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MEASUREMENTS 

THE 

CAl 
• I T IS AT T HI S TI M E of year thaL 
complaints come in regarding lhe crratic 
bchu,-ior of clct:lrica l measuring C(lu ip­
menl, particularly precISIOn illlpedant"C 
brid~tes. The various IItori!;!; connict. Some­
limes the bridb'e 8t'l' IIIS 10 read high, some ­

times low; the balance mlly drift ballly 
or 8\11ldcllly jump 10 a n{'w " 8Iue; it may show increa!<ing errors as the 
frequency is 1001l'red. or the balance ma y shifl II ilh applied ,·oltagc. At 
first glam'e it 8ee ms that there must he as many ca llses as kinds of error. 
Ac tuall y. there is just olle j' UUi>C , high rela ti ve humidity. Testing labora ­
tories and research '\orI..CI1I in the northern latitudcs arc e~pericncillg 

for a few months \\ hat their brothers to the SOllth con tend \\ ith for half 
the ye ar and what the few in the tropics fi ght the year around. 

lligh relatil'C Iltlllliflit ) affec ts insulalioll in 1\\0 \1 RyS. 1£ the ins ula­
tion is porous. moisture .. ill be absorbed into the ,·olume of the ma­
terial \\ hile, if Uloist lire \\ ets the "llrface, a thin film of" Rler is formed 

Thc nc" Hohm 
and Han I'hysiclI 
laboratory is one 
of the mOOll oom­
t,lele ,,1"8Ii(:$ t o:t! t· 
ing 1"I,or lllO';1'1I 
in Ih .. co" " try . 
Thill I'hOI0I;,aph 
!ilk) .. ~I ... oGc" .... al 

If"dio LriJg~-;j 80"1 

"I' to "'casllre the 
Jiell"elric I,rot>er. 
lid! "r di sc@ or 

Ple: .. ;glu". 
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GENERAL RADIO EXPERI~E NT ER 2 

coverin g thc .... hole surface. Water dis­
trilmled throu gh"ut the ioterior of an 
insul a tor produces int erfacia l I)()lariza. 
lion which causes an lucreasc in I:apac.i. 
tanee. dissi pa tion factor, and volume 
conducti vi ty. The amou nts of these in­
<'reases vary with the relati ve hUllli(lit y 
ami in,'crSf' !r with the frequcncy.! At 
100% relati\'c Ilumiditr ami a frequency 
of 60 cyclcs, increases of as much as 50% 
in capacitulIl'e, of a million.fold in l..'Qn­
ductivi1.r, and up to a dissipatioll factor 
of 1.0, ure quite 1)()5"ihle for sllch porous 
llIaterials as filled and laminated thermo· 
se tt ing plas tics, lIlany thermoplastics 
a rul nat ural fibers li ke colton, wool, and 
silk . T he ra te at which a porous material 
aLsorbs water an d Lbe tenacity wi th 
which it holds it de rend great ly on the 
cross section of the pores. 'Vhen these 
approach 1Il0lecuiar dimensions, as in 
silica gel , which is a silica te huvi ng lIIi . 
n 08(,"Qpic pores prod uced hy sui tablc 
hcat trea tmen t, the material ac ts as a 
.Iesiccant. and the absorbell water ca n 
be removed onl y by hea ting above the 
boiling I>oint. Mica ami some ceramics 
act in this manner. Onl y quart ..: and 
TIlos t glasses, some s teatitcs, poly. 
;; t~'re lle, and a few ot her polymers are 
free (rol11 volumc absorpt ion HlIII the 
accompanying del,crioration of dielectric 
proper ties. 

The formation of a surface film of 
wa ter 0 11 an immla t or isdeterlllined by tl'e 
ease with which water wets the surface, 
\1 1,ieh i,n t urn is rneasurf'd by thc con­
tact angle between the surface and a drop 
of water on the surfal..'e.2 Mos t of the 
porOIiS materials tha t show large vol· 
lime absor ption also we t very easil y. A 

' fl . r. Fi.1d. " ~',,,,~en~, Ch .. ae'"rio."" of n..,.Je c .... · 
d . ...... ... G."",a l R. dio £.ptI<i_, ..... " 01. X VII . ;0;". S. 
0., . .. 1912. PI>. 1_7. 

