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TUNED AMPLIF(ER
AND NULL DETECTOR
TVPE 1£32

GENERAL Ratin
S wastainL

Figure 1. Panel view of the Type 1232-A
Tuned Amplifier and Null Detector.

A TUNED AMPLIFIER

AND NULL DETECTOR

WITH ONE-MICROVOLT SENSITIVITY

The Type 1232-A Tuned Amplifier
and Null Detector is a sensitive, low-
noise, transistor amplifier, which tunes
continuously from 20 cps to 20 ke, with
additional fixed-tuned frequencies of
50-ke and 100-ke. It is intended pri-
martly as a bridge detector but has
many other important among
them the detection of high-frequency
modulated signals (with a crystal de-
modulator), approximate wave analysis
at audio frequencies, and as a pream-
plifier for transducers.

The outstanding characteristies of this
instrument — one-microvolt sensitivity,
low noise level, and continuous tuning —
result from unusual features of ecircuit
design.

Hses,

CIRCUIT
Preamplifier
Of the elements shown in the block
diagram of IFigure 2, the preamplifier is

one of the most important, because the
minimum detectable signal 1s determined
by the preamplifier noise level. The
type of transistor for the first stage
was chosen to minimize noise, not only
from low impedance sources such as
inductance bridges at low frequencies,
but also from high impedance sources
auch as capacity bridges at low fre-
quencies. ITn the light of simplified noise
theory!, this means a transistor with a
low open-circuit noise generator, 2,, as
well as low short-circuit noise generator,
e,. After noise diagrams were plotted
for many transistors, it was discovered
that the 2N169.\ transistor when oper-
ated at veryv low collector current
had a noise figure of 3 to 5 db at an
optimum source impedance of 50 kilo-
ohms, which is unusually high for a
tA. F. Sanderson and R. G. Fulks, A Simplified Noise
Theory, and its Application to the Design of Low-Noise

Amplifiers,” IRE Transactions on Awudio, July-August,
1961.
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transiztor. By use of negative feedbuack
the input impedance of the preamplifier
1= also made 50 kilohms, and the noise
level as read on the output meter 1s
relatively constant and independent of
the source mmpedance. This eliminates
the mconvenience of having the output
meter bang off seale whenever the input
cireult s open circuited, as often hap-
pens with vacuum-tube amplifiers. In
addition, any large ditference between
the short-circuit and open-circeuit noise
levels would require increased range on
the gain control, since it is always neces-
sary to operate with the noise level well
below [ull-scale output on the meter.

T'o protect the input transistor [rom
possible damage due to large overloads
at the mmput, 1t 12 preceded by a limiter
consisting of a series capacitor and two
shunt sihicon rectifier diodes. This cir-
cuit elfeetively prevents signals greater
than 1 volt, peak-to-peak, from reaching
the input transistor and does not con-
fribute noise or distortion to low-level
signals. With the gain control set {or
1 wv full scale, it is possible to connect
the input to a 115-volt ac line without
damage to the input transistor.

Maximum gain of the preamplifier is
about 40 db, which is adequate toswamp
the noize of succeeding stages. The total
range of the volume control is 120 db,
which reduces the full-seale sensitivity
to 1 volt full scale, and attenuation in
db is roughly proportional to the rotation
angle of the gnin control.

HIGH-PASS and
LIMITER LOW-PASS FILTERS

Series and Shunt Filters

After preamplification, the signal
passes through a set of series and shunt
filters, which are designed to rejedt
frequencies above and below the selected
tuning range. For example, on the 200-
cps-to-2-ke tuning range, a series eapaci-
tor rejects all frequencies below 200 ¢ps,
while a shunt capacitor rejects all fre-
quencies above 2 ke, On all switeh posi-
tions except FrLaT and 20-200 c¢ps=, an-
other rejection filter reduces the response
it 060 ¢ps to greater than 60 db below
peak response.

