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e TO M E A SU R E F REQUENCIE S, 
power Crom an w1known ource can be 
ab orbed in a calib1·at <l r onanl cirC"uit 
and made to ope ra te an indicator. The 
indicator can he an in ande cent lamp, a 
glow tube or a galvanometer precccled b a 
d tector. Thi im ple and· straighLfon ard 
meLhod require appreciabl pO\\er and is 

Jimit d to frequencies for whi<"h re onant ircui t are a ailable. 
Jn a hcL rod ne frequency met r, th power required from th 

unkno\\n urc Lo produc b at note wiLh a calibrated o. c·illaLor j 
maller by e cral orders of magnitude, and the frequenc range that 
an b o er d with a single os ·illator, spanning a two to on range, 

extend continuously ov r sev ral d cad s. 
lf the unknown frequency is lower than th lowest frequenc. of Lh 

heterodyne o cillator, harmonic of the unkn Vfll ar u ed. to produce 
b at with the oscilla tor fundamental. If the unknown i higher than 
the highe t frequ ncy of the heterodyne oscalator, harm nies of the 
os ·illa tor are used. In 
either case the harmoni 
are produced in a non
linear l ment of the het
erod ne frequency meter. 

E perien e ha hown 
Lhat harmonics up to the 
twenti th ord"'r can be 
u ed in an in lrumen t of 
this t pe \.\'.'th a corr -
spondin.g spa ·ing of 5 0 
between frequencies which 

FIGURE 1. Vie' of the Typ 
�20-A Heter dyne Frcquen y 
Met r w'th c ver remo ed. 
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produce adjacent heats. It follows that 
the calibrated oscillator should have a 
range of approximately 100 to 200 
megacycles if unknown frequencies up 
to 3,000 megacycles are to be measured. 

The chief ob tacle to producing a het
erodyne frequency meter for this range 
has been the erratic performance of 
oscillators using con entional tuned cir
cuits. SJiding contacts produce erratic 
variations in frequency and amplitude, 
while changes in tubes and supply volt
ages ha e mu h greater effec·ts than a-t 
lower frequencie . The newly de eloped 
Butterfly Circuit,* however, ha made it 
possible to a oid most of these diffi
cullies. With the new TYPE 720-A 1-Iet
erodyne Frequency Meter, which us 
the Butterfly Circuit, a frequency of 
3000 Mc can be mea ured as conven
iently and as accurately as tho e in the 
broadcast range. The low-frequency 
limit for normal u e i ab ut 10 Mc, but 
lower frequencies can be measured if 
more than 1 volt at the unknown fre
quen y i a ailable at the detect:or 
input. 

The TYPE 720- I-I t rodyne Fre
quency Meter is a port able battery
operated in trument of small size and 
light weigh t , with unusually high sen i
tivity. The panel view of ·the new- instru
ment i shown in Figure 1. complete 
se·t of op rating instructions is mounted 

*E. Karplus, "The Buuedl Circuit.'' G neral Radio 
Experinieruer, olume XIX, o. 5, October, 194-1. 

m ·the removable cover. The functional 
elements of the instrument are a cali
brated oscillator, a detector, and an 
audio amplifier as shown in the sche
matic diagram of igure 2. An internal 
view of the instrument is shown in 

Figure 3. 
O s c i ll a to r 

The frequ.ency of the heterodyne o cil
lator is continuously ariable be tween 
100 and 200 megacycles . The frequency
determining element is a ·tuned circuit of 
the butterfly type, with rotor plates 
shap d to give an approximately loga
rithmic frequen y distribution. The 
rotor is i.nounted in ball hearings. No 
sliding contacts are used, and no curren-t 
flows through ·the hearing . Smooth ad
justment of frequency and stabilit of 
calibration are therefore assured. 

The main di al of the frequ ncy meter 
is calibrated direcdy in megacycles . The 
scale is 15" long and approx j mately loga 

rithmic. The gear ratio b tween the 
tuned circuit and the vernier dial is over 
200 : 1. Over most of ·the frequency 
range one-hali ·turn of ·the vernier dial 
corresponds to 1 0 v ariati on in fre
quency, and one division of the vernier 
dia] to a frequency change of 100 par ts 
per million. nknown frequenci are 
mea ured by produ ing beats with the 
calibrated heterodyne oscillator. Beats 
ma be produced between the funda
mental of ·the unknown source and the 

INPUT 
OSCILLATOR 

----- AUOlO AMPLIFIER--------, 
V-2 

CRYSTAL 
DETECTOR 

I 
VOLUME 

CONTROL 
I 

PANEL 
METER 

FIGURE 2. Schematic circuit diagram of the heterodyne frequency meter. 

Copyright.'1945, General Radio Company, Cambridge, Mass., .S.A. 
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hclerodyne oscillator, between harmon
j · of the unknown frequency and th 
heterodyne fundamental, between th 
unknown fundamenta1 and harmonic o · 

the heterodyne oscillator, or betwe n 
harmonics of both the unknown onrc 
and the heterodyne oscillator. 
D etecto r 

The detector, in which the harmonic 
of Lhe known and unknown fr quen ies 
and their beats or difference frequen i.e 
are produced, is a standard 1 21B-typ 
crystal detector, consisting of a silicon 
crystal and a tungsten wire, mounted in 
a mall ceramic cartridge. The detector 
cartridge is located near the antenna in
put terminal and is held in place b a 
ring-shap d spring. A spare detector i 
furnished with the instrument, but, since 
·the cartridge used has standard dim.en.-

ion , different makes and types of 
detectors an be subs-tituted. 

