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Description. 
General. 

The Megohmmeter Type 2423 (fig. 1) is a mains opera ted d. c. tube volt­
meter with high input re~i s lance. Th(: tube voltmeter can be used either for 
measuring d. c. voltages or in connection with a built-in stabilized voltage 
supply for measuring high r es is lances, e. g., insulatioll rcsis tance in capacitors, 
c;lbles and insula tion materials. One particular application of th e equipment 
is III" m"3S\1l'Cm(~ nt of in s I11ation in Sl1'3ill-gagc set-ups . 
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Fig . 1. Drawing of the M egohmmeter rrype 2324. 

As the circuit diagram a t the back shows, the d . c. vo ltage lo be m easured 
is fed to a voltage di vide r w ith fl total r es is ta nc e of 100 mego hms. Use of 
sllch high r es ista ncc values is made possiblc Ly a cathode-co upled pre­
am plifier stage, opera ting with a specially low anode voltage, in fact so low 
that no ionization takes place in the tube, so that th e grid current is very low. 

From this s tage, which is balanced and which uses a double-triode, the 
voltage is led from the cathodcs to th c grids of another double-triode, between 
whose an odes is placed the moving-coil met er. This Intlcrba Janced amplifier 
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stage opera tes in consequence with a low and constant impedance on the 
grids, so that the grid current is insignificant. The sensitivity of this last 
amplifier stage can be controlled by means of a variable resistance placed 
between th e two cathodes. The instrument is completely safeguarded against 
overload and has an easily read illuminated logarithmic scale. Zero point 
adjustment is carried out by means of a potentiometer in th e anode circuit of 
th e last amplifier stage. 

The d. c. voltmeter has ranges 1 - 10 - 100 - 1000 and 10000 volts for 
full deflection, to which it must be pointed out that the last measuring 
range of 10000 volts should only be used for voltages of np to approx. 
2000 volts. This voUage range is only included becullse there was use for 
that range in measuring insulation resistance. 

';Yhen measuring insulation resistance the tube voltmeter is used in 
connection with two built-in voltagc sources for stabilized voltages of 
respectively 10 volts and 100 volts. To make possible the measuremcn t of 
insula tion resistance in large capacitors, these voltages are stabilized very 
carefully by means of two glow-tubes. The 100 volts supply is normally used 
for measuring insulation resistance in cables and capacitors, while the 
10 volts supply is specially intended for measuring insulation in slrain gage 
set-ups, where a higher voltage can normally nol. be used. 

Power Supply. 
The equipment can be opera ted from 220 - 150 - 127 - 115 volts a. c. 

mains. Power consumption is approx. 12 watts. Setting to different mains 
voltages is carried out with a voltage switch which can be opera ted by fl 

screwdriver through a hole in the rcar pJatc of the equipment. The voltage 
selecled is indicated on a plate coupled to thc switch. When adjusting, 
disconnec t the equipment from the mains. 

A fuse in the transformer-primary circuit is placed above the voltage switch. 
The Iuse can be replaced without removing the rcar plate of the equipment, 
simply by removing a cover placed above the voltage switch . 

If it is desired to operate the equipmcnt from d. c. mains or accumulator, 
a vibrator unit or rotary converter should be used. 

Operation. 
Geucral. 

The apparatus is conneclcd to the mains and swilched Oll, Ilie scale lamp 
lighting inuuediately. The tube cathodes \Varm up in about 20 seconds, and 
in abo ut 2 minutes the appa ralus is ready for use . 

Zero point adjustment is carrie d out by means of the Imob on the right 
The adjustment is praetically constan! for all ranges, except for the 100000 
MQ range, where lhe zero point may shift a little. 
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When measuring d. c. volta ges, the volta ge to be measured is connected to 
the two sockels on the right rnarked " Volt" . The right hand socket of the 
two is connectcd to the cquiprnent's frame, while the left hand socket goes 
to the volta ge divider , with a total resistallce of 100 rnegohms. The apparatus 
normally only mcasnres voltages which are positive in relation to the frarne. 
If on e wish es to be able to measure volta ges which are both positive and 
negative in relation to the eqniprnent's frame, a zero point adjnstment can 
be made corrcsponding to the instrument's internaI scale, i. e., in the zero 
position the instrument's pointer is sel at the clectrical mid-point of the scale; 
in this way one obtains a scale range of - O.,) - O - + O.:> volt, instead 
of the llormal l volt range, and similar ranges can be set lip in the case of 
the others. 