'On .h< . ,. 11 ..... cd . ,,',. "" 01 a n .,,, ,,,,,,,bile d""nt • 
. ai". "'10 ,1"",10 .Lantl w;,h • • .,.. 11 '''~o '''Rl 'h~k. 'he 
.. ,n ... , ~ ..... '''''' 10":,, •• m.' ...... " .. n ,I,., ", .. in""" ...." "',, 
(.r ,he ,1.0f' . 

miero~l'ic rouglmci>!; of the !;urfacc 
hel ps fihn formation. Quartz, glas!;, and 
ti tcatite ulso weI easil y. Onl y wax, 
polys tyre ne, and SO Ul{' o ther pol)'lncrs 
sllccess fully preven t the formation nf a 
continuous film. The condition of the 
surface is also import ali I. Dus t aud par, 
licII I:lfly acid pcr-;, pirat ion from han · 
dling grea tl y aid wetting. The comi llc­
tiv-ity of e,'e ll a thin fi lm is enormous. 
Merely breat hing 011 the surrace of a 
good insul a tor like qu ar tz \\'i lilowcr the 
iusulation resistance bc l.wec l.l tefll.linah; 
spaced :1:1' "lIch apart from above 
10 Mi\ l n to below I M P.. A film SQ 

for med will ,'allis!. rapid ly if the surface 
is chemicall y d ean and thc re lati ve hu ­
midi ty 10 ..... . On a d irty sur face , howe vcr, 
the film persists and can be removed ouly 
by thorough cleanin g or hy heatin g. 

Beca usc there are nO rigid stable i ll , 
slIlalors which arc unaffed ed by mois­
lure, it isclI sLomary to impregnate thelll 
ur al leas t 10 coal their surfaces wi th Olle 
of the water-repel leu L subs tall<;CS such as 
..... ax. polys tyrene. or the newe r silicon 
resi ns. An)' of these. mat erials operates 
successfully on the nOll'porous iusu­
lators, such as glass and s l.eati le.so long 
as IJCrfcc l adhesion is mai ntaincll. Largc 
chan ges in temperature, particul arly 
to ..... ard freezi.ng, will produce cracking 
and chipping of the surface ma teria l be· 
cause of the differenccs in tempera ture 
coe fficie nts of linear expansioll, and he· 
cause most .:oatillgs, the waxes in par­
ticular. become bri tt le at the lower 
temperatures. Any moisture film which 
Ihen for ms be tween the insulation lUld 
the coa ling persists aud ean be remo\'c{1 
onl }' by eomplcte cleaning of tile surface 
fir by heating. 

On IIOroll8 ma teri al s a th in protective 
coatin r: is of 11 0 value hecau sc c,'cn . he 
.... axes are lile inscl\'es somewhat poruus. 
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Such a coati ng decreases tile rah' a t 
which 1II0iSlurI; IlCue lrn tes 10 t he inller 
material, but continued exposure 10 high 
rciati\·c humidity will eventually resul t 
ill the same equili briu m conditions. For 
reasonable success, Vias coati ngs 1I111S1 Le 
heu,' )'_ the resu lt of U1ulliplc dippings, 
anI. of 1 he order of 0.1 inch. 

I II all Gelleral Hadio ins truments 
great carc hIlS 1)t.'e11 taken 10 provide 
adf:'1l1uIC protection agui ns l h igh relative 
hUlIliJ.iI}. All 50Iid tlidectric condensers 
arc hermetically sealed or heu vily waxed. 
All high .va lue ll resi8lors are ",'axcli or 
simi larly prot ected. J\II stea lite jns ula· 
,ii)t} is protec ted by a surface coating by 
Ihe manufacturer. ,\ l ica-rillt'd phenolic 
or pol ystyrene is used as illl!Ulation for 
mounting all high impedances. All \1 ires 
for eablell arc ru bher covered wilh au 
identifring braid wax - impregnated. 
Thc~ precautions are suffic.ienllO allow 
oormal operation under 90% relaliv!;: 
humidit.y a l 90° r. of aU instruments e1\:· 
(:c l't the 0.1 % iml:ICda lice bridges. An 
e,'en Inore Del'c re leSI OCCUriI whell, at 
90% relaLil'C humidit y. the temperature 
f1u c loales 6urlicie nLi y 10 reach the dew 
point and call iiC direc t moisture con­
d'!lIsa lion. Ouder tllesc conditions the 
opera tion of 1111 iustrulllclil Hl ay 1I0t 
meel ea l:llug specifications. If 1)O\\er is 
di88ipalcti ins ide the ins truJlIcllt, t he 
heat gcne ruINI \\'ill quickly c l'upora tc 
the (JOllduclillg ulOidture fi lms. Other­
\\ ii!e sOllle lime llIus t elapsc to allow 
natural eval)Qrat ion. A tlO·walt lallll) or 
other resistive load IIlsilltai nCl1 inside 
the ca~ will usually prevent oolulensa. 
lion. It will ha ... e, ho\\ever. little e ffect 
nil moisture absorplioll . 

