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A BRIDGE-TYPE AUDIO-FREQUENCY METER 

IN T HIS ISS U E 

AN IlIPRO\'ED AMI'u-
YJEll AND NULL DF..-

TECTOJl •• ••••••••• 4 

;\IiSC';LLAN"T ..•••.•• 8 

.DURING THE WAR it wnsfound neces
sury to drop from ollr line of ins truments 
the popular Tnt; 43 1 ~B Audio-Frequency 
1\'[otcr, along with a number of other items, 
in order to conccnlnlte our product ive 
capacity on fewer instrument t:n)Cs. The 
audio-frequency meter is now back with a 
four.-digit type number, Tn}; 1141.:\, and 
changes in internal cOllstruction to improve 
its performance. 

The accumcy of measurement of the '!'YPi; 1.141·A Audio-Frequency 
Ivfeter is ± O.5% over the entire frequency 11\1lgC of the instrument. 
Since audio oscillators arc usually calibrated to only 2%. the audio
frequency meter is extremely useful where more accumtc calibrations 
and frequency measurements arc nCC~\Iy. The meter is also useful 
for mCllSuring the audio beat between an unknown high frequency and 
n. harmonic of a stundard crystal oscillator. Since 1O,OOO-cycle har
monics are provided throughout the low radio-frequency spectrum by 
menns of multivibrators, the maximum a.udio bent frequency is 5000 
cycles, and the 
maximum error In 

the frequency de
termination is 25 
cycles. 

The accuracy of 
measurement of 

Fill"'. 1. , .... 1 .. I.w of 
'he Ty,.. 1141 _A Aud l .... 

Frequ . .. cy M . ..... 
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+0.5% is made possible by individually 
calibrating the control dial, and by using 
extremely stable multiplier capacitors. 
These capacitol'! have mica dielectric 
for the smaller sizes and polystyrene 
tape dielectric for the large units. 

The fundamental circuit for the 
TYPIl 1141-A Audi~Frequency Meter is 
the Wien bridge, which uses only resist
ance and capacitance, and is frequency 
sensitive. The schematic diagram is 
shown in Figure 2, and t.he conditions of 
balance are given below : 

and 

f _ 1 ( 1) 

2rVRNRpCNCp 

Cp R-l R.y 
CN *"' RB - R/' 

In order to provide a single control Upon 
which the frequency scale can be 
mounted, and also to maintain the 
second balance condition, the two resis-

, 
tors, RN and HI', and the two capacitors, 
C.v and CI', arc made equal, and the two 
ratio arms arc made two to one, thus: 

R.v Cp RA 
---= 1 and - =2 (2) 
RI' eN RB 

This arrangement' ulwnys fulfills the 
second balance conditions and reduces 
the first condition to: 

(~) 

The two resistors, 1l.Y and R P, are 
wound 0 11 tapered cards of such shape 
that the frequency scale is logarithmic, 
and equa l frequency ratios occupy 
equal intervals on the scale. Hence the 
fractional accuracy of reading is con
stant. There lU'e fi xed resistors in series 
with the variable parts of RN and RI' 
baving about one-tenth the vaJue of the 
variable resistor, thus limiting the range 
of the frequency scale to a ratio of ten 
to one. The three frequency ranges, '" 
differing from one another by factors of 
ten, are obtained by the use of three sets 
of capacitors, CN and Cp , which also 
d iffer by factors of ten, so the same 
engraved scale is used for all three 
tanges. 

It is impractical to keep the resistors, 
RN and Hp , and the capacitors, eN and 
Cr, exactly equal as demanded by Equa
tion (2). An auxiliary control, consist
ing of a small rhC9Stat, is provided be
tween the ratio arms A and B to whose 
sliding contact the null detector is con
Ilected. This control alters the effective 
ratio HA IRs and satisfies Equation (1). 
However, if this adjustment is not 
made, the null setting of the frequency 
dial is not altered, but merely dulled . 

