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PEBIMENTEB 

A COUNTING-RATE METER 
FOR RADIOACTIVITY MEASUREMENTS 

IN THI S I SS UE 
P(lgtJ 

Tilt: N.:w ELECTI\lCoU, 

7 

THE TYPE lS00-A COllllting-Hate 
Meter' is the fir'st, Gencm! nadio instl'U
lllcnt. dcvclopcdspccificlllly forthccompam
lively new, but rapidly growing, field of nu
clear physies. Fundamentally, it is a fre
quency meter that. indicates, in counts per 
minute, the rate :It. which nuclear trans-
fonnatiOIlS occlIr in a radioactive material. 

In i!HO Genom! Radio engineers, in COO]X'r:llion with interested 
physiri.-;ts at the Massachusetts lnstitutc of Technology, designed an 
impro\'cd counting-rate mete!'.' Several stich instruments were used 
on war projecls, including 1\ blood preservntion program that ulti
mUlely "suved mOrC JiVCfi than were snuffed out. at Hiroshima and 
Nng:15nki."· The d~ib'll used ill the ,!,ypEI500-A Counting-Hate 
l\retc~ is c"sclltially the sa.me', exccpt that ('crtain in::;tubilitics inherent 
in the original desib'll have been l'liminuted in the JlI~llt circuit ar
rangement. 

The instrumcnt is dirct't reading ami cown; the r:lIlgc from 5 to 

1\. F. Kip. A. C. fk>uoq""". n. O. ~:, ....... w. N. Tunle. RnW <l/ &~.uijk "'."."_,,,.. \'01. 17. ~o. 
9.323-333. !>epl .. ltu6 . 
lJ. O. Oil»on II and II . I). En ..... T",~""""', Rmn". YoL ~!J. No.2. Dec. . 1016, 
I,\. G. ll.ou&Q....,t. "l!adioaellviCy Mel.er f.,.. Xu.lea. n....,..,..,I<:· EI«ITlHlk / ",Jv.lria, N!pt .. HUG • 

Figure 1 Ponel vie,., of llIe Type 1500·" CO\lnti"g-Role Me ... 
,.,ith co",,'e, tuba plugged in. 
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OINll.Al I.ADIO IXrll.lMINfll. 

20,000 eounts per minute. It includes un 
auru! monitor, a regulated, adjust,ltblc 
higlH·oltuge supply (4004 2000 volta), 
ulld tl. quenching circuit. to pennit the 
lise of either :\ "~elf-quencbillg" or n 
"nOIl->!el f -q ueuchillg" Gcib"Cr-l\'1 ueller 
counter. The equipment i~ notltble for 
it,s eUl)l' of opcrtltion. A major feature is 
provisiolJ for operating 3. 5--mtl pen-and
ink recorder, such as the Esterline-Angus 
Model A W Graphic lnstrumen t. Con
<lequc.nt!y, while data are being accumu
lated, the presenoo of an operator is not. 
required. Rcsults can be i.nteq }reted 
later from the pcnnlUlent. re(..'Ord. 

The Geiger-f·.Juellm· COllJltN tube that 
act.uutes lhe frcquencY-llwter circuit is 
mounted, with its quenching circuit , in 
n probe at. the ewl of n {our4foo cable. 
For easy interchangeability and short 
leads, the instrument is dcsigll(""<i pri
marily for use with a counter tbal has u 
four-prong t ube base. Other dC:8ign.s of 
counters c:m be used, howel"er , since 
connections to the socket can eMi ly be 
IlJade. Three plug-in lype counter tubes 
:1I'e HOW available for usc with this 
iUl:!tnUtlCJlt: the TYPE 15004 P2 Beta
Hoy Counter, the Sylvania C:B~302 

I3ctfl.-Ray Counter, and the General 
Radio TYPE 1500-P3 Gamma-Ray 
Countrr. 

fig ..... 2. (.h.grO(le,;.lk rHp<>ftIe !;Urv. of 0 G.Ig.r. 
M ... ller counter. 

(~---<! 