. dequate input to the detector 1 
u uall obtained if the instrument is 
placed in the vicinity of the oscillator 
who e fr quency is to be mea ured. An 
input antenna of adjustable length i 
E ermanen.tly mounted on the front 
panel. This adju tment is u ed to im
prove signal strength when working 
·with frequencies above 1000 Mc. For 
fr quencies below 100 Mc, i·t may b 
ne ssary to connect an additional wire 
to the ''input" terminal. 
A m p l i f i e r 

The three-stage audio amplifier has an 
ffective band ·width of SO kc and is con

nected to produ e a d fl ction of the 
panel meter when a Lrong signal is im
pre d on the detector. This feature i 
parti ularly u ful wh n the fr quen y 
under measuremen·t i not ufficiently 

table to produce a ·teady audible beat. 
Audible beat are imultan ou 1 heard 
in the small d ynami p ak r m unt d 
on the front panel. eak beat notes are 

SPARE CRYSTA!. 

J U L Y  and A U G U S T ,  19 4 5  

FIGURE 3. Interior view showing the butter.fl -

type tuned circuit and the location of th work
ing and spare er stals. 

best ob erved with a pair of h ad phone 
plugged into the PI-IONES jack. 

P o wer Su p p l y 
One Burge TYPE 6T 60 Ball 1· T • 

used to supply 90 volts to the plate and 
LS volts to the filament of the three 
vacuum tubes u ed. All necessar 011-
nections are made by a battery plug at
tached to a hort cable. The filament 
and plate loads are well balanced, and 
the battery ' ill give long service in 
intermittent use. Since the heating up 
time of th tube i very short, the in
strum nt can be turned off if appreciabl 
time elaps s between measurements. 
The in trument can al o he op rate l 
from a rectifi r power upply, and a om
pa t a-c power unit to fit ·the batter 

ompartment ill be available later. 

Mak i ng Frequency Me a s ur em e n ts 
Th proce of making frequency 

m a urement by the heterodyne 
method coni;:.ists fundamentall of thre 
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tep . Th fir t i ·to t abl:i ha b a t  note 
between the unknown source and the 
h t rodyn.e o iJlaLor. The econd st p 
is to determine the order o{ the beat 
ob rved, and the third tep i t.o de-
1.erinine the fr quen y of th heterodyne 
o illat or. 

With the T PE 720- Ile terodyne 
Frequen Me·t r th last tep con i t 
mer ly in reading the dire t1y - alibrated 
main dial of t he in trument. The accu
ra y thus obtained i 0.13. I higher 
ac ura ies are de ired, the true fre
qu n y of the h terodyne o illator can 
be mea ured in ·term of a more accurate 
low-frequency tand ard. The TYPE 
720-A then i merely a onvenient 

tepp ing t n betwe n the high un
known frequen y and th low tandard 
frequen y, whi h are too far apart to 
produce beat note by ·them 1 e . The 
best procedure to e tabli h beat note 
and t determin their order depend on 
' he Lher th unknown frequen y is in the 
range of the fundamental o cillator 
frequency or abo e or below. In general, 
if the ��unknown" frequen y i known 
approximately, a ingle beat i ufficien-t 
·to det rmine ·the :frequency accurately. 
On the other hand, if the appro 'mate 

alue is not kli.own, i·t will be necessary 
Lo no·te u es I beat until their 
pau rn an b determined. 

Fr e que n cie s betwe en 100 a nd 
2 0 0 M C • Wh n the :frequency o be 
mea ured li within the fundamental 

UNKNOWN F"REQUENCY 
FUND�MENTflL =·aoo Mc 

cNo. �RMON1c � 1600 Mc 

3RP. HARMONIC = 2400 MC 

'� 

,I(. 

2ii' 

I!> . 

23 -; 
I I 

r 

14 13 . • 

I:'�/ ..<fo '.9 
I ' 
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range of Lh T PE 720- lle·terodyn 
Frequency Meter, the unknown fre
quen y i read dire tl from th m�i:in 
dial wh n a strong beat i obtained. In 
addition to this beat note, other weaker 
bea·t no-te may be heard. For example, 
if a fundamental frequen of 150 Mc is 
measured, a strong bea-t wi1l be obtained 
a·t a dial etting of 150.0 Mc, and' eaker 
beat ma be heard at dial etting of 
100 and 112.5 . The e weaker bea·t 
are produced between the 2d and 3d 
harmonic of the unknown frequen y 
and the 3d and th harmonic of th 
TYPE �20- 0 cillator, re pecti ely; 
2 X 50 Mc = 3 X 1 00 Mc and 3 X 150 
lV[c = 4 X 112.5 Mc. 

Fr e q u e n c i e s o v e r 2 0 0 M c. or fre
quen 1e whi h lie abo 200 Mc the 
procedure i to tart at th high end of 
the f-i.-equen y range and to note th uc-

essive euings of tro:µg harmoni 
beat a the frequency of th heterod ne 
o illator 1 progressi el redu ed. If 
the fr quenc at whi h one beat oc ur 
i divided b the frequen differen e 
between it and a u ce i e beat, ·th 
re ult mu t be an in-teger and is th 
harm nic n u m ber of the ucce i e b at. 
Example: high frequency i n1ea ured 
and t:rong beat a1·e obtained at 200.0 
and 160.0 M . Subtracting th s cond 
beat from the fir ·t gi e _oo.o - 160.0 

= 40.0. Dividing the fir ·t beat by thi 
difference gi e 200.0/ 40.0 = 5, v. hi h 
is the harinoni number of ·tb e ond 

f' - -'i 
. 

