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INTRODUCT!Oli 

H. L. Knowles1 in some mea·surements of the dielec-

tric constants of ethyl alcohol vapor showed tha.t cer-

tain anomalies in his res11l ts eou;d be explaine.d by in- . 

ordinately high electrical leakage ac~oss t11e insulators 

of his text clondenser. However, when he measured the 
direct current leakage it was far too low to account for 

the diecrepanc1eih He• of course, assumed tlia t the high 

frequency leakage was of the same order of magnitude as 

the direct current leaka.ge. Later invastiga.tions hav.e 

ehot,n such assumptions to be far from the facts. 

Yager and Morgan2 and ot~ers have shown that the 

electrical oonducti vi ty of pyrex glass increases ra.pidly 

with the frequ.e11ey of the applied e. m. · f. They also 

investig~ted the e:f'feot of wa,ter vapor on the su:r·fnce 

leakage and :found that tbe leakage increased very ra,pidly 

with the percent of snturati on of the vapor. 
Experiments at· high px-eseuree by ·r. c. Poulter3 ha,ve 

ehown tho.t ethyl alcohol behaves much the S!-lme ns ,11ater 

in 1 ts tendency to penetra,te the surface layers of r,lass. 

( l) H. L. Knowlee••Doctor' s Thesis a.nd "Dielectric Con.-
stan, of Etl;lyl Alcohol Vapor and Possible Effect of Con-
ducti vi ti' { Jour. of Phys. Chem., Vol. 3~. p. 2554, Oct. 
1932) 
(2) w. A. Yager rmil s. o •. M.organ--'1 Surfaoe Leakae;e of 
Pyrex Glass" Jo-ur. Phys.,·.Ch'em·.1 35 2026 (L93l) 

( 3) T. C • Poulter and l{. 0 • Wllson•-Phys. Hev., Vol. 40, 
p.· 8?7, June l, 1932. 



Hence ; i it s·eemed probable tha.t in the presence of alcohol 

va.por and at high frequencies the reaistivt t;v of py:rex 

might be very different than its known d. c., v.a_luee when 
dry •. 

It theref~re seemed worth while to investigate the 
problem thoroughly and to chart the .manner in which the 

volume and surface con'ductivi.ties vary with frequency in 

the presence of _ethyl alcohol vapor. To aooomplish this 

purpose the present rea·earch wa·s i'nsti tuted. 
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It.;XPERIMEllTAL ldETllOD 

The standard procedure in all res1 stance measure-

ments is to use some form of "brtage", However, high 

frequency bri a.gee are quite compU.cated arrangements 

and, due to the transformers which mt.1st be incorporated 

in their destgn, they Will not cover a ·very w1 de range 

of frequen~ies. In the present pro~lem a wide range was 
more to ·be desired than high accuracy. Hes:o1 ts with lees 

than 5Jt of error were considered good enough for this 

purpose. Therefore, another form of circuit was employed. 

The method finally decided upon wae one suggested by J. n. 

Stra.nathan and one which preliminary experiments showed to 

be both reliable and simple. 

The wiring arrangement is shown in figure l. 

T 

G 

A 

Figure l 



By means of the 0011 I the circuit was very loose-

ly coupled to .ihe oscillator~ ·Ct is the test element · 

· having a leakage resistance Rt... O,, was a. standard 

variable capaotty and r,2.. was a standard decade resist-.., 

anoe box •. 

With switch.§ closed nnd :r,, 2 set at some sm-9.ll 

value r 1 ( gener~lly zero) was va.ried until the thermo-

gn.l v~nometer !! indica.ted. that t;he clrcui t was tu.ned to 

resonance o This setting of the condenser w.a.s deaip;nate4 

as c11.·, The switch .§. W-9.S then opened a.r1d the eircm.1 t re--

tuned and r, 2. varied so that when tuning was ~ccompliehed 
' ' 

there was exactly the . same current in Q as before ,. , In ·re.;.· 

tuning, the oapaci ty of the condenser c,,a was increased to 

a va.lue o2 and r,, 2 was inc:rea.aed to a v~.lue r 2. , 

Under the second •Ctnditions (_§ openJ the total ca.pac_. 

ity and equivalent resistnnoe in the circuit were the same 

as under the first oo~di tions (·§. closed) · since the cilrcui t 

was tuned to the same frequency in both cases and since 

the current was exactly the same 1n both cases (the coup• 

ling a.nd the induot~nce of course remaining constant). 

The etrcut t es shown in figure , 1 is not exa.etly that 

which pertained in actunl praotice1; In reality there was 

a em9.ll leakage between ! ~.nd J! a.cross the insulators· both 

inside the condenser C,,~ and e.croaEJ the l1ard rubber blocks 

ueed to mount the leads to the . test element. There was 
\ ' 

also e small e~pacity ll)~tween the leads a.nd distribu.ted 

in coil T. Since such capacities are • . for the most· part, -



in parallel they could be ta.ken ca.re of by the eapaei ty 

CL 1n figure 2. The leakage in this part of the circuit 
1 s shown in figure 8 as li.2 • 

s 

T C"z 

G 

r, z , A 

Figure 2 

.A.s shown by Moreoroft, 4 an;v leakage reeistnnoe R 

may be considered as an equivalent series resi;3tanee r 
where the energy dissip,;ited by the tot~l current in :r 
is the snme a.s th~t olssipa.ted by the leakr:tge current 

in R. Thus, in the procedure described above. the 

change in :resist1=mce 2i.,2. wae equivalent to the leakage 

resistance. ~t• 
To develop the a.otual relationship between r and Ht:-

Let x2 = reacts.nee of c2 + o1 
xt = rea.otanoe of ct 

· and xi= reactanoe of C1· + CL where 01 ie th,e 

( 4) Morecroft-- Experimental Radio Engineering p. 100 
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capacity of 01 2 when the etr·cui t 1a tuned with a closed , 
and -02 is the capacity when the 01:reuit -is tuned with s 
open. Also let Zr be the impedance of the circuit from 
A to B when tuned with S closed a:ml z2 the impedance when 

tuned with S open. Then in complex algebra ,ve may write 
-'-- ::.1 _j__ + I · z;? R2. -j Xz. 

or R:, Xa -j R2. x~ x: + "R! . ( 1) 

!low for all frequencies use4 Rz>> x2 ; x2 wa.a never la.rg• 

er than 6 x 103 while rough measurements showed R2 to be 

greater than 106 ohms. Therefore equation ( l) may be 

.written 

1.. 
Xz • .., , , ' X Z =--J"z-= r2 -J' • 

2. ~2 
(la) 

The reai part of (laf is the 

equivalent series resistnnce between A. and B in the "sec-

ond'• case and x2 is the equivalent reactance •' 

In a similar manner we may write 
1 · · I I -'-z, =-+-+. + R2 'Rt -JX,~ -j Xt., 

• 

To simplify·thia 

I - _J_+_J__ 
JJ - 'R2r "Rt 

7?2 Rt 
Thus .D = R2.+ Rt 

expression let . 

I . I 
- - +--. -J X1.,. -J xt 

$ - X, Xt 
X, + Xt 



,rnh 1 _L - _I_+ __ / -- -JS+ l) 
-'- · 8ll S 110$ z, - .D _-jS -jSJJ 

-J.5 J:) .b +.(.5 
Z, = -Js+.:t> • _.:z,+js ( 2) 

.s~ .1) 
The real part 1. 2. must be the equ1vs.ient series 

. :z, ts 
reaiata.nae. 

And from Equation - Cl) the rea.l pa.rt of z2 is 

( not making the approxima ti onJ. 

s 2..b x2. ~ -. 
Therefore J).,_+s .. - ~~+x;: .:. r, -r, · r -

To further simplify let 

Then from (3) 

t + x: 'R,. • 
"R.2.+ x2. 

2. 2. 

( 3) 

or .1)2._ ft-....1) + S
2 =0 · •· · · J.; . from which 

f2f.1) = s'.± (..s'-4 .sf'1-4 = .s2± s2(,-. % ) :z.. 

~a:~1 .. n: s!'1~ r:~:e±_(~N";~e -b~ntli~ ~1~iem we h)av.e 
\ s . . .2. s4 :z • 3 • s' + - - - - - . 

2f1J = s'-:t. si1 - ~._ v - -@; + :- - -- ) • 14 1 

f is of the order of a few ohms while e is o:f the order 

of i'a thousand ohms. Tl1e ref or a we m~,y neglect t erme a on-

tain ing f/s in higher powera ·than the eeoond. If we 

take the negative sign before the parenthesis we have 

2f :D = 2. F 2. or .b = f • . 

That is, since J:J= ~a+\ , . "Rt R.,_ ~f 'Rt+f ~z 

from wh i oh 7?/ R.,. -(>) ==- (" 7?2 

or Rt =/:,_ef//= /!f/R,. a.nd since 



f ·. is of' the .order of a ·few ohms while R2 ls of the 

orcler of a megohm 

9Rt = a1,proxinm, tel;v f. (5) 

However, when reaist:rtnctut of 10,000 ohms or leas were 
' ' 

placed 1n pa_rallel ~1th l\ ' the current in G. dropped to 

zeroo Therefore,, in the present eirot.unstanoes Rt was not 

the small value thtl t ts · matbenn ti oally possible. 
Going baak to 'Equatb:m (4) and taking . the positive 

sign before . tlie parenthee1e 2pJ) = 2 s-i- ff'~ (neglecting 

terms conta..ining higher powers of . f/s than the eeoond) 

mh. us . J). -~- sf y2. -- o • 1 and for the esme rea.a~n given 

above we mBJ"' ne.gleet -f' in ,oompn.rison .m.'th 5/f t.thiah 

leaves .1J = 5 1/p · · · ( 6) 
. . : Rr ~a R;t;~be~r,~::.{) . .1): 7?-t + from ( 6:) 

,c; /(' or ef lt:ing for Bt we have 
1?J~2...:. ¥) = 'Rf' s . . 

or 
R s 2 

2 • 
~f-s2 

' . 
times the frequency. 

Therefore ~t=(r+-r-;J(ct+c,+c,.yw2
,_ ; 2 • 

.;.;11.;.;; 



But from Equat1 on ( la.) r
2

' =- x: 
1?2. . 

I 
_L - t; oc 'R2. - xi. 

z 

It will be shown in the next .seot1 on that c, +Ct.:. Cz 

Hence t= «J2{i-(c2+cL)2+ r.'[(c;+ cL)~(ca +c/]} • 
And therefore -L ·· ( . )2.. 7?. :;:- .rw2 c2 + c'-

t . 
( 8) , 

In other words 

(Sa}. 

where r is the difference in the settings of· r,, 
2 

for 

the two oases · ( switch a olosea. and open). 

TO SHOW THA.T THE APPROXDA:ATIOUS ARE JUSTIFIED: 

If Rt and n2 were infinite then :n = 00 and 

the .oapa.01 ta ti ve reaotance of the ci reui t in the sec• 

ond oaaa was X = 2 
I 

• Alao in the 

first oa.sa the reactanoe would be the imaginary part 
'5..b2 

of Equation ( 2) which is J:f+ sa and since ..l>= 

this expression becomes just s. Since the inductance 

of the 01rouit remained unchanged for the two oases 

and since the frequency was constant then the two oe.-

paci tative reactaneea were equal. 