/ 

, 
HOW COUNTERS OPERA TE 

The operatil1g ch:tracteri.:itics of Gci4 
ger-1\'[ueller counter t ubes differ marked
ly from tbose of other t.ubes familiar to 
the electronit'5 engineer. Since these 
characteristics determ ine the nature of 
the associated circuita, a more-or-l~ 

detailed knowledge of them is necessary 
as Ull int roduction to the circujt, de
scription of the counting-rate meter. 

A toms undergoing nuclear t.r:lIlsfor
mation radiale either particles, quanta 
of energy, or both. The radiat ion lO3.y 

consist of the high-epeed positrons or 
electrons of beta. rad iation, alpba par
ticles, gllOnllll rays, X-rays, or neutrons. 
The radiat.iOIl is ut tcr!r'd by its primul'Y 
or B('cond:tI"Y ion izin g efTect on t.he gM 
in the Gcigel'-Mueilcr couJlter, wh ich 
consists of II cylin(1..ical meta l cathode 
and a coaxilll wire tlllode enclosed in a 
ga54filled chumbt'r. 

When the counter is designed primari 4 

Iy for detecting betll. particles, the co
:I.xilll anode i8 su pported at one end of 
the coun ter nnd 1\ very thin "window" 
is placed fit the other end to allow the 
bet.a particles to enter wi thout too greut 
a loss from :J.I)8orption . The ratio of 
particles absorbed to the total is deter
milled by the window density. 111 the 
TYPE 1500-1)2 Beta-Hay Counter the 
window is of J-m il (O.OO I-incb) alu
millum-alloy foil (about 7 milligrams 
I>cr square centimeter). Beta particles 
ionize t.he gflS directly by collis ioll . 

Coun ters dCfcigned for detecting gam
ma radialion and fas~ neutrons need no 
window, because the gl:\a5 envelope llDd 
the cathode nrc to :\ large drgrce trans
parent to these ril l'S. Gamma rays, or 
photons, are OMhcs of elect.romagnetic 
energy which eject photo elect roU8 from 
the surface of the countertube cathode 
in the sallle way lhat light cau.ses tbe 
emission of electrons from a photo-sen-
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, 
siLivc surfnce. Soft gtlmma mys (X
rays) arc absorbed by t he gas in the 
counter, and ionization takes place be
CRuse of the ahsorption proc.:css. Fast 
neutrons ionize the gus directly. CQ!'mjc 
rays arc ulso detected wit.h eitlier the 
~amlll:1-rll.y or the beta counter. 

These t.wo conven tional t.ypes of 
counter arc not effi cient. detectors of 
alpha particles and s low ncull'O/ls. For 
the counting of alpha particlca, an ion
izntion chamber is ordiJlarily lIsed. 
Counters for slow neutrons use a boron
trifluoride gas, with which the neutrons 
react to produce alpha particles, which, 
in t utU, ionize the gas. These and other 
specialized types of counters can be 
easily conll~ctcd to the counting-rate 
meter. 

QUE NCHING 
Whell sufficient voltage is applied to 

the Gci6rcr-!\{ucller-countcr electrodes, 
the electron from tbe ionized atom is 
attracted to the anode and ill its migra
tion collides with other atoms of the gas 
and czltlSCB further ioniultion . As !l. rl}-
6ull, there is an avalancbe of elcctrO!lii, 
which lowers the potential of the anode. 
This change iIJ potential of the /lilodc is 
dctected by tbe rest of Ole circuit, aDd 

JUl y .... UGU ST. 194 7 ~ 

tlsed as 1\ meas ure of tbe rad intioll rl}
suiting fro m :1 iluclear 1 rnllsfonnat ion. 

The po;<iti\·e ions travel relatively 
slowly to the cathode, where they may 
evcntuaJly cnuse the emission of 8ccoml
arr e lectrons. ThC!:lc, in t.uru, would be 
attracted to the anode nnd cause multi
ple 01· spurious dischurges if proper pre
cautions were not. taken. In sclf-qucnch
ing cOlmtcrs u smull amolUlt. of poly. 
atomic va por with high eloctron "mnity 
is introduced iuto the counter. This 
vapor absorbs the secondary electrons, 
and the discharge is quenched. In non
seif-qucnching, counters the external 
circujt is designed to maintain the anode 
potential at the low level long cnough 
to allow the oomplete neutralization of 
thc positi ve ions, nnd the dischurgc is 
quenched. 