12 -:,1 10 -+ '" . '---. . 

1,,e {7 16 '5" 14 13 I?. 
• ' ' I 

100 120 140 160 180 200 
DIAL SETTING IN MEGACYCLES 

Frc RE 4. hart sho ing pat,Lei·n of harmonic beat for an unknown frequen of 800 meO'acy ·les. 
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b at. lien ·e, Lhe unknown frey_uen 
5 X 1 6  .0 = 800.0 M . 

[n many case it ,vjU be po ib Je to 
produce beats b tw n hannonic of the 
unknown frequenc and harmollics of 

·th he lerodyne cillator. The e bea s 
wi l l u uall b mu h weak r than th 
bea t prod uced between the unknown 
fundamental and t he heterod ne har
moni . The char of Figure 4 gi e th 
po ible b at up to the 3d harmonic of 
Lb w1kno"""n w=ed in thee ·ample abo 

F r e q u e n c i e s u n d e r 1 0 0 M c . i or 
fr quen ies ' hi h lie be]ow 100 Mc, the 
pr dur 1 to tart at the lo end of 
the frequency r ange and to note the 
�uccessj e se u i ng s of heats as the fre-

n of th h l r dyne o illa·tor i 
rogre i e]y increa ed. The fr que1 

difference bet" een two succe ive beat 
Eel tin gs is equal to ·the unknown fre -

uenc . Example: low :frequency is 
m a ur d and beat are ob erv d at 
105.0 120.0 and 135.0 Mc. Th fre-
quenc d i ffer ence be· t ween success 1 

JULY and AUGUST, 1945 

b at i 1 - .0 M whi 
b ing mea ured. 

1 Lh Irequenc 

Wave Ieng th. The wavelengLh m 

ceu-timeter i ob tained ith uffic i nt 
a uracy b · di i ding 3 X 1010 b fre
quen y. In mo t applica·tions electro-
1nagnetic wave are characterized b 
their frequ n , but in om p1· blem 
the u e of wa el ngth ma be more on-

enient. It ] a been hown in the para
graph entitled .. Frequencies o er 200 
Mc . above, for in · t anc , how an un -
1 nown frequency o er 200 M an b 
d t rmined from the two frequencie of 
the heterodyne o illator which produce 

uccessive beat note . If all frequenci s 
are on e rted into wa el en gth, th 
wa elen gth of th unknown is imp] 
the di ffe rence betw en the two ' ave
lengths which produced the succ ive 
beat notes . Example: 160 and 200 M in 
the e ample abo e orrespond to 187.5 
and 1 50 cm. The difference o:C 37.5 cm 
cones ponds to 800 M . 

- ED ARD KARPL 

SP E CI FI C A TI ONS 

F r e q u e n c y R a n g e : Th fun.darnen-tal fre
quenc range is from 100 ·Lo 200 Mc. Thi ranO" 
is overnd in a singl e band with approximateT 
l.ogarit hl:nic frequency distribution. By har
monic m tbod , frequencies between 10 l\1c and 
3000 Mc can be mea nred. 
Ca Ii brat ion : The main dial is a]ibrated in 
frequency, ea h di i jon corresponding t l 
Mc. The vernie1· dial is geared to the tuning 
unjt. t.o mak on -half turn of the dial con -
s pond t.o 1 7( chan ge in frequency o er t.he 
majo1· part of ·the tuning 1·ange. The ernier dial 

arrics 200 uniform w i ions. 
Ac c u  r a c y : The o er al I ac urac of :m asur -
ment. is 0.1 3. banges in tubes or hatt. ry olt
ages an<l v ariat.ions of temperature and hu
m idity o r the 1·an.ge of labora t.o r conditions 
norrnall encountered do no·t aff e·t th a -
cura y oft.he in trurnent.. 
Detector : One a1--t r jdge- L pe c1· stal <let ct. r 
(1 2 1 -B) i u d and i UJ plied with the in-

1.rurnent. 

Vac u um T u bes : Th following tn be are 
us d and are upplied with ·the in tnnnent: 

1-TYPE l SGT 
1-T PE 1 8GT 
] -T PE 958 

B at t e r y : single-block Burgess TYPE 6T . 60 
Battery i used and i supp lied with the in tru
rn nt. Th pow r requir d is approximat. ly 80 

olts, 6 ma and 1 .4 oh , 250 ma. 
Case : Th T PE 720-A Hctcrod ne Frcqucnc 

1ct r i  mounted in a bi lded arrying a eof 
durabl airplane luggag construction. 
Spare Parts: One 1 21-B-type det ctor i 
uppli d a a par in addition to the one in the 

ins·tru rnent. 
Ac c e s s o r i es : IT adphones wbich can be 
plugged in on th front. panel and. tored in 1h 

over of t.h inst.rumen-t a1·e recommend d. 
Dimensions: v era ll, (w:idtb) J2_Y2" X 
(height) 13_Y2" X (d �pt.h) 10}'2". Pane], (widt.h) 
10%" X (height) ll:k". 
N e t W e i g h t : In Ju ding ha Lt.er , 2 7 U pound . 