S=Xz but S= 

Hrmoe X -=- K, X1: 
z X1-t- Xt 

or --L -X -t 

-12-
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and therefore _/_ =: -'-+-'- -><2· Xt: X, • But X - _!_ 
t - C-t lU 

and X = I Putting in these values and di• 

viding out w we have 

Whenoe 

But since Dis not infinite the capacitative reaotanoe 
s 

in the first case is not exactly S but iQ I .s .f -,.. :r,2. 

To obtain an app:ro.xim"'te velue of s when it is at 

its maximum value ta.ke the values of c1 , c2 and the 

approximate Ct from the table of le.ta on pc'l.ge S-4 for 

the 223 x. c. frequency and oaloul!tte :x1 and xt.. x1 is 

found ·to be approximn.tely 1.8 x 103 while Xt 2.5 x 103 • 
Then s = xt X, = )o.J phms. 

- X-t+X, · 
.As was state_d before when 10,000 ohms or less were 

shunted a.cross the test element the current in G dropped 

to s value too mall to read. Thie mea.nt tha.t the re• 

aistance D was very large in eompa.rison to 10,000 ohms. 

However, let us _use 10,000 ohms for the va.lue of D as r.m 

ap:proximti. ti on. 

first case is 

Thus the eapaoi ta ti "e rea~tance in the 
s 
to'.= .9</S. 

I+ ;os . 

Thus if we should calculate D from the real part of 

Equation ( 2) · as 
s2 

.D =. LI the error 1n· D would be approx• 

im.ately 270. However, the lowest value of D calculated 

in all the experiments wa.a grea. t~r than l • 5 x 105• Put-

ting this value back in t}l.e value for the reaotance we s 
find the capacitative reactance to be I+ 

2
~~:. = • 99'18 S. 



Thu.s it ia seen tha.t for the values used in this 

series of experiments the para.llel resistnnce did not 
change a:ppreoiably the equi1ralent cnpaoi t;v. 

EXPERIMEllTAL VERIFICATION OF 1.:tETHOD 

A number -of pre limina.ry exper1men te were :run man.sur-

1ng resistances of known •alues nt various frequencieeo 

All the resul te checked the known val uea to within 2% .• 



DESORLPTIOU OF ,tPPAHATUS 

1. The Element. The test element wa.s bull t 
quite similar to tha.t used 'by Yage,r and M.organ5 • Several 

pieces were built exactly aaoording to their design but 

va,rioue difficulties aaused the design to be simplified 
somewhat. Among .. the diffioul ti es encountered were· the 

loosenin.g of the ribbon. injury to the surface, due to sand 
blasting and high resistance of :r1 bbone tha. t were final-t:-. . 
ly obtained. In its fi,nai :fo:rm the .test element consist-

ed of .a 5½ inch length <>f rather thick well pyrex tubinr. 
21· inches in outside , diameter. Into; this tube wee out , 
39 transverse grooves. These grooves were approximately 
.6 m. m. wide and .about .3 m. m1

~ deep .and were spaced 

about 2.0 m. m. apart., !r1 each groove was wrapped tight-

ly one turn of !Jo. 30 ooppe r wire. . Everyi:, o.ther turn _was 
connected to make one set and the- other turns in another 

set. Copper was . then eleotropla ted on the wires until 
the grooves were completely filled. The conductors were 

then nenrly_a millimeter in diameter. This element was 
mounted rigidly to the top of the vapor chamber as shown 

in figure 3. 

~ 1he test element was cleaned with chromic ncid,we,ehed -
with a pure soap solution, then rinsed aevertll times with 

(5J Loe. Cit. 



(Bras.s .Str-,·~· 
..J/4'' wt.de··· 

TEST CR:HADER Arm ELEMENT 
Fj .. gure 3 



Test Chamber 
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Vapo-r· S~stern-
Ftgure 4 

, 



distilled wa ter and finally with a.lcol1ol. The wb.ole va-

por system wa.a t:aken down and cleaned. along with the 

teat element, at each .change of temperature. Air "vig:1t 

lead seals "rr ere made acc ·ording to the design described 

by Knowlea 6 • One conducjing lead was grounded to the 

bra.ea vapor chamber while the other was led up through 

the exhaustion tube to a tungsten rod sealed through the 

tube wall. Th.a outer end of the .tungsten rod wa.e heavi-

ly brn.zed so that a el .ip oonneetion to it would ha.ve low 

reaiat~.nce. In place of the switch ·s in figure 1. a lea.d 

waa merely oll pped to .the tungsten rod in order · to cl oae 

the circuit. The clip wa.e relea.sed to open the circuit. 

The poei tion of the clip ( and l,,en.d) was chan~ed very 11.t-

tle in the ol oeing and opening process in order to keep 

the distributed capacity of the f\VStem ae nen.rly constant 

as possible. 

2. The Vapor System. i"he vapor chrun11er was immersed 

in an oil ba.th and its tempe~atnre held. constant to .02° C 

by an Aminoo 1'hermo Hegulato~. 

i'he chamber was. first • pumped to a high vacuum and 

, then dried alcohol vapor was adm i tted to any desired pres-

sure by means of the vapor system dlagramed on page 17 

figure 4. 
7 '1'he system _is similar to that used by Miles 

and Knowles8 • · Hefer:rirtg 
1

t o figure 4: c is the vnpor 

ohnmper. P the exhaustion port and Ma mercury manometer 

( 6) Loe. 01 t. 
(7) J.B. Miles: '.Phys. Hev. M 964 (1929) 
( 8) Loo. Cit. 
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with a vacuum in tl1e right hand tube, Carefully dried 

a.nd purified ,alcohol was kept in the tu.be B2 • · And as ft 

wa.s needed alcohol we.a evaporated 'f1~~m B2 and collected 

in the cold chamber B1 ., B1 was kept ~.t e.ppr~xim~ tely 

-eo0 c by nsfng solfd 002 in a mixture"''of cnrbon tetra-

chloride and oµloro,.:f:o:t'm,. 

The vapor wa.s introduced into the va.por chamber in 

the following manna-rt· Air which bad been ilr!°ed by pass-

ing through calcium chloride and over phosphorus pent .. 

oxide is admitted a.t .ft. - The increase in pressure forces 

the alcohol in tube B1 µp in b as far as the heating 

wires. Here it evaporates and passas into the chamber C 

until the pressure in t_he chamber ~:;;.uals that in n1 • · In 

caloula .. ting the pr.assure in the chamber, the differeno~· in 

height of the alcohol surfaces in band B1 and the cap-

illary rise in b are taken into account. 

3. The· Electrical Haaei'Ving· Oiroult £ Test Circuit. 

The electrical ciroui t has been :shown in figures l ar1d 2 

and p3rtially described with the test element • . The vari-

able condenser c,~ 1 was a General Radio precision conden• 

eer of 1 ,50~~f. _capa,eity which be.d been ca.librated by 

Stranathan and Y~owles to an acouracy of ,Oo/'/·f• The re• 

sietance :r wa.s a General Hadio standard decade box whose 

lowest setting was .1 ohm a.nd whose oalibrat1 on was good 

to ,1 of 11' up to 106 cycles. 
( . x:) 

It will be not~d from Eqm:J.tion {8a) 'Rt= 
2 

that for the enme Rt, r is proportional to x2 •· Since x 

•19•' 



is inversely proportional to the eapaci ty in the circuit 

then the tuning ooils should be of such an inductance that 

C would tune at a small value• Such oondi ti one make r ae : 

large as possible and therefo?-e, make for greater accuracy• 

For this reason it was· best to design a se:parate coil for 

each freciuenoy. Theretc,:re, for !r, a numbet of coils were 
wound on a wood frome one foot squs,re. !!.'ha -number of 

turns 1n ·the coils ranged from 5 for Ro. 1 coil to '76 for 

no. 6 0011. l!:ach contained· <>nly a oingle layer a.nd in 

the smn.11 er coi 1 s the turns we re well spaced. The whole 

frame was then mounted in a fixed posi t:ton and each ooil 

connected into the circuit as it was needed, Howeveri it 

wae found that at the higher frequencies the larger coils 

absorbed considerable energy_ even tboug~ they were not 
connected. They thutt af:r'e~ted · the dlstri bu. ted cn.paci ty 

of the circuit. Therefor.e. tl~ia large frame of coil.a was 
used fo·r the low frequendies only while separate new ooila· 

· were wound for frequenclee above 100 ·k, e. These new 
' \ 

coils were designated a ·e ( 1) • ( 2) al'ld ( 3). L'ater when · 
• • • • N 

other frequenci'ee 'were desired coils 7 and 8 were add8d~ 
This method of r 'eplacing the tuning .co~ls :for. each 1fre- · ... 

quency had the diaadva.ntage that · 1 t ·was :a• little'· difti• 
cult to set the coil ·1n exactly the ~ame posi ti. on ea.oh 

time. However. markings _ were made on the table wh1oh 

made 1 t poaeibl e to re~ove a· coil and replace 1 t with out 

changing the tuning of the oiroui t by as muo)l as i di• 

vision on tl1e t,ree1s1on condenser. A. va.riation of two 

· ... 20-



divisions did not affeot the accuracy of the reading by 

a.a much a.a 1%~ 
~t first a thermo .. glava.nometer (Weston 1Jodel 426) 

wiu1 ·used for G. However, when it was found tlmt the mag-

nitude of the current '~a~ affecting the r,sults this in-

strument was replaced by a Western Electric thermo-couple 

and a Leeds and Northrup type R gaJ;vanometer. This latter 

arrangement proved very al ow in tlllling, The ref ore• a 

more sensitive thermoOla!oouple (W~, E. Type 20 A D) with 

a Weston micro.-ammeter (Model · 301 J was su.bsti tuted. This 

combination pro"Ved very sa.tisfa.ctory al though 1 t was still 

much slower than t 'he thsrmo•galva,nome ter, 

4. The 0ecillA.tar. The osottlator was a modified - ................................... 
Hartley design as shown in figure 5. · c1 anac;:~9 2 were 

each va:riabl e air condensers of 1 1800,.µ_Jdlf. capao1 ty. c3 
which was Qonneoted in the circuit only when the 38.5 k.c. 

frequency was desired was a s.oo~_Ju· f. fixed capm.ei ty 
mica condenser, Two 1nterchangea,ble sets of tuning coils 

were ueed at the ends of :flexible leads eo that the coup-

ling to the receiving circuit could ~e easily changed. The 

tube was a 1210. '.Che 60,000 ohm grid leak drew a grid cur-

fent of about 8 m, ft• when the tub.e was in operation. The 

plate of the tube was auppl.ied 35 m. a. at 600 volte by a 

well filtered power supply. 

The oscillator.was quite stable and after .it had been 

in operation a few minutes the frequency drift was imper-

ceptible for nearly an hour. 
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The oscillator ooupl1ng coils were never closer 

than 4½ feet from the :rec~iving eiroui·t a.nd in most 

1nstinoes they were turned Rt an angle of rnore than 

ao0 to the receivtng circuit coils. ·To test the eo~p-· 

ling between th·e two t:irc'ui ts the osoilltltor current 
,.,,.,,,., ., 

was watched closely wh1Je the current ln the test cir• 

auit was changed from a maxirnuni to zero and back to a 

maximum • . uo change whntever could be notea. in the os• 

oillator current. 