\Vhen measuring insulation resistanee with the 100 volts supply, the un­
known resistance is connected to the two sockets marked MQ X l, and the 
resistance can th en b e read off on the scalc, bciug a product of the 
reading and the factor given 011 the range switch. If one wishes to nse the 
10 volts s upply , the resistancc is connected to the two sockets rnarked 
MQ X 0.1 , and this fador of 0.1 must be introduced into the valne read. 
The meter has a furth cr scale effective for a measuring volta ge of 500 volts. 
This vollage must b e supplicd from an cxternal sOUl·ce. 

For preci sion m ea surcmcnts with thc 10 volts Slipp ly , corrcctions for the 
scale calibrations must be uscd. The reason is that the value of the full 
deflection on the ll1eter's l volt scale is not negligible in comparison with the 
measuring voitage , a s is th c cuse with the 100 volts supply. The corrections 
are made according to the following table: 

Correclion Table for the 10 V Range. 

Heal Value i\letcr Value Real Value Meter Vahle 
l 1.05 8 7.i2 
1.5 1.53 9 8.66 
2 2.00 10 9.61 
3 2.05 15 14.40 
4 3.00 20 19.20 
5 4.85 50 48.00 
6 5.80 100 95.00 
7 6.76 

If the measuring object is a capacitor or cable of large capacity, mnch of 
the charging time can be saved by connecting a switch across the two sockets 
on the right marked "Key", this switch only being opened when the reading 
is taken on the instrument. The in ~ ula tion resistance of this switch should 
be great in comparison with the 1000 m egohms input resistancc in the 
equipment. 

If during measuremenb of insula tion rcsistance of materials il is wished to 
avoid leakage currents over the surface of the material, a guard-ring can 
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be used , which ea u be eonneeted to th e equipmcnt's fram c, for example by 
connecting it to the right-hand of thc two sockets marked "Voll". 

A 10 % variation in the main s voltage changes the tube voltmeter's sensitivity 
upprox. P/~ % and th e Ulcasuring volta ges appro:'l . 0.03 %. Changes in 
res is tance m eas uremenls are conseC(lIcntly less Ihan 2 %. 

'Vhen mcasuring the in sulation res istance of large capacitors, evelJ a vari · 
ation in the meas nring volta ge of onl y 0.03 %, e. g. 30 mV in 100 V, can be 
tronblesome, if the variation takes place (juickly. In sut:h a CDse the variation 
will of coursc go throngh the capacitor into the d. c . tube voltmeter, whosc 
sensitvity for fnl! sca le deflec ti on is l V, so that the 30 mV will produce 
a 3 % change in the full deflection on the scale. If thi s cannot be accept ed , 
a battery voltage sOlll'ee will have lo be used. 

Changing of Tubes and Read.iuslmenl. 
Th e tnbes are aceessible when the equipment's rear plate is removed . . \1' ter 

changing the tllbes the equipment should be readjus ted as dcscribed below. 
The scale -lnmp sockel is f astened to a bracket on th e moving-coil instrumenl 
by means of a screw, an d can be removed by looscning the screw by a screw ­
driver. 

The tube voltmetcr 's sensitivily is adjusted by mcans of a potenti omcter 
plaeed belwcen th e ca tllOdes in the la s t amplifier s tage. This potentioml'ler can 
be adjus tcd Ly mca ns of a screwdriver through an aperture in the rear plate 
of the eqnipmellt. By comparing with a standard voltIIleter th e meter rea din g 
can be checked. This will be ncce,sary aft er the repl aee lllent of tllbes etc. 

A readjustment of the measurin g voltage after the glo w tubt' sl.abilizers 
ha ve been changed, is carried out by changing the res is tance R5, plaeed on 
the te rminal st rip which is access ible when th e equipment's rear plate is 
removed. If th e m ea suring vo ltages are too s mall , this res is lancc must be 
decreascd, and vice versa. llowevcr , thi s re~istance should he a ltcred only 
after th e glow tubes have been weli run-i n. 