Code Word Pric 

720-A l Ie e rod ne Fr qncnc Meter FA C '250.00 

This i11.,Lru1nent ;., mauufa L11r.-d ancl old under (1) pal nls of Lhc merican Telephone and Telegn1ph 01111,an , and (2) 
. .  Patent · o. 2,367,(81. 

www.americanradiohistory.com

www.americanradiohistory.com


G E N E R A L R A D I 0 E X P E R I M E �N T E R 6 

HOW HUMIDITY AFFECTS INSULATION 
PART 1-D. C. PHENOMENA 

The present increasing use of ele -
tri al equipment in tropical climates has 
.made necessary a better understanding 
of the behavior of insulation under e -
treme conditions of humidity. General 

tatements uch as ''At 100% relative 
humidity and a frequency of 60 cycles, 
increases as much as 50% in capaci
tance, of a millionfold in conductivity, 
and up to a di sipation factor of LO, are 
quite possible for such porous materials 
as filled and laminated thermo-setting 
plastics, many thermoplastics and nat
ural fibers like cotton, wool, and silk"1 
are quite inadequate. How long does it 
take to produce these changes; how 
much less is the effect at lower humid
ities; what happens at other frequencies; 
are there any really good insulators that 
are unaffected? It is the object of this 
arti le to give some sort of answer to 
each of these questions and to make a 
beginning at sorting out present com
mercial insulating materials according 
to their resistance to moisture. 

Electrical Pr o perties 
The electrical property most affected 

by moisture is insulation resistance. 
This is made up of two parts, surface 
resistance and volume resistance, which 
exhibit vastly different h havior, espe
cially with respect to time. Volume re
sistivity is an inherent property of a 
material, which is at a maximum under 
dry conditions, and decreases rapidly as 
water is absorbed. Surface resistivity is 
infinite for a clean dry surface, but de
creases very rapidly as any foreign con
ducting material adheres to thje surface. 
Water adheres to the surface of most in-

ulators and i absorbed by them under 
tR. F. Field, "The Effect of Hwniwty on Electrical Meas

urements," General Radio Experimenter, Vol. XVIII, No. 11, 
pril, 1944, p. 5. 

conditions of immer ion or high re1ative 
humidity. This water film, even though 
pure initially, becomes ionized from ar
bon dioxide in the atmo phere, from 

olution of salts on the urface or in the 
water on immersion, and from slight o
lution of the insulating material it elf. 

Th relative importance of these two 
modes of condu tion, surface and vol
ume, dep nd greatly on the shape of th 
sample under test. For he slab of in ula
tion shown in Figure 1 the surface and 

olume re istances are, respectively, 
l l 

S = u and R = p -2(w + t) wt 

where u = surface resi tivity (independ
ent of units) 

p = volume resi tivity 

Sinoe the ratio of surface to olum r -
sistance 

s wt 
R p 2(w + t) 

is independent of path length" it can he 
minimized b making the slab as thin 
as possible. The samples used for study
ing insulation resistance are between 
Yi6 and Ys inch thick and have bar elec
trodes so placed that the surface area is 
usually a square, so that surface resistiv
"ty is approximate! twice the insulation 
resi tance ( olume resistance being as-

umed negligible). The electrodes are 
attached by a cen-ter bolt through a hole 
in the s p cimen or b two end bolts. 2 

Resistance is mea ured on a TYPE 
544-BSS Megohm Bridge,3 on whi h, at 
500 volts, a resistance of 10 MMQ can 
be distinguished from infinite resistance. 
The sample i mounted on the metal top 
of a glass desiccator jar. The terminal 

2A TM D257-38, Insulation Resistance of Electi:ical l11su
lating Materials, Figures 1 and 2. 

aThis model has a resistance range 10 tirues greater than 
that of the standard bridge. 
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•IC URE 1. Dimension sketch of test slab of 
in ulation. 

are mounted on TYPE 1 38- L Binding 
Post Assemblies with the metal top con
nected to 1-he guard terminal of 1-he 
bridge. Except for a few of the poores·t 
materials, the insulation resis·tance of the 

ample when dry is greater than 
10 MMU. 

Effect of 1 0 0% Rel ativ e Humidity 
·when any sample is placed in an at

mosphere of 100% relative hu.midity,4 
an ionized conducting film of water 
forms within a few seconds. Within one 
minute its resistance drops to a value 
about a decade above its :fmal equilib
rium value in the manner sho"WD. in 
Figure 2 for four material whi h either 
have no volume absorp·tion or a neg
ligible amount within the time indi -
cated. The quantity plotted is surfa e 
resistnry.ty. For some materials the 
equilibrium value is steadily approached, 
while for others there is a minimum 
value and a slow rise. These different 
forms result from the diverg nt effect 
produced by the applied voltage in 
sweeping ions to the electrodes and in 
forming new ions by colli ion, a process 
which results in a voltage coefficient of 
resistance. When the bridge voltage is 
not applied continuously but only mo
mentarily for a reading, the measured 
resistance is decreased, but returns to its 
larger value w en the voltage is main-

•ObLained by filling the base of the desiccator jar with water 
and having a cover on !or four hours previous]y. 