0 A.LIBH ~,T IOH OF APJ',lRATUS 
. . ' 

The principal calibration necessary was the aeter-

mination of the frequencies used and the evaluating of 
. . . 

CL for each ~f the· coils used in~he test circuit. 

A wavemeter ·was ava:tlable which covera4 the iiesired 

rnnge of frequencies ,, but anomalous t'esul ta soon ceused 

the accuracy of this instt-1.trnent to be ausp eeted, . A 
' -~ . 

ete.nda.1·d wa:,emeter whose cal i~ra.tion had been oheoked 

within the r,aet :four months v,as av.ailable for frequenoi es 

down to 425 k. c. 
For the lower frequencies a temporary wavemeter wa.e 

made up :from the coils of the 014 wa:vemeter and a pre-

cision condenser. Thia meter v..ras then calibra.ted and 

afterwr1rds designated as the ".Mew Wa.~emeterrr. The cal-

ibrt:ition waa made in the followln~ manner: · A radio re-

ceiving set "fas set up in the same room With ~he osoilla• 

tor 1i.nd tuned to some broa.a.casting eta tion whose f:requen• 

ey was known. The oeoillator was then tuned to some fre-

quency which was known app:roximately • Then a slight· 

va:ri e. ti on of this tuning would o~.uee one of the upper 

ha?'Il'lonics of the oscillator to beat w1 th tl1e frequency of' 

the broadcast station, This beating was easily heard in 

the receiving set. 
With the osoilla tor tuned_ to ze1'0 beat the wa.vemetex-

reading was taken, - Then by lowering the frequency of the 

oscillator the next higher harmonic began to beat with the 

broadcast frequenoi. This procedure was repeated with 



several consecutive harmonics and with two different 

broadcast stations whose freqne.noiea differed· widely. 

then when )f wae plotted against the capacity of the 

wavemeter condenser a str.91ght 11 ne was obtained, ,f 
the numbers of the hn,:rmonics were not guessed oorreotly, 

the points taken froJJJ one statiQn did not lie on the a~me 

line with those taken from .another et~.tion nor w.era the 

lines strictly straight• However, a:f'ter a few tr1~.ls 

the right numbers of the ~armonics were found and thtte 

the freqnanoie.s known accurately. 

],rom th~ slope of the l1t1e thue obtained along with 

1 ta intercept on the oapac.i ty axis (which gives the. dts-

tr.1 bu tad oapaci t1 in the wavemeter o1reu1t) the cali• 

bration equation may be written );2 = s(c+A) 
where s is the f:llope of the, line .and A the intercept, 

I 
From this equation f = /s (c+A) 

-I Ys 
Jc+ A ' 

Such oali bra. tion cu.rves a.re mown on pages 4 :s and 4.s- · 

It 1 s seen thtt t t'h e test oirou.i t with the ewi toh S 

open is the same a.s a. ws.vemeter c1roti1 t. · Aleo einae the 

distributed oapa.oi ty for eaoh coil ·ts,4 to bi measured the 

test oircui t . 1 tself wa.~ eaU. brfl tad ( for each of the lqrger 

· coils) in the manner described above, !Chua there was less 

likelyhood of errors being introd.uced than if a W'1V8m~ter 

h.ad been onllbrated and 01 measured from the wavemeter 

readings. 
It is also seen from Equation (8a) 



that the value of Rt depends upon the capacity of the 
. ' 

condenser c2 • · and upon the f1 .. equency·, · With a give& coil 

in the test 01rouit the c·onclenser will tune at the same 

setting ·for the same frequ.ency-. · And since~ as mentioned 

above, the coils aoul~ __ be· ramov-e·a and re_pla.oed without · 
. . 

changing the tuning/ 011Ce the capaoi ty setting o2 is ac-

cura.tely determined for a given frequencr then that fre-

quency oould be obtained at any time by varying the os~ 

cill ator frequency until the test ·e:t.rouit again tuned 

with the cap.act ty- _Oa~ 

The frequency was determined accm.:rately not only 

on.oe bu.t several times to make sure the c~l ibra.tt~11 ·of 

the teat circuit had· not chan ged. Aft er all othar aata 

were taken "check pointen were mg,de on each of the coil 

cnlibra.tions. All of these "check pointer' were found to 

lie very Glosely on t11e curves originally detormined. 

Thus the . :trequenoi~s were determined and set each time 

with an error of l eae than lo/o. !rhe reason for the odd 

values of frequencies was that even vtllues on . the old 

wavemeter turned out to· be at· error and sinoe some van-
uable data. had been taken .1 t : was thought best to go on 

using the er1me frequencies . although ~hay were odd. 

The distributed capaoi ty for each coil wa.a measured 

in a ma.nner simila.r to that d.escribed for the wa.vemete~. 

tlith the desired 0011 in the teat circuit the condenser 

c, 2. was varied until the ·c1rcui t -was tuned to the fre• 
J 

quenoy of the oscillator. The value of C, 2 which ·tuned 
J 



the circuit wa$ recorded along with the fre{1uency to whicbsi,-, 
r,-r ·. 

it was tuned, If the standard. \vaverneter was used to de• 

termine the frequency· / .. =- x (cs +A,) · where k is 

the oalibra,tion constant for the wave·meter. C
8 

is_ the ca-
pacity in the W!tvemGte1 .. ccndens~~ and A8 is the d.istrtb• · 

uted ca.pacity · in the wa.~emeter cirenit. The values of 

0~2 were then plotted 8.S abiisaae agn .inst ---;ifr:I or, when 

'the w&vemeter was used to determine f, the values of C11 
' ' J 

were plQtted against Op+ :ls~ Thaee curves ~.rr;ere straight 

lines having naga.tivt intercepts . on the 0~ 2 axis. If 

one of these intercepts l1ad nve.lue .-Ax, then the total 

capa.oi ty in the 01:roui t _ was ci + Ax where ex is the ca-

pacity in c,.,z . • That Ax 11.3 , the distributed_ capacity 

in the circuit when ¢.oil •1;1t was in the ci:roui t • 

Me~t9r Ca.librat!on.e 

While it wae not neoeaijary to know the actual value 

of the current .in standard un~te to calculate Rt it was 

desirable to know approximately what ,. ,currents were being 

used. Therefore, the oalibratlon our"Vee of the various 

the~mo-conple devices a.re given on p~lg_es 
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Coil Cl) 
Cond. set. 

14.'19 

19.70 

540 

883 

1183 

st.Coil #3 
Oona.. Set. 

J4J.L4.A ......... 

11.52 
18,55. 

24,25 · 

Cap. 03 + 16.5 

18~_/·f, 203~~.f. 

66'1 

·1078 

1435 

es4 
1095 

1452 





Cfoil ( 2) 
Cona1 · Se). 

2:.31 

o .• 59 

. 2,98 

a..a, . 
4.4:'1 

'56,,2 

168.V 
222., 

·.959 

,,,.,20 

16,95 

-so-

40'1 

994 

1261 
1440 

· 424 

1011 
·127{3 

145'1. 









Oond. Set. 

19.00 
9.00 
3.00 

NEW WAV!!lf©TER 

Coil "0" . 

Set. of ·_ Receirlng 
Oap 1 . Condenser . · -

ll.l~r<- f 21.56 

6.16 10.-4.4 

156 
• Beating !'.Uh. Station WDAF 

610 k.c. . . 

Oa.p, 
·· R.o. 

131~/·f. l,255 :x 10~/0 

&20 

213 ._242 

Harmonic · • ' Freg. in 1-<.c. 

3rd 

4th 

6th 

6th 

'"•, 

' J 
203 
153 
128' .· 

102 

3.'12 

'l.~5 

_ llt53. 

16.56 

siop9 - ca .• s, x 10~8 -· 

213 

416 

6"14 

990 

~
2 = tc3 + 50) ·9.27 x 10~8 

3284 
f = /63 + oO 

,430 
;· 

,962 

.3 2 84 
Frequency "2~4° = . 1238 - 223 k.o. 
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Ooile 1--5 
Cond. Set. 

1.,s 
6.62 

10'.15 

389.0 

608. 

new W-K 
Ooil . "O" , Cap. 

15.afr 928 
24.00· 1423 

•36-

Q(,; + '15 
C 

1003 

1498 
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Coils (5-6) Sta• Bar-. Osc. ¼z ><./09 Oona. Set, Oa;a. freq. monic freg. 

6.10 30~/'·f. 610 k.s. "I Bf,14 1.32 

6.'19 399 610 8 '16.25 l.'12 

B.'11 515 510 9 6'1,78 2.1, 
10.05 596 950 16 63,33 ·2,49 

1O.a, &54 610 10 61.00 2.69 
11.50 684 950 16 59.38 2.83 
13.04 ,,.,,,, 950 1'1 55.88 3.20 
18.6'7 1119 610 lZ 46,92 4.54 
21.66 1304 610 14. 43J5'/ 6.26 

To Check Nt!tw Wavemater 
N.w. Ooil "D" Cap. OD+ 92 

8.24 487 2,.94 151/"/·f. 241 

11.36 6'75 4.36 236 328 

14.23 860 5,'/8 322 · 414 
23 •. 06 1389 9.90 5'11 663 



t 

.-H-4-++-1-1---ll+i-+444-!-l~~-!-4-<~.-l-+4-!-lf+-~, 
t-+t+-HH-t--H-t--t-rt-t-t--t-H--t-t--tt'T~-H--1- 1+.::i-~.tt.;J:"~.tt+-+H-H~+-,+HH-+++-,-H,.t+· +-+-HH -t-+ +-+-,H-H-->-......_.t-1-+-'H-t-H n 

H 

t 

... m +-.J. .~ r 

i.Lt I-+ 
t.t.: : 

...: -+-< 
--t- +-<-~ 
T 

-+-..., .... - +.....+ f4. t-. "t I ++ ..... / ..... ..., -l. l"""M 

I~ ::!::- z I -4 r 
r.- .. + + ,-+ 

-'- t+ 
+ 

I s ... 

. 
I 



Coils l•G Sta• 
Oona.. Set I g,all• fx;.eg. 

2·.18 10~/,£ 950 

5.-06 

.,,,_50 

'fi.95 

9~.04 

11:.43 

l3t06 

20·~02 

294 

442 

469 

535 

680 

"/78 

1203 

950 

610 

950 

950 

950 

610 

610 

Rar• Oso. 
moni,o fre9.. 