1n self-qucnchillg coun ters somc of 
the molecules of the quenching Vl\por 
bl'Cuk dow'Ll to Iesl> complex molecules 
each ti me 8 discharge is quenched. The 
life of Olis type of counter is oonscqucnt· 
Iy 1l function of t he Tlumber of "count s" 
detected . It is usually about 5 x 10" 
COlUlts, which corrCf;ponds to a thfl'C" 
months' lire at about eight hours pt'r 
day operating at 10,000 counts pel' 
minu te. The non-sel£-quenchulg counter 

,. 
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is mort' ri'liablc ov .... r long periuds and i~ 
iCAA affccted by temperature ~lId over
voltage. 

T ho dH1nlct{'ri."ti~ curve of FigUl1~ 2 
8howtl the counter tllOO rosl)CJlll'e w OJC 
npplicd voltu(;e is varied. Toe dischnrge 
L8 properly qU(,lLched, and the respoll!:'e 
ill quite ~ .... ni!tant o\cr a fairly wide 
plateau for ooth IYJl~ I1f eountcfS. Whell 
the voltage is cxee;f:(ive, the qucnehing 
Ilelioll ill inodequate, und I he call li ter 
wil l go ililo Illl uncontrolled di"chnr~ 
that is either intermittcnt. :\8 indiel1ted 
by the ri~illg COllradcristie due to spuri
ous count!!, o r contum Oll fl :\,"1 flhoWll by 
the drooping chnr:\cteristic with eVCll
~uu l nbl'll Pt failure in rC8pO/l!lC. 

The 'fl·PE 1500-:\ Counting-Hate 
l\]eter operates with eithcr type of 
counter. A qucllchiJlg circuit is included, 
but docs 1I0t impair the ol>eratioll of 
self ..... u('IH:hillg cnunters, 

CIRCUIT DETAILS 
As shown in Figure 3, til(' qucneiliHg 

('[rcuit of the Ty ... : 1500-A ('OUllljll~

Hate !\relel' ili Illllodi fied Nehl'l'- Piekt'r
iJJg cirellit.' TIIf' V:lCUlUll tube \ '-1 
normully opcr:1tl~ :11, zcro bia.~, but, whl'l1 
a COlIl\t(.'I' dil'f'hllrgc O(;(.' IIf8, till' \·O!tUhrc 
drop in the r~istor ft·\ cau1.«'/l; the t ube 
to ol>erutc (It ellt-<JiJ, ami, since the im-
1>Cd.!lnce of the tuoo i~ increased, the 
total voltage drop is inef(!a...<;{'(I, and the 

' If, v. Nt!I, ... &Ad w. II l'i ok~.i"l, J'~~iml ""'''VI !l3, 
3111L (1938). 

• 
yoltage at tbe eoull ter i" maintained at 
Il lower level for th(l I iLue Ilf'l'Cl':Sary 10 
quench the COUllter disehllrgc , 

The rc:;ulta nt volfu,L,'tl rllJ:~<'8 appt.'tlr
iug at the cathode of V-J UI'f' :llllplificd 
and tlppli('(1 to 1\ 1lI()(lilicd Ec('ICb-Jurd:m 
pul"c~l lt\pillg \' i!'\'u il ' whose output. 
pul'>CS depend only for t.hl'ir lime dis
I l'iblltioll Oil the input pul!ll.'6, The lXJt;i
live out put JluL~s arc aU idellt il:ol in 
iih:~pe IBid m:lgJlit\lc\e, :tnd when they 
!I re applied to the 6>Tid of the rwXL tube, 
V-5, which is normnlly hi:18t!J below 
cul-QfT, they CRuse corr~ponding plate 
current pulses to flow througiJ the lond 
resistor. U , A d.e voltRb'e pro port iOllal 
to the (I\'crage pulse rut c i81 hus huilt up 
lwroos t he capacitor, C, j~or pulses 
s paced equally in time, the plate load 
voltflgc will 388\111113 a constan t UVCl'llgc 