Frequency-Selective Amplifier

This amplifier consists of three stages
with negative feedback through a null
network, which hax its null at the desired
operating  frequency. Since there s
negative feedback at all frequencie=s but
the dexired one, the over-all response
peaks at this frequency and is roughly
equivalent to that of a tuned circeuit with
a Q of about 20 (59 bandwidth). The
unique feature of this null network ix its
one-pot tuning? Dlany null networks
require three variable elements, cither
ganged capacitors or ganged potentiom-
eters. This leads to many problems in
alignment and tracking the three ele-
ments to maintain a good null. T'he Ilall
null network? has a pertfect null in theory
for any position of the tuning potentiom-
eter, and it is possible to cover a 10:1

2Henry 2. Hall, IRE Transactions on Circuit Theoyry.
Septemmber 1935, Vol. CT-2, No. 3, p 283, See also the

article on page 8 of this issue.
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Figure 3. Typical filter charucteristics.

tuning range with a 40-db expenential
petentiometer. T'uning capaciters are
switched te change ranges, which has the
advantage of maintaining the impedance
level of the null netwerk appreximately
censtant fer the three tuning ranges.

Since the 580-ke and 100-ke null net-
werks are net required to be tunable,
cenventienal twin-T" null netwerks are
used.

On the FLAT pesition ef the range
switch, all filters are switched eut and
the frequency respense is flat te within
=3 db frem 20 cps to 100 ke. The ever-
all gain of the amplifier is reduced by 26
db te keep the noise level on the eutput
meter equal te abeut 109, ef full scale
at maximum gain.

Amplifier-Compressor

The gain ef the frequency selective
amplifier is about 40 db, and another 40
db ef gain is supplied by the amplifier-
compresser, making the total gain ef the
amplifier abeut 120 db. With the METER
switch set te the LINEARr positien, the
amplifier-cempressor functions as a lin-
ear amplifier, driving the meter rectifier
circuit as well as supplying the eutput
terminals with about 1.4 volts fer full-
scale deflection ef the meter. The de sup-
plied te the last transistor is sufficient to
drive the eutput meter to full scale, but
very little more, se that it is impessible

JUuLY, 1961

te damage the meter by everdriving the
amplifier. Fer null detector use, the
meter switch is thrown to Log and the
upper part eof the meter scale i1s cem-
pressed. Twe pairs of silicon diodes are
switched in shunt with the collecter re-
sisters ef two transistors te provide a
nenlinear cellecter impedance. Due to
the voltage effset of the silicen diodes,
the bettom 209, ef the meter scale is
virtually unaffected. A signal level cer-
responding to 1009, deflectien for linear
response will drep te 509 fer logarith-
increase eof 20 db

mic response. An
increases the reading te 809, and
another 20 db raises the reading te

1009;. Thus the dynamic range of the
imstrument for logarithmic eperation is
about 40 db greater than it is for linear,
although the minimum detectable signal
is the same.

Meter Circuit

T’The meter circuit uses a full-wave
rectifier in erder te deuble the ripple
frequency that passes through the meter
and thus te prevent the needle from
vibrating visibly at 20 _cps. Resistors
are used in place of twe of the rectifiers
in the cenventional full-wave bridge in
erder te linearize the relatien between
meter indication and signal level, and
to minimize distortion. No de amplifi-
catien was incorporated inte the meter
circuit, so that there is no need for a
dc zere adjustment on the front panel
and ne pessibility of de¢ zero instability.
High-impedance, crystal-type earphones
can be cennected te the eutput terminals.

External Filter

Iixternal filters can be cennected at
the ExT FILTER jack. When a telephone
plug is inserted in this jack, the built-in
shunt filter is disconnected. T'he external
filter may be either a series tuned circuit
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to trap out an undesired frequency, or an
antiresonant parallel tuned circuit to
enhance the selectivity at the desired
frequency. For the purpose of calculating
the Q of the external filter, the source
impedance is about 700 ohms. Since the
external filter is plugged into the circuit
at a point beyond the 60-cycle rejection
filter and where there is 80 db gain to
the meter circuit, it is important that the
external filter be shielded and preferably
that it use a toroidal inductor for
minimum sensitivity to hum pickup.

USES

The high sensitivity, low noise level,
and continuous-tuning features of this
instrument foster a wide variety of uses.

Figures 3, 4, 5, and 6 show the selec-
tivity, response and noise characteristics
as functions of frequency.

Bridge Balancing

The above combination of features
makes possible extremely precise bridge
settings, even with very low-power gen-
erators, at any frequency in the audio
range. Provision for logarithmic re-
sponse makes adjustments of generator
level unnecessary. The new General
Radio meter case, with open, easily
read scale, further facilitates the bridge
balance.