The TYI'£ 716· B Capac.itance Bridge 
is probably as grea tly affec ted by 1II0is· 
lure as allY of our ins truments . All 
s teLl tile insulated teruulluls L1rc wax 

AUGUST , IJU 

cOLltcll, the input transformer is wax 
sealed, ami 'he bridge "'i ring is 0 l.l('n 
bus.Onl) the '1"""; i22 Precision Con. 
denser , usctl 011 Ille ca paci t /lIlCC ~ ta.ndard, 

is affectcli by moist ure, aut! that only ill 
its lilelcelric losscs, nol in its cllpllt'i. 
lance . i ts O\lfl dissi pation ftlctor is de­
fi nell by ils figurc of merit F ,.,. DC = 

0.04 jJ.jJ.f, corresponding to a dissipatioll 
factor of lhe s teatite ~tator support of 
O.OOk At almut 60% relative humidi ty, 
moisture ab;;orptioll through the \\'a.~ 

coali ng on thelle bars ca uscs thcir dissi. 
pation fac tor 10 ri6e. A tenfold increase 
lit 90% relative hum idity lUust be ex­
pec ted . This will prolluee a lIega li,·e. 
error in the direc t readi ng of(lissil)(l,tioll 
fac tor exactly equal to the increase in 
dissi pation {actor of the preci5ion oon· 
licnller. No error \\ill appe.llr in parallel 
substitution measure ments. 

Another dielec tric 10Sl:! occurs 11\ 

a luminum.platc air condensers limier 
high humidity conditiolls from Ihe ab· 
sorption of mois ture by the a luminulIl 
oxidc Oil the surfaee of all the plales. [II 

its dry stale a luminum oxide has a 8111811 
dissipat ion factOf" and imparts to the 
whole condenser a dissipation fsutor of 
on.ly 0.0000001, since ils contribution is 
proportional to the ra tio of the thickness 
of the oxide fIlm . aboul 10 millionths of 
all inch, to the pl a te spacing of 30 mil;:;. 
\"(Thcn exposcd 10 moisture the diss.ipa. 
tion factor of tbe oxide is all cX"pollenlial 
fUll c ti on of the relative llUlIlidi ty,' in_ 
creasi ng a decade of dissipat ion factor 
for e \'ery .1 5% rise in re lati\'e humidity . 
Al90% the air condense r has a di~jpa­
tion factor of about 0.01. Silll.:c Ibe die­
lectric I08S occurs on ti le surfncell of all 
the plates, the air condenser beha l'e5 like 
a vLlrialJlc solid diclectriu condenser . Ilnll 
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GE NERAL RA DIO EXPE RI MENTER 4 

it;; dissipation fac tor dllCs no t can.:cI Qui 

c'en in para lid ;; IILs litu lioll mCIlSll rC' 
mcn l" . ,\S I){·forc. li lt" nror in t he bri(lge 
readi ng ill llce:a l ive . 

UO lh of Ihe",," kil)(ls of mois ture ab ­
sorpt ion in s tca t ite and ill aluminulIl 
(Jx ide are troubleso me whe n t ilt' rela li\'C 
IHlI ll i(li ty stays a l 60% throughout the 
fia). since a l this lcvel onl) a ha lf d a} is 
re1luircc\ to ;Iltaill Clluilibrium . A re lu· 
ti\C h umidit} of '100/0 CUIiSCS no uppre· 
,'iahle crror. and c,'.: n a ri..e 1060% fol· 
lOII'Cll uy a drop baek 1040% \Ill hill six 
11I) \l rs \\ill calise li ttle Irouhle, T hc t ime 
needed to uUai ., I'lluil ibriuill increases 
"ilh Ihe rdati\"{:" humid it y ami is at leas t 
th ree ua) s a l 90%. 