\'nlue. but if Ow pulses are dis tributed 
fUndomly with time the voll:lb"e will 
fluctuute widely abOLlt the :\V(~rage value. 
The clipilcitor, C, !!IlHlOth$ out these 
f!t1 ct llf~tioJl!'" 1md it!; "izc i~ thosell to 
givc 11 ~ood com proruise l>etw{'(>n i'.pC'Cd 
of ~pon;o;C ali(I degree of Sliloothillg. 
Tbi;; t'l lplwit ur, designNI 110<1 builL by 
the Gencral na(lio ('OIllP:IIlY, is woulld 
with polystyrene tape to a.void dielcctric 
polariz:ltioll errors thllt other diel<'ctric 
matt' rials would illt n)(lu('C, The ranges 
lire Vllricd by !lillluitall('ouflly challging 
the plllt e load rt'l' i,43Ilce, the grid biM, 

ow, H H"cl ... ,K!~' \\'_ JonL"", 1r<ld '<I H .. i.., I, 143 
{ !lllIIJ, 

FiIlU'. " , Sampl •• .c:. 
otdlof b.to.ra~caunt
Ing f.am 5-ma r.card
.',Uled wi ....... CO<H1t· 
Ing •• at. me te •• 
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, 
und the amount of degeneration in the 
('utbod(' cil'cuit of V-.5. A d-c vacuum
tube voltmeter ael'Ot"S t he R-C plate lond 
of !he avemging l'in-lIit, indicates the 
puke !'lIte and is {'u\i\watcd ill counts pcr 
minute. The ful1 .... caic ranges arc 200, 
600, 2,000, 6,000, and 20,000 counts per 
minute. 

RECORDER 

.\n &tcl'linc-A llb'1lfi 5-ma pen-and-ink 
recorder eun be pl\l~rt:d ill diJ'Cctiy in 
8<'riE'S with the panel meter, and, since 
the Ntlibration if! linCH ", Lhe rcC'or(\cr 
deflection will be proportional to the 
l'olulting rule. While !l recorder L'i not 
l'sscnlial, its usc is r('('ommcnclcd, 8iJlcc, 
IlCcau~c lluclctU" lmJl.'ifunnations occlIr at 
random iJlt.l'rVa\;.;, n definite time is re· 
ctllirf'd to ohlaill 0. Illinimum error in the 
dctcnniuuliun of the 8YCragc counting 
I'alc, no Illtlttl'l' what t he measuring 
method i.-.;, 

A sam ple of the re:<uil s to be expcclcd 
is .,hown in Fib'1tre 4, The uneveunes.<I of 
the tmn' iii :)J\ indi('atioll of lhe random 
time' di,~ trihlltion of lHH,leHt'lr:lnsforma
tio l ~<;. The lo\\'el' the count!! pel' minute, 
lhe more il'l'CgUitU' the t race will be, rA'l'
ecntage-wise, for:1 gimll runlling speed 
of tho paper, Obviously, if the counting 
rate \\'('ro only one PCI' minute und ran
dom in tlnl(' d istribution, the trace 
would be vcry irregular indeed, unless 
the s11lootJling capncita.nce werc \'cry 
hU'b"C' 

ACCURACY 

A stn\ight. line ClIlI be dru\\'rl through 
the recorded data t.o indicate the average 
('ou llting 1':1IC, The !lcemac:,>' to be ex
petted i~ !I fUlletioll of the counting ratc 