With the TyreE 1632-A Inductance
Bridge, this null detector makes possible
zol T —_—
10 000
—
= 4t =
; TEST LIMIT %
W oz +uv FULL SCALE — — o
§ "— || - - I §
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Figure 4. Test limits for both voltage and
current as functions of frequency,

inductance balances to a resolution of 1
part in 10% An equivalent precision for
capacitance balance can be obtained with
the Tyre 716-C Capacitance Bridge.

Detector-Demodulator

For the detection of modulated high-

frequency signals, the Typre 1232-A
Amplifier and Null Detector can be

used with the Tyre 874-V(Q Voltmeter-
Dectector. Sensitivity is approximately
200 wpv full scale up to about 2000 Mec.

Amplifier or Preamplifier

The high sensitivity of this instru-
ment permits its use as a preamplifier
for transducer outputs or oscilloscope
imput. As a general-purpose laboratory
amplifier, it offers both selective and
flat characteristics.

Audio Spectrum Analysis

The tuned amplifier can be used as an
audio-frequency wave analyzer with a
sensitivity of one microvolt and a band-
width of about 59, For approximate
measurements, the gain can be assumed
to be constant with frequency, but excel-
lent accuracy can be obtained if the
amplifier is first calibrated with a con-
stant-amplitude, variable-frequency sig-
nal.

Since the range of the db scale on
the output meter is limited to 10 db, a
calibrated attenuator is necessary for
greater ranges. With the Tyre 546-C
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Figure 5. Typical noise levels as a
function of frequency.
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Microvolter, the input to the amplifier
can be increased in known steps to cover
a measurement range of 120 db.

- : c

T'he author has also found this ampli-
fier with a microphone and a pair of
earphones, a wvaluable aid in tuning
his piano. — A. E. SANDERSON

The development of the Tyee 1232-A T uned
Amplifier and Null Detector was carried out
by Albert 1. Sanderson, author of the fore-
going article. The design of the tuned null
network was contributed by Henry PP. Hall,
author of the article starting on page 8. The
project was under the direction of R. A.
Soderman. — LEbpITor

SPECIFICATIONS

Frequency Response:

Tunable Filters: 20 cps to 20 ke in 3 ranges;
69 bandwidth; 2nd harmonic at least 34 db
down from peak, 3rd at least 40 db down; re-
jection filter on two highest ranges reduces
60-cycle level to at least 60 db below peak.
Frequency dial accuracy is +=39.

50 kc and 100-kc Filters: 2nd harmonic at least
60 db down.

Flat Response: +3 db 20 cps to 100 ke.
Sensitivity: One microvolt, full scale, or better,
over most of the frequency range. See Figure 4
for test limits.

Noise Level: Independent of source impedance;
see Figure 5.

Input Impedance: Approximately 50 kilohms to
one megohm, depending on gain-control setting.
Max Input Voltage: 200 volts ac or 400 volts dc,
without damage.

Gain: 120 db on the tunable ranges; 100 db,
flat range; 106 db at 50 kc; 100 db at 100 ke
position.

Output: 1 volt into 10,000 ohms. Internal impe-
dance is 3000 ohms.

Meter Linearity: Db differences on scale are ac-
curate to 59 for inputs of less than 0.3 volt.

External Filter: Source impedance, 700 ohms.

Compression: Reduces full-scale sensitivity by
40 db. Does not affect bottom 209 of scale.

Distortion: (In flat position) less than 597,
practically all attributable to the meter recti-
fiers.

Power Supply: 12 volts de¢, from 9 mercury
(M72) cells in series. Listimated battery life 1s
1500 hours. Cost is about 0.4 cent per hour.

Transistor Complement: Six 2N169A, two

2N 1395,
Accessories Supplied: TypeE 874-R34 Patch Cord.

Dimensions: Width 8, height 6, depth 714 inches
(205 by 150 by 190 mim) over-all.

Net Weight: 534 pounds (2.6 kg).

Type Code Word Price
1232-A Tuned Amplifier and Null Detector. . . . . . . . .. . ' vocaAL $360.00
480-P308 Relay-Rack Panel Extensions (Pair). .. .. ... ... EXPANELDOG 7.00 Pair

U.S Patents 2,548,457 and D187,740,

VACATION CLOSING

During the weeks of July 24 and 31,
our Manufacturing Departments will be
closed for vacation.

