted azainst Cg + As* These curves were stralpht
lines having negativg interceptavoﬁ thefﬁcz axis., If
one of these intercepts had a value Ay, then the total
capscity in the circult was C; + Ay where C, 1s the ca~
pacity in C, , « That is; 4y isvtha~aiatributed‘capacity

in the circuit when ¢oil "X" was in the cireuit.

Hoeter Calibrations
Thile it was not néeessary to know the actusl value
of the current in standard units to calculate Ry it was
desirabl e to know approximately what currente were being
uged. Theraforeﬁ.the'calihration curves of the various

thermo-couple devices =re given on pages

.



Coil (1) St.Coil #3

Cond. Set. Cap. Cond, Set.  Cap. Cg +16.5
2445 1884w f 355 187wt 208 et
9.12 - 540 11,52 667 - 684

14.79 883 18,35 1078 1095

19,70 1183 24,25 1435 1452

28w
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~ Cond, Set.,  Cap. _Cond, Set. Cap. ‘8% 777

2,31 180uuf 18,66 ,vés/«/.u.f‘ 219 e . -
0.59 B6s2 7,20 so7 42t
2098 1687 16,95 994 101
:"6{8'7 - 2227 21.35 1261 127

4.47 269 24.35 1440 1457
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NEW WAVEMETER

Coil "C"
Cond. Set. Cap. Sat‘cggagﬁggiﬁﬁg : _?ﬁg_; "lz"g
19,00 © 1MGu.f 2186 1810,.1.285 % 1077
19,00 516 10,44 620  .621
3.00 165 B7L 215 .243
Beating with Station TDAR
| 610 ¥ecs
‘Hs,rmcnic - Preq.in Kc. ' |
Ira . 208 Bz S 213 L2423 x107°
4th 153 785 415 - 4430
5th 128 11.83 674 672
6th 102 16456 990 .962

Slope = 9.27 x 10°%
S = (Cg + 50) 9.27 :m"8

_ _B2B4
£~/ 5;5 + 50
; 3284
Frequency "2.4" = =358 223 k.0,

Freaquency "1.5" = /-\;579‘ = 145.6 kics
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Coils 1«5 ‘ few W-H 27 Cia 75
Cond. Set. Cap. Coil "C™ ° Cap. ¢t

1448 85eLuuf 4400 21440t 289
6462 389.0 15,85 928 1003
10,156 602, 24,00 1423 1498
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Coils (5-6) Stas  Har~  Osc. Ve x10°
Cond. Set, Cap. freq. monic freg. f

B.10 307w 610 k.8, 7 B7.14 k.co 1,32

6479 399 610 8 76,25 1,72

8471 515 610 9 67,78 2417
10.05 596 950 - 16 63,33 2449
10.87 654 610 - 10 61,00 2,69
11.50 684 950 16 59,58 . 2,83
13.04 77T 950 17 55,88 5.20
18.67 1119 610 13 46,92 4,54
21.66 1304 610 14 43,57 5.26

To Check New Wavemeter
N.¥. Opil "D" Oap. C°p + 92

8.24 487 2494 151/./.7‘.' 248
11.36 675 4,36 236 328
14.23 850 5.78 . @22 414
23,05 1389 9,90 571, 663

~38=
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Cc«ila"l.«é. | Stae | Har- Osec.
Conds Sets Cap. freg. monie freg. /£ X 10t

2412 104uu’ 950 9 106 897
5406 294 950 13 733l 1487
7450 442 610 10 6.0 2469
7495 469 950 16 5934  2.84
9,04 535 . 950 17 . 55,9 3,20
11443 680 950 19 50s0 = 4400
15,06 778 610 18 4649  4.56
| aoQﬁz» 1203 610 16 3831  6.89

To Chedk Hew Wavemetor

Conds Set‘; C_+ 85
mer ams 400 214.0.f 300
11.36 675 6466 375 460
16438 980 10,00 576 668
19,68 1182 12.22 "9 - 794

u406. '
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| Point

o ot o e

v

10

m‘thm

950
610
610
610
610

Harmonic Sta. freg.  Osc. freg.
610 k.e.

87.1 x 10°
96,0
102.00
122.0
155.0
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DATA RND RWSHLTS
In the following tables of data and reanlte the

mednings of symbols ara ag follows:

£~-Frequency

Coile~~The coil or coils used in the test circuit.

Cy~=The setting of the condenser C, , when the circuit
was tuned with S closed. The actual value of this
capacity 414 not enter inte the odmputahiens and
hence 1t was not calculabed, It will be seen the Cy
varies markedly for the 223 k.c. frequency. EHowever,
the actual capacity etays within 2% of'the value tabe
ulated in Table I even st the higﬁest saturations,
The aﬁparent variation is due to the reé&ings being
on the lower part of the calibration eurves where
the vgriatien‘af capacity with setting is very small.
See 8ata in Table XXVIII. ' ,

02~~The,aetting of C,» when the circuit was tuned with S
open. The c¢apacity corresponding to this setting was
computed and tabulated 1& Table I. In éach individu~
al case the variation of Gg'from the corresponding
value tabulated in Table I was always less than 1%
and therefore, the values from Table I were used in
each case. It might be thought that sincé Ry 1s
proportional to xa that a variation of 1% in Cp
would cause a variation of 2% in Ry but such is not

the case.

X=X Cy 2T F and = e

'dt4’?n



) /{ n"

—
—

Therefore X,= <’

7
Ca Ve, Jc,
V4
and x2 = ‘g _
2 |

iiw»The galvanometer readings when the Type R galvanome=~-

ter was used with Yestern Eﬂéctriavﬁhermo~cauple
# 20 B and with 1,000 ohms in series with the gal-
vanome ter, 4
1g=~~The micro-ammeter readings when it was used with
 Testern Electriaywhe§monecuple # 20'3 D in plzce
of G. ‘ | i
r--The difference in settings of r,, expressed in ohns.
xg--The capacitative reactance of the test circuit when
it is tuned with S open. Ths values in the eolumn
xé gshould be multiplied by 106 to obtain the valuéa
in ohmss |
Rg=-The leukage resisisnce of the test element. The
.values in this column shoul & be mul tiplied by 106
to dbtain,théir values in ohma.
,%?, ?-The)cdnauctamcé of the test element: The values
" guet be multiplied by 10~% to obtain their values

in mhoB.