The m e,l s llfing volta ges are belween the equipmenl 's fram e a nd the two 
right-hand soekets of the pairs marked 100 Vand 10 V, and th eir nominal 
vallles are 100' /2 vo lts and 10'/2 volt s . T hey can be measured with a co mpellsa ­
tion or tube voltme ler. Th e voltages can however also be adjusted with the aid 
of lmown rcsistan ces, for example of 10 and 1 mcgohm , after the instrulllcnt's 
sensitivi ty as tube voltmeter has been ad jus ted . 



Appl ications. 

A series of examples will now be given to show how the Megohmmctcr ('an 
be used for typical measurements. 

Reslstance and Insulation Measurements. 
Fig. 2 shows the mcasuring set-up in which the resistancc of a non-groundcd 

object is measurer!, for ex.amplc, betwecn two transformer windings , the 
insulatioll resistance of a capacitor, or measuremcnt of high rcsistance values. 
It is an advantage in this connection to gro und the equipmcllt, so that static 
voltages on the mcasuring object do not ml'lke mcaS\lrcmcnts difficult by 
causing -the pointer to f1uctuate too mnch up and down. \Vhen measuring 
capacitors with very high insulation rcsistance the pointer can sometimes 
be very di sfurbed ; see the special section on this for further details. 

Capacifor 

=El 

Fig. 2. Set-up for resistoT/ce-measurement of non-grounded objects. 

Measuring Large Capacitors. 
When measuring large capacitors or cablcs during production and so on, 

it can be an advantage to use a key to allow quiek charging of the capacitor 
or cable. 'The key can be a simple telegraph key whose insulation resistanee 
should be great in relation to 1000 MQ and connected across the points 
marked "Key". The key should be arranged as shown in fjg. 3, so that when 
the key button is depressed the contact is broken. When the key is not 
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depressed, the Megohmmeter's voltage divider of 1000 Mil is sbort-circuited, 
so that the capacity which is being examined is charged up almost immediate­
ly. On depressing the key the voltage divider is plit into circuit again , and 
the capacitor's insulation resistance is measured. 

Sig Condenser 

2423 '----C===:!:.~==~=S.~pring 

Fig. 3. Measuring arrangemcnt for the mcasurement of {arge capacitors. 

This quick charging key can be used for measurements with both 100 Vand 
10 V. In general, it is not necessary to have any special arrangement for dis­
charging the capadtor again, as a voltage of 100 V is 1101 dangerolIs. 

If, however, it is desired to discharge the capacitor, the arrangement shown 
in fig. 4 mnsl be lIsed. Here u 2-pole 3 position switch is lisetl. In the one 
position the measuring object is short-circuited, in the next position the 
capacitor is charged up, and in the last position it is measlIred. lt is only 
necessary thaI the insulution of the main contacts in the switch be great in 
comparison to the volta ge divider's 1000 Mil. Possib'le Icakage currcnts are 
eliminated by being lead to groulld, as tbe switch is constructed in two 
sections. The connection is made as shown in fig. 4. 

Charge 

Test short 

2423 ~nden~rCo6le etc 

Pig. 4. Set-lip for disclwrging {arge capacitors a/ter measuremcnt. 
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Measurement of Strain Gage Insulalion and Insulalion Measurements 
on Gronnded Objeets. 

\Vhen lte inslllntion is lo be measured with respect to grollnd , for cxamplc 
on straill gages which are stuck lo a grounded metal surface, or the illsula· 
lion of cables with respcct to ground, or the insulation betweclI thc windings 
of a transformer, whosc iron core is grounded, the Megohmmeter must nol 
be grounded. The ground lead must be conncctcd to the right one of the 
plug pairs marked 10 Valid 1000 V respectively, depending on the measuring 
voltage desired. The slrain gage wire or thc tramformer winding is connected 
to ./.H2 X 1 or Mil X 0.1, as shown in fig. 5. 