There will be business as usual in the
Sales Iingineering and Commercial De-
partments. Inquiries, including requests
for technical and commercial informa-

tion, will receive our usual prompt at-
tention. Our Service Department re-
quests that, because of absences in the
manufacturing and repair groups, ship-
ments of equipment to be repaired at our
plant be scheduled to reach us after the
vacation period.

www americanradiohistorv. com
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SINGLE-COMPONENT-CONTROLLED

RC

The null circuit used in the TypPE
1232-A Tuned Amplifier and Null De-
tector is one of several RC networks that
use only one variable component to
adjust the frequency of the null. These
circuits have the advantage of avoiding
the use of ganged, variable components
which must track closely to maintain
stability when used in highly selective
feedback amplifiers.

The only single-control-element RC
null circuits known for many years were
those discovered by Sacerdote!' shown
in Figures 1 and 2. These four-terminal
bridge networks give a true null at a
frequency wy and have tuning laws of:

)l a—1 4 1
= = and wp= —m
RCN « B o R

spectively, where « is the normalized
value of the variable component. These
functions do not give as wide a frequency
change for a given change in « as do the
Wien bridge and the twin-T with ganged

wo re-

components, for which wy Ni The first
(64
bridge is particularly interesting, how-
ever, because it gives a zero-frequency
null using components of finite value.
Clothier? and Doyle? showed that the
“duals” of these circuits, Figures 3 and
4, also null and have the same frequency
characteristics. These are not duals in
the usual sense, but are topological
duals with R’s and C’s interchanged.
FEach pair of dual circuits has the same
tuning law, and the two other circuits,

1Sacerdote, Alta Frequenza, August 1934, p. 437,

2Clothier, W, K., IRE 7Transactions on Circuit Theory.
March 1955, p 97.

3sDoyle, E. D., See Hague, AC Bridge Methods, 5th
Edition, page 611. .

NULL CIRCUITS

formed by interchanging R’s and C’s in
the original two, have a tuning law
obtained from that of the first two by

substitution of for «. Similar sets

-
of four circuits can be formed from the
circuits of Figures 5 and 6. These cir-
cuits have the same tuning laws.

These frequency bridges all have three
complex bridge arms. A simpler arrange-
ment for use in feedback circuits is to
have two arms of the bridge consist of a
fixed voltage divider. The other two
arms of the bridge are formed by a
three-terminal network whose output
voltage is equal to that of the divider
at some frequency, as in the familiar

‘7‘ xC /2
E. 2R R R R
FIGURE | FIGURE 2
- < 5 <
cﬁh :FR i:ﬂ C =R -—~C
o—

>
2c= FxR cZ= 3R

FIGURE 3 FIGURE 4
Co
! ==C c= e
R3 R
o—e L o—e
cx 2R zc-LE FxRr RiE c% J-Ezc ‘!ocR
FIGURE 5 FIGURE 6
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Wien bridge*® which is shown in Figure
7. Wigan® presents single-control cireuits
of this type, and hiz simplest circuit is
shown 1n Figure 8. This one has a very
narrow tuning range, but, by making it
shghtly more complicated, he derives a
circuit that has a frequency range trom a
fixed value to infinity. The circuit of
IFigure 9 is related to Wigan’s circuit by a
Y- transformation of the resistors but
requires a potentiometer for obtaining a
vanrable-frequeney null. It has a tuning
1

RONVEK 4+ a—a?
there is a dual of this circuit using a
differential capacitor.

A new network, shown i Figure 10
(with its derivative networks in Figures

law of wg = and

11. 12, and 13), has the interesting
| ) 1 l — &« o
tuning law, wy = 7Y% = which

theoretically balances for any frequency
from 0 to = raried from 1 to 0.
This suggests its use in o wide-range
oscillator or tuned amplifier. Also, for
a 10-to-1 frequency range, it gives a
frequency scale very close to the usually
desired logarithmice =scale.