9 106 

13 '73_.l 

10 61.0 

1·6 59 ,.4 

17 55·.9 

19 60'.0 

13 46.·9 

16 381~ 

fo Cheilt Bew Wavemeter· 

~2 x104 

.89'7 

1.87 

2.69 

2.84 

3·.20 

,:t:-.00 

4·.56 

6.89 

c ona.·. Set', o 
Coil. "D,. Oap. D + 85 

7,2'1 

11,36 
16138 

19.68 

428 

675 

980 

1182 

4,00 

&·.66 

10.00 
12.22 

21~/.f. 300 

375 

5'76 

'r09 

460 

668 

· 794 





Point Ha.rmonic Sta. freg. oac. freg,•~ 

1 ' 610 k.o. X 103 

2 10 960 95.o 

3 6 610 102.00 

4 6 610 122.0 

5 4 610 163.o 

6 5 610 203.0 
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DATA MID RESULTS 

In the following tables of data and reeulte the 

meanings of symbols are as follows: 
t••Frequenoy 
Coils-The coil or coils used in the test circuit. 
Ci •-.The setting of the condenser O,, 2 when the circuit 

wae tuned with -s oloead, The actual value of this 

aapaci ty did not enter 1,nto the oomputattons and 

hence it was not CalCttlatea.. It will be seen the o1 
varies ma.:rketll.1 for the 223 k .. c. fr~quenc7, However. 

the actual oo.paoi t1 stays w1 thin 2% of the value tab• 

ulated in Table I even at th$ highest saturations, 

Th.e apparent variation is aue t,o the readings btt,ing 

on the lower part of the oal1bra,tton curves where 

the variation. of cape.city with setting is very small•· 

See •ata in Table XXVIII. 
02••!1.'he setting of C,,2. when the circuit was tuned with s 

open. The capacity corresponding to this setting was 
computed and tabulated in Table I. In each individu-

al case the variation of C2 from the oorresponding 
value tabulated in Table I was always less than 1% 

and therefore. the values from Table I were used in 

eaoh case.. It might be tho11ght that einc·A Rt is 
p:rt>po:rtional to xf that a variation of 1% in o2 
would cause a variation of 2% in ·Rt but suoh ia not 

the case. 
I 

X -x 
;?. - C~·Z1T·f and 

I{' f=--rc; 



,, I 1-( 11 

Therefore X2. = .x , -
. CitJCz ~ -

x''' and x2 - ------
2 - Cz 

ii ••The gal vanorneter readings when the Type R gal vanome~-, 

ter was used with Western Electric Thermo-couple 
# 20 l3 and w1 th 1.000 ohms · in series with the gal.• 

i2••The micro-ammeter readi'nga when 1t was used. with 
. '• 

Western Electric Thermo~co11ple # 20 A l) in place 

of ·G. 

r--The difference in aattil1ge of r,, 2 expressed in ohms. 

x2- ... The crtpaci tat! ve reaotance of the 'test c1roui t when 

it ie t11nod 'with S open. Th, vnlues in t'he column 

x~ should be multiplied by 106 to obtain the values 

in ohms. 
Rt••The le~knge resis tnnoe of the teat ~l e:nent • The 

· vs.lues in this column should be multiplied by 106 

to obtain their value$ tn ohms. 

1;c.:•The 'cOnductanoe of the. t:ot element • . Whe \l'e,lue$ 

?just be multiplied by 10 6 to obtain their values 

in mhoa. 

•48-



TABLE I 

Capacity Dist. 
02 

in Cap. 
x2 f Coils .,...M~.f. CL 2 

987 ,1.c. I Cl) 361 . 201 30 .488 

899 'l 309 1'77 40 .666 

'163 "I 440 255 40 ,600 

689 8 306 20'1 55 1.01a 

644 Pf 640 375 40 .355 

621 8 402 232 65 .805 

687 ,, '180 460 40 ,294 

519 (2) 292 166 30 .246 

515 8 600 360 65 .680 

486 (2) 343 196,4 30 · 2.111 

41"/ ( 2) . 472 2'74 30 1.sa 

223 (3) 296 168 -.2 50 10.'13 

146 (3) '177 469.0 50 :~_4 -~59 

96.5 1-5 660 38'7.5 35 15-.23 

:Q9 •. 5-6 823 485.9 40 18·. '16 

38 ·.6 l-6 1962 11'18 45 12.33 



Alcohol 

f 

98'7 Kc. 

899 

'163 

644 

58'7 

519 

485 

223 

146 

96.6 

69.8 

38.5 

TABLE II 

Temperature , 
'19° 0 .' 

Pressure 
00 •. 0 ?m Hg 

Pumped. for 14 hours 

Coils 01. u2 11 r -
fl) 166 351 r 6 r-. ;."c.iii9 :JZZ,~2 

"( 099 309 1~ •. 0 3,,2 

,, 251 440 14.l 2.,0 
.,, 450 640 13 •. 0 1 •. 3 

'1 590 '780 14.0 .85? 

C 2) 052 292 15.,5 16.2 

(2) 14'1 343 11.85 5.1 

(3) 066 296 8.6 14.3 

(3) 588,, "177 9.1 4.3 

1-6 4'70 660 8.2 9.05 

5-6 631 823 6.8 8.8 

1-6 1764 1964 12.5 3.2 

-so-

Saturation. 
. o.,0·1o. 

Rt l/Rt 

.222 4 •. 51 

o,.20~ 4.,81 

.,250 4.00 

.2'13 3.66 

.;346 2.:89 

.395 2.53 

.414 

.'150 lt133 

1.067 ~93'7 

1.692 4!.591 

2.132 .469 

3.85 .260 



TABLE III 

Alcohol Temperature Pressure Saturation 
790 0 12.?' cm Hg 16.47£ 

f Coils Cl 02 11 r Rt 1/Rt - - - - -
987 K,C, (l) 158 353 11..a 2.4 .~203 4.93 

485 (2) 149 344 11.1 5.35 .• 395 2.53 

223 (3) 0'11? 296 10.6 14.14 .760 1,.32 

146 (3) 596 '177 13.1) 4.4 l.043 .• 969 

96,.5 1-6 469 659 10,.6 9,13 1,.6'13 .• 698 

69.8 5-6 626 816 ll.7 9.25 2.028 ,ci495 

38.5 1-6 ; t7,G9 195V 13.4 3.4 5-.626 ,.276 

TliBLE 1v· 

Alcohol Temperature Pressure Saturation 
·,go 0 3'1.6 cm Hg , 48,516 

f Coils -21-- _£a_ 1i r ..!L l/R , - * • . t 
98'1 K,C, ( l) 158 353 10., 2.45 .199 5.,03 

485 (2) 147 344 8.9 5.23 .4os· 8.46 

223 (3) 072 269 11~1 14.23 . • '750 1.33 

146 (3) 602 7'1'1 :Jh3 4.3 1.067 , • 93'7 

96.5 :l-5 470 661 10.4 9.4 1.620 .• 6i'1 
:) 

69~8 6-6 633 825 8.26 9~4 1.996 .• 501 

38.5 1-6 1775 1965 8.6 3.5 3.623 .• 284 
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Alcohol 

f Coile -
987 K,C. (l) 

689 8 

621 8 

51'5 8 

485 ( 2) 

223 (3) 

146 (3) 

96,5 1-5 
69.8 6-6 

38 .6 1-6 

Alcohol 

f Coils -
98'7 ,, .c. ( l) 

486 ( 2) 

223 ( 3) 

146 (3) 

96.5 l-5 
59·.a 5:.6 

38.5 1•6 

TABLE V 

Tempera.ture Pressure Saturat'ion 
'19° C 66.4, cm Hg 86.7;, 

C2 -· 
154 361 

098 306 

210 402 

410 600 

146 542 

066 294 

58'7 779 
469 659 

629 820 

17'12 1962 

r -
91 2.6 .195 6.13 

98 4.0 .256 3.93 · 

140 3.1 .eeo s.a5 . 

110 · 5.3 .398 2.51· · 

114 16.0· .671 1.49, 

181 4.'I · .9'1'1 1.02 ·, 

94 9.2 1.66 .604 

112 10.0 1.88 .633 

119 3.'7,, 3 .• 33, .300 

TABLE VI 

Temperature Pressure Saturation 
79o 0 '11 •.8 om Hg· 92.6 "' 01 02 11 r Rt 1/Rt· . -

155 350 '7'.45 2.7 .181 5.53 

147 345 g·.1 · 6.0 .352 2.84 

0'70 296 5,73 18.0 .596 1.68 

585 "'l'16 10.2 5.6 .835 -1.20 

469 660 10,0 12.2 1.248 .801 

630 823 5·.9 12.2 l.638 .650 

1'167 1958 11.4 600 2.4., .406 

-52- · · 



Alcohol Temperature 
'79° 0 

TABL.E VII 

Bressure 
74.9 cm Hg 

saturation 
96.'6% 

F Coils Cl 

154 

248 

146 

02 11 r Rt . 1/Rt -
98'1 H,C.. , ,,( l) 

763 '1 

485 (2) 

486 ( 2) 

41'/ ( 2) 

223 .. ( 3) 

146. ( 3) 

96,.5 l-5 
69.8 5-6 

38.6 1-6 

Alcohol 

-
352 6.2 2.7 

440 11.6 2,4' 

342 11.6 802 

A Repeat Ruh 

,181 5.53 

.208 '4.81 

026'1 . 3.89? 

146 343 19&.o a.s ,325 s.oa 
280 4'12 12.5 4.2 l.876 2.66 

066 294 

.816 

470 660 

630 822 

1'160 1962 '7.00 .6,2 1.99 

TA13LE VIII 
Temperature Pressure 

,90 a '71.8 em Hg 
Sa tura·t ton 

92.Gj 

f Coils 01 02 11 r Rt : · l/Rt 

98'7 K,C, (1) 154 349 '7.3 3.48 ·.141 '1.09 

485 ( 2) 14'7 344 '1.0 8.l .261 3,83 

.223 ( 5 ). 064 296 6.'l 26.'7 .402 2,49 

96 .• 6 1-6 4'10 662 7.'1 21.2 .718 1.39 

69_.a 6-6 633 826 '1 .3 25.6 .'196 1.26 

38.5 l-6 1771 1962 a.o 10.4 1-,186 .844 
These r-e suits are dou btfu/ 
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Alcohol· 

f 

98'7· K.C. 

486· 

223 

146 
96.5 

69.8 

38.5 

( l) 

-( 2) 

(3) 

(3) 

1-6 

5-6 

1-6 

Tempe.r a tu're ,,~o 0 

154 

146 

046 
584 

470 

630 

1'769 

C 2 

361 

342 

294 

.· '176 

662 

823 

1960 

., , .. 

·Pressure 
''{'I , 2 Cftl Jig , , 

r 

Sa tu.ration 
9~.87'6 

a.& z~, .144 6.94 

lli6 ·8.2 . • 157 3.89 

,.,, 28,2 ··380 2.63 

'I.'!. 9.4 . ,488 ~.06 

6.0 23.0 .662 1.61 

6.8 25.9 . ,'124 1.381 

,.2 11.a 1,0,s .95'1 
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Alcohol 

f Coils -
98'/ X t, (1) 
899 ,,, 
'163 "I 

644 ,. 
587 'I 

485 ( 2) 

223 fa) 
146 (3) 

96.5 1-5 

69.8 5•6 

38.5 1~6 

Alcohol 

T,ABLE X 

·temp era ture 
10'10 0 ., 

0 2 

Pressure 
e.o cm lig 

r -
Saturation 

o.o,, 
Rt l/Ht 

156 · 350 98 2.3 .212 4,'12 

102 309 121 3.4 .196 5-.10 

254 442 126 2~1 .238 4.20 
452 641 161 1.4 .254 3.94 

592 799 162 1.0 .294 3.40 

149 346 135 6,1 ,346 8.89 

069 896 130 18.0 .596 l,68 

sea ,,, 1es s.1 .aso ~.1a 
'~ ·_. 