A shielded input transformer is pro-
vided in order to eliminate the effect of 
unbalanced capacitance8 to ground tha t ~ 
may exist in the source being measured. 
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The null detector most often used for the use of II. filter is necessary when 
making measurements with the meter harmonics are present, since the volt
is a pair of head telephones. These are meter, unless tuned, lacks the power of 
satiafactory in the frequency range discrimination between harmonics and 
from 300 to 5000 cycles, but for fre- fundamental. 
quencies outside the range of head telE'- The fact that the audio-frequency 
phones a sensitive a-c voltmeter must meter passes harmonics while eliminat
be used. The TYPE 1231 Amplifier and ing the fundamental makes it possible 
Null Detector is well suited for this to use the meter for measuring the dis
application and can also be used with tortion in an audio signal. The instru
head telephones to increase the sensi- ment also forms a convenient band
tivity when the input voltage is low. elimination fi lter which is adj ustable 

If the source of frequency to be meas- over the entire audio spectrum. A plot 
ured contains harmonics, they will not of the discrimination characteristic is 
be balanced out by the bridge and will shown in Figure 3. The maximum ratio 
be impressed on the head telephones or of output to input voltage is .167 be
other detector. The human ear can dis- cause the transformer steps down two 
crimina.te against a considerable per- to one and the ratio arms are also in 
centage of harmonica, but, if the the ratio of two to one. Decreases 
harmonic content is high, the aid of a from this value are caused by the 
low-pass filter connected between the characteristics of the transformer. 
bridge and the telephones is necessary. 
If a voltmeter is used as the detector, - MARTIN A. GlLMAN 
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~ G ENEItAL RADIO EXPEIIMINTEI • 
SPECIFIC ATIONS FOR 

TYPE 1141-A AUDIO-FREQUENCY METER 

'requency lanlOI 20 to 20,000 cycles in three 
rangca, 20 to 200 cycles, 200 to 2000 eye lee, and 
2000 to 20,000 cycles. 
Acet roc),1 ±O.5% over the entire frequency 
range. The null point ill sharp enougb 110 thM 
the din] can be set to 0.1 % provided the "'IWe
form ill Tea&Ooabl;y pure and the SUPfly voltage 
or detector sensitivity iA sufficient y higb to 
provide the necessary over-all sensitivity. 
DI,h The G-inch dial, which has a slow-motion 
drive, turll8 througb an angle of about 320" 
giving" scale length of about 17 inches for each 
10 to 1 frequency fange. The total scale length 
is thus over 4 feet. 
In,lIt Imp .... nc., 3 to 10 kilohlJUi, the smaller 
value corresponding to the higber frequencies. ,",lit Volf,go. 110 volt. rms, ma..'(imum. 

Ty" 
11 . 1-A 

PATENT No. 1,98.1.447. 

Ollt,,,, Impodon,o, I to 4 kilohms, the smaller 
value corresponding to the higher rrequcnciCl!-. 

C.n .... I .. Frequency dial, range selector switch, 
and reaistnnce-balanoo control. 
A"o .. orlo. 'oqllirodl A null detector is needed 
to operate the meter. Head telephones, such NI 
the Western Electric IQ02.C, or an amplifier
meter combination, EJUch 113 the TYI'£ 1231-8 
Amplifier and Null Detector, can be used. 
Even with head telephones an amplifier and 
filter section will prove UllCful. 
Mounting, The instrument is mounted on an 
aluminum panel in a shielded cabinet. 
Dlmon. lon .. (Length) 12 x (width) 8~ x (height) 
9 inches over-all. 
Not Welghtl 15U pounds. 

Code Word Priu 
$215.00 

AN IMPROVED AMPLIFIER AND NULL DETECTOR 
Tbe '!'YPE I 231-B Amplifier and Null 

Detector is a baliery-operated, resist.
ance~oupled audio amplifier for use Ll..I! 

a bridge detector, a standing-wave indi-

cator, und a general·pm·pose laboratory 
amplifier. I t has a bu ilt-in vacuum-tube " 
voltmeter for measuring output voltage, 
and so for many applications no addi-

1 

, 
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, 
tiona! indicating device is Dccded. It can 
be operated either with the usual litlcaf 
characteristic or with [L semi-logarithmic 
charactcl'istic to cover a wide range of 
voltnge indication; during linear opera
tion t.he voltmeter scale has two ranges, 
of 20volts Md about 2volts respectively. 
A photograph of the instrument is shown 
in Figure l. 