Another class of network, which often
1= still easier to use 1n selective circults

as « 18

Wien, M., Hied. Ann., 1891, 44, 689.

sField. R, Fo. "\ Bridge-Type Irequency MNeter”,
CGeneral Roadio Krperimenter. 6, 6. Novemmber 1931,
Wigan, 12, RR.. Electronie Technology. June. 1960, p. 223,
TW. N. Tuttle, "“"Bridged-T and Parallel-T Null Cireuits
for Measurcments ar Radio Irequencies’™, Proc ITRE,
January, 19 K,

sAndreyev, Telecommunications No. 2,
Pergamon Press Translation).

1960, p. 195

Hall, H. P.. I P E Transactions on Circuit Theory, Septem-
ber 1953, p 283,
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FIGURE IS

consists of three-terminal RC circuits
that give a complete null without being
balanced against a voltage divider. The
twin-17 1s the most familiar of this group
but 1z only one of innumerable possible
networks. \ndreyev® discovered a varia-
tion on the twin-T" (I'igure 14) that gives
frequency  adjustment with a
potentiometer. The tuning law for this
1
RCN1 — o
other known circuits of this type are
the one used in the Tyri 1232-A Tuncd
Amplifier and Null Detector
dual®. This circuit, shown in Iigure 15,
1
rRC \'/ai(l — o).
In order to span a 10-to-1 logarithmic
frequency  range, the potentiometer
must have an exponential characteristic
of over 100-to-1.

single

circuit 18 wo = The only

and its

has a tuning layy of wy =



www.americanradiohistory.com

GENERAL RADIO EXPERIMENTER 10

For all the circuits discussed here,
the selectivity of the transfer voltage
ratio, FEy/FE., 1s not constant as the
null frequency is adjusted. This means
that a conventional selective amplifier
using this characteristic will not have
constant selectivity over its range. IHow-
ever, for the circuit used in the Tyre
1232-A T'uned Amplifier and Null Detec-
tor, the selectivity of the transfer
admittance, /o/FE;, (or y,), is quite con-

stant as the null frequency 1s changed.
In order to use this characteristic, the
network must be driven by and loaded
by low impedances. Therefore, it is used
in a feedback circuit with an amplifier
having low input and output imped-
ances and a transfer resistance, FEo// in,
(or a real Z,,) that is chosen to give the
desired selectivity. This combination
provides a second harmonic rejection of
34 db over ecach 10-to-1 frequency range.
— H. P. HaLL

THE NEW TYPE W30 VARIAC”
AUTOTRANSFORMERS

IFor some time we have felt that the
gap between the 20-ampere, T'vre W20,
and the 50-ampere, Tyrr WH0, Variac®
Autotransformers was too great. The user
contemplating the control of loads in the
30-ampere region was given no alterna-
tive but to use either a 50-ampere unit or
two 20-ampere units in parallel. Both of
these methods being costlv and in-
efficient, we have developed the new
30-ampere Tyres W30 and
W30I1. Their high-power ratings con-
veniently bridge the gap between those
of the 'vrrs W20 and W50 models.

Sharing the family resemblance com-
mon to all Series-W units, the T'yre W30

models,

models incorporate the quality com-
ponents and proven design features now
included in all General Radio Variac
autotransformers. These features include
an overvoltage connection, to provide
an output voltage range from zero to
179, above line voltage, and the pat-
ented DURATRAK coating process, for
longer brush-track life.

Tyre W30 models are available in
open, cased, ganged, and motor-driven
assemblies, withor without ball bearings.

The ratings for the Tyres W30 and
W30H single-unit models are given in
the table below. Complete descriptions
and ratings for the Tyre W30 ganged
assemblies may be found in the current
General Radio catalog.

3 Mtg Holes 3-16 On
8.000 Boit Circle For

Uncesed Model (& Dio
Holes in Panel)