469 .660 l5f 12.4 l.228 1814 

633 885 150 12.0 1.563 .s,o 
1,,2 1961 1a2 ,., 2.eo .s5, 

TA:BLE XI 

temperature l'resaure Satura.ti on 
107° 0 26.5cm Hg 12% 

f Coile 01 02 12 r Rt 1/Rt - -
987 Kf., (l) 156 349 113 2.4 .203 4.92 

'163 7 263 441 142 2.1 1238 4.20 

486 (2) 160 346 173 6.0 .362 2,84 

223 cat 0'12 295 139 18.0 .596 l.68 

146 (3) 186 7'17 160 6.9 1"178:? 1.29 
96.5 l-5 469 660 157 12.3 1.24 .806 

69.8 6-6 631 823 160 12.0 1.56 .640 

38.6 1-6 1770 1960 1'15 4.4 2,80 .35'7 



Alcohol 

f -
763 

485 

223 I 

146 

Ooils 

7 

U2) 

(3) 

.:( 3) 

TABLE XII 

Temperature 
10'1° 0 

01 

156 
265 

148 
0'10 

02 

362 

443 

Pressure 
58 em Bg 

r . 

Saturation 
267b •· 

120 ' 2·.3 • 2Ul 4. '12 

llJ · 2,2 .227 4.41· 

345 , 151 · 6.0 ·.352 : 2 .84 

'295 · 108 · 19 .o .664: 1 • '1'1 

118 

9£h5 · · l-5 

'684 

'471 

'1'16 

661 .'187 

&9·.a 5-6 630 · · e22 --175 · ·12.a 1 ,54 · .649 

38~6 ·- l-6 1,68 1952 119 · 4.8 2.,4 · .366 

Alcohol 

TABLE XIII 

Tempera.tu re 
107° 0 · 

Prese11re 
73~1' cm Hg 

• ' .. r 

sa:turation 
t;a% 

Data were ta.ken at only four :frequeneies at this 

pressure. Since they checked so clo·sely with the fore• 

·going tables it was deemed unnecesaa:ry to· take :readings 

fo~ all the freqttenc'iea. 

f Coils C1 02 'i2 - - ·r 

69 ,8 K,e.5-6 630 822 1'74 l'2 .2 · '1.54 ,649 

146 ( 3) 683 775 l?l '5.6· · .820 · 1.21 

485 ( 2) 150 345 '126 ·6.0 .352 2.84 

98'7 ( l) 163 360 120 ·2.3 .212 · 4. 72 





Alcohol 

f Coils 

98'1 f{,C, fl) 
'163 '1 

485 ( 2) 

223 {3) 

146 ( 3) 

96.5 1-6 

38.5 l-6 

Alcohol 

TABLE XIV 

1' empe ra. tux-e 
65° C 

Cl . 

166 

260 

145 

060 

683 

467 

1764 

02 

353 

440 

343 

29'1 

'1'16 

660 

1955 

Pressure 
o.o om Hg 

123 

94 

132 

r 

1.2 
1.05 

4.0 

122 13.l 

100 3.2 

110 '1~0 

160 3.0 

TABLE xv 
Tempera tura 

65° 0 
Pressure 

36.3 om Hg 

Sa tura, ti on 
0.0% ' 

1/Rt 

.40'1 2.46 

.476 2.10 

.528 l.89 

.819 1.22 

1.43 .697 

2.35 ~426 

4.11 .243 

Saturation, 
so.a, 

For the data in this table the alcohol vapor was 
very slowly admitted. into the vacuum while a. ci·ose watoh 
wa.e kept on the raeietance a,t the 96,5 k.c. frequency. 
When the reaist~.nce at this .frequency showed a.n appreci• 
able change the test chr:tmber was closed off and the pres-
e1.1re measured. . Five hours 1 m.ter the foll owing data were 
ta,ken. 

f Coils 01 02 12 r Rt 1/Rt - -
98'7 K.C, ( l) 152 361 110 l.3 .3'15 2116'1 

?63 7 249 440 130 1.2 .41 '1 2.40 

486 (2) 146 344 160 4.0 .528 1.89 

223 (3) 050 296 120 12.4 .eu5 1.16 

146 ( 3) 684 'l'l"I 120 3.6 1~2'15 .'184 

96.6 1-5 468 662 140 ,, ~4 2·.126 .4"10 

69.8 6-6 631 824 130 7~7 2.44 .411 

38.6 1-6 1766 1968 111 2~9 4.26 .235 
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TABLE XVI 

Alcohol Temperature Pressure 
65° 0 40.4 cm Hg 

Saturation 
90% . 

£ Coils 01 Cg ig r Rt i/Rt -
98'1 Ji,<!. (l) 150 350 100 1.45 .33'7 2.9'7 

' 
'7G3 '7 246 440 110 1.6 .333 3.00 

' 
485 (2) 145 345 145 4.15 .509 1.96 

223 (3) 061 29? · 190 12.a .838 1.19 

146 (3} 584 . "l77 155 3.9 1.18 .850 

96,6 1•5 467 661 125 a.2 l.86 0539 

69.8 5-6 628 823 130 .'7.9 2.38 .421 

38,5 '1•6 :tl:771 1960 145 z.o 4.11: .243 

TABLE XVII 
Alcohol Tem!l)eratn.re Pressure s~turation 

65° 0 43.l cm.Hg 96% 

f Coile Cl 02 i 2 r Rt 1/Rt - ---- -
987 «.c.. ( l) 150 350 120 1.6 .305 3.28, 

'763 7 243 438 136 1.v .294 3.40 

486 ( 2) 142 343 130 4:.6 .459 2.1e 

223 (3) 052 295 145 15.0 .716 1,40 

146 (3) 683 '1'76 1'10 4.4 1.04 .96 

96.5 1-5 46'7 661 135 9,7 L,5'7 .63"1 

69.8 < 5:.5 629 823 95 10.2 1.84 .544 

38.5 1-6 1'168 1961 110 S.92 5.16 .316 
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Alcohol 

f Coils 

98'1 K,C, (1) 

485 ( 2) 

223 (3) 

146 (3) 

96.6 1-6 

69.8 5-6 
38 .• 5 1-6 

TABLE XVIII 
Temperature · Pressure 

650 0 4.3.85Clll Rg 
Saturation 

97.'11o. 

i 02 

151 549 

142 34$ 

066 296 

587 -,79 

465 662 

'629 823 

1'169 1959 

_if! 

136 

96 

125 

116 

128 

90 

100 

r Rt l/Rt .,......_ 

2.2 .222 4.50 

5.6 .3'17 2o65 

20.4 .. ..526 l .90 

6.1 .752 1.33 

15.4 .• 989 .1.01 

16.4 1.144 ~a,, 
7.3 1.69 .592 



Alcohol 

f Coila -
98P/ K.,e. (l) 

'763 'I 

486 C 21 
223 (3) 

146 ' ( 3) 

96.5 1•5 

69,8 5-6 
38.5 l-6 

Alcohol 

TABLE :i1x 

Temperature Pressure 
61 

0 ' •' 
C o.o cm Bg 

Cl C2 12 r - -
148 350 95 1.1 

24'1 439 131 1.2 

145 344 138 3.8 

645 296 155 11.4 

584 7'1'l 130 3.3 

466 660 147 6.7 

628 823 112 6.'1 

1764 1957 107 2.5 

TABLE XX 

Temper a. ture . 
s1° a 

Pressure 
21.0cm Hg 

Saturation 
0.0% 
Rt 1/R t -
.444 2.25 

.41'7 2.40 

1555 1.eo 
.941 1.06 

1.59' .'119 

2.2'1 .• 440 

2,84 .362 

4.93 .203 

Saturation .. 
90.51& 

. Ae deeorlbei for Tabfe XV the vapor waa admittE3d 
el®lY while the reeieta.nce oJ~ the el eme·nt as 69.8 k. c. 
wa.s closely watched, When a noticable chan.ge oocur_ed 
the test chamber wa.e closed off and the ·_pressure meas-
ured. i'he foll owing da.ta we:re talcen 1mmed1.a tely. 

f Coils 

98'1 I<~. ( l) 

485 ( 2) 

223 (3) 

146 (3) 

96.5 1•6 · 

69.8 5-6 

38.6 1-6 

01 

149 

143 

066 

584 

468 

628 

1765 

351 12, 1.1 ,444 2.~o 

344 161 3,6? .586 1. '71 

296 145 11.3 ,960 1.05 

'176 165 

661 140 

823 11'1 

1960 131 

3.5 l.31 

'I.O 2.18 

6.7 2,80 

.459 

.203 

After fou:r hours the following data were t alt en at 
the same preasur~.~ 



TABLE XX (continuedl 

f Coile C 0 -· i?. r -- 1 2 ..., -
987 l{.C, · (lJ 150 : 352 10'1 1.3 

485 (2) 143 344 120 3;0 

223 ( 3) 059 296 93 11'.4 

146 (3) 684 '1'76 I l40 3~4 

96.5 1•6 468 663 16'1 -a~aa 

TABLE XXI 

Al~9hol Temperature ~-Pressu1;G 
510 0 22 ... 5 _ cm llg 

i f!. 

f Oo1ls Cl 02 12 r -
98'/ l<.C~ (1) 149 350 113 1.4 

485 ( 2) 143 344 170 4.3 

223 (3) 045 . , 29;'1 lll 12.4 

146 {3) 683 ' '778 ·121 4.1 

96.5 1---5 466" 660 104 8.4 

69.8 6~6 62'1 821 lll 910 

38.6 1-6 1762 1956 129 3.6 

If - t 1/Rt 

.376 2.6'1 -

,656 1~80 

.941 1.06 

1~360 ;741 
2;22 . :450 

Sa~u.ra t io;t 
97% 

-•-

Rt 1/Rt -
.349 - 2 .• 97 

.. 490 2-.04 

.865 · 1.16 
·.:.~ ,'~ 

1.12 .893 
1.a1 ;, .552 

2.oa ~480 

~.43 .• 292 



Alcohol 

Ef 
987 /{ ,C.. 