48w



TABLE I

Capacity Dist.
in Cap, 5
£ Coils 2 ety Lo Cy, X5
987 xc. (1)  B6L 201 30 488
- 899 7 309 177 20 .666
763 7 440 255 40 500
689 8 306 207 55 1,018
644 " 640 375 40 .355
621 8 402 232 55 .805
587 i 780 460 40 294
519 (2) 292 166 30 .245
515 8 600 350 65 580
485 (2) 343 196.4 30 2,111
417 (2) 472 274 30 1,68
223 (3) 296 168.2 50 10.73
146 (3) 77 459.0 50 ‘4,59
96,6  1-6 660  387.5 36 15.25
69.8  5-6 823 485.9 40 18.76
38,6 1-6 1962 1178 45 12,33



TABLE II

Temperature.

=50~

Alcphol )  Pressure Saturation
790 C. . 00.0 tm Hg . 0.0%
Pumpea fot 14 hours

E Coils C; ¢g 43 T By 1/Ry
987 ke (1) 166" 361 fBye Zpiz  .222 4461
899 7 099 509 16.0 3.2  .208 4.8l
763 7 251 440 14.1 2.0  .250  4.00
644 7 450 640 13.0 1.3 273  3.66
587 7 590 780 14.0  .857 346  2.89
519 (2) 052 292 15.5 16.2 395  2.53
485  (2) 147 543 11.85 5.l . .4l4  2.42
223 (3) 066 295 8.6 14,3 .60 1,33
146 (3) 588, 7TT7 9.1 4.3 1.067 4987

96,5 1-5 470 660 B.2 9.05 1.692 591
69.8  B5-6 651 823 6.8 8.8 2.152 <469
38,5 1-6 1764 1954 12.5 3.2  3.85



TABLE III

3;525

wpl=

Alcohol Temperature Pregsure  Saturation
| 790 ¢ 12.7 cm Hg  16.4%

h Coils Cy Co 13 r R¢ 1/Rt
987 ke (1) 158 353 11.8 2.4 ,203 4,93
485  (2) 149 344 1l.1 5,35 .395 2,53
225  (3)  O71? 296 10.6 14.14 .760 1.32
146 (3) 596 777  13.5 4.4 1,043 959

96,5 15 469 659 1046 9.13 1.673  .598

69.8 5-6 626 616 1l.7 9.25 2,028 ..493

38.5 1-6 1760 1957 13.4 B.4 3,626 ..276.

| TABLE 1V |
Alcoholy Temperature :éfessﬁz;e Sz;furatiﬂon‘ |
790 ¢ 37.6 cm Hg  48.5%

£ Collsg ¢ G _ 43 _r Ry _1/Ry
987 ke (1) 158 358 10.7 2445 .199 5,03
485 (2) 147 344  B.9  5.25  .406 2446
225 (3) 072 269 1l.1 14,23 .750 1.33
146 (3) 602 77T 8.3 4.3 1,067 .937

96.5 1-5 - 470 661 10,4 9.4 1.620 .617
§9.8 5-6 633 825  8.25 9.4 1.996 .501
#8.5 1-6 1775 1966 8.6 3.5 . .284



TABLE V

. i |

Alcohol . Temperature Pressure = Saturation
790 C 66,4 om Hg  B5.7H

. \

£  Coils C) Cp i r Ry 1/Ry

i

987 xc. (1) 154 361 91 2.5 L1956 5.15 -
689 - 8 098 306 98 4.0 .256 3,95 -
621 8 210 402 140 3.1 - .B6O 3.85
615 8 410 600 176 1.65 362 2,84
485 (2) 146 342 110 5.5 .38 2.5l
223 (3) OB6 294 114 1640 - J671 1,49
146 (3) 587 719 181 4.7 .977 1.02

96.5 1-5 469 6569 94 9.2 1.66  ,604
69.8 5~6 629 820 112 10.0 1.88. +533
38.5 1-6 1772 1962 119 3.7 3.33. 300
TABLE VI
Alcohol Tempe roature Pféssuie Saturation
790 C 71.8 cm Eg' 92,6 %

f Coils Cl v GZ 11 Y Rt : 1/31;‘ .

987 k. (1) 156 B50 7.45 2,7 .18L 5.53
485  (2) 147 345 9.1 6.0 .352 2.84
223 (3) 070 296 5.73 18.0 .596 1.68
146 (3) 585 776 10.8 5,5 .835 1.20
96,6 1-5 469 660 10.0 12.8 1.248 801
69.8 6=6 630 823 5.9 12.2 1,538 ,650
38.5 1-6 1767 1958 11.4 5.0 2.47  .406

~52-‘



TABLE VII

These results are doubtful

—bZ=

Alcohol Temperature Bregsure Saturation

S 190 c 74.9 em Hg  96.6%

F  Coils O Cp 43 r Ry  1/Rg
987 ke {1) 154 352 6.2 2.7  .181 b5.53
765 7 248 440 11.6 2.4  ,208 4.8l
485 (2) 146 342 11.6 8.2 .267 5.89%
485 = (2) 146 §4§epf§§.§ué 6.5 4325 ‘z.oa
417 (2) 280 472 12,6 4.2 1.376 2.66
228 (3) 056 294 7.6 2040 10,537 '1.862
146 (3) 586 778 11,0 6.0 L7656 1.3l
96,5 1-5 470 660 5.8 14.3 1,066 .940
69.8 5-6 630 822  6.85 15.3 1.23  .816
38,6 1-6 1760 19562  7.00 6,2 1.99  .503
TABLE VIII
Alcohol Temperature Pressure Saturat‘iovn -
790 ¢ 71.8 cm Hg 92.6%

f Coils Cy Co 14 r Ry  1/Rg
987 KS (1) 154 349 7.3  B3.48 .141 V.09
485  (2) 147 344 7.0 8.1 261 3,83
223  (3) 064 296 6.7 26,7 402 2.49

96.5 1-5 470 662 7.7 21.2 718 1.39
69.8 5~6 633 826 7.3 28.6 795 1.26
36,5 1-6 1771 1962 8.0 10.4 1.185 844



. DABLE IX

Alcohol ~  Temperature ' Pressure Saturation
790 ¢ 7.2 cm Hg | 99.8%

RSN | DG S

987 mc. (1) 154 B6L - 8.6  B.4 144 6,94
486 (2) 146 B4z 11.6 8.2 267 5.89
223 (3) 045 204 7.7 28,2 380 2.63
146  (3) - 584 776 7.7 9.4 . .488 2,05

96.5 1-5 470 662 6.0 23,0 662 1.5
69.8 5-6 630 823 5.8 25,9 ..724 1,381
38.5 1-6 1769 1960 7.2 11.8 1,085  ,957

" wBle






% BEe 1TTE] | B 111]
t - T + H
I i ﬂu 1 -
| ] | B &
- T T 1 .
T ] 1
1l -
1 !
! HH
,ﬁ, S YNEN) EE |
IS EES T ! I
T T T T
i 1 1
1 [ I ! TALT I [
- I & T T
3T 1 h
%1 I § I 1 I
] | | 1
® 1 | A VI
. f I E Smas I
1 |
=S - e I
1 T
B 1 i I
e I T 1 | 3 i
N " H
1 L 1