Fill~re S. View of pre·amplifler and quench;nll circuit 
a .. embly with ca~er remo~ed to oI\ow Type lS00·P2 
Bela.Ray Counler. Note "'e convenient arrangement 

fa' plugging in the count., luba, 

JUL Y_A UGUST, 1947 

and of the r('eording t inle, Afler equilib
rium has been ~blbli."hcd, a recording 
t inl(' uf aUullt. one minut.e is l'Cquircd at 
5U eOUlltli pel' lHinlltc to yield un error 
of teM than 2 pl'I' eont in the interpreta
t iOIl of the f'('f;u l t.~, wiLel'cas a. few sec
onds' obsrrVlltion will be $uJIieiellt at 
the high cOllnti ll g rntC8 (grciller than 
200{) rountS pcr minute) to b ring the 
errol' in the intl"l'pretation of Ole results 
dOWJl to a negligible vnlue. 1n addit.ion 
to this statistienl enol', the accuracy of 
Lhe indicated result. rall be no greatcr 
than tlw full~culc aC('llrae), of thc meter 
i~('If. This metering IICCUJ':IC)' is better 
th:U1 a pN (,Cllt or full s('alo. 

APPLIC A TI ON S 

Prewar I'lIdiuRCt ivil)' npplications were 
J)Ull1croui'l. 01ll'inl( the wal' nucle!ll' phys
i c~ Wtl.q utilized in lIlany projects, in
('hlq,ing blood preservation , goiter diag
tlO$is, mdiothempy, and, of COllI'8C, the 
atomic homb, PhYf;il'ists, cht..'lIIi.<;ts, gc
olo~ist.", hiologists, hotanists arc now 
applying the lIlany newly nvailable 
m<iio-if<otopt'li to t.heir' particular pl'ob
lcms. 1\r(:l:tll~lI'6")', power enginccring, 
eryst:lllogr:lphy, agriculture,_ oil survey
ing, glass alld plastiC!' manufacturing, 
combustion cugillcering design, ol'e 1\5-

saying, and turbulence l'cseflTch arc but 
a. few more of the fields where radio
activity is proving vcry useful. 

The radio-isotope is useful for these 
P\I1'I)():'C8, b('cauf;(' it has the same elec-
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GE NEIAl I AOIO EXPE I IMENTEI • 
trOll systcm as its stable eOll ll t.cq)urt and 
COnE;cqlleJltiy exhibilS the same chemical 
pl'OpcrtiC!<. Typical uses of these isotopcF! 
are us "tngb'Cd" elements in chemical 
react ions and in tl·[tccr work, :l.nd as 
radilltion flom Ot'S in Tlldiothcrapy. In 
these broad fi£'kifl or applicntion, it is 
fortunate that mally of the art ifi ()i!\lIy 
radioactive il'otorlCS are relativcly short
Iiveo since after cach cxperim ent the 
slnle is automatically wiped clean. 
Jodine 131 has a half-life of eight days; 
phosphorus 32, fourteen days. Carbon 
14, however, is vcry long-lived: 5100 
years elapse before its activity is halved. 
Some 85 r'ud io-isotol>CS are now avail
able rrom the Oak Ridge Isotopes 
Branch. Over 450 isotopes have ix.-eJl 
produced by the various pnl"l i(;\e accel
erator'S such as the cyclotroll, synchro
tron, and betntron. 

RiologitiiS h:\\"e lo:u'ned that geJls 
where growl b i,; rtlpid 11re )):l. rticula rly 

sellf'itivc! to irradiation, find that cells 
exhihit specific a l)l5orplioll. Dosagc of 
f<x.,d or of mNlicin(l for f\ specific o r'gfllL 

CUll conscquerd Iy ht' studied read ily by 
tJlO tr:lr-Cr t~("hniquc, and irradiation 
can be selecti vely npplied internally. 
li'or cxamp!t', rttdio-thernpeutic doses 
can be administered that will get radio
active str'ontiullI to a bone tumor or 
rudioactiv(' iodine to the thyroid gl!Uld 

when lotal irradiation is needed. Tracer 
lechnique is pl'Oving useful in study ing 
such problcms a.~ how light can form 
s(rga r"S pholosYll lhctically from Curboll 

dioxide and watol'. 
The breologist has glellJll~d iJlfonnntion 

on the :lb"tl of the earth fro m dcpooits of 
belium and pitchulende. Thc miJlel'nl
ogif;t hns tabulated the relative abun
dance of the naturally rad ioactive iso
topes filld is us illg the information for 
the ready a.nalYl' is of the potn..."Sium 
content of salt deposits £rom various 
regions. Tbo metallurgist is compiling 
"aluable data concerning case-harden
ing, welding,al loy ing by tracer methods. 