No ground on 
cpparalus 

Jlroin gauge on groundetl surloce ~l Grounded Iranslormer 

Fig . .5. McaslIrcment of the inslIlation resistance of (l stmin gage installation. 

Care should be taken by these measurements that the Megohmmeter 
is not connccted to earthed obj,ects. \Vhen measurillg stmin gages only the 
10 V mcas urillg vo Hage shouJd be used , as most strain gages will break 
down if subjected to 100 V measuring voltage. The distance between the 
gage wire and the matel surface is often only a few hundredths of a millimeter. 

Hesistance Measurements with External Vollage Source. 
If for Olle reas on or another it is desired to measure with other voltages 

than the built-in 10 and 100 V, r esistances and insulation resistance can be 

. ,~~ 

. .~ 


Fig. 6. Set-llp for resistoncC-llleasurcment llsing an external uoltage source. 
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measured as sh owll in fig. G. Thc vo lluge soure c, llormalJy a battcry, IllU st 
be grea ler lhan 10 Vand has ils negative pole c:onncet cd lo th e chass is of 
lh e app:JraLus, and th c Tcsis tancc lo he mcas ured is insP.rtcd betwccn the 
pos itive poIe of lh e battcr)' amI lh c lcft one of lh c appa rntll s "MQ >< l " 
bushings. T he resislance ca n be eakubled fr om lhe follo\\'iu g formula, ",hen 
thc dcfl ec lion is read on the apparallls m egohm scale: 

(Scale dcflec~on X multiplica lion factor X battert volLag ' i 
R = 100 

GeJlerally, it is adviseable lo groulld lhe MegohmlTleter. 

Measuring the InsuIalion Characterislics of Transformer OH. 
Fig. 7 shows tll e set-up for mcasuring thc insula tion eharnc teristies of tra ns­

former oi l. A pair of eIectrodes of cOllsiderable size ar e imm ersed in the 
oil, the distancc from the electrodes to the ed ge of the container being grea t 

- -

- oi! 

Fig. 7. Set-LIp for the meaSlll'emcnt of inslIlatian characteristics of 
transjormer oil. 

in rela tion to the distance between th e eIectrodes. Thc insuIation r es istance 
is meas ured and the spec ific resistance de termi.lled according to the following 
fo rmula: 

Measured r cs is tance X eIectrode area 
Specific resistanc(, = electrode distance oh m cm. 

If the oi! being m easured is highly insuIating, a small eIec trode distance 
and large eIectrode area are naturally chosen. The Megohmmeter should be 
grou nded during measurements. 

Measnments of D. C. VoJlages. 
All d . c. voltages from 0.01 V to 2000 V can be measured at the two lower 

,right bushings marked "Volt". The bushing to th e right is grounded , 
which must be taken into consideration when d . c. voltages are be ing meas­
ured. The input impedance on the 5 positions of the a ltenualar is 100 MQ. 
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In thc position marker! "l V Key " , the impedance is 1000 MQ. Il is thus possible 
to have a m eus uring range with l V full deflection , and an input impedance 
of 100 MQ or 1000 MQ. Ir, the lutter casc the voHage shollld be fed to the 
bushings marked "Key". 

A large range of laboratory measurements can thus b e curried out with this 
apparatus : for examplc, it is actuaIly possiblc to mcasure potentials with 
glass electrodes and similar apparatus with high internai resistancc. If the 
positive pole is earthed , negative d. c. voltages can still be measured by 
shirting the zero-point, so that it lies for ex ample at 5 V on the scale. When 
the negative voltage is applied , the pointer will dcflec t backwards , and the 
rl c fl cdion from 5 to the d cflcct ion point gives the n ega tive voltage. See fig . 8. 

----o 
c lIo/lage 

+ PosifiveJ:-;
g/"Ounded 

Fiy. 8. M easllI'ement of d. c. voltages. 

The range m arked 10 kV eorresponds to a full deflection of 10 kV, but 
tbe input sockel s are only m ade lo stand a voltage or 2- 3 kV at most, which 
is therefore the highest voltage permissible . 

Measurement of Small Currenls. 
Megohmmeter Type 2423 is also an excellent, highly sensitive micromicro­

ammeter. Th e current to be measured is fed to the socket~ marked "Key". 