J U L Y  and AU G U ST, 1945 

tained. Thompson and Mathes5 ha e re
ported a similar effect. This behavior is 
shown b polyeth lene for which the 
voltage was removed for 16 hours with a 
tenfold decrease in resi tance when the 
voltage was reapplied. But within 15 
minutes its resistance was up to the 
earlier value, showing hat the water 
film did not change with time. If, how
ever, dew point condensation is pro
duced by initial cooling of the sample, 
the water film is both more conducting 
and thicker, as shown by the two curves 
for pol styrene. Proof that the film is 
thicker will appear in t e next para
graph. 
Recovery !at O % Relati ve um id i ty 

The degree of perma:nen e of the water 
film. is demonstrated by transferring 1-he 
sample to an atmosphere of 0% Rl-I.6 
For the materials of Figure 4 the initial 
r e s i s t a n c e  i s  r e c o v e r e d  w it h in 10 
seconds.7 Even this short recovery time 

5B. H. Thompson, K. _ Mathes, "Electrolytic Corro
sion - Methods of EvaluaLing Insulating Materials used 
in Tropical Service", AIEE TransacLious, VoL 64, June 
1945, p. 297. 

FIGURE 2 .  Plot of surface resisti ity s. timt:: for 
four materials having negligible olume absorp
tion. within the time indicated. The left-hand 
portion of the plot shows the surface resistiv:ity 
under the condition of 100% rela-cive humidity 
for time up to 1000 :minutes, where -che time 
scale repeats for the righ-c-hand porl)i.on, which 
shows t:he recovery ti:r:ne at 0% relat:ive 

humidity. 

10 M n .__ _ __,_ __ __._ ___ __.__ __ _, ___ __._ _ ______, 
J I 10 100 MIN . .  I I 10 MIN_ 1----100 3 RH ----�+---0 3 Rl--i --1 
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is prohabl et mor b the natural dif
fu ·on ral of ater apor outward to th 
sili a gel than by any p cific property 
of the e material . For the t ick film 
produced on pol ys t rene by dew point 

nden a ti on, th rapid ri e in re i tan e 
I halted after a few cond because the 
r lati humidit immediately urround
ing the sp cimen i no longer 0%. The 
film i redi Lributed, and only after one 
minute doe r i tance tart to rise again 
Lo regain it initial re i tanc � after 4 
min u L . The u e of for ed ventilation 
e en at a room humidity of 303 RII, 
remo e the film in 10 econds. 

This hape of the re overy cur e, 1n 
which there is a rapid rise, a slow drop 
during redi tribution and a final ri e to 
in.ilia} alue, seem to be hara teri tic 
of -tho material ha ing no olum.e ab
sorption within the time of the measure
ment , when by various mean the film 
i mad uffieientl thick. Curve for 
two grade f mi a-fill ed ph noli ar 
given in igure 3. ample A recovers 
within 10 seconds after an e posure of 90 
minutes to 1003 RH but requires 14 

6 btainc< I l,y filling Llie bal'!C of the Jc;;JSicalor jar with silica 
gel and having a c-o' er 011 for four houre previously. 

7'J'he bridge is pr " l al in fini te re@istancc and tbe lin�c lo 
r turn lo balan · is m as11rccl b a "-lop watch. 

FIG RE . (left) Plot showing how relat ive 
humidity affects he expo ure curve for poly-

eth Jen . 

Fr RE 5. (right) Equilibrium surface resisti it 
for polyelh lene a a fun tion f r lati humi
dit . Th . ponential r laLion hip is characl r-

Li · of all iosu lati ng rnat. 't·ials. 
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I< IG RE 3. Expo ure and reco er ur e for 2 
grade of mica-filled phenolic. Apparentl , 
small difference in urfa fini h re ult ·n Jarrre 

differen c s in surfac resisti iL • 

minute after a 16-hour expo ure. am
ple B show a much 1ower surf ace re i -
tivity and the typi al recovery curv 
after only 20 minutes e posure to 100 
RI-I. Fore d entila-cion remove the 
film from ho-th material in 10 e ond . 
Sev ral other material how thi effe t, 
a hown in Table I, which will be di -
cussed later. The e act hape of the r � 

co ry urv an extend from that of 
v i nyl chloride acetate w hi h ri e above 
10 M fl before the drop, to tha-t f 
quartz after dew point conden ation, 
whi,....h remains at i t  100 RH a]ue for 
2 minute b for the final ri e to initial 
value. 

Effect of Other Relative Humidities 
When material ar pla ed in humi d 

ities l e  s than 100 RH, their quilib
num re i tan es are higher and the 
water films presumab] thinner. Curve 
obtained for poly th Jene are hown in 
Figure 4. The relation betw n the 
equilibrium urface re i ti ity and rela
-tive h umidity i exponential, a hown 
in l�igure 5, wh re th plot of the Joga -

Dcfinitc hu1nidilies ar obtained b placing salurateJ solu 
tions of arious sa l ts in the dc·ic ator jar. rrh sal used ar 
as follows: 

�RH 32 43 52 66 81 9 Sall Ca h K2 Oa ll2 r ll 02 c u.)z o. a 0 I 
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ri th m o .f res i  ti it again t p r e n t re l a 
t i ve h u mi dit y is a st raight line .  Thi 
agre qui te wel l ' i th the work done b 

urt i i n  1 9 1 59 on t he avai l ab le i ns u la 
t i on o f  t: hat day. H i  plot were nearl 
l i ne ar from 1 003 R H  down to abo u t 
50 R 1 1  and ·then flatte ned t o a on 
s t aff t v al ue o f  res i s tance de fined b y  t he 
vol u m  re i ti v i t y of the a m ple .  The 
gr .a te r en s i t i v i t y of h i  appara t u a l 
lowed h i m  t o meas u r  1 00 k M M  n and 
to carry t he obs rvat :i.on down t o  0 0 
R ll .  u rface re i t i  i ty at any re l a t i  e 
h umidit , H 0 ,  i be t defined by t at ing 
t he u rfa e resist i  i t  , u 10 a t  100% R I I 
and t he chan g i n  re lat i  e h u midit h 
w h i  h chan ges t he re i t i v i ty b one 
de ade. Then 

log u -
1 00 F C  

- log U 1 00 
h (3) 