Cosmic radiation, plentiful at all 
times, prov ides a continuous supply of 
very high energy radilHion. E ven so, the 
mutatiOJl!! nttl'ibuted to cosmic radiation 
nrc not sufficiently well controlled for 
the zoologist, who COllct.: ll t l'rttes a radio
nct ive beam on the Drosophiln fruit fl y 
to f::lthorn in :l. shol·t t ime the secl'ct-a of 
cvolution tbut IIrc otherwise di.'1cl05Cd 
only after COllS of cosmic irradiation of 
the now hUIlUlIl species. 

l'u r thel' applicntio!ls of !luclca !' pbys
ics nre daily being found. T hey arC 
closely dCIXlltdcnt on the lise of elec
t ronic measuring tl ud counting instru
mentS. 

- A. G. BOUSQUET 

S P ECIFI CA T I ONS 

I on"., Full scl!.le vruuea of 200, 600, 2000, 
rlK)O, fln!1 20.000 couu t ~ per minute are pro
vided. The mUlimnm rnlC t1i11t can he read on 
the meter /\Crue ill 5 counts per rninute. 
"'c~u .acy : The iustrulnCllt hUll iJe6n calibrated 
with ageueraoorof equruly-SpllCCf.i pulses ooyield 
:lII :lCCU'IICY of :1::3% of fu\l sc1\le on 1111 rtmges. 
Count • • Tub" Counter is lIot included and must 
be ordered sepamtely. Doth bettl--ray and gfun
IIlfl-ray l'()unte.rs fire available. See Ilrioo list 
below. 
Counte r CI.cult Voltoge: The voltnge IIpplied to 
tht I'm,mte.r ('ircui~ is l'Ontirmously ndjustnble 

from 400 002000 voll:!. The value of the voltAge 
is read from lin eight-positiou switch and II. cali
bmtcJ di:1.! which oo\'e1"8 the 200-volt illtervnl 
between switch points. M eflll1l are provided for 
standardizing t he voltage so thllt t he BCCUr!l.CY 
of the voltllge rcndings is wirhirl ±3% of the 
actuul \'nlue. The power supply ill well regu
lated so that tine-voltage fl uctuations do not 
C:UJl!e changes in the high-\'oltBge ~upply. 

Output: T he output of the trigger circuit is 
available lit rear tenninals. The 4()().. to 20()0. 
volt varitlhle hlgh-vol tage lIupply is also avail
able at terrnil1ll.ls at lhe rear of the inrtrumcnt. 
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, 
Aural Monitor! A small loudspeaker is mounted 
(III the p:mel for \lile ll.i! fffi llUfll1 roouitor. A oon-

- trot, with nn off po~i~ion, is provided for IlCJjust
iug \.he volume. 

Po ... r Supply. lOS to 125 volL'l, 50 to GO cycle~. 
By t\ s imple f'lHltlge in CQIULC(;tioIlS 011 Lhe power 
~nm"rorm6r. 11 210-- w ZOO-volt tme enn he usetL 

, ....... Inp"" 00 \\'9.tts. 

Vae .. um Tub." 
5- GSJ7 
l - GA01 
l - GXSGTjG 
1 - 2X2/879 

7'ye 
1500 _A 
1500·P2 
15oo.P3 

2 - G.J5 
1 - 6C6 
2 - 9tH 
2 - OC3(Vft..I05 

Counting Rote Met., ' 
a. 'o_Roy Counte, . , .... 
Gommo.loy Count. r .. 

0U, S. I',.,ent No. 2.37 • . US. 

JUl Y. AUGUST , 194 7 

Acu .. o.'., Supplied, Power I·OIUl(.~tion cable; 
plug for rcoordcr OOllllooioll; WCfilllpli6er I'LS

scmbly, wit.h oollllc<:tion cable. 

Aue .. orl ... _. qul.e d. Geiger Mueller t"OlIut.er 
tube. See prioo lijjt below. 