NS OENEE YN NS NSNS RN NS REE |




1]
T
1

g

i
I

L4

T

8

T

NSNS ERREE

BN N




TABLE X

«58-

Aleohol ~ Yemperature Pressure Saturat;ion.
: 1070 ¢ 9.0 cm Hg 0.0
£ Coils G Cy 15 T Ry  1/Ry
987 x£ (1) 156 350 98 2.3 .axatu4.v2
899 7T 102 309 121 .4 196 5.0
765 7 264 442 126 2. .238 4.20
644 7 452 64l 161 1.4 .254 3.94
587 7 592 7M9 162 1.0  .294 B3.40
185 (2) 149 345 135 6.1  .346 2,89
223 (3) 069 296 130 18.0 .596 1,68
146  (3) 568 777 163 5.4 850 1,18
96.5 1-5 469 660 167 12.4 1.228 ,814
69,8 66 633 825 160 12.0 1,563  .640
8.5 1-6 1772 1961 152 4.4 2,80  .867
TABLE XI
-v Aleohol Temperature Yressure Baturation
| 107° ¢ 26 .3cm Hg 125
£ Coils C Oy iy r Ry 1Ry
987 Ke. (1) 166 349 113 2.4 208 4.92
763 7 258 44l 142 2.0 .288 4.20
486 (2) 150 345 178 6.0 352 2.84
223 (3f  ov2 296 139 18,0 .596 1.68
146 (3) 186 777 160 5.9 778" 1.29
96,6 1-5 469 660 157 12,3 1.24  .806
69.8 5-6 631 823 150 12.0 1.56 640
8.5 1-6 1770 1960 175 4.4 2.80  .357



 PABLE XIT

Alcorol  Temperature Pressure  Saturation

1079 ¢ 58 om Hg . 26%
IR 4 Coils Cq . Cg ’ is + » - R¢ - 1/Rt

og7me. ((1) 156 362 120 ° 2.5 .212  4.72

763 w286 443 117 ¢ 2.2 .227 4.4l
485 ((2) 148 346 1Bl ° 6.0 .352 ' 2.84
225,  (3) 070 295 7108 - 19.0 .56¢  1.77
146 (3) &84 M6 118 6.6 4820 - 1.21
96,6 -~1-b - 471 661 149 - 12,0 1.271 @ 787
69.8  5-6 ' 630 822 g-1vs.»‘1z;z~'1.54v;i‘ 649
B8.6 “1-6 1768 1958 19 © 4.5 2,74 .365

PABLE XIII .

Alcohol Temperaturé ?feasure  Saturation

| wo7°¢c - 73l emHg - 32k

Data were taken at only four frequencies at this
pressure., Since they checked so closely with the fore-
going tables it was deemed unnecessary to take readings

for all the frequenciea. *

£ Coils C1 Cy fp  r Ry 1/Ry
69.8K55-6 630 822 174 12.2 1.54  ,649
146 (8) 588 775 17 5.6 .820 1.2l
485  (2) 160 345 126 6.0 ° 352 2,84
987 (1) 163 350 120 2.3 = .212° 4,72

~59~
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TABLE XIV

Alcohol Temperature Pressure Saturation
650 C . 0.0 cm Hg 0.0%

- 4 Coils Cq Co is Ry 1/Rg
987 ke (1) 156 353 128 1.2  +407 2.46
763 7 250 440 94 1.0 476 2.10
485  (2) 145 343 132 4.0 528 1.89
223 (3) 060 207 122 13.1  .819 1.22
146 (3) 583 76 100 3.2 1.43  .697
96,5 1-b 467 660 110 7.0 2,35  .426

38,6 1-6 1764 1956 160 3.0 4,11  .243

- TABLE XV
Alcohol Temperature  Pressure Saturation.
65° ¢C 36.3 cm Hg ~ 80.8 %

For the data in thig table the alcohol vapor was
very slowly admitted into the vacuum while 2 close watch
was kept on the resistance at the 96.5 k.c¢., frequency,
When the resistonce at this freguency showed san apprecie-
able change the test chamber was closed off and the pres-
inﬁe measured. Five hours later the following data were

KON«

£  Coils Cy Co ig r Ry 1/R¢
987 e (1) 152 351 110 1.3 375 2.67
763 7 249 440 130 1.2 417 2,40
485 {2) 146 344 150 4.0 «528 1.89
223 (3) 050 296 120 12.4 - .865 1.16
146 (3) 584  7MT 120 3.6 1.276  .784

96,6 1=5 468 662 140 7.4 2,126  L470
69.8 65-6 631 824 130 7.7 2.44 411
38,6 1-6 1766 1958 111 2.9 4.25 « 2356

. =61~



 PABLE XVI

Alecohol  Temperature Pressure Saturation
| 3 659 C 40.4 em Hg 90%

. f Goile G G iy r Ry 1/R
987he (1) 150 250 100 1.45 337 2,97
768 7 246 440 110 1.5 .333 3,00
485 (2) 145 345 145 4.15 509 1.96
225 (3) 067 297 160 12.8  .838 1.19
146 (3) 584 M 185 3.9 1.8 4850

96,5 1-5 . 467 661 125 B.2 1.86 o539
69.8 5-6 638 823 130 7.9 2,38 .42l
38,5 '1-6 11771 1960 145 5.0 4.1l 4243

TABLE XVII

Alcohol Eém@erétuiek \ Préééurekﬁ V;SQturatidn
- e5%¢ 43.1 om Hg  96%
£ Coils ©C G i, r R  1/R;
987#c (1) 150 550 120 1.6 4305 3.28
763 7 243 488 185 1.7 294 3.40
485  (2) 142 3453 130 4.6  .459 2.18
223  (3) 052 2056 145 15.0 7156 1.40
146  (3) . 683 776 170 4.4 1.04 .96
96.5 1-5 467 661 135 9.7 1,57  .637
69.8 . 5-6 629 823 - 95 10.2 1.84  .544

88.6 1=-6 1768 1961 110 392 3.16 «516

f63*
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- DTABLE XVIII

Al cohol Temperature Pressure Saturation
659 ¢ 43.85cm Hg 97.7Th

f Colls € Oy iy r Ry 1/R,

9087 ke (1) 151 549 136 2.2 4222 4.50
485 . {2) 142 343 95 Bu6  JB7T 2,65
223 (3) 066 296 126 2044 .526 1,90
146 (3) 587 779 115 6.l 752 1.33

