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e MANUFACT URERS OF SOUN D

L EVE L METERS are generally divided 
on the ubject of a-c op ration ver u ha ttery 
operation. For portable use, batt ry opera
tion is almost es ential. For stationary opera
tion or use only indoor , ' here power lines 
are available, a-c op ration. ha some advan
tages, while for produ tion work, where 
con.tinu us op ration is required, the a-c 
power supply has a di tin. t advantage in 

that it elimi at s the n cd :for frequent replacement oI batteries. 
It is ap arent that, for really universal appli ation, a sound-level meter 

hould be apablc of p ration either from the a-c pm er line or from 
baueri s. How-
ever, since con
ventional tube 
types do not op
erate equally sat
isf a cto ril y o n  
both alternating 
c u r r e n t  a nd 
small, portable 
d r y  c e l l s., a n d  
b e c au s e  h i gh
gain amplifiers 
repre ent a seri
ous problem in 
regard to hum 
elimination. when 
a-c o p e r a t e d ,  
most sound-level 
meters have been 
designed for ei-

FIGURE 1. iew of the power-supp)y unit installed in the 

battery compartment of the sound-level m.eter cabinet. 
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GENERAL RADIO 2 
·' 

ther on or th other L pe of power 
upply, but not for univer a] peration. 

Thi eriousl re tricts the use of any 
ucb in t rmn nt. Many engineer and 

laboralorie ha ne d for only one 
ound-le el m t r and are omewhat at 

a lo , therefore, as to whi h t p wiJl 
be t ui t their r quiremen L . 

A logi al answer to thi probl em 1 

provided by the new T P 759-PSO 
Pow r upp1 y d veloped by th G enera] 
Radio om pany for use with it TYPES 
759-A and 759-B ound-Le el Meter . 
In keeping with th mpan y ' poli y of 
r Larding ob ole cence o far as po ible, 

the po' er upply an be u ed with the 
earlie t meter in th 759 erie a well a 
the lat t. It i mall Jig ht, and om pact 
and fit dire LI in the a ttery om -
partm nt of t he ound-l el meter in 

place of the ba tt ri 
The power upply in lude an o 'id 

rectifier and ui table filter ir uits which 
upply eit he r 3 or 1.5 ol t f r peration 

of the two filaments (dependin g, r -
pectively , upon ' hether an A-type or 

B-type und-1 v J meter i u ed). Th 
unit inclu<lcs al. o a a uum-tub re ti
fier and filt r for upp1 ing uiLable 
plat e ol tage. 

Hurn. l v l ju Lb po' er uppl ha 
b n kept so low that the T PE 759-B 

ound-L el M ler can be used o er it 
nlir en l LI 1 t rang \\ i th this new 

power � uppJ . The TYPE 759-A �leter 
can be u eel d wn l 3.i decibel , "hich 
is n t irel . ad quate for mo L ma('hine ry 

probl m uch a, ar n ountered in pro
duction Le L ing . 

In de. ignin g th ne\� power upply , an 
intcrestjnu prob lem wa n�ounlc1·e I in 
the d e lopmcn l of a uitable fil l r for 
th fiJament ·irC'uit. Becau oI the high 
gain of th .. ound-level met 'r ainplifier 
and Lhe fact tha t :filam nt-type tub 

originally in t nded only for batter op
eration, are u ed it was found that 

mall line-vol Lage flucLuation would 
momentarily hift th gain, ausing fluc
tuation in th reading of th meter. 
While high-capacity electrolyti con
<leu rs satisfactorily elimin ated alJ 
ripple fr qnen i from the filamenl 

oltage, om low-frcquen variation 
were pre n t, panicularly with a 
poorly r gula t ed or n oi y power- upply 
line. Th final olution " a to use two 
Ila blight cell in the la t ta o· of th 
filter in pl ace of a cond n er. The e fun -

Lion ati .fa torily as a cond n r, but 
al o ha th additional advantage that 
the maintain uh tantiall y on tant 

oltag . When u ed with th TYPE 759-B 
ound-Lev I Meter th cell are con

ne ted in parallel, and when u ed wi h 

the -type th ar onnected in eri 
Thi tran .f rmation i accompli h d b 
a imple pl ug which i in erted into a 

o ket on the Lop of the power- upply 
unit. 