Every lahoratory should be cqui ppcli 
with SUll ie type of h)grvillc ler in order 
II,a l the possibil it y of errors in bridge 
measure ments llI ay lie a ntici pated , The 
onl inary hai r Ilygrometer is ve r) use ful 
in s pite of its large errors \)ccu usc it is of 
Ihe ind ;cating type , A ..... e L a nd dry bulb 
hygrometer should be avail able as a 
check Ulllier extreme cooclitiol]s, Beg­
ular read ings of rela l i\'C humidi ty duro 
ing the li lllUiller montbs arc fu ll y us illl' 
pOrl un l as arc those of te mperature, for 
t he uniu, heing measured a rc in mUllr 
eusel! more lia ble 10 be aITecled by high 
11IIIuilli ly th;m Ihe IIlcasur inge<lu iplllen t 
il ;;e lf. Thi:;, fac l iudiCiI!.es tha t t he bridge 

readings of dissipa tion faetor 111 11 y U ppear 
to IJC " ig h or low tle pc llde ili. 1JI)() 11 Ihe 
rela tive rates a t ..... 1,;..11 Ihe IInknO"" 1I 
,'onJc-nse r !lIHI tile st tmdard 1.10n(\cnS(! r 
in tile bridge change their Jissipation fu ~'· 

tors wi th hu midity, Withoul.a h)gro lli ' 
c ler Ihis situation 1:III IIIo t 1](: llcfin itd) 
recogni zcd cxee pt as Ihe readin g of dissi­
pa t ion fa l.110r bCCOlllCS ridiculollsly 10 \\ 

or actually negative. A ecrtai n jns tu· 
bil 'l) o f bridge Imlauee \\ ill a ppCllr a l 
re la ti vc hum idi ties a ll(w c perhaps 7l)f¥C. 
as ,mli,'alcd by a lIIor!! or I~';;s slea d) 
d ri ft of bOlh ca pucitance ami Ilissipa . 
lion fUG tor balance Iw in lS, 

Therc is liUle Ihal can iJt! done "' jtb 
I.1xis t ing measurin g inSlrulllents \ 0 elim · 
inate this t" pe of error, short of air con­
d it ioning. This should prcferubl y appl} 
to the cntire room eOll t ainiug measuring 
equipment. Theil the unkJlo"'n unit is 
measured under s tandard conditions, .I t 
is also I}()ssible 10 dry 1)111 lhe me:lsuring 
instr ument by pl acing a uesi(:canl , sud, 
as sil icD ~e l , insid6 ilS case. I lowe vcr , Ihe 
a mount of moiSlure ..... h ich can see p 
through the joints be t wec n panel ami 
caS(: and around the control sha ft is 
alll az ill ~, Unless unusual carc is takcll , 
il \\' ill be necessary to rellew the desic ­
ca nl I' al' h working (lay WhCllC\'e r Ihe 
rcla t;"c humidil \' is abo\'c 70% . 

- HOLII':IIT F . F I ~: I , (J 

ERRATA IN THE TYPE 716·8 INSTRUCTION 800K 

' rwo ,'rror" ill Ihc Openlt ing Ins tr uc· 
lions for TnE 7 l6- B Cu p!ll.'i ta nce 
Bri(lge ha \ c rcl'ell tly I)CI' n II iseo Vcre(1. 

In Equalion 9. pagl' fl , the f'x prcssiou 
fOI· C\'(, ;;: 11(,,,111 I.e 

c,',· 
I 

"c 

c 
- (Ml)' >c 
I + 1M) ' 

an d in Equa lion JO. page 6. II ... ;·x prl· ... • 
8ioll for C.\·p s hould rca,1 

Cx!' = 
I + D( D' - Ml fc:) 

6C 1 + D! 

The lalte r con 'c (,t ioll has bcelf 111 ; .. 1 .. HI 
1'00"8 currentl y be in g shil' JlCII. 
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CHECKING 
OF AIRCRAFT 

THE ACCURACY 
TACHOMETERS 

• THE CUR R E N T PRO B L E M in 
chl.'cl..ing airl'raf, c n::inc lac ll tJmeh-rs is 
Ullt~ of handli ug the increased JHlruhcr of 
la o: hollleh'~ and of making sure th;lt the 
imli'illual (Hehometer lakes ad\antage 
of the full tolerance ullo\\co b~ the lie­
n~"l a l1cc fl l}('eificatiotl . 

If t he 13Clloll1l'II' r t oler ll llt;C is ± 25 
rl'lll aud i f the checki nj! standard has 811 

error o f ± 10 rpm. tht, tachome ters lUust 

t"l ... h fetid \\i lhill ± 15 fplll to he ae­
l"el'lcd. If tile checkin g stlllldurd Ill" 
curlle) can ~ impro\cd to ±2 rplll. 
Ihe I,aellometers Ilt.'t:d onl y read "i,hin 
±23 rpm to he acceptctL With the in. 
cre35e.1 accurary lIlon: l a t~hOlllctt-rs are 
ao.:cc pted at no increlhl(, in tes ting time. 
The ex ira li llie re(lui n-d for ha ndli ng re­
ject ions i" diminalcfl. 