96,6 1-5 465 662 128 15.4 ,989 1.01
69.8 5«6 629 823 90  16.4 1,144 .874
38.56 1-6 1769 1959 100 7.3 1.69  ,592

méSdﬁ



TABLE XIX

‘Alcohol Temperature Pregsure Saturation
| 51° © 0.0 em Hg . 0.0%

f Coils C; G 1s r Ry 1/Rg
987 ke (1) 148 350 95 1.1 444 2,25
763 7 2an 439 131 1.2 417 2,40
485 (2) 145 344 138 3.8 .655 1.80
228 (3) @45 296 155 1l.4 .94l 1.06

146 (3) 584 77T 130 3.3 1.39 719
96.5 1-5 466 660 147 6.7 2.87  ,440
69.8 6-6 628 823 112 6.7 2,84  .352
38,5 1-6 1764 1957 107 2.5 4.93  ,203

| | TABLE XX |
Alcohol Temperature Pressure Saturation
519 ¢ 21.0cm Hg 90.5p

~ Ap desoribed for Table LV the vapor was admitted
glowly while the resistance of the element as 69.8 k.c.
wag closely watcheds When a noticable change occured
the test chamber was closed off and the pressure meas-
ured. Yhe followilny data were taken immediately.

b Coils Cq Cs i, r Ry, I/Rt .

987 ke. (1) 149 351 127 1.1 J444 2,40
485 (2) 143 344 161  B.67 .5686 1.71
223 (3) 056 296 145 11.3 «950 1.05
146 (3) 584 ™6 165 3.6 1.3l 763
96,5 1~5 468 661 140 7.0  2.18 .459
69.8 5=b 628 823 117 6.7 2480 357

38,6 1~6 1765 1960 131 2.6 4,93 +203

After four hours the following data were taken at
the same pressure.

BB



TABLE XX (continued)

£  Coils c;_* Cp i r Ry  1/Ry
987 xe. (1) 160 352 107 1.3 o376 R2.67
485  (8) 143 344 120 5.8 666 1.80
225 (3) 059 206 93 1li4  .941 1.06
146 (3) 684 776 1140 B.4  1.350 .74l
96,5 1-6 468 663 167 6,83 2.22 (450
o TABLE XXI '
Alecohol ;Tempefature._ »Pfgssure _ saturation :
o 510 ¢ 22.5 em Hg "?7% |
£ Coils C; Cp iy r ‘Rt 1/Ry
987 xe: (1) 149 350 113 1.4 349 2,87
485  (2) 143 344 - 170 4.3  ,490 2,04
223 () 945 897 111 12.4  .865 1.16
146 (3) e85 78 12l 4.0 1.2 4895
96,5 15 466 660 104 B.4 1.8l 4552
69,8 5-6 627 821 111 910  2.08 4480
38.6 1-6 1762 1955 129 5.6  3.43  .292

“6’?-



Alcohol

TABLE XXII

Temperature Pressure Saturatioﬁ
51° ¢ 22,84 cm Hg 9844%
£ Coils :g;;_ Co  ip r Ry 1/Ry
987 xe. (1) 161 365 86 2.7 .81 5.52
485  (2) 142 543 125 9.0 .234 4.27
225 (3) 045 296 145 I5L.0Y .346 2.89
146 (3) 585 778 92 10.0 459 2.18
96,5 11-5 466 660 111 21,2 .718 1.39
9.8 5.6 626 824 100 as,o .670 1.@9
L1763 1961 ' 130 10.0 1.25 .81l

. 38,5 1-6

¢-68-
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- Similar Data For Water» | }

In order to check the method used in thesé exper-
iments data were taken on water at 502 ¢, The résulta
could then,ba compared with the findings of Yager aﬁ&
Morgan, who took measurements on water at this tempera-
ture for frequencies up to 100 k. c. However, data are
alao'présentea in $tsbles FXIII to XIVII for frequencies
up to 106 gycies. >' |

These data are presented in the following tables
and curves. |

The vapor aged for 20 to 25 hours for each of the
pressurea before dats was taken. The resistance was
meagured for 8 pressure of B.é‘cm Hg (91% saturated)
and at a frequency of 69.8 k.c¢. at various times up to
25 hours in or&ér to see how the resistonce varied with
aging time. This datn was plotted in the curve on
page 72 . It can be seen from the curve that at this
high relative humidity the leskage had not reached a

maximum after 25 hours. This curve resembles very closg~”

1y that found by Yager and Horgan. In order to dupli-
cate the experimental conditions of these investigators,
after readings were taken at 79% of saturation (7.3 cm
Hg) ary air was‘a&mitted until the total pressure was
73,4 cm Hg and a few of the resistances remeasured.
They checked exactly those taken when only the water
vapor was present in the chomber. - ‘
)=



L

5
{
17

it 2

s A

B ER

T

§ 8

TIre
1

T
T

S EIE

T

0

IR N1
i
T

-1

5
I

T
1T
1

TERER S
{5

et ——
T 1

T

T

e —
T

IEREE SN

T
T

-
t
T

1 5
T
1

-
I

D e
P

7

T

"
{0 |

s
INEE SENSE S

= §
i

IS

T T E Y
IENS ENNES

SR

T TTy

| 270 35 e S N AN

LI sy
(SISENSESNS SENKE NE S

2 A

L'
L




TABLE XXIII

Water Temperature Pressure  Saturation

60O ¢ 0.0 cm Hg 0.0%

f  Coils ¢y Cq 19 P Ry 1/R4
987Ke: (1) 161 360 116 1.6 o305 3.28
763 7 243 440 150  1.35 370 2.70
485  12) 142 344 158 B.7  J571 1.75

225 (3) 051 295 166 10.6 1.02 978
146 (3) 585 778 140 3.2 1.43 697
96,56 1-5 467 661 144  6.37 2.42  .414
69.8 B-6 629 823 160 6.6 2.84 352

38,6 1-6 1665 1957 145 2.3 bH.36 187

TABLE XXIV
Water Temperature Pregsure Saturation
509 C 4,55 em Hg - 49%
4f Coils 01 32 13 r Rt I/Rt

96.54c1-5 466 661 175 6.7 2427 440
69.8 5-6 628 823 100 6.8 2,75 364
38,6 1-6 1768 1961 115 2.3 b5.36 187
Since the above &ata aia nnt ghow a very marked
departure from that given in Table X%III (except for
the 96.56 frequency which is obviously merely a better

value) it wasg thought that it would not be worth while
to take the resistances at the other frequencies.