E f f ec t  o f  V o l ume A b s o r p t i o n  

Vol u me ab orption of wate i n t o  the 
body of an i ns u l a·t or prov ide both a 
vol u me cond uct ance and a torage of 
w a t e r  w hi c h  on dryin g o u t m u  ·t p a s  
o u t ·L h ro u gh t h e s u rface . Lon g before 
e n o u gh waler ha been ab orbe d t o  re -

9] L L. urt is, "I nsulat ing Pro1 r t ies of SoliJ Di lectrics", 
B u ll e t i n  o( B u r  au of t. a n d ards, ol. II, -10. 3, Ma 1 91 5, 
pp. 3 9--420. 
FIG RE 6. E .  posure a n d  r o e r y  curves for 
fo ur materia l s  h av i ng appr i a b le ol u me a b 

orpt ion . S u  h m at r i a l s  h w ,  i: n  g neral, a 
moot.her r covery urve, e ·tending o er a 

t im om parahle to the exposur lim 
6 

CT 

u-· 
I O MM fi 

I MM fi  

I O K M n  

I 
10 KM.!l - ·--

I KM.!l 

10 M fi  
I 1 0  1 0  IOOMIN. 

1 0 0 "'9 R H  0 '7. RH 

J U L Y  a nd A U G U S T ,  1 9 4 5  

d u  e o l u me re 1 t an t o  a al ue a t  all 
com p arable to s u rface re i tan , t he 

h a pe of t he r o e r cur e i hang d ,  
be a u  e t h e  ab orb d water tend t o  
m ai n tain the u r fa e fi l m .  u rface re 

i t i  it ies for four m teria l  h a  i n ()'  ap-
p re iab l ol u me ab orp t i on are ho"\·v n 
i n  F i g ure 6. The i r  rec ery c u rve ri e 

l o  l and r quire m or t h an 1 0  min u t e  

t o a tt a i n  i nitial  v a l u  Some th i n g  1 nore 
t han a m o u n t o.f a·ter ab orbed de te r 
mine� ·the ra t o f  re o ery, i nce t he 
l am inated pape r and a be t o  - fi l l  d phe 
no l ic ab orb m u h more "' ater t h an. 
gla -bonded mi a or hee1: mi a. b i  
may be t he mo l e  u lar fo r e " hicb ho]d 
t he " a i:e r fi ] m  t o  the urfa e .  

For high ra te o.f o] u me ab orp·t i on o f  
" a ter  ol u me res i  t ance at  1 00 0 RI- I  
becomes comparable ·wi th s urfa e r i st 
an e be fore the e qui] i b r" u m al ue of 

urfa e res i tan i a tt a i n  d .  T he 
re i tan e -·t i me c u r  e t h e n  con t i n u.e 
downward at a ra t e  de penden t up n the 
ra te of ate r  ab orp ion. Th is e ffe t wi l l 
fi r t app ar in L he ur es for t he lo"\ e r  
h u mid i t i , b au e t h  rate o f  water ab -

orp t ion i probab ] i ndepe ndent o f  r l a 
t i  e h u mid 1 t o long a a u rface :fi l m  

XJ. L , whi le t he surfa re i tance i n -

F i e  H E  7. E.· pos u rc a n d  r co er r for 
n o m a l er i a J  ha i n g s o  l a rgt; a vo l u m e  a bs r p· 
1: ion 1:ha1: a n  q u i lihri u m  a l  u f · u rface re  i -
t:i i 1:y a n n ot he ob r ed . 

7 

(T 

f I I I -
ff I l I 

r 
1 I KM fl 

IOO M !l  

10 �.n.L l OOMiN J 
.I I 10 JQO MIN . .  I 10 

---100 '1'. R H - 0 %  R 
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cre ases with lowered humidity . These 
distinctions are sho"\vn i n  Fi gure 7. The 
surface resistivity of vulcani zed fibre at 
100% RH is so l ow t h at equili b ri u m  is 
attained· at 90 min u te s  before volume 
resistan e can h ave an e ffec·t , whi]e at 
8 1  % RH volume r sistance becomes 
com parable to surface 1·esistance �within 
10 minutes, prevents e qu ilibrium, and 
c au es insul ation resist ance to ecre ase 
directly with time. Polyamide h as a rela
tively high su rface resisti it , so t hat 
eve n  at 100% R H  i -t s  ol u me resist ance 
becomes comparable to urface resis t 
ance within 10 minutes a n d  pre en1: s  
any equilibrium value b ing attained. 