485 

.223 

146 
·96.5 

69.8 

.38.5 

TABLE XXII 
. Temperature Pressure 

22.84 cm lrg . 61° 0 

Coils r 

Sa ture. t ion 
98.4J"<> 

Rt ··01 02 ''i . 12., _ 1/Rt -- ----- - -
(l) 151 353 86 2., .181 s.sa 
(2} 142 343 ,126 9.0 .234 4.2'7 

(3) 045 296 146 2'31.0? .346 2.89 
(3) 583 '7'18 92 10.0 .469. 2.1a 

J. 1-5 466 660. 111 21.2 .'118 1.39 
i 

5-.6 626 824 100 28.0 .6'10 1.49 
: 

l-6 1'763 1961 .130 10.0 1.23 .811 
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Similar Data For Water 

In order to check the method used in these exper• 

iments data. were ta.ken on water at 500 C. !he results 

could then .be compa1·ed with the findings of Yager and 

Morgan, who took measurements on we.ter a.t this tempera-

ture ·for frequencies up to 100· k. c. However, dat,1 are 

A.leo presented in ta.bles XXIII to XXVII for frequencies 

up to 106 cy~le 8 • 

Tlleae data are presented in the following tables 

and curves., 
The vapor nged for 20 to 26 hours for.each of the 

pres0urea before dat~ was talten. The resietA:nee was 

measured for a prees1.1re Of 8.4 cm Rg (91% ea.tura,ted) 
and at a frequency of' 69.8 lt.e. at various times u.p to 

25 hours in order to see how the resistance varied with 

aging time. '.i:his data was plotted in the curve on 
.• ~ i 

pa;ge 7'2. • It ct1.n be seen from the curve that at this 

high relative hum! di ty the l Mlmge had not· reached a 

maximum after 25 hours. This curve J:-eaembles very close-

. ly that found by Yager and Morgan_. In order to dupli-

cate the experimental o ondi ti ons of these investigators, 

after readings were taken at V9~ of saturation (7.3 cm 

Hg) dry air was admitted until the tota.l pressure was 

'13.4 cm Hg and a ' few of the resistances remeasured, 

They checked exactly those ta.ken when only the wa.ter 

vapor was present in the chamber. 
•'ll• 





TABLE XXIII 

Water Tempera tu.re Pressure Saturation 
60° 0 o.o cm Hg 0.0% 

f Coils 01 Oa 12 t Rt l/Rt - -- -
987 x,c.. (l) 151 360 116 1.& .305 3.28 

'763 '1 243 440 150 1.35 .3'10 2.,0 

485 ·( 2) 142 344 158 3.'1 .671 l.'76 

223 (3) 061 295 165 10.5 1.mt .9?8 

146 (3) 585 't78 140 
'96.5 1-5 467 661 144 

69.8 5 .. 6 . 629 823 160 

'38.6 1•6 1665 1957 145 

TABLE XXIV 

Wn.ter Temperatura Pressure 
500 c 4.55 em Rg 

f Coile 01 C 2 ia r ·-
9 6 • 5 IC:C· l-5 466 661 1'15 6.7 

69.8 5--6 628 823 100 6.8 

38.5 l-6 1'168 1961 115 2,3 

3.2 1.43 .69'1 

6o3Y ··2.42 .414 

6.G 2.84 .352 

2o3 5 .. 36 .18'7 

Saturation 
49~ 

Rt l/Rt 

2.27 .440 

2.'15 ,364 

5.36 .18'1 

. Sinoe the above da.ta did not show a ver7 ma.rked 
dep,tJ.rture from that gi van in Table XXIII ( except for 
the 96.6 frequency which is obviously me:rely a better 
value) it was thought thnt it would not be worth while 
to take the resistance·s at the other. f!-equencies. 
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Water Temperature 
60° 0 

TABLE XXV 

Prassure 
4.9 cm Bg 

Aged fox- 7, hour a 

Saturation 
53% 

f Coils 01 1/Rt 

352 -. 115 1.6 , 5.3 
-
987 J{ f!· fl) 
963 '1 

485 ( 2) 

223 (3) 

146 (3) 

96.5 l--5 

69.8 5-6 

38.5 1-6 

Water 

f Coils 

98"/ J<,C. (1) 

763 "I 

485 ( 2)' 

223 (3) 

146 ( 3) 

96.6 1•6 
69,8 6•6 

38.5 1-6 

-
151 

243 

144 

048 

683 

462 

628 

1'163 

440 ).30 1.5 .,333 ,, 3.0 

345 · 115 4,0 ~528 1~89 . 

295 105 11.4 .941 l .06 .. 

,,,, 130 :3#4 1.26 .,41 

658 165 s.-e · 2 •. 24 .44,'i. 

a24~ 1so 6.95 2~,o . • 37~ 

1958 135 2 .43 6 .,14 .195. 

TABLE l'XVI 

Temperature 
50° 

P1·eeaure 
7.3 om Hg 

Sa. t u 1·a ti on 
791,, 

cl C2 -
151 362 

246 440 

142 343 

C l04'7 295 

584 '1'78 

465 661 

628 824 

1768 1969 

i 2 r · - Rt 1/Rt -
100 2 •. o. .244 4fl 

115 1~a . ~2,a 3,6 

130 4o5 .469 2.13. 

130 13.7 .783 1.28 

130 4.2r1.09 .922 

115 9.0 1,69- .591 

110 9.2 2.04 .490 

125 a." 3.33 .300 



Water Temperature 
.10 so0 0 

TABLE XXVII 

J?:ressure 
8.4 cm Hg 

Saturation 
91% 

Aged 25 hours.. Longer times were not taken due 
to the difficulty of holding the pressure constant. 
The ice .malted in tl1e cooler after about 25 hou.rs 
and itr l'ecba.rging 1 t the temperature wo11ld ollange . 
slightly tlnd allow the pressure to change• 

f Coils C1 Co 12 r Rt 1/Rt - - _..... ..... -----
98"/ K.C, ( l) 146 349 120 2., .181 5.62 

763 '1 246 441 160 2.4 .208 4o8l 

~85 ( 2) 142 345 135 6.6 .320 3.13, 

2·23 ( 3) 060 297 l-10 22,0 ,.488 ' 2.06 

.146 (3) 583 '178 156 6,9 ' "1 ,666 l .. 50 

'96.5 ·1-5 462 661 105 15.6 .. 9'16 · 1.0~ 
·sg.a 5-6 6217 823 1'75 lS.'1 1.120 .890 

38.5 l-6 1'766 1959 106 6.6 l.87 .,535 
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.· DISCUSSIOli OF 'DA.Tl AND RESULTS 

It was easy to obtain preasure readings greater 

than thnt of the eatu;ra.ted vapor in the 011~mber since 

rn.p1d evaporation in .b .. and co11;d.ensntion in _ the chamber 

ea.used a ~onsiderable .preesn.:re, gradien~ 1n ·the connect• 
ing tubes. Thua the saturation pressure of tha va.po:r 

could not be obtained from this apparatus. The values 

of saturated vapor pressure at tha various temperatures 
were obtained from the International Critical TR.bles. 

Due to tl1e deelgn of the VR-po;r system the maximum 

pressure readily obtatned wr1.a atmospheric prascure. 

l1nd since at 79° u tlle saturated V'apor preseu:r,e of al-

cohol .is '17.6 cm !lg the saturation pressure could-.. be 

approached very closely w1 thout danger of exceeding 1 t. 
At lower temperatures, besides the fever present, aangt)r 

of excessive preemlr& CAusing eona.ensa ti on., tha 8coura-

cy of m8aen~ement of pressure ~1:,orensed. Renee the '79° 
0 temper fl ture gave th~ beat opportunity to a tta,in ac-

curacy. Therefore• m11eh d8ta wa.s taken at this temper• 

a.ture and cheeked severa.l times. 

The saturation pressure at 10'7° C wns not oefinite-
ly known but f:rom the ·extr.apola.terl e~turation pressure 

cmrvee the ,9.ppro:dma.te vnlue of 225 cm of Hg wA.e obtaine'd. 

In general the data and curves show quite cl early 

the behavior of the pyrex glass at various frequencies 

and at va.:rioue degrees of saturation. However, there are 
several points to be noted, soma of which are surprising, 



The-first of these is the apparent discontinuity 
in the :relation of conductance to frequency at low 

frequencies and the same relation at high frequencies~ 

This point oceured at about 600 k,c, whe~her the glass 

was dry or in the presence of alcohol .~ lt apparently 

did not vary with the temperature, An attempt was made 

to find some resonant circuit about the ap.pare.tue which 
could cause .the effect, However, none'·c·ould be found. 

Sever.al other frequencies were use.d in the neighborhood 

of 500 k.c. • different coils were mf'bstt tuted in the test 

ciroui t and in 1ihe oaoillator 1 but the diecontinui ty per-

sisted. 

Data tak~n from Tables II and V tare plotted on· the 

following page e.1:1d show that there is really n a.1econ• 

tinui ty present• · 

If all the foregoing curves are exruni:ned ol osely • 

it will be seen that there is perhaps another such dis-

continuity at . about. 100 .k.o. lfowever, the evidence is 

-- so slight that a single smooth curve was always drawn 

through this region. .ttt firat. the cu1--ves were drawn 

continuous through the 500 k.o. :region since. the prob• 

able error for the higher frequencies in some instances 

amounted to l2~b. But the point at 485 k.o. ,:.wns per-

sie tently low nncl. after muoh oa.ta had l,een ·taken it was 

seen th~ t the points at l071er freqttancies and those nt 





· higher frequencies lity on two different curves.· 

As mentioned above a thorough search failed to re-

veal any characteristics in the apparr-,tus whidi 111ould 

en.use au.ch br-erak in the relationship. However, to m~ke 

aura that tha effect wa,a actu~.lly A ch~r~ett?ristic of. 

the glass would h~.ve necessi tt1tea. the o omplete red.eaign 

and rebuilding of'. the apnaratua • and since the results 

a.t frequencias up to 500 k. th were quite oor1sister1t it 
was thought best to vouohaa.fe the results only up to 

this frequency., 



· The Capacitance of the Surface Jrilm 

While Ct varied )Ni th the degree . of ea tura.ti on · 

and frequency these varia .. ti ons were snall as can be 

sa an from tho foll.owing table. 

Alcohol 

TJ\..BLE }rx\TIII 
{D;,ta. taken from Table II) 

. . f . 

.· 987 

458 

146 

96.5 

69.8 

38.5 

f 

987 

485 

223 

146 
96.6 

69.8 

38.5 

Temper~ture. 
·' '190 ,:_.1. a 

C' . C' a 2 · 1 t ..................... 
201.i .. ,89.2 112.0 

196.4 84.6 111.e 
167.G 5'?.0 110.6 

459.0 343.9 116.l 
387 .• 6 872.'1 114.8 

485.9 369.9 116.0 

1173.1 1056,'1 116.4 

(Taken from Table IX) 
( 9 9 • 81b Sa. t • ) 
c• 2 C' 1 C t 

201.2 88.2 113.0 

195.8 84.1 111.v 
167.l 64.l . 11z.o 
457.5 341.5 116.0 

388.6 2'12.8 116.8 

485.9 369.3 116.6 

117&.a 1059.8 117.0 

s~1turation 
0.0% 

It crm be seen that al though Ct inoreAses w1 th sa.t-
urati on and aecreaaee with the frequency these VAriati ons 
a,re eo snall that nothing definite oan be said concerning 
them. 



VttRI&.TIOD, OF Rt · WITH Ot1RRF~1T 

In the origins,l eat-up of the aJ,pa.rn.tus a thermo• 

;,:'.!a.lvanometor ( rnnge 0-115 millia.mps) was used for G 

in :f':tgure l • · llowenrer • · 1t W!lS :found tba t ur.1der certq.in 

cirounista11cH~s ·Rt va,1•isd me.r1:ed1Y' With the· current. In 

one ir1etance the· value "of Rt changed by 30,b as the cur-

rent in G varied from 40 to 110 milamps, Et a.-pproached 

the vacmum value as 1 tnc:reased. • Therefore, it was 

thought advisa:ble to us·e a more sensitive current measur-

ing device •. A western Electric thermo-~unotion was used 

with a Leeds and tto:rthrup type H galvanometer And with 

1,000 ohms in series with thG gtll va.nomo.ter. .~J,,l though 

this was qt1..i te sl OW" to tune• au1~rents of the order of 

6 to 12 mila.mperes were sufficient to give ~ood readings. 

( See 09li bra t1 on ·ct:trvea on l?~.go 4 .s) 

Howev~r, it vras di saovered that. mtoh vride v.t1ri~ t ions 

of llt with 01n·:ren1; cottlil be ~vo1aa,1 by th~rottgh pumping 

before the vapor w11s adm1 tted rt11a 1:>y letting the vapor 

. "~ge" in tho chamber several hours before ren.dinP:s taken. 