The maximum open-circuit voltage 
gain is greater than 83 decibels at. mid
band and bas the frequency character
istic shown in Figure 2. Since the gain is 
greater than 70 decibels at 10 cycles and 
greater than 45 decibels at 100 kilocy
cles, the instrument is useful over this 
wide range for many briclge measure
ments. The input impedance is high, 
equivalent to 1 megohm in parallel with 
about 20 IJ/Jf, and the output impedance 
is about 50 kilohms resistive. Overload
ing of the last stage limits maximum out
put voltage to 20 volts for load imped· 
:mces greater than 1 megohm and t.o 5 
volts for a resistance load of 20 kilohms. 

The simplified circu it diagram of Fig· 
ure 3 shows that l,he amplifier has three 
stages and that the vacmun·tube volt
meter consists of a diode rectifier, a d-c 
amplifier, and the panel meter. A 30-
decibel input attelluutor selects a maxi
mum input voltage rating of either 0.03 
volt or 1 volt, and a tapered, wirc·wotuJ{1 
gain control allows continUOliS variation 
of g3in over a wide rfU1b'C. During semi-

, 
~ /' 

• -

IOc 20e 50c k 100e ZOOC 500e 

-
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logarithmic, null·detector operation, rec
tified d-c from the vacuum-tube volt
meter diode is applied as a gain-con
trolling bias to the last amplifier stage 
to produce the desired characteristic. 
All nttc.nuator in the grid circuit of the 
d-c fUDplifier detenllines the scale range 
of tho volt.met.er, al1d a bridge-type plate 
cireuit. allows meter current t.o be zero 
-with no !<ignal at the inst.rument ter
minals. 

The semi-logarithmic characteristic is 
int.ended primarily for null detector uses 
with bridges. Under this condit.ion of 
operat.ion less t.han 15 microvolts at the 
input tenninals is required to produce a 
perceptiblc· movement of the meter 
needle at midband frequencies with the 
instrument set for maximum gain and 
no e:>.i.ernal filter. This input signal can 
then be increased by about 55 decibels 
before the meter reads full scale. Either 
the input attcnulltor or the gnin control 
can be employed for higher input volt· 
nges. 'fbi s sensit ivity, combined with 
the wide range of voltage indication, 
means that the bridge balances can be 
made with precision and wit.hout gaUl 
adjustment.s in many instances. 

In some situations, where the sen
sitivity of the null detector scale is not 
sufficiellt, the most sensitive range of 
the voltmcter can be used for a final 

' ''Perceptible'' ... lINd he,.., meaN one-firtb 01 a 0_ 
';"I~tb."",l1 divioioll. 

t--r>-
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babncc. The input signal required to 
produce flo perceptible metcr deflectiou is 
less than 5 microvolts for tbis f!l.nge. },'or 
frequencies other than in the midband, 
sensitivity is less by tbe amounts shown 
in Figure 2. Bead telephones cnn be 
used bc~wecn 200 cycles and 10 kilocy
cles instead of the panel meter. uccordi ng 
to individual preference, but there is no 
appreciable difference in sensitivity be
twccn the two methods. 

One Bource of trouble in bridge meas
urements is the presence of unwanted 
\'olt.:ages that obscure nulls. These volt 
ages include random noise generated by 
the detector amplifier, power-frequency 
hum picked up by unshielded leads, and 
harmonics of the operating frequency 
that are produced either by nOD-linearity 
of the impedance being measured or by 
the generator itself. The noise level of 
the TYPE 1231-B is less than 15 micro
volts referred to the input terminals, but 
this figure can, if necessary, effectively 
be reduced, along with hum and har
monics, by connection of an ext.c.rnul 
filter through the panel jack provided. 
Filters thus connected are isoluted by 
amplifier stages from the effects of vary
iug input nnd output. impedances and at 
the same time arc at a high ellOugh volt
age Icvel along lhe amplifying chain to 
be little affected by external fields. The 

• 
TYPE 123 1-P2 (4.00 and 1000 cycles) and 
'f"\'PE 1231-P3 (GO eycles) Tuned Cir- .......... 
cuits arc intended for usc with the TYPE 
123 1-B. Any of these filters attenuates 
the second harmonic by about 20 deci-
bels, and random noise by about 25 
decibels; the TYI'~~ 123 1-P2 attenuates 
6O-cycle hum by about 35 decibels_ The 
insertion loss of about 8 decibels caused 
by these filters is usually unimportant 
because of the high gain of the amplifier. 