When the in. strum. nt i operating, th 
ell are charging } jgh tly , o that th ir 

life i practi all equal to their normal 
sh 1f lif . Wh n the in L rum e111 is turned 
off, a mall rela b uih as part of one f 
th filter h k p n th ircui t o 
that the ceHs w:ill not run d wn. Th 

ell ar f th Landard f:la hJight vari
ety, readily replaceable, and o t onl 
Len nt ach. I-row er, und r normal 

line- oh age condi Lion , their life 1 1. 

month , a year, or n longer . 

Th con enien c of th power upply 
1 it ut l anding feature. At any time 
i L is pos iblc t int r hange pow r 
, upply and balleries :immediatel with
out an rewiring or ircuit change .. This 
mak the ame ounc l -1 lmeterr adily 
adaptabl for pr d uct ion te ting or :6. Id 
wor - and i a real ourc of economy in 
laboratorie r quiring only one meter. 

o alter a ti on to th ound-level 
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FIGURE 2. 

meter are nece ar y when the power 
upply i ins talJed in a TYPE 759-B 

Sound- Level Meter, and only minor 
changes are required for the TYPE 759-A. 

Complete direction and a kit of pa1··t 

howing tb compact arrangemen1. of par1.s. 

are supplied with each power unit so 
that these alterations can be ea ily ade 
b the user. It is not necessary to re
turn the in trument to the factory. 

- IL II. SCOTT 

SPECIFICATION S 

0 u t p U t: 1.5-volt and 3- olt filament supplies; 
90-volt plate suppl!. 

H u m a n d N o i s e L e v e I : Sufficiently low to 
assure satisfactory opera1.ion over th entire 
range of the TYPE 759-B Sound-Level Meter 
when the supply-line f-.requency is 60 cycles. On 
the TYPE 759-A Sound-Level Meter, satisfac
tory operation i obtained on all range e 'cept 
at the 60 db atte uator etting, pro ided th 
a-c line frequency is 60 cycle . Operation from 
line frequencies below 60 cycles is possible, but 
is not re nun.ended. 

Type 

I n p U t : 105 to 125 volts, 40 to 60 c cle . The 
power input i less tban 8 watts at 115 volts, 
60 c cles. 

T�u b e : One type 6H6 1.ube is supplied. 

T e r m i n a I s : An output ocket fits the plug on 
the battery cable of th TYPE 759-B Sound
Level eter. 

D i m e n s i o n s : (Length) 10 (width) 2 }i x 
(depth) 5 inches, over-alJ. 

N et Weight: 7 pounds, 6 unces. 

Code Word Price 
759-P50 J A-C Power Supply . . . . . .  J $55.00 

PRIORITIES 
Because prac·tically all of our manufacturing facili ties are devoted to National 

D fense projects, a preference rating certi:fica·te or other approved priority rating 
will be necessary to secure delivery. At the pre ent time a rating o.f A-10 or higher 
is required for delivery of all instruments and parts, hut for certain items in 
especially hea y demand a rating of -2 or higher may be neces ary to insure 
r asonable delivery. 
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GE NERAL RADIO 4 

IMPEDANCE BRIDGES ASSEMBLED 

FROM LABORATORY PARTS 

PART Vll-MEASUR.EMENT OF DIRECT CAPACITANCE* 

FIGURE 1. Representation of a capacitor 
which has in addition to it direct capacitance 
(C.r), caf.;citance from ea�h t.erminal to a third 
termina . The third terJilJllal can represent a 
shield, which itself has a capacitance to ground. 