'rhorefore • in the foll cttVlng tribles the v~.ou11m re~.dings 

· were t~ken after 8 to 16 hours of pumping. ,\rid the 

rea,dingri trikem w1 th vapor present were made after the va.-

por had aged from 16 to 25 hours. !l!he aging time is bated 

in the tRble. 

Some typical resul te tak:an after the above procedure 

wae follooved were as follows: 
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· Alcohol · T.~mp,era tur~ 
650 0 

l,lressure 
43.9 om Hg 

. Sa tura ti on 
97% 

f Our1 .. ent in ffl.a.. r 
i Taken immad1a tely after pumping J 

485 x,e. 6.1 6.6 

44 5.0 

94 5.0 

6,2 5.0 

The l~.st rea.din.g shows th~t the high cnri:-ents l1ave 

h$.d a cumulative effect e1nce 1 ~fter they w-ere need. the 

resistance does not retu.rn to the ''low current v:;,lne•'. 

The p1·essure antl° tempera.t11re were 1 eft constr-1nt for 

· three hours and then the following reac1ings were t~ken. 

6.8 

. 40 

66 

112 

5.5 

5.6 
. 5.5 

About the same .{)8:teentage of dec1 .. ease ia shown with 

the hiell curr~n·to even after long aging. Consider the 

:following da.ta taken after aging ~2 hours. 

.Alcohol 

f -
~'emperature 

'/90 0 
Pressure 

6(1.4 cm Hg 

69 .8 K,C. 

Current in m.fl,. 

6.4 

61 

85 

112 

Sa. tura t ion 
, 06. "l% 

r -
10.0 

10·,o 

9 .• 9 



It small .current~ :were used, aging did not seem to 

h~.ve s.s great a.n effect on the' lea.kage conductance in · 

the presence of alcQhol ve,p.or as it does ,in the_ c~i~e of 

w~.t er . v~.por • 

.Another preoauti~n that had to be observed while 

admitting the vapor was tha.t 1:t it was allowed to rush in 

too rapidly so that some liquid condensed on the test 

piece or if at th.a higher ·p:ress1u·es . t~e saturation. point 

was exceeded., then the Rt decreased enormously. · Nor · 

could the oondi tion b,f rectified by Bligh tly dec:rea.sing 

the pressure· again. ·1•he only remedy w~.e to ~pn.mp out the 

chamber very thorou.B'hly once more. Perhnpa if one ,,aitea 

long enough after a.ecreaaing t}ie presa11re sligh:t_ly the· 

res!s tanoe would finally become the value it had before 

the satura.ting, but tests ht.ve · shown tmft ti1a time re-

quired would be more than ~l few hmirs. This effect is 

p,:,oba.bly what c~1useO. KnOW'lesP>discrepa.ricies ~.s Str,m~.than 

has shown in a pap9r a.a y-et unym.blished. 
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VARll\TIClfJ OF SURFACE LEA..KAGE WITH FBEQUEilCY 

The eurf'e,oe leak.age is the difference between the 

-condu.ctarce . in vaouo ~nil .the conductance at a ,given sat-

nrnt ion • . D!lt~ ta.lten from the curves on p~se s 7 give 

the vari~tion in surface leak~p;e with freqneno:, a.t 79° c 
as follows: 

TABLE XX!X 
._1 ; 

f 1!.l l:. C. 
Total Oond. 
1 1-o· ... 5 _,.. . n .· - nm.OS 

Cond. in Surface 
vacuo· , Leqlrn:E?e 

( Alcohol 9(h8% ~atu:ra.ted) 

485 .3.18 2.50 .68 

223 le88 -1.33 .55 

146 1.38 .96 .42 

96.5 1.02 .62 .40 

69.8 .e2 .50 .52 

38.5 .• 53 .28 ,25 

{Alcohol 93.5}'i, Satll?'nted) 

486 2.85 a.60 .36 

223 lo68 1 .. 33 .35 

146 1.20 .96 .24 

96.6 .82 .62 .20 

69.8 .6'1 .so .l '1 

38 .5 .41 .20 .13 

These results are plotted in the curves on the 

following page. 
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VA.RIATIOrt OF SU1~FA.Clt LEA.KAGm ~tITM TEMPERATURE 

In the following table data a.re given wb1ch abow 

tha variation. of ettrface l eak:a.ge wit~ temperature at 

9'1% saturation. 
Total Con,d..,., 

1.02 

~80 
.4·91 

Surfe.ce 
cona.. in vacuo Le~kaf;e 

( F1 .. e quency 485 k. c.) 

.. 't'l 

.45 

068 

.45 

.06 · 

1'emp. oo . ' 

650 C 

s1oc 

790· C 

65tf 0 

5101 C 

Data were te.ke,n at only four tonrpera.turesh_And for 

10?0 0 the ue~ree of sa.tu1"at1or1- was so low that no effect . ' ... , . ....,., 

of the V~-l)Or was fountl~ Therefore• since a.a ta. at only 

three tempera.tu.res were· of value a.nd since the peroant of 

vari,ition was so l~rge at the lower frequenei~s· it was 

thought tha.t plots of the varie,tion or condi1etr:lnce with 

temperature at eYen high degrees of aa.turati on would be 

mea.ningle sa • 
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VARIJl.TlON OF VOLUME OOI~DUOT,UlOE 

WITH TEMPER1\TURE 

The volume conduote,nee of the gl;1etJ was the con-

ductar1ee in vaou.o. In the main part of the experimant 

date was obtained for the r~M.stanoa of the test p"l eoe 

r.tt various frequenatae ~-nd at five c11f:farent tempe:r~turea. 

Resistance mea.suremants were a1so ma.de at t;ln"ea other 

intermediate frequencies 111th the test element in va,cuo. 

The data ta.ken a.t 'these otbe:r temperat1ires are listed 

in Te.ble Xl:XI • 

fhe currents i 3 in this t'lbl~ are the :readings o~ 

the thermo-galv~nometer. i*his instrument was used since 

it coul~ be tuned so rapidly and since tl:te "in Vra.cuo" 

value of Rt did n.o·t clumge with currents of this magni• 

tud.e. 

These il.ats !lra plotted for frequenoiea up to 600 

k.e. !n the 011rvea on ratJe 91, There was so much va.ri-

ati on· in the data :tr,r f:roque:noi.as e.bove pOO · .k.c. that 

no curves wa'Nl plotted for the 11:t$er frequencies. 



·_TABLE. ·::x:x:x I 
Temperature 90.0° 0 Vacuum 
f Coils Cl 02 13 Rt 1/Rt 

486 /<.C., ( 2) 144 343 34 5,4 ,391 2.56 

223 ( 3) 60 295 40 115.3 ,'101 1.43 

146 (3) 584 '1'18 60 4.4 l104 c.9~1 

96.5 1•5 46'1 660 '16 9.'7 1,5"1 ,63'7 

69.8 5-6 630 823 ·40 9~'7 1.93 . • 618 

38.6 1-6 1'770 196.2 '10 ',':3;65 3.38 .296 

Temperr~ ture. 71 ,,30 a 
.485'xp .. ( 2.) 145 544 55 4,;5 .·469 :::i'13 

223 (3) 048 294 58 3..3~0 ' ,:825 1.,21 

146 (3) 686 "1?7 G2 3.6 1.:20 .701 

96.5 1•5 46'1 660 84 Bil l .{88 -.. ,632 
' 

69~8 5•6 631 824 57 a.o 2.,35 .;J,i2&, 
\-

38.,5 1-6 1~'71 1962 60 2.a 4.·40 .22'1 

Tempernture eo.o0 C 

485 K,C. (2) 144 34:'5 50 4.·2 o'603 l.·99 
i , 

223 (3) 862 295 52 12.,2 .880 1.-14 

146 (3) 583 7?6 66 3.35 1.,37 •''130 

96.,6 1-5 468 661 66 7.~ :a.09 .-478 

69,8 5-6 629 823 60 'l . ·2- 2.61 .383 

38.5 1-6 1771 1963 '16 ;_;,2-., . ·4.57 • '21. 9 
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RESO?VUfCE EFFECT WI TH SURFACE FILMS 

A J>,eouliat phenomenon was observed when high currents 

were used ir1 the test element in the ·presence ,of a slig1. t 
. a.mount of va.por, If cm.rrents of t~ order of .'15 milli• 

amperes fl owed :ln the mnin ci1"cmit • 1 .e'. • ·throu·gh G1 while 

the V !lpO:r WS.8 baillt~ pumped, Otlt t at a e-srta!n low pressu.re t 

( eomet;hin.?; leas than ono ni. rri. of Hg in the c.asa· of alco-

hol vapor) t ,,,o dis tin.ct reaona:nea· peaks appeo.red tle. o,, 2 

wa,s tuned 1?.'i tb, S cl osedt A. pair of ,~uch perdte is shown 
in the grttph. ori pqge 93 •. The arrow lnili o~ tee the direc-

tion of t he v:u·is.ti on of the ct1.p~_c1 ty., ThasG :pa~ke had 

all the chttr.aote~istias of those observed when the ·ooupl• 

ing !a too nloae. betweer1 the · oealllator· ~na the teat ·01r-

cui t. A.t fi:~st it was thongllt tha.t close eoupfing mut3t be 

the ~xplan.~.1;:ton. However. if the' power: in the 'oscill~tor 

was decN~f:lrHHl wi tho1.1t chtJ.11glng t,he coupling between the 

ci:rcu:l te, the ~/!to peaks m~rged :tnto ti,e single pea.It normal-

ly · preaant. MareovGr, pumping the cl1amber for half an · 

hour also caused. the d01~bl .il1g to disnppee.r. ~he coupling 

could then b0 increased. until the current reaoh'ed the lim- · 

it of e,'lfety for the g~l venomoter and the decade resista.noe 

box w1 thout ca.using the doubling to roappear. 
- Do11bl..e pealcs ~rere neier observed when S was open nor 

could they be produced in s.ny otber roanner tha,n that de-

scribed above. When a good vaou11.m had been attt1ined in 





the. t$et chamber an artificial leak of approxim~.taly 

the so.me value as that o:ius(tel by the surface film was 

placed. across the teat element wttllout producing the 

tlonble poa,ks. J\rtif:tcial leaJrs of greater and of lesa 

cond11ctanne were tried witl1out t:m.coess. Finally in 

pla.ce _of the test chamber and element a. corulenser of the 

same ca,pnci ty and l.eaka.~e was eubsti tuted, but still 

only one ahrn"p :reso:nance peak was ob0erved. 

lloasu:roment of Rt 111th c1u"re11te just below those 

required to produae t'rte ·· d.oubl1t1.g wet-~ li ttla, 1f any 0 

different th.011 the val"m; of Rt 1n t~ vacuum. 

'l.'he p?·oblem vms then attacl~d from another stand• 

point. w1tll the test element 1:n ·t;ha ndouble resonant" 

cond1 tion ahunts of 2 to 10 me:~ohma placed e cross it 

only, lowe1"'eil tl1e 01.u:re11t in G and tlid not otherwise 

modi f;y· ·bhe effect• 

When 1rt'l:01,r was r~ umi ttotl to a prer1s1tre of ~lbont 

2 cm. o:f Hg the peak.s merged into the si.ngle nonna.l pee.k. 

l\.s has be~n romarkcd the couplln~ bet~ween the cir• 

cults -nas very loom,. 11iitll the oeoillator· rtJ.diati.ng 

ton writta t~he t,rnt cl:rcuit nei1er al'Jsorbed mm~e thm.n 

.26 ,11att. However, rrrhile the doublo pea.~q ,;re:re a:ppen.:r-

ing i. i' the J>O"i'\rer ·111 the oacii.lator were deo:r~~sed t'he 

penlt.e uni tied into the norJttl peak. 