The Gelleral nudio THE 631· 0 
S lroootac bears the a pl'rol' lll of Ihe 
Ci\~il \ eronAutiesA!lrnilliSlration for Ihe 
(,hccking of ai rc raft lacholllc lCI"8. This 
('ertificalC is carnell Ii) the ralt:d ac­
curae) of III .. 5 lro OOllie. I, hieh measure" 
s l)(!cds I){'t\\cc n YOO ami 11.100 rpm 
\,i lh an errur uf less than ± J% of Ihe 
IIl('asured valuc, Th is Slal<:mcnt II~S Ullles 
Ih a t the Slippl ) frOIll which the S troll­
(ltRe is operated is a IJOller IiIII' tit' d in 
II i lh o ne o f the main freque ncy-rcgulatetl 
IlOwcr SySt<:1I18 of t he COlin try. The in ­
itanlaneoliS error in the freq!lCIIC) of a 
n'gu latc,1 6O-cyde 1)Q\\cr Hne eeldolll e~· 
..... -etls ±O,2f{( . alltl is IISlilllI} mudl 1 .. s;; 

Ihan this fi gu re . A tele phone call to the 
local po"cr compau)'s Dispatcher's 
Omce 101 ill gi\e a dlcel. 011 the fre(l'lcnc~ 
accurut·) 10 be cX I)e\·tNI of Ihe local 
Ilower 1;)81(' 111, 

Engine tAcho me ters lire Jrileu from 
thc engine ca m sha fl IoIhidl tu rn" 11. 1 one-

Fle l H K I. TII('hmne'c~ tell! tii OlC ro~ Strol.nl,,'" 
Cor,k't!' are III'(lil"I,le un r,'(l''''~t. 

Imlf IIII~ (' rlllll-"harl SjJl·t·(1. In li lt' in ­
~ Irunll'nl ta IJorll lor). tlf('rdort.'. th., 
lucllOlllc tcr i" .·Iwel-I'd L) cum paring' il~ 
rt.'ading "ith tllit ·c Ihe /III'ai'ured 1!o1X:" '] 
of Ihe tesl·!'laud dri\c ~hllft. 

There are USUIlII} Ihree ~ I e p!; iu thl' 

InclIOIIICI!'r ·tel'1 in g procell urc, 
(a ) The 5 1rOOO11l" l'jllibrat ion 18 lid· 

jus tt'. 1 again!' 1 Ihe line"'Olllrolll'll ,,) 11 ' 

('hrnnous I ibl'ltl in g recli IIIOUI1 letl II it hin 
the in8lrUlIIc nl l'c l1ectur, a lill Ihe S lro(, · 
oLaC scnle is Ihe ll 81.' 1 10 olll'-Iw if the 
dl'si rcd laebomeler tesl "' 1)Ced, 

( IJ ) The SI.lCt'11 or t he teil l ·~ tllntl Ilri \e 
HH) lor is adjus led until Ih,' d rive !lllIIfl 
upl'cars 10 61a lul ;; Iill , 

(I') The ~a l{' n·ading of the l ad'lllll­
ct.' r iii' reeonl,' d . 

S teps (a ) II IHI (b) tri a) I.e COIn"jncd. 
a lill Ihe l'o~i hlc calil'r li lion e rrUr8 o f 
S le p (a ) lil a) be c lilllilla u~ tI b) lIsing a 
stroht'"sc'Jpic disc a lld ,,~ n~hing tht' 
Siroholac ut thl' pOIIN-linc frellllCIIl') 
undt'r LI~E con trol. This me iliod per­
IIli IS reduci ion of l)()SSible I' rrors fro lll I h.' 
± l ('~ ra led St ro!,o lae ma"imUlII ,' rror 
1.0 till' 1"-1I\l'r -li lll' fre' J1le ncy ('rroJr uf 
u!\ lI a ll ~ Icss thou ±O.2('i . 

Thl' slroboec:.'Ol'ic lliM: of Figure I ilia) 
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TORSIONAL VIBRATION ANALYSIS 
WITH THE TYPE 736 -A WAVE ANALYZER 

F'IGliRK I. T~t !C1ul' for nleuuring tOr@;ional ,ibrlltiOIl al the Lyooming I Q b(Oralnri~ . 