~ \&I cu~ent Measurement 
~:!: .;:::~~Q:.;(:~

2423 


Fiy. 9. The Megofllnmeter Il sed as micromicroammeter. 


11 



Switch Position 

X 1 ~!Q (10 kV) 

TI es is lancc 

ID H? 

Full 

0.1 mA 

CUITc nt 

IDel lec li o n SlIl a llcs l neadahle 

or 10­ 4 Amp. I 1 1'-"­ or 10-6 Amp. 

X lO ~!Q 

X 10" W2 

XIOn W:? 

1000 V 

100 V 

la V 

100 kQ 

1 MQ 
-­

10 Mil 

I la p.A 

I 
1 p.A 

0.1 ",\ 

or 10- ö AmI' 0. 1 11.\ 
- -­

or 10-6 AmI'. 10 n.\ 

or 10- 7 Am t>. 1 11:\ 

01' 10- 7 Am\>. 

01' 10-8 Am\>. 

o r 10- 0 AmI'. 

X 10"- MQ 1 V 100 ~i'Q 10 ilA 0 1' 10- 8 Al1Ip. 0.1 nA 0 1' l O-tO Al1Ip . 

X IO" ~!D 1 V !;ey 1000 :-Ii? ! l nA or 10- ~J Amp. 10 pA 0 1' 10­ 11 Amp . 

The right socket is gro uJlded , and should be the negative pole. Fig. 9 
sho\\' s Ih c connec li on , flnd afl er lhc fi gure the cUITenls fire given which 
cOfTesponcl lo fllll deflection, and also the small est CUI'f ent which it is 
possible to measure with accuracy independent of Ihe position of the main 
switch. The shunt resistances are als o given . The table shows thai it is 
pos sible to read c urrenls down to 10-11 am]). The smallest readable values 
are calculated as 1 % of full deflec lion , but because of the logarithmic scale 
thi s corresponds to 3-4 % of Ihe scale length . 

Compensation Measuremcnls. 
The Megohmmeter is weil suited as an indicator in compensation measure· 

ments. Fig. 10 shows s uch a se l-Up. T he voltage from a knuwu volta ge source 

Known vollage 

Ca/lhrated I +:"'.,;,- : HI' atfenuator ~ . -~- -- I 
~ .::::.::;:.. Bat. 
~!'~~ ":":7 !-® 

~ 

I -- 2423 Unknown vo/lage 
-" -

Fig. 10. Set-up sbowing tbe Megobmm eter used for compensatian 
measurements. 

is appli ed across a calibrat ed allcnnalor, and the unknuwn vollagc, which 
may have a very grea t inlernal resistancc, is conJ1ec led as shown in the figme . 
The atlenualor is adjusted till no curr enl passes through the Megohmmeter, 
and the value of the unknown voltage can then be read off on the atlenua tor. 

Radioactivily l-"leasuremenls. 
On account of ils high sensitivity to current, the Megohmmeter is nJso 

suitable for m eas uring currents from an ionization chambef using the interna! 
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vo ltage of 100 V. An arrangen, cnt is shown in [ig. 11. ]t is assumed thai 
the ionization chamber is cons tructed of a ser ies of paralIei coupled plale s, 
so that with the 100 V ava ilabll! a field- s treng th of alleast 100 V per em 
betwecn the plates can be obtained , making it poss ible to meas urc up to 1000 
Röntgen per hour. 

lonrzohon chotnber 

I I 

1 

©I 
I 

,,-~ ." 

- ­ f,-­ , 

~ :!.:::-. 
I ~2~3 :f

/\ I \ 

Full del/ee/lon read/ng 

Swilch Position X IOl~l!!1 XHI·1 :- [D II ;< 11;2 :-IDI XIOW2\ Xl W'.? ~ ""' ''"I ­lOlla cm3 ch~mbcr yolume IO .S r/h I lOR r/h I~ lOKO r/h I I I 
926 crn a ch;:ll'Jlbcr votumc lO dh I 100 r/h -II 1000 r/h I I I 

Fig. 11 . Measul'ement al the current from a ionization c1lOmber. 

