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IMPEDANCE of meter drive clrcult (left) depends on tube g, and is subject to aging: hybrrd circurt (rlqht) uses transrstors 
far below-lahm drive impedance, achiev~ng ~ndependence from g., vanat~on 

MXBRllD VOLTMETER 
Avoids Aqinq u *Y Errors 
By JAMES J. FARAN Jr., General Rad~o Corp., West Concord, Mass. 

Technique stabilizes drive 

circuits against changes 

in tube transconductance 

ONE REASON why most vacuum- 
tu bc voltmeters rcquirc calibration 
at rcyular intcrvalc ic thc agin:. or 
chan~c  in transconductancc, ol' thc 
vacuum  tub^^. In thk .  a h3lanccd 
vacuum-tube voltmctcr uws tmn- 
qistors to bring vacuum-tubc output 
irnpcdanccq down to a small frac- 
tion of a n  ohm. Thc resultin: pcr- 
Forrnr~ncc i\ vrttuntly indcpcndcnt 
(3f C ~ ~ I I F C S  in tube g,,,, and consc- 
qucntly thc vtvm rarcly i f  cvcr rc- 
quirts rccalibration. 

Thc balanced vtvm ciscult. bc- 
lore mudilication, i r  shown in tllc 

Iclt-hnnd i l l~~strat icr l .  Tu'hc 1', 
opcrntc\ at h'lw pI,\Ec. crir i c ! l I  1 1 7  

kccp grid currcnt ?mall; V ,  i q  op- 
cradcd at normal cvnd~t~vns  to drivc 
t l i r  111ttr.r circuit. R c i i * : ~ r  X, i s  
switched to diffccscnt valucq for vari- 
ous voltage rangcq. Thc long-tcrm 
stability of this circuit depcndr on 
conqtancy of vottagc gain and on the 
output impedance of each sidc of 
the circuit. Voltage gain of 1', i~ 
highly stabilized at ,A/(/, + I 1 bc- 
cauw of thc lnrgc load rcqiqtnncc 
( K.7 rncsohms ) . The opcn-circuit 
voltage gain of V, is also stilhili7~d 
For thc same reason. but its output 
rcsirtancc (approximately I JR,, 1 
incrcascq steadily w ~ t h  lifc as .r., de- 
crcaw?. 

Enamplc-For 3 1 .S-voll rrlnsc 
and with n I-rn:~ rnctcr. thu total 
rnultiplicr rcsistancu i filtlc 
smrllkcr thiln 1.5130 ohnw. Thic i< 
cornporccl ol' tfic outpt~r rc<i'it:lnc~ 
vt cach h;tlf ch Vl (;~hnut 3hO 

ohms each ) ,  thc nwtcr En~crn:)l rc- 
sistanrc. and XI. Aging of tlrc t u b c ~  
to half ~ l i c i r  or ig~nnl  st,,, wrluld 
douhlc thci~ output ru\ist:~ricc\ :~rrd 
cnusc thc rnclcr to rcnd 30  pcrccnt 
low on that r3ngc. 

Thc addition trf a tr i~nqi\tor in 
each zidc of thc circuit (right) rc- 
di~ccs output impcdnncc to a m a l t  
Fraction of an crhm A dccrcarc in 
thc g,,, of I,', to half iac original value 
is now no longcr important sincc 
the output impedance of each side 
of the circuit ic stiil ICFS than an 
ohm.  The voltagc gain of V ,  is 
unaffictcd by t t i i  addition af thl: 
transistor hcc:~urc thc input im- 
pcdancc at thc cmittcr remains suh- 
stantinl!? unchrrngcd. Voltagc gain 
of the QI - I/,. combination ic close 
to unity. and i~ highly stable. 

Tran5istor rcquircments are mod- 
est. Raw-to-collector voltage is 
simply thc cathode-to-grid ~I:IF of 
C',. a maximum of h volts. Col- 
lector current of @, and plate cur- 
rent of V ,  arc cqual and quitc i o ~ .  
Thurc ir no 5titT rcquircmcnt for cur- 
rent p i n .  so thc l ronri~tor j5  U F C ~  

in what i5 effectively :I grounded- 
b a ~ c  connection. 

This hybrid circuit convert? ,I 
normal good-quaIitv voltmctcr into 
a hifhlv st~ihlv in~f rumrnt .  which 
should not rcquirc recallbration c tcn 
nt the norrnnl cnd nt' l ~ f c  hnfl' it,,,) 

of ~ h c  V:ICULI~I tuhcs. 
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