On con tinued exposu re to high humid 
i ty extending over days and weeks 
rather than hours , vol u me conductivit y  
steadily incre ases in proportion t o  the 
water absorbed and in most m aterials 
dominates o er surface conductivity 
e ve n  at 100% RH . Kline10 has gi ven a 
lis-t of the times necessary to reach satu 
ra tion for 22 materials.  The value s  ex
ten d  from 2 d ays to 2 years . They de 
pen d  both on the t ructure of the mate 
rial and the shape f the sample , parti c u 
l arly the ratio o f  surface to volume . 
Scheer11 has measure d  t he insulation re 
sistance of seve ral insul ators over a 
period of 30 days and finds that re sist 
ance e quilibri u m  is u su ally at-iained 
within -ihat time . I t  i s  important to note 
tha-t of t he total decrease (6 to 7 de 
cades) in insulation resistance from the 
i nitial d ry v alue u rface resistance ac -

ount for ilie major pa -t , which i s  
u ually suffici n t  to r n d e r  u l e  any 
i n  tru.ment in ' hi h the material i 
used. Volume re sistance onl y accounts 
for t he last one or two decades, but 

lDG. ![. Kline, . R .  Marti n ,  . . i:ou , '"Sorpt ion of 
a1:er by Plasti s", Pi:oceed i ngs of merican Ociet:y for 

Testing Materials, 1940, pp. 1 27 -1282. 
UF. H. Scheer, "Stud of Moi ture Pr ofing Trea unen foi: 

PheooJic Boarcl ," Com pany R eporl 194 3-4. Colon ial R a d io 
Corp. 

1 0 

makes the reduction permanent to t he 
extent that t he recovery time will be at 
le as1: as long as t he exposuI·e time . 

C o l l e c t e d D a t a  
Some 40 materials are arranged i n  

Table I i n  t he orde r o f  decre asin g  sur
face resistivity after e xposure to 100% 
RH, ranging from gre ate r than 20 MM n 
to 30 M n. The position of certain niate 
rials i s  most surprising and may not be 
ty pical . A l l  amples were washed in 
grain alcohol to remove di rt ,  b u t  some 
grease an d othe r substance s m ay remai n .  
At least t he y  were a s  clean a s  t hey 
woul d he in actu al use . Only one sample 
of a kind was tested so that t here is no 
measure of t he magnitude of norma l 
vari ations . However, t he resuJt.s are re 
pea·t ahle on t he same specimen within 
50% . Where more than one s ample of a 
l ind i s  given .,  the y  are known to d i ffer 
or are made by differ n-t manufa ·ture rs . 
I t  is known that very small amounts o f  
pl as·ticizer can gre ady change the sur
face beh avior and none of "the am p] 
':"a furnishe d for th1s parti c u l a r  te t .  

The slope of the straight line plo t  o f  
u rface r e  i t i v i t y  a g a i n s t  re l a t i ve 

humidity is given in the se ond col u illll ., 
and i n  the t hird col umn the rel ative 
humidity at whi h t he surface resistiv 
i ty i s  20 M M  n. Since for most of the 
m ate rials thi s v alue of re l at1 e humi di t  
is gre ater 1:han 50% R H ,  i t  i easy to ee 
why relative humi dities le s t:han 503 
RH are considered to have l ittle effect 
on in ulation and also w hy that v alue i .  
a good t an d ard room humi dity. M ate 
rial w · t h  volume absorption may b 
condi tioned at that humidity wi thou t 
having any appreci able surface resist 
ance . 

The l ast t hree colu mn gi e t he re 
cove ry times in mi.n u t s after 1 hou r and 
1 6  hou rs exposure o 1 00% R H  anil 
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1 1  J U  L Y  a n d  A U G U ST ,  1 9 4 5  • 

% R H 
Recove�e in minutes after 

<T per decade 
change of u 

%RH for 
1 00 % for Dew point 

con.den a-
M a1:eri al 

M Mn 
Hy drocarbon wax, modified > 2 0  
Cellulo e ace·tate butyrate > 2 0  
Silicone rubber 1 0  
Pol yt.etra fluoroe·th y  len e 3 . 6  

kM n 
Polyst i·ene ( bce·t) 840 
Polydicb loro t renc 2-5 29 7 
I lyd rocarbon wax 20 1 3  
E t h y l  cel l u lose 1 3  9 
CeJ l u lo e acetate 7 . 0  6 
Polyvj ny l ch loride acet a t  5 . 7  1 2  
Polysttr n e  (plasticized ) 5 . 0  4 
Ph no ic, m ica -fi l led 5 . 0 9 
A n i l ine fonn a l deb d e  4 . 2  4 
Poly amide 3 . 8  1 4  
Porcel a i n , gl azed 3 . 7  1 5  
G l a  s ( h i g h  K )  3 . 4  10 
M ica 3 . 0  12 
Polys1: rene (molded) 2 . 4 1 0  
Polyst-y rene ( p l as1: i i zed) 2 . 4 8 
Steatite ( L-3 ) 1 . 6 
Qua r1:z 1 . 4 
Polyethylene 1 . 3 9 
Ph enolic, X 1 . 3  1 6  
P h enolic, a bcstos fi l led 1 . 2 9 

in 
Phenolic, XX rp 660 1 5  
St a t i t c  (L-4) 640 
Ph nolic, LE 500 1 8  
Ph enolic, mica - fi l led 320 8 
St ati1:e (L-4) 2 80 
Polydich lorost y rene 3-4 24.0 6 
Phenolic, cel l u Jo e f i l led 240 10 
A n i line form a l dehyde, gl ass 

m at1.e 240 9 
Phenolic, C 220 16 
V u lcan i zed i b re 220 

n i J i n e  forma l deh d e, glass 
clo1. h 2 00 1 2  

Q u artz 190 
Phenol form a l dehyde ( p l asti-

cize d )  1 00 1 2  
G l ass (sin tered ) 90 
G l ass bonded mica 64 1 8  
M e l am i n e, glas clo1.h 38 1 4  
Ph enolic, m ica filled 30 1 

afte r de w point condensation . Any time 
up t o  0.25 minute (15 second ) i n. di ate 
no ol u me ah orp ion . Any longe r  time 
whic h i starred (*) refe rs to t he hape of 
recovery cur e h arac teris t ic of non 
porous materials,  for which force d venti 
lat ion wil l  gi e a reco ery time of le s 
than 0.25 minute . O t her large times indi 
c ate volume ab orp t ion unde r the condi 
tion noted. 