With an effective c11amber volume of 1000 cm3, the radiation inlensities 
givcn in the table can be measllred for full deflect iol1 on th e m eter. By re­
ducing the effec tive chamber volume to 926 cm 3, full defleetion will be 
obtained for the intcnsity in powcrs of 10 as given. If one wishes to measure 
heavier radiation inlen s ities, agreater volta ge must be put across thc ioniza ­
tion chamber, to oblain sa turation ClIl'l'cn!. The higher th e voltage availablc, 
the greater can be the distance betwccn th c elccll'odes. 

Measuremenls on Capacilors with very High Insulalion. 
'Vilh capacitors whosc insulation resistance lies exceedingly high, the set-lip 

of [ig. 12 can be lIs ed. This method is bascd on the use of the welI-known 
R-C discharge curve for a capacitor discharging thr,.>ugh a resi,tor, and the 
value of H is here the capacitor leakage resistance. The eapacitor is [irst 
charged up as ShOWll on thc Icft with exaclly 10 V or 100 V. lt is Ihen lert 
charged for a period, if necessary weeks or even 1110llths. Il is thCll C'~ nnccled 

to the voltage sockels and ils voltage measured. 
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If the capacitor is small , it will naturally quicldy dis charge across the 
100 l\lQ resistancc (or 100 0 i\IQ ",hen it s voltage is less th :m l V) , and the 
:nstrulllCllt will be ll11ablc to sho \\" th e proper I'oltage. By the Gut-and·tr)' 
method the concel voltage is now round as the voltagc to ",hich the capacilor 
must be charged, to give the same deflection as prcviously when conllcctcd 
to the voltage socke ts. 

2423 

~ 
~ 
~.}'~~'>-:-. 
"e .• ®®-= ­®-®-­

Vo/toge meo!il/rementCharge 10 Vor 100 V 

Fig. 12. Set-np sllOwing halV meaSllrements on capacitors with very high 
in.mlation resislance call be carried ont by m eans ol tIre M egohmmeter. 

The Ieakage rcsislancc R can then Le calculaled according to the formnIa 

R = t 
Vo 

C X In (- V ') 

where R = Leakage resistance in NID, 1 = \Vaitillg time in secollds , C ,~ 

Capaeity in ""F, Vo = Voltage to which the capacitor was originally cha rged 

and V = Voltage measured art e r t sceonds , In (~Oi 'cc Napierian logarithm 

of thc voltage ra tio ( ~o). 

!\Ieasuring nesistance with High VoJtage. 
Insulation resislance can be measured with voltages up to 1000 V by the 

:'IJegohmmctcr in connection with an externat vollage sOllrce, se t-lip similarIy 

to Fit!. G. 

Care should be laken that:J voliagc sOllrce is se lected whieh has a Illaximlllll 
output eurrcnt of only about l mA making this sourec complctely harm1css 
in use. IIearing aid type batlerics, 30 Volts, for examplc Hellesens Atolllax 
10123, Burgess U 20 E or National Carbon Co. "Eveready " H3 are suitnhlc 
battcrics for building up this external volta ge sourcc. :\11 the prcviousIy 
mentioned nppIie:llions can also be carr icd out with tid s combiuution. 



Finally, Fig. l:J shows how measlIremcnt, arc made on insulaling malerials. 

A disc is lllrned from the insulation material which is to be measllJ'cd, and 
a centre depression and an oulcr ring arc lhell turned in thc (lise, as shown. 

Thc dis" is lhen floalcd on m e rc ury in a conlainer, and mcrcury is pJaccd 
in the central dcpression an rl Ihe rin g, which lhen hecomcs a guard-ring. 

2423 

Test material _ 

Guard ring 
mercury 

Test material 

Guard ring ./1 
mercury 

"Mercury 

f62J78 

Fig. 13. .1!casurement on insu!ation materials. 

l t will be scen that the guard-ring completely eliminates lcakage eurrenls, 

for the mercury ring is groundcd, so that any eU1Tents whieh attempt lo travel 

over the surface of the insulation material will then be discharged lo earth. 
The CUlTent measured will then be only that which goe s through the body 

of the material itself. The specific resistance is then defined, as in the case 

of the meaSllrement with transformer oil, as 

Measured resistanee X test area 
Specifie resislance = disc thiekness ohm cm. 