G- |



PABLE XV

Water Tempe ra tﬁre Prassure Saturation
B0° ¢ 4,9 om Hg 53%
Aged for 7 hours |
£ Coils € Cp is 4 ‘Rg 3./Rt |
987K (1) 161 362 1156 1.6 4306 5.3
763 7 243 440 150 1.6 0335 5.0
485 (2) 144 345 115 4,0 .528  1.89
223  (3) 048 295 105 1l.4 ,941 1.,06.
246 (3) 583 MMM 130 B4 1.356 o741
96,5 1-5 462 658 153 6.8 2,24 447
69.8 5-6 628 824~ 160  6.95 2470 B8
38.6 1-6 1763 1958 135 2,43 5.14 195
| TABLE XKVI
Water 'rempera.ture' Pressure Sammm on
| 509 7.3 em Hg "%
£ Coils & G 1p r Ry  1/Rg
987ke. (1) 151 352 100 2.0 .244 4.1 .
"63 7 246 440 155 1.8 278 3.6 .
485 (2), 142 343 130 4.5 .469 2,13
223 (3) C©.047 296 130 18,7 783 1.28
146 (3) 584 78 130  4.271.00  ,922
96,5 145 465 661 115 9.0 1.69  .591
69.8 5-6 628 824 110 9.2 2.04  ,490
38.5 1-6 1768 1959 125 3.7 3.53  .300

-4~



TABLE XXVII

Water Temperature Pressure Saturation
10 50° ¢ 8.4 cm Hg = 91%

, Aged 25 hours. Longer times were not taken due
t0 the aifficulty of holding the pressure constant,.
The ice melted in the cooler after about 25 hours
and im recharging it the temperature wouvld change
slightly and allow the pressure (o change.

f Coils C; .Cg 4 T Ry 1/R¢

987 xc (1) 146 349 120 2,7 .18l 5,62
m63 7 246 441 160 2.4 208  4.81
485 (2) 142 345 135 6.6 +320  3.13
223 (3] 060 297 110 28,0 o488 205
146 (B) 0 B83 M8 156 649 4665 1450
9645 1-5 462 661 106 15,6 .976  1.03
' 69.8 5-6 627 823 175 15.7 1.120 @ 4890
38,6 1-6 17656 1959 106 6.6 1.87 +535

75-
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© DISCUSSION OF DATA AND RESTLTS

It was easy to obtain pressure readings groater
than that of the aatﬁrateﬂ'vapor in the chamber since
rapid evaporation in b and condensation in the chamber
caused a considerable pressure gradient in the comnect-
| ing tubes. Thne‘the gaturation pressure of the va@or
could not be obtained from t&ia apparatus. The values
of‘aatﬁratea vapor pfeséure_aﬁ the various temperatures
were obtained from thé Internaﬁiﬁnal Critical Tables.

Due to the design of the vapor system thavmaximum
pressure readily obtained wns atmospheric preseures
ind since at 79° C the saturated vapor pressure éf al~-
cohol 18 "7.5 ¢m Hg the saturatian preasure eoﬁld,be
approached very closely without danger df-exeesﬁing 1t.
At lower temperatures, besides the yever present danger
of excessive pressure ¢ausing condensation, the nccura=-
ey of measurement of pressure decrensed. Hence the 799
C temperature gave the best opportunity to attsin a6-
curacy. Therefore, much data was taken at this temper-
ature and checked several times.

The sgturation pressure at 10‘7o C was not definite~

ly known but from tha”extfgpolated saturation pressure

curves the approximate value of 225 c¢m of Hg was obtained,

In general the data and curves show quite cleariy

- the behavior of the pyrex glass at various frequencies

and at various degreeé of saturation. However, there are

geveral points to be noted,some of which are surprising,

-‘n?BQ



The £irst of these is the apparent discontinuity
1n the relation of conductance %o frequénéy at low
frequanciee ana the sane relatian at hiwh frequencies.
This point occured at abaut 500 k'c‘ whether the glags
was dry or in the preeence of &leohal. It apparently
did not vary with.the temperaﬁ&re.. An attempt was ma&e
to find some reaonant circuit about the apparatus which
could cause the effect, Eowsver, ncne nould be found.
Several uthef frsqueneiesvwefe used in the neighbérhdod
of BOO k.c., different colls were substituted in the test
circuiﬁ ﬁﬁdvin thé oscillator, but the ﬁiscontinniﬁy per~
aieted. o | |

Data taksn from Tablea II 2na V are plot ted on the
follawing page and shuw that there is really a discon~
tinuity present»

If all the foregoing curves are examiﬁe& closely,‘
it will be meen that there is pérhaps another such dis-
continnity at about 100 kecs Howeﬁerf the evidence is
g0 slight that a aingle smooth curve was always drawn
throngh this region. At firat,‘the curves Wefe‘drawn
continuous through the 500 k¢c§ reglon since the probe
able error for the highér frequencies in some instances
amounted to 12%. 3But the point at 485 keCy was pere
sistently lor and after much data had been taken 1t was

saen that the points at lorver frequaencies and those a2t
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“higher frequencies lay on two &ifferent curves.

Ag mehtioneﬁ above a thorough search failed to re-
veai any characteristics in the apparétus which would
eaﬁse guch break in the rélatianéhip; Bawever; to mke
cure that the effect was actuslly a characteristic of
the slass would have necessitated the complete redeéign
and rebuilding of the apnaratus, and gince the r@anlté
at freguencies up toyﬁﬁO'k.vcc wéra qﬁite congistent it
wag thonght best to vouchsafe the results nnly dy to

this frequency.

wf] -



" The Capacitance of the Surface KFilm

While Cy i>1zariea with the &egree of gaturation‘
and fregquency these variations were small as can be
seen from the fallowxng tables

TABLE YXVIII
(Dﬂta taken from Pable TI)

fleohol & e ?gmpersture | Saturation
- C 790 ¢ 0.0%
A T By
987  201L.2  89.2 112.0
458 196.4  84.6 111.8
208 167.6 57,0 110.6
146  459,0 © 343.9 115.1

96,5  387.5 372.7 114.8
69,8  485.9  369.9 11640
38.5  1173.1 1056.7 116.4

(Taken from Table IX)

P Cé : c! ¢

1 £
987 201.2 88.2  113.0
485  195.8 84.1 111.7
223 . 167.1 54,1  113.0
146 457,56  341.5 116.0

96,5  588.6  272.8 115.8
69.8  485.9  369.3 11646
38.5 1176.8 1069.8  117.0

It ¢nn be seen that althoush Cy incresses with sat-
uration and decreasesn with the frequency these varistions
are so esmall that nothing definite can be saiad conoerning

them.
- .