• A N Y C A P A C I T 0 R which does not 
have one of its terminals grounded is. 
effectively a three or four-terminal im
pedance. In addition to the desired ca
pa itance between t rminals, ther exist 
stray capacitances from each terminal 
either o ground or to a shield, which has 
a capacitan e to ground. The situation 
is illustrated in Figure 1. Since measur
ing circuits of the type under discu sion 
are grounded at soine point, consider
ation must be giv n to the e apaci
tan e when it is de ired to measure the 
direct capacitance between terminals 1 
and 2. In many practical ca e , of course, 
the extraneous capacitances are negli
gible compared to the desired direct 
capacitance, and accurate measurements 
can be made simply by connecting ter
minals 1 and 2 to the measuring circuit. 
When C1, C2, and C0 ar of the ame ord r 
of magnitude as C x, o e er, a dire t 

measurement can obviously not b 
made. If, however, the terminal im
p dan ·e ar large compared to the 
bridge arms, it is po sible to onnect th 
third terminal to the bridg in u b a 
manner that the terminal impedance 
and the dir t impedance are separated, 
and th latt r can b mea ur d ubject 
only to the error cau ed by the effect of 
the terminal impedances placed across 
the bridge arm . A few typical measure
ment of this ort are illu trated in Fig
ure 2. Figure 2 (a) hows a three
terminal condenser conne ted to a capa -
itance bridge, the junction of whose 
capacitance arms is grounded. As shown, 
the · hird terminal is connected to the 
junction of the ratio arm , placing C2 
aero s the arm B, and placing C1 in par
allel with C11 across opposite corners of 
the bridge, where they do not influence 
the balan e. The pre ence of C2 across 
the arm B causes the dissipation factor 
reading of the bridge to be high by an 
amount Rnw C2. The bridge reads cor
rectly for Cx unles C2 is sufficiently large 
to bring in the terms whi h are normally 
neglected in the simplified balance equa
tions, or unless the lo e and leakage in 
C2 are sufficient to reduce appreciably 
the effective parallel re istance of the 
B arm. 

In igure 2 (b) the third terminal is 
onnected to th junction of the A and 

N arms. Here C2 is effe tively removed 
from circuit, while C1 and C0 parallel the 
standard condenser, causing a direct 

*Much of the material discussed in this installment has 
appeared in previous Experimenter articles and elsewhere, 
but is included here for the sake of completeneal! of the 
current series. 
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error in the capacitance balance, th 
magnitude of which depend on the ratio 
C1 +Cu 

The dielectric lo e assoc1-

ated with C1 and Cu increa e the effecti e 
di sipation factor of the standard arm. 

on equently the dis ipation fa tor 
reading of the bridg i low, and may 
ea ily become negative. 

If the third terminal i ground (Cu in
finite in igure 1), a direct mea urement 
of C annot b made ' ith a bridge that 
is grounded at the junction of the capac
itance arms, in e the direct capaci
tance is paralleled with one of the t r
minal apacitanc hen it is connected 
to the bridge. By making three set of 
m a urements, howe er, with successive 
pairs of the three capacitan s conne ted 
in parallel, data can be obtained from 
whi h the constants of the terminal ca
pacitances as well as the direct capac
itances can he computed.1 

With a bridge grounded at any point 
other than one side of the unknown, the 
direct mea urement can he made even 
when the third terminal i itself 
grounded. This is i llu trated by Figure 
2(c), wherein the junction of the ratio 
arms is grounded. With thi connection 
the capacitance Cz i pla ed across arm 
B, introducing an error of RBwCz in h 
di ipation fa tor balance. Figure 2(d) 
h°' a fourth arrangement, wherein the 

bridge is grounded at the jun tion of dis
similar arm . With the third terminal 
connected between the ratio arms, C2 

1R. F. Field, "Direct Capacitance and Its Measurement," 
General Radio Experimenter, Vol. VIII, o. 6, ovemher 
1933. 

5 E X P E R I M E N. T E R 

parallels the B arm and the ground ca
paci Lance Cu parallels the A arm, while C1 
does not affect the mea urem nt. Under 
these conditions the error in the dis i
pation factor au ed by the presence of 
the extraneous capacitances is (RBwC� -
RAwCu), while the capacitance balance is 
uh tantially correct. 

s is the ca e with most impedance 
mea urement , somewhat better accu
rac can generally be obtained by the use 
of a uhstitution method, a indicated in 
Figure 3. If, as is cu tomary, the discon
nection · s made at the high side of the 
arm, an error equal to AwC1 is introduced 
·n the di sipation factor reading by the 
capacitance C1 b ing placed across the A 
arm when the connection is made. If, on 
the other hand, the di connection i 
made at the ground side, the capacitan e 
C1 is across the A arm for both balances, 
and the change in the capa "tance shunt-

. R . CxCz Th h ing A is 
C C 

. us t e error en-
x + 2 

countered in the di ipation factor meas-
urement is different for the two method 
of di connection. The best method can 
be determined only b a consideration of 
the relative magnitude of Cx, Ci, and C2. 