MOllntlng. The instrument. is shipPl'd with 
walnut cnd frllmcs for tnhle mounting. Relny
TllA)k mounting ill pORo!ible by removing the end 
rr:ullll>l. 

DI",oulonll P!l!lcl, 19 x 8M incJWjj; depth be
hind panel, 13 inches. 

H. t Weight, 38H pounds, iue1uding prel.mpli. 
fier. 

C",h IVm"l1 Prju 

I 
"'OUll), $495.00 
I'o'Olmnn:TAlt 55.00 
II OIUlr(: \ ,\IMA 54.00 

THE NEW ELECTRICAL UNITS 
On January 1, 1948, the National 

Bu reau of Sta.ndards, in eoopen"ttion 
with silll ibr organizations ill other COUIl
tries, will introducc revised values of 
the ulljts of clcclt"icity and light. ThiR 
change was scheduled La go into clTect in 
1940, but the project was delayed by the 
war. 

The electrical units of the prescnt 
" intc mationru " system will be Su per
seded by those of the "absolu te" system, 
derived from the fundamenta l mceban
ielll units of mass, Icngth, und timc uy 
use of the Ilceepted principlcs of clc.etl'o
magnetllim, with the value of the per
meability of space taken a8 unity ill the 
ccntimetcr-gmm-6eeond system or as 
10-1 in the meter-kilogral1l-l5cconJ sy;;;
tern. ActuaJly, all of the common elec
trical twits fall into the m-k-l5 system. 
This revision constitutes a return to the 
basic principlt'S, alwllYs recognized us 
desirable, of h:willg Ule electrical units 
consistentwitb the funliameutal mechan
ical unit8. 

The international uilits now in usc 
were originally intcndCfI to be cxact 
Olultiples of the units of the cellt.imeter-

grrull-8CCOlld s~teHl, but the lwits were 
defined incll'jX'ndently. The 3.lHpcrc, the 
ohrn, and the volt wcre dcfilled by ref
erence to three physical stand:lrds - the 
si lve]' \'oltall1clel', U Rpel'ified colulllll of 
Ilum:ury, 1I1ld the Clark standard cell. 
The origiltal dcfilti! iOllS wcre not suf
fic iently s)lt.'cific to give the precision 
that eventually ('ame Jo be I"equired , 
with the result nmt the units as used 
diITel"Cd slightly from the (',..g--e systrm 
while, becallSC of the independent def
in it ions, the units did not satis fy Ohm's 
taw. 

This condition wns recognized some 
fO lty years ago, and the units wel'e rede
fined. The ohm as defined by the mer
cury column WM retained , as WI18 the 
nmpere in terms of deposits of silver. 
The nlagnitude of the international volt 
was ckmgcd to lIl!lkc it cOlifOistc.nt wilh 
the ampere and the ohm in ilw relation

shill l =~. Thi::; revi"ioo :u·hie\"cd con

sistency among the unitJ;, hut did not 
correct the difference betWCCIl the inter
national system and the c-g-s system. 
T he revision of the units to accomplish 
this correction \\'118 tlgfC(~d upon f\fl de.-
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.sirahle by mUIlY scientific ruld cngin('('l'
ingsocictiC'S:\S carly :l'l twenty years a p;o 
aud, si l Lec I hat tjl1l1', pIll tl!l for I he dw ngc 
ha ve bcC'n going fOI'\\'ard. Ai)@olutc IIlCili>

uromentl; of rCr<u.t:w('c and currCJlt. have 
iJc<>n made in v;ll'ious countries, ali(I the 
results correlated hy 11l(,Ui:illl'CITH~J l t .. 111:U!C 

on the V:\I'iOUR lHl. ttonnl sl andu rds at the 
InterJmliOllfil Bureau of Weights and 
Measures. 