© VARIATION.OF R¢ FITH CURRENT

In the orizinal set-up of the apﬁafaﬁus a thermo-
ralvanometor (range 0-115 milliamps) waaiﬁaaﬁ for G
in flgure 1. YHowever, it w2s fbuna that under certain
eircumstances Ry varied markedly with the current. In
one instance-tha'valua"bf‘ﬁﬁ charged by 30/ as the cur-
rent in & varied from 40 to 110 milamps, &y approached
~ the vacuuﬁ value as 1 increagsed. . Thersfore, it was
thought aﬂvisaﬁle talusa é more semsitive current measur-
ing device. . Avwestern Electrie thermonunotion wag used
with 8 Leeds an&»%dmthrap type H galvanometer and with
1,000 ohms in series with the galvwnométef. Although
this wéa‘qaite”slaw ta‘tnne, eurfents of the order of
6 to 12 milampéres were aufficieht‘tc ei#e good readinegs.
( Saa célihratﬁbn'cgrve# on Pogo hér)n

waever, it %as éiaeove?e& that such wide varistions
of Ry ﬁith current conld be avolded by thorough pumping
before the vapor whe sdmitted and by lebting the vapor
PMapa" in the chambar_sévaral heurs bofore rendines taken.
?herefore, in the foliaming tables the vacuumm readiﬁgs
‘were taken after 8 to 16 hours of pumping. Ard the
veadings taken with vapor present were made after the va-
por had aged fLrom 16 to 25 haurs.f,whe aging timevis héted
in the toble. o | |

Some typioal results taken after the above procedure

wag folloved were as follows:
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-Alcohol Temperature Pressure Saturation

650 ¢  43.9emHg = 97 %
Hﬂi;TTaﬁen 1§§§§?§§e%§’§%%éx pumpi§5)~
485 e 61 b6
P s 5.0
04 5.0
6.2 5.0

The last reading shuws ﬁhéﬁ the hish currents have
‘haa a éumulative‘effeét pince, nfter they were used, the
resistance does not return to the “low current value".

The ptesaure and temperature were left constant for

three hours and then the following reading&were tolken,

486 1< 6.8 | Beb
40 5o

; 56 6.8

| 112 5

About the same percentage bf'&ecr@ase is ghown with
the high cufrenta even after l0ngraging. Consider the

following data taren after aging 22 hours.

Alcohol Tempe rature Pressure Saturatiaﬁ
790 G - 66.4 cm Hg S B85.7%
- Current _in m.n. | r
698 K. 6ok 10.0
51 10,0
85 9.9

112 - 8,76
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If small currents were used, aging did not seem to
have as great an effect on the leankage conductgnce in
the presence of alcohol vapor as ;t does,in the_cage of
water vApOT. | | | B

Another precaution that had to be observed while
admitting the vapor was that if it was allowed %o fugh‘in
too rapidly so that some liquid condensed on the test
piece or if at the higher pressnrea.the‘satnration_paint
was exceeded, then the Ry decreased enormousiy. Hor
could the condition be rectified by slipghtly decreasing
the pressure again. The only remedy was to pump out the
chamber very thorounshly énae more. Perhapé if one waitea
lonz enough after decreaging the wresmurénsligﬁtly the
resistance would finally become the value it had before
the saturating, but tests have‘sho#n\that the time re=-
quired woulﬁ be more than a few hours. This effect ié‘
probably what ceused Inowles”discrepancies as Stranathan

has shown in a paper as yet unpublished.
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vagxawzoa»oﬁ SURFACE LEAXAGE VITH FREQUENCY

The surface leaknge 15 the difference between the
conduetarce in vacuo and the conductance at a,gi#en sate
uration, Duta teken from the curves on page 57 give
the var;htion 1ﬁvsufface leakeqe with frequency at 79° ¢

as follows:? ‘
: ?ABLE IXIX

Tbta; %éﬁ&“' Cond. im  Surface
£in keeo in 10%° mhog vacuo  _Leakage

(ALcohol 96.8% Saturated)

485 C Ba8 2.50 .68
228 1.8 1.3 .55
146 . 1.38 - 96 .42
96,6 1.02 w62 .40
69.8 .82 .80 .32

38,5 .53 .28 .25
{Aleohol 93.5% Saturated) |

485 £.85 2450 '35
223 1.68 . 1.33 .35
146 1.20 .96 24
96,5 82 W62 420
69.8 .67 50 17

3805 441 . 038 K .13

These resulis are plotted in the curves on the

folloming page.
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VARIAPION OF SURFACE LEALAGT VITH TWHPERATURE
Inrﬁhé following table dats are given which chow

the variation of surface leakage with temperature at
97% saturation. (R |

. ‘ Surfsce Temp.
Total Cond, Cond. in vacuvo  Leskacs °g

(Frequency 485 k.c.) ‘
3.18 2,50 +68 790 ¢

2,86 1.90 .45 650 ¢

1 1.86 | 179 W06  519C
| (Freqﬁency 96.5 KeCo)

1.02 62 40 M0 C
80 R L .03 650 C
7 445 02 B9 C

Data were taken at'anly-féur-temperatnresqﬁna for
107° C the desree of ﬂatufatidﬁ.was g0 low that no effect
of the vapor was fnuna,' Therefore, aiﬁée data at only
three teé@araturea were of vnlue 2and since the percent of
variation was 8o large at the lower fréQuencies"it wasg
thought that plote of the variation of conductance with
temperature at even high degrees of gaturation would be

meaningless.
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VARIATION OF VOLUME CONDUCTANCE
WITE TEMPTRATURE

7 The velume éonducﬁaneé of the glasé was the cone
ductance in vacuo, In the main part of the experiment
dzte was abtainea:for the resistance of the test plece

2t varipva frequencies and st five different temperatures.
Resigtance maagnrements'weré also made al three other
intermediate frequencies'with the test element im vacuo.
?hé‘data taken at these other temperatures are listed

in Teble XXXI,

i The currente iz in this iable are the readings of
the thermo-galvsnomster. This 1nstrgment was used since
it ecould be tuned so rapidly and since the "in wacuo”
valve of Ry 4ld not change with currents of this magni-
tudes o |
| These Asta are plotted for frequencies up to 600
keCo in the curves on mage 91, There was so mch vari-
ation in the data for frequenciss above 50O kK.c. that

no eurves ware plotted for the higher frequencies,
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Temperature 20.0° C
: 4 Coils Cq

S

486 ke (2)

223 (3)
146  (3)
96.5 15

’69‘8 5*6

38,56 1-6

.485K&(8)“

223  (3)
146  (3)
9645 1~5
1 69.8 5-6
56,5 1-6

465k912)
223  (3)
146 (3)
9645 1-5
6948 556
5845 1-6

144
50
584

467
630
1770

145

048

605
467
631
1771

144

053
b83
468

. 629

1771

TABLE XXXI

Vacuum
Cp iz r Ry 1/Ry
243 B4 Bud  J30L  2.66
205 40 16,3 .01 1445
78 60 4.4 1,08 - 4961
660 76 9.7 1.57 4657
825 40 9.7 1,95  LGl8
1962 70 366 5.38 4296
Zemperntare 71.3° © |
384 55 4.5 (469 213
294 58 15.0 .82 1.2l
7T 62 3.6 1.2 78l
660 84 8.1 1.88 3533
824 - &7 . B.0 2.55 426
1962 60 2.8  4.40 .227
Temperature,so,OO o
343 50 4.8 503 1.99
295 52 12.2  .860 L.14
M6 66 B.55 1.57 730
661 56 7.3 2.09  +478
825 B0 7.2~ 2.61 385
1963 76 .27 4,67 A9
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RFSONANCE RFFRCT TITH SURPAGE P IINS