2 0 M Mn 1 h r  1 6  h r  1:ion 

1 00 . 0  . 0  
1 00 . 0  . 0  . 0  

. 1 3 
. 1 7 . 1 7 

93 . 1 3 . 1 3 4 *  
79 . 17 
56 . 1 7 
70 . 33 . 5  
7 7  1 . 0 6 
58 6* 
83 . 1 7 62 * 
66 . 1 7 1 3 *  
82 . 1 7 2 0 *  
48 200 
42 2 . 5 * 
59 1 7 *  2 0 *  
50 ll 
58 . 1 7  . 1 7 
64 . 1 1 . ] 7 

. 17 . 75 

63 . 1 7 . 1 7 
45 80 
6 1  1 . 5 * 100* 

25 300 
. 5  1 

1 6  400 
58 40* 

. 33 4* 
7 1  . 33 5 . 3 * 
49 400 

50 1 4  1 000 
20 300 

0 6000 

57 3 

34 2 5  

3 1  400 
14 300 
32 7* 

Many in t.ere t in g  fact may b gle ane d 
from ·t hi table . The high pos i t ion of 
cell ulo e a e t. a te -b u tyrate is surprising 
when i t  is re al ize d  t h a t  ·this mate rial 
will absorb abou t  1 % of w ate r in 24 
hour at 100% R H .  Thi w ater must he 
ke p t  in un onn cted pocket to prevent 
conduc·t ion . A s ample w i th 4% of wate r 
still h as a re i ·tance greater t han 10 
M M  n. E ve n t ual ly the wate r in the 
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i solate d  pockets j oins and provides nor
mal vol ume resistance . Glass, quartz, 
steati-te and mica are wel l  down in ·the 
list and probably would be lower i f  thei r 

urfaces had been made pe rfectly clean 
by high te mperature baking. Silicone 
rubber i third from the top and illus 
trates the valuable wate r-re pe llent pro p 
e rty of a l l  silicone r ins . Tre at ment of 
materi al s ont aini:n g  silicon, such as 
glass and qu art z, by the s pecial sil icone 
resins w h ich produce a molecular ] ayer 
several hundred molecules ·thi k makes 
t he t re ated su rface com ple tely wa-ter -

1 2  

re pellent, even under hot sal t s pray and 
s alt  w ater i m me rsion . A s " mi ) ar t re a t 
ment of ste ati te a ffords gre at i mprove 
men t ,  but · s not always e ntirely succe s 
ful .  A non -porous ceramic properly 
tre ated with silicone resin is una ffected 
by moisture and is as ne arly a perfect 
insul ator as exists at pr sen t .  It  is qui te 
possible that cert ain plastics, especi al ly 
the silicone resins, will also meet th i s  
s peci:fica t i  on . 

- R OBERT F .  F I ELD 
Part II on A. C .  Phenomena w i l l  ap

pe a r  i n  an e arly i s ue . 

M I S C E L L A N Y  
• At Oregon S·t a le College on June 10., 
the honorary de gree of Doctor of En 
g inee ring was conferred u pon Mel i lle 
E ast. ham, founde r and forme r  presjdent 
of t he Gene ral Radio Company, now 
Chief Enginee r in c h a rge of research and 
develo pment.  
e A P A P E R  enti tled ee warti me Prob 
lem s  of a Manufac turer of Enginee ri n g  
Produ c t  " w as d livered by A. E .  
Thiessen,  ice President o f  the General 

R adio Com pany , b fore the Cedar 
R apids, Iowa, Section of the n s t i t ute of 
R adio Enginee rs on April 19,  and at a 
meeting of the Chicago Sec tion on April 
20. 

On Apri l 27,  Hora t i o  W. Lam on, of 
t he General R adio Engi nee ring S t a ff, 
addressed the Bos t on Sec t ion of the 
Institute o f  Chemical Engineers on the 
s ubject of eeTi me and T i me Measure 
men t . " 

G E N E R A L  R A D I 0 C O M P A N Y  
2 7 5  MA S S A C H U S ET T S A V E N U E 

C AM B R I D G E 3 9  MA S S A C H U S ETT S 

T E L E P H O N E : T R O W B R I D G E 4 4 0 0  

B R A N C H E N G I N E E R I N G  O F F I C E S  

N E W  Y O R K  6 ,  N E W Y O R K  

9 0  W E S T  S T R E E T  

T E L , - W O R T H  2• 5 8 3 7 

L O S  A N G E L E S  3 8 , C A L I F O R N I A  
1 0 0 0  N O R T H  S E W A R D  S T R E E T  

T E L . - H O L L Y W O O D  6 3 2 1  

C H I C A G O  5 ,  I L L I N O I S 

9 2 0  S O U T H  M I C H I G A N  A V E N U E  

T E L - W A B A S H  3 8 2 0  
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