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Figure 1. Panel view of the Type 1232-A
Tuned Amplifier and Null Detector.
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A TUNED AMPLIFIER AND NULL DETECTOR
WITH ONE-MICROVOLT SENSITIVITY

The Tyrr 1232-A Tuned Amplifier
and Null Detector is a sensitive, low-
noise, transistor amplitier, which tunes
continuously from 20 eps to 20 ke, with
additional fixed-tuned frequencies of
50-ke and 100-ke. It is intended pri-
marily as a bridge detector but has
many other important among
them the detection of high-frequency
modulated signals (with a ecrystal de-
modulator), approximate wave analysis

118eS,

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 circuit
design.

CIRCUIT
Preamplifier

Of the elements shown in the block

diagram of Figure 2, the preamplifier is

one of the most important, because the
minimum detectable gignal is determined
by the preamplifier noise level. The
tvpe 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
such 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, ,, as
well as low short-cireuit noise generator,
e.. After noise diagrams were plotted
for many transistors, it was dizcovered
that the 2N169A transistor when oper-
ated at low collector current
had a noise figure of 3 to 5 db at an
optimum source impedance of 50 kilo-
ohms, which 1z unusually high for a

very

tA, . Banderson and R. G. Fulks, ““A Simplified Noise
Theorv, and its Application to the Design of Low-Noise
Amplifiers,” ITRE Transactions on Awudio, July-August,
1961.
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transistor. By use of negative feedback
the input impedance of the preamplifier
s also made 50 kilohms, and the noise
level as read on the output meter is
relatively constant and independent of
the source impedance. This eliminates
the inconvenience of having the output
meter bang off scale whenever the input
cireuit is open cireuited, as often hap-
pens with vacuum-tube amplifiers. In
addition, any large difference between
the short-cireuit and open-cireuit noise
levels would require inereased range on
the gain control, since it 1s always neces-
sary to operate with the noise level well
below full-scale output 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 a series capacitor and two
shunt silicon reetifier This cir-
cuit effectively prevents signals greater
than 1 volt, peak-to-peak, from reaching
the input transistor and does not con-
tribute noise or distortion to low-level
signals, With the gain control set for
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 noise of succeeding stages. The total
range of the volume control is 120 db,
which reduces the full-scale sensitivity
to 1 volt full seale, and attenuation in
db is roughly proportional to the rotation
angle of the gain control.

diodes.
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Series and Shunt Filters

After preamplification, the signal
passes through a set of series and .-:hunt
filters, which are designed to reject
frequencies above and below the selected
tuning range. For example, on the 200-
eps-to-2-ke tuning range, a series capaci-
tor rejects all frequencies below 200 eps,
while a shunt capacitor rejects all fre-
quencies above 2 ke. On all switeh posi-
tions except FLaT and 20-200 cps, an-
other rejection filter reduces the response
at G0 cps 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 has its null at the desired
operating frequency. Since there
negative feedback at all frequencies but
the desired one, the over-all response
peaks at this frequency and is roughly
equivalent to that of a tuned cireuit with
a @ of about 20 (59; bandwidth). The
unique feature of this null network is its
one-pot  tuning®  Many null networks
require three variable clements, either
ganged capacitors or ganged potentiom-
eters. This leads to many problems in
alignment and tracking the three ele-
ments to maintain a good null. The Hall
null network? has a perfect null in theory
for any position of the tuning potentiom-
eter, and it is possible to cover a 10:1
*Henry P. Hall, IRE

September 1935, Vol. CT-2, No.
article on page S of this issue.

is

7“””.“ tions on Circuit Theory,
3, p 283, See also the

LIMITER LOW-PASS FILTERS METER
s FEEDBACK AMPLIFIER - RECTIFIER
INPUT i) St AMPLIFIER COMPRESSOR
0 +404db +40db OUTPUT
e
]
i h NULL
l' s NETWORK
' i = EXT FILTER INEAR T ILOG
: / F
[ Spp— 3 -
= TER
4 GAIN FILTER TUNING METE]

Figure 2. Block schematic of the null detector.
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TUNED FILTER SETTINGS
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Figure 3. Typical filter characteristics.

tuning range with a 40-db exponential
potentiometer. Tuning capacitors are
switched to change ranges, which has the
advantage of maintaining the impedance
level of the null network approximately
constant for the three tuning ranges.