'With poar insulating materials, and when one wishes to measure with 

100 V mcasurillg voltage, Ihe l\Icgohmmeter can of eoursc be used without the 
ex.lerllu l vollagc 
guard-r in g. 

SUUI'CC. AcJvalllage would of coune s lill be take l1 of the 

Some Remarks 011 Insulaliou Resisl
Resistance in metallic eonductOl's 

ance. 
is measured in n, a nd is defined as the 

ratio betwecn voltagc and ':.\llTcnt. he resisialIce in these conouetors depends 

entirely on temperature, the dimensions of the conduclor and the specific 
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rcs is l:lI1ce, which is a co ns tanI , absolute vaIue independen l of th e voltage or 
currenl. 

il is, howeve r, mu ch l1l ore difficlllt to definc resistancc when it is a 
Cjucstion of CUlTcnt in insulato rs, where currcnt flow frol1l one point to 
allothcr under the infIu cncc of a voltJge. lIowcver, th e r es is lance iII SI is 
still defined as the ra tio bctwcen voltage and current, bllt for the majority 
of insulation materials il is the ease thaI this resistanee is not ind epend ent 
of current, voltage, or Ihe lime during whieh th e measurem en ls are takelI. 

In the cours!' of lime a long series of iny!'s ti ga tions have been made lo find 
whal ac lually lak es place in in5ulalion mat erinls, when Ihey are subjected 
to vollage variation. Bricfly, th e rcs uli of this work shows thai in an inslIIator 
to which a voltagc diffcrcllce is applied a current arises composcd of at least 
3 different componcnls. 

1) Pirs t, a current ",hich arises as a res uIt of th e molecular poles pIacing 
th emse lves in the direction of the vollage gradient. This current ,:.o rresponds 
neares t to a capacity currenl. 

2) A seeond compOllcnt of th e lo tal cllrrent which is an iOIl mOVClllcnt, 
that is , a 1l10VCllJent from the one eleclrodc to th e other of e lee lri ca lly charged 
particles of material. The normal laws of electrolysis are dfec live for thi, 
ion cUITcnt, th at is, thal till' current is dependcnl on lh e number of ions and 
th eir freedom of 1II0 vcm cnl. On thi s account the ion current in creascs with 
tempera turc for cons tanl volta ge. 

Onc difference frolll clec tro lys is iII fluids is that the movelllent of th e ions 
in so lids is not u"ifo nn a t a ll points, so that no t all th e ions have equal 
oppor luniti es to rea ch th e e lec trodes. Tbcrc is th crefore often found in a 
seelllingly h omogeneous inslllatioll matcTial quite defin it e paths along which 
th e ions m ovc . An ion CHrrcnt is Ilot of constant val Ile , c.on sirlerable variations 
and stepwise jlllllPS are oftcn fou nd . The llumlJcr of ions as a rule decreases 
aft er the insutlllioll material h;\ s been suhjec.ted to a voltag.:: differencc for 
some tim c, lhat is , tb c insulati on rcs is lllnce will be gr~ater a shorl while after 
meaS llreTll ellts have been begun. 

The aggregating of ions in definitc zoncs, which ca n nol discharge as a 
current, results in thcse zones ac tillg as a sort o[ capaci to r, which , when 
alternaIely charging and disch::u-gi n g, ca n cause c.hanges in Ihe ion s tream 
normally f1ow ing. 

3) Apart from co nditi ons ins idc th c insulator , tbe bounrla ry sur[ace must 
a lso be co nsidererl . Every ill s llla tor in practieal li se has a continllOll s s llrface 
be tween th e elcctrodes, whi ch is in contact with the a ir , and n"e r which 
asu rfa ce current can move. 

T he s ize of this current is dependellt on th e charactcristic o[ th c sllrface. 
With hygroscopi c materials these s urface currents can bc IIJany times grea ler 
than th e remaining cu rrent s. Parl.i cularly sl rong Sllr[acc Cllrrcn ts arise with 
various types of glass whi ch have the property of binding water to th eir 
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surfaces. It is possible to decrease these surface currents considerably by 
treaIment with various compounds. 