For measurements of impedance at 
ult ra-high frequencics, a slotted, coaxial 
transmission line is often used with a 
traveling cryst al detector to measure 
standing-wave rati06. If the u-h-f power 
source is pulsed, or otherwise amplitude 
modulated, at an audio-frequency rate, 
the rectified output of the crystal is an 
audio-frequency voltage , The TYPE 
1231-B can be used to amplify and to 
indicate this voltage, and the sensitive 
range of the vacuulll-tube voltmeter was "" 
incorporated into the inruument specif
ically for this application. The scale for 
this range has an approximate calibra-
tion in decibels. For more accurate meas
urements, a calibrated resistance atten
uator can be inserted ahead of the 1"1'1'£ 

1231 -B and the panel meter used only 
as a reference level indicator. Less than 
100 ullcrovohs is required at the ampli-
fier input terminals to produce fuU-scale 

:".~~ 1 p.T~ 
. l~'~n~! 

-
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deflection on the sensitive meter range. 
,........ The TYPE 1231-B replaces the '[YPE 

desirable, the TYJ>"~ 126 1-A Power Sup
ply unit enn be used t.o operate the TyPE 
1231-B from 40 to 6O-crcle lines and fits 
into tbe (:abinet in place of the battel·Y. 
Tubes are mounted on a shock-ahmrbing 
suspension to keep microphonic effects 
sJUall. Push buttons are provided to op
erate tbe input sttenuator, to set the 
cond ition of operation, and to select the 
meter-scale range. Other push buttons 
allow checking of the battery voltages 
on the panel meter. The input and out
put connections will take either General 
nadio TyPE 714-E Coaxial Connectors 
or the usuall'TPE 274-M Plugs , 

-

t231-A and except tor minor details is 
different only in tbe metering circuit. 
The usc of a more sensitive, but still 
sturdy, 200 ~a meter movement results 
in the high sensitivity of meter indica
tioo and makes tbe instrument suit able 
for standing-wave measurements, which 
is the nppiication that initiated the re
desil,'1l. However, l·he usefuineES of the 
instrumeot as a bridge null detector has 
been greatly increased by tbe increased 
sensitivity, aod an external indicating 
device is not needed. 

The instrument is enclosed in a walnut 
cabinet, which also hold!! the batt.ery. If - w. R. THURSTON 

SPECIFICATIONS 

Input Imp.d .. n' .. 1 1 megohm in paralltl with 20 
micromicrof1U'1l.dii. 

M ... llftUm O .. ' nl Greater than 83 db at I ke 
with 1 megohm load. 

M.t.r S, .. I.'I NORM scale: This 8caIe is the 
olle normnlly used to moultor the amplifier out.
put voltage. It is calibrated approximately in 
volllS with an accuracy of rending of ±5% of 
full sea.le. 

SENS 8Cale: This scale Ie used for dctermin
ing ratiOR of voltage!! ,ucceuiveiy applied to the 
illput terminalt. II.B in standing-wave measure
ments. It ill calibrated approximately in deci
belli with an arbitra.ry 'Zero. Thus i\ ratio ex
pl'elll!ed in decibels 1lI obtained by Bubtrncting 
one meter reading from another. Ratios !to ob
tained are aCClirate within 30% of I.he (:orrect 
vallie in decibels, provided at lelL!lt oue of the 
readings ill above ha.lf Bcale on the meter. 

No separate &eale is provided for NULL DET 
opero.tion, since actual readinWi are not lleeded. 

Null D.,,,, .. , S. MI,I ... ltyl Leas thall 100 micro
volta input is required to give 10% indication 
on the weter at 1 kc. 

Ampllft., S.ndtlvltyl I..eaI than 25 microvolts 
input at I kc i8 required to give 10% indicatioll 
on SENS range of the meler. 