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

On the rFrat position of the range
switch, all 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 to keep the noise level on the output
meter equal to about 109, of full scale
at 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 meTER
switch set to the LiNeAr position, the
amplifier-compressor functions as a lin-
ear amplifier, driving the meter rectifier
circuit as well as supplying the output
terminals with about 1.4 volts for full-
geale deflection of the meter. The de sup-
plied to the last transistor is sufficient to
drive the output meter to full scale, but
very little more, so that it is impossible
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to damage the meter by overdriving the
amplifier. For null detector use, the
meter switch is thrown to Lo and the
upper part of the meter scale is com-
pressed. Two pairs of silicon diodes are
switched in shunt with the collector re-
sistors of two transistors to provide a
nonlinear collector impedance. Due to
the voltage offset of the silicon diodes,
the bottom 209, of the meter scale is
virtually unaffected. A signal level cor-
responding to 1009, deflection for linear
response will drop to 509, for logarith-
mic response. An increase of 20 db
increases the reading to 809, and
another 20 db raises the reading to
1009%. 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 cireuit uses a full-wave
rectifier in order to double the ripple
frequency that passes through the meter
and thus to prevent the needle from
vibrating visibly at 20 cps. Resistors
are used in place of two of the rectifiers
in the conventional full-wave bridge in
order to linearize the relation between
meter indication 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 connected to the output terminals,

External Filter

External filters can be connected at
the uxT FiLTER jack. When a telephone
plug is inserted in this jack, the built-in
shunt filter is disconnected. The external
filter may be either a series tuned circuit
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to trap out an undesired frequency, or an
antiresonant parallel tuned cireuit to
enhance the selectivity at the desired
frequency. For the purpose of calculating
the Q of the external filter, the source
impedance ig about 700 ohms. Since the
external filter is plugged into the eircuit
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 Typr 1632-A Inductance
Bridge, this null detector makes possible

20 4]‘ !
10 — 000
o
5 o
L | =
TEST LimiT
b o2 v FULL SCALE il |
il | ) 3
& - 22 oo @
) | -4
5 os 1 TEST LMY — =
c e FULL SCALE / b
0z
ol | I I 11 o
Dcps20 S50 K00 200 500 Bhe 2 3 0 20 50 100

FREQUENCY

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 Tyer 716-C Capacitance Bridge.

Detector-Demodulator

Tor the detection of modulated high-
frequency signals, the Tyrr 1232-A
Amplifier and Null Detector can be
used with the Tyre 874-V(Q) Voltmeter-
Dectector. Sensitivity is approximately
200 pv full scale up to about 2000 Me.

Amplifier or Preamplifier

The high sensitivity of this instru-
ment permits its use as a preamplifier
for transducer 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 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 Typr 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.

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

The development of the Tyee 1232-A Tuned
Amplifier and Null Detector was carried out
by Albert 5. 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 page 8. The
project was under the direction of R. A.
Soderman. — Liprror

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 +3%.

50 ke and 100-ke Filters: 2nd harmonie at least
60 db down.

Flat Response: 3 db 20 eps 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 I'igure 5.

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

Gain: 120 db on the tunable ranges; 100 db,
flat range; 106 db at 50 ke; 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 207 of scale.
Distortion: (In flat position) less than 59,
practically all attributable to the meter recti-
fiers.

Power Supply: 12 wvolts de, from 9 mereury
(M72) cells in series. Estimated battery life is
1500 hours. Cost is about 0.4 cent per hour.
Six 2N169A, two

Transistor

2N1395.
Accessories Supplied: T'ypr 874-R34 Patch Cord.

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

Net Weight: 534 pounds (2.6 kg).

Complement:

~ Type e Code Word Price
1232-A Tuned Amplifier and Null Detector. . .. .. ... ... VOCAL $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 Engineering and Commercial De-
partments. Inquiries, including requests
for technical and commercial informa-

File Cou

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.
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