At its meeting in llaris in October, 
1946, thc Internulional CommittC'e on 
Weight;: :lJl(I 1\Jcssurcg adopted t he fol· 
IOWlllg relations hcl wem t he mcnu il1-
tCnlationlli units and the new n.bsolulc 
units: 
I 1I1Cfm int'~rnutiollfll ohm - l.OOO~9 ubs. ohms 
1 mCi\n inf.('nHltionru volt _ 1.()()034 Ilbl!.. voll.'I 

The THean international unit)' arc t l lt~ 

(I.Wrab'<'s of units as maint:liJ1Cd by six 
countrieS (Fl'ilTwe, C('rtllftTl)" Crea l, 
BritlliH,J:I[XUl, U.S.S. n .,:lOd U.S.A.), 
nil o f wh ich took part in this work bcforo 
the Will'. Each country's units differ 
sligh tly from the f\vcrabO'(', and t he con
vCfilioll fflCtOr:s for lhe Ulliled Sl ates 
will be fl." follows: 
1 intemntionnl OhlJ'l - 1.000495 tilis. ohms 
I intcrnaUonal volt - 1.00033 ab!!. volta 
I intcnl!ItiOl\Ui ampere - 0.009835 abs. tLmpcrc 
1 internatiot1al henry - 1.00(41).5 nbs. henryg 

• 
1 internnt ionnl {Mnd '" 0.999505 nbs. furad 
1 int.crnntion>ll "'ntt "" LOOOIG5 abs. wntts 

T o eOllV('r!. tIll' value::; of existi ng ..;talld
lIl'<l..; to the IH'W uniti'i, thnpl'Ci<rnt \'a lm's 
::;holl l<l IX' Ir ll ti tip lit'd by the!<e ratlor,;. 

It will Ix' I'll'\'t! that for re;<istullt£', ill

dUl'Ianc£', and capacitance, th\~ IIlflgni. 
tude of the d Ulllbrt: is 0,05 pC I' crnl. Thi:;; 
differcnce is !arb'lJ e/lough ;;;0 t hnt it can
nut. be 11C'gleC'1C'C1 in calihmtions gUllr
anteed to 0,1 per cent or 0.25 pel' ccnt. 
Conscquently, dm'iug the second half of 
19-1 7, Olll' ('!l l ibrnt ioll,~ of r($i8tOI'~, ca
pacitor:3, nod indu{'jors will grtlciually be 
chnnged to the new ulpolute units . Dur
ing 194 7, t he N alional Bureau of Stand
lIl'fi l< i:o: specifying talihr:lLiolls in both 
sysl elUs of un its, ami QUI' own !-\t:lll(ilU'cis, 
which :'Ire t heckf'd periodically by t he 
BUN.'au, a rC' being rcv:.lueri ill the new 
\lni tl<. 

All i/l~t]'urncm t s lii'ted ill Clltn log 1\ , 
will, in the futw·C', be l,tt1 ibmtt'd ill t hl' 
n~w units IlIld when !'lu \·:dibl'a.ted will 
CfIlT)' t he word "absolutl'" 01' tIll' IIhbl'c· 
vintion "abs." on t iH'ir p:lIwls. All new 
iJ1Sh'ultH~n ts not 36 yet l'ntaioged, will 
be caiibwleu in the new units, without. 
s pecific "t a lC'llIcnt on their pnJlclR. 

- R. F . I?U:I .. D 

TilE General Radio ex.I'ER!MENTt;R is mailed without charge each 
"lQntlt to engineers, scientists, technicians, and others interested in 

COlltnl.unication-frequency ,neasurentellt and control proble"lS, IPhen 
sending ret/llests for subscrip tions (ltld address-change notices, please 
iJupply tile following information: tl(Ulle, company address, type of busi
n ess comptHly is en gaged in, and title or posi.tion of individu.al. 

GENERAL RADIO COMPANY 
2J5 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

MEW VII .,: I, NEW lO U 
II WUT SU CET 

HL- WGRTN l·HH 

TELEPHONE: TROWBRiDGE HOD 

BRANCH ENGINEERING OFFICES 
l ll S ANGElES It, CHlfO~NU 

ISO NORTH HI GHlAND AHHU E 
tEL.-HlIllYW II IID alDI 

CHItAG II 1. IUIII II U 
UD SO UTH MICHIGAN AVEIIUE 

Tll.- WAU f H HID 
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