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

WITH ONE-MICROVOLT SENSITIVITY

The Tyre 1232-A Tuned Amplifier
and Null Detector is a sensitive, low-
noise, transistor amplitier, which ftunes
continuously from 20 eps to 20 ke, with
additional fixed-tuned frequencies of
50-ke and 100-ke. Tt is intended pri-
manily as a bridge detector but has
many other
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

important  uses, among

mstrument — one-microvolt sensitivity,
low noise level, and continuous tuning —

result from unusual features of circuit
design.

CIRCUIT
Preamplifier

Of the elements shown in the block
diagram of Figure 2, the preamplifier is
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one of the most important, becanse the
minimum detectable signal is determined
by the preamplifier noise level. The
type of transistor for the first stage
was chosen o minimize noise, not pnly
from low impedance sources such as
inductance bridges at low frequencies,
but also from high impedance sources
steh as capacity bridges at low fre-
quencies. In the light of simplified noise
theory!, this means a transistor with a
low open-circuit noise generator, 7,, as
well as low short-eirenit noise generator,
e,. After noise diagrams were plotted
for many transistors, it was discovered
1G9A transistor when oper-
low colleetor current

that the 21
ated at  very
had 2 noise figure of 3 to 5 db at an
optimum source impedance of 50 kilo-
ohms, which is unusually high for a

b Fulks, A Simplified Noise
4 1 to the Design of Low-Noise
8" TRE Trangactivns on Audva, July-August,
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transistor. By nse of negative feedback
the input impedince of the preamplifier
15 also made 50 kilohms, and the noise
level as read on the ontput meter is
reltively constant and independent of
the souree impedance. This eliminates
the ineonvenience of having the output
nicter bang off scale whenever the input
eiveuit is open cireaited, as often hap-
pens with vacuwm-tube amplifiers. In
addition, any lge difference between
the short=cirenit and open-cireuit noise
levels would require inereased rnge on
the gain eontrol, sinee it is always neees-
sary to operate with the noise level well
below full-seale ontput on the meter.

To protect the input transistor from
possible damage due to large overloads
at the input, it is preceded by a limiter
consisting of o series capacitor and two
shunt silicon veetifier diodes, This eir-
cnit effectively prevents signals greater
than 1 volt, peak-to-peak, from reaching
the dnput transistor and does not con-
teibute noise or distortion to low-level
signals, With the gain control set for
1 wv full scale, it is possible to conneet
the input to o 115-volt ac line without
damage to the input fransistor.

Maximum gain of the preamplifier is
about 40 db, which is adeqguate toswamp
the noise of sueeceding stages, The total
range of the volume control is 120 db,
which reduces the full-seale sensitivity
to 1 vaolt full seale, and attennation in
db is roughly proportional to the rotation
angle of the gain control,

HIGH-PASS ond

Series and Shunt Filters

After  preamplification, the signal
pusses through a set of series and shunt
filters, which are designed to reject
frequencies above and below the seleeted
tuning range. For example, on the 200-
vps-to-2-ke tuning range, @ series eapaci-
tor rejects all frequencies below 200 eps,
while a shunt eapacitor rejeets all fre-
guencies above 2 ke, On all switeh posi-
tions exeept FLaT and 20-200 cps, an-
other rejection lilter veduces the response
at 60 eps to greater than 60 db below
peik response,

-1

i

Frequency-Selective Amplifier

This amplifier consists of three stages
with pegative feedback through o vull
network, which has its null at the desieed
operiting  frequency. Sinee there
negative feedbaek at all frequencies bt
the desired one, the over-all response
peaks at this frequency and is roughly
euivalent to that of a tuned eireuit with
a () of about 20 (5% bandwidth). The
unigue feature of this null network is its
one-pot tuning®  Many null networks
require three variable elements, either

is

ganged capacitors or ganged potentiom-
ctors, This leads to many problems in
alignment and tracking the three ele-
ments to maintain a good null, The Hall
vl network? has a perfect null in theory
for any position of the tuning potentioni-
eter, and it is possible to eover o 10:1
Alenry P. Hall, 1RE

Sepreiher 1935, Val, €
artiele oo page S of tlis s=up,

Transactions on Cireuit Fhvory.
"T-2, No. 4, p 283 Bee also the
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Figure 2. Block schematic of the null detector.
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Figure 3. Typical filler characteristics.

tuning range with a 10-db exponential
potentiometer. Tuning eapacitors are
switched to change ranges, which has the
advantage of maintaining the impedunce
level of the null network approximately
constant for the three tuning ranges.