The· e:ffact C1luld be produced at almost tmy frequency.,, 

although it a.ppe.ared m'ore raad.ily at ."/0 and 100 k.c. 



This was probably due to the fact tha.t the coils used 

were of just the •right inductance to prod11.ce the cor-

rect current distribution.when c,12 was tuned. '110 il-

lustrate: When the effect·. w.as .. observed at 100 k.c. 

the coils 1-6 were in the circuit 'while 6 was nearby. 

lnien·/6e:was shorted the effect disappeared. liowever • the 

ciroui t then tuned with a.· capacity about 2~- f. differ-

ent from the value when 6 was left opeti.. Since the os--

cilla.tor was working at maximum· power the o~ly wa.y .to in-

crease the power in the .test c1rou1t was to increase the 

ooupling. When this was done very slightly, the doubling 

reap pea.red. 

However, this ca.used suspicion to., £all on the bank 

of coi.ls and p1l.rtiottlarly on the Eo.6. Therefore, the 

whole bank wa.s removed>and an induotan~e built up of three 

entirely different coils which had approxim!.l.tely the so.me 

value e.s the coils 1--5. With these new coils in the nir-

cui t and a frequency of .a.bout 123 )i:.c. _the double peaks 

were again.produced. ~herefore, t1feemed quite definite 

tha.t the doubling of t'.he peak depended upon t:be current 

actually in the test element, 
A sensitive thermo-couple along with a ser1eitive 

micro•ammeter v,as placed in the ciroui t right beside the 

test element to meaau:r.·e tll9 current in it .while the total 

current waa observed in G. The resistame of the thermo-

couple wae 35 ohms so thtit its presence somey.rhat modified 
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the circuit. However, the. double· pea.k1~f could be pro-

duced. in the u.su.al manner, The ourrellt built up sim- ·· 

ul mneously in both the thermo-couple and in· G a.a the 
. . 

condsnsgr tuned the circuit, As the peak was passed 
' , ., 

both currents "broke'' together to some lower value. 

Suoh e~perimente indi ~a ted tha.t the Ct part of the cir-
cu1 t was not :reeonatin~ inde_pendently of c1 • . 

The ea.ma dou.bling of the resonance peak appeared 

when wa.ter vapor was present the same as vtl th alcohol 

vapor. The peaks seemed. a. 11 ttle more pronounced. in 

the case of water and th$y appeared at a mueh higher 

pressure ( a'round one .om of Hg) • 

Due to the lack of time this problem was not_.st11died 
: . ,. ., '" 

further, but enough wa.s learned to nake it an inte·resting 

subject for a more thorough research \in the future. 
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SURFACE COlWUCTIVIt.J?y 

Surface c on~ucti vi ty might be define4 as the . e~n-

ductanc.e. of a square eentim.eter of surface. .Tha:t is• 

G= r 1/W where G is the ·surface oonduct~nce of a .strip 

W em. wide and L cm. long and -r is the surface .conduetiv• 

1 ty. . In the present problem L ==- 38 x TT •X 4.5 = 53't and 
' . ' . ( ' . . - . 

W ( the distance: between eleotrodes)was .2 om. The value 

of W varied sornewrat, but .2 is an average \'alue. In 

the oalcula.tion of L there were 38 glass spaces and the 

circumference off the tast element was rr x 4,5. 

Therefore, G =- r 63'7/.2= 2680,. 

Thu:s o/ · G/2680 .= 3 .,'13 G x 10·4 mho~/ cm.square. 

From the curves of conducte.noes the above relation-

ship yields th.e · following sux-faoe conduct! vi tie~• . 

Alcohol Temperature '19° 0 . 90.0%·'. ·s~turated 

f l/Rt 90 1/Bt G .., . . 
0 

485 K,C. • . 2.64 2.so .l4x10•6 52.2x10•12· 

223 1.fJ'7 1,34 .13 4·9.5 

·146 1.oa .96 .12 44.8 

96.6 .'lo .60 .10 3'1.3 

69.8 .59 .. ~60 .09 33.6 

38.5 .35 .28 .07 26.l 



Aleobol 

f -
485 f(.<:, 

223 

146 

96.5 . 

69..8 

1/Rt 94.S 

2.~90x10·6 

l.73 

1.20 

.sa 
~70 

•43 

Tempera·ture '79° c 94.Bjb Sr,;,tnra.telt 

1/Rt O G ---
e.sox10-6 · .. 4o~o~6 

·1,34 · .39 

,96 

.60 .23 

.so .20 

• 20 .16 

149.2x10·12 

l4li.5 

89.5 

.86.8 

'14.6 

66.0 . 

. Temperature '19° o 98.v;., snturated Alcohol 
485 ,~ _(!, 3.6t1x10·6 · 2.5oxio·6 , 1.16x10·6 ·. · . 429xio•l2 

223 2.35 
1 

1.34' ·· 1.01 ··37'7 

146 ·1. '"15 .96 ' .119 295 

96.5 1.35 .ao· .65 242 

69.8 l' .10 .so: ,60 224 

38.5 .78 ,28 : .so 18'1 



Water 

f 

223 
. 146 

96.5 

69.8 

Water 
f ,' -

l/Rt 90o3· 

3 -.03x10-6 

... i-.9s 
I 

· 1·.45 

l'.OO 

·.54 

486 11.e.. ~.2qx16'-6 

223 

146 

96.5 

69.8 

38.5 

r.zz 
· .. 95 

'.62 

·.52 

·.32_ 

Temperatura 50° c -

·.9a 
' -~"10 

·~43 

·,35 -

-~18 · 

G 

:.· 1·.00 

· - ·.67 

-·.51 

Temper~ ture 500 c· 
:l/R 

. t 0 

90 .3;?J Saturated 

3'73 

280 

r 

213 (200)* 

190 ·, 188)* 

. 134 (l.6() * 
80% Sa. tura. t ·ed 

l.75xl.0--:6 . ·.45:xlo-~ 16'7.9xlo•l2 

'• '10 

·.35. 

· ·.35 

-· ·.26 

·.19 

·.17 

.14 

· 130.6 . 

9"1 .• 0 

7.0.9 ("11 .3J.* 1 

63.4 (63.3)'* 

52.2 (50.a)* 

It is seen tlu1t of the. six points. which may be checked 

with the work of Ya.uer and ;to:rgan in o!!lY ·one (38 .. 5 k.c·. at 

90o/o saturation) is• the value herein obtaine·d seriouslY differ-

ent from theirs. However, criticism of the curves of con-

ductance ye/ pressure_ for water at 50° C indicate that the 

va.lue 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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euree is different than the other curves due to the position ·· 

of one point~ Therefore, it is likely that the curve should 

follow the .dotted line rather than the solid. If tllie were 
. . 

the case the value of Y at 38.5 k.c ' •. and 90.37., saturation 

··wquld fall ':'fery close to the value found by Xager a.nd Morgan • 

. , Since "the data. on wat,er was taken ·more t ·o oheck the 

method and apparatus than to · obtain new data; ~ewer points we:re 
• l • 

taJren than would have otherwise been observed. Therefore ., the 

failure of one point to check the work ·o:r ths other ob~arvere 

is not consid,ered a serloue discrepancY. 

It 1night . be ·. added that' .th~ .agreement with Yager iind Mo.rga.n' s 
. ' 

work is better than the experimental $rror would warrant. Tile 

values of given for water, are accurate to a.bout 5'~ • . The 

values for alcohol may be slightly better than that • 
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l .. A method :.was developed· :for meast1l"ing. resista.nces of ..• 1 

. megohm to 10 megohms at •frei1uene1.es, .u; to 106· cycles. The 

actue.l app.sra tua u.sed wa.a capable of measuring resistances with 

an·e:rror oft less than 6% np to 500 k.e. and an error less than 
' ' . . . . .. ' 

12% at 1,000 k.o. However, there is no reason why this aa-

curaoy could .not be exceeded ~i th carefully designed apparatus. 

2. The manner of variation of the volume conductance of 

pyrex glass for frequencies between 36 k,~. and 10~ k.o. was 

determi.ned for eight d.1fferen.t temperatures between ~o° C and 

1011° c~ 
3. .Each of' the curves of oonduet!:lnce vs fre,quency have 

< 

distinct diacontinui ties at a.bout 500 k• c~ So t:far such 

breaks are unexplained. 
4. The surface leakage was measured for the test piece 

in an atmosphere of alcohol vapor.. The variation of this lealt• 

age w1 th degree,of saturation was determined at four temperatures 

and data obtained for saturations up to 30% at a fifth temper-

ature. Surface conductivity was computed for.three degrees of 

saturation at 79° C and at six fre_qtteno_ies between 36 k.c. and 

600 k.c • . 
5. Surface leakage wa.s measured when the test piece was 

in an atmosphere of water VApor~ The variation of this leak-

age wit~ the degree of saturation was obtained at 50° C~ Sur-
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faae -eonductivity at this tetn:perature was ~omputed :f'.or 80% and 

for 90.3% sat1.1.re.tlon a:tn. six frequ,eneies between 35 k.e. a.nd · 

500 k.c.: These values ~heck very ·clo~ely with those obtained 

by Yager and Morgan. 

6. The relationship between surface· leakage and frequ·er~cy 

was obtained for saturations of 93 •. 5%. and 96 •. 8% of alcohol v~por, 

'1• Saturations of alcohol up to · a5j>o do_ not appreciably 

effect t 'he con'duotanoe of .. pyr~x• Satu.ratione, _of water below 

50% have no appreciable effect on the conductance. 

a. Under certain conditions the surface conduotanae de-

erea.ses ae the current increases. 

9., The capaoi ta.nee .of the adsorbed alcohol film in,crea~es 

with · Sa.tu.ration and deare·aae~ with the frequency. 

10. An unexplaJ.ned resonance ( ?) phenomenon w~s discovered 

at low vapor pressures o1 alcohol and . of water, ·The ·test cir ... 

cult tunes at two distinct settings of the conden.aer. ·The 

chief aharaoterietics of this effect at-e: 

( a) It appea.rs as the 'vapor is being pumped out. 

( b) The two peaks resemble very closely those ob-

tained when two circuits a.re too closely coupled. 

Cc) The effect disappears when a certain mlmimum 

power in the test circuit is reached 

t d) The ef:f'eot , dtsappears at high vacuum or at a few 

centimeters of mercury pressure of vapor.· 

Ce) The effect is apparently independent of frequen-

cy so long as the required mimimum power is sup-

plied the test oircmi t • 
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( f) The effect could not be produced by aw. arti• · 

flcial arrangement o:f capaef ty and reeista.nces. 

11. Aging does not .change the leakage in a.lcohol va,p or to 

ae marked degree as in .the case rif water. 

In conclusion the author wishes to thank Dr. ;J. D. Stran-

atha.n who suggested tha problem and method o:f' a.ttack. 
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