• A l T HO UGH the TWE 760-A Sound 
\nalyzer allli the T\' I'~ i62-A Vibration 
\nalyzer are recommended for genera l 
pur rose sound :lIld vibrulion anal,rsis. 
there are specific applications " here Ihe 
use of the ,)" N: 736· ·\ Wan! Analpc r 
leads to certain operating COII\ cniences 
ami somewhat better accuracy. In Fig. 

lire 1 is sho"n H test IIClu p in the lui,· 
oratories of the L} comin g Oi, ision. the 
A'ia tion Corporation. usin g the \\U\O 

mull}'1.cr for the a nulysis of torbional 
\ ilJraliolls in aircraft po\\er plau!.s. 

\ t I he 10\\081 fn::(luc ncics. the rcsoh­
ing IlO\\Cr of the "ave analyzer is lIot 
adequa te for s lI l isfaCIOT} se paration of 

F'IGI:RK 2. Plotlllhowing the Iml'litudee or Vlriou! orden of ."ibrltiOTl I f me.u­
ured wilh tbe wI.e Inalyzer_ 

, .. ...... " ...... ,. .. .. . ., ........... .. .. ~ .... '. .. "''' .' .. " 
CIl~TRPIoO -~ 
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GENERAl RAOIO EXPERIMENTER 

closel ) s plI(.:4'1I "oll·l.armotli.:: COII1Il() ' 
ne nls. bur (fir vihration frCll'II' Iwic8 di· 
rCt'lly rt'ialf'd 10 the fllnd3111(' lIlnl e ngille 
;'P(·NI. the 1'(' lec li vi LY is m1e1lu8lC. For 
ius larll'l'. 1.11 II f\llulamcnlnl (firs t-ordcr) 
\ ilJrlltion of 211 t ') cles (pcr bel'ond), Ille 
.!4 order HIIlI 1J1! onler f'OIllIIOIIC llts full 
at 10 and 30 qcicI', rcspcc li,-cly. The 
discrimination of approximate!) 30 db 
6clwecn such cOlllpo lleo .... i8 adcquat e 
for mos t torsional, ibration unal),;;;is. 

OJ}'' 'f ,O~U.~"Z .. ..,32~" 
Ul"NKSH"rT RPM-HJN:)A£OS 

8 

\1 I'XIrt! IIlCI) Il igh freque nt'ies Ihe 
'1\ ".,; 736·1\ suffers 80111 .. \1 1.81 ill COlli' 

parison LO Ill<" Tl I'E 760- "- . because the 
rdati\l:- I) shaq)('r respon~ ('une makc;; 
luning .liffie'll! ,.hen Ih" frequencies 
under o bSl.' n 'alion arc not s tuble. For 
tlw rangl' of {r('(I"e llei,'s nOrillaUy e n ­
l·ou nlercu (rUlHhUllclllal speeds ill Ihc 
rallh'e 1000·3000 rpm ) in LorsiOIl,,1 
Mudica 011 air.-rlifl e ugi nc8. hO\\(Il'Cr, the 
t'C lf'Gli\' it ) clinrllcl cris ticli of lhe WU\' C 

IIl1ul Y1.cr nrl' slli isfactor). 

Fila,,!! 3. \1P",;m"", a m"I;lude;! of lh .. re· 
~ lIlt"nl rC(:ordcti vibru ion WRV.' ,,,,,,uur .... , fro", 

tJOI('iIIOlO rH "' ~. 

\ t'Crics o f plo ts ty pica l o f Ihe ampli -

tUlle of \lIriOIIS ordcrs of \iiJrll l ion . a,;; 
thl' ,iri"' ing s lJCcrl is .. ari('11 OH'.r n \, ide 
runge , iit sho\, n. 

THE Ceneral Radio EXPERIMt:NTt:1f is mailed without clwrge ead, 
rnont/l Lo engineers. scienl,isls. leclUlicians, and others i,lIeres'ed ill 

communication-frequency measurement "nd con'rol problems. 'P/len 
sending requests for subscriptions and flddress-cllRllse nOlices. plea:,,~ 
s llpply thefollou;ing i,!formation: nome, compolly nome, f"om l'(UlY {ut­
dress, type of business co mpulloY is en guged ill , {wd ri,le or l)f}!<ilioll of 

iudivid"al. 

GENE RAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE 39, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

!III WEST STREET, NEW YORK CITY G 

1000 NORTH SEWARO STREET. lOS ANGELES 38, CALIFOR NIA 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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