Many insulation materials have their surfaces covered with microscopic 
scratches and cracks, which have a powerful capillary attraction for waler 
molecules, and these surfaces are therefore of ten liable to hold moisture. 
The surface currents are, as a resllIt, very dependent on the hllmidity of the 
a tmosphere. 

The normal electron current which is found with metallic conductors is 
quite infinitesimal in inslllatioll materials, compared to the other components. 
This means that with illsulation materials one eannot take into accoulll these 
considerations to which Olle is accllstomed with metallic conductors. Because 
the current which flows in insulation materials has no linear reIationship to 
the volta ge, one cannot discnss inslllation resistance defined as a relationship 
betweell voltage and currcnt, without at the same time defining a long list of 
other factors, such as the voltage one is measuring with, the time during 
which the material has been exposed to the voltage, the humidity of the air, 
the lemperalure, and so on. 

Even when all these factors are well defined, easily reproduceable measuring 
results can not be expected. The measuring instrument should lherefore nol 
be considered inacurate becallse different va lues of the insulatioI! resistance 
of a capacitor are obtained during mcasurements. Likewise, it is of ten noticed 
when measuring good capacitors that the pointer Oll the meter swings a 
little bacl, and forward. This is as a rule not due to any fallit in the 
Megohmmeter, but to the irregular characler of the current through the 
insuI.'\tion material. 
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Specification. 

As Megohmmeter. 

Resislance Range: 0.1 to 10,000,000 m egohms in 7 ranges. 

Mcasuring Voltages: 100 and 10 volts. Stabilized to 0.03 % for 10 0/0 
va riation in supply voltage. 

Megohm Scales: Two sca le s for 100 and 500 volts. The scales are approx. 
logarithmie for inverse megohm s ('rom 1 to 10 (5 to 50) and approx. hyper 
bolie from 10 lo 00 (50 lo (0). The scale is illuminal ed for eon\'eni ence . 

Accuracy in Uesistance ~feasurement: 
100 Volts-seale: (2 + 0.2 A) 0/0 
500 Volts-sea le: (2 + 0.04 A) 0/0 
where A is the aetual seale-figurc. 

Zero Point: The same zero adjustment applies to all !'anges. 

Leakage Uesistaucc of Capacitors: Special lerminals are provided for thE 
connec tion of a key, wh creby Ihe C'a pa eitor's charging time can be reduecd 
to a minimum. 

As d. c. VoltmcIer. 

Vollage Range: 1 - 10 - 100 and 1,000 volts full seale defleetion . Up to 
2 kV on lhe (10 kV) range, 0.01 volt can be read. 

Input Impedance: 100 m egohms al terminals marked "Volts". In posilion 
"1 V Key" the input impedanee is 1,000 megohms at the terminals marked 
"Key 1 V". 

Scale: Linear from O to 1, logarithmie bclween 1 a nd 10. 

Accuracy: 2 % of aetual seale valne + 0.15 % of full seale defleetion. 

As d. c. Micromicroammetcr. 

Currenl Uanges: 10-0 - 10-8 - 10-7 - 10-6 - 10-5 - 10-4 amp. full seale 
deflee lion . 10-11 arnp. can be r ead. 

Shunt Resislance: 1,000 - 100 - 10 - 1 rnegohm and 100 and 10 kiloohm. 

Scale: Same as voltage scale. 

Accuracy: 2 % of aetual seale value + 0.2 % of full sea le deflec tioll. 

Power Supply: 11 5 - 127 - 150 - 220 - 240 volt . 50-400 els. 
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Power Consnmption: Approx. 12 watts. 


Tubes: 12AU7 (ECC82). 12AT7 (ECC81), OA2 (150C2), and OB2 (108C2). 


Dimensions: 


DIMENSIONS 
exc l. dials and knobs 

I HEIGHT I WIDTH I DEPTH 

Centimetres 26 
I 

18 
I 16 

Inches 10 I 7 I 6 

WEIGHT I 4 kg I 9 Ibs. 
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