T, 

Output Impedonul Approximately 50,000 ob.m.a. 
M .. :lllmum Olltput Voltog.1 5 volta into 20,000 
ohma; 20 volta into I llleJObm. 
N .. I, . .. nd Hum L ..... II The open circuit no~ 
level is less than 0.5 volt. Ilt full gain. When the 
Tnt: 126I-A Power Supply iii used, the open 
circuit noise IUld hum level is Jess than I volt. 
f •• quency ."pon,.: See Figure 2. 
Tub.11 The instrument requirell two type I L4 
and Olle type IDS-GT tubes, wbich are liupplied 
in the instrument. 
Pow.r SupplYI Burgess 6TA60 (SigllaJ Corps 
BM8) Battery P~k is SUpplied in place in the 
itllltrument. Wben a-c III.1Pply ill dCSII'ed, lhe 
TYPE 1261-A Power Supply can be tUIed. 
'o".ry Ut.1 Between 200 and 250 hou", at 8 
hoUJ'll per day. 
Ace ... o.I •• A .... tI .. bl.1 Type 1231-P2 (400 and 
1000 cycil'1l) and T-\'n; 1231-P3 (60 cycles) 
Tuned Circuits ate available (or providing 8C
IccUvity (_ below). For facilitating oollne<> 
lion8 to the input IUId output, two T ,·p.,; 274-M 
Ph!p lire ~l.IppJicd. TTF"; 274-NC or Typg 274-
NE Shielded Colluooton! may be 1Wd. Wbere 
complete shielding is required, 'I'Y1-& 77,. C0-
axial Connect<lra are recommended. 
Dlm. n,lon" 12U l 8 lit lO't Inches, Qver-nIl. 
N.t W. lghtl 23~~ pounds, including bHtteries. 

Code Word PM 
12~1 .' Ampllfl.r Dnd Null D.t.n .. r •...•... . .• .... ID $195.00 
lUl.P2 Tun.d Circuit (400 ond l000c) " ..• AIotUI.E 20.00 
1231.P' Tun.d CircuIt {6Dc) •. .•• • •••. ..•...... A)lI'U! 15.00 
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MISCELLANY 

RECENT VISITORS to our plall !' IUHI 

laboratories: ]\fr. Gunnar Hambrncus, 
Secretary of the Slate R~e:uch Council 
of Sweden, Stockholm; Profes80r E. K. 
liclll'ikscn , Technical University of Co
penhagen, Denmark ;Professor Fu-Hsing 
Cbu, National University of Chekiang, 
Hangcbow, Chinn. 

THE AUDIO· FREQUENCY METER , 
TYPE 1141-A, wn.s designed by Robert 
F. Field, of the development engineering 
staff, who designed ita predecessor, the 
TYPE 434-B. The 'f"t' l>E 1231-B Amplifier 
and Null Detector was designed by 
William R. Thurston, also of the devel
opment engineering staff, and author of 
the article in this issue. 

!. R.E. CONVENTION , The 1948 Na
tional Convention of the l nstitute of 
Hadia Engineers will be held in New 
York, March 22-25. Convention head
quarters are at the Hotel Commodore 
and the Radio Engineering Show wiU be 
held at Grand Centrul Palace. Be sure to 
vii!it the General Radio exhibit. in Bootbs 
93 and 94. Many new products will be 
displayed, and Geneml Radio engi neers 
will be on band to answer your ques
tions. Among the (:ompietely new prod
ucts that we plan 10 exhibit are a pri-

mary frequency standard and its {\.8S0-

eiated frequency measu ring equipment; 
capacitance test bridge; a standard !:'ig
nlll generator for frequencies up to 50 
Me; a high--specd, high-intelll!ity light 
souree for stroboscopic work lind photog
raphy; decade nttenunlors and decade 
inductors; lind a li ne of h igh-quality 
parts, including switches, dials, tcnni
oats, connectors, and air capacitors. 

A PAPER entitled HRccCllt Develop
ments in Mcasuring Equipment" was 
presented by I van G. Easton of the 
New York District Offi ce of the Genem] 
R adio Company at LR.E. and A. LE.E. 
local sections in several southern cities 
last fall . His schedule included: Rich
mond, October 18; Memphis, October 
21 ; Florence, Tennessee, October 22; 
Atlanta, October 21; Louisvil le, October 
29 ; Chftflcston, West Virginia, October 
30. 

CORRECTION 
Tbe radio receiver used in obtuining 

data fo r the article cntitled "Sensitivity 
of the R-F Bridge", by R. A. Sodcrmfm, 
in last mouth's Experimenter W9.8 in· 
correctly referred to as 9. National 
NC-l OO. The correct designation is 
NC-200. 
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