A pgqnliar phaenomenon was observed when high currents
were uged in the test element in the presence of a slig
‘amount of vapor. If currents of the order of 76 millle
amperes floved in %be min cirveuit, L.o., thréugh G while
the'vapbr wes bolug pumped out, at a certain low prescure,
(ﬁﬁméuhiﬁg less than one mﬁma cfﬂﬁg in the case of alco-
hol &apok) two &iatinct'resonanﬂa §aaka’appeare& a8 C, ,
wae tﬁne& with S eiose&‘ »& pair“ofiguaﬁ.peaka ig shown
in the graph on page 95, The arrow Indicates the alrece
tion of the variation of the capacity. These peéks.had :
all the characteristics of those obaerved when4%ha~coupl-
ing 18 too close between the~osciiiator“and the test oire
cuit;: At fi?gt}it wag thonght that close coupline must be
the explanatlon. However, 1f the power in thé_bscillntar
was decresced without chﬂnginé the coupline vetween the
clreuite, ;h@ o ﬁeaka marsad inta the single pesk normale
1y present. Horeover, pumping the chamber for half an
hour algo caused &he doubling to disappesr., UYhe coupling
could then ba inaresaea.unﬁil the current reached the lim-
it of anfety for the galvanomater‘anﬁythe decade resistance
box without causing the doubling to reappear.

- Double peaks were neyer observed when S was open nor
could they be produced in any other manner than that dee-

soribed above. Then & good vacuun had been attained in
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'the,teat‘dhambér an artificial leak of approximafely
'the same value ag that qauaeavby the surface film wag

~ placed acxoga the test elenent withoul producing the
gdouble peake. ﬁrtifiéial leahé of greater and of less
conductance were tried without success. Tinally in
place of the %test chawber and element a condenser of the
same capncity ani leakare was gubstituted, but still
only one gharp raegonance peak was obeerved.

Roagurement of Iy with currents just below those
required %o produce ﬁhe'dauhliﬁg‘wern little, if any,
different thon the value of R¢ in 3 vacuum.

rhe problem was then attacked from another stand-
point. ¥ith the test elenent in the "ﬁnuble résonant“'
condition shunts of & to 10 me=ohms placed 2cross 1t
only lowered the curvent in & ound aid not otherwise
modi £y the effeci. |
When vapor wag aﬁmiﬁtéﬂ to a pressure of sbout
2 cm. of Hg the neﬂks‘m@rgeﬁ into the pingle noimal peake
As has been remﬁrkeﬁ the can@llwg between the cire-
nits wag very loose. Tith the oscillator radiating
teh matte the test cireuit never absorbed more than
20 watts ltowever, while the double peaks were appear-
ing if the power in the oacillator~were decreaged the
penks wnlted in%o the nortal peak. |
The effect could be prcduée& at almost &nyvfrequency!

althougk it appenred more readily at 70 and 100 k.c.
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This waS'Qrobably due to the fact that the coils used
were of Just the right inductance tokprd&uce the cor-
réct cqrrent dishribution‘when C,2 was tuned. %Yo il~
lustrate: Then the effect was ‘a’bserﬁ'e‘c“i at 100 k.c.
the coils 1-5 were in the circuit while 6 was nearby.
'%héﬁfﬁwwaa‘sharted-the'éffectdisappeareﬁ.v’However, the
circult then tuned with a capacity sbout 23y f. d1ffer
ent from the value whéﬁ_G was left 0pén( Since the os-
cillator was woiking‘at“maximum power.the>on1y'ﬁay to\in~
crease the power in the test circuit wéa to increase the
eoupling. When this was done very Slightly,the aaﬁbiing
reappeared. " | | -
'ﬂawever, this caused suspicion to fall on tﬁe bank
of coils and particularly on théAHo.6;’ATherefore,the |
whole bank was removed and an in&uctancé-bﬁiit up of three
entirely different coils which had'approximately the same
value aé‘the coils 1-5., With thesé new coils in the cir-
cuit and a fréquency'df about 123 k.c. the double peaks
were again'pruauce&, Therefore,'igéeemea guite definite
that the doubling of the peak depended upon the current
actually in the test element,

A gensitive thermo-couple éiong with a sensitive
micro-ammetervwés'pléced in the circuit‘ri@ht beside the
test element to measure the current in‘itfwhi1é the total
curfent was observed in G, The resistancé of the thermo~

couple was 35 ohms 80 that its presence somerhat modified
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the circuis. Bowever. the double peak could be pro=
&uued in’fhe usual manner¢ The current built up sim-
ultaneoualy in both the thermo»couple and in G as the“
conaanssr ‘tuned the circuit. As the peak wasg passea
both currents "broke“ tog ether to gome lower value.
Such experiments inﬂieated thqt the Cy part of the cir-
cuit was not resanating 1ndependently of Cl.

- The same doubling of the resonance peak appeared
when water vapor was present the same as with alcohol
vapor; The pé&ka seemed n. 1little more pronounced in
the case‘bf'water and tbey appeared at a muchlhighef
pressure (around one em of He), |

Due to the 1ack of timﬁ this problem was not stndied
further, bub enough was laarned to make it an interesting

aubject for a more thoraugh research in the future.

Y.