G UARD CIRCUITS 

If direct measur ments, ·ndep nd nt 
of the terminal capacitance, are desired, 
the mea uring cir uit and procedure 
must necessarily b made more com
plex. This is commonly done by means of 
Wagner grounds, guard circuit , and 

FIG RE 2. Showing various methods of connecting the capacitance network of Fiaure 1 into a 
bridge, to obtain a measurement of Cx. 

0 

Ra. 
Re 

(a) (d) (c) (b) 
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GE NERAL·RADIO 6 

similar arrangem nL which pro id an 
au iliary circuit to which the thjrd ter
minal can be connected. The t rminal 
impedan th n be ome a part of the 
auxiliar circuit an - are balanced out. 
Although a number f different arrange
ments are p ible, the all er e e e 1-

tially th ame purpose - namely, to 
bring the third terminal of the unknown 
impedance Lo the ame po tential a n 
corner f th bridge to whic j t i no t 
normal! connected. 2 

Figure 4 illu t ate an impe<l ance 
bridge with all four corners c upled to a 
common fifth point. In pit of the 
pre ence of th four additional im
pedance , a true balance of the main 
bridge circu · t an be oh Lain d, pro ided 
that a ertain relati n hip j maintained 
between the imp dance of the auxiliary 
network and t o e of 1he bridge. These 
relation hips are: 

or 

ZA 
ZB 

z Zs 

FIG RE 3. Connecli n for a ub tituti n 
m asurement of Cx. 

-=!:=-Cg 

(1) 

(2) 

For eithe1· t pe of balan e, four equa
tio ns f balance mu t be ati fied, since 
all impedances invo] d are complex. 

By connecting th third terminal of 
the unknown to the fifth, or guard, ter
minal the two un' anted impedan ·e are 
made part of the au riliar Ctr Ull an 

an be balanced out. 
An exc Llent method of ma ing th 

auxiliar balan e2 i L connec t the g n
era tor and de tecLor to the bridge in t he 
u ual way, and to provide a witch Lo 
conne t th guard terminal to one o( the 
corn r of the bridge . Thi plac i th r 
ZF and Zl-l or Zs and Zr across a pair oJ 
bridge ann . ow, the rela tion of Equa
tion 1 or 2 can be sali fi d by first bal
ancing the bridge alone, and then bal
ancing th bridge and auxiliary circuit. in 
parallel b adju ting th au iliar cir
cuit. U ing this rneth d, either of the 
two auxiliar �,�cir uits can b balanced 
without changing the generator and de
tector onnections, and with relatively 
impl e s' itching arrangements. 

Let us consi ler the arrangement of 
Eigure 2 (d). As redrawn in Figure 5 the 

2R. F. <ield, " Guard Circuit for apacilance Bridge 
Measurements," General Radio Experimenter, ol. 'I , 

o. 10, March, 1940. 

FIG RE 4. :fi e-term.inal bridu network, 
howing an impedan between the fifth ter

minal and each corn r f the bridg . 
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imilari ty to the generalized ircuit of 
Figure 4 is apparent at one . imp] by 
pro id ing an addiLiona] ariable con
den r aero C2 or C0, it wiJl be po ible 
Lo balan e partial! the a uxil iar cir
cuiL (RA-RB-C2-C0). A p inted out 
previou ly, both reacti e and re i tive 
ba)an e of Lhe au, iliar. cir uit mu t b 
pr ovi ed for comp]ete balance to at
isfy the e pression D. + Q .t = D p + 
QB = Q P + Q II· It will frequent ! be 
adequate, howe er, Lo provide on1y for 
balancing the principal component of the 
auxiliary circuit3• Thus, in the imple 
case illustrated above, i [ C2 and C0 are 
proper! y balanced, any unbalance of 
Lheir re i ti om pon n Ls' ill ha e only 
a negligible £feet on Lh bridge bal
ance, pro ided C1 1 n:iall om pared 
to CN. 