4 M1g Holes, Clearcnce For
2 Dic Screw On Cased Model
{2Dia Holes in Ponel)

7 Dia Diol Piote

2 Dia Snaf1

* For Cosed Model

i 0'(1‘.»“ A Panel Drilling
izo°\ @ /120° For Shafl And
- LT = Dial Plote

P w00 € IT I sAEIRE
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SPECIFICATIONS
Core loss at 60 cycles: 35 watts, all models. DC Resistance of Winding:
Driving Torque: 50-100 ounce-inches, all models. Tyres W30 and W30N 0.14 ohm.
Turns on Winding: Typres W30IT and W3O0IIN 1.17 ohms.
Tyres W30 and W30M 184 Dial: Reversible dial, line-voltage scal
L I : _ ial: Revers : age scale on one
Tyrrs W30H and W30HM 367 side, overvoltage scale on reverse side; ecali-
Angle of Rotation: 320°. brated for rated input voltage applied.
| OUTPUT
‘ -
‘ Line-Voltage Connection Orl i o{tqge
| Connection
] < s=]l =
E % = - E a R ;‘; ,-; é‘g §
< 5s|o 5= B [wE5 2552 8 2= £ | 28
SSINS | S5 |SEE| R8T (S5 SE | TE| Code
Sre e s SS milies &l S 5ok x| o8 138 FE BB |-

Type |[SoBleaeR| S S =SSR 2SS S8R &5 2:51 Word | Price
w30 120 4.32 0-120 30 36 0—140 30 VBT-13 36 KALal [ $75.00
(Uncased) ! ] $4.00 ‘

W30M 120 3.84 |0-120 28 32 0-140 28 \ BT*IB 46 KALER | 97.00
(Cased) ‘ $4.00
W30H 210 3.74 |0-240 2 15.6 0—-280 12 VI3T-14 29 ZABAL 75.00
tUnessedy| 120§ — | — = — o280 6 $4.00
W30HM 240 | 3.74 [0-240 12 15.6 0-280 12 VBT-14 36 ZABER 97.00
(Cased) 120 == — = 0—-280 6 $4.00
Noles
A. Maximum current can be drawn at maximum voltage for the line-voltage connection only. Kva as listed = normal

input line voltage times maximum current. )
B. IRated current should not be exceeded for the overvoltage connection. Qutput kva for overvoltage connection
= oputput voltage times rated current.

GENERAL RADIO DEMONSTRATES
TRAVELING EXHIBIT AT PARIS SEMINAR

At the second biennial General Radio resentatives for France and the French
overseas sales and engineering seminar, colonies, the seminar included both
a new traveling :
exhibit of Gen-
ceral Radio prod-
ucts was demon-
strated to more
than 40 engi-
neers and export
sales representa-
tives from 16
countries.

Held in Paris
at the offices and
laboratory of
Etablissements
Radiophon, Gen-
eral Radio rep-

The General Radio traveling exhibit is demonstrated to export sales representatives by Peter J. Macalka,
of General Radio Company.
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@ GENERAL RAD!IO EXPERIMENTER 12

lectures and laboratory workshops to
acquaint the representatives with new
GR products and their applications.
The traveling exhibit will be handled
by General Radio’s new techniceal and
commerecial arganization, General Radio
Company Overseax, with headquarters
at Zurich. The exhibit
specially cquipped Mercedes Benz sta-
The
ten
which stow snugly into the wagon for
transportation, but quickly
casily removed and set up in customers’
other

i housed in a

tion  wagon. instruments are

mounted on custom-built tables,

are and

plants or locations. "This  in-
ceniously designed traveling show will
100
ccpupment as can be shown in a standard
{O0-foot display booth at a conventional
exhibit. The over-all design follows the

the

house aver mstruments, as much

veneral

pattern of

station-wagon

shows that have been used successtully

{nterior of the station wagon, showing the tables
securely instalied for transporting.

by General Radio forr several vears in
the United States.
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General Radio Company -

General Radio
France
Cenernl Radio
France
Sweden
Fngland

]l](“:l

Gieneral Radio
Australin
France
Sweden
France
Cieneral Radio
Japan

Israel

GCieneral Radio
Ttaly

Spam

France
Germany

(. Binetti

P. van Gent

1. C'ornet

. Teir

1.. Goett

IX. Lindenmann (rear)
. Pecl

R, (hristensen

AR Buys

In. [ N Yiman

I.. L.yons

P. Nyvman

. A, Molinar

J.-L.. Robert France

2. J. Macalka General Radio
Al=o present, but not in piwcture, were:

H:i]}'
Holland
I“rance
Findund
France
Switzerland
Belmum
Denmarlk
Holland
Finland
Fone laond
Finland
Swiatzerland

I. Mayrscth Norway
1. INlip IHolland
T. Kenny Ixrael

Girevee
Switzerland

Ix. Iarmyvannis
J. Ixeller
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