B SURPACE CONDUCTIVITY | ”
| _' Surface conductivity might be defined a8 the con=~
anctnnce of a square centimpﬁer of surface. That is
6= ‘T‘L/W where G is the eurface conductance of a strip
w cme wide and L cm. long ana,‘r'ia the surface eonﬁuctiv~
ity. In the present problem L=288x /7T x 445 = 537 and
W (the aiatance‘between‘electrodeslwas .2 cm, The value
of W varied somswhgt, but .2 is an aveéagé‘Qalue. In
the calculatidn of L there were 38 glaaa spaces apd‘the
circumference of the test elemant wag 77 X 4.5. |

Therefore, G —-‘7‘537/ 2= 26807 |

Thus 7 = G/2680 = 3,75 G x 16 shon/ om,squares

Frqm‘the curves of eanﬂucfaneea the above relation-» 

ehip yields the folloming surface conductivitiess

ﬂlooholl | Temperature 790 Q; 90.0%”5&?urated
£ 1Ry o 1/Rg G o7
485 K. 2.64 2,50 .14x107%  s2.am07lR
223 o187 L84 A8 485
‘146 1.08 96 W12 44,8
96.56 .70 .60 .10 3.3
69.8 .59 50 409 35.6
38,5 .35 .28 .07 26.1
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Alcohol

s
485 K&
223
146
96,5
1 69.8

38,5

Alcohol
485 ne
223
146
 96.5
69.8

38.56

/R4 94,2

2,90x10~6

1473

1,20

.83

.70
.43

3,65%10™6
2o35'

1475

1,35

1,10

78

Temperature 79° ¢

Temperature 799 C
2,50x10*8 1.16x10"6
1,34 1,01
96 |
.
«50°

/8¢ ¢
2.50x108 ,40x10~6

o 1.3¢ CEe

,¢¢96_ 24

.60 423

.50 «20

’,zg .18

«79
0B

',1550

+50

94.2% Seturated

>

149,.2x10~12

- 14545

B89.5

8648

74.6

 56.0

98.7% Snturated
429x10™12

}

-

298
248
224
87



‘ Water

48‘5'/,«‘ e

223
146

96.5

69.@
38.5
Water

s

485 N c.

‘ 223.A,'

146
196.5
69}8
da 5

~ Temperature 50° ¢ 90.3% Saturated

YRy o s YRy, L Yy
5.05210~6 1.vsx10"5 1.28x10~6 Z%?gibelzf"
1,98 N T T - R
1445 e | ‘;70 s’ 280
1.00 T R 215 (206)*%
.86 . .85 WBL 190 (188)%
84 a8 .86 154 (161) *
| Temperature 50° ¢ 80% Saturatéa
| 1/Ry, 80 ‘1’/3,; ks G " v
2.20x1076 1751076  ',45%106 167.9x16512‘
1,55‘ o8 ) 150.6
.96 w0 .26 970
.62 a3 W19 7049 (71.3)*%
62 . aw 63,4 (65.5)*
32 s 14 52.2 (50.8)*

*  The' values in parantheses are those of! Yager and “organ.

It ig seen that of the, six points w%ick may be checked

with the work of Yager and Yorpan in only ‘one (38.:5 k.c. at

90% saturation) is the value herein obtained seriously differ-

ent'from theirs. 'Eowever. criticism of the curves of con-

ductance ve pressure for water at 50° C indicate thkat the

value obtained in the present research is probably erronous-

ly low.

‘The shape of the 38.5 k.C. curve at the higher pres-
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gures is different than the otherTcurves aué to the position
of one point, Therefore, it is likely that the curve should
foilow the dotted line rabher than~ﬁhe solid. If this were
the case the valus of Y at 38, 5 k.c. and 90.5 saturation
“wonld lel very close to the value fauna by !ager and Morgan.
Since the data on water was taken more to check the

ueuhod and apparatus than to obtain new data, fewer points were
taken,than would have otherwise been observea.‘ wherefore, the
failure bf‘dne point to check the work of the other‘abservgrs

is not considered a serious discrepancy;

It mlght be n&ded that the agreement with'Yager and Morgan's

worL is better than the experimental error wounld warrant. The
values of ¥ given for water sre accurate to about 5%» The

values for alcohol may be slightly bétter than that,
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~ SWMBARY. AND CONCLUS IONS .

l.A method was develope& for measuring resistanees of ,1
_megohm to 10 megonms at frequencies up to 105 cycles‘ The
actusl apparatus used was aapable of measuring resiatances with:
an error of 1ess than 5% up to 500 k.c, and an error 1ess than |
~12ﬂ at 1 000 k;c.,‘ chever, thera is na reason why'this ag=
curacy cauld not be exceedea‘with carefully desianed apparatus.

| 2. The manner cf variation of the volume conductance of »
pyrex glass‘for frequencies betwsen 35 keCo andylo5 k.c. was
aetermined'fof eight diffareﬁﬁ témpgraﬁures‘betweepr5O?VG and
1ov°vc; | ‘r, ,:’ . | , § x

v '5; Each of the curves of can&uct nee va frequency have

distinct discontinuities at about 500 ke Co S0 %f&? such
breaka are unexplainad. ' ﬁ ’-, ,

| 4. Tha surface leakare was measured for the test piece
in an atmosyhere of alcohol vapor. ”he variation of this leak=
age wlth degreeafsaturation wa.s determined at fcur temperatures
and ﬁata obtaine& for eaturations np to SOﬁ at a fifth temper-A
ature. Surface ccnauctivity was compute& fer thrae degrees of
saturation at 79° G an& at six freqnencies between 35 k.c. and
BOO keCa - o o

Ha Surface lea&age.waé meaeu?ea,when’the ﬁest‘piacg wag

in an atmosphere 6f'water vapor, The variation of thiﬁ leake~

age with the degree of saturation wae‘pbtginea at 50° C. Sur=
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face ean&uctivity at this temperﬂture was computea for 80% and
for 90.5% saturatian at six frequencies between 55 kiCo and
‘500 k.c. These valnes check very clusely with tbose obtained
 by Yager and Morgan. ' '

6« The relationship hetween surface leakawe and frequency

was. obtainaﬁ for saturations of 93.5% and 96.8% of alcohol vapar.-

7 Saturations of alcohol up to B85% do not appreciably
‘effect the can&uctance'of pyrgx‘ Saturatiohs‘nf water below
50% have no appreciable effect on the conductance.

9 Under eertain COﬁdiﬁioﬁs the surfaée conductance de~
creasas ag the current increases,

9+ The capacitance of the adsorbed alcohol film increases
with saturation and decreases with the frequency.

10, An unexPiained raaonance (?)Mphenomenon.was discovered
at low vapor pressures of slcohol snd of waters The test cire
‘cuit tunes at two distinet settings of the condenser. The
:dhief’characterisﬁics of this effect are: B

(a) It appears as the'vapof ig being pumped out.

(b) The two peaks resemble very closely those ob-
tained wheﬁ two circuits are too closely'coupled.

{e) The éffecﬁ disappears.whén a certain mimimum
power in the'test eircuit is reached

{d) The effect disappears at high vacuum or at a few
centimeters of mercury pressure of vapor.  '

(e) The effect is appareﬁtly inaépendent of freqﬁené
oy so long as the required mimimum power is sup-

plied the test circuit.
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(£} The effect_coula not be produced by any arti-
Tieial arrangement afrcapacity and resistances.
il. Aging does not change the Leakage in alcohol vapor to

asg marked degree as in the case of water.

'in conclusion the author wiahea to thank Dre Jo D. Stran~

athan who suggested the problem and methoed of attack.
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