Th guard circuit ma also b u ed to 
eliminate tray imp dances a sociated 
with the bridge terminal and arms, as 
well a those associated with the un
known, by making ground the fifth or 
gua rd t rminal. The earlie t and rhap 
the best known o[ this t pe of ir u.it i 
the Wagner Ground, u d Lo remove 
from cir cuit the stray capacitances to 

3Balsbaugh, H?well,
. 

and Dotson, "Gen ralized Bridge 
etwork for D1eleetnc Meaaurement," Trane. AIEE, 

�940, _PPB: 9 0-956, h.as shown that, if the guard and coup
ling t'1rcu1ts are not in true balance, the error in Lrodu ·ed 
in the equation of balance of the bridge is proportional to 
the product of the unbalances of these auxiliary circuits. 

7 EXPERI M ENTER 

FIGURE 5. Th arrangement of Figure 2 (d), 
redrawn to how it imilarity to the gen r

alized circuit of Figure 4. 

ground of the generat or erminals. As 
ommonly used , balance is achieved by 

ahernate adjustments of the bridge and 
the guard ircuit, the d tector being 
switched from one to the other. The de
tector may be left onn ted, howe er, 
and the baJance made a ugge ted 
abo , b adju ting the guard circuit 
with the bridg ground d at t e junction 
of the ratio arm , a nd adjusting the 
bridge with thi point ungrounded. 

A 500,000-0HM RHEOSTAT POTENTIOMETER 

• T HE LATEST ADDITION TO 

0 UR LIN E of rheo taL potenLiomet r 
a large- ize, high-re i ·tan e u niL, 

TYPE 433-A, havincr a t ta l re i tanc 
f 500,000 ohm . 

Thi wir ., ound ariable re isLor i 
similar in cons truct ion Lo other General 
Rarlio rheo Lat-potentiometer . F igure 1 

F1G "RE 1. iew of TYPE 433-
otentiom t r. 

Rheostat. 
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FIGURE 2. Dimensions of TYPE 433-A Rheo
stat Potentiomet r. 

how the general appearance of the 
unit; omplete dimensions are given in 
Figure 2. Th winding is distributed 
linearly over an arc of 315 degrees and is 
pro ected from mechani cal damage by a 

Type 
433-A 

linen bakelite cover strip. Continuous 
contact ·with the winding is main ained 
by a phosphor-bronze blade mounted on 
a %-inch bakeli-te shaft. The control 
knob i a T "PE 637-Q. Connection to 
th end of the winding and to the con
tact arm are brought out to scr w ter
minals with 3-:fingered tinned solder
ing lugs. 

TYPE 33-A Rheostat Potentiometer 
is available from stock in the 500,000-
ohm size only. The power di sipation for 
the whole winding is 25 watt , for a tem
perature rise of 50° to 60° Centigrade. 
Thi correspond to a maximlllll current 
of 7 ma. The net weight of the unit i 
1 pound, 2 ounces. 

Code Word Price 
IMBUE $13.50 

MISCELLANY 

e THE CURRENT INST A L L MENT 

of ��Impedance Bridges Assembled from 
Laboratory Parts" concludes the series. 
Owing to the interest expressed in these 
articles, par icularly by readers in en
gineering schools, we plan to reprint the 
en ire series in a single booklet. opies 
will be f-urnished free of harge to reader 
wh request them and, if the demand 
warrant , they will be made available 

in reasonable quantities to teachers for 
student use. 

•T HE S ERVICE AN D MAINTE

N AN CE N 0 TE S, originally sch duled 
for mailing in September, 1941, have 
been unavoidably delayed. Publi ation 

i nearl comple-t d, howe er, and ' e 

hope to mail them during January to 
those who have reque ted them. 

GENERAL RA DIO COMPANY 

30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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