Sinee the 50-ke and 100-ke null net-
works are not required to be tunable,
conventional twin-T null networks are
used.

On the rraT position of the range
switeh, aull filters are switched out and
the frequency response is flat to within
+3 db from 20 eps to 100 ke. The over-
all gain of the amplifier is reduced by 26
db io keep the noise level on the output
meter equal to about 109 of full seale
ab maximum gain.

Amplifier-Compressor

The gain of the frequency selective
amplifier is about 40 db, and another 40
db of gain is supplied by the amplifier-
compressor, making the total gain of the
amplifier about 120 db, With the merER
switch set to the Lixpar position, the
amplifier-compressor funetions as a lin-
ear amplifier, driving the meter rectifier
circuit as well as supplying the output
terminals with about 1.4 volts for full-
seale deflection of the meter. The de sup-
plied to the last transistor is sufficient to
drive the output meter to full seale, but
very little more, so that it is impossible

IE€T
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to damage the meter by overdriving the
amplifier. For null detector use, the
meter switch is thrown to Loc and the
upper part of the meter scale is com-
pressed. Two pairs of silicon diodes are
switched in shunt with the eollector re-
sistors of two transistors to provide a
nonlinear collector impedanee, Due to
the voltage offset of the silicon diodes,
the bottom 209 of the meter seale is
virtually unaffected. A signal level cor-
responding to 10047 deflection for linear
response will drop to 505 for logarith-
mie response. An inerease of 20 db
increases the reading to 807, and
another 20 db raises the reading to
100%. Thus the dynamic range of the
instrument for logarithmic operation is
about 40 db greater than it is for linear,
although the minimum detectable signal
is the same.

Meter Circuit

The meter circuit uses a full-wave
rectifier in order to double the ripple
frequeney that passes through the meter
and thus to prevent the needle from
vibrating visibly at 20 eps. Resistors
are used in plice of two of the rectifiers
in the conventional full-wave bridge in
order to linearize the relution between
meter indieation and signal level, and
to minimize distortion. No de amplifi-
cation was incorporated into the meter
circuit, so that there is no need for a
de zero adjustment on the front panel
and no possibility of de zero instability.
High-impedance, crystal-type earphones
can be conneeted to the output terminals,

External Filter

External filters can be conneeted at
the ext FiLTEr jack. When a telephone
plug is inserted in this jack, the built-in
shunt filter i disconnected. The external
filter may be either a series funed cirenit
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to trap out an undesired frequency, or an
antiresonant parallel tuned eircuit to
enhance the selectivity at the desired
frequency. For the purpose of ealculating
the Q of the external filter, the source
impedance is about 700 ohms. Since the
external filter is plugged into the cireuit
at a point beyond the 60-cycle rejection
filter and where there is 80 db gain to
the meter eircuit, 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 characteristies
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 meler case, with open, casily
read scale, further facilitates the bridge
balance.

With the Tyee 1632-A Inductance

Bridge, this null detector makes possible

i
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Figure 4. Test limits for both vollage and
current as functions of frequency,

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

Detector-Demodulator

For the detection of modulated high-
frequency  signals, the Typs 1232-A
Amplifier and Null Detector ean be
used with the Tyee 874-VQ Voltmeter-
Dectector. Sensitivity is approximately
200 wv full seale up to about 2000 Me.

Amplifier or Preamplifier

The high sensitivity of this instru-
ment permits its use as a preamplifier
for trausducer outputs or oscilloscope
input. 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 57 For approximate
measurements, the gain ean be assumed
to be constant with frequency, but excel-
lent necuracy 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 516-C
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Figure 5. Typicol noise levels as o
function of frequency.

www.ietlabs.com

1)
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



JULY, 1961 @

g GONSTANT CURRENT SOURCE
g k ——— S . !
g ° 1>’ P
Figure 6. Typical 3 / \’ /
variation in peak : 4 /] b
= =10 T
response with r": z CONSTANT VOLTAGE SOURCE —1 ¥
quency for =
gain-conirol seling. 5 20 !
: CONSTANT CLRAENT saun::--—’-?‘_.ﬁ
it
(ot 20 80 100cp 200 800 b 2 8 o 20 50 |00k
Microvolter, the input to the amplifier CREDITS

can be increased in known steps to cover
a measurement range of 120 db.

The author has also found this ampli-
fier with a mierophone and a pair of
earphones, a valuable aid in tuning
his piano. — A. E. BANDERSON

The development. of the Typre 1232-A Tuned
Amplifier and Null Detector was carried out
by Albert 15 Sanderson, author of the fore-
going article, The design of the tuned null
network was contributed by Henry P. Hall,
author of the article starting on puge 8. The
project was under the direction of R. AL
Sodermuu, — Eprror

SPECIFICATIONS

Frequency Response:

Tunaoble Filters: 20 cps to 20 ke in 3 ranges;
69 bandwidth; 2nd harmonie at least 34 db
down from peak, 3rd at least 40 db down; re-
jection filter on two highest ranges reduces
f-cycle level to at least 60 db below peak.
Frequeney dial aceuracy is -39,

50 ke and 100-ke Filters: 2nd harmonic ut least
60 db down.

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

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

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

Gain: 120 db on the tunable ranges; 100 db,

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

Meter Linearity: Db differences on scale are ac-
curate to =57 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 207 of scale.

Distertien: (In flat position) less than 577,
oractically all attributable to the meter recti-
ers.

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

Transi Compl . Six  2N160A,
2N1395.
Accossories Supplied: Tyre 87T4-R34 Pateh Cord .

Dimensions: Width 8, height 6, depth 712 inches

two

flat range; 106 db at 50 ke; 100 db at 100 ke (205 by 150 by 190 mm) over-all.
position. Net Weight: 524 pounds (2.6 kg).
Type - = = eyl Code Word Priee
1232-A Tuned Amplifier and Null Detector. . e [ " voeaw $360.00
480-P308 | Reloy-Rack Panel Extensions (Pair). . EXPANELDOG | 7.00 Pair

U8 Patents 2,548,457 and DI8T,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 Engineering and Commercial De-
partments. Inquiries, including requests
for technieal and commercial informa-
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tion, will receive our usual prompt at-
tention. Our Service Department re-
quests that, beeause 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,
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SINGLE-COMPONENT-CONTROLLED

RC NULL

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

The only single-control-element RC
null eircuits 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:

1 [a—1
= =z {Hld =, re-
RN a RCV1—a
spectively, where e« 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

: 1
components, for which ay ~—. The first
(24

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 cirenits, 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.
Each pair of dual circuits has the same
tuning law, and the two other circuits,
Sacerdote, Alla Frequenza, August 1034, p. 437,

Clothier, W, K., IRE Tvensoctions om Circwit Theory,
March 1055, p 97,

Movle, E. D, See Hague, AC Bridge Methods, 5th

Edition, page 011,
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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 e. Similar sets

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

These frequency bridges all have three
complex bridge arms. A simpler arrange-
ment for use in feedback ecircuits 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

T* 39 il te
e AR
O o =y

aﬁqc =c ELA ==¢
£ 4 j!.e:n £

5
FIGURE | FIGURE 2
c R c

FIQUE 3

FIGURE &
¢
c
"
c R 2cC xRk
FIGURE 5 FIGURE 6
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Wien bridge® which is shown in Figure
7. Wigan® presents single-control eireuits
of this type, and his simplest eireuit is
shown in Figure 8. This one has a very
narrow tuning range, but, by making it
slightly more complicated, he derives a
cirenit that has a frequency range from a
fixed value to infinity. The eireuit of
Figure 9 iz related to Wigan's eirenit by a
Y-A transformation of the resistors but
requires a potentiometer for obtaining a
viariable-frequency null. It has a tuning
1

ROVE + a—c?
there is a dual of this eircuit using o
differential capacitor,

A new network, shown in Figure 10
(with its derivative networks in Figures
1, 12, and 13), has the interesting

1 —a ;
R“ i, which

theoretically bhalanees for any frequency
from 0 to = as e is varied from 1 to 0.
This suggests its uze in a wide-range
oseillator or tuned amplifier. Alzo, for
u 10-to-1 frequency range, it gives a
frequency seale very close to the usually
desired logarithmic scale.

Another class of network, which often
i~ still ensier to use in selective eireuits

law of wy= , and

tuning law, oy =

‘Wien, ML, Wied, Ann., 1801, 44, 630,

Fiell, Re Fo A Bridge-Type  Fregueney Moeter™,
(Feneral Radia Experimenter, O, 6, Noveniber 1981,
Wigan, 1. R, Eietronic Technology, June, 1960, p. 223,
Wo N, Tarde, " Bridged-T and Parallel-T Null Cireits
for Messurements at Radie Frequenoes'', Proc TRE,
dpnpury, 1940,

“Androvev,  Telecompomiroiians
Porgnuon Press Translation).

L, HL P TRE Tranaurtiona an Cirenit Theory, Septome
e 1033, p 283,

No. 2, 1060, p. 105
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consists of three-terminal RC eirenits
that give a complete null without being
balaneed agninst a voltage divider. The
twin-"17 is the most familiar of this group
but is only one of innumerable possible
networks. Andreyev® discovered o varia-
tion on the twin=T (Figure 14) that gives
frequency  adjustment  with a  single
potentiometer, The tuning law for this

-——.‘-~—— . The only
RON T — ot

other known circuits of this type are
the one used i the Tyee 1232-A Tuned
Amplifier and Null Detector and its
dual®. This eireuit, shown in Figure 15,
1

circuit 18 wy =

has a tuning law of @ =

In order to span a 10-to-1 logarithmie
frequency  range, the potentiometer
must have an exponential characteristic
of over 100-to-1.
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For all the cirenits discussed here,
the sclectivity of the transfer voltage
ratio, Ly K, constant as the
ull frequency is adjusted. This means
that o conventional selective amplifier
using this characteristie will not have
constant selectivity over its range. How-
ever, for the cireuit used in the Tyer
1232-A Tuned Amplifier and Null Detec-
tor, the selectivity of the transfer
admittance, 1o/ E., (or yy), is quite con-

18 not

stant as the null frequency is changed.
In order to use this characteristic, the
network must be driven by and loaded
by low impedances. Therefore, it is used
in & feedback circuit with an amplifier
having low input and output imped-
ances and a transfer resistance, /71,
(or o real Z,,) that 15 chosen to give the
desired  selectivity. This combination
provides a second harmonie rejection of
34 db over each 10-to-1 frequency range.
—H.'P. HAtLn

THE NEW TYPE W30 VARIAC”
AUTOTRANSFORMERS

For some time we have felt that the
gap between the 20-ampere, Tyre W20,
and the 50-ampere, Tyre W50, Variace®
Autotransformers was too great. The user
contemplating the control of londs in the
30-ampere region was given no alterna-
tive but to use either a S0-ampere unit or
two 20-ampere units in parallel. Both of
these methods being costly and  in-
officient, we have developed the new
30-ampere Types W30 and
W30H. Their high-power ratings con-
veniently bridge the gap between those
of the Typres W20 and W50 models,

Sharing the family resemblance com-
mon to all Series-W units, the Tyre W30

models,

models incorporate the quality com-
ponents and proven design features now
included in all General Radio Variac
autotransformers. These features inelude
an overvoltage connection, to provide
an output voltage range from zero 10
179 above line voliage, and the pat-
ented DURATRAK coating  process, for
longer brush-track life.

Tyre W30 models are available in
open, eased, ganged, and motor-driven
assemblies, with or without ball bearings.

The ratings for the Tyres W30 and
W30H single-unit models are given in
the table below. Complete deseriptions
and ratings for the Tyre W30 ganged
assermblies may be found in the current
Cieperal Radio eatalog,
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SPECIFICATIONS

Core loss mt 60 cyeles: 35 watts, all models, DC Resistance of Winding:

Driving Torque: 5(-100 ounce-inches, all models. Tyres W30 and W30M 0,14 ohm.

Turns on Winding: Tyees W30H and W30HM 1.17 ohms.
Tyves W30 and W30M 184 Dial: Iteversible dial, line-voltage sc; |]| on one
Tyees W30H and W30HM 367 side, overvoltage scale on reverse side; cali-

Angle of Rotation: 320°, brated for rated input voltage applie :i

ouTPUT |
. o { ]
Line=Voltage Connection ’EJ ervaling
annection
| |
= =3 Code. |
Type oy B Word | Price
w30 120 1.32 [0-120 KALAL | $75.00

(Unensed) A |

W3oM 120 0-120 | 28 32 0-140 | 28 |VBT-13| 46 | xaver | 97.00
(Cased) $4.00 |

W30H 240 0-240 | 12 15.6 12 VBT-14 20 ZABAL 75.00

(Uneased) | 120 — - fi £4.00 |

W30HM 240 0-240 | 12 | 15.6 12 VBT-14 36 ZABER ‘ 97.00
(Cased) 120 — | (1] £4.00

Nides

A. Mupximuimn eurrent ean be deawn at mwaximuim voltage for the line-voltage connection only, Kva ns listed = normal
input line v ge times maximum current

B R mi should not be excesded for the overvoltage conneviion. Output kva for overvoltage ronnection

il voltage times rated current.

GENERAL RADIO DEMONSTRATES
TRAVELING EXHIBIT AT PARIS SEMINAR

\t the second biennial General Radio  resentatives for France and the French
overseas sales and engineering seminar, ecolonies, the seminar included both
i new traveling :
exhibit of Gen-
eral Radio prod-

Hetls wis ll('hllm-
strated to more
than 40 engi-
neers and export
sules representa-
tives from 16
countries,

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

The General Radie lraveling exhibit is demonsirated to export sales representalives by Peler J. Macalke,
of General Radio Company.

@
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@ GENERAL RADIO EXPERIMENTER 12

lectures und laboratory workshops to
o ‘hl‘ l‘l‘]lrl‘-|'1|l:.1l\1" \\Illl Hnew
GR produets and their appheations
The traveling exhibit will be handled
by General Radio’s new technieal and
ommercial organization, General Radio
Company Overseas, with buﬂul\]tt:l['ll-l-
Zurich

'|u'1'i"IH.\' i-llHI!I]nwt Moercedes Benz sta-

I'he exhibit 1= housed in a
1on  wagEon I'he  mstrumenis are

mounted on ten custom-bult tables,

vhich stow snugly into the wagon for
transportation, but are quckly and
easily removed and set up in customers’

plants o other loeations I'his mn-
geniously designed traveling show will
house over 100 instruments, us much
equipment as can be shown in a standard

l0-foot display booth at a conventional
xhihit. The over-ull design follows the

general pattern of the station-wagon

shows that have been nsed suecessfully

Interior of the station wagon, showing the tables
securely installed for transporting.

“.“ ‘;I'III‘I'.".I “;\:“l- for several vears i]]
the United States

Left to tight:

M. L Holtje General Radio

Paul Falwicant France
13, 13, Sinelair ( General Radio
\lle. Clande Naichouler  Franee

\. Bergholtz
\rehoer

I". T. Joseph

\. 15 Thivssen
1. €. Parish

L. Kolin

\ lin
15 Waorthen (rear)

Nagakura

| Daneiger

I. 5. Faston (rear
Belotti

\. Larn Saonz

(5, Molae (rear)

0. Nusslein

Sweden
Fangland

India

General Radio
\ustralin
I'.I:lll""
Swaddien
France
wenernl RHadio

Spr
France
Germany

(i, Binetu
I”. van Gent
1’ Cornet
Ix. Feir

1. G
IK. Lindenmann (rear
R, Peel

It. Chnstensen

A. I Buys

Ik, L. Nyman

I, Lyvons

I*, Nymen

I, AL Muolinari

: .. Robert Frani

I’ J. Muaealka General Hadio

Ao present bt tot in picture, were

P USRS G ——

1. Myrsotl A

1. klip Hollaned

T. Kenny Israel

J\‘ [\.I|‘I\'\|||'.:\ Caimm

J. Ineller Switzerland